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Upper extremity complications are common following stroke and may be seriously debilit
Regaining mobility in the upper extremities is often more difficult than in lower extremities, whicl
seriously impact the progress of rehabilitation. A largelyof research exists around upper extrem
complications but debate continues regarding the timing of treatment and adequate progr
factors.This review provides current information regarding upper extremity interventions. T
include robotic dewvies for movement therapy, virtual reality technology, spasticity treatm
EMG/biofeedback, electrical stimulation, brain stimulationdrugs and medical intervention:
alternative and complementary medicine, hyperbaric oxygen therapyg, hand edema treatent.
Neurodevelopmental upper extremity therapy techniques are reviewed along ettler therapy
options including repetitive/taskspecific training, sensorimotor interventions, splintingnd
constraintinduced movement therapy.
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1 Attempts to regain function in the affected upper extremity should be limited to those individuals
already showing signs of some recovery.

1 Neurodevelopmental techniques are not superior or inferior compared with other therapeutic
approaches in treatment of the hemiparetic upper extremity.

9 Bilateral arm training may not be superior over unilateral arm training at improving upper limb motor
function when supplemented with rhythmic auditory cueing, electrical stimulation, or whemeaffe
alone.

1 Additional upper extremity therapy or hordgased training does not appear to be superior to
conventional therapy for improving upper limb motor function.

Strength training may help improve grip strength following stroke.
Due to the variationn the treatment protocols, it is unclear whether repetitive tesgbecific training
in combination with additional treatments improves upper extremity function.

9 Trunk restraint may improve some aspects of upper limb motor function but not others (i.e. elbow
extension, reaching trajectory, trunk displacement).

1 Sensorimotor stimulation may improve sensory discrimination; however, it is uncertain whether it
improves upper extremity functioning.

1 Mental practice may result in improved upper limb motor functidteastroke.

Splinting may not improve motor function or reduce contractures in the upper extremity.

Evidence for constraiihduced movement therapy (CIMT) is inconclusive in the acute stage of
stroke; however, it may be beneficial at improving daily osthe impaired extremity in the chronic
phase of stroke.

1 Modified constraintinduced movement therapy (mCIMT) may improve upper extremity function in
the acutechronic stages of stroke.

1 Mirror therapy may be an effective method of upper limb rehabildat especially when used in
conjunction with other upper limb interventions.

1 Itis unclear whether or not feedback therapy improves upper limb motor function.

1 Evidence for the use of action observation for upper limb rehabilitation is conflicting.

9 Further research is needed to determine the benefits of music therapy on upper limb motor function.

1 More research is needed to determine the benefits of using telerehabilitation services on recovering
upper limb motor function posstroke.

1 Additional researchsineeded to evaluate the effectiveness of increasing exercise intensity on upper
limb motor function.

1 Both functional and neuropsychological approaches to improve dressing performance may be
effective.

1 More studies are needed to determine the effectgpefipheral magnetic stimulation on upper limb
impairments and spasticity.
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Training with robotic devices may improve upper extremity motor function; however, more studies
are warranted to determine the effect on various stroke recovery stages.

Virtual redity therapy may not improve upper limb motor function in chronic stroke patients.
The evidence for the use of virtual reality in acstéacute stroke patients is currently unclear.

The use of computebrain-interface technology is largely unstudied amdre research is needed to
determine whether or not it is a beneficial therapy for improving upper limb motor function.

Hand splints alone do not reduce spasticity or prevent contracture.

Further research is needed to determine a stretching program thay improve upper limb
spasticity.

Botulinum toxin decreases spasticity; however, these improvements do not necessarily result in
better upper extremity function.

Botulinum toxin in combination with electrical stimulation improves muscle tone in the upper
extremity.

More research is needed to determine whether nerve block treatment decreases spasticity in the
upper extremity.

Physical therapy may not decrease spasticity, or pain, or contracture, or improve upper extremity
motor function.

Neuromusculaelectrical stimulation (NMES) may not reduce wrist or elbow spasticity.

Further research is needed to determine the benefits of extracorporeal shockwave therapy on upper
limb spasticity and function.

Further research is needed to determine the benefitsofjfferisone on upper limb muscle tone.

EMG/biofeedback therapy is not superior to other forms of treatment in the treatment of the
hemiparetic upper extremity.

Treatment with transcutaneous electrical nerve stimulation may help improve impaired hand
function but not the entire upper extremity nor functional independence.

Both functional electrical stimulation (FES) and neuromuscular electrical stimulation (NMES) may
help improve impaired upper extremity motor function during the all phases of strokér@re.acute
to chronic).

FES may be more beneficial at improving impaired motor function when delivered early (<6 months)
than late (>6 months).

There is no significant difference in the benefits observed following different NMES delivery
modalities (i.ecyclic, EM@riggered, and passive).

Motor Cortex Stimulatiorvia implanted electrodes improves upper limb function in patients post
stroke; however, more studies are needed to estabilish definitive data regarding the effectiveness
and safety of this teamique.

Repetitive transcranial magnetic stimulation may improve upper extremity function, either alone or
combined with other therapies, but not spasticity following stroke.
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1  Upper limb motor function may be improved by using intermittent, but not contirsjdheta burst
stimulation.

Transcranial direct current stimulation may improve general upper limb motor function.

Stimulants may help improve impaired upper limb function; however, the effects may not be
observed in the long term.

1 More research is needetb determine the effects of Levodopa on impaired upper limb motor
function.

Antidepressants may help improve impaired upper extremity motor function following a stroke.

Further research is needed to determine if steroid injections are beneficial at redupiper limb
pain and improving range of motion following a stroke.

9  Further research is needed to determine the effects -@fydloserine on posstroke upper extremity
motor function.

1 Evidence for the use of ozonated autohemotherapy for improving -ptyseke upper limb motor
function is currently limited.

It is unclear whether acupuncture or electroacupuncture may improve upper limb motor outcomes.

Limited evidence indicates a potential benefit of meridian acupressure on upper limb motor function,
performance of activities of daily living, and pain pestoke.

1 Limited evidence regarding the use of Traditional Chinese Herbal Medicine suggest potential benefits
of improved upper limb motor function following stroke.

1 Massage Therapy may not improve spasticity, upper limb motor power, hand dexterity, or quality of
life after a stroke.

1 Intermittent pneumatic compression does not appear to reduce hand edema or improve upper limb
strength post stroke.

Dr. Rdert Teasell
Parkwood Institute, 550 Wellington Road, London, Ontario, Canada, N6C 0A7
t K2y SY pwmpdc ywpwiebrsrcom 9 YRSEeT¢asell@sjhc.london.on.ca
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Impaired upper extremitfunction is a common and often devastating problem for stroke survivors. In
the populatim-based Copenhagen Stroke Stiyakayama et al. 199432% of stroke patients had severe

arm paresis at admission and 37% had mild paresis. In 64 out of 491 (18k&) strvivors, the arm
remained entirely noffunctional despite comprehensive rehabilitation efforts. Regaining lost function in
the upper extremities may be more difficult to achieve than return of normal function (ambulation) in the
lower extremities(Hiraoka 2001) Similarly Berecca2001)y 2 (i S R Rehdbilitationdof the hemiplegic
upper limb remains difficult to achieve, with only 5% of stroke survivors who have complete paralysis
regaining functional use of their impaired arm and hgbdmbovy 1993Gowland 1982; Kwakkel et al.
2000) Limited rehabilitation resources, time constraints, and a lack of early motor recovery in the arm and
hand tend to focus therapy on improving balance, gait amegal mobilitys

There is much discussion regarding which patients benefit the most from thelfaaykel et al(2003)
reported that 11.6% of patients had achieved complete functional recovery at 6 months, while 38% had
some dexterity. There is also evidence that motohalilitation of chronic stroke patients remains
successful several months or years after the acute stfbkenmelsheim & Eickhof 1999; Kraft et al. 1992)

In terms of patients with less severe initial impairment (definesla ChedokeMcMaster Stroke
Assessient (CMSA3core of stage 4 or greateiBarecceet al. (2001)recommended that an aggressive
restorative program geared towards regaining function in the affected upper extremity be ad(fpeed
Table 10.1.1 for the CMSA stages of motor recovery)

Table10.1.1Stages of Motor Recovery of the ChedekcMaster Stroke AssessmeriGowland et al.
1993}

Stage Characteristics
1 Flaccid paralysis is present. Phasic stretch reflexes are absent or hypoactive. Active movement cannot be
reflexly with afacilitatory stimulus or volitionally.
2 Spasticity is present and is felt as a resistance to passive movement. No voluntary movement is present, k

facilitatory stimulus will elicit primitive movement patterns reflexly. These primitive patterndrerestereotyped
flexion and extension synergies.

3 Spasticity is marked. The primitive synergistic movement patterns can be elicited voluntarily, but are oblige
In most cases, the flexion synergy dominates the arm, the extension synergy the leg.aféastrong and weak
components within each synergy.

4 Spasticity decreases. Synergy patterns can be reversed if movement takes place in the weaker synergy fir
Movements combining antagonistic synergies can be performed when the prime movers ateoting s
components of the synergy.

5 Spasticity wanes, but it is evident with rapid movement and at the extremes of range. Synergy patterns cal
reversed even if the movement takes place in the stronger synergy first. Movements utilizing the weak
componerts of both synergies acting as prime movers can be performed. Most movements become
environmentally specific.

6 Coordination and patterns of movement are near normal. Spasticity as demonstrated by resistance to pas
movement is no longer present. A gtevariety of environmentally specific patterns of movement are now
possible. Abnormal patterns of movement with faulty timing emerge when rapid or complex actions are
requested.

7 b2NNIE® | ay2NYI f-apprépriatic@riplex ndvemexdatieihsrage pdssib& with normal
timing, coordination, strengthand endurance. There is no evidence of functional impairment compaitidthe
Y2NXIf aARS® ¢ KS NPerckpiualmotodsysteM | £ ¢ &Sy &2 NEB

Previous Reviews
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Two reviews po@d the reaults of RCTsjuantitatively(Barecca et al. 2001; Hiraoka 20(Barecca et al.
(2001)reported thefollowingpooled effect sizes associated with upper extremity treatments: Z=4.87 for
sensorimotor training (including 4 RCTs); Z=3.43 for EMG@rical stmulation (including RCTs); and
Z=4.44 for electrical stimulation (including 2 RCTSs). Hirg2®@l)included 14 RCTs evaluating upper
extremity therapies and found an overall effect size (d) of 0.33, suggestive of a small to medium impact
of therapy. Sugroup analyses suggested that there was no treatment effect of neurodevelopmental
treatment compared with conventional physical therapy -@81); there was a medium effect of
conventional physical therapy compared to no therapy (d=0.51) and a large effedfiG biofeedback
treatment compared to conventional physical therapy (d=0.85).

10.1 Consensus Panel Treatment and Recommendations

Barecca et a[2001)provided consensus treatment recommendations for management of thegtoske

arm and hand, basednoa synthesis of best evidence. After reviewing the evidetimepanel came to a
consensus agreement that a hemiplegic upper extremity must be at leaSM&A stage 4 before full
rehabilitation efforts designed to restore function in the arm are attempted. The panel concluded that
attempts to rehabilitate the upper extremity of a person with a scoféess than 4 will nosucced. A
more palliative compensatgrapproach is recommended in such case

2001 Consensus Panel Recommendations for Patients with Severe Impairment

GC2NJ GKS OfASYyid gAGK aS@OSNE YiavihedNEb &ft& gdke Nde
effectiveness literature indicates that additional treatment for the upper limb will not result in an
significant neurological change. The evidence to date suggests that interventions may not lead

AAAAA

meaningful functional&d S 2F (GKS I FFSOGSR fAYO |G GKAA

1. Maintain a comfortable, paifree, mobile arm and hand

1 emphasize proper positioning, support while at rest and careful handling of the upper lin
during functional activities.

1 engage in classas/erseen by professional rehabilitation clinicians in an institutional or
community setting that teach the client and caregiver to perform-gatige of motion
exercises.

1 avoid use of overhead pullies that appear to contribute to shoulder tissue injury

1 usesome means of external support for the upper limb in stages 1 or 2 during transfers
mobility

1 place upper limb in a variety of positions that include placing arm and hand within the
Of ASyiQa @Aradzat FASEIRO®

1 Use some means of external support to protedt S dzLJLISNJ f A Y0 R dzNA

2. To maximize functional independence, stroke survivors with persistent motor and sensory
deficits and their caregivers should be taught compensatory techniques and environmental
adaptations that enable performancef important tasks and activities with the less affected arm
and hand.
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2001 Consensus Panel Recommendations for Patients with Moderate Impairment

GC2NJ Of ASyiia 6AGK Y2RSNI GS A YLI A Nowhtiglioa ¢ K 2
functional motor gains

1. Engage in repetitive and intense use of novel tasks that challenge the stroke survivor to acqy
necessary motor skills to use the involved upper limb during functional tasks and activities.

2.EngageinmototeaNy Ay 3 (NI} AyAy3d AyOfdzRAy3I G(KS dza$s

Conclusions Regarding Management of the Post Stroke Arm and Hand

There is consensus opinion that in severely impaired upper extremities (less than stage 4) the focus of
treatment should be on compensation.

For those upper extremities with signs of some recovery (stage 4 or better) there is consensus that
attempts to restore function through therapy should be made.

Attempts to regain function in the affected upper extremity should be limited to those indinits
already showing signs of some recovery.

10.2 Upper Extremity Interventions

A variety of treatment interventions to improve motor recovery in the upper extremity have been
evaluated. They are presented in sections 10.2.1 to 168.2.

10.2.1Neurodevelopmental Techniques

A variety of treatment approaches are in use currently. Arguably, the Bolzathicept (a
neurodevelopmental techniqualso referred to as Neurodevelopmental Treatment (ND9the most
commonly use@pproach

There are a numdr of approaches thasre considered to baeurodevelopmental techniques. These
include BobatiNDT, Brunnstron2 & a 2 @S Y S yind Progtcéplive Reuromuscular Facilitations.
The concept oBobathNDT emphasizghat abnormal muscléone or patternsshauld be inhibited and
normal patterns should be used in order to facilitate functional and voluntary movemeitigh is in
RANBOUG 2L aArdAzy .TBRerapyMiimbatties dinkyaDtbe rehabilidiBnlofdHé lower
extremity are also discusséa Module 9.

Table 102.1.1 Neurodevelopmental €chniques
Approach Description

BobathNeurodevelopmenta| Aims to reduce spasticity and synergies by using inhibitory postures and movements in @

Treatment to facilitate normal autonomic responses that are involved in voluntary mover(@obath
1990)

. NHzy y & 0 NB Y Q& |Emphasiessynergistic patterns of movement that develop during recovery from hemipleg

Therapy Encourages the development of flexor and extensor synergies during early recovery, ass
that synergistic activation of the muscle will result in voluntary moven{8ntinnstém 1970)
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Proprioceptive Emphasiesuse of the patient's stronger movement patterrts strengthen weaker motions.
Neuromuscular Facilitation | PNF techniques use manual stimulation and verbal instructions to induce desired moven
(PNF) patterns and enhace motor function(Voss et al. 1985)

In their review ofneurodevelopmental techniquegersusother treatment approachesBarreca et al.
(2003)included five RCT8asmajian et al. 1987; Dickstein et al. 1986; Gelber 4985; Logigian et al.
1983; van der Lee et al. 1998)d concluded thaheurodevelopmental techniquesere not superior to

other types of intervention$or the paretic upper limb post strok&an Peppen et a{2004)conducted a
systematic review ofpecific neurological treatment approaches and also concluded that compared to a
Bobath approach, no one particular program was favoured over another with respect to improvement in
functional outcomes (activities of daily living; ARlmusclestrength tone, or dexterity, although motor
relearning programs were associated with shorter lengths of hospital stays.

Paci(2003)conducted a review of 15 trials including six R@Bsmajian et al. 1987; Gelber et al. 1995;
Langhammer & Stanghelle 2000; Mulderak 1986; Partridge et al. 1990; van der Lee et al. 1989)
non-RCTsand three case series to determirthe effectiveness of NDT for adults with pestoke
hemiplegia Theauthor concluded that there is no evidence supportNDTas being the superiaype of
treatment.

Wefoundeleven studies that evaluated the efféenessof neurodevelopmental technigugBasmajian

et al. 1987; Dickstein et al. 1986; Gelber et al. 1995; Hafsteinsdottir et al. 2005; Langhammer & Stanghelle
2000, 2003; Logigian el. 1983; Lord & Hall 1986; Plaizal. 2005; van der Lee et al. 1999; van Vliet et

al. 2005; Wagenaar et al. 199@jght of whichwere RCTs. Another systematic revigwke et al. 2004)

which included the results from 8 trials (5 RCTs) came to sicaifenriusions.

A summary of RCEvaluatingneurodevelopmental techniques apFesentedin Tablel0.21.2.

Table 10.2.1.Bummary of RCTs Evaluating Neurodevelopmental Techniques

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Platz et al(2005 El:Augmented therapy timeArmBASIS) |1 Fugl Meyer arm score)(
RCT (8) E2: Augmented therapy time (Bobath)
N=62 C: No augmented theragime
Platz et al(2009 E1: mpairmentoriented training 1 Fugl Meyer Assessmen (
RCT (8) E2:Passive therapy (with splints) 1 TEMPA-]
N=148 C: @nventional therapy
Langhammer & Stanghel{200Q) | E:Motor Relearning Programme (MRP) |1 Hospital stays (+MRP)
Langhammer & Stanghe(2003 |C:Bobath 1 Motor Assessment Scale (+MPR) at po3t
Langhammer & Stayhellg2011) at 1 and 4yr followup
RCT (8) 1 Sodring Motor Evaluation Scale (+MPR) i
N=61 post, ) at 1 and 4yr followup
1 Life Quality Test)
1 Quality of Movement (+MPR)

van Vliet et al.(2005) E:Motor Relearning Programme (MRP) |1 Rivemead Motor Assessmenyj (
RCT (7) C:Bobath 1 Motor Assessment Scalg (
N=120
Timmerman et al(2013) E: Regular + Mirror therapy 1 Frenchay Arm Test)(
RA (7) C: Neurodevelopmental Bobath therapy |1 Functional Assessment Scalp (
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Nstar=42 1 Wolf Motor Function Test)
Nen=42
van der Lee et a[1999) E: Neurodevelopmental Therapy 1 Action Research Arm Test (+) foreese
RCT (7) C:Forceduse therapy
N=66
Basmaijian et al1987) E:Physical Therapy based on neuro 1 Upper Extremity Function Tes (
RCT (6) facilitatedtechniques 1 Finger Oscillation Tes)(
N=29 C:EMG
Gelber et al(1995) E:Bobath 1 FIM§{)
RCT (5) C:Traditional techniques 1 Box and Block Tes(
N=20 1 Nine HolePeg Test-{
1 LOS4
Dickstein et a(1986) E1: Proprioceptive neuromuscular 1 Barthel Index-
RCT (5) facilitation 1 Muscle tone )
N=131 E2:Bobath 1 Active Range dflotion (-)

Logigian et al.(1983
RCT (4)

C:Traditional techniques

E:Facilitated therapy
C:traditional techniques

=

Barthel Index-
Manual muscle test-f

N=42
- Indicates norstatistically significant differencdsetween treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

The results from two recent, high quality RCTs assessing similar treatment approaches and outcomes
differed. Langhammer and Stanghel[2000)reported improvements in upper extremity function and a
shorter length of hospital stay associated with motor egleing, whilevan Vilet et al(2005)did not report
asignificant difference between treatment approachean Vliet et al. (2005peculate that earlier, more
intensive training provided in theanghammer and Stanghe{l2000)study as well as a highalbeit non
statistically significant) baseline difference may have contributed to the differences. The content of the
treatment programs within the two studies may also have differ@tatz et al. (2005¥ailed to
demonstrate an effect of augmented arm ttapy (in addition to regular rehabilitation) upon motor
recovery, regardless of the treatment approach (BASIS arm training or Bobath) or following passive,
conventional or impairmenbriented training.

Hafsteinsdottir et al(2007)reported that the Bobth approach was not superior to that of néMDT
approach. There were no differences between the groups on any of the outcome measures assessed
includingFunctional Independence Measutell()), quality of life, healtkrelated quality of life, shoulder

pain, or depression at up to 12 months following stroke. Similarly, Timmerman €2@L3)noted no
significant difference between neurodevelopmentathniques and those comprised regular therapy

and mirror therapy despite theignificant withingroup increses observed in both groups.

Conclusions Regarding Neurodevelopmental Techniques

There idevel laevidence that neurodevelopmental techniques are not superior to other therapeutic
approaches.

There idevel 1bevidencethat when compared to the Bobath treatment approach, Motor Relearning
Programme may be associated with improvements in sht@tm motor functioning, shorter lengths
of hospital stay and better movement quality.
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Neurodevelopmental techniques are not superior inferior compared with other therapeutid
approaches in treatment of the hemiparetic upper extremity.

10.2.2 Bilateral Arm Training

The use of bilateral training techniques with the upper limb following stroke has been encouraged recently
with the development ofnew theoriesregardingneural plasticity. Bilateral arm training is a technique
whereby patients practice the same activities with both upper limbs simultaneously. Theoretically, the
use of the intact limb helps to promote functional recoverfythe impaired limb through facilitative
coupling effects between the upper limbs. Practicing bilateral movements may allow the activation of the
intact hemisphere to facilitate the activation of the damaged hemisphere through neural networks linked
via the corpus callosurtMorris et al. 2008; Summers et al. 2007)

ACochrane reviewy Coupar et a{2010) which included the results from 18 RCArgl 549 participants
reported that there was no significant improvement in ADL function (standardized rdégarence of
0.25, 95% C#0.14 to 0.63), functional movement of the arm (SMD7, 95% CD.42 to 0.28) or hand,
(SMD-0.04, 95% Ck0.50 to 0.42)pf bilateral arm atrainingomparedwith usual care following stroke.

Caraugh et al2010)conducted ameta-analysis, including the results from 25 studies, the majority of
which were RCTs. The overall treatment effect was a standardized mean difference (SMD) of 0.734,
representing a large effect. The effect size was influenced by the type of treatmerdg Qilateral,
Bilateral Arm Training with Rhythmic Auitory Cueing (BATRAC), coupled bilateral and electromyography
(EMG)+riggered neuromuscular stimulation and active/passive movement using robotics). BATRAC and
EMGtriggered stimulation studies were assated with the largest SMD.

Van Delden et a{2012)evaluated the effectiveness of bilateranrgusunilateral uppetdimb therapy and
whether or notit was affected by severity of paresis. The review included the results from 9 RCTs. Pooled
analyses of 452 patients were conducted for the fdgyer AssessmerfEMA) Action Research Arm test
(ARAT), Motor Assessment Scale (MAS) and Motor ActivityMAD).(Acrossall severity categories,
unilateral training was superior when outcomeere assessed usinthe ARAT, but there were no
differences inthe scores of patientsvho hadsevereor moderate paresis There were no significant
differences in improvemnt between groups of either severe or moderate patients on MAS or FMA scores,
suggesting both training approaches were effective. Improvements in MAL scores favored patients in the
unilateral training group, although only the mild subgroup was represented

The resultof controlled trialsevaluatingbilateral arm trainingare summarized ifable 10.2.2.

Table 10.2.2. 5ummary ofControlled TrialsEvaluating Bilateral Arm Training

Author, Year Intervention Main Outcome(s)

Study Design (PEDro Scor Result
Sample Size

Morris et al.(2008 E:Bilateraltraining 17 ARATH

RCT (7) C: lnilateral training

N=106

Whitall et al.(2011) E:Bilateraltraining 1 Fugl Meyer+)

RCT7) C: lnilateral training

N=111

Brunner et al(2012 E:Bilateral training 1 ARATH

RCT (7) C:mCIMT
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N=30

Desrosiers et a{2005
RCT (7)

N=41

Luft etal. (2004
RCT (7)

N=21

Dispa et al(2013)
RCT (7)

Nstar=10

Nens=10

McCombe et a(2014)
RCT (7)

Nstar=30

Nen=26

Lin et al. (2009
RCT(6)

N=33

Stinear et al(2008
RCT (6)

N=32

van Delden et. g2015)
RCT (6)

Nstar=60

Nen=52

Lee et al(2013)
RCT (6)

Nstar=26

Nend=26

Stinear et a(2014)
RCT (6)

Nstar=57

Nen=51

Shim et al(2015)
RCT (6)

Nstar=20

Nen=20

Simkins et al(2013)
RCT (6)

Nstar=15

Nen=15

van Delden et a2013)
RCT (6)

Nstar=60

Nen=55

Wu et al.(2011)
RCT (5)
N=66

E:Symmetrical bilateral tasks 1
C: @nventional therapy 1

E:Bilateral arm training + rhythmic |
auditory cueing
C:Therapeutic exercises.
E: Bilateral therapy
C:Unilateral therapy

E: Bilateral + Unilateral training
C: Unilateral training

E:Bilateraltraining
C: Unilateral training

E:ActivePassive Bilateral Therapy
C: ®lIf-directedmotor practice

=A =4 =4 =4 4 -4 -4 -4 -4 -4 -8 -—a -

E1: Modified CIMT + unilateral training |
E2: Rhythmic movement + bilateral |1
training

C: Control

E: Bilateral training + Nervous system |1
rehabilitation

C: Nervous system rehabilitation

E: Bilateral training 1
C: Cutaneous electrical stimulation (no|f
neurophysiological effects)

E: Bilateral training 1
C: Unilateral training 1
1

E1: Bilateral training |
E2: Unilateral training
C: Standard care

E1: Modified CIMT + unilateral training |1

E2: Rhythmic movement + bilateral |1
training 1
C: Control |

1

1
El.dCIT 1
E2: Bilateral training |
C: Control

Fugl Meyer+)
Grip strength {)

Fugl Meyer )

Fugl Meyer+)

Purdue pegboard Test)(
ABILhand questionnaire-
STAIStroke questionnaire-
Wolf Motor Function Test (+)
University of Maryland Arm Questionnaire (+)
Fugl Meyer+)

Box and Block Tesf)(

Fugl Meyer (+)

FIM ¢)

Motor Assessment Log)(
Fugl Meyer (+)

Grip strength {)

Bimanual coordination task: \&.E2 (+)
Unimanual reference task: E1 vs. E2 (+); E1 vs.

FIM (+)

Modified Ashworth Scale-
Stroke Impact Scale)(

Motor Function Test (+)

FIM (+)

Affected hand amount of sed¢ary and moderate
activity (+)

ROM §)

Action Research Arm Tes} (

Nine Hole Peg Tesf)(

Motricity Index §)

Fugl Meyer+)

Motor Activity Log+)

Stroke Impact Scale: bilateral vs. control for
emation (+), strength (+)

Reaching trajectory: E1 vs. C (+); E2 vs. C (+)
Force at movement initiation:: E1 vs.{; E2vs C

(+)
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1 Motor Activity Log (Amount of Use): E1 vs. E2 (+
Elvs.C(+)
Stoykov et al.(2009 E:Bilateraltraining 7 Motor Assessment Scal@ (
RCT (5) C: Wnilateral training 1 Motor StatusScale {)
N=21
Summers et al{2007) E: Bilateral training 1 Modified Motor Assessment Scale (+)
RCT (5) C: Unilateral training
N=12
Cauraugh & Kirf2002) El:Electrical stimulation + bilateral 1 Box and Block Test (bilateral group) (+)
RCT (5) training
N=25 E2:Electrical stimulation + unilateral
training
C: @ntrol
Byl et al (2013) E: Bilateral orthosis 7 ROMY)
RCT (5) C: Unilateral orthosis
Nstar=18
Nen=15
Singer et a(2013) E: Bilateral training + EMBS 7 Fugl Meyer+)
RCT (4) C: Unilateral training + EMBS 7 Arm Motor Ability Test-§
Nstar=24
Nen=21
Anandabai et al(2013) E: Bimanual training 1 Fulg Meyer+)
PCT C: Unimanual training 1 Wolf Motor Function Test)
Nstar=30
Nen=30

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

Discussion

In a large multicentr&CT, Whitall et af2011)evaluated the effect of bilateral arm training onpgr limb
functional recovery. Results fadto show a difference between bilateral training and unilateral training,
indicating that training with both arms does not provide additional benefits for improving impairment in
the affected upper limifWhitallet al. 2011) This finding is paralleled ltiye results ofanother large RGT
which found no significant difference between bilateral arm training and unilateral arm training
interventions despite the improvements observed in both groups diree (Morriset al. 2008)

Coupling bilateral arm training with rhythmic auditory cueing was also found to besaperior over
conventional therapy with regards to its effeenesson upper limb motor function in both chronic and
acute stroke patientgLuft et al.2004; Van Delden et al. 201&)nly one study showed an improvement
in bimanual coordination following this combination of treatmegan Delden et al. 2015)urther
research is therefore encouraged to determimghether or not bimanual training can imprev
coordination in both acute and chronic stroke patients.

Overall, studies reveal that in comparison with modified constraidticed movement therapy (mCIMT)
delivered alone or in combination with other treatment, bilateral arm traindlags notimprove upper
limb motor function(Brunner et al. 2012; van Delden et al. 2015; van Delden et al. 2Dis3)ibuted
constraintinduced movement therapy (dCIMas beerfound to evoke significantly greater changes in
the Motor Activity Log measure compared to bilateral arm trair{(\My et al. 201%)however, the use of
mCIMT demonstrates otherwig®an Delden et al. 2013)
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When bilateral arm training was supplementesith electrical stimulation, findings revesal an
improvement in manual dexterity and functiphowever, no significant differenceas foundin terms of
general motor function whethis treatment was comparedvith unilateral arm trainingCauraugh & Kim
2002; Singer et al. 2013Yhese resultshould be interpreted with caution as the studidsad low
methodological quality andtatisticalpower.

Conclusions Regarding Bilateral Arm Training
There is level 1la and level 2 eviaee that bilateral trainingdelivered alone or in combination with

other therapies (i.e. rhythmic auditory cueing or electrical stimulatiom)ay not be superior to
unilateral or conventional therapyat improving upper extremity motor function.

Bilateral arm training may not be superior over unilateral arm training at improving upper limb
motor function when supplemented with rhythmic auditory cueing, electrical stimulation, or when
offered alone.

10.2.3 Additional/Enhanced Therapy
In this section weexamhed studies thatinvestigaed the effectivenessof providing supplementary
therapy targeting the upper extremity in addition to usual care or conventional therapy

The result®f controlled trialsevaluating additional/enhancettherapyare summarized iifable 10.2.3.1

Table 10.2.3.1Summary ofControlled TrialsEvaluating AdditiondEnhancedTherapy for the Upper
Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result

Sample Size
Kwakkel et al.(1999 E1:Arm training 1 Barthel Index: E1 vs. C (+), E2 vs. C (+)
RCT (8) E2: leg training 1 Action Research Arm Test (+)
N=101 C: Conventional therapy
Ross et al(2009) E:Additional taskspecific motor training 1 Action Research Arm Tesj (
RCT (8) C: $andard care 1 Summed Manual Muscle Tesj (
Nsart=39
Nend=37
Harris et al(2009 E:Upper extremity tastspecific therapy 1 Chedoke Arm and Hand Activity Inventor,
RCT (8) C: Hucation (+)
N=103
Duncan et al.(2003) E:Supervised home program 1 Fugl Meyer Score)(
RCT (8) C: Wual care 1 Grip Strength-
N=92 1 Functional Reach)(

1 Wolf Motor Function Test)

Lincoln et al(1999 E: Additional physiotherapy 1 Rivermead Motor Assessment (arm) (
RCT (7) C: Routine physiotherapy 1 Action Research Arm Tes} (
N=282 1 Barthel Index-
Pang et al.(2006) E1:Arm training 1 Fugl Meyer Score (+)
RCT (7) E2: leg training 1 Wolf Motor Function Test (+)
Nstar=63
Nen=60
Platz et al(2001) E:Arm ability training 1 Tests of upper extremity function (+)
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RCT (7)

C: Rutine therapy

N=74
Liu et al(2014) E: Seliegulation 1 FIM motor (+)
RCT (7) C: Conventional functional rehabilitation 1 FIM: cognitive
Nstar=46 1 Color trial Test-
Neng=44 1 Fugl Meyer: upper limb-), lower limb §)
Rodgers et al{2003) E:Stroke unit care + enhanced upper limb |1 Action Research Arm Tes} (
RCT (7) rehab 1 Motricity Index €)
N=123 C: @nventional stroke unit care 1 Frenchay Arm Test)(

1 Upper limb pain)

1 Barthel ADL-{

1 Nottingham EADL )
Donaldson et al(2009) E: Finctional strength training ¢onventional |1 Action Research Arm tesf(

RCT (6)
Nstart=30
Nen=19

Sunderland et al1992
Sunderland et a1994)
RCT (6)

N=132

De Diego et a(2013)

therapy
C: Conventional therapy

E:Enhanced therapy
C:Conventional therapy

E: Conventional training + home training

=

= = —a _—a _a

Extended Motricity Index: 1mo (+)

Motor Club Assessment: mild strokes 6m
+)

Nine Hole Peg Test: mild strokes 6(r9
All outcomes: 1yr-{

Fugl Meyer Score)(

RCT (6) C: Conventional training Motor Activity Log+)
Nstar=21 Strokelmpact Scale-)
Nen=21

Fluet et al(2014) E: Hand + finger training 1 Wolf Motor Function Test)
RCT (6) C: Finger training 1 Jebsen Taylor Hand Tesy (
Naart=41 1 Kinematic measures (+)
Neng=40

Repsaite et a(2015) E: Differential training + standard rehabilitatio 1 Wolf Motor Function Test (+)
RCT (5) C: Standard rehabilitation

Nstar=27

Nen=27

Dickstein et al(1997 E:Repeated movement therapy 1 Barthel Index+

RCT (3) C: @nventional therapy 1 Fugl Meyer Score)(

N=27 1 Frenchay Tests)(
Mazzoleni et al(2013) E: Shoulder/elbow training + wrist training |1 Fugl Meyer+)

PCT C: Shoulder/elbow training 1 Motricity Index §)

Nstar=64 1 Movement velocity (+)
Nen=64 1 Movement distance-{
Smedes et a(2014) E: Manual mobilization therapy + conventiong | Passive wrist extension (+)
PCT therapy 1 Active wrist extension (+)
Nstar=18 C: Conventional therapy 1 Frenchay Arm Test (+)
Nen=18

Minagawa et a{2015
PCT

Nstar=62
Nend=62

E: Hair brushing movement + conventional
therapy
C: Conventional therapy

1

Range of Motion: shoulder abduction (+),
externalrotation (+)

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

Discussion
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A variety of treatments were delivered and outcomes assessed, under the rubric of enhanced therapy,
making general conclusions difficult to draw. Additionally, most of the interventions werspecific in
nature.

Two studies assessed horbased therams, with results demonstrating no added benefit over
conventional training at improving upper limb motor functi(ide Diego et al. 2013; Duncan et al. 2003)
Results from a Cochrane review agree with these findings, suggesting no statistically significant result
related to the use of hombased therapy programmes on the functional improvement of the upper limb
(Coupar et al. 2012The conclusions derived frothis review are based on only four poor quality studies,
suggesting that future higheguality RCTs are needed prior to making clinical recommendations.

In a large singleentre study, Lincoln et a{1999)evaluated the effect of additional physiothgna on
upper limb motor function. The results demonstrated no significant difference between routine
physiotherapy and additional physiotherapyhich supplemented regular therapy with 10 additional
hours. SimilarlyRodgers et a[2003)reported no benetiof additional therapy associated with any of the
outcomes assessed

Conclusions Regardingdditional/EnhancedTherapies

There is level 1a evidence that horbased therapy may not be superior to usual care regarding its
effect on upper limb motor funcon.

There is level 1a evidence that additional therapies may not be superior to conventional therapy at
improving upper extremity motor function or functional independericeowever, limited level 2
evidence suggests that range of motion of the wrist anddosilder may be improved by additional
therapies.

Additional upper extremity therapy or homased training des not appear to be superior tg
conventional therapy for improving upper limb motdunction.

10.2.4 Strength Training

A small group of studiewere identifiedwhich evaluated treatments directed atpecificallyincreasing
strength in the upper extremity. A much larger pool of studies has been published on strength training in
the lower extremity.

We identifiedfive RCTshat evaluated strengthraining and assessed measures of strengtmmarized
in Table 10.2.4.1

Table 10.2.4.Summary ofRCTgvaluatingStrength Trainingor Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Mares et al (2014) E1: Functional strength training for upper liml 1 Action Research Arm Test: post (+), foHow
RCT (8) E2: Functional strength training for lower limb  up (+)
Nstar=52
Nen=44
Da Silvg2015) E: Strength training 1 TEMPA (+)
RCT8) C: Standard care 1 Glumerohumeral flexion strength (+)
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Nstar=20 1 Active shoulder Range of Motion (+)
Nen=20 1 Fugl Meyer Scores (+)

Hendy& Kidgell (2014) E1: Anodal tDCS + strength training T Maximum voluntary dynamic strength)(
RCT (7) E2: sham tDCS + strength training 1 1-RMtest{)

Nstar=10 C: Anodal tDCS

Nens=10

Thielman et al(2013) E: Progressive resistive strength training 1 Activate range of motion for shoulder and
RCT (6) C: Taskelated training elbow (+)

Nstar=16 1 Wolf Motor Function Test at 1 yr (+)
Nen=16 f Reaching at 1 yr (+)

Bourbonnais et a(2002 El:Force feedback training of the upper limb |1 TEMPA-)

RCT (5) E2:Force feedback training of the lower limb |1 Fugl Meyer Score)(

N=25

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

Discussion

Thereexistonly a handful of studieshich haveevaluatedupper extremitystrength training. As expected,
strength training of the upper limbs improved arm function relative to strength training of the lower limbs
(Mares et al. 2014)However,upper limbfunctional outcomes were not significantly different betwee
partcipants receiving upperlimb forced feedback training compared to those receiving the same
intervention targeting the lower limiBourbonnais et al. 2002)

Strength training was found to improve motor function of the impaired upper extremity intogle
guality RCTda Silva et al. 2015however upper limb improvements were not observed relative to-task
related training in another studyThielman 2013)Supplemening strength training withtranscranial
direct current stimulation ha not been obserd to have asignificant effect on voluntary dynamic
strength(Hendy & Kidgell 2014)

Harris & Eng2010)conducted a systematic review and metaalysis of strength training on uppkmb
strength, function and ADL performance following strokeurteenstudies weralentified in total of

which g$x (306 subjects) evaluated the effect on grip strength. There was a significant effect associated
with training (standardized mean difference=0.95, 95% CI 0.05 to 1.85, p=0.04). Two trials assessed other
measures of strength with conflicting results.

Conclusins Regarding Strength Training

There is level 1a evidence frommeta-analysis thatstrength training increases grip strength following
stroke.

There isconflicting level 1band level 2evidenceregarding the effectiveness of functional training of
the upper limbs compared to training of the lower limbs on upper limb motor function.

There isconflicting level 1b evidenceegarding the effect ofstrength training on upper limb motor
function andfunctional independenceompared to standard care.

There is level 1b evidence that coupling tDCS with strength training does not appear to have a
significant beneficial effect on upper extremity strength.
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Strength training may help improverip strengthfollowing stroke |

10.2.5 Repetitive/TaskSpecific Training Techniques

It is well established that tasgpecific practice is required for motor learning to oc¢€8chmidt 1991)
According toClassen et al(1998) focal transcranial magnetic stimulation and functional magnetic
resonance imaging have shown that taglecific training, in comparison to traditional stroke
rehabilitation, yields londasting cortical reorganization specific to the corresponding arefrsgbused.
More specificallyKarni et al.(1995)using functional magnetic resonance imaging, &ldssen et al.
(1998) using transcranial magnetic stimulation, both reported a slowly evolving;temg experience
dependent reorganization of the adult primary motor cortex following daily practice ofgpskific motor
activities. Also of interest is that taslpecific sessiong.e., thumb and hand movemen}sas short as 15
minutesin duration,are dso effective in inducing lasting cortical representational chariBésefisch et

al. 1995; Classen et al. 199&)ccording toPage(2003) intensity alone does not account for the
differences between traditional stroke and tasfecific rehabilitation. Foexample,Galea et al(2001)
reported that stroke patients who underwent aveek long program consisg of 45-minute task
specific, upper limb training showed improvements in measures of motor function, dexterity, and
increased use of the more affectagper limbs According toPage(2003) other, taskspecific, low
intensity regimens designed to improve use and function of the affected limb have also reported
significant improvement§Smith et al., 1999; Whitall et al., 2000; Winstein et al., 2001)

A summary otontrolled trialsevaluatingrepetitive/task-specific trainingare presentedn Table 10.2.5.

Table 10.2.5.1Summary ofControlled TrialsEvaluatingRepetitivel Task Specific Techniques for the
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Blennerhassett & Dité2004 | E1:Upperextremity task related practice 1 Jebsen Tayladand Function (+)
RCT (9) E2: lower extremity taskrelated practice 1 Motor Assessment Scale (+)
N=30 (1 hour a day x 5 days x 4 wegks
Arya et al(2012 E: Rskspecific training 1 Fugl Meyer Score (+)
RCT (9) C: $andard training using the Bobath approacy ActionResearch Arm Test (+)
Nstar=91
Nen=84
Higgins et al(2006 El:Upperextremity task related practice 1 Box and BlocKest )
RCT (8) E2: lower extremity taskrelated practice
N=47 (90 min x 3 sessions/week x 6 wegks
McDonnell et al(2007) E:Taskspecific training wittafferent 1 Fugl Meyer Score)(
RCT (7) stimulation 1 Action Research Arfiest )
N=20 C: Tasispecific training without afferent 1 Dexterity (+)
stimulation
Shimodozono et g2013) E: Repetitive functional exercise 1 Action Research Arm Test (+)
RCT (7) C: Conventional rehabilitation f Grasp and pinch (+)
Nstar=52 1 Fugl Meyer (+)
Nen=49 1
Cauraugh & Kirf?003 E1:Blocked practice + active stimulation 1 Box and Block Test (+)
RCT (6) E2: Rndom practice + active stimulation 1 Reaction Time (+)
N=64 C: N active stimulation assistance
Winstein et al(2004) E1: Strength training 1 Fugl Meyer Assessment: E1/E2 vs. C (-
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RCT (6) E2: Functional task practice 1 Functional test of thdnemiparetic upper

N=64 C: Standard care extremity: E1/E2 vs. C (+)

Thielman et al(2013) E: Resistive exercise training 1 Wolf Motor Function Test)

RCT(6) C: Task related training 1 Fugl Meyer Score)(

Nstar=16 1 Reaching maintenance for straighter
Nen16 hand paths (+)

Boyd et al(2010) E:Taskspecific training 1 Change in reaction and movement time
RCT (5) C: &neral arm training (+)

N=18

Taub et al(2013) E1: Shaping training + transfer package (TP)[1 Motor Activity Log: E1/E2 vE3/C (+)
RCT (5) E2: Repetitive task practice + TP 1 Wolf Motor Function Test: E1/E2 vs. E3
Nstar=45 E3: Repetitive task practice (+)

Neng=40 C: Shaping training

Song et al(2015) E: Task oriented bilateral arm training 1 Box and Block Teé

RCT (5) C: Repetitive bilateral arm training 1 Jebsen Taylor Tesd(

Nstar=40

Nen=40

Thielman et al(2004 E:Progressive resistive exercises 1 Kinematic analysis of arm movement (4
RCT (4) C:Taskrelated training 1 Modified Ashworth Scale)

N=12 1 Rivermead Motor Assessmen)j (

Mani et al(2014) E1: Right hemisphere damage (RHD) reachir1 Arm performance: contralesionat),

PCT tasks ipsilateral )

Nstar=30 E2: Left hemisphere damage (LHD) reaching|1 Leftward reaching frequency: E1 vs. E2
Nen=30 tasks (+)

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

Discussin

Barreca et al(2003)reviewed 2 studiegButefisch et al. 1995; Dickstein et al. 199hjich investigated
repetitive training for the upper extremity, including repeated practice of elbow, wrist and finger flexion
and extensiongoncluding that there was a positive treatment effect found.

A recent Cochrane review authored Byench et al(2007)evaluated the effect of taskpecific training

on both upper and loweextremity function. Trials were included if one of the intenientarms included

Gy FOGAGS Y230i2N) 4SljdzSyO0S wiKIF{i8 g1 a LISNF2NXY¥SR NB
GKS LIN} OGAOS gtFa FAYSR (26 NRa ,FespéectivBlywse isledueificd (i A 2 y | €
that assessed arm and harfdnction. Pooled results indicated thataskspecific training was not

associated with improvement in either hand or arm function. The standardized mean differences were

small (0.17 and 0.16) and not statistically significant.

Timmermans et ak2010)conducted a review that examined the effectiveness of tagknted training

following stroke. Fifteen components were identified to characterize-tagknted training. They included

exercises that weraunctional, directed towards a clear goal, repeatestfnently, performed in a context

specific environment, and followed by feedback. Sixteen studies representing 528 patients were included.

From 3 to 11 training components were reported within the included studies. The components associated

with largestef§ O &A1 Sa 6 SNB bRA &G NA Bharé \8aR nolcihelabidnbévEen | Yy Rt
the number of tastoriented training components used in a study and the treatment effect size. "Random
practice" and "use of clear functional goals" were associated thaHargest effect sizest follow-up.
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Many of the treatments reviewed were nespecific in nature, not well described and were evaluated on
patients at different stages of neurological recovery. Sample sizes were generally small. Furthermore, the
interventions varied across studieseverely limiting comparability. Often, multiple outcomes were
assessed, some of which demonstrated a benefit, while others did not; typically tleesienprovement

on impairment level outcomes, which did not transferfunctional improvements (disability level). The
conclusions that we draw pertain only to tkebsetof interventions that were assessed, and cannot be
generalized to angther specific treatment

Conclusions Regarding Repate Task Specific Techniques

There is level 1la and limited level 2 evidence that taskated practice may be superior to
conventional training at improving upper extremity motor function.

There is level 1b and limited level 2 evidence that taskated training may not be superior to resistive
training or bilateral arm training at improving general upper limb motor functipmowever, it may
improve reaching arm movements.

There is limited level 2 evidence that providing individuals with a transfeckage which includes
instruction for supplementary exercises in addition to delivering taghated practice may improve
upper limb motor function.

There is level 1b evidence that combining task practice with active stimulation may improve manual
dexterity and reaction time.

Due to the variation in the treatment protocols, it is unclear whether repetitive tagbecific training
in combination with additional treatments improves upper extremity function.

10.2.6 Trunk Restraint

Reaching movementgperformed with the affected arm in patients are often accompanied by
compensatory trunk or shoulder girdle movements, which extend the reach of théMithaelsen et al.
200 ) WSAGNROGAZ2Y 2F O2YLISyald2NE GNdzyl Y20SwWSyda Yl
LI GGSNYy&a Ay GKS KSYALI NBGAO | N¥Y ¢ KSMichhdsen@&Kevig 3 F 2 NJ
2004) Several trials have evaluated the effectiveness of trunk restraint combined witkspaskfic

training to improvethe movement quality of reghing tasks.

The resultof RCTs evaluating trunk restraint theragmg summarized ifable 10.2.6L.

Table 10.2.6.RCTs Examining Tk Restraint to Improvelpper Limb Motor Function

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Bang et al(2015) E: CIMT + trunk resistant training 1 Action Research Arm Test (+)
RCT (9) C: CIMT 1 Fugl Meyer (+)
Nstar=18 1 Modified Barthel Index (+)
Nen=18 1 Motor ActivityLog: Amount of Use (+),
Quality of Movement (+)
Lima et al(2014) E: mCIMT + trunk resistant training 1 Motor Activity Log: Amount of Use)(
RCT (8) C: mCIMT Quality ofMovement ¢)
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Nstar=22
Nens=15

Michaelsen el al2006)
RCT(7)

Nstar=30

Nen=10

de Oliveira et a(2015)

RCT (7)

Nstar=22

Nen=20

Wu et al. (2012)

RCT (5)

N=57

Woodbury et al.(2009)
RCT (5)

N=11

Michaelsen & Levir(2004)

RCT (5)

N=28

Thielman (2010)
RCT (4)

N=16

- Indicates norstatistically significant differences between treatment groups

E:Trunkrestraint with objectrelated reachto-

grasp training
C: Non-restrainttraining

E: Trunk resistant training with harness
C: Trunk resistant training without harness

E1:CIMT + trunk restraint
E2:CIMT

C: ©ntrol

E:CIMT + trunk restraint
C:.CIMT

E:Trunk restraint group
C: N restraint

E:Trunk restraint
C: @nsory feedback

+ Indicates statistically significant differences between treatment groups

Discussion

= —a e e _—a _a _a _a

=

=

= A A A _a _a _a _a _a _a _a

Bilateral Activity Assessment Scak¢ (
Wolf Motor Function Test)

Global strength-

Stroke Specific Quality of Life Sca)e (
Reach and grasp)(

Upper extremity performance test (+)
Fugl Meyer Arm Section (+)

Box and Block Tesd)(

Modified Ashworth Scale)
Fugl Meyer Score)(
Barthel Index-)

Kinematics: E1&E2 vs. C (+)

Action Research Arm Test: E1&E2 vs. (
Fugl Meyer: E1&E2 vs. C (+)

Fugl Meyer+)

Wolf Motor Function Test)

Kinematic analyses of reaching (+)
Trunk displacement (+)

Range of Motion: 1d (+)

Elbow Extension (+)

Reaching Performance Scale Near (+)
Reaching Performancgcale Far: Sensor

group ¢)

One recent study by Bang et §015)suggested that combing constraiimtduced movement therapy
(CIMT) with trunk restraint training improved upper limb motor function when compared to CIMT;alone
however, these resudthave not beeneplicated by other studie@e Oliveira et al. 2015; Lireaal. 2014;
Woodbury et al. 2009; Wu et al. 2012yhen trunk restraint therapy was combined with objeetated
reachto-grasp training, resulteave demonstratal an improvement in general upper limb function but
not in manual dexteritfMichaelsen et k 2006)

In a recent systematic reviemnd metaanalysis, Wee et al2014)evaluated the effect of trunk restraint
therapy on upper extremity recovery in patiemvith chronic stroke. The review included six RCTSs,
involving a total of 187 participant$he metaanalysis was conducted on several upper limb functional
outcomes including thEMA shoulder flexion, elbow extension, Motor Activity EAagount of Use, Motor
Activity LogQuality of Movement, trunk displacemengnd reaching trajectory smoothnesand
straightness. The overall results indicatihat the majority of the measures sh@a no preference of

trunk displacement over the contraondition, with only theFMAand shoulder flexion demonstrating
significant effects. It is also pertinent to natfeat the outcomes evaluated in the review were measured

in three studies on average. Shoulder flexion and elbow extension were evaluated in four studies each,
while reaching trajectory straightness was evaluated in two studies. Although all studiesthatuthe

NEJASS

a02NBR xc

2y GKS

t K@ a A 2sipriffinghigiemetBodologicdly O S

quality, the authors indicated thdhere is still insufficient evidence to demonstrate a beneficial effect of
trunk restraint therapy on uppesxtremity motor function. Future studies investigating the effects of this

intervention during the acute stage of stroke are encouraged.
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Conclusions Regardingrunk Restraint

There is conflicting level 1a and level 2 evidemegarding the efficacy of trunk restraint therapy on
upper extremity function when combined with constraint induced movement therapy or delivered

alone.

Trunk restraint may improve some aspects of upper limb motor function but not others (i.e. el
extension, reaching trajectory, trunk displacement).

DOW

10.2.7 Sensorimotor Training and Somatosensory Stimulation
Somatosensory defigtare common following strokeConnell et al.(2008) reported that among 70
patients with firstever stroke,7-53% had impaired tactile sensation,-82% impaired stereognosis, and
34-64% impaired proprioceptiorsensorimotor impairment is associated with slower recovery following
stroke; therefore, therapies to increase sensory stimulation may help to improwernperformance.
Stimulation can be applied using a variety of methods including electroacupuncture, repetitive passive
movement therapy, thermal stimulation, robotic devicasdtranscutaneous electrical nerve stimulation

(TENS)

The resultsof RCT®valuating sensorimotor stimulation treatments are summarized in Table 10.2.7.1.
Sensorimotor training involving TENS is included in a separate section.

Table 10.2.7.1Summary of Results from RCTs Evaluating Sensorimotor Training or Stimufatighe

Upper Extremity
Author, Year

Study Design (PEDro Score

Sample Size
Stein et al(2010)
RCT (10)
N=30

Carey et al(2011)
RCT (8)

Nstar=50

NEnd:48

Tavernese et a(2013)
RCT (8)

Nstar=44

Nen=44

Paoloni et a(2014)
RCT (8)
Nstar=22
Nen=22

Barker et a(2008)
RCT (8)

Intervention

E:Stochastic resonance stimulation
(combinationof subthreshold electrical
stimulation and vibratioh

C: Sham stimulation

E:somatosensory discrimination training
C: $am training program

E: Segmental muscle vibration + standard
therapy
C: Standard therapy

1

= =4 —a —a -

E: Segmental muscle vibration + conventior|§

therapy
C: Conventional therapy

E1: Rvicetrainingwith stimulation
E2: Rvicetraining
C: @ntrol

f
f

1

Main Outcome(s)
Result

Fugl Meyer+)
Motor Activity Log+)
Action Research Arm Tes} (

Composite standardized somatosensory
deficit (+)

Velocity of movement (+)

Angular velocity at shoulder (+)
Movement duration (+)

Normalized jerk (+)

Elbow angle, shoulder angle, shoulder
abduction §)

Muscle onset time (+)

Cocontraction index (+)

Muscle modulation: anteriodeltoid (+),
biceps brachii (+)

Maximal voluntary contraction muscle
activation (+)

Modified Ashworth Scale (+)
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NStart:42

NEnd:33

Tai et al(2014)
RCT (8)

Nstar=16

Nens=16

Sorinola et a(2014)
RCT (7)

Nstar=33

Nen=30

Lin et al(2014)
RCT (7)

Nstar=16

Nen=16

Lin et al (2014)
RCT (7)

Nstar=43

Nen=42

Caliandro et al(2012)
RCT (7)

NStart:49

NEnd:36

Hunter et al(2011)
RCT (7)

N=76

Cambier et al(2003)
RCT (7)

N=23

Chen et a(2005)
RCT (7)
Nstar=46

Nen=29

Wu et al (2010)
RCT (6)

N=23

Byl et al (2008)
RCT(6)

N=45

Feys et al(1998)
RCT (6)

N=100

Wu et al (2006)
RCT (6)

N=9

Conforto et al(2002)
RCT (6)

N=8

Jongbloed et a(1989)
RCT (5)

E: Painful thermal stimulation
C: Innocuous thermal stimulation

E: Active somatosensory stimulation
C: Sham somatosensory stimulation

E: Mirror therapy + Mesh glove
C: Mirror therapy

E1: Mirror therapy + Mesh glove
E2: Mirror therapy
C: Therapeutic exercises

E:Focal muscle vibration
C: Sham

E:Mobilization and Tactile Stimulation (3
dose levels)

C: ©nventional therapy

E:Intermittent pneumatic compression
C: $am shortwave therapy

E:Thermal stimulation+ standard therapy
C: Standard therapy

E:Thermal stimulation
C: Nostimulation

E1: Learnindpased sensorimotor training
(LBSMT) (4x/week, 3 hours/visit)

E2: LBSMT (3x/week, 0.75 hours/visit)
E3: LBSMT (1x/week, 1.5 hours/visit)

E: Sensorimotor stimulation
C: Control

E:Single session of peripheral nerve
(somatosensoryjtimulation

C: N stimulation

E:Single session of medial nerve
(somatosensoryjtimulation

C: $am stimulation

E: Sensorimotor integrative approach
C: Functional approach

==

= =4 —a |—a —a —a —a

= —a _—a _—a _a _a _a _a _a _2 =

==

=

= |=a = =4 =

Cortical map size (+)
Motor evoked potential (+)
Motor threshold §)

Motor Activity Log+)

Fugl Meyer Score)(

Action Research Arm Test: post (+), folo
up ()

Modified Ashworth Scale)

Box and Block Test (+)

FIM €)

Action Research Arm Test (+)

Fugl Meyer Score: E1 vs. ERE1 vs. C (+)
Box and Block Test: E1 vs.(ERE1 vs C (4
Wolf Motor Function Test: E1 vs. B2(

Wolf Motor Function Test (+)

Motricity Index ()
Action Research Arm Tes} (

Nottingham Sensory Assessment (+)
Fugl Meyer (+)

Ashworth Scale-)

Visual Analog Scalé (

Brunnstrom (+)

Modified Ashworth Scale)
Grasping-)

Sensation (+)

UESTREAM (+)

Action Research Arm Test (+)

FIM: E1 vs. E2 (+), E1 vs. E3 (+)
Strength: E1 vs. E2 (+), E1 vs. E3 (+)
Sensory discriminatiorEl vs. E2 (+), E1 v
E3 (+)

Fine motor skills: E1vs. E2 (+), E1 vs. E
Fugl Meyerswk (), 6mo(+),12mo (+)
ActionResearch Arm Tes{)(

Barthel Index-)

JebserTaylor Hand Function Test (+)

Pinch muscle strength (+)

Barthel Index-)
Sensorimotor Integration Test: 8 subsets
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N=90

Volpe et al (2008) E: Sensorimotor arm training delivered by |1 Fugl Meyer: Shoulder) elbow §); wrist ¢

RCT (5) robotic device ); hand )

N=21 C: Sensorimotor arm training delivered by a1 Motor Power Scale: Shoulded);(elbow ¢)
therapist

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

Discussion

Barreca et al. (2003)cluded four studies in their review of sensorimotor training for the upper extremity
(Barreca et al2003; Feys et al. 1998; Jongbloed et al. 1989; Volpe et al. 2000; Volpe et al. TI#99)
authors concluded that stroke survivors wheceived sensorimotor stimulation showed more
improvement at the end of the treatment phase compared to the control group. This improvement was
still seen at followup 12 months later.

A review of sensorynotor training bySteultjens et al. (2003)ncluded threeRCTqFeys et al. 1998;
Jongbloed et al. 1989; Kwakkel et al. 199®)e case control triafTurton & Fraser 1990)ynd one
noncontrolled trial(Whitall et al. 200Q) The authors concluded that senganotor training was not
effective for improving ADLextended ADLS, social participation, or arm and hand function.

In a more recent review, including the results of 14 R(Shabrun & Hillier 2009%he authors
distinguished between passive forms of sensory retraining through electrical stimulatiorctivelfarms,
primarily through specific exercises. The included trials assessed the outcomes of function, sensation and
prorioception in both the upper and lower extremitidowever, mly 2 of the included trials assessed
sensation in the upper extremityhich reported ambiguous results

A recent Cochrane review included the results from 13 studies (467 participants) examining a variety of
treatments for sensory impairment following stroke and concluded that there was insufficiengheghy
evidence asilable to recommend the use of any of théBoyle et al. 2010)Treatments with preliminary
evidence of benefit includké mirror therapy, thermal stimulation and intermittent pneumatic
compression.

In this review here was abroad range of interventionsrpvided, which complicated the process of
formulating conclusions. Among the RCTs, sensorimotor stimulation treatment included thermal
stimulation (Chen et al. 2010; Chen et al. 2005; Tai et al. 20h#rmittent pneumatic compression
(Cambier et al. 2@), splinting(Feys et al. 1998and repetitive muscle vibration and sensory training
programs(Byl et al. 2003; Byl et al. 2009; Carey et al. 2011; Hayward et al. 2013; Hunter et al. 2011;
Jongbloed et al. 1989)hich insomecasewas delivered by a fmtic devicgBarker et al. 2008; Caliandro

et al. 2012; Paoloni et al. 2014; Sorinola et al. 2014; Stein et al. 2010; Tavernese et al. 2013; Volpe et al.
2008)

Conclusions Regarding Sensorimotor TrairBgmatosensory Stimiation

There is conflicting level 1a evidence regarding the effect of thermal stimulation on upper extremity
motor function.

There is level 1a evidence that muscle vibration therapy may improve upper limb motor function.
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There is level 1a evidence thaénsorimotor stimulation training may improve sensory discrimination
especially when it is delivered at a high frequency and longer duration (i.e. 4 times per week, for 3
hours each visit, compared to 3 times a week or once a week for 0.75 hours or LrS kach visit).

There is level 1a and level 2 evidence that sensorimotor training delivered either by a therapist or by
a robotic device may improve manual muscle strengtitowever, the evidence regarding its effect on
upper limb motor function is leselear.

There is level 1a evidence that mesh glove therapy may only improve arm and hand function but not
upper extremity function or spasticity.

There is level 1b evidence that intermittent pneumatic compression may improve motor outcomes;
however, itmay not improve spasticity.

Sensorimotor stimulation may improve sensory discriminatjdrowever, itis uncertain whetherit
improvesupper extremity functioning.

10.2.8 Mental PracticeMotor Imagery

The use of mentgbractice or motor imageras a means to enhance performance following stroke was
adapted from the field of sports psychology were the technique has been shown to improve athletic
performance, when used as an adjunct to standard training methods. The technique, as the name
suggests involves rehearsing 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. The ability of the
treatment to improve motor function or ADL performanés the outcome most frequently assessed in
these studies. The most plausible mechanism to explain the success of the technique is that stored motor
plans for executing movements can be accessed and reinforced during mental p(Betjeeet al. 2001)
Mental practice can be used to supplement conventional therapy and can be used at any stage of
recovery.

ZimmermannrSchlatter et al.(2008lso assessed the efficacy of motor imagery in recovery post stroke.
Theses authors included the results from onR@T¢Liu et al. 2004; Page & Levine 2006; Page et al. 2007;
Page et al. 2001 which the duration and frequency of treatment lasted from 10 minutes to-lomer

per day, with 3 to 5 sessions per week for 3 to 6 weeks. Mean time of stroke onset rangeddveral
days to several years. Three of these studies reported improvements in the Aiafand BMMA scores.
Two of these studies also found higher mean change scores thamthially clinically relevant
difference in the ARAT and FMA scores. Theshaasitconcluded that although there was evidence of
benefit of treatment, larger and more rigorous studies are required to confirm these findings.

Recently,Nilsen et al. (201®onducted a systematic review on the use of mental practice as a treatment
for motor recovery, including the results from 15 studies, 4 of which were classified as LeveRC{i®.
Although the authors concluded that there was evidence that mental practice was effective, especially
when combined with uppeextremity therapy, hey also discussed the problems in summarizing the
results of heterogeneous trials. Studies varied with respect to treatment protocols, patient characteristics,
eligibility criteria, dosing, methods used to achieve mental practice (audiotapes, writtenudtish,
pictures) the chronicity of strokendoutcomes assessed. The authors cautioned that additional research
mustbe conducted before specific recommendations regarding treatment can be made.
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A Cochrane review on the subjg@arclayGoddard et al2011) restricted to RCTs (n=6) concluded that
there was limited evidence that mental practice in addition to other rehabilitation therapies was effective
compared with the same therapies without mental practice. There were significant treatment effects fo
the outcomes associated with both impairment and disability.

A metaanalysigCha et al. 201dhcluded the results from 5 RCTs and assessed the additional benefit of
mental practice combined with functional task training. The outcomes assessedimditiglual studies
included theFMA ARATand Barthel index. The estimated treatment effect size when the studies were
pooled was 0.51 (95% CI 0.27 to 0.750, indicating a moderate effect.

The resultof RCTevaluatingmental practiceare summarized iflable 102.8.1

Table 10.2.8. Bummary of Controlled TriaBvaluatingMental Practicé Motor Imagery Therapyfor the
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Mihara et al.(2013) E: Mental practice 1 Fugl Meyer Score (+)
RCT (9) C: Sham intervention 1 Action Research Arm tes) (
Nstar=20
Nen=20
Ang et al(2014) E1: Motor imagery + brain computer interface 1 Fugl Meyer Score)(
RCT (8) haptic knob
Nstar=22 E2: Brain computer interface
Nen=21 E3: Haptic knob
Bovend'Eerdt et a(2010Q E: Conventional therapy + Mental practice |1 Goal Attainment Scale)(
RCT (8) C: Conventional therapy 1 Barthel Index+
N=50 1 Rivermead Mobility
1 Nottingham Extended ADY)
1 Action Research Arm Tesj (
1 Timed Up and Go Tes) (
Oostra et a(2013) E: Mental practice + physical training 1 Action Research Arm Test (+)
RCT (8) C: Physical training
Nstar=20
Nen=20
letswaart et al(2011) E1: Motor imagery 1 Action Research Arm Tesj} (
RCT (7) E2: Attention placebo
N=121 C: Usual care
Park et al(2015) E: Mental practice + mCIT 1 Fugl Meyer Score (+)
RCT (7) C: mCIT 1 Action Research Arm Test (+)
Nstar=26 1 Modified Barthel Index (+)
Nend=26
Liu et al(2014) E: Motor imagery + mental practice of affecte[f Action Research Arm test (+)
RCT (7) hand
Nstar=20 C: Motor imagery + mental practice of
Neng=20 unaffected hand
You et al(2013) E: Mental activity training + EMG 1 Range of Motion-J
RCT (7) C: Functional electrical stimulation 1 Modified Ashworth Scale)
Nstar=18 1 Fugl Meyer Score (+)
Nen16 1 Modified Barthel Index-
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Page et al(2005

: Mental practice

Motor Activity Log: Amount of Use)(
Quality of Movement+

Action Research Arm Test (+)

RCT (6) C: Relaxation techniques 1 Motor Activity Log: Amount of Use (+),
N =11 Quality of Movement (+)
Page et al(2007) E: Mental practice 1 Fugl Meyer Score (+)
RCT (6) C: Sham intervention 1 Action Research Arm test (+)
N=32
Page et al(2011) E: Audiotaped mental practice 1 Fugl Meyer Score)(
RCT (6) C: Audiotaped sham intervention 1 Action Research Arm Tes} (
N=29
Park et al(2015) E: Mental practice 1 FugIMeyer Score (+)
RCT (6) C: Physical therapy 1 Action Research Arm Test (+)
Nstar=29 1 Modified Barthel Index (+)
Nend=29
Page et al(2001) E: Occupational therapy + imagery training |1 Fugl Meyer Score (+)
RCT (5) C: Occupational therapy 1 Adion Research Arm Test (+)
N=13
Riccio et al(2010 E: Mental practice then conventional rehab |1 Motricity Index: crossover point (+), post
RCT (5) C: Conventional rehab then mental practice therapy €)
N=36 1 Arm Function Test: crossover point (+),
post therapy {)
Lee et al(2012 E: Mental practice + standard care 1 Fugl Meyer Score (+)
RCT (5) C: Standard care 1 Brunnstrom stages (+)
N=26 1 Manual Function Test (+)
Page et al(2000 E: Occupational therapy + Imagery training |1 Fugl Meyer Scores (+)
RCT (4) C: Occupational therapy
N=16
Liu et al(2004) E: Mental Imagery 1 Fugl Meyer Score)(
RCT (4) C: Functional training 1 Colour Trials Test)(
N=46
Page et al(2009 E: Mental practice + mCIT 1 Action Research Arm Test: post and
RCT (4) C: mCIT follow-up (+)
N=10 1 Fugl Meyer Score: post and follewp (+)
Muller et al.(2007) E1: Mental practice 1 Jebsen Hand Function Test: EL/E2 vs. C
RCT (4) E2: Motor practice 1 Pinch grip: E1/E2 vs. C (+)
N=17 C: Conventional therapy
Dijkerman et al(2004) E1l: Mental task practice 1 Barthel Index
PCT E2: Visual imagery $& practice 1 Hospital Anxiety and Depression Scorgs
N=20 C: No mental imagery practice 1 Recovery of Locus Contre) (
1 Performance of Practiced Reaching (+)
Rajesh et 8(2015) E: Motor Imagery + conventional therapy 1 Motor Activity Log (+)
PCT C: Conventional therapy 1 Stroke Specific Quality of Life (+)
Nstar=30
Nen=30

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

Discussion
The studies evaluated in this reviemyvestigated the effectiveness afvariety of mental practicetotor
imagery training techniques on upper limb motor function in individuals with stroke. Page(20@0;
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2011; 2015; 2007; 2005; 20019r instance, used a tapeecorded (guided) imagery intervention to enable
mental practice, whereby patients would sit in a room quietly and listen to a male voice encouraging them
to first relax (warmup) and then to metally perform a series of tasks (reaching for a cup). Patients
mentally practised at home and during supervised therapy sessions. Patients in both the control and
intervention groups also received occupational therapy. Findings from these studies suggéitast
differences between groups in outcome measures evaluating upper limb motor function, favouring the
group receiving mental practiqg®age et al. 2007; Page et al. 2005; Page et al. 28fdpugh the results

are positiveregardingthe use of metal practice, it is important to note that this effect was only
investigated in the chronic phase of stroke. Furthermore, all studies by Page(20@0, 2011; 2007,
2005; 2001)were insufficientlypowered, and it is unclear whether some of the same ipgpants took

part in multiple studies conducted by the same groupislencouraged that future studies consider
adequatesample sizes and also investigate the effdehental practicéimagery training withirthe acute

stroke population. Nevertheless, éhpositive findings observed in these studies were also paralleled in
other clinical trialgDijkerman et al. 2004; Lee et al. 2012; Liu et al. 2014; Mller et al. 2007; Oostra et al.
2013; Park et al. 2015; Rajesh 2QEhiggesting that motor imagery mg@jay an important role in upper

limb rehabilitation.

When mental practice was combined with mCIMT, studies revealed a significant improvement in upper
extremity function compared to when mCIMT was delivered aldRage et al. 2009; Park 201Bnge et
al. (2009)demonstrated that the effects were sustained at 3 months potrvention.

On the other hand, when supplementing mental activity training with electromyogram triggered electrical
stimulation, You et al(2013)found no significant difference beeen the intervention group and the
control group receiving generalized functional electrical stimulation (FES), regarding range of motion,
spasticity and ADLs. Although tHeMA proved to be significantly more improved following the
intervention, the chang in the Motor Activity Log did not favour the intervention over the control.

Mihara et al(2013)also reported mixed findings in their study where the experimental group performed
mental practice in addition to kinesthetic motor imagery training witluredeedback, while the control
group received sham intervention. Results demonstiateat the FMAscore improved significantly in
both groups with a significant grougy time interaction. Conversely, no significant improvements were
found on theARATIn either group(Mihara et al. 2013)

There are also several studies thatveshown no benefitassociated with the use afiental practicein

terms ofredudngupper limbimpairment Bovend'Eerdt et a{2010)suggested that the poor compliance

with therapy was instrumental in the failure of patients to achieve significantly better outcomes. The study
found no difference between groups on the ARAT and Rivermead Mobility assessment. Similarly,
Letswaart et al(2011)reported there was no evidence tenefit associated with mental imagery, as
indicated by a lack of improvement on the ARAT following the intervention compared to usuallisre.
study was the only multicenter study included in this revibat was sufficiently powered

Kho et al(2014)conducted a recent metanalysis on the effects of mental imagery on motor recovery

of the upper extremity following a stroke. A total of six studies were included in the analysis, of which only
five were RCTs and one was a controlled clinical trialpdbked effects from three studies regarding the
FMA showed no significant effect favouring the intervention. Conversely, when evaluating the ARAT
measured in four studies, the findings revealed a significaetefh favour of mental imagei{kho et al.
2014)The authors suggested that a possible explanation for the lack of effect observed BN #fmay

be due to a ceiling effect in performance, given that a large proportion of participants had mild motor
impairment.
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Conclusions Regarding MentRIractie

There is level 1a and level 2 evidence that mental practice/motor imagery therapy may be effective at
improving upper extremity motor functionhowever, the evidence for its effect on activities of daily
living is limited and conflicting.

There is level 1b and level 2 evidence that mental practice combined with modified constmathtced
movement therapy may improve upper limb motor function.

There is level 1b evidence that adding EMG to metal activity training may improve general upper
extremity function but not range of motion, spasticity or functional independence.

| Mental practice may result in improvedpper limb motor function atfler stroke.

10.2.9 Splinting

Splints may be applied to achieve various objectiiredudng reduction in spasticity, reduction in pain,
improvement in functional outcome, prevention of contracture, and prevention of edébaanin &
Herbert 2003)

The effectiveness of the use of splints to improypger extremityfunction is reviewed in this séion. The
use of splints to prevent the development of contracture, or reduce spasticity following stroke is reviewed
in section 10.5.1.

In a systematic review of hand splinting for adults with strdkamnin and Herber2003)included the
results from19 studies, of which only 4 were RCTs. The authors concluded that there was insufficient
evidence to either support or refute the effectiveness of hand splinting for a variety of outcomes for adults
following stroke.

Tyson and Kenf2011)conducted a systematic review on the effect of upper limb orthotics following
stroke, which included the results from 4 RCTs representing 126 subjects. The treatment effects
associated with measures of disability, impa@nt, range of motion, pain, and spasticity were small and
not statistically significant.

The resultsof RCTsvaluatingsplinting interventions for upper extremity functicere summarized in
Table 10.2.4.

Table 10.2.9. 5ummary ofRCT&valuatingSpinting Therapiedor the Upper Extremity

Author, Year Intervention Main Outcome(s)

Study Design (PEDro Score) Result

Sample Size

Lannin et al(2003 E: Hand splint 1 Contracture formation

RCT (8) C: No handplint

N=28

Bartolo et al(2014) E: Arm orthosis 1 Range of Motion: abduction and adductit
RCT (8) C: Conventional physiotherapy (+), flexion and extension (+)

Nstar=28 1 Normalized jerk (+)

Nen28 1 Fugl Meyer Score)(
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1 Modified Ashworth Scale)(

Lannin et al(2007) E1: Extension splint 1 Wristcontracture ¢)
RCT (7) E2: Neutral splint
N=63 C: No splint
Kim et al (2015) E: Taping f Manual Function Test (+)
RCT (7) C: No taping 1 Modified Motor Assessment Scale (+)
Nstar=30
Nen=30
Barry et al(2012 E: Dynamic hand orthosis 1 Grip strength {)
RCT (7) C: Manual assisted therapy 1 Action Research Arm Tes} (
N=19 1 Box and Block Tes{(
1 Stroke Impact Scale)(
Page et al(2013) E: Myomo brace 1 Fugl Meyer Scale)(
RCT (6) C: Repetitive task practice § Canadian Occupational Performance
Nstar=16 Measure {)
Nen=16 1 Stroke Impact Scale)(
Poole et al(1990 E: Splint 1 Fugl Meyer+)
RCT (5) C: No splint
N=19

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

Discussion

Various plinting interventions for the upper extremity, as investigated by eight studies, were reviewed.
The findings of these stims suggest that splinting is not beneficial over conventional therapy at
improving motor and hand function or wrist contractufarry et al. 2012; Bartolo et al. 2014; Lannin &
Herbert 2003; Page et al. 2013; Poole et al. 1990@)ever, limited evidenceuggestghat splintingmay
improve range of motion and normalized je(Bartolo et al. 2014)Only one study evaluated the
effectivenessof taping,which was reported tsignificanty improve manual motor functiofKim & Kim
2015)

Conclusion®kegarding Splinting

There islevel 1a and limited level 2 evidence that hand splinting/taping/orthes may not improve
upper extremitymotor impairment or reduce contractures.

| Slinting may not improvemotor function or reduce contractures in the upper extremity.

10.2.10 Constraintnduced Movement TherapyCIMT)

CIMT refers to a set of rehabilitation techniques designed to reduce functional deficits in the more
affected upper extremity of stroke suwadrs. The two key features of CIMT are restraint of the unaffected
hand/arm and increased practice/use of the affected hand/dFritz et al. 2005)Sincestroke survivors
Y& SELISNXSy G S&t Saaddppsr extieiity within a short pesd of time (Taub
1980) CIMT is designed to overcome learned fuse by promotingheuroplasticity andisedependent
cortical reorganizatiorfTaub et al. 1999While the biological mechanism(s) responsible for the benefit
are unknown and the contributiorrdm intense practice is difficult to disassociate from thiect of
constrainng the unaffectedlimb, this form of treatment shows promise, especially for survivors with
moderateupper limbdisability following stroke.
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Several reviews have been publishen the effectiveness of CIMBarreca et al. 2003; Bonaiuti et al.
2007; Hakkennes & Keating 2005; Taub & Morris 280d while the results have been generally positive,
uncertainty of its effectiveness remain due to the smaimber of trials publishedhe small sample sizes
of the studiesheterogenaty of patient characteristics, duration and intensity of treatment, and outcomes
assessed. A metanalysis conducted byan Peppen et a{2004)concluded that GIT was associated
with improvements in deterity, asmeasured by the Arm Motor Activity Test or tARATbut notin terms

of ADLperformance as measured bythe FIM or Barthel Index scoreblakkennes and Keatif@005)
included the results from 14 RCTs and concluded that there was a benefitadsdowith treatment
although larger weltlesigned studies are still require&everal treatment contrasts were examined
including traditional CIMTersusalternative therapy or contrgimodified QUT \ersusalternative therapy

or control and traditional GAT versusmodified CMT, although pooled estimates of the treatment sizes
for the subgroups were not provided.

Taub et al(2003)noted thatconstraintinduced movement therapy has limitatioas inthe improvement

4SSy R2Sa y2i NBaGt2NB GKS AdNR1S LIGASYyGaqQ Y2@0SYS
authors note that constrainhk Y RdzOS R Y 2 @S pr&lyicés avdidbN butddme ¢hat depends on

the severity of initial impairment. If p@nts with residual motor function are categorized on the basis of

their active range of motion, the higher functioning individuals tend to improve more than persons who

are more disable@Taubetal. 1999 C2NJ LJ GASy da oA GK cdoSrairitiddgc8da & Y 2 U 2
therapy does improve movement at the shoulder and elbows. Because these people have little or no ability

to move the fingers, there iBo adequate motor basis for carrying out training of hand function.
Consequently, because most daityivties that are carried out by the upper extremity are performed by

the hand, there is relatively little translation of the therapy induced movement in proximal joint function

into an increase in the actual amount of use of the more affected extrefityi KS NBFf t AFS aAd
constraintinduced therapy is clearly not a complete answer to motor deficits after stroke. The work so far

does show that motor function in a large percentage of patients with chronic stroke is substantially
modifiable¢ (Taub & Uswatte 2003yan der Le€2001)suggests that the positive results attributed to

CIMT may simply reflect a greater intensity of training of the affected arm and questions the concept of
non-use implying that it may not be a distinct entity, butthiar the result of sensory disorders or
hemineglect.

According taDromerick et al. (2000xonstraint of the unaffected arwith the use of a mitten (6 hours

LISNJ RIFe@ F2NJ mn RFE2&0I | yR WT2NDO Spproxmaeipix éys), isl KS | F 1
feasible However, trials reporting small but significant reductions in arm impairment, especially for
patients with sensory disorders and heminegl@toughman & Corbett 2004; van der Lee et al. 1999)

have also reported a high numberofdeviaty & FNBY G(GKS NI yR2YAT SR GNBIFGYSy
non compliance. This led to trials investigating the effectiveness of modified or shorter periods of
constraintinduced therapy treatment.

There is promising evidence that the drawbacks to srpltient participation in CIMT (i.e., required

practice intensity and duration of restraint) may be overcome through modifications to the basic
procedures. Thee include a less intensamodified therapy schedule, termed mCIMhat combines

structured furctional practicewith the affected limbwith restricted use of the less affected lifiage et

al. 2004) as well asforced use therapy which employs constraint without intensive training of the
affectedlimb(Ploughman & Corbett 2004Page et al(2005;2002; 2004)provide one example of the
RAAUAYOGA2Y 0SG6SSYy /La¢ IyR Y/ La¢yY /La¢ Aad RSTFA)
upper-limb throughout 90% of waking hours during aw&ek period and ii) participation in an intensive
upper-extremity therapy program for 6 hours per day, using the affected limb during the saweeR

period. In contrast, mCIMT involves restriction of the unaffected limb for periods of 5 peuday, 5
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daysperweek for 2 weeks combined with structured, ¥2 howsrtipy sessions, 3 dagerweek. However,

other criteria for defining mCIMT have also been used, which overlap with CIMT, blurring the distinction.
Lin et al(2007)cite mCIMT as 2 hours of therapgrday for 1015 consecutive weekdaywith restraint

for 6 hours per day. There alsgisttrials, presented in the following tableis,whichthe intervention was
provided for periods of up to 10 weeks.

The optimal timing of treatment remains uncertain. While there is evidence that patierdasetian the
acute phase of stroke may benefit preferentigllyaub & Morris 2001 there is also evidence that it may,
in fact, be harmfu(Dromerick et al. 2009¥5rotta et al.(2004)suggest that the igatest benefit is likely
to be conferred during the chronic stagesstfoke and that the treatment has shown to be harmful in
FYAYlFE aGdzRASE 2F GF2NOSR dzaSé AYYSRAIFGSte LkRad

The results from the largest and most rigorously conductedTied Etremity Constraint Induced Therapy
Evaluation (EXCITE)ay provide the strongest evidence of a benefit of CIMT treatment, to date. The
study recruited 222 subjects with moderate disability 3 to 9 months following stroke, over 3 years from 7
institutionsin the US. Treatment was provided for up to 6 hours a day, 5 days a week for 2 weeks. Patients
were reassessed up to 24 months following treatment. At 12 months, compared with the control group
who received usual care, subjects in the treatment group hguwificantly higher scores on sections of the
WMFTand the Motor Activity Log. At 24 months these gains were maintained. While these results are
encouraging, the number of patients for whom this treatment may be suitable, remains uncgtaimer

2007) In the EXCITE trial, only 6.3% of patients screened aligjible. While larger estimates of 25%

have been suggested, it remains uncertain if subjects with greater disability would benefit from treatment.

A Cochrane revieSirtori et al. 2009¢xaminel the benefit of all forms of CIMT including studies that
used the traditional protocol as described by Taub, in addition to trials of modified CIMT and forced use.
The review included the results from 19 trials involving 619 subjects. The primary outcasrdisability

which was measured as arm motor funcitoithe authors reported that there was a significant
improvement in arm motor function, assessed immediately following the intervention, but notéat 3
months postintervention. A subgroup analysis cpared the benefit of CIMT in terms of time since stroke
onset (03 months and >9 months). No studies were included that measured disabifityndnths
following stroke. The associated effect sizes were not statistically significant for either subgroup. The
authors caution that the findings cannot be considered robust due to the small sample sizes and poor
methodological quality of the primary studies.

The same group of autho(€orbetta et al. 201Q)pdated their Cochrane review and included the results
from 4 recently published trials. Disability was the primary outcome. Among the 8 studies (n=276) that
included an upper extremity assessment of function, or an ADL instrument, there was no significant
treatment effect associated with CIMT. There was a nnatietreatment effect associated with arm motor
function. However, this review did not include sub analysis based on chronicity of stroke or type of CIMT
treatment (i.e. forced use vs. traditional CIMT vs. modified CIMT).

Shi et al.(2011yonducted a review examining modified CIMT compared with traditional rehabilitation
strategies. The results from 13 RCTs (278 patients) were included. The mean differences in scores favoured
patients in the CIMT group on the following outcome measur®4A(7.8),ARAT(14.2) FIM (7) and the

Motor Activity Log (amount of use: 0.78), suggesting that the treatment can be used to reduce post stroke
disability. The authors noted that none of the included RCTs included information on compliance with the
study prdocol. Furthermore, the study did not differentiate between different stroke phases as the
analysis combined patients from acute to chronic stroke stages.
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Nijland et al. (2011xonducted a systematic review of CIMT, limited to trials that evaluated the
effectiveness of treatment initiated within the first 2 weeks of stroke. The review included the results
from 5 RCTs (106 subjects). There was evidence of a benefit of treatment assessed USRYTRMA

(arm section) and the Motor Activity Log. Although there were only a small number of studies that
examined the contrast, the authors suggested that dovensity (<3 hours of therapy/day) CIMT was
superior to highntensity (>3 hours of therapy/day) CIMT.

Peurala et al(2012)examined the impact of CIMT and mCIMT on activity and participation measures, as
defined by the ICH he review included the results from 30 trials. The authors identified 4 broad categories
of treatment intensity: 6672 and 2656 hours over 2 weeks, 30 hours over 3 weeks an@Qhours over

10 weeks. Significant improvements were associated with Motor Activity Log scores for all intensity
categorieshowever this was not the case with the oth®utcomes examinethclude:FIM,WMFTscores,
ARATand theSISARATscores were significantly improved at both treatment intensity categorieo@0

hrs x 2 weeks & 1830 hrs x 10 weeks). FIM scores were significantly increased in only 1 of 3 treatment
intensity categories (180 hours x 1@veeks) and there were no significant improvements in SIS scores,
regardless of treatment intensity.

To enable better examination of the included studies, they were classified according to type of treatment
(CIMT omCIMT)as well azhronicity of strokgsubacute (<6 monts), chronic (>6 monthd)/e used the
authors own declaration of the type of therapy that was provided (i.e. mCIMT or CIW€)resuls are
summarized in tables 10.2.10.1 to 10.2.10.4

A summary of the results from RCTs that evalua®@MTduring the subacute stage posstroke is
presented in Table 10.2.10.1

Table 10.2.10.5ummary of RCTs Evaluating CIMT in $ubacute (<6monthdPhase Following Stroke

Author, Year Intervention Intensity/Duration Main Outcome(s)

Study Design Result

(PEDro Score)

Sample Size
Dromerick et al. | E:CIMT E:2hrs/d x 5d/wk x 2wk |1 Total Action Research Arm
(2000 C: Taditional upper extremity therapy and pinch subscore (+)
RCT (6) 1 FIM score
N=20 1 Upper body dressing (+)
Ro et al.(2006) | E:CIMT E:3hr/d x 6d/wk x 2wk |1 Grooved Pegboard test (+)
RCT (6) C: Taditional rehabilitation 1 Fugl MeyeiScore (+)
N=8 1 Motor Activity Log (+)
Dromerick et al. | E1: Hyhrintensity CIMT E:2hr/d x 5/wk x 2wk |1 Total ActionResearch Arm
(2009) E2:Standard CIMT Test €)
RCT (6) C: Taditional upper extremity therapy
N=52
Boake et al. E:CIMT E:3hr/d x 6d/wk x 2wk |1 Fugl Meyer Motor recovery)
(2007) C: Taditional rehabilitation 1 Grooved Pegboard test)(
RCT (5) 1 Motor Activity LogQuality of
N=23 Movement (+)

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

Dromerick et al(2000)and Ro et al(2006)reported significant improvements upper extremity motor
function measured by the ARAT and the upper extremity dressing subset of thel&dver, the findings
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of the Boake et al(2007)study do not support these conclusions. These authors reportedpatents
receiving CIMT experienced no greater motor function recovery compared with patients receiving
inpatient (followed by outpatient) rehabilitation at followp of 34 months. Since the authors reported a
trend towards greater improvement in theMIT group, it is unclear if the study was simply underpowered

to detect a significant difference. In a more recent st@idyomerick et al. 2009hcluding 2 CIMT groups
(standard and high intensityparticipantsin the higherintensity group fared, on avage, worse than
those in either the control group or the standard CIMT group, demonstrating an inverseekpmmse
curve. The authors proposqubssible explanations to explain their results, including implementation of
intervention too early following stoke, overtraining and ablocked rather than distributegractice
schedué. Therefore, the current evidence is unclear regarding the efficacy of CIMT on upper limb function
in the subacute phase of stroke

A summary of the results from RCTs that evalda@®MT in the chronic stagpeststroke is presented in
Table 10.2.10.2

Table 10.2.10.5ummary of RCTs Evaluating CIMT in the Chrfranonths)Phase Following Stroke

Author, Year Intervention Intensity/Duration Main Outcome(s)
Study Design Result
(PEDro Score)
Sample Size
Wolf et al.(2006) | E: CIMT + shaping procedure E: 6hr/d x 5x/wk x 2wkl1 Wolf Motor Function Test (+)
Wolf et al.(2008 | C: Usual care 1 Motor Activity Log: Amount of Use (+),
RCT (8) Quality of Movement (+)
EXCITE 1 Functional ability measures)(
N=222 1 Quality/frequency of performance of 30
daily activities {)
Dahl et al(2008 | E: CIMT E: 6hr/d x 5x/wk x 2wk 1 Wolf Motor Function Test: post (+), 6m¢ |
RCT (8) C: Communitshbased rehabilitation 1 Motor Activity Log-)
N=30 1 FIM¢)
1 SIS
Sawaki et al. E: Early CIMT E: 14d consecutive |1 Grip strength (+)
(2008 C: Delayed CIMT (wearing mitt for 90% |1 Wolf Motor Function Test)
RCT (8) of day)
N=30
Underwood et al| E: CIMT + shaping procedure E: 6hr/d x 5x/wk x 2wk|1 Pain scale of Fugl Meye) (
(2006) C: Usual care 1 Wolf Motor Function Test)
RCT (8)
N=41
Richardt al. E1: Traditional CIMT (CING) + E1: 6hr/d in clinicx |1 Wolf Motor Function Test: E1 vs EP (
(2006) donepezil 5d/wk x 2wk 1 Motor Activity Log: Amount of Use E1 vs
RCT (7) C1: Traditional CIMT (CING) + E2: 1hr/d in clinic (+)
N=39 placebo x5d/wk x 2wk 1 Motor Activity Log: Quality of Movement
E2: Shortened CIMT (CIMT + All groups wore a E1vsE2 (+)
repetitive transcranial magnetic | padded mitt on
stimulation (rTMS) unaffected arm for
C1: Shortened CIMT (CIMT + 90% of waking hours
sham rTMS
van der Lee et al| E: Intensive forced use therapy + E: 6hr/d x 5d/vk x 2wk |1 Action Research Arm Test: post (+)
(1999) immobilization of the unaffected 1 Motor Activity Log: during (+)
RCT (7) arm
N=66
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C: Intensive bimanual training
based on Neurodevelopmental

therapy
Abo et al (2014) | E: rTMS + OT training (NEURO) | E:6hr for 11 sessions |1
RCT (7) C: CIMT over 15d 1
Nstar=66 1
Nen=66
Wu et al (2013) | E1: CIMT + eye patching (EP) | EL/E2:2hr/d x 5d/wk x |1
RCT (7) E2: CIMT 3wk
Nstar=27 C: Conventional therapy 1
Nen=24
Nadeau etal. |E1: CIMThr + cycloserine El:6hr/d x 5diwk x |1
(2014) C1: CIMThr + placebo 2wk 1
RCT (7) E2: CIMT2hr + cycloserine E2:2hr/d x 3d/wk x
Nstar=24 C2: CIM2hr + placebo 10wk q
Nen=22
Wu et al.(2007) |E: CIMT E:2hr/d x 5d/wk x 3wk |1
RCT (6) C: Regular interdisciplinary rehak 1
N=47
Alberts et al. E: Immediate CIT E: 6hr/d x 5d/wk x 2wk 1
(2004) C: Delayed CIT f
RCT (6) f
N=10
Suputtitada et | E: CIMT E: 6hr/d x 5 diwk x 14¢1
al.(2004 C: Bmanualupper-extremity 1
RCT (6) trainingbased on NDT approach
N=69
Taub et al(1993 | E: Unaffected upper extremity | E:6hr/d x 5d/wk x 2wk |1
RCT (6) restrained in a sling + practice 1
N=9 using impaired upper extremity

C: Procedures designed to focus 1

attention use of impaired upper
extremity

Huseyinsinoglu | E: CIMT

etal.(2012 C: Bobath

RCT (6)

N=24

Wittenberqg et al.| E: Intense CIMT

(2003) C: Less intense CIMT

RCT (5)

N=16

Lin etal(2007) |E:CIT

Lin et al(2009 | C: Traditional therapy

Lin et al(2010) |(neurodevelopmental)

RCT (5)

N=35/32/13

Takebayashi et | E: CIMT + transfer package

al.(2013) C: CIMT

RCT (5)

Nstar=23

Nen=21

E:3hr/d x 10 weekdayq 1

1
1
E:6hr/d x 10d 1
C: 3hr/d x 10d 1

1

E:2hr/d x 5d/wk x 3wk ||
1
1

E:4.5hr for 2wk 1

FugIMeyer Score (+)
Wolf Motor Function Test)
Functional Assessment Score (+)

Time at peak velocity: E1 vs. C (+), E1 vs
(+)

Reaction time: E2 vs. C (+)

Fugl Meyer: E1/E2 vs C1/GP (

Wolf Motor Function Test: E1/E2 vs C1/C
)

Motor Activity Log: E1/E2 vs C1/GR (

Motor Activity Log (+)
Fugl Meyer Score)(

Maximum precision grip (+)
Wolf Motor Function Test)
Arm and Hand Sectionr)(

Action Research Arm Test (+)
Pinch test (+)

Emory Test: post (+), 2yr (+)

Arm Motor Activity Rest Test: post (+), 2y
(+)

Motor Activity Log: increase in ability to
use affected upper extremity (+)

Motor Activity Log: Amount of Use (+),
Quality of Movement (+)

Wolf Motor Function Test)

FIM €)

Motor Activity Log (+)

Wolf Motor Function Test)

Assessment of Motor and Process Ski)ls

Fugl Meyer (+)
FIM (+)
Motor Activity Log+)

Fugl Meyer Score: posi){ follow-up (+)
Motor Activity Log: Amount of Use: post
(+),follow-up (+)
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Souza et al E1l: CIMT3hr E1:3hr x 34x/wk for |1 Fugl Meyer Assessmen (

(2015) E2: CIMT1.5hr 10 sessions over 22d |1 Motor Activity Log+)

RCT (5) E:1hr x 34x/wk for 10

Nstart=24 sessionover 22d

Nene=19

Sterretal(2002 /9mY [ 2y 3SNJ / L a ¢ EL6hr/dforatarget |1 Motor Activity Log: post (+), weekly follev

RCT (4) LINE OS RdzNB Q of 90% of waking time|  ups (+)

N=15 9HY { K2NI SNJ / L a|E2:3nhr/dx 2wk 1 Wolf Motor Function Test: post (+), week
LINE OS RdzNB Q follow-ups (+)

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

NineteenRCTs evaluated the benefit of CIMT in the chronic phase of stfbkee wasnuchvariability

in terms of interventions used as some studies combined CIMT with pharrokgicaltherapies while
others supplemented CIMT withon-pharmacologicatreatments/physical therapy The EXCITE trial,
along with other studies that delivered CIMT alone and compared the intervention to traditional therapy
revealed an improvement in ar functionasmeasured by the ARAT, WMFRERdthe Motor Activity Log
(MAL) (Dahl et al. 2008; Huseyinsinoglu et al. 2012; Lin et al. 2010; Lin et al. 2008; Lin et al. 2009;
Suputtitada et al. 2004; Underwood et al. 2006; van der Lee et al. 1999; VébIP&I06; Wiet al. 2007)
Furthermore, analysis showed that\@ improved pinch, time to peak velocity, and reaction time relative

to conventional therapy, suggesting a significant effect on hand kinem@&igsuttitada et al. 2004; Wu

et al. 2013) The iming of CIMT delivery was also found to have a significant effect on grip strength such
that CIMT provided early aftestudy randomization(i.e. < 3 days) evoked greater improvements
compared to when CIMT was deliedr4d months or 1 year after randomizati(Alberts et al. 2004; Sawaki

et al. 2008) This effecthowever, was nobbservedwhen general motor function was measured by the
WMFT(Alberts et al. 2004; Sawaki et al. 2008)

Several studies have attempted to discern the optimal frequency of CHedcription however, the
results are thus far mixed. mRCT by Sterr et §2002) delivering CIMT for Bours perday compared to

3 hours perday resulted in aignificantimprovementon both the MAL and the WMTF in the higher
frequency group comparetb the lower frequency group. The same CIMT prescription comparison was
found to evoke greater improvement in the MALarstudy by Wittenberg et a(2003) however, the
authors did not find a difference on the WMFBouza et al(2015)found no associagd benefit of
delivering CIMT for Jours perday versus delivering the therapy for Hbur per day in terms of
improvements on the MAL or the WMFT.

Combination therapy of CIMT with pharmacological agents was studiedagau et al(2014) to
determinethe benefit of cycloserine on the paretic upper extremity compared to placebo therapy. The
study also investigated the effects of intervention intensity by delivering CIMT at a frequenéyofs

per day or 2hours perday. Results revealed no signifitatifference between the groups receiving
cycloserine and those receiving placebo regarding their effect on upper limb motor function as measured
by theFMA WMFT and MA{Nadeau et al. 2014A similar study evaluated the effects of donepezil and
repetitive transcranial magnetic stimulation (rTMS) compared to placebo and sham stim(Ritbbvards

et al. 2006) Both groups receiving either the drug or the placebo performed CIMT faués perday,

while those receiving rTMS or sham stimulation performdMTfor 1 hour per day. There was a
significant improvement in the MAL favouring the group receiving CIM@ Hours perday compared to

the rTMS group performing less frequent CIMibwever, after 2 weeks of therapy, motor skill gains for
both groups were equivalent, and at 6 months the gains made were not maintained by either group
(Richards et al. 2006n contrast, Abo et al. (2014) found thaten rTMS was compared to CIMT, the
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results were in favour of rTMS as demonstrated by significantly greater improvements &Viyend
the Functional Asses®nt Score, but not on the WMFT.

A recent systematic review and megmalysis by Mcintyre et &2012)evaluated the effect of CIMan
impaired upper extremity motor function in patients with stroke in the chronic phase. A total of 16 studies
were included in the analysis, ranging in methodological quality from 4 (fair) to 8 (exgebantasured

by the PEDroThe time posstroke aso ranged fron6.7 months to 10 year§ he metaanalysis revealed

a significan effect favouring CIMT regarding both the Amount of Use and the Quality of Movement
subscales of the MAMcIntyre et al. 2012)Similarly, the same effects were found on thBIA and on

the ARAT, however the WMFT and the FIM were not found to favour CIMT over the ¢bittiatyre et

al. 2012)

A summary of the results from RQHat evaluatednCIMT in thesubacute (<6 monthstagepoststroke
is presented irnmable 10.210.3.

Table 10.2.10.3Summary of RCTs Evaluating Modified CIMT in thebacute (<6 monthsPhase
Following Stroke

Author, Year Intervention Intensity/Duration Main Outcome(s)
Study Design (PEDro Result
Score)
Sample Size
Myint et al.(2008) E:mCIMT E:4 hrs/day x 10 days 1 Action Research Arm Test (+)
RCT (7) C: Taditional rehabilitation 1 Motor Activity Log (+)
N=43
Treger et al.(2012) E:mCIMT E:4 hrs/day x 2 days/wks + |1 Peg transfer task (+)
RCT (7) C: Taditional rehabilitation practice of functional tasks fo|1 Ball grasping (+)
N=28 1 hr/day 1 Eating witha spoon (+)
van Delden et a2013)| EL:mCIMT +repetitive task E:1hr/d x 3d/wk x 6wk 1 Action Research Arm Tesj} (
RCT (6) practice 1 Fugl Meyer Assessmen (
Nstar=60 E2:Bilateral rhythmic auditory 1 Nine Hole Peg test)(
Nend=55 training 1 Motor Activity Log+)
C:Conventional therap 1 Motricity Index )

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

Myint et al.(2008)reported a beneficial effect shCIMTcompared with intensive theragypr 4 hours per
dayin a small group of Chinese stroke patients where rest and recuperation have been traditionally
favoured following an acute illnesSimilarly,Treger et al(2012)demonstrated that mCIMT for Hours

per day improved manual dexterity relative teaditional therapy. Van Delden et g2013) however,
combined mCIMT with repetitive task practice and compared the effects against bilateral rhythmic
auditory training and conventional therapy. Thesu#s suggestd no difference between groups
regarding upper extremity function or manual dexterfan Delden et al. 201.3)

A summary of the results froRCTshat evaluated mCIMT in the chronfe6 months)tagespost stroke
is presented in Table 101D.4

Table 10.2.10.6ummary of RCTs Evaluating Modified CIMT in the Chrgiianonths)Phase Following
Stroke

Author, Year Intervention Intensity/Duration Main Outcome(s)
Result
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Study Design (PEDr¢
Score)
Sample Size

Smania et al2012)

RCT (8)

N=66

Lin et al(2007)

RCT (7)

N=32

Wu et al.(2007)

6 (RCT)

N=30

Page et al(2004

RCT (6)

N=17

Page et al(2002
RCT (5)
N=14

Page et al(2008
RCT (5)
N=35

Wu et al. (2007)
RCT (5)
N=26

Hayner et al(2010
RCT (4)

N=12

Wang et al(2011)
RCT (4)

N=30

E: mCIMT

C: Dosamatch taskspecific
therapy

E: mCIMT

C: Traditional rehab

E: mCIMT

C: Regular occupational
therapy

E1: mCIMT + physical and
occupational therapy

E2: Traditional rehab

C: No therapy

E1: mCIMT + physical and
occupational therapy

E2: Traditional rehab

C: No therapy

E1: mCIT + physical and
occupational therapy

E2: Traditional rehab

C: No therapy

E: mCIMT + a restraining mi
on the unaffected hand

C: Traditional therapy

E: mCIMT
C: Bilateral training

E1: mCIMT

E2: Intensive conventional
therapy

C: Conventional therapy

E: 2htd x 5d/wk x 2wk

E:6hr/d x 5hr/d x 3wk.

E:2hr/d x 5d/wk x 3wk

EX1: 5hr/d x 5d/wk x 10wk
E2:1hr therapy 3x/wk x 10wk

E1: 5hr/d x 5d/wk x 10wk
E2:1hr therapy 3x/wk x 10wk

E1: 5hr/d x 5d/wk x 10wk
E2:1hr therapy 3x/wk x 10wk

E:2hr/d x 5d/wk x 3wk

E: 6hr/d x 10d

E1:3hr/d x 5d/wk x 4vk

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

= A A _—a _a _a

Wolf Motor Function Test (+)
Motor Activity Log (+)

Motor Activity Log (+)
FIM (+)

Motor Activity Log (+)
FIM (+)

Fugl Meyer: mCIMT at post (+
Action Research Arm Test:
mCIMT at post (+)

Fugl Meyer Score: mCIMT at
post (+)

Action Research Arm Test:
mCIMT at post (+)

Fugl Meyer Assessmen) (
Action Research Arm Test (+)

Fugl Meyer Assessment (+)
FIM (+)

Motor Activity Log (+)
Stroke Impact Scale (+)
Wolf Motor Function Test)
COPM4

Wolf Motor Function Test:
mCIMT (+)

Compared to conventional therapy, mCIMas beenfound to evoke greater improvements in upper
extremity motor function and functional independengen et al. 2007; Page et al. 2008; Page et al. 2002;
Page et al. 2004; Smaniaat 2012; Wang et al. 2011; Wu et al. 2007; 2007) Hayner et al. (2010)
assessed the effectiveness of mCIMT in comparison to bilateral treatment of equal intensity, and reported
no significant betweesgroup differences on the WMFThisisone of few studies examining mCIMith

the inclusion of a control group receimgthe same duration, frequency and intensity of therapy as the
treatment group. The authors suggested that the intensity, rather than the type of theeaplained the
gainsmade inboth groupswhich resulted in a lack of significant difference between the groups on the
outcomes mesured The addition of a third group consisting of conventional therapy at a lower intensity
may have helped to elucidate the effect of treatment.

Conclusions Regarding Constraimduced Movement Therapy
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There is conflicting level 1a and level 2 evidence of the benefit of CIMT in the acute stage of stroke.

There is level 1a evidence that CIMT in the chronic phase of stroke may help improve étpgiper
extremity motor function. The evidence regarding the ideal frequency of CIMT is currently unclear.

There is level 1a evidence that mCINh the acute phase of stroke maynprove upper extremity
function; however, level 1b evidence that it mayhbe superior to bilateral rhythmic auditory training
at improving upper extremity motor function.

There is level 1a evidence that mCIMT in the chronic phase of stroke may imppmer limb function
relative to conventional therapy.

Evidence for congint-induced movement therapy (CIMT) is inconclusive in the acute stage of
stroke; however, it may be beneficial at improving daily use of the impaired extremity in the chranic
phase of stroke.

Modified constraintinduced movement therapy (mCIMT) mawnprove upper extremity function in
the acutechronic stages of stroke.

10.2.11 Mirror Therapy

Mirror therapy is a technique that uses visual feedback about motor performance to improve
rehabilitation outcomesRamachandran et al. (1995) first used thisthod to understand the effect of
vision on phantom sensation in arm amputees. This method has sincealdapied from its original use
& I YSO-&KRRA ¥ 2 () & 8Beansltoleghénce uppimb function following stroke and to
reduce pain(Sahian et al. 200Q)In mirror therapy, patients place a mirror beside the unaffected limb,
blocking their view of the affected limhnd creating an illusion of two limbs which are functioning
normally. It is believed that by viewing the reflection of the unaffected arm in the mithie@may act as
substitute for the decreased or abseperipheral and prioprioceptivanput to the affected arm

The effectiveness of mirror therapy was evakatecently in a Cochrane reviéhhieme et al. 2012)he

results from 14 RGT567 subjects) were included. A modest benefit of treatment was reported in terms

of motor function, but the treatment effect was difficult to isolate due to the variabilitycohtrol
conditions. Improvement in performance of ADLs (SMD=0.33, 95% CI 0.05 to 0.60, p=0.02), pain (SMD=
1.1, 95% GR.10 t0-0.09, p=0.03) and neglect (SMD=1.22, 95% CI 0.24 to 2.19, p=0.01) were also noted.

A summary of the results froRCT®valuatingmirror therapy is presented in Table 10.2.11.1

Table 10.2.11. Bummary of Controlled Trials Evaluatindgjrror Therapyfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Timmerman et al(2013) E: Mirror therapy + conventional |1 Frenchay Arm Test)(
RCT (7) therapy 1 Wolf Motor Function Test)
Nstar=42 C: Neurodevelopmental Bobath
Nend=42 therapy
Yoon et al(2014) E1: CIMT + Mirror therapy 1 Box and Block Test (+)
RCT (7) E2: CIMT 7 Nine Hole Peg Test (+)
Nstar=26 C: Control conventional therapy 7 Grip strength (+)
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Nen=26

Jiet al(2014)

RCT (7)

Nsart=35

Neng=35

Invernizzi et al(2013)
RCT (7)

Nstar=26

Nen=25

Altschuler et a(1999)
RCT (7)

N=40

Dohle et al2009

RCT (7)

N=36

Michielsen et al(2011)
RCT (7)

N=40

Kojima et a(2014)
RCT (7)
Nstar=13
Nen~13

Sanuelkamaleshkumar et a{2014)
RCT (7)

Nstar=20

Nend=20

Selles et al(2014)

RCT (7)

Nstar=103

Nend=93

Lin et al(2014)
RCT (7)
Nstar=43
Nen=42

Thieme et al(2012)
RCT (6)
Nstar=60
Nen=49

E1: Mirror therapy + rTMS
E2: Mirror therapy
C: Sham therapy

E: Mirror therapy
C: Conventional therapy

E: Mirror therapy
C: Sham therapy

E: Mirror therapy
C: Control therapy

E: Mirror therapy
C: Control therapy

E: Neuromuscular stimulation +
mirror therapy then PT + OT
C: PT + OT then neuromuscular
stimulation + mirror therapy

E: Mirror therapy + bilateral arm
training
C: Control group

E1: Mirror + bimanual training
E2: No mirror + bimanual training
E3: Mirror therapy for unaffected
hand

E4: Affected only

C: No mirror therapy for unaffected

hand

E1: Mirror therapy + mesblove
E2: Mirror therapy
C: Control therapy

E1: Individual mirror therapy
E2: Group mirror therapy
C: Sham mirror therapy

1

= —a _—a _—_a _a |_a

Brunnstrom stages (+)

Wolf Motor Function Test (+)

Modified Barthel Index (+)

Fugl Meyer Score: mirror + rTMS vs. mirro
(+), mirror vs. control (+)

Box and Block Test: mirror + rTMS vs. mir|
(+), mirror vs. control (+)

Action Research Arm Test (+)

Motricity Index (+)

Fugl Meyer Scores (+)

Brunnstrom stages (+)

FugIMeyer selfcare Score: post and follow
up (+)

Modified Ashworth Scale)

Fugl Meyer Score)(

Action Research Arm Tesj (

ABILHAND(

Grip force )

Tardieu Scale)

Fugl Meyer Score: post (+), follawp ()

Fugl MeyeAssessmentPhase 1 (+); Phase
)

Maximum active range of wrist extension:
Phase 1; Phase 2 (+)

Hand Ratio-

Box and Block Tesi)(

Wolf Motor Function Test)

Motor Activity Log+)

Fugl Meyer score (+)

Brunnstrom stage (+)

Box and Block Test (+)

Modified Ashworth Scale)

Peak velocity: Bimanual no mirror vs.
affected (+), bimanual mirror vs. affected (;

Fugl Meyer Score: E1/E2 vs. C (+)

Box and Block Test: E1 vs. C (+), E1 vs. E
Maximum shoulder abduction: E1/E2 vs. C
(+)

Normalized shoulder flexion: E2 vs. C (+)
Action Research Arm Tesj (

Fugl Meyer Score)(

Barthel Index-)

Stroke Impact Scale)(

Fugl Meyer Score)(

10. Upper Extremity Interventions

www.ebrsr.com

pg.41of 192


http://www.ebrsr.com/
https://www.researchgate.net/publication/264171407_Stroke_Recovery_Can_be_Enhanced_by_using_Repetitive_Transcranial_Magnetic_Stimulation_Combined_with_Mirror_Therapy
http://www.ncbi.nlm.nih.gov/pubmed/?term=ivernizzi+mirror+therapy
http://www.fisioterapiamarlenemuller.com.br/pdfs/ALTSCHULER,1999%20Rehabilitation%20of%20hemiparesis%20after%20stroke%20with%20a%20mirror.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19074686
http://www.ncbi.nlm.nih.gov/pubmed/21051765
http://www.ncbi.nlm.nih.gov/pubmed/?term=kojima+mirror+therapy
http://www.ncbi.nlm.nih.gov/pubmed/25064777
http://www.ncbi.nlm.nih.gov/pubmed/24553103
http://www.ncbi.nlm.nih.gov/pubmed/24213956
http://www.ncbi.nlm.nih.gov/pubmed/22960240

1 Modified Ashworth Scale (+)
1 Star cancellation test: individual vs. group
Kim et al(2014) E: FES + mirror therapy 1 Box and Block Tesf(
RCT (6) C: FES sham mirror therapy 1 Fugl Meyer Assessment: Shoulder, elbow
Nstar=28 and forearm {); Wrist (+); Hand (+); €0
Nen=23 ordination ¢)
1 Brunnstrom Motor Recovery Stage: Upper
extremity ¢); Hand (+)
1 Manual Function Test: Shoulder functio (
Handfunction (+)
Park et al(2015) E: Mirror therapy 1 Manual Function Test (+)
RCT (6) C: Nonreflecting mirror 1 FIM (+)
Nstar=30
Nen=30
Wu et al.(2013) E: Mirror therapy 1 Fugl Meyer Score (+)
RCT (6) C: Conventional therapy 1 Reaction time (+)
Nstar=33 1 Total displacement (+)
Nen=21 1 Maximum cross correlation (+)
1 Modified Ashworth Scale)
1 ABILHAND
Cristina et al(2015) E: Mirror therapy 7 Modified Ashworth Scale: writ (+)
RCT (6) C: Conventional therapy 1 Bhakta finger flexion scale (+)
Nstar=15
Nen=15
Cho et al(2015) E: Mirror therapy + transcranial dire(f Box and Block Test (+)
RCT (5) current stimulation 7 Gripstrength (+)
Nstar=30 C: Sham mirror therapy + transcraniq Jebsen Taylor Hand Functich (
Nen=27 direct current stimulation Fugl Meyer Assessmen) (
Yun et al(2011) E1: NMES + mirror therapy 1 Fugl Meyer Score: E1 vs E2/E3 (+)
RCT (4) E2: NMES 1 Hand flexion+)
N=60 E3: Mirror therapy 1 Wrist flexion §)
1 Wrist extension+)
Radajewska et a(2013) E: Mirror therapy 1 Frenchay Arm Test (+)
RCT (3) C: Conventional therapy
Nstar=60
Nend=60
Harmsen et al(2015) E Mirror therapy action observation | Movement time (+)
PCT C: Action observation
Nstart=37
Nend=37

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

Discussion

Overall, a positive effect of mirror therapy on upper extremity motor function has been found. Although
mirror therapy was assessed as a stalahe intervention, the majority of studies used mirror therapy in
combination with other therapies. Several studies investigated the effectiveness of mirror therapy in
conjunction with an electrical stimulation interventig€ho & Cha 2015; Ji et al. 20kdm et al. 2014;
Kojima et al. 2014; Cristina et al. 2015; Yun et al. 201 &} al(2014)made comparisons between mirror
therapy alone, mirror therapy with rTMS, and sham mirror therapy. The authors found that while mirror
therapy alone had a sigrefintly greater effect than sham therapy on upper extremity motor outcomes,
mirror therapy in addition to rTMS resulted in the greatest recovery of upper extremity function. In a
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study investigating mirror therapy in combination with CIMT, Yoon gf28i14 found that CIMT with
mirror therapy resulted in significantly greater improvement on upper extremity motor outcomes when
compared to CIMT only, although this difference did not translate to functional ability. Few studies
investigated the longerm effeds of mirror therapy. One study comparing mirror therapy to conventional
stroke rehabilitation followed patients for six months after the four wemetervention(Wu et al. 2013)
Although the mirror therapy group initially had achieved greater benefitglveas no difference between
groups at followup.

Conclusions Regarding Mirror Therapy

There is level 1la evidence that mirror therapy in combination with other therapies or delivered alone
may improvemotor function following stroke

There is conflictig level 1a evidence regarding the effect of mirror therapy on spasticity.

Mirror therapy may be an effective method of upper limb rehabilitation, especially when used in
conjunction with other upper limb interventions.

10.2.12 Feedback

As with athletc performance, feedback can be used as a means to improve motor learning following
stroke. There are two types of feedback, intrinsic and extrinsic. Intrinsic feedback refers to the use of a
LISNR 2y Q& Paicgptual Biffrinatidhito enhance their perinance during a given task. It may

take the form of touch, sound, pressure, and/or proprioception. Extrinsic feedback can augment the effect
of intrinsic and refers to feedback provided from the environment. Extrinsic feedback can be both verbal
and nonverbal. Comments from a therapist would be an example of extrinsic verbal feedback. Extrinsic
feedback can be further classified as either knowledge of results (KR) or knowledge of performance (KP).
KR is often given at the end of a task and is feedbaekegtko the outcome of the performance of that

task.! LI GASY(dQa LISNF2NXI yOS GAYS RPfsitformatioNdbduCiuzt | NJ G |
movement characteristics that led to the performance outcorRer example, the position of the hand
whena patient is reaching towards a glass of water.

Subramanian et al2010)conducted a systematic review whidhcluded the results from 9 studies.
Results showevidence that external feedback, pigularly KP, in the forms of verbal, virtual

environments, videotape, robotics, auditipar vision, improved motor learning of the more affected
upperlimb.

A summary of theesultsof RCTevaluatingfeedback therapyre presentedn Table 10.2.12.

Table 10.2.12. 5ummary of Controlled TrialEvaluatingFeedback Therapfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Piron etal. (2010) E: Feedbackn virtual environment |1 Fugl Meyer Score (+)
RCT (8) C: Bobath therapy
N=50
Abdollahi et a(2014) E: Hepatic and visual error 1 Fugl Meyer Score: Phase 1 (+); Phasg 2 |
RCT (7) augmentation 1 Wolf Motor Function Test (+)
Nstar=27 C: Noerror augmentation
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Nend=26

Durham et al(2014) Crossover of external focus (EF) and 1 Reach to grasp task: Peak velocity (+); P¢
RCT crossover (6) internal focus (IF) feedback deceleration {); Peak aperture-}

Nstar=42 1 Push object task: Peak velocity; Peak
Nend=42 deceleration (+); Peak aperture; Movemel

duration (+)
1 Raise object task)(

Mukherjee et al(2013 E: Visual feedback for reaching tasks 1 Approximateentropy ()
RCT (6) C: No feedback for reaching tasks |1 Movement variability {)
Nstar=12 1 Movement time )
Nen=12
Van Delden et a(2013) E1: modified constraint induced 1 Action Research Arm Tes} (
RCT (6) movement therapy + repetitive task |1 Fugl Meyer Score)(
Nstar=60 practice 1 Motricity Index €)
Nend=55 E2:Rhythmic auditory cueing + 1 Nine Hole Peg Tes)(
bilateral arm practice (BATRAC) 1 Motor Activity Log+)
C: Conventional therapy 1 Stroke Impact Scale: Strength and emotic
E2vs. C (+)
Whitall et al.(2011) E:Bilateral arm training witthythmic | 1 Fugl Meyer Assessmen) (
RCT (6) auditory cueing 1 Wolf Motor Function Test)
Nstar=111 C: Dose matched unilateral 1 Stroke |mpact Scale: Pasitervention (_),
Nen=92 therapeutic exercises 4mo followsup: Emotion {), Hand 4),

Strength {), Total score (+)

1 Isokineticstrength: Elbow extension)(

1 Isometric strength: Shoulder extensios);(
Wrist extension (+); Elbow flexio#) (

Cruz et a(2014) E: Rehab device then vibratory 7 Range of Motion-§

RCT (5) feedback 1 Correct movements-J

Nstar=44 C: Vibratory feedback then rehab

Nen=43 device

Kim et al (2014) E: Auditory rhythmic stimulation 1 Movement time (+)

PCT C: No rhythmic auditory stimulation |1 Movement units (+)

Nstar=16 1 Range of Motion: elbow extension (+)
Nen=16 1 Muscle activation (+)

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

Discussion

Several methods of feedback therapgive beenused for upper extremity rehabilitation for individuals

with stroke. Most studies investigated the effectiveness of external feedback, using methods such as
visual stimuli, performance based reports, and auditory stimuli. Although some benefit was found i
individual studies, evidence for external feedback as a whole is conflicting. Four studies investigated the
use of rhythmic auditory cueing for upper limb movements. While onepost and oneprospective
controlled trial PCY indicated significant berfé associated with rhythmic auditory cueir{iglim et al.

2014; Liu et al. 2013)two RCTs failed to show a difference between the cueing intervention and
conventional therapyvan Delden et al. 2013Vhitall et al. 2011)The lack of effect of external féback

was also shown in a study conducted Mykherjee et al(2013. In the experimental enhanced visual
feedback group, hand position during reaching tasks was displayed on a monitor with deviations from the
straightahead target path being exaggeratdthe control group performed the same task with no visual
display of hand position. Despite the lack of visual feedback in the camtrop, the authorsdid notfind
significant between group differences for outcomes measuriogement variablesf the afected arm.
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The use of intrinsic feedback for upper limb rehabilitation has also beestigated. ARCT conducted by
GivonMayo et al.(2014) assessed the effectiveness of magnifying movement errors to encourage
learning during arm movement taskdJsinga robotic device, patients in the experimental group
performed reaching movements with any deviation from the optimal trajectory resulting in exaggerations
of those errors through force applied by the device. Although more frequent within group improiemen
were found with the experimental group, there were no significant between group differences when
compared to a control group receiving no intrinsic feedback. One study attempted to determine if
combining extrinsic and intrinsic feedback would resultgieater improvement of upper extremity
function when compared to no feedback. Abdollahi et(2014)randomized patients to perform robot
assisted range of motion exercises with either visual extrinsic feedback in addition to hepatic intrinsic
feedback omwithout error augmentation. After six sessions, patients receiving the error augmentation
treatment performed significantly better than the control group on measures of upper extremity motor
function. Little evidence is available to support the durabityeedback therapy.

Conclusions Regarding Feedbaldkerapy

There isconflicting level laevidence regarding the effect oéxtrinsic feedbackon motor function
following stroke.

There is level 1b evidence that intrinsic feedback therapy may not imprmotor function following
stroke.

There is level 1b evidence that a combination of extrinsic and intrinsic feedback may improve motor
function when compared to a program with no feedback therapy.

| It is unclear whether or notdedback therapymprovesupper limb motor function. |

10.2.13 Action Observation

Action observation is a form of therapy whereby a motor task is performed by an individual while watching
a mirror image ofinother individual perform the same task. The therapy is designed to ire@atcal
excitability in the primary motor cortdy activating central representations of actions through the mirror
neuron systemKim & Kim 2015)Althoughaction observatiorhas been evaluated mainly in healthy
volunteers, a number of studies haveatwated its benefit in motor relearning following stroke.

A summary of theesultsof RCT®valuatingaction observatiorare presentedn Table 10.2.13.

Table 10.2.13. 5ummary ofRCTgvaluatingAction Observatiorfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result

Sample Size
Franceschini et a{2012) E: Video footage 1 Box and Block Test (+)
RCT (8) C: Static images 1 Frenchay Arm Test)(
N=102 1 Modified Ashworth Scale)

1 FIM{)

Cowles et al(2013) E: Action observation 1 Motricity Index §)
RCT (7) C: Conventional therapy 1 Action Research Arm Test: conventional (4
N=29
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Sale et al(2014) E: Action observation 1 Box and Block Test (+)

RCT (7) C:Standard rehabilation 1 FIM(+)

Nstar=67

Nend=67

Kim and Kinf2015) E: Action observation eccupational |1 Wolf Motor Function Test)

RCT (6) therapy

Nstar=12 C: Placebo observation + occupation

Nen=12 therapy

Lee et al(2013) E1: Action observation 1 Number of drinking motions: Post

RCT (6) E2: Action practice intervention: E1 vs. C (+), E2 vs. C (+), E3

Nstar=33 E3:Action observation + action (+), ELvs. E2)(E1vs. E3 (+), E2 vs. B3 (

Nen=33 practice 1wk postintervention: E1 vs. C (+), E2 vs.
C: No treatment (+), E3vs. C (+), EL €24, E1 vs. E3)( E2

vs. E3)

Ertelt et al (2007) E: Action observation therapy 1 Frenchay Arm Test (+)

RCT (5) C: Traditional therapy 1 Wolf Motor Function Test (+)

N=15 1 Stroke Impact Sde (+)

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

Discussion

Thus far, a total of 6 RCTs were found to evalutate the effect of action observation therapy on upper limb
motor function. Of the studies included, only one RCT was adequately powered (Franecschini et al. 2012).
The study compared the effects of watchingeo footage of physical upper limb movements to those
when patients observed static images of the same movements. The findmmsed a significant
difference between the groups on manual dexterity a measured by the Box and Block Test (BBT); however
no other significant differences were found regarding upper limb spasticity (as measured by the modified
Ashworth Scale), functional independence (as measured by the FIM), or upper limb function (as measured
by the Frenchay Arm TesB8ale et al. (2014) alsoperted that patients performing action observation

fared better than those receiving standard rehabilitation on the Box and Block Test however, unlike
Franceschini et al. (2012), a significantly higher FIM score was also found favouring the actioniobservat
group. In contrast to the fidings by Franceschini et al. (2012), Ertelt et la. (2007) found significantly better
scores on the Frenchay Arm Test following ation observation therapy compared to traditional therapy.

Conclusions Regarding Action Obsetioa

There isconflicting level laevidenceregarding the effect ofaction observationon upper motor
function.

There is level 1b evidence that a combination of action observation and action practice may improve
upper extremity motor function when compad to action observatioralone.

| Evidence for the use of action observation for upper limb rehabilitation is conflicting.

10.2.14 Music Therapy

Music therapy is a promising rehabilitation technique for improving function of the hemiparetic arm
following stroke. It involves many components of conventional upper limb rehabilitation interventions
including repetitive task practice, finger individualization, and tactile and auditory feg&dvan Wijck et

al. 2011).The rehabilitation program can also be skdpby increasing the tempo of the songs or
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incorporating more difficult musical pieces based on individual performance. Additionally, music therapy
may be more emotionally involving than traditional upper limb interventions which could lead to
increased egagement of the patienfvan Vugt et al. 2014)

RCTs evaluating the use of music therapy for upper extremity rehabilitation following stroke are
summarized in Table 10.2.14.1.

Table 10.2.14. Bummary ofRCTgvaluatingMusic Therapyfor the Upper Extrenity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Thielbar et. a{2014) E: Virtual keyboard music playing |1 ARAT
RCT (6) C: High intensity, task oriented 1 Fugl Meyer Assessment: Upper extremity (+
Nstar=14 occupational therapy Hand €)
Nen=14 1 Jebsen Taylor Hand Function Test (+)
1 Grip strength {)
1 Lateral pinch strength-
1 3-point pinch strength+)
Altenmdller et al(2009) E: MIDI piano and electronic drum |1 Box and Block Test (+)
RCT (5) training + conventional therapy 1 9 Hole Pegboard Test (+)
Nstar=62 C: Conventional therapy only 1 Action Research Arm Test (+)
Nend=62 1 Arm Paresis Score (+)
1 Finger/Hand tapping (+)
Van Vugt et al(2014) E: Playing piano together 1 Unpaced finger tapping scores: middledier
RCT (4) C: Playing piano sequentially (), index finger)
Nstar=36 1 Paced finger tapping score: index to thump (
Nend=28 1 Nine Hole Peg Tes))(
Jun et al(2013) E: Music movement therapy 1 Range of motion (+)
RCT (4) C: Routine intervention 1 Muscle strength-)
Nstar=40 1 Modified Barthel Index-J
Nen=30

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

Discussion

Overall, a positiveeffect of music therapy on upper extremity motor function was found. Of the six
included studies, two administered music therapy with a piano and electronic drum kit, two used only a
piano, one used a virtual reality piano system, and one used a musicnmeoventervention. In a
comparison of music therapy with a virtual keyboard versus high intensity occupational therapy, Thielbar
et al. (2014) observed significantly greater upper extremity motor function and hand motor control
associated with the virtuainusic program at one month posttervention. The authors proposed that
while the occupational therapy group practised a wider variety of motor skills, the music playing group
repeated the same movement task which resulted in greater refinement of a gpewstor skill. This
improved hand motor control was also found to generalize to the manipulation of real world objects
measured by the Jebsen Taylor Hand Function Test. Despite this, no between group differences were
found for measures of hand strengtA similar benefit of music therapy was also observed in a study by
Altenmuller et al(2009) who investigated the effectiveness of training with a musical instrument digital
interface (MIDI) piano and electronic drum séfiter three weeks of treatment, the authors found a
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pronounced effect of music therapy on the recovery of motor functions. Additionally, the music therapy
group outperformed the control group receiving conventional therapy on every measure of motor control
except for pronation/supination of the forearm. These results suggest that music therapy may be effective
for upper limb rehabilitation following stroke.

Only one study conducted by Jun et @013)comparing a music movement program to conventional
rehabilitation found an absence of effect associated with music therapy. The main activities of the music
movement therapy included singing along to a song and playing basic percussion instruments
(tambourines, maracas) with thiess affectedarm. Although geater improvement was found for the
music group for range of motion, no between group differences were found for functional ability and
muscle strength. These results indicate that music therapy not involving repetitive movements of the
affected arm may ot be effective for improving motor function. Therefore, it is important to note that a
major limiting factor to music therapy as an upper limb rehabilitation intervention is the severity of
hemiparesis. In order to benefit from this treatment, individualgst have a certain level of control over

the affected arm in addition to being able to individualize finger movemeyddicularly if a piano | used

(van Wijck et al. 2012)

Conclusions Regardingusic Therapy

There is level 1b and level 2 evidentat music therapy may improve upper extremity motor function
but not muscle strength when compared to conventional rehabilitation.

| Further research is needed to determine the benefits of music therapy on upper limb motor fundtion.

10.2.15Telerehabilitation

It is known that distance to a rehabilitation centre can impede patients from receiving the care they need

once they are discharged from the hospital. Therefore, providing rehabilitation services remotely via a

kiosk or by telephone calimits the challenge of location and transportation especially for patients
Aaz2ftFGSR FTNRY (KS&aS aSNBAOad ¢KAa TFT2N¥ 2Fami SNIIAOS
interventionthat can be delivered for a longer duration and at a reducest when compared to therapies

provided in the inpatient rehabilitation settind@@envenuti et al. 2014)

The results of two controlled trials assessing telerehabilitation for rehabilitation of the upper limb
following stroke are presented in Table 10.2.1.

Table 10.2.15.5ummary of Controlled Trials Evaluatifigglerehabilitationfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Wolf et al.(2015) E: Telerehabilitation with home 7 Fugl Meyer Assessmen) (
RCT (7) exercise program + robotic assistanc 1 Action Research Arm Tes} (
Nstar=99 training 1 Wolf Motor FunctionTest: Performance
Nend=92 C: Telerehabilitation with home time: Total (+), Fine (+), Gros} Functional
exercise program only ability (-); Mean number of tasks: Total (+),
Fine (+), Gross)(
Benvenuti et al(2014) E: Kiosk telerehab 1 Motricity Index (+)
C: No kiosk availability 1 Nine Hole Peg Test (+)

1 Wolf Motor Function Test (+)
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PCT 1 Nottingham Extended Activities of Daily
Nstar=256 Living (+)
Nen=188 1 Barthel Index (+)

1 Stroke Impact Scale (+)

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

Discussion

One large prospective controlled trial (PCHpde use of community based kiosks to administer the
telerehabilitation inervention (Benvenuti et al. 2014)The kiosks were designed to be easily accessible
and allowed patients to perform upper extremity exercises with supervision and feedback delivered
through videoconferencingdenvenuti et al(2014)found telerehabilitaitan to improve upper extremity
motor outcomes to a significantly greater degree than conventional outpatient rehabilitation. Patients
receiving telerehabilitation were found to exercise more when compared to patients receiving
conventional rehabilitation, sygesting that the telerehabilitation program provided extra motivation.

In a multicenter RCT conducted Wpolf et al.(2015) therapists made use of weekly phone calls onails

to administer telerehabilitation to groups receiving only home exercisetigeaor home exercise practice

with robotic assistanceUnlike Benvenuti et al. (2014) which demonstrated significant improvements
across all outcomes measured in favour of the telerehabilitation, Wolf et al. (2015) found an improvement
on the Wolf Motor linction Test only. Since both groups received telerehabilitation, the results do not
reflect the effect of the telerehab intervention but rather the use of a robotic device which was no used
in the control group.

Neither study assessed the durabilitythe effect. Although evidence is limited, these studies suggest
that telerehabilitation for the upper extremity may be beneficial, especially in rural and underserved
populations. Furtheexplorationof this intervention isvarrated

Conclusions Regardintelerehabilitation

There islimited level 2evidencethat telerehabilitation programs may improve upper limb motor
function.

More research is needed to determine the benefits of using telerehabilitation services on recovgring
upper limb motor functionpost-stroke.

10.2.16 Exercise Therapy

Physical therapy is one of the key disciplines in interdisciplinary stroke rehabili{se®rbeek et al.

2014) Engaging in exercise programs could improve fitness, reduce sedentary behaviour, and may be
beneficial for reducing posttroke symptoms.

The results of one RCT evaluating exercise therapy for upper extremity rehabilitation is presented in Table
10.2.16.1.

Table 10.2.16. Bummary ofRCTs) Evaluatingexercise Therapfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
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English et al(2015) E1: Circuit class (3hr/d morning and |1 Wolf Motor Function Test)

RCT (8) afternoon) 17 FIME)
Nstar=283 E2: Seven day therapy (7d/wk) vs.
Nen=261 usual care (5d/wk)

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

Discussion

English et al. allocated patients to receive different intensities of conventional physical therapy or
intensive circuit class trainingoth of the group exercise programs were shown to significantfyrave

upper limb motor function; bwever, no significant differences betweethe two groups were found
regarding FIM and Wolf Motor Function Test scorBiee lack of difference found between different
therapies reported irEnglish et al(2015)wasinconsistent with the results of a recent mesmalysis
conducted by Veerbeek et d2014)which foundthat more therapy time to leaslto better recovery of
stroke symptoms. English et §2015)suggest that this discrepancy may be due to their broad inclusion
and exclusion criteria

Although group programs can be provided with a lower ratio of staff to patients and may be more feasible
than individual therapyindividual therapy allows therapists to more easily shape the intervention to the
needs of the patientEnglish & Veerbeek 201%jurtherresearchis required to determine the benefitfo
different therapy intensities.

Conclusions Regardingxercise Therap

There is level 1b evidence that increasiegercise intensity may not improve upper limb motor
function.

Additional research is needed to evaluate the effectiveness of increasing exercise intensity on upper
limb motor function.

10.217 Therapy Approaches Used to Improve Dressing Performance

A variety of approaches can be used by occupational therapistassistpatients learnhow to
independently dress themselvesfollowing a stroke. While many therapists use a probismiving
approachto help with the rehabilitation of dressing tasks, a few other approaches have been evaluated.
Some approaches have been developed to accommodate those with cognitive deficits.

The results of RCT(s) evaluating approaches to improve dressing performanpeesented in Table
10.2.17.1.

Table 10.2.17.Bummaryof RCT(s) Evaluating Therapy Approaches to Improve Dressing Performance

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result

Sample Size
Walker et al(2012) E: Neuropsychological approach to |1 Nottingham Stroke Dressing Assessmejt (
RCT (7) dressing 1 Line Cancellation (+)
Nstar=70 C: Functional dressing approach 1 ObjectDecision+)
Nend=64 7 Gesture Limitation-J

1 10-hole peg transfer test-J
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- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Walker et al.(2012)compared a neuropsychological approach to dressing witfunctional dressing
approach whichinvolved repeatedly attempting to dress with assistance when required. The
neuropsychological approach focused more on assessing cognitive deficits impacting gdieasdin
administering neuropsychological treatment, mainly cueing and alerting procedures. Despite the different
approaches to therapy, both groups showed significant improvement on the Nottingham Stroke Dressing
Assessment and the ible peg transfer testhowever no betweergroup differences posintervention

were found.This research indicates that cognitive deficits in addition to impaired motor performance can
negatively impact dressing ability; therefore future interventions should address both issues.

Conclusions Regarding Dressing Approaches

There idevel 1bevidence that both functional ansheuropsychological approaches improve dressing
performanceand motor ability.

Both functional and neuropsychological approaches to improve dressing performance may be
effective.

10.218 Peripheral Magnetic Stimulation

Repetitive peripheral magnetic stimulation (rpMS) for upper limb rehabilitation, like functional
neuromuscular smulation, generates repetitive contractiemrelaxation cycles to enhance proprioceptive
input to the affected armKrewer et al2014) RepetitivepMS is also believed to penetrate to deeper
regions of muscles and be more tolerable than functional neuramlas stimulation.

The results of RCT(s) investigating the effectiveness of rpMS are presented in Table 10.2.18.1.

Table 10.2.18. 5ummaryof RCTs Evaluating Peripheral Magnetic Stimulation for the Upper Extremity

Author, Year Intervention Main Outcome(s)

Study Design (PEDro Score) Result

Sample Size

Krewer et al(2014) E: Repetitive peripheral magnetic |1 Modified Tardieu Scale: Post'session:
RCT (9) stimulation Elbow flexors-), Elbow extensors), Wrist
Nstar=63 C: Sham stimulation flexors (+), Wrist extensors){ Post 2¢
Nen=44 session+); Postintervention ¢); 2wk post

intervention: Elbow flexors-), Elbow
extensors (+), Wrist flexors){ Wrist
extensors(-)
7 Fugl Meyer Assessmen) (
1 Barthel Index+]
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

In a comparison of rpMS with sham stimulation, Krewer e{2014)found significant between group
differences in favour of rpMS for spasticity of the wrist flexors following one session of stimulation and
spasticity of theelbow extensors two weeks positervention. However, these differences were found to
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be the result of deterioration within the control group and not improvement associated with rpMS. Also,
no other significant differences were found between groups for spasticity of the elbow andfiexisis

YR SEGSyazNBR® 2KAfS NBadzZ §a RAR y2d &dzLL2 NI GKS
this datasuggestghat rpMS may play a role in reducing the progression of spasticity symptoms. In
addition, per protocol analysis revealed thtite rpMS group improved significantly on the Sensory
Function subsection of the FMA when compared to the sham group. This is similar to data reported in a
RCT conducted by Heldmann et(@000)which found a significant reduction in tactile extinctioneafa

single session of rpMS. After analysis of results, Heldmann et al. (2000) hypothesized that sensory inflow
in the form of rpMS leads to an increased somatosensory and proprioceptive input to spastic muscles,
which is supported by results from Krewetral. (2014) No benefit of rpMS was found on measures of
upper limb motor function.

Conclusions Regardingeripheral Magnetic Stimulation

There islevel 1bevidencethat peripheral magnetic stimulation may not improve upper limb motor
function; howeve, it may improve spasticity.

More studies are needed to determine the effects of peripheral magnetic stimulation on upper |imb
impairments and spasticity.

10.3 Robotic Devices for Movement Therapy

Robotic devices can be used to assist the patient in a number of circumstances. First of all, the robot can

aid with passive range of motion to help maintain range and flexibility, to temporarily reduce hypertonia

or resistance to passive movement. Theabban also assist when the patient has active movemdnits,

cannot complete a movement independently. Robotics may be most appropriate for patients with dense
hemiplegia, although robotics can be used with higlesel patients who wish to increase stgth by

providing resistance during the movement. AccordingLtem et ak2002)a S@Sy (K2 dzaAK dzyl 3
movement may be the most effective technique in patients with mild to moderate impairments; active
assisted movement (with robotic devices) may beldeli@h £ Ay Y2NB &ASOSNBfe& AYLI
RdzZNAYy 3 (GKS | 0dziS FyR adzl OdziS LKIFASa o¢KKKebsetd GASY
al. (2002)noted that robotic devices rely on the repetition of specific movements to improve fundtiona
outcomes.

A systematic review of robedided therapy on recovery of the hemiparetic arm on recovery was
conducted(Prange et al. 2006Y he authors included the results from 8 studies evaluating theN{#iiius,

MIME and ARM Guide and concluded that robotic devices improved short and long term motor function
of the paretic shoulder and elbow beyond that which could be achieved throughphetione.

Kwakkel et al(2008) conducted a systematic review of RCTs that evaluated robotic devices in the
management of upper extremity hemiplegia following stroke. The results from 10 studies involving 218
subjects were identified. Pooling the resulfrom 7 trials assessing improvement in motor function
revealed a nonsignificant benefit of robotic treatment. The summary effect size was 0.65 (9502 @

1.33, p=0.06). When one of the studigtesse et al. 2005yas removed in sensitivity analysibere was

a significant treatment effect. In the 5 studies that evaluated improvement in ADL, no significant beneficial
treatment effect was found.
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A Cochrane reviewWMehrholz et al. 2012ncluded the results from 19 trials (328 subjects) evaluating
electromechanical and robedssisted arm training devices. Compared with routine therapy, usually
conventional physical therapy, the authors reported significantly greater improvement in activities of daily
living (SMD=0.43; 95% CI 0.11 to 0.75, p <0.008)aam function (SMD=0.45; 95% CI 0.20 to 0.69,
p<0.001), but not arm strength (SMD=0.48; 95%©HK to 0.04, p=0.82).

A table of various robotic devices used in stroke rehabilitation is outlined below (see Table 10.3.1).

Table 10.3.1 Robotic devicesed for upper limb rehabilitation posstroke
Robotic Devices Description
InMotion robot MIT-Manus was one of the first robotic devices to be developed. It featuresdageeeof-
(Massacheusetts Insittute o freedom robotY I y A Lddzf | G2 NJ GKI G Faaxada Ay &Kz2d#z R
TechnologyMIT-Manug hand in a horizontal plane, while visual, auditory and tactile feedback is provided during
directed movements. A commercially available unit (InMof)oaf this device iglso available.
Mirror-Image Motion aLla9 A& I ¢ RS3INBS 27T TNEKiSpavide theBagy 2haticAmbiRe
Enabler Robots (MIME) bimanual movements with unilateral passive, actassisted and resisted movements of |
hemipareticdzLJLIS NJ S E(BukgBr¥ethali 20I14The unit applies force to the more affects
forearm during goatirected movements.
Assisted Rehabilitationand ¢ KA & dzy Al dzaSa | Y20d2N) I yR OKLE Ay raR Nhich Bssist
Measurement (ARM) Guide reaching in a straigHine trajectory.
BiManu-Track This armtraining device enables bilateral and passive and active practice of forearm and
movement.
Neuro-RehabilitationRobot | The NeReBot device was developedtatyl designed to produce sensorimotor stimulation. Th
(NeReBot) degrees of freedom device can perform spatial movements of the shoulder and elbow, is p¢
and can be used when the patient is either prone or sitting.
Robotmediated therapy | Thisdeviceis a threedegree of freedom haptic interface arm with a wrist attachment mechan
system GENTLE]Js two embedded computers, a monitor and speakers and an overhead arm support syster
affected arm is daveighted through a free moving elbow splint attachiedthe overhead frame
The subject is connected to the device by a wrist splint. Exercises such asohawodith and
reaching movements can then be practised, while feedback is provided.
Robotic Rehabilitation This device was developed to facilitate physiotherapy of the shoulder and elbow in patientt
System for upper limb AL aGA0 KSYALI NBaAadgd ¢KS wol!lwh. O2yaraii
motion therapy for the upper limb and can be adapted to each individ@alsy SSRa ®
disabled (REHAROB)

Arm robot (ARMin) This armtraining device is a semiexoskeleton with 6 degrees of freedom. It allows for shou
elbow and some movement in the distal joints. It comes equped with force and position se!
Amadeo This device assists in harghabilitation, having an endffecter design. It helps with finger

movements to allow for synchronization

Results of the studies evaluating the efficiency of these devices at improving upper limb motor function
are presented in table 10.3.2. The tipeststroke (TPS) has been extracted from all selected studies and
divided in three stages of stroke recovery: acute (<3 months), subactar(@nths), and chronic (>6
months).

Table 10.3.5ummary of Results Frotudies Evaluating Sensorimotor Training: Robotic Devices

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
MIT-Manus
Lo et al(2010) E1l: Intensive robot assisted therapy |1 Fugl MeyerEl vs. G, E1 vs. E2)(
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RCT (7)
N=127
TPS=chronic

Volpe et al(1999)
RCT (6)

N=20

TPS=acute

Volpe et al (2000)
RCT (6)

N=56

TPS=acute

Conroy et al(2011)
RCT (6)

N=62
TPS=chronic
Stein et al(2004)
RCT (5)

N=49
TPS=chronic
Volpe et al(2008)
RCT (5)

N=21
TPS=chronic
Rabadi et al(2008)
RCT (5)

N=30

TPS=acute

Sale et al(2014)
RCT (6)

Nstar=53

Nen=53
TPS=acute
Fasoli et al(2004)
RCT (6)

N=56

TPS=acute

Lum et al(2002)
RCT (6)

N=27
TPS=chronic

Burgar et al(2000)
RCT (5)

E2: Intensive comparison therapy

C: Usual care

E: Robot
C: Sham treatment

E: Robotic training

C: Exposure to the robotic device withot

training

E1l: Robofssisted planar reaching

E2: Robossisted planar and vertical

reaching

C: Intensive conventional artherapy

EL: Robotaidedprogressive resistance

traininig

E2 Activeassisted robotided exercise

E: Robot assisted movement training
C: Conventional therapy

E1: Robounilateral group
E2: Ergometer (bilateral) group
C: Conventional therapy

1

Wolf Motor Function Test: E1 vs.{; E1 vs. E2
)

Stroke Impact Scale: E1 vs. C (+), E1 vs) E2 (
Modified AshworthScale: E1 vs. §,(E1 vs. E2
)

Motor Status score: shoulder/elbow at d/c (+),
and at 3yr followup (+)

Motor Statusscore: wrist/hand at d/c/+), and
at 3yr followup ()

Motor Power score: shoulder and elbow at d/c
(+)

Fugl Meyer: shoulder/elbow at d/¢)( and at
3yr follow-up ()

Fugl Meyer: wrist/hand at d/c-), and at 3yr
follow-up ()

Motor Power score; shoulder and elbow (+),
wrist and hand+)

Motor Status score: shoulder and elbow (+),
wrist and hand+)

1 FIM: motor (+)

E: Robot aided therapy + reaching tasks 1

C: Reaching tasks

O m

: Robot exposure

: Robot assisted movement training

MIME

E: Robot assisted movement training
C: Conventional therapy

E: Robotic device therapy

C: Conventional care (physical therapy)

1

= = A —a _a _a

Fugl Meyer score’(

Fugl Meyer score:(
Strength(-)

Fugl Meyer Score)(
Motor Power Scale: shoulder/elbow) (

Fugl Meyer Score)(

Fugl Meyer Score (+)
Motricity Index (+)

Fugl Meyer score (+)

Motor status scoreshoulder/elbow ),
wrist/hand ()

Medical Researc@ouncil score-}

Fugl Meyer Score: 1mo (+), 2mo (+), 6m)o (
Strength uppeextremity: 2mo (+)

Reach upper extremity: 2mo (+)

FIM: 6mo (+)

Fugl Meyer Score)(

FIM €)
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N=21
TPS=chronic

Burgar et al(2011)
RCT (5)

N=54

TPS=acute

Lum et al (2006)
RCT (4)

N=30
TPS=subacute

KlamrothMarganska et al
(2014)

RCT (8)

Nstar=77

Nenc73

TPS=chornic

Brokaw et al(2014)
RCT (3)

Nstar=12

Nen=10
TPS=chronic

Hesse et a{2005)
RCT (8)

N=44
TPS=subacute
Hesse et al(2008)
RCT (8)

N=54
TPS=subacute
Hesse et al(2014)
RCT (8)

Nstar=50

Nen=46
TPS=acute

Hsieh et al(2011)
RCT (8)

N=18
TPS=chronic

Hsieh et al(2014)
RCT (8)

Nstari=48

Nen=48
TPS=chronic

Liao et al(2012)

E1: High intensity robotic therapy
E2: Low intensity robotic therapy
C: Conventional therapy

E1: Robounilateral
E2: Robobilateral
E3: Robotombined
C: Conventional therapy
ARMin
E: Robotic therapy
C: Conventional treatment

E: Robotic therapy
C: Conventional therapy

Bi-Manu-Track
E: Computerized arm training enabling

repetitive practice
C: Electrical stimulation

E: Computerized arm trainer
C: Electrical stimulation

E: Group robot therapy + individual arm

therapy
C: Individual arm therapy

E1: High intensity robeassisted therapy
E2: Low intensity robeassisted therapy

C: Conventional therapy

E1: Robotic training ¢CIT
E2: Robotic therapy
C: Conventional therapy

E: Robotic therapy

=

= —a —a _a

=

=

= = —a _—a _—a _a

BI{)

Fugl Meyer Score)(
FIM: at post E1 vs.@); at 6mo E1 vs. €) (
Modified Ashworth Scale; at 6mo (+)

Fugl Meyer Score: E vs. C (+), EL vs. E3 (+)
Motor Status Score: E vs. C (+)

FIM ¢)

Modified Ashworth Scale)(

Fugl Meyer (+)

Strength (+)

Motor Activity Log: Amount of Use){ Quality of
Movement §)

Modified Ashworth Scale)(

Goal attainment score-(

Wolf Motor Function test-

Fugl Meyer Score)(

Action Research Arm Test (+)

Box and Bock Tesd)(

Fugl Meyer Score (+)

Fugl Meyer Score)(
Barthel Index-)

Box and Block Tesd(
Action Research Arm Tesd) (

Fugl MeyeiScore: E1 vs E2 (+), E2 vs) C (
Motor Activity Log: Quality of Movement: E1 v
C()

Motor Activity Log: Amount of Use:)(
ABILHAND

Medical Research Council Scaje (

Fugl MeyeiScore: E1 vs. E2 (+), E1 vs. C (+),
vs. C (+)

Wolf Motor Function Test: Functional Ability
Scale: E1vs. E2 (+), E1 vs. C (Ws.BE24

Wolf Motor Function Test: Performance Time:
Elvs. E2), E1vs. G) E2 vs. G)

Motor Activity Log: Amount of Use)(

Motor Activity Log: Quality of Movement)(

1 Fugl Meyer Score (+)
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RCT (7)
N=20
TPS=chronic

Yang et al(2012)
RCT (7)

N=21
TPS=chronic
Ochi et al(2013)
RCT (7)

N=18
TPS=chronic
Hsieh et al(2012)
RCT (7)

N=54
TPS=chronic
Wu et al.(2013)
RCT (7)
Nstar=53

Nen=53
TPS=chronic

Masiero et al (2014
RCT (7)

Nstar=34

Nen=30
TPS=chronic
Masiero et al(2006)
RCT (5)

N=35

TPS=acute
Masiero et al2007)
RCT (5)

N=20

TPS=acute

Masiero et al(2011)
RCT (5)

N=21

TPS=acute

Hu et al.(2009)
RCT (5)

N=27
TPS=chronic
Volpe et al(2004)
RCT (4)

N=32
TPS=acute

C: Dosematched conventional therapy |1

El:Unilateral robot assisted training q
E2: Bilateral robot assisted training q
C: Standard training group

E: anodal tDCS on affected hemisphere|
robot assisted arm training q
C: cathodal tDCS on unaffected 1
hemisphere + robot assited arm training
E1: High intensity robotic therapy

E2: Low intensity robotic therapy

C: Conventional therapy

E1: Bilateral robotic training
E2: Unilateral robotic training
C:Conventional therapy

NeReBot

E: Robotic therapy
C: Standard therapy

E: Additional sensorimotor robotic
training

C: Exposure to robotic device with no
training

E: Robotic Training

C: Exposure to robotic device

= = (A A _a _a _a _a _a _a -2

E: Robotic arm therapy
C: Conventional therapy

= A —a A _a _a _a _a _a

CPM

E: EM&riven robot
C: Passive motion device 1

=

E: Continuos Passive Motion Device  |f
C: Control 1

GENTLE/s

Motor Activity Log (+)
ABILHAND (+)

Fugl Meyer Score)(
Medical Research Counci (

Modified Ashworth Scale: finger (+)
Fugl Meyer Score)(
Motor Activity Log+)

Fugl Meyer Score: E1 vs E2 (+), E1 vs C (+)
Medical Researc@ouncil Scale)

Motor Activity Log+)

Stroke Impact Scale)(

Motor Activity Log+)

Wolf Motor Function Test (FAS subscalg) (
ABILHANDY

Fugl Meyer Score)(

Box and Block test)(

Frenchay Arm Test)(

Medical Research Council Scale (

FIM €)

Fugl Meyer Score: shoulder (+), elbow (+)
Motricity Index: upper extremity (+)

FIM: motor component (+)

Medical Research Council Scale (

Fugl Meyer Score: upper extremity (+), wrigt (
Medical Research Council: deltoid (+), biceps
wrist (-)

FIM(+)

Trunk Control Test)

Modified Ashworth Scale)(

Medical Research Council Scale: wrist flexor |
Fugl Meyer Score)(

FIM €)

Modified Ashworth Scale)(

Frenchay Arm Test)(

Box and Block Tesd)(

Fugl Meyer: shoulder/elbow (+)
Modified Ashworth Scale: elbow/wrist (+)

Fugl Meyer Pain)
Motor Statusscore: elbow/shoulder-§
Modified Ashworth Scale)(
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Timmermans et al(2014) E: Robotic arm training 1 Fugl MeyeiScore: arm and hand)(

RCT (8) C: Task oriented arm training 1 Action Research Arm test: arm and hard (
Nstar=22 1 Motor Activity Log: arm and hané)(
Nend=22
TPS=chronic
Lemmens et al2014) E: Robotic therapy 1 Fugl Meyer Score; moto#)(
RCT (7) C: Norobotic therapy 1 Action Research Arm Tes} (
Nstar=16 1 Motor Activity Log-)
Nen=16
TPS=chronic
Amadeo

Hwang et al(2012) E: Active robot training 1 JebserTaylor Hand Function)(
RCT (6) C: Early passivberapy 1 Fugl Meyer Score)(
N=17 1 Ashworth Scale-f
TPS=chronic 1 Nine Hole Peg Tes))(

1 Stroke Impact Scale)(

ARM Guide
Kahn et al(2006) E:Robotassisted training (ARM guide) |1 Biomedical Assessment: rangg Epeed <),
RCT (4) C: Reaching unassisted straightness+), smoothness at d/c (+)
N=19 1 Rangos Los Amigos Functional Tést (
TPS=chronic
Arm and Hand Exoskeletons

Susanto et al(2015) E: Robotic paretic hand therapy 1 Wolf Motor Function Test: post (+), folleup ()
RCT (7) C: Task therapy without robotic aid
Nstar=19
Nen=19
TPS=chronic
Reinkensmeyer et a{2012) | E: Robotic training 1 Fugl Meyer Score)(
RCT (7) C: Conventional tabletop therapy 1 Rancho level
N=26 1 Nottingham sensory test)
TPS=chronic 1 Grip strength{)

1 Box andBlock Test-

Other Devices

Kutner et al (2010) E: Hand Mentor 1 Stroke Impact Scale: mood (+)
RCT (7) C: Conventional therapy
N=30
TPS=subacutehronic
Friedman et al(2014) El: IsoTrainer 1 Wolf Motor Function Test)
RCT (6) E2: Music glove training 1 Action Research Arm Tes} (
Nstar=12 C: Control 1 Box and Block Test (+)
Nen=12 1 Nine Hole Peg Test (+)
TPS=ctonic
Abdullah et al(2011) E: Robot assisted therapy 1 Chedoke Arm and Hand Activity Inventory (
RCT (5) C: Dosematched conventional therapy
N=20
TPS=acute

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

Discussion
Robotic therapies show promise for helping to provide safe and intensive rehabilitation to patients who
have mild to severe motor impairment. Robotic devices can be used to provide rehabilitation that is of
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highrintensity, repetitive and taskpecific in a manner that is similar to physical therapnumber of
different devices have thus far been evaluatédiT-Manus, MIME, ARMin, Blanu-Track, NeReBot,
CRM, GENTLE/s, Amadeo, ARM Guide,lmrdl andarm excskeletons

MIT-Manus

This review evaluated the efficacy of the MIBnus at improving upper limb function in 9 RCTs, each
reporting betweengroup differences to discern the treatment effect. A total of 4 studies used the device
in chronic strokéndividuals, while the remainder 5 studides evaluated the effects of the device in patients
in the acute phase of stroke. In chronic stroke individuals, findings suggest that tHdanlis was not
superior to conventional therapy or comparator exercisesngbroving upper limb motor function or
spasiticity (Lo et al. 2010; Conroy et al. 2011; Stein et al. 2004; Volpe et al., 2008). Conversely, when
addressing the acute stroke population, the findings are mixed with some studies showing some
improvements suprior to the comparator conventional therapy (Sale et al. 2014; Fasoli et al. 2004; Volpe
et al. 2000) while others, showed no difference between the two therapies (Volpe et al. 1999; Rabadi et
al. 2008; Fasoli et al. 2004).

MIME

Only 4 RCTs included img review evaluated the MIME device of which 2 were conducted in the chronic
phase of stroke, 1 included patients in the acute phase of stroke, and 1 included patients in the subacute
phase of stroke. Lum et al. (2002) showed that chronic stroke patisstiefited from training with the

MIME, as scores shaal greater improvements in strength, reach, and upper limb motor function when
compared to conventional therapy. Conversely, Burgar et al. (2000) did not find a beneficial effect of using
the MIME over onventional therapy at improving upper limb motor function in chronic stroke survivors.
The literature is currently limited to draw strong conclusions regarding the efficacy of the MIME on upper
limb motor function in the acute and subacture stroke popigias since only one study was found during
each stroke phase and the power of these studies as well as the methodological quality was low (Burgar
et al. 2011; Lum et al. 2006).

ARMin

Only two RCTs using the ARMin were found, both evaluating the effettieoflevicecompared to
conventional therapyn chronic stroke individualdKlamrothMarganska et al. 2014; Brokaw et al. 2014)
Thestudies demonstrated mixed findings regarding the effectiveness of the device in improving motor
function of the upper limb and manual dexterity. More RCTs are needed to determine whether the
ARMIin is superior to conventional therapy at improving upper limb motor function in chronic and acute
stroke individuals.

Bi-Manu-Track

A tota of 10 RCTevestigated the effect of #a BiManu-Track on upper limb motor function in stroke
individuals. Seven studies explored different intervention methods involving the device, all of which were
conducted in chronic stroke survivors. The study by Hsieh et al. (2011) (N=18) revealagtthaiemsity
robot-assisted therapy was only superior to conventional care ori-tigd Meyer asessment, but not on

the other motor function scales (i.e. Motor Activity Log, ABILHAND, and the Medical Research Council
Scale) or when compared to a lowerdnsity robotassisted therapy on any of tHanctionaloutcomes,

in chronic stroke individuals. A larger trial (N=54) following the same intervention revealed that the high
intensity group outperformed the lower intensitgroup and the control group on thd-ugtMeyer
assessmenhowever,as with the lower powered study, no significant difference between groups was
found when the Medical Research Council Scale, Motor Activity Log, and the Stroke Impact Scale were
assesse(Hsieh et al. 2012). Combining roladtraining with distributed constraint induced therapy (dCIT)

was found to be superior to robotic training alo@ad to conventional therapyon the FugiMeyer
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assessment and on the functional ability subscale but not on the performance time subscateVdgbth

Motor Function Test (Hsieh et al. 2014). The study also found no significant difference between the groups
on the Motor Activity Log in chronic stroke individuals (Hsieh et al. 2BE¥)anu-Track training was also
combined with anodal transcranidirect current stimulation (atDCS) stimulating the affected hemisphere
and with cathodal tDCS (ctDCS) stimulating the unaffected hemisphere in a small trial of chronic stroke
survivors (Ochi et al. 2013). Findings suggest no significant difference betieethe different
stimulation applications on any of the motor outcomes, with only the finger spasticity subscale showing
greater improvements following atDCS than after ctDCS. Wu et al. (2013) and Yang et al. (2012) report no
significant difference betwen bilateral robot training, unilateral robot training, and conventional therapy

in improving upper limb motor function in chronic stroke individuals however, Liao et al. (2012)
demonstrated a significantly greater effect as a result of robotic trainirgtive to dosematched
conventional therapy on motor function outcome3ue to the variety of intervention methodologies as
described above, no overall conclusion can be drawn regarding the effectivenestah®irrack at
improving upper limb motor funan in chronic stroke patients.

In subacute stroke, only two studies were identified showing conflicting findings. In an early study, a
computerized BManu-Track was found to be superior at improving the Fulg Meyer scores compared to
electrical stimulaibn of the affected limb (Hesse et al. 2005) however, a later study from the same group
evaluating the same interventions, demonstrated no significant difference onFtiggMeyer scores
between the two groups (Hesse et al. 2008). Delivering individuatt@rmpy with group robot therapy

was not found to be more efficient at improving impaired motor function than when the individual arm
therapy was delivered alonén acute stroke patients (Hesse et al. 2014). Additional studies are needed
to clarify the dfectiveness of the Bilanu-Track in subacute and acute stroke patients.

NeReBot

Two acute stroke studies found that robotic training compared to exposure to the robotic device (without
training on the device) improved motor function of the upper extrgnfitit not that of the wrist (Masiero

et al. 2006, 2007). Relative to conventional therapy, no significant difference was found regarding upper
limb motor function (Masiero et al. 2011). Similarly, in chronic stroke individuals, one study found no
significant difference between robotic therapy and standard therapy on motor function (Masiero et al.
2014).

CPM

Continuous passive motion devices were found to evoke significantly greater changes in shoulder and
elbow motor function and spasticity (elbow and wyis patient with chronic stroke (Hu et al. 2009), but

not in acute stroke patients (Volpe et al. 2004).

GENTLE/s

Only two studies were found to report betwegmoup statistics when using GENTLE/s devices in the
chronic stroke populationThe resultsdemonstrate a lack of superiority of the robotic device over
standard arm therapy regarding upper limb motor function and manual dexterity (Timmermans et al.
2014, Lemmens et al. 2014).

Amadeo

One study evaluating chronic stroke individuals showed ndfiignt difference between patients using

the Amadeo for active robot training and those performing passive therapy on functional motor outcomes
and spasticitfHuang et al. 2012)

ARM Guide
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The ARM Guide was found to improve reaching smoothness atadgehwhile the speed, range and
straightness of arm reach was not different than when reaching was unassisted (Kahn et al. 2006). More
studies are needed to determine the efficacy of this device on motor function across all phases of stroke.

Exoskeletons

Susanto et al. (2015) found that a hand exoskeleton was beneficial at improving motor function compared
to task therapy without the robotic deivice in a sample of chronic stroke individuals. Conversely,
Reinkensmeyer et al. (2012) found no bénhof using an arm exoskeleton to improve grip strength,
manual dexterity, or motor function.

Summary

Summarizing the results from the above studies can be challenging as a variety of devices were assessed
using patients in the acute, stdzute and chraic stages of stroke. The majority of these studies were

also not adequately powered as many were pilot trials and functioned to evaluate the preliminary
efficiency of a particular device with respect to its effect primarily on upper limb motor function
Furthermore, spasticity was naonsistently evaluated across the different devices

Robotassisted therapy was evaluated in a systematic review and-aveddysis by Noroutsheidari et al.
(2012)wherethe results of 12 studies were pooled for analy§istcomesssuch as the Fuglieyer, FIM,

Motor Power scale and the Motor Status scale were extracted and the effect sizes estimated. The
methodological quality ranged from 2 to 7 on the PEDro scale. From the 12 studies, six evaluated the
effets of the MITManus, two evalutated the MIME, and the reinimg 4 evaluated a different robotic
device each (i.e. REHAROBNREX, ARM Guide, and the NeReBot). When the robotic therapy was
delivered in addition to the conventional therapy, the effect significantly fasduhe robotic therapy
when the FugMeyer was considered. However, further analysigealedthat this effect may have been
driven by the fact that the majority of the studies were evaluated in an asutecute population and all

of which were positivedr the robotic device, and only one study evaluated eonft stroke population
showing no significant effect of the intervention. When the robotic device was dethviarplace of the
conventional therapy, no signifialverall effect regarding the Fulyleyer was found, regardless of the
stroke phase. Whether the robotic therapy was delivered in addition to conventional therapy or instead
of it, no significant effect was found regarding the FIM. Conversely, a significant effect favouring the
robotic therapy was determined when the intervention supplemented conventional therapy as measured
by the Motor Power Scale, but not when the intervention substituted conventional therapy. A similar
effect resulted when the studies were pooled for the Motor Status S¢al@uring rehabilitation with a
robotic device in addition to conventional therapy. This study therefore suggest that robotic devices may
be more beneficial for rehabilitation when they are additional to conventional therapy. Furthermore, not
all strokepatients may benefit from using a robotic device for upper limb rehabilitation and therefore
stroke phase is to be considered prior to providing the intervention.

A recent systematic review identified 34 RCTs of low to very low quality which evaluattdemin
different electromechanical assisted devices for their efficacy at improving upper limb motor function
(Mehrholz et al. 2015). Results demonstrate that robotic devices targeting arm and hand movement
allowed for improvements in activities of dailyitig and recovery of impaired function and muscle
strength (Mehrholz et al. 2015).

Conclusions Regarding Robotics in the Rehabilitation of the Upper Extremity

There is level 1a evidence thabnventional therapy supplemented Wi therapy involving robotic
devicesmay be beneficial at improving upper limb motor functioMore studies are needed to
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determine whether patients in all stroke recovery stages can benefit from using robotic devices for
improving impaired upper limb motor function.

Training with robotic devices may improve upper extremity motor functidmowever, more studies
are warranted to determine the effect on various stroke recovery stages.

10.4 Virtual Realitand Computer Brain Interface Technology

Virtual reality (VR) also known as virtual environment, is a technology that allows individuals to
experience and interact with tke-dimensional environments. The most common forms of virtual
environments simulators are headounted displays (immersion) or with conventional computer

monitors or projector screens (nonimmersiofgisto et al. 2002)According tdMerians et al(2002) a

computerized virtual environment has opened the doors o @X SESNODA &S Sy OdANRBYYSyYy
intensity of practice and positive feedback can be consistently and systematically manipulated and
enhanced to create the most appropriate, individualized mt#arming approach. Adding computerized

VR to computerized motor learning activities provides a tdigensional spatial correspondence

between the amount of movement in the real world and the amount of movement seen on the computer
screen. Thisexact iS5 A Sy G GA2y ft26a F2N) GAadzad € FSSRol O1 |y

104.1 Virtual Reality(VR)

Henderson et al2007)conducted a systematic review that included 6 studies evaluating immersive and
nonimmersive VR technologyr rehabilitation ofthe upper extremity. The authors concluded that
immersive VR @y be more effectiveat improving upper limb functiosompared no therapy, while the
results from studies examining nonimmersive && conflicting.

Saposnik and Levin (20kbnducted a sysimatic review and metanalysis of virtual reality including the

results from 12 studies, 5 of which were RCTs. In an analysis restricted to RCTs, VR was associated with
significantwithin-groupimprovements of 13.7% to 20% in impairment level measufb#\(scores, speed

of arm movement, range of motigrand force) compared withvithin-group improvements of 3.8% to

12.2% among patients in the control groups. In the analysis restricted to observation studies with no
control group, there was a 14.7% improvement in terms of impairntevel measures and 20.1% in

motor function.

A Cochrane revig, whichincluded results from 19 RCTs (565 subjeats)of which 8 examined upper

limb training, reported a moderate treatment effect for arm function (SMD=0.53, 95% CI 0.25 to 0.81)
(Laver et al. 20110nly two of the studies used readily available owencial devices (Playstation EyeToy
and Nintendo Wii)while the remainder used customised VR programs.

In a recent systematic reviewaver et al(2015)sought to determinghe efficacy of virtual reality on
upper limb motor function. In total, 37 trigwere included in the analysis, consisting of 1019 participants.
The results revealed that there were no significant effects of virtual reality on grip strength or global motor
function. The authors also noted that the participants were relatively yamdjin the chronic phase of
stroke (>lyear), therefore the effectof virtual realityduring the acute phase of strok&ould not be
determined

Table 10.4.1.S5ummary of RCTEvaluatingVirtual Reality Technology
Author, Year Intervention Main Outcome(s)
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Study Design (PEDro Score

Sample Size
Crosbie et al(2012)
RCT (8)

N=18

Choi et al(2014)
RCT (8)
Nstar=20

Nen=20

Saposnik et a(2010)
RCT (7)

N=22

Fan et al(2014)
RCT (7)

Nstar=27

Nen=20

Lee et al(Choi et al. 2014)
RCT (7)

Nstar=64

Nen=59

Yavuzer et a2008)
RCT (6)

N=20

Lee & Chuif2014
RCT (6)

Nstar=64

Nen=59

Kiper et al(2014)
RCT (6)

Nstar=46

Nen=44

Thielbar et al(2014)
RCT (6)

Nstar=14

Nen=14

Lee et al(2013)
RCT (6)

Nstar=14

Nen=14

Fluet et al (2015)
RCT (6)

Ngart=21

Neng=16

Shin et al(2015)
RCT (6)

Nstar=35

Nen=32

Jang et a(2005)
RCT (5)

E:Virtual reality training 1
C: ©nventional therapy q

E: Virtual reality therapy
C: Occupational therapy

E:Nintendo Wii gaming system
C: Rcreational therapy

= (= A e _a _—a _a _a _a _a

E1: Virtual reality
E2: Occupational therapy

E3: placebdoard game 1
C: Control
E1: Transcranial direct current stimulatior
(tDCS) f
E2: Virtual reality 1
C: Occupational therapy il
1
E:Playstation EyeToy games 1
C: @nventional therapy 1
El: tDCS f
E2: Virtual reality training 1

E3: tDCS + virtual reality

E: Reinforced feedback in virtual 1
environment 1
C: Traditional rehabilitation 1
E: Virtual reality glove 1

C: Occupational therapy

E: Virtual reality games 1
C: Control conventional therapy 1
1
E: Virtual reality training 1
C: Repetitive task training q
1

E: Conventional therapy + virtual reality |1
rehabilitation q
C: Conventional therapy

E:Virtual reality training 1
C: N Virtual reality training. 1

Result

Motricity Index )
Action Research Arm Tes} (

Fugl Meyer+)

Box and Block Tesd(

Manual Function Test)

Grip strength {)

Modified Barthellndex ¢)

Korean Minimental State Examination)(
Wolf Motor Function Test (+)

Box and Block Tesd(

Stroke Impact Scale)(

Contractions of biceps bracii: E1 vs E3 (+),
vs. C (+), El vs. EP (

Flexor carpi radialis contraction: E1 vs. C (4

Manual Function Test: E1 vs. E2 (+)
Fugl Meyer Scorgr)

Manual Muscle Test)

Box and Block Tesd)(

Modified Barthel Index-{
Brunnstrom score-J

FIM: selfcare (+)

Manual Function Test (+)
Fugl Meyer Score (+)

Fugl Meyer Score (+)

FIM (+)

Kinematic characteristics (velocity): time (+)
peak (+), speed)

Action Research Arm Tes} (

Manual Muscle Test)
Modified Ashworth Scale)(
FIM €)

Fugl Meyer Score)(
Wolf Motor Function Test)
Reaching trajectory smoothnes$ (

Fugl Meyer Score)(
Short Form Health Survey: role limitation (+

Box and Block test (+)
Fugl Meyer Score (+)
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N=10 f Manual Function Test (+)

Lee et al(2014) E: Asymmetric training using virtual realit|§ Fugl Meyer score (+)
RCT (5) C: Symmetric movements with both hand 1 Box and Block test (+)
Nstar=30 and no virtual reality training 1 Grip strength (+)
Nend=24 1 Modified Ashworth Scale)

1 Range of Motion: flexion (+), extension (+),

deviation ¢)

Duff et al (2013) E: Virtual reality reaching therapy 1 Fugl Meyer (+)
RCT (5) C: Control standard treatment 1 Kinematic impairment measure (+)
Nstar=25
Nen=21
HyeonHui et al(2013) E: Virtual reality training 1 Rangeof Motion: shoulder flexion (+),
RCT (5) C: Occupational therapy shoulder extension (+), shoulder abduction
Nstar=40 (+), elbow flexion (+), wrist flexion (+)
Nend=35 1 Fugl Meyer (+)

1 Box and Block test (+)
Shin et al(2014) E: Occupational therapy + virtual reality |1 Fugl Meyer Score)(
RCT (5) training 1 Modified Barthel Index
Nstar=103 C: Occupational therapy 1 Range of Motion-}
Nen=93
Yin et al(2014) E: Virtual reality + conventional therapy |1 Fugl Meyer Score)(
RCT (5) C: Conventional therapy 1 Action Research Arm Tes})
Nstar=26 1 Motor Activity Log+)
Nen=21
Lam et al(2006) E1:2DVR computer based training 1 Mass Transit Railwayskills €), seltefficacy )
RCT (4) programme
N=58 E2: \{deo modellingbased

psychoeducational programme
C: @ntrol

Broeren et al(2008) E:Semiimmersive workbench with haptic |1 Box and Block Tesd)(
RCT (3) and stereoscopic glasses 1 ABILHANDY
N=22 C: N VR treatment 1 TrailMaking Test-

1 Kinematics (+)
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Virtual reality training is an innovative new treatment pgpach, which may enhance cortical
reorganization following strokélhe studies evaluated in this review include patients from all phases of
stroke, however, the majority evaluate the effects of virtual reality in chronic stroke patients. The RCTs of
highquality (i.e. PEDro > 6) den&trate no significant benefif virtual reality while thelow quality trials
report conflicting findingsput with positive effectsof virtual reality on improvingipper limb motor
function in chronic stroke patient@\lithe studies evaluating the benefits of virtual reality in acute stroke
were ofhighquality. The findings of these studipsoduced conflicting results when analyzing #féects

of virtual reality on upper limb impairments when compared to conventionaldps. With the exception

of one RCT dbw quality, all studies were underpowered, therefore results are to be interpreted with
caution.

Conclusions Regarding Virtual Reality Technology
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There is level 1a evidence that virtuadality may not improve upper limb motor function in the chronic
stroke phase

There is conflicting level 1a evidence regarding the effect of virtual reality in asutbacute stroke
patients on upper limb motor function.

Virtual reality therapy maynot improve upper limb motor function in chronic stroke patients.

The evidence for the use of virtual reality in acutebacute stroke patients is currently unclear.

10.4.2 Computer Brain Interfac& echnology(CBI)

Computerbrain-interface (CBIl)technology has only recently emerged as a potential rehabilitative
treatment option for stroke patients. Thus far, only a few studies have evaluated the effects of this
technology on upper limb motor impairments

The results of controlled trialsvaluating CBI areummarized imMable10.4.2.1

Table 10.4.2.1Summary ofControlled TrialsEvaluatingComputer Brain Interface Technology for the
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result

Sample Size

RamosMurguialdayet al.(2013) | E: Brain machine interface 1 Fugl Meyer Score: arm and hand (+)

RCT (9) C: Sham

Nstar=32

Nen=30

Ang etal. (2014) E: Computer brain interface (CBI) with |1 Fugl Meyer Score)(

RCT (8) haptic knob (HK)

Nstar=22 C: HK vs. standard arm training (SAT)

Nen=21

Kasashimsshindo et al(2015) E: tDCS + computer brain interface 1 Fugl Meyer Score)(

PCT C: Computer brain interface 1 Modified Ashworth Scale)

Nstar=18

Nen=16

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

Discussion

The use ofCBI technologys still relatively new and largely untested. Currently, only two RCTs, one
prospective controlld trial, and one prepost studyhave beerconducted to evaluate the benefits of this
method, the results of whichare mixed. The studies were also poorly powered despite their good
methodological quality. The results of the two RCTs are conflighing et al. 2014; Ramddurguialday

et al. 2013) while both theprospective controlled triahnd the pe-post study fail to show significant
benefits of usingCBltechnology to rehabilitate impaired upper limb motor functi@iRasashimshindo

et al. 2015; Young et al. 20148)ore studies are needed to determine how and if this technology is useful
to faciitate upper limb recovery.

Conclusions Regardingomputer Brain Interfac&echnology
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There isconflicting level 1a evidenceregarding the effect ofcomputer brain interfaceechnologyon
upper limb motor function posstroke.

The use of computebrain-interfacetechnologyis largely unstudied and more research is needed to
determinewhether or not t is a beneficial therapy for improving upper limb motor function.

10.5 Treatment for Spasticity or Contracture in the Upper Bxitye

Stroke survivors often display a constellation of signs and symptoms that together constitute the upper

motor neuron syndrome. The syndrome catsiof negative signs includingeakness, loss of dexterity,

fatigue, and positive signs including incregsmuscle stretch reflexes, abnormal cutaneous reflexes and
spasticity. Spasticity is classically defined as a velocity dependent increase of tonic stretch reflexes (muscle
tone) with exaggerated tendon jerks. Spasticity can be painful, interfere withifunat recovery in the

upper extremity and hinder rehabilitation efforts. Howeveéallichio(2004)cautioned that a reduction in

spasticity desnot necessarily lead to improvements in functiadfan Kuijk et al(2002)noted that for

most stroke patientsg X a LI aGAOAGe A& | @FNAIo6fS LKSy2YSy2y Ay
IANRdzLJAZ YR UGKSNBT2NBx 2¢ (GKNBakKz2ft R | yp&thed NBE JS NE
preferable first optios.

A study byWatkins et al(2002)reported that 39% of patients with a firgtver stroke were spastic 12
months after their strokeSommerfeld et al(2004)reported that of 95 patients assessed initially (mean
5.4 days) after an acute stroke, 77 (81%) were hemiplegic and 20 (21%) vastiE.sPverall, upper
extremity spasticity alone (n=13) was more common than lower extremity spasticity alone (n=1) or
spasticity in both upper and lower extremities (n=6). At three months-ptveke, 64 patients (67%) were

still hemiparetic, and 18 (19%ere still spastic. At that point, there were more patients with spasticity in
both extremities (n=10) than in the upper extremity alone (n=7) or in the lower extremity alone (n=1). The
authors also reported that severe disabilities were found in almbst $ame number of nonspastic
patients as spastic patients.

There are a number of interventions used for limb spasticity. These include oral antispasticity agents,
injections of phenol to motor nerves or alcohol to muscle bellies, and physical modaditiels as
stretching, orthoses, casting, cold application and surgery. The mainstay of treatment for spasticity has
been physical therapy. Traditional pharmacotherapies for spasticity include centrally acting depressants
(baclofen, benzodiazepines, clonidjnand tizanidine) and muscle relaxants (dantrolene). There is
evidence from RCTs published intt@ n Qa19ty®Ra G KF G GKSaS GNBLFGYSyda ||
in treating spasticity anthosthave negative side effects of weakness and sedatitimthe exception of
dantrolene More recently, Tizanidine hydrochloride was used to successfully treat spasticity among 47
chronic stroke patients, although, due gonumber ofside effectdi.e. elevated transaminases, dizziness,
lethargy, and hypertensiondnly a small percentage of patients reached the maximum daily (@sker

et al.2001) Motor point or nerve blocks with phenol or alcohol have been used but are often associated
with variable success rates, and high rates of neuropathic pain. Botultodin type A, a potent
neurotoxin that prevents the release of acetylcholine from the-gyaaptic axon, has more recently been
studied as a potentially useful treatment for stroke related spasticity. Intrathecal drug therapy refers to
the injection of a dug into the subarachnoid space of the central nervous system and requires the
implantation of a programmable device into the subcutaneous tissue surrounding the abdominal wall.
Intrathecal baclofen, the most commonly used intrathecal drug for relieviagtspty associated with
stroke has not been well studied, particularly for spasticity of the upper extremity.
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10.5.1 Splinting
Splints have been widelysed in clinical practice with the aim of the prevention of contractures and
reductionof spasticityhowever, they have not been wedtudiedto date.

In a systematic review b$teultjens et al(2003) the authors concluded that based on the results of 2
RCT¢Langlois et al. 1991; V. Rose & Shah 19Bgasecontrolled trailsqtMcPherson et al. 198B00le et

al. 1990)and one uncontrolled tria{Gracies et al. 200@here was insufficient evidencat the time of
publication to support the effectiveness of splintifuy decreasing muscle tone.

Tyson and Kenf2011)conducted a systematic review on tledfect of upper limb orthotics following
stroke, which included the results from 4 R@md representd 126 participants Overall, he treatment
effects associated with measures of disability, impairment, range of motion, pain, and spasticity were
small and not statistically significant.

The results of RC&saluating splinting interventions are summarized able10.5.1.1.

Table 10.5.1.5ummary of RCTBvaluatingSplinting Therapiesor Spasticity in the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Desig{PEDro Score) Result
Sample Size

Lannin et al(2003) E: Hand splint + conventional thera|1 Contracture: wrist+), fingerflexor muscles-{
RCT (8) C: Conventional therapy
N=28
Lannin et al(2007) E1: Extension splint 1 Contracture: wrist+)
RCT (7) E2: Neutral splint
N=63 C: No splint
Basaran et al(2012) E1: Volar splint 1 Modified Ashworth Scale)(
RCT (6) E2: Dorsal splint 1 Passive range of motionr)(
N=39 C: No splint
Suat et al(2011) E: Hand splint 1 Functional Reach Tes) (
RCT (6) C: No splint
Nstar=19
Nen=19
Rose et al(1987) E1: Dorsal orthosis 1 Passive range ofotion: dorsal/volar vs. control (+
RCT (4) E2: Volar orthosis 1 Spontaneous flexion: dorsal vs. control (+), volar
N=30 C: No orthosis control ()
Jung et al(2011) E: Hand stretching/splint device |1 Modified Ashworth Scale (+)
RCT (4) C: No splint
Nstar=21
Nen=21
Langlois et al(1991) E1: Spint 22hr/d  Spasticity <)
RCT (3) E2: Splint 12hr/d
N=9 E3: Splint 6hr/d

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

Discussion
SevenRCTs were identified examining the beredit splinting. The focus of each of these studies was
different (finger, wrist and elbow). Most of the studies failed to support the benefit of splinting in reducing
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spasticity avoidingcontracture and improving arm rea¢Basaran et al. 2012; Jung et2011; Langlois

et al. 1991; Lannin et al. 2007; Lannin et al. 2003; Rose & Shah 1987; Suat et g&ha20freatment
periods, typically from 46 weeks and underpowered studies may have contributed to the negative
findings.

Conclusions Regarding Spling

There is level 1a and level&idence that splinting does not reduce the development of contracture
nor reduce spasticityn the upper extremity; however, it may improve passive range of motion.

Hand splints alone do not reduce spasticity or preveontracture.

10.5.2 Stretching Programs to Prevent Contractiermation

Spastic contracture following strokelates tohypertonicity or increased active tension of the muscle.
Contracture may also occur as a result of atrophic changes in the mechamiparties of muscles. Since
surgery is the only treatment option once a contracture has developed, prevention is encouraged.
Stretching may help to prevent contracture formation and, although -aetiepted as a treatment
strategy, has not beethoroughly studiedas of yet

Table 10.5.2.1Summary of RCTEvaluatingStretching Programs to Prevent ContractuR®rmation in
the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Tseng et al(2007) E1: RN assisting 1 Joint angles: RN groups vs. usual are (+)
RCT (7) E2: RN supervising 1 Activity function: RN groups vs usual care (+
N=59 C: Usual care
Kim et al (2013) E: Hand modified stretching device 1 Modified Ashworth Scale (+)
RCT (6) C: Control
Nstar=15
Nen=15
You et al(2014) E1: Stretching program + joint stabilizingy Muscle thickness: E1 vs. C (+), E1 vs. E2 (+]
RCT (5) exercise (combo) vs. CH
Nstar=45 E2: Stretching program 1 Arm function: E1 vs. C (+), E1 vs. E2 (+), E2
Nen=41 C: Traditional therapy ¢)

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

Discussion

Few studies have been published examining the benefit of stretching regioethe prevenion of
contracture formationTseng et al2007)found that having a nurse assisting with or supervising exercises
wassignificantly more beneficial thathe provision olusual caren terms ofimprovement injoint angles

and activity function. Spasticitywas also improved followingse ofa hand modified stretching device
compared to the control group which did not receive a dei€an et al. 2013)Stretching with joint
stabiliation improved muscle thickness and arm function compared to traditionalay however, a
stretching program delivered alone wastmsignificantly different compared to conventional therapou

et al. 2014) Interestingly, all of the studies described above evalugtadicipants whowere in the
chronic phasegost stroke Triandafilou and Kampef2014)reported that stretching exercises involving
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range of motion were only beneficial for those in the subacute stroke segyélustrated by significant
changes on the Box and Block test (BBT) and on the Graded Wolf Motor FlrestdGWMFT), while no
significant effect were found in chronic stroke patients. However, grip strength improved in both
subacute and chronic stroke patients following stretching exes¢iBeandafilou & Kamper 2014)

Conclusions Regarding StretchingpBrams to Prevent Contracture Formation

There is level llevidence that a nursded stretching programmay improverange of motion in the
upper extremity and reduce pain in the chronic stage of stroke.

There is level 1b evidence that a hand stretchishgvice may improve spasticity in the upper limb.
There is level 2 evidence that supplementing stretching programs with joint stabilization exercises may

improve muscle thickness in the affected arm as well as arm function; however, no such effect is found
when the stretching programs are delivered alone.

Further research is needed to determine a stretching program that may improve upper [imb
spasticity.

10.5.3 Botulinum Toxin Injections

Botulinumtoxin works by weakening spastic muscles through blocttiegelease of acetylcholine at the
neuromuscular junctionThe benefits of botulinuntoxininjections are generally dosgependent and last
approximately 2 to 4 month@Bakheit et al. 201; Brashear et al. 2002; Francisco et al. 2@X2pson et

al. 1996 Smith et al. 2000)0One of the advantages of botulinutoxin is that it is safe to use on small,
localized areas or muscles, such as thogbenupper extremity. Unlike chemical neurolysis with phenol

or alcohol, botulinum toxin is not associated witkirs sensory loss or dysesthegi@uputtitada &
Suwanwela 2005Dynamic EMG studies can be helpful in determining which muscles should be injected
(Bell & Williams 2003)

Van Kuijk et al(2002)evaluated the benefit of botulinum toxin for the treatment apper extremity
spasticity with focal neuronal or neuromusculdockade. Thiseview included 10 studies (4 RCTs and 6
uncontrolled observational studies). The authors found that there was evidence of the effectiveness of
botulinum toxin treatment on rducing muscle tonea§ measured by thmodified Ashworth Scale) and
improving passive range of motion at all alrand levels in chronic patients for approximately 3 to 4
months. However, the authors concluded thathile overallthe effectivenessof botulinum toxin for
improving functional abilities was not justified, specific stroke groups may benefit from botutioxim
injections in the upper extremity.

While many controlled studies have demonstrated a reduction in spasticity following treatment with
botulinum toxin, it is less clear whether treatment is associated with improvement in upper extremity
function.Francis et al2004)suggested several reassfor these resultincluding thaunderlying muscle
weakness and not spasticity contribute to the limitation in function. Howettés,speculated that the
most likely reasons were insufficiently sensitive outcome measamdsunderpowered studies. Aeta
analysis by the same authors included the results from two R&kbeit et al. 2001; Bakheit et al. 2000)
whichsuggested that there was a benefit, albeit modestBTXA on improved function. The authors of
this review pooled the data and assesskd effectusingthe arm section of the Barthel Index (dressing,
grooming and eatingand reported a modest improvement in upper arm function following botulinum
toxin. Pooling was only possible for two RCTs due to heterogeneity of interventions anchestco
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Cardoso et al(2005) conducted a metanalysis inveggating BT>A as a treatment for upper limb
spasticity following stroke. They included five R@Ekheit et al. 2001Bakheit et al. @00; Brashear et

al. 2002;Simpson et al. 1996; Smith et 2000) and reported that there was a significantly greater
reduction in spasticity for patients who underwent BAXreatment compared to patients receiving the
placebo treatment, as measured by the modified Ashworth Scale and the Global Assessmerithgcale.
authorsconcludedthat BTXA reduces spasticity and that the treatment was tolerated well, although the
effects of longterm use of BT2A are unknown. Levy et dR007)reported additional benefits when a
course of constraininduced movement therapfollowed treatment with BT>A. Unfortunately the gains

in motor function were lost at the end of 24 weesiswhich pointspasticity returned.

A summary of the results from RChgestigating Botulinumaxin for spasticityis presented in Table
10.5.3.1

Table 10.5.3.1Summary ofRCTs Evaluatingotulinum Toxin Injection and Spasticity ithe Upper

Extremity

Author, Year Intervention Main Outcome(s)
Study DesignFEDro Scone Result

Sample Size
Seo et al(2015) El: 360 U NeBONTA 7 MAS: 4, 8, and 12 wik)(
RCT10) E2: 360 U Botox 1 Disability Assessment Scadp (
Nstar=196 9 Carer burden Scale)(
Nen=170 1 Global Assessment of interventidrenefit ()
Kaji et al(2010) E1: 120 U Botox 1 Modified Ashworth Scale: E2 vs. C2 (+), E1 vs)C1 (
RCT (9) C1: Placebo 1 Disability Assessment Scale: bgptoups (+)
N=109 E2: 200 U Botox

C2: Placebo

McCrory et al(2009)

E: 5001,000U of Dysport

The Assessment of Quality of Life scale: 20vk (

RCTY) C: Placebo x 2 occasions

N=96

Wolf et al (2012) E: 300U Botox + therapy 1 Wolf Motor Function test-

RCT9) C: Placebo +therapy

N=25

Gracies et af2014) E1: 10000 U Botox 1 Modified Frenchay Scalé) (

RCT9) E2: 15000 U Botox

Nstar=24 C: Placebo

Nen=24

Picelli et al(2014) E1: Injections undesonographic |1 MAS (wrist): all groups (+)

RCT8) guidance 1 Tardieu Spasticity angle: all groups (+)

Nstar=60 E2: Injection using electrical 1 PROM (wrist): all groups (+)

Nen=60 stimulation guidance 1 PROM (proximal interphalangeal jointa)t groups (+)
C: Injection using manual needle
placement

Shaw et al(2011) E: 106200 U Dysport + 4 weeks |1 ARAT scores)(

RCT8) therapy 1 Modified Ashworth Scale (+)

N=333 C: Therapy only

Bakheit et al(2000) E1: 500 U of Dysport 1 Modified Ashworth Scale: all groups at 4wk (+) and

RCT (8) E2: 1000 U of Dysport 16wk in the elbow and wrist anith the fingers E2 vs. C

N=82 E3: 1500 U of Dysport (+)

C: Placebo

Rivermead Motor Assessment: 4w, (L6wk ()
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Bakheit et al(2001)
RCT®8)
N=59

Simpson et al(1996)
RCT (8)
N=37

Simpson et al(1996)
RCT (8)

N=60

Hesse et a{2012)
RCT7)

N=18

Bhakta et al(2000)
Bhakata et al(2008)
RCT7)

N=40

Brashear et a{2002)
RCT7)

N=126

Smith et al(2000)
RCT(7)

N=25

Francisco et a(2002)
RCT7)
N=13 (10 stroke)

Brashear et al(2004)
RCT7)

N=15

Childers et a(2004)
RCT7)

N=01

Santamato et. a2015)
RCT(7)

Nstar=70

Nen=70

Meythaler et al (2009)
RCT6)

N=21

Sun et al(2010)
RCT6)

E: Total of 1000 IU of BtxA 1
(Dysport) into 5 muscles of the |1
affected arm

C: Placebo injections

= =2 =4 -4 -—a -

E1: Single treatment of 75 units
E2: 150 units
E3: 300 units of BTX

==

C: Placebo

E1:Up to 500 U of BK 1
E2: Tinzanidine

C: Placebo

E: 150U Xeomin + therapy 1
C: Therapy only 1

E: Total of 1000 IU Dysport (n=2( 1
C: Placebo (n=20) divided betwe(
elbow, wrist, and finger flexors |1

= |=2 =4 =4

E: Injection of botulinum toxin A
(50 units)

C: Placebo

E1: 500 units of botulinum toxin |
E2: 1000 units of botulinum toxin| §
E3: 1500 units of botulinum toxin| §
C: Pacebo

E1: High volume B¥X (50 unis/1 |1
mL saline:1.2 mL delivered per 4
muscles)

E2: Low volume BTX (100 units/1
mL saline)

E: 10000 U of BT& 1
C:Placebo

il
E1. 90U BTX 1
E2: 180U BTX 1
E3: 360U BTX 1
C: Placebo
E: 50200 U Botox + adhesive tap| 1
for 10d 1
C: 50200 U Botox + manual 1
muscle stretching q
E: 100 U Botox + therapy 1

C: Saline + therapy

=

E: 1,000 U Dysport + mCIMT |

Summed Modified Ashworth Scale score: 4wk (+)
Magnitude of benefit in wrist and finger joints: 16wk
follow-up (+)

Joint ROM: 4wk-)

Muscle pain: 4wk-

Goalattainment: 4wk {)

Barthel Index: 4wk-{

Elbow PROM: 16wk (+)

Decreasen wrist flexor tone: 300 BFX group at 2,4
and 6wk (+)

Global Assessment of Response to Treatment: alt B
A groups at 4 and 6wk (+)

Decrease in wrist flexor tone: BT at 6wk (+)

Modified Ashworth Scalscore (+)
REPAS (+)

Disability: 2 and 6wk (+)

Caregiver burden: 2, 6 and 12wk (+
MAS (finger): 2, 6, and 12wk (+)
MAS (elbow): 2wk (+)

Pain )

Associated reactions (+)
DisabilityAssessment scores: 6wk (+)

Modified Ashworth Scalet fingers: E1/E2/E3 (+)
Passive range of movement at wrist: E1/E2/E3 (+)
Finger curl distance at rest: E1/E2/E3 (+)

Modified Ashworth Scale: 4, 8 and 12wk (

Modified Ashworth scale: 2wk (+), 4, 8, 12, and 16w

)
Global Assessment of Changp (

Muscle tone:1-6wk (+)
FIM €)
SF36 ()

MAS (finger): 2wk (+), 1me)

MAS (wrist): 2wk (+), 1mo (+)

Finger position scores: 2wk (+), 1mo (+)

Disability Assessment Scale: 1mo (+)

Motor Activity Log: Quality of Use (+), Amount of Us

)
Ashworth Scale-)

MAS (+)
Motor Activity Log: Amount of Use (+)
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N=32 C: 1,000 U Dysport + conventioni

rehab
Jahangir et a{2007) E: 50 U Botox 1 Modified Ashworth Scale: 3mo (+)
RCT(6) C: Placebo 1 Barthel Index+)
N=27 7 EQ5D ¢)
Suputtitada & Suwanwela | E1: 350U BTX 1 Modified Ashworth scale: E2/E3(+)
(2005) E2: 500U BTX 7 ARAT: at 8wk and 24wk E2 (+)
RCT6) E3: 1000U BTX 1 Barthel Index: at 8 and 24wk E2 (+)
N=60 C: Placebo
Ward et al (2014) E: Ombotulinumtoxin A + standar| 1 Goal attainment scale: 12wk and 52wk @1wk and
RCT (6) care 24wk (+)
Nstar=274 C: placebo injections + standard | 1 Resistancéo passive movement: 24wk (+)
Nend=273 care
Werner et al(2013) E: 150 U BTA 1 MAS: at 4wk and 6mo (+)
RCT (4) C: No injections
Nstar=18
Nen=18
Santamato et al(2014) E: BoNTA injection using 1 MAS: wrist (+), fingers (+), flexor carpi radialis (+)
RCT4) ultrasound guidance
Nstar=30 C: BoNTA manual injection via
Nen=30 palpitation and anatomical
landmarks

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

Discussion

Assessing the effectiveness of botulinum toxin in the treatment of upper limb spasidifficult owing

to the broad range of doses and types of agents administered. Among the RCTs reviewed, many assessed
a single dose, administered to several sites, of botulinum toxin A as either D§sBotb>® or Xeomir®
versusplacebo. A single trialsaessed the benefit of Bype B (10,000 U BB) (Childers et al. 2004The

dose equivalent is approximately 3600 Units of Dysponvhich isequal 100 units of Boto¥O'Brien

2002) Among these trials, the results were ambiguous. The greatest bengktaapd to be realized in

the patients who received BotdBrashear et al. 2002)ho had reductions in tone and also experienced
improvement in functionajpassiveputcome. Patients treated with BB (MyoBloc) appeared to have the
poorest response to treatent (Childers et al. 2004Pne trial, the most methodically rigoro@glcCrory

et al. 2009evaluated the effectiveness of 2 doses of Botox, given 12 weeks apart, compared with placebo.
Shaw et al(2011)failed to find a benefit of treatment with BA onfunction, assessed by th&RAT
although spasticity was significantly reduced as was pain atyeae following injectionConversely, an
improvement in resistance to passive movement was found in a large tridldrg et al.(2014)when
OmabotulinumtoxinA was compared against placebo injections. When Botox was compared with Neu
BoNTA (i.e. Neuronoxa cheapter alternative to onabotulinumtoxipeatment of the same dosage, no
significant difference was found regarding spasticity disability or goahatient (Seo et al. 2015)

Several trials assessed the effect of several doses of botulinum toxin compared with plBe&heit et

al. 2000; Childers et al. 2004; Simpson et al. 1996; Smith et al. 2000; Suputtitada & SuwanweL2005)
to the smallsample sizes, many of the authors of these studies grouped the treatmegésher and
compared the effects with the placebo. This approach presented difficulties when attempting to
determine if escalating doses were associated with greater reductionaastisity.Generallyall doses of

BT resulted in reductiain muscle tone; however, increasingly higher dasssilted ingreater reduction

in muscle tone but a compromise becauses$ociated muscle weakening.
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Rosales et a(2008)conducked a metaanalysis to evaluate the effect of Botulinum Toxin Type A on upper
limb spasticity followingstroke. A total of 11 studies were included in the analysis, revealing thia¢ &t

6 week followup, treatment with Botulinum Toxin Type #as favoured over the edrol for treating
spasticity as measured by the Modified Ashworth Scale (MAS). Furthermore, the studies that evaluated a
change in the MAS score of more than 1 point were pooled for analysis, with results demonstrating a
significant effect favouring BotoX'he same effect was found when the Global Assessment Scale was
measured.

Conclusion Regding Botulinum Toxin Injections

There is level 1a evidendhat treatment with botulinum toxinalone or in combination with therapy
significantlyreducesspastidty in the upper extremityand overall disabilityin stroke survivors.

There isinconclusivelevel laevidenceregarding the effect ofbotulinum toxin treatment on upper
limb function.

Botulinum toxin decreases spasticitjhowever, these improvements d not necessarily result ir
better upper extremity function.

10.5.4 Electrical Stimulation Combined with Botulinum Toxin Injection
A single studywas found whichevaluated the efficacy of botulinum toxin injection combined with
electrical stimulationsummarized in Table 10.5.4.1

Table 10.5.4.1Summary ofRCT(s) Evaluatingombined Therapy with Botulinum Toxin Injection in tl
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scor Result
Sample Size
Hesse et al(1998) E1:1000unit Btx A + electrical f Muscle Tone Reductiorlbow jointfor E1 §)
RCT (7) stimulation 1 Reduction in difficulties while cleaning palm: E1
N=24 E2:1000 units of Btx A E2 and C (+)
E3:Placebo + electrical stimulation | §  Difficulties putting arm through sleeve: reduction
C:Placebo between botox groups vs. C (+)

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

Discussion

One study found that electrical stimulation in addition to botox reduced difficultigs cleaning the palm
compared toBTxA without stimulation or placebo, but not compared to placebo with electrical
stimulation(Hesse et al. 1998Dther dressing actionsuch as putting or®@ arm througha sleeve were
improved afterBTxAwhether supplemented with electrical stimulation or without, compared to placebo
(Hesse et al. 1998)

Conclusions Regardinglectrical Stimulation Combined witBotulinum Toxin Injections

There islevel 1bevidence that electical stimulation combined with botulinum oxin injection is
associated with reductions in muscle tone.
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Botulinum toxin in combination with electrical stimulation improvemuscletone in the upper
extremity.

10.5.5 Nerve Block and Spasticity

One method 6 decreasing spasticity is by injectiaécohol ophenol into a specific nerve (i.e. the
musculocutaneous nerve) thus decreasing spasticity of the innervated muscles. One of the side effects of
this treatment is a loss of sensation; therefore, this treatinés not widely used in clinical practice. A
commonly reported side effect is pajiong & Chua 1999)

Thus far, no RCTs were founwtlich haveinvestigatal nerve block therapy for spasticitidowever, to
pre-post studies rported that spasticity was iproved from baseline to pogherapy along with elbow
passive range of motion following intramuscular nerve block on the hemiplegic uppeflionly & Chua
1999, 2002)

Conclusions Regarding Nerve Blokleatment

There is levell evidence thatnerve bloclkswith ethyl alcohol improves elbow and finggrassive range
of motion and can decrease spasticity in the upper extremity in stroke survivors.

More research is neededtdetermine whether nerve block treatmerdecreass spasticity in the
upper extremity.

10.5.6 Physical Therapy in the Treatment of Spasticity

As previously mentioned, physical therapy is a mainstay in the treatment of spasticity. Common physical
modalities used in the treatment of spasticity include &theng, orthoses, casting, and cold application.

The results of RC&saluating physical therapy are summarized able10.5.6.1.

Table 10.55.1 Summary of Physical Therapy in the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scort Result
Sample Size
Horsley et al(2007) E: 30min daily stretch + routine retraining § Contracture {)
RCT (8) C: Routine retraining 1 Visual Analog Scale (VAS) (
N=40 1 Motor Assessment Scalé (
Carey(1990) E: Manual stretch 1 Joint movement tracking test)(
RCT (4) C: No treatment 9 Force tracking test)
N=24

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

Discussion

Two RCTs evaluated the effect of stretching therapy on spasticity and upper limb function. The results
showed no benefit of the treatment ovethe control regarding contracture, pain, and upper limb motor
function (Carey 1990; Horsley et al. 2007)
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Conclusions Regardinghysical Therapy

There idevel 1aand limited level Zevidence that physical therapgnay not improse motor functionor

contracture.

motor function.

Phystal therapymay not decrease spasticityor pain, or contracturepr improve upper extremity

10.5.7 Electrical Stimulation
Electrical stimulatiorprovided as anadjunctto physical therapy has been found to be an effective
treatment for lowerlimb spasticity (see Module 9). The mechanism of action appedrs telaxation of
agonist muscles and strengthening of antagonist mug8akin et al. 2012Thistreatment hasalsobeen

well studied in the upper extremitgnd to date, there are a number of RCTs that have evaluated the
effects of electrical stimulation on uppr limb spasticifiable 10.5.7. 1

Table 10.57.1 Summary ofRCTé&valuating Electrical Stimulatiofor spasticity

Author, Year

Study Design (PEDro Scort

Sample Size
De Jong et a(2013)
RCT(8)
N=46
Barker et al(2008)
RCT7)
N=33
Boyaci et al(2013)
RCT7)
N=31
Chan et al(2009)
RCT7)
N=20
Karakus et al2012)
RA(7)
N=28
Mangold et al (2009)
RCT(6)
N=23
De Kroon et al2004)
RCT(6)
N=28
Sahin et al(2012)
RCT (5)
N=42
Hara et al(2006)
RCT(5)
N=14
Hara et al(2008)
RCT(5)

Intervention

E: Arm stretch positioning + NMES
C: Sham stretchositioning + Sham NME

E1l: SMART Arm + NBE

E2: SMART Arm

C: Conventional therapy

E1l: Active NMES

E2: Passive NMES

C: Conventional therapy

E: Occupational therapy + NMES

C: Occupational therapy + placebo NME

E: Standard therapy + NMES
C: Standard therapy

E: Conventional therapy + NMES
C:Conventional therapy

E: NMES on wrist flexors + extensors
C: NMES on wrist extensors

E:Stretching + NMES
C: Stretching

E: Standard therap+ NMES
C: Standard therapy

E: Standard therapy + NMES
C: Standard therapy

Main Outcome(s)
Result

Modified Ashwoth Scalg-)

Modified Ashworth ScaleE1 vs. C (+); E2 vs. C

Spasticity (wrist flexor): E2 vs. C (+)

Modified Ashworth Scaleshoulder {), elbow ¢),

wrist ()

Modified Ashverth Scale elbow ), wrist ),
finger €)

Modified Ashworth Scaldinger flexor {), wrist
flexor ¢)

Modified Ashworth Scalg)

Modified Ashworth Scalét)

Modified Ashworth ScaleE (+)

Modified Ashwoth Scale E (+)

10. Upper Extremity Interventions

www.ebrsr.com

pg.740f 192


http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Combined+arm+stretch+positioning+and+neuromuscular+electrical+stimulation+during+rehabilitation+Jong+2013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Training+of+reaching+in+stroke+survivors+with+severe+and+chronic+upper+limb+paresis+using+a+novel+nonrobotic+device%3A+a+randomized+clinical+trial.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Comparison+of+the+effectiveness+of+active+and+passive+neuromuscular+electrical+stimulation+of+hemiplegic+upperextremities%3A+a+randomized%2C+controlled+trial.
http://www.ncbi.nlm.nih.gov/pubmed/19074684
http://www.ftrdergisi.com/uploads/sayilar/200/buyuk/97-1022.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19189940
http://www.ncbi.nlm.nih.gov/pubmed/?term=Electrical+stimulation+of+the+upper+limb+in+stroke%3A+stimulation+of+the+extensors+of+the+hand+vs.+alternate+stimulation+of+flexors+and+extensors.
http://www.ncbi.nlm.nih.gov/pubmed/21999668
http://www.ncbi.nlm.nih.gov/pubmed/17117002
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+home-based+rehabilitation+program+for+the+hemiplegic+upper+extremity+by+power-assisted+functional+electricalstimulation

N=20

Hesse et al(1998) E1: Botulinum toxin A 1 Modified Ashworth Scaleelbow €), wrist €),
RCT(5) E2: Placebo Botulinum toxin A finger €)

N=24 E3 Placebo Botulinum toxin ANMES

Kim & Leg2014) E1l: BINMES + mirror therapy f Modified Ashworth Scalewrist extensor ), wrist
RCT(5) E2: NMES + mior therapy flexor (), elbow extensor-§, elbow flexor {)
N=29 C: Usual care

Lin & Yar(2011) E: Standard therapy + NMES 1 Modified Ashworth Scalewk ¢), 3wk (+), 1mo
RCT4) C: Standard therapy (+), 3mo <), 6mo ¢)

N=37

Ring & RosenthdP005) E: Standard therapy + NMES f Modified Ashwoth Scalg-)

RCT3) C: Standard therapy

N=22

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

Discussion

Neuromuscular electrical stimulation (NMES) has been used in rehabilitation of both upper and lower limb
function and spasticity after stoke. A recent systematic review and +ae&dysis incorporating the studies
included above evaluated the effects of NBIBn upper limb spasticity (Stein et al. 2015). Findings show
that NMES was not more efficacious at improving wrist or elbow spasciticy compared to conventional
therapy (Boyaci et al. 2013; Chan et al. 2009; de Kroon et al. 2004; Hesse et al. 1998, eKi@D&4L
Mangold et al. 2009; Barker et al. 2008). Combining NMES with mirror therapy, botulinum toxin A, or
robotic devices (SMART Arm device) also showed no superior effect over the comparator therapy (Kim &
Lee 2014; Hese et al. 1998; Barker et al. 2008

Conclusions Regardinglectrical Stimulation Combined with Physical Therapy

There idevel laevidence thatneuromuscularelectrical stimulationmay not reducewrist or elbow
spasticity.

| Neuromuscular electricadtimulation (NMES) may not reduce wrist or elbow spasticity.

10.5.8 Shock Wave Treatment

Shock wave therapy has been demonstrated to effectively treat a variety of bone and tendon diseases by
reducing hypertonia and may be an attractive treatment option for strgladients compared to
botulinum toxin.

The results of one R@Valuatingshock vave thergy are summarized imable 10.5.8.1.

Table 10.58.1 Summary ofRCT(s) Evaluatifghockwave Therapy in the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scort Result
Sample Size
Sanatamato et af2013) E: Botox + extracorporeal shockwave | § Modified Ashworth Scale (MAS) (+)
Italy therapy f  Spasm Frequency Scale (+)
RCT (8) C: Botox + electrical stimulation therapy | §  VisualAnalogue Scale (+)
N=16
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- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

A single RCT reported on the superiority of shock wave therapy bwithlinum toxin injections for
improvingspasticityin the upper limb post strokgSantamato et al. 2013A single treatment of shock
wave therapy among a small group of patients with spasticity in the hand was effectively reduced for a
period of more tha 12 weeks, with no adverse effectsuggesting thashock wave therapynay be a
promising new treatment.

Conclusions Regarding Shock Wave Therapy

There idevel 1band level 4evidence that shock wave therapyay reduce tone in the upper extremity
and improve range of motion

Further research is needed to determine the benefits of extracorporeal shockwave therapy on upper
limb spasticity and function.

10.59 Centrally Acting Muscle Relaxants

Tolperisone is a centrally acting muscle relaxant, sinmilaaction to lidocaine, which acts by reducing
sodium influx through nerve membranes. It may be superior to other muscle relaxants in that it does not
cause sedation or muscle weakness, nor does it impair attemétaied brain functions. Tolperisone and

its analogue epersione have been used successfullytienpg with spinal cord injury

The results of one RGvaluating tolperisone for spasticity in the upper extremity post stroke are
summarized iMable 10.5.9.1.

Table 10.9.1 Summary ofRCT(s) Evaluatiribolperisone Therapyor Spastcitiyin the Upper Extremiy

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scort Result

Sample Size
Stamenova et al2005) E:Daily dose of 30800 mg of tolperisone| § Modified Ashworth Scale (MAS) (+)
RCT(8) C: Placebo
N=120

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

Discussion

One RCT found tha daily dose otolperisone was significantly more effective at reducing upper limb
spasticity than placebo injections when delivered over a period of 12 w&iksnenova et al. 2005)
Further research is needed to determine the effectaperisone for improving upper limb impaients
and contracture. Eperisongas found to improveipper limbmuscle tone in 75% of patients, while only
44% of patients improved in tone when receivingyophysiotherapyTariq et al. 2005)Currently, it is
unclear whetheleperisone issignificantlybeneficial for tone reduction in the upper extremity.

Conclusions Regarding Centrally Acting Muscle Relaxants

There idevel 1bevidence that tolperisoe may reduce spasticity following stroke.
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| Further research is needeo determine the benefits ofdlperisone on upper limb muscle tone.

10.6 EMG/Biofeedback

EMG@biofeedback uses instrumentation applied ao individua® a

Ydza Of S6a0

capture motor unit electrical potentials. As the instrumentation converts the potentials into visual or
audio information, theindividual has a visualdepiction or auditory indication of how much they are
activating thér muscl€s) Moreland and Thorson (1994) published a research overview and meta
analysison the efficacy of electromyographic biofeedback compared with conventional physical therapy
for upper extremity function in stroke patients. They concluded that neither therapy was sup&gor

the other.

The resultof RCTs evaluating EMG/biofeedback theramypresented in Table 1R.1

Table 10.6.1Summary of RCTEvaluatingEMG/Biofeedback Therapfor the Upper Extremity

Author, Year

Study Design (BDro Scorg

Sample Size
Crow et al(1989)
RCT (8)
N=40
Hemmen & Seele(R007)
RCT
N=27

Armagan et a(2003)
RCT (7)
N=27

Dorsch et al(2014)
RCT (7)

Nstar=33

Nen=30

You et al(2013)
RCT (7)

Nstar=18

Nen=16

ChangYong et al(2015)
RCT (7)
Nstar=44
Nen=40

Basmajian et a{1987)
RCT(6)

N=29

Cordo et al(2013)
RCT (6)

Intervention
E:EMG/Biofeedback Therapy 1
C:Sham EMG/biofeedback

E:EMG biofeedback + movement imagery
C:Conventional electrostimulation 1

E:EMG/Biofeedback Therapy
C:Sham EMG/biofeedback

E: EMG stimulation
C: Usual therapy

E: Mental training + EMG stimulation
C:FES

= —a —a _a

1
E: Target reachintraining with biofeedbacl
+ routine therapy 1
C: Routine therapy

E:EMG/Biofeedback Therapy
C:Physical Therapy using nefiacilitatory

= —a . _a _a

E: Visual feedback
C: EMG stimulation 1

E}

Main Outcome(s)
Result

Action Research Arm tegpost (4, 6wk follow
up ()

FugtMeyer Score(-)
Action Research Arm tesd) (

Active range of motion (+)

Changes in EMG surface potentials (+)
Brunnstrom stages)

Complex movement)

MAS §)

Manual Muscle Test)

Range of Motion-

MAS §)

Fugl Meyer Score (+)

Motor Activity Log: Amount of Use){Quality of
Movement )

Barthel Index+)

Fugl Meyer Score (+)

Wolf Motor Function Test (+)
Reach speed (+)

Reaching angle (+)

Maximum reach distance)(
Upper extremity function test-{
Finger Oscillation test)

Fugl Meyer Score)(
Flexion torque strength (+)
Extension strength-)
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http://www.ncbi.nlm.nih.gov/pubmed/3579530
http://www.ncbi.nlm.nih.gov/pubmed/?term=cordo+active+torque+2013

Nstar=46
Nen=43

Hurd et al (1980)
RCT (6)

N=24

Basmajian et a(1982)
RCT(6)

N=37

Inglis et al(1984)
RCT (5)

N=30

Kim et al(2015)
RCT (5)

Nstar=33

Nen=29

Greenberg & Fowlef1980)

RCTH)

N=20

Mroczek et al(1978)
RCT (5)

N=9

Rayegani et a{2014)
RCT (5)

Nstar=46

Nen=30

Bate et al. (1984)
RCT4)

N=16

Lee et al(1976)
RCT (4)

N=18

Prevo et al(1982)
RCT (3)
N=28

E:Actual myofeedback
C: $mulated myofeedback

E:EMG/Biofeedback Therapy
C:Physical Therapy using nedro
physiological approach
E:EMG/Biofeedback+ physiotherapy
C:Physiotherapy

E: Mirror therapy (MT) + Biofeedback FES
C: MT + FES without biofeedback

E:EMG/Biofeedback Therapy
C:Conventional Occupational Therapy

E:EMG biofeedback
C:Physical therapy

E: OT + EMG + biofeedback
E2: OF neurofeedback
C:OT

E:EMG
C: N EMG

E1:True myofeedback

E2:Placebo myofeedback

C:No myofeedback with conventional
training.

E:EMG/Biofeedback Therapy
C:Conventional Therapy

=

= = e —a e _—a _a

1

1

Box and Block Tesd(
Stroke Impact Scale)(

Active range of motiorf-)
Muscle activity {)

Upper extremity function test-{
Min rate of manipulation test-
9-hole peg test+)

Active range of motion (+)
Brunnstrom (+)

Muscle strength(+)

Grip strength (+)

Active elbow extension)

Range of Motion-}

Jebsen Taylor Hand Tesk (

Tracking task-)

Peak amplitude-}

Proximal and distagonists )

- Indicates norstatistically significant differences between treatment groups

+ Indicates statistically significant differences between treatment groups

Discussion

Over the pastfew years, more studieshave attempted to delineate the potential benefit of
EMG/biofeedback technologyithin the stroke rehabilitation fielddghteen RCTwere identified which
haveevaluated the effects of this technology on upper limb impairments and spasticity following stroke.
Overall, the evidencsuggests that biofeedback iugh EMG technologither delivered alone or in
combination with other treatmentsmay notimprove upper limb motor function, manual dexterity, or
spasticity. More high-powered RCTs areaequired to determine whether or not this method of
rehabilitation is beneficidbr improving other aspects of upper linfbnction.

Conclusions Regarding Efficacy of EMG/Biofeedback Therapy
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There is level 1a and level 2 evidence tiEGhbiofeedback therapymay notimprove upper extremity
motor function or spasticity

EMGhiofeedback therapy is not superior to other forms of treatment in the treatment of the
hemiparetic upper extremity.

10.7 Electrical Stimulation

10.7.1 Transcutaneous Electrical Nerve Stimulat{@ENS)

The application of electrical stimulation at a sensory level may help to enhance plasticity of the brain,
which in turn may help with motor recovei§gonde et al. 1998Robbins et al(2006)described the
current intensityof TENSo be beneath mtor threshold, although capable of generain I -anttJA y a
needles sensatign® { A YA f | NJ TEANSslot2dzieltindtdaugaNaBich toachiewe increased
afferent stimulation.

A Cochrane reviewomeroy et al(2006)examined the use of all forms of electrostimulation (ES) in the
recovery of functional ability following stroke. This review assessed the efficacy of functional electrical
stimulation (both as a form of neuromuscular retraining and as a form of neurdmsistorthosis),
transcutaneous electrical nerve stimulatihENS)EMG and electroacupunctur&e primary outcome
included nine measures of functional motor ability and two ADL measures. The review included four
planned treatment contrasts: 1) ES vs.treatment; 2) ES vs. placebo stimulation; 3) ES vs. conventional
therapy and 4) One type of ES vs. an alternative type of ES. With respect to the assessment of treatments
specific to the upper extremitgnd neuromuscular electrical stimulatipfive outcanes were associated

with a statistically significant treatment effect. With one exception, all of the pooled analyses were based
on the results from only one study. The results from pooled analyses with positive results are presented
in Table 10¢.1.1. Theauthors concluded that there was insufficient evidence to guide practice on the
efficacy of ES.

Table 10.7.1.1Pooled Analysis from 2006 Cochrane Review Assessing Efficacy of ES as a The
the Upper Extremity
Treatment @ntrast Standardized Mean Difference (95% ClI)
Outcome Assessed
ES vs. No treatment

Motor reaction time 1.18 (0.00, 2.37)
Isometric torque 1.02 (0.46, 1.59)
Box & Block test 1.28 (0.00, 2.56) *
Upper Extremity Drawing test -1.40 €2.25,-0.56) (favours ndareatment)
ES vs. Placebo
Jebsen Hand Function test feeding 1.36 (0.24, 2.48)
ES vs. Conventional Therapy No outcomes were statistically significant
Comparison of Different Forms of ES No comparisons conducted or reported

* All 3 studies includeih the pooled analysis were authored by the same person (Cauraugh)

Laufer & Gabyzo(2011)conducted a systematic review of the effectiveness of TENS for motor recovery,
including the findings from 15 studies. Seven of these studies examined treatments focused on the upper
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extremity, while two included both the upper and lower extremities. Tigority of studies recruited
participantsin the chronic stage of stroke. The outcomes assessed in these studies included movement
kinematics during reaching, pinch force, the Jeb$aftyor Hand Function testhe ARAT the Barthel

Index and the ModifiedMotor Assessment Scale. The authors stated while there was much variability in
the stimulation protocols and the timing and selection of outcome measures to enable definitive
conclusions, there was still evidence that TENS treatment, when combined Wihilieation therapies

may help to improve motor recovery.

Several trials have examined the use of TENS treatment in the restorationtof fanction following
stroke The results of RCTs evaluating TENS are presented in Table 10.7.1.1.

Table 10.7.1.Bummary of RCTs Evaluating TEdShe Upper Extremity

Author, Year Intervention Outcome
Study DesignREDrdScore)
Sample Size
Zhao et al(2015) E1: Transcutaneous electrical acupoint 1 MAS (wrist): Simulation groups vs. control
RCT (9) stimulation (TEAS) (100Hz) 2, 3, and 4wk, and 1mo (+)
Nstar=60 E2: Transcutaneous electrical acupoint 1 MAS (wist): E1 vs E2 at 2wk (+)
Nens=51 stimulation (TEAS) (2Hz) 1 MAS (wrist): E1 vs. E2 at 3 and 4wk and ¢
C: Sham stimulation 1mo ¢)
1 MAS (wrist): E2 vs Cat 4wk (+)
1 Disability Assessment Scai (
1 Global Assessment Scafe (
Johansson et a(2001) E1:Acupuncture 1 Barthel Index)
RCTY) E2: Highintensity TENS 1 Nottingham Health Profile-
N=150 C: Lowintensity TENS 1 Nine Hole Peg Tesd(
Ikuno et al (2012) E:Peripheral sensory nerve stimulation + tas| 1 Wolf Motor Function Tes{)
RCTY) specific therapy 1 Wolf Motor Function Test: Mean Time (+)
N=22 C: skspecific therapy 1 Box and Block Tes)(
1 Pinch Strength-{
1 Grip Strength
Klaiput et al(2009) E:Real 1 Action Research Arm tesd)(
RCT (8) C: ®am electrical stimulation
N=20
dos Santod-ontes et al E: Peripheral nerve stimulation 1 Jebsen Taylor Test (+)
(2013) C: Sham nerve stimulation
RCT (8)
Nstar=20
Nend=20
Kim et al (2013) E: TENS + task related training 1 Fugl Meyer Score (+)
RCT (7) C: Placebo + Task related training 1 Manual Function Test (+)
Nstar=30 1 Box and Block Test (+)
Nend=30 1 Modified Ashworth Scale)(
AuYeung et al(2014) E1: Electroacupoint stimulation 1 Hand grip strength: E1 vs. C (+), E2 vg),C
RCT(6) E2: Sham stimulation Elvs. E2)
Nstar=73 C: Conventional therapy (control) 1 Index grip pinch: E1 vs. C (+), E2 vs), E{
Nen60 vs. E29)
1 Action Research Arm Tes)
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Celnik et al(2007)
RCT (6)
N=9

Tekeoglu et al(1998)
RCTH)

N=60

Sonde et al(1998)
RCT (5)

N=44

Biitefisch et a(1995)
RCT (3)

N=27

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

Discussion

E1:Single session of peripheral nerve
stimulation

E2: N stimulation

C: Aynchronous nerve stimulation
E:Rehabilitation + TENS

C: Rhabilitation

E:TENS + physiotherapy
C: hysiotherapy

E: Enhanced specific therapy + TENS
C: Enhanced naspecific therapy

1 JebserTaylor Hand Function Tegthr) (+)
1 JebserTaylor Hand Function Te&4hr)(+)

1 Barthel Index (+)

1 Fugl Meyer (+)
1 Pain ¢

1 Barthel Index)
1 Grip strength )

1 Peak force of Isometric hand extensich (
1 Peak acceleration of isometric hand

extension {)

The immediate effectiveness of nerve stimulation was investigated by three studies using crossover
designs. BotiCelnik et al(2007)and Wu etal. (2006)reported significant improvements on the Jebsen
Taylor Hand Functon Test after just one session of Peripheral Nerve Stimulation (PNS; stimulation external

to the brain and spinal cord). Both studies adopted familiarization sessions in ordexvienp a learning

effect. Immediate improvements post treatment after stimulation of the paretic hand were repdiyed
Wu et al.(2006) Celnik et ali2007)noted significant reductions in Jebs&aylor Hand Function Teghe
after just 1 hour of PNS, thi improvements in functionality maintained for up to 24 hours following

treatment as well as a significant reduction in intracortical inhibition compared to no stimulation. It has

been suggested that intracortical inhibition is the result of GABAergigsinégssion, with previous
literature reporting a decrease in GABA concentration and inhibis@ssociated with motor learning

(Celnik et al. 2007 onforto et al(2002)studied the effect of nerve stimulation specifically on the median
nerve after a sigle sessionyithout additional strength or motor training, and reported a significant gain

in pinch muscle strength compared to a sham condition. The authors also noted that muscle strength was
also correlated with increasing intensity of stimulatitirhas also been suggested that PNS stimulates the
somatosensorygortex and elicits cortical reorganisation of the primary motor cortex, thereby modifying
motor function(Conforto et al. 2002; Wu et al. 2006)

PNS was further investigated by two RCTs. Alystonducted by dos Santé®ntes et al.(2013)

investigated a homdased stimulation device, the ReliefBand, a device similar to a wristwatch, that
delivered 31Hz of nerve stimulation with motor training. Although the primary outcome was safety and

feasijh t A1 & 2
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NBEJSI £ SR

AAAYATFAOLI YTt @

ANB I G 8

ReliefBand on the Jebsdraylor Hand Function Test compared to those in the sham ReliefBand condition.
However, it is unclear whether the control group did intfaxhibit a ceiling effect in motor function, or if

they noticed the lack of stimulation and therefore did not adhere to the prot¢dos Santog-ontes et
al. 2013) In contrast, lkuno et a{2012)reported no significant differences on all measures panng

PNS with taslspecific therapy versus taspecific therapyalone, although WMFT mean time was

significantly shorter in the former condition. It could therefore be suggested thatgpskific therapy,

such as CIMT, may be more beneficial, altholgmao et al.(2012)state that PNS may enhance the
plasticity changes exhibited by taskecific therapy. This is echoed thys Santod-ontes et al(2013)
who suggested that PNS augments the sensorimotor stimulation induced by motor training and therefore
optimizes neural networks that control upper limb movements.
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The combination of TENS with acupuncture, termed electroacupuncture, was investigated by two RCTSs.
Zhao et al(2015)reported a significant reduction of spasticity in the wrist when compatimg TENS
groups with a sham condition. Between the two TENS groups, 100Hz vs 2Hz, the 100Hz condition proved
to be more efficacious but only up to 2 weeks. Compared to the sham condition, the 100Hz intervention
remained significantly more improved up ta®nths (1 month post treatment). Zhao et &015)note

that although spasticity of the fingers did not demonstrate significant improvement, thisbmdye to

the level of dexterity and fine motor skill required and that a treatment period longer thareks may

yield more promising results. Ateung and HuChan(2014)examined electroacupoint stimulation and
reported significant improvements compared to conventional therapy in grip strength and grip pinch.
Despite the electroacupoint and sham stimitett groups demonstrating significant improvements from
baseline to post treatment on ARAT, no betwegoup were differences were found among the three
groups. It was suggested that conventional rehabilitation aims to achieve independence in ADLs with a
focus on mobility which may have allowed control group patients to adopt compensatory strategies and
therefore improve ARAT scorésuYeung & HuChan 2014)Conversely, a highuality multicenter RCT
conducted by Johansson et a(2001) compared TENS witha combined acupuncture and
electroacupuncture condition. Although all three groups improved significantly from baselinsntmth
follow-up, no differences were observed between the three groups. Lik&éung and H«Chan(2014)

the sham stimulation cadition did not differ significantly from real electroacupuncture stimulation. There
exists therefore the possibility that patients may be susceptible to a placebo effect; however, it is still
inconclusive whether a sham stimulation intervention can sigguifily mediate motor recover§Au-Yeung

& HuiChan 2014)Johansson et a{2001)suggest that the attention sham patients received may have
contributed to this, compared to a standard care or generic rehabilitation condition.

Conclusions Regarding Transcutaneous Electrical Nerve Stimulation

There is level 1b and level 2 evidence that treatment with TENS may improve hand dexterity and
function; however, this effect may not be translated to the upper extremity as a whole.

Thereis level 1b evidence that TENS may not improve disability or functional independence.

Treatment with transcutaneous electrical nerve stimulatiomay help improve impaired hand
function but not the entire upper extremity nor functional independence.

10.8 Neuromuscular electrical stimulation (NMES)

Neuromuscular electrical stimulation (NMES) can be used to improve motor recovery, reduce pain and
spasticity, strengthen muscles and increase range of motion following stkM&Ss a technique that
usestrainsof electrical pulses to generate muscle contraction by stimulating metons Three forms of
NMES are available: 1) cyclic NMES, which contracts paretic muscles esea stkedule and does not
require participation on the part of the patient; 2JectromyographyEMGQ triggered NMES, which may

be used for patients who are able to partially activate a paretic muscle and may have a greater therapeutic
effect; 3)Functional electrical stimulation (FE&hichrefers to the application of NMES to helphieve

a functional task FESan be used tamprove or restorevolitional grasp and manipulation functions
required for typical ADL@opovic et al. 2002pr can be intended as a permanent assistive device (i.e.,
neuroprosthesis) for helping patientegorm ADL.

RCTs evaluatinglectrical stimulationwere categorized according to chronicity of stroke. Patients were
considered to besuacuteif they had suffered a stroke within 6 months and chronic if their stroke had
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occurred greater than 6 months prior to inclusion in the study. The results are presented irsTa@&

and 10.8.3.

Table10.8.2Summaryof Studies Evaluating Electrical Stimulation (FES, NM&$e Hemiparetic Uppel
Extremity in Subacute Stroke (< 6 months)

Author, Year
Study DesignRFEDraScore)
Sample Size
Karakus et a2013)
RCT (8)
Nstar=28
Nen=28
Shimodozono et a(2014)
RCT (8)
Nstar=27
Nen=24
Kdima et al (2014)
RCT crossover (7)
Nstar=13
Nen=13
Powell et al(1999)
RCT (7)
N=60
Manigandan et al(2014)
RCT (7)
Nstar=24
Nen=24

Shindo et al(2011)
RCT (6)
N=24

Knutson et al(2012)
RCT (6)
N=21

Lin & Yar(2011)
RCT (6)

N=46

Hsu et al(2010)
RCT (6)

N=66

Intervention

E: FES standard rehabilitation
C:Standard rehabilitation

E1:ContinuousNMES + repetitive
facilitative exercise

E2 Repetitive facilitative exercise

C: Conventional therapy

E: Mirror therapy EEMGtriggeredNMES
first

C: Mirror therapy €MGtriggeredNMES
delayed

E:Cyclic electrical stimulation tahdard
rehabilitation

C: $andard rehabilitation

E1:Cyclic éctrical stimulation to
supraspinatus and posterior deltoid
E2:Cyclic éctrical stimulation to

supraspinatus, posterior deltoid, and long

head of biceps

E:EMGtriggeredNMES + splint
C: Qlint

E1: Contralaterally controlled FES
E2: Cyclic NMES

E:Cyclic NME$ standard rehabilitation
C: $andardrehabilitation

El: Highdose NMES (60 minutésgessior)
E2: low dose NME$30 minutegsessior)
C: N treatment

Main Outcome(s)
Result

1 Brunnstrom (+)
1 Motricity Index (+)
1 Modified Ashworth Scale)(

1 Fugl Meyer Score: all (+)
1 Range of Motion: all elbow extension (+), all
shoulder flexion), wrist flexion {)

1 Fugl Meyer Score (+)
1 Range of Motion: 4wk (+)

1 Action Research Arm tesgrasp(+), grip (+)

1 Shoulder subluxation (+)
1 Activeabduction range: without elbow flexion
(+), with flexion (+)

1 FugtMeyer Score: wrist/hand distal (+),
wrist/hand proximal {

1 Motor Activity Log+)

1 Action Research Arm Test (+)

1 Maximum finger extension angle)

{1 Trackingerror (% of AROM}X

1 Fugl Meyer Score)(

1 Box and Block Tesi)(

1 Arm Motor Abilities Test Score) (

1 FugtMeyer Score(+)

1 Barthel Index (+)

1 Fugl MeyerAssessment: at 4wk E1/E2 vs. C (+]
follow-up E1/E2 vs. C (+)

1 Action Research Arm Test: at 4wk E1/E1 vs),C
at follow-up E1/E2 vs. C (+)

 Grasp: at 4wk E1/E2 vs. 4, @t followup E1/E2
vs. C (+)

1 Grip: at 4wk E1/E2 vs. €, (at followrup E1/E2 vs
C(+)

1 Pinch: at 4wk E1/E2 vs. §, @t followup E1/E2
vs. C (+)

1 Gross Movement: at 4wk E2 vs. C (+), at 4wk |
vs. C+), at followrup E1/E2 vs. C (+)
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Kowalczewski et a(2007) E1:Highintensity FE®xercise therapy 1 Wolf Motor Function Test (+)

RCT (6) E2: Low intensity FEEercise therapy 1 Motor Activity Log+)
N=19 1 FugtMeyer Score(-)
Popovic et al(2004) E:Early(acute)FES 1 Upper Extremity Function tesacute(+)
RCT (6) C: elayed(chronic)FES 1 Drawing test acute(+)
N=41
Popovic et al(2003) E: FES 1 Upper Extremity=unction test (+)
RCT (6) C: Standardherapy 1 Drawing test (+)
N=28
Chae et al(1998) E:CyclicNMESor EMGtriggered NMES or | 1 FugtMeyer Score: post (+)1.2wk follow-up ()
RCT (6) EMGcontrolled NMES-routine
N=46 rehabilitation
C: %am stimulationt+ routine rehabilitation
Mangold et al(2009) E:FES 1 ADL subscore of Extended Barthel Indgx (
RCT (5) C: ®@nventional therapy 1 ChedokeMcMaster Stroke Assessmenj (
N=23
Thrasher et al(2008) E.FES conventional therapy 1 Rehabilitation Engineering Laboratory Hand
RCT (5) C: ®@nventional therapy Function Test (+)
N=21
Alon et al (2007) E:FES + task specific training 1 Box and BlocKest(+)
RCT (5) C:Task specific training 1 JebserTaylor light object lift (+)
N=15 1 Modified FugiMeyer: 12wk (+)
Francisco et a11998) E:EMGtriggered NMES standard therapy| 1 FugtMeyer Score(+)
RCT (5) C:Conventional Therapy 1 Upper extremity FIM scores (+)
N=9
Malhotra et al (2013) E: NMES 1 Passive Range of Motio# (
RCT (5) C: No stimulation
Nstar=90
Nend=65
Faghri & Rodgerd997) E: FES + conventional therapy 1 Range of motion (+)
RCT (4) C: @nventional therapy 1 Shoulder muscle tone (+)
N=26
Heckermann et a(1997) E:EMGtriggeredESt+ standardtherapy 1 Range of motion (+)
RCT (4) C: $andard therapy
N=28
Faghri et al(1994) E:Cyclic NNES+ mnventional therapy 1 Arm tone (+)
RCT (4) C:Conventional Therapy 1 EMG activity (+)
N=26
Bowman et al(1979) E:Conventional therapy + positional 1 Range of motion (+)
RCT (3) feedback stimulation therapy
N=30 C: @nventional Therapy

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

Table 10.8.Bummaryof Studies Evaluating Electrical Stimulation (FES, NM&$)e Hemiparetic Uppel
Extremity in Chronic Stroke (& months)

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scor Result
Sample Size
Gharib et al(2015) E: Percutaneous electrical 1 Modified Ashworth Scale (+)
RCT (9) stimulatio’NMES 9 Jebsen Taylor Hand Function Tést
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Nstar=40

Nen=40

Chae et al(2009)
RCT (8)

N=26

Chan et al(2009)
RCT (7)

N=20

Weber et al(2010)
RCT (7)

N=23

De Kroon & ljizerma(2008
RCT (7)

N=22

Boyaci et al(2013)

RCT (7)

Nstar=31

Nen=31

Kimberley et al(2004)
RCT7)

N=16

Ring & RosenthgP005)
RCT(6)

N=22

De Kroon et al(2004)
RCT (6)

N=30

Cauraugh and Kitf2003)
RCT (5)
N=34

Kim et al (2015)
RCT (5)
Nstar=33
Nen=29

Bayqutalp et al(2014)
RCT (5)

C: Sham stimulation

E1:Motor cyclic NMES or EMG
triggered NMES or EMGontrolled

NMES
E2: SensorfMES

E: Bilateral arm training + FES

l

l

C: Bilateral arm training + sham FE {

E:FES #otulinum toxinA+ home
based exercise program
C:Botulinum toxirA + homebased

exercise program

El: EM@riggeredNMES

E2: CyclitNMES

E1:EMGtriggered (ative) NMES

E2: Passive NMES
C: Control

E:EMGtriggeredNMES
C: Sham

E: Neuroprosthetic FES
C: Control

E1: Electical stimulation to the
extensor and flexor muscles
E2: Eletrical stimulation to the

extensors only

E1:EMGtriggered NMES Habcked

practice

E2:EMGtriggeredNMES + random

practice
C: Control (no NMES)

E1:FES with biofeedback +mor

therapy
E2: FES mirror therapy

C: Conventional rehabilitation
E: NMES + conventional therapy

C: Conventionaherapy

1
1

Range of Motion (+)

FugtMeyer Score(-)

FugtMeyer Score(+)
Functional test for the Hemiplegic Upper Extremity (4

Motor Activity Log+)
Action Research Arm Tes} (

Action Research Arm tes)

Fugl Meyer Score: E1 vs. C (+), E2 vs. C (+), E19s.
Motor Activity Log (Amount of Use): E1 vs. C (+), E2
C (), E1 vs. E2)(

Motor Activity Log(Quality of Movement): E1 vs.(€},
E2 vs. G, E1 vs. E2)(

Spasticity (wrist flexor): E1 vs.-; E2 vs. C (+), E1 vs.
E2()

Spasticity (finger flexor): E1 vs.-; E2 vs. G)( E1 vs.
E2¢)

Range of Motion (active wrist extension): E1 vét)C
E2vs. C(+), E1vs. B2 (

Range of Motion (active MCP joint extension): E1 vs
(+), E2 vs. G)(E1 vs. E2)(

Grip strength: E1 vs. C (+), E2 vs),E( vs. E2)(

Box & Block test (+)

Motor Activity Log (+)

Jebsen Taylor Hand Function test (+)

Modified Ashworth Scores (+)

Box & Block test (+)

Jebsen Taylor Harfelinction test (+)

Arm Research Arm test)(

Motricity Index )

Ashworth Scale-)

Box and BlocKest E1 vs. C (+), E2 vs. C (+), E1 vs) |
Reaction timeE1 vs. C (+), E2 vs. C (+), E1 vs) E2 (

Sustained wrist/finger contractiarEl vs. C (+), E2 vs.
(+), E1 vs. E2)(

Box and Block Test (+)

Jebsen Taylor Hand test (+)

Stroke Specific Quality of Life (+)

Grip strength (+)

Modified Ashworth Scale: posf){ 2mo followup ()
Barthel Index-)

Brunnstrom {)
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Nstar=30
Nen=30

Doucet and Griffir{2013)

RCT (5)
Nstar=16

Nens=16

Hara et al(2008)
RCT (5)

N=20

Gabr et al(2005)
RCT (4)

N=12

Hara et a(2006)
RCT (4)

N=14

Cauraugh et a(2000)
RCT (4)

N=11

King(1996)

RCT (4)

N=21

Bhatt et al(2007)
RCT (3)

N=20

Inobe et al (2013)
PCT

Nstar=7

Nen=7

E1:High frequencyNMES40H2)
E2:Low frequencyNMES20H2

E: FES
C: Control

E:EMGtriggered NMES
C: Home exercise

E: FES
C: Control

E:EMGtriggered NMES +gssive
range of motion + stretching
exercises

C:Passive range of motion +
stretchingexercises

E: NMES

C: Passive stretch

E1:EMGtriggered ES

E2: Tracking training
E3:EMGtriggered ES + tracking
training

E: ES

C: ShanktsS

Pain: post (+), at discharge (+), at 2mo folop/(+)

Lateral pinch strength (+)
Minnesota Manual Dexterity Test (+)
Endurance of thumb adduction (+)

ROM (+)
Modified Ashworth Scale (+)

FugIMeyer Score(+)
Action Research Arm tes) (

Modified Ashworth Scale)(
Range of Motion (+)

Box and Block test (+)
Motor Assessment scale) (
FugtMeyer upper extremity -

Tone reduction (+)

Jebson Tapl tests §)
Box & Block test)
Fingertracking test {)

Fugl Meyer Score: upper extremities (+), distal and
proximal upper extremities (+)

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

Discussion

Among the studies evaluatinBESNMESin the subacute stage of stroke, most assessed the same
treatment comparisonglectrical stimulation versuphysical therapy aloner sham stimulation The
results indicated thaFEBNMESwas associated with improvements in motor functioange of motion,

ADL and dexterity in acute to subacute strok&n et al. 2007; Faghri 18291997 Francisco et al. 1998;
Heckermann et al. 1997; Karakus et al. 2013; Lin & Yan 2011; Popali2@03; Powell et al. 1999;
Thrasher et al. 2008)in the chronic phase, HRBMMESmay be advantageous at recovering impaired
manual dexterity, coordination and range of motion however, improvements in motor function in general
following FEBIMESare less clea(Bhatt et al. 2007; J. Cauraugh et al. 2000; Conforto et al. 2002; de Kroon
& ljzerman 2008; de Kroon et al. 2004; Inobe & Kato 2013; Kim & Lee 2015; N¢Bad2009; Ring &
Rosenthal 2005; Weber et al. 2010; Wu et al. 200@spite improvemats observed duringpoth phases

of stroke recovery, limited evidence indicates that recovery may be more significant when FES was
delivered early (<6months) compared to when it was delivered at a later chronic stage (>6 months)
(Popovic et al. 2004). Moresearch is needed to verify this effect.

Similarly,EMGtriggered and cyclimeuromuscular electrical stimulation (NME3¢ctrical stimulation
delivered to patients in the acutsubacute stroke phase led to improvements in upper limb functional
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impairments(Chae et al. 1998; Kojima et al. 2014; Shimodozono et al. 2014; Shindo et al Htf\éyer,

the findings are lesclear when range of motion is considered given that only elbow extension was found
to improve and not shoulder/wrist flexiowhen conthuous NMES was delivered in combination with
repetitive facilitative exercise in the subacute phase of str(feimodozono et al. 2014 individuals

with chronic strokea similar beneficial effect on upper limb motor function was found following EMG
triggered NMES or electrical stimulatiéBaygutalp & Senel 2014; Boyaci et al. 2013; Kimberley et al.
2004; King 1996)Jnlike in subacute stroke patients however, EMiGgered NMES was not found to be
superior to cyclic or passive NMES at improving upipdr motor function in the chronic phase (De Kroon

& ljizerman 2008; Boyaci et al. 2013)elivering highr frequency NMES (40Hzgvoked greater
improvementsin manual dexterity relative to logr frequencyNMES (20HZPoucet & Griffin 2013)

Three recentmeta-analyses have investigated the effect of NMES on functional recoverysiroke.

These studies include patients in the acute to chronic stagesiogke and protocols involving upper and
lower limbs. Nascimento, 2014 analyzed data from 16 RCTsamuiuded that there were significant
improvements associated with cyclic NMES on both strength and activity level after stroke (Nascimento
et al. 2014). This review used a broader definition of cyclic NMES that includettigly€eed NMESThe

effects weremaintained up to 36 weeks after 6 weeks of therapy when compared to no treatment or a
placebo (Nascimento et al. 2014). This review did not provide separate analysis for the upper extremity
studies.

A review of 18 RCTs by Howlett et al. (2014) incl@I®RLCTs of FES targeted for improvement of upper

limb function however, only 8 were analyzed. Outcomes used for analyses include those that reflect the
International Classification of Function domain of activity performance (i.e. Motor Assessment Scale for
Stroke (Baker et al. 2008), Arm Motor Ability Test (Daly et al. 2005), Box and Block Test (Faiasal &
Priyabanani Neha 2012; Page et al. 2012), Action Reserch Arm Test (Mann et al. 2005), Upper Extremity
Function Test (Popovic et al. 2003; 2004), and tludf Wiotor Function Test (Tarkka et al. 2011)). Due to

GKS @IFINAIFGAR2Y Ay 2dzi02YSa AyOf dzZRSRX GKS NBadz#Z Ga
demonstrate a significant effect favouring the FES treatment over the control therapy (i.e. nmérmtat

or placebo) on upper limb activity. Despite the positive findings, results are to be interpreted with caution

since all studies were poorly powered, and the methodological quality averaged to 5.5 (out of a total score

of 10 on the PEDro scale). Funthmre, 3 studies includkpatients in the acute phase sfroke, while the

remainder 5 studies evaluated patients in the chronic stage with a timegioste ranging from 6 to 46

months. Lastly, although alloutc@®® Y S| & dzZNE R a | Ol A #83desséhé Jame/adpectstof 2 dz
G OGAGAGREE 2N Fdzy OliA2yd C2NJ Ayaidl yO0Ss (GKS . 2E I YF
Extremity Function Test measures general upper limb function. Combining all measures does not provide

an accurate representain of the effect of FES on upper limb impairment following stroke.

Analyses involving only the upper limb in the most recent review showed that vaMiIiES treatments

had no effect on spasticity in the wrist or elbow, or on range of motion in the whgih combined with

other treatments (Stein et al. 2015). The only significant resals apositive relationship oNMESon

range of motion in the elbow. Among the limitations of these studies, a lack of blinding of therapists and
participants was most pwvalent. However, the authors noted that this may be considered as an inherent
drawback to studies involving a physically active intervention such as electrical stimulation. Other
problematic factors included a lack of allocation concealment and intesitieineat analysis, and the
inclusion of studies of low methodological quality and statistical power.

Conclusions Regardinge BNMESTherapyfor Upper Extremity
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There is level 1a and level 2 evidentat FEBNMESmay improve upper limb motor function, range
of motion, andmanual dexteritywhen offered in combination with conventional therapy or delivered
alone in subacute strokelThe evidence is also indicative of a beneficial effentrange of motion and
manual dexterity when FES/NMES wasffered to chronic stroke patients either alone or in
combination with other therapies. Despite improvements in baskages of stroke recoveryevel 1b
evidenceindicates that delivering FES early (<6 months) may be more baiefiat recovering
impaired motor function than delivering FES after 6 months pebke.

There is level 1a and level 2 evidence that both EM@gered and cyclic approaches to
NMES/electrical stimulation may improve upper limb motor function and rarafenotion in subacute

and chronic strokgatients; however, level 1a evidendadicatesno superior benefit of EM@iggered
NMES over cyclic or passive NMES at improving upper limb motor function in chronic stroke patients.

There is level 1b evidence thaoupling continuous NMES with repetitive facilitative exercise may be
beneficial at improving general upper extremity function and range of motion during elbow extension
but not during shoulder or wrist flexion in subacute stroke patients.

The evidenceegarding the optimal intensity of FES exercise therapy is currently unclear.
There is level 1b evidence that high frequency NMES may be superior to low frequency NMES at

improving endurance of thumb adduction, lateral pinch strength and manual dexieiit chronic
stroke individuals.

Both functional electrical stimulation (FES) and neuromuscular electrical stimulation (NMES)|may
help improve impaired upper extremity motor function during the all phases of stroke (i.e. from ac¢ute
to chronic).

FES mape more beneficial at improving impaired motor function when delivered early (<6 months)
than late (>6 months).

There is no significant difference in the benefits observed following different NMES delivery
modalities (i.e. cyclic, EM®@iggered, and paswe).

109 Brain Stimulation

Brain stimulation has bedncreasinglhstudied as a means to improve motor recovery, particularly in the
hand, and to alleviate pain in chronic stroke. Both invasive andmasive methods are available.

10.9.1 InvasiveMotor Cortex Stimulation (MCS)

Since Tsubokawa et al. (199li3covered that stimulation of the motor cortesa implanted electrodes
wassufficient toinducemuscle contractionits use was extended to potentially treat various neurological
conditions intuding stroke. However, due to the invasive nature of this technique and the complications
associated with the procedure, the evidence for its use in the stroke population is limited. The trials that
have evaluated the use of invasive motor cortex stimatator improving motor function post stroke are
summarized in table 10.9.1.1.
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Table10.9.1.1Summaryof RCTs Evaluatingotor Cortex Stimulation for the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study DesignREDrdScore) Result

Sample Size
Brown et al (2006) E: Motor cortex stimulation 1 Fugl Meyer Scale (+)
RCT (6) C: Rehabilitation 1 Stroke Impact Scale (+)
N=10
Huang et al(2008) E1: Motor cortex stimulation (50Hz) 1 Fugl Meyer Score (+)
RCT (5) C1: Rehabilitation therapy 1 Box and Block Test (+)
N=24 E2: Motor cortex stimulation (101Hj 1 Stroke Impact Scale)(

C2: Rehabilitation therapy 1 Arm Motor Ability Test-J
1 Grip strength {)

Levy et al(2008) E: Motor cortex stimulation 1 Fugl Meyer Score (+)
RCT (5) C: Control 1 Arm Motor Ability Test (+)
N=24

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

Discussion

In dl three multicenter RGIMCSwas found to improve upper limb motor function post strolBrown

et al.(2006)reported efficacious gains for patients who received MCS compared to a control group who
received standard care, although the primary focus of the study was to assess the safety of MCS use.
Despite two patients withdrawing from the study due to infectidntention-to-treat analyses still
revealed significant improvements in Upgeéxtremity FugMeyer Assessment and Stroke Impact Scale
scores. In a later studyduang et al.(2008)reported a significant effect of group, with significantly
favourable gaingor the treatment groups on th&ugiMeyer Assessmergnd Box and Block Test (BBT)

but did not find a significant group by time interaction for these assessments, nor forrtheViator
Ability Test (AMATHuang et al(2008)suggest that the differenc&niBBT and AMAT may also have been
due to sensitivity of proximal performancAlthough grip strength did not show any improvement, the
authors suggest that gains may have been more proximal than ddtailarly Levy etal. (2008)reported
significant inprovementsin motor function measured by the Fuigleyer and the Action Research Arm
Test (ARATIN patients who received MCS compared to a controligrwho received standard care.

Despite these improvements, adverse events have also been reportedieangsateceiving MCS. Brown

et al.(2006)evaluated the safety of MCS and did not report any deaths or neurological deterioration, and
although there were two cases of infection, the authors stated that these were due to a protocol violation
and a faulty lad and therefore are not typical of the MCS itself. One seizure also occurred in the study
conducted by Huang et §R008) but the authors believe that it was caused by the anesthetic rather than
the treatment. Additional prospective multicergr doubleblind RCTs areeeded to establish definitive
dataregardingthe use ofMCSfor the recovery of impaired motor function post stroke.

Conclusions Regarding Motor Cortex Stimulation (MCS)

There idevel 1b and level 2vidence that MC&ayimprove upper linb functionbut not grip strength
following stroke.

Motor Cortex Stimulationvia implanted electrodes improves upper limb function in patients post
stroke; however, more studies are needed to estabilish definitive data regarding the effectivepess
and sakty of this technique.
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10.9.2 Non-Invasive Motor Cortex Stimulation

In the preceding section, the efficacy of motor cortex stimulation by surgically implanted devices in the
relief of central pain following strokésreviewed. Cortical stimulation can also be achievedimvasively
through the use of single or repetitive transcranial magnetic stimulation (TMS and rTM®rsctanial
direct-current stimulation (tDCS) to help improve motor recovery.

10.9.2.1Repettive Transcranial Magnetic StimulatiodTMS)

TMS is a novel approach to neurorehabilitation following stroke. TMS may be delivered in a single pulse,
in paired pulses or as repetitive trains of stimulation. Repetitive TMS (rTMS) produces effects sthich la
longer than the period of stimulation. When TMS is applied in the form of trains of stimuli (rTMS) to the
motor cortex, it can facilitate or suppress targeted regions of the brain, depending on the stimulation
parameters.Low stimulationfrequencies(1 Hz or lower) decreaseortical excitability and inhibit the
targeted cortex while high frequeng(10 to 20Hz) stimulation increases excitabitityd has a facilitatory

effect.

Thestimulationprocess is both painless and nimvasive and involves the use of @il that produces a
magneic fieldwhich passes throughhe skull to the cerebral cortexRepetitiveTMS induces sustained
increases in cortical excitability through mechanisms that are still not well defirdever inhibition of
the unaffected hemispheraheoretically resuls in decreasd inhibitory projectionsto the affected
hemisphergincreasing intracortical excitability within the ipsilesional cortical tissaeultimately would
translate into @ improvemet inmotor function (Fregni et al. 2006 Alternatively, excitatory rTMS may
target the affected hemisphere directly, thereby increasing intracortical excitafiayer & Celnik 2011)
RepetitiveTMS has also been used to identify those patients who might benefit flongterm motor
cortex stimulation longerm using implantable devices.

A recent metaanalysigHsu et al. 2012including the results of 18 RCTs and representing data from 392
patients, examined the effectiveness of rTMS for improving motor function following stroke. The authors
reported a clinically significant treatment effect. The outcomes evaluated includgdrfitapping tasks,

the Nine Hole Peg Test, hand grip strength and the Wolf Motor Function test. The treatment effects
associated \th treatment in the acute, sudicute and chronic stages of stroke were 0.79, 0.63 and 0.66,
respectively. Lowrequency rTMSI1(Hz) over the unaffected hemisphere appeared to be more effective
than highfrequency rTMS (10 Hz) over the unaffected hemisphere (treatment effect =0.69 vs. 0.41).

A growing number of studies have investigated the effects of both singleeqetitive TMSwith the aim
of improving function of the upper extremity and lower extremitihe results of RCTs evaluating rTMS
for the upper extremity are presented in Table 10.9.2.1.1.

Table D.9.2.1.1Summary of RCTs Examining rTMS

Author, Year Intervention Outcome(s) and Resu()
Study DesignREDro Scorp
Sample Size
Wang et al(2014) E1l: 1Hz rTMS premotor 7 Wolf Motor Function TestE1 vs. E@+), E1 vs. C
RCT (9) E2: 1Hz rTMS motor (+),E2vs.C (+)
Nstar=44 C: Sham 1 Fugl Meyer ScoreE1 vs. E2 (+), E1 vs. C (+), E:
Nen~44 C(+)
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LidemannPodubecka et al

(2015)
RCT (9)
Nstar=40
Nen=40

Senidwet al. (2012)
RCT (8)

N=40

Khedr et al(2009)
RCT (8)

N=36

Khedr et al(2010)
RCT (8)

N=48

Sasaki et a(2013)
RCT (8)

Nstar=29

Nen=29

Barros @lvao et al(2014)
RCT (8)

Nstar=20

Nens=18

Sasaki et a(2014)
RCT (8)

Nstar=58

Nen=58

Pomeroy et al(2007)
RCT (8)

N=27

Jietal(2014)
RCT (7)

Nsart=35

Neng=35

Higains et al(2013)
RCT (7)

Nstar=11

Nen=11

Emara et a(2010)
RCTY)

N=60

Kim et al (2010)
RCTY)
N=18

E1: 1Hz contralesional rTMS + motor | {

training,lesioned dominant hemisphert

E2: 1Hz contralesional rTMS + motor | {

training, lesioned nofominant

hemisphere

C1: Contralesional sham + motor
training, lesioned dominant hemispher
C2: Contralesional sham + motor
training, lesioned noflominant

hemisphere

E: rTMS + PT
C: Sham + PT

El: 1Hz rTMS
E2: 3Hz r”TMS
C: Sham

El: 3Hz rTMS
E2: 10Hz rTMS
C: Sham

E1: 10Hz rTMS lesioned hemisphere
E2: 1Hz rTMS ndesioned hemisphere

C: Sham

E: rTMS
C: Sham

E: Bilateral high and low frequency rTI

C: High frequency rTMS

==

=A =4 =4 =4 4 -4 —a - -

= =4 =4 -4 -4 -8 -—a A

E1: rTMS + voluntary muscle contracti 1

(VMC)
E2: rTMS + placebo VMC
E3: Sham rTMS + VMC

C: Sham rTMS + placebo VMC

E1: Mirrortherapy+ rTMS
E2: Mirror therapy
C: Sham

E:rTMS
C: Sham

El: 5Hz rTMS
E2: 1Hz rTMS
C: Sham

E: rTMS
C: Sham

1

==

Wolf Motor Function Test E2 vs. C2)( E1 vs. C1
(+)

Motor Ealuation Scale for Upper Extremity in
Stroke PatientsE2 vs. C2) E1 vs. C1 (+)

Wolf Motor Function Test (uppef))
Fugl Meyer Assessme()

Grip strength rTMS vs. sham (+)

Pegboard taskr TMSvs. sham (+)

Barthel Index: rTMS vs. sham (+)

NIHSS: rTMS vs. sham (+)

Grip strength rTMS vs. C (+), E1 vs. B2 (
NIHSSITMS vs. C (+), E1 vs. B2 (

Modified Rankin Scale: rTMS vs. C (+), E1 vs)
Grip strength E1vs.C(+), E2vs.C(-)

Tapping frequencyElvs.C(+),E2vs.C(-)

Modified Ashworth Scalg)

Fugl Meyer Assessme()

Stroke Specific Quality of Life Scg)e
FIM(-)

Wrist range of motior(-)
Brunnstrom(+)

Grip strength(-)

Tapping frequency)

Flexion/extension torqué-)
Action ResearcArm Tes{-)

Fugl MeyeiScore: E1 vs. E2 (+), E2 vs. C (+)
Box and Block TesE1 vs. E2 (+), E2 vs. C (+)

Box and Block Te$d)
Motor Acitivity Log-)
Wolf Motor Function Test)

Finger tapping testrTMS vs. C (+)
Activities IndexrTMS vs. C (+)
Modified Rankin Scale: rTMS vs. C (+)

FugtMeyer (upper)(+)
Barthel Index-)
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Takeuchi et al(2008) E: rTMS + pinch force motor training |1 Pinch acceleratioit)

RCTY) C: Sham + pinch force motor training | Pinch force+)
N=20
Liepert et al(2007) E: IrTMS 1 Grip strength(-)
RCTY) C: Sham 1 9-hole peg tes{(+)
N=12
Fregni et al(2006) E: IrTMS 1 JebsenTaylor Hand Function test (+)
RCT (7) C:Sham
N=15
Zheng et al(2015) E: 1 Hz rTMS + virtual reality (VR) 1 Fugl Meyer Scorgt+)
RCT (7) training 1 Wolf Motor Function Tes({+)
Nstar=112 C: Sham + VR training 1 Modififed Barthel Index+)
Nen=108 7 SF36(+)
Kim et al (2014) E: ITMS 1 Manual Function Tegt)
RCT (6) C: Sham
Nstar=31
Nen=31
Sung et al(2013) ELl: rTMS +iTBS 1 Wolf Motor Function testE(all) vs. C (+), E1 vs.
RCT (6) E2: Sham rTMS +iTBS (+), E1vs. E3 (+)
Nstar=54 E3: rTMS + sham iTBS 1 FugtMeyer Assessmen€t(all) vs. C (+), E1 vs. E
Nen=54 C: ShamTMS + sham iTBS (+), ELvs. E3 (¥)
1 FIME)
Conforto et al(2012) E: rTMS 1 JebsenTaylor Hand Function tegt)
RCT(6) C: Sham 1 Pinch Forcé+)
N=29 1 FugtMeyer (upper)(+)
7 Modified Ashworth(-)
Malcolm et al(2007) E: rTMS 1 Wolf Motor FunctionTest(-)
RCTH) C: Sham 1 Motor Activity Log-)
N=19
Takeuchi et al(2009) E1: Bilateral rTMS + pinch force motor 1 Pinch forceE1 vs. E3 (+), E1 vs. B2(+
RCTE) training 1 Acceleration: E1 vs. E3 (+), E1 vs. E2(+
N=30 E2: rTMS affected hemisphere + pinct

force motor training
E3: rTMS unaffectetlemisphere +
pinch force motor training

Takeuchi et al(2005) E: rTMS 1 Hand and pinch forcg)

RCT®) C: Sham 1 Hand acceleration (+)

N=20

Hummel et al(2005) E: rTMS 1 JebsenTaylor Hand Function test (+)
RCT®) C: Sham

N=6

Khedr et al(2005) E: rTMS 1 Barthel Index+)

RCT®) C: Sham 1 NIHSS+)

N=52 1 Scandinavian Stroke Impact Scale (+)
Chang et al(2010) E: rTMS 7 Motricity Index(+)

RCTH) C: Sham 1 FugtMeyer(-)

N=28

Rose et al(2014) E: rTMS + functional task practice (FT| 1 Wolf Motor Function Test)

RCT (5) C: Sham + FTP 1 Lateral pinch-)

Nstar=22 1 Palmar pinch-)

Nen19 1 Fugl Meyer Assessme()
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1 ActionResearch Arm Teé
1 Modified Ashworth Scalé)
1 Motor Activity Log:quality of movement-)
1 Motor Acitivity Logamount of usg-)
Lindenberg et al(2010) E: IrTMS 1 FuglMeyer (Upper)+)
RCT4) C: Sham 1 Wolf Motor Function tes{+)
N=20
Mansur et al (2005) E: IrTMS 1 Simple reaction timg+)
RCT4) C: Sham 1 Fourchoice reaction timg+)
N=10 1 Finger tapping test)

1 Perdue Pegboartest (+)
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Most of the trials evaluating rTMS or Béxamined the effect of brain stimulation on uppextremity

motor function. Among these trials, treatment periods were short, usually lasting for 2 waeteere

most often conducted on patientsluring the chronic stage of strokeA number of studies ab
investigated the intensity of rTMS provided. Research from Khedr @0#9; 2010)nvestigated rTMS at
frequencies of 1Hz versus 3Hz and 3Hz versus 10Hz, respectively. The results from the former study
suggested that 10 consecutive days of 1Hz waerafiicacious than 3Hz, with patients who received 1Hz
performing better on the Pegboard Task and on MNetional Institutes of Health Stroke ScAMHSEH
however, the authors were unable to provide an explanation for this differébedr et al. 2009)n a

later study Khedr et al(2010)compared 3Hz with 10Hz, and reported no significant differences between
protocols but asignificant improvement in favour of rTMS compared to a sham rTMS condiéisfound

The authors note that 3Hz was performeti180% resting motor threshold (RMT) whereas 10Hz was
performed at 100% RMT due to safety concerns which may have balanced the results between the two
conditions. Khedr et a{2010)also highlighted that misestimating the motor threshold, as well aséble |

of a surrogate markeinforming clinicians when rTMS has activated the cortex, may lead to patients being
stimulated suboptimally. Sasaki et 013)reported greater functional improvements in patients who
received higirequency compared with lovirequency rTMS, and noted that patients in the acute stage

of stroke may benefit from a higlequency approach over the ipsilesional hemisphere, adding that
developmental proteins reappear during the early phases of stroke and interhemisphere inhibition is
abnormally high.

The location of rTMS application may also influence recoW#ang et al(2014)examined rTMS applied

to the primary motor cortex (M1) and dorsal premotor cortex (PMd). The results suggest that rTMS over
the M1 is more effective in prooting recovery then rTMS over the Piabwever, bothintervention
approacheswvere significantly more efficacious than sham rTMS over the M1. The discrepancy between
these two regions of the brain may be explained by differences in excitability betweemipialatract
neurons and neurons with distant interconnected projectigvisang et al. 2014)

Emara et al(2010)investigated the use of different intensities on the ipsilesional and contralesional areas
of the brain. Although no direct comparisons werade between the ipsilesional and contralesional
conditions, ANOVA analyses revealed a significant group by time interaction with greater improvement
indicated in both rTMS groups comparieda sham rTMS condition. An increase in the cumulative number

of sessions may also play a role; Emara e{2010)randomized participants to receivi daily sessions

of either sham, 5Hz ipsilesional or 1Hz contralesional rTMS, and reported statistically significant
improvement in upper extremity motor function in thet@e stimulation groups compared to the sham
control group.The authorsioted that patients in the contralesional 1Hz condition received twice as many
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treatment session@s compared t@revious studieswhich may be important for sustaining the positive
effect of rTMS. Further research is required to investigate the neurological reactions across different areas
of the brain after rTMS therapy.

In combination with voluntary muscle contraction (VMC), Pooyeet al. (2007)did not report any
significant differences between the two interventions or when compared with placebo rTMS and VMC.
The results from the Pomeraogt al. (2007)study are difficult to interpret given the use of four study
groups and lackfanferential statistics. The remaining trials assessed the intervention in the chronic stage
of stroke. Of these, some reportaignificanimprovement in upper limb motor function, dexterity, pinch
force, or grip strength.

Other studies provided highéntensity treatment, with protocols lasting longer than 2 weeks. Lidermann
Podubecka et al(2015) compared 1Hz rTMS with a sham condition, targeting the contralesional
hemisphere, for a total of 3 weeks. All participants also received daitgiBlte mota training sessions.

In terms of participants with lesioned nafominant hemispheres, the study did not find a significant
difference between the two conditions for either the unaffected hand or the affected hand; however, in
terms of participants with lesned dominant hemisphers, changes in motor function of the affected hand
differed significantly between groups as indiciated WMFT and Motor Evaluation Scale for Upper
Extremity in Stroke Patients (MESUPES) scores at 3 weeks and 6 months, at andriéspeetively.
Within-group analyses revealed that participants with lesioned dominant hemispheres receiving rTMS and
participants with lesioned neodominant hemispheres receiving either sham or rTMS therapy showed
significant changes in motor function tfe affected hand over the threeeek training period and 6
months thereafter. The authors concluded that motor recovery of the affected upper extremity may
depend on hemispheric dominance, and that 1Hz rTMS over the contralesional M1 area improves motor
ability in the affected hand in patients with a lesion in the dominant hemisphere, but not in those with
lesioned nordominant hemispherefLiidemanAPodubecka et al. 2015)

Other studies have sought to improve motor function by implementing a physiothepapgram
alongside an rTMS intervention with varying intensities. Takeuchi €@08)reported significant gains

in pinch force and acceleration after rTMS and motor training compared to sham rTMS. A potential
mechanism for this may be due to the lagfieffects of rTMS with motor training during elevated levels

of excitability in the motor cortex, allowing for reorganisation and therefore acquirement of functional
ability (Takeuchi et al. 2008Mixed results were reported by Chang et(@010) who canbined rTMS

with conventional physiotherapy and occupational therapy. Results indicated significant improvement in
Motricity Index uppefextremity scores compared to a sham rTMS protocol, but no other betwgeeunp
differences were observed. However, bo8eniow et al.(2012) and Barros Galvao et af2014)
investigated the effectiveness of rTMS in addition to physiotherapy, and reported that although both
groups demonstrated significant improvements, there were no betwgeup differences on measures

of upper extremity function. While it may be that physiotherapy was the common denominator in
reducing spasticity and increasing motor function to a clinically meaningful degree, the study period may
have been too short and patients may have experienced a tag between changes in spasticity and
function; therefore, studies including a longer follaw time may be better able to detect functional
improvements(Barros Galvao et al. 2014jurthermore, Rose et al. (2014) also reported no significant
betweengroup differences on all measures of upper extremity function in their study investigating rTMS
coupled with functional task practice.

Zheng et al(2015)combined lowfrequency (1 Hz) rTMS and sham rTMS with a virtual reality training
protocol and reporgd significantly higher scores on the WMFT, FMA, modified Barthel Index, and the SF
36 Physical Functioning subscale among those receivingrémuency rTMS. It has been suggested that
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rTMS can change synaptic efficacy and facilitate pradigpendent psticity, thereby improving motor
regeneration, and when combined with VR training, may produce a synergistic @fegetg et al. 2015)

Small patient sample sizes recruited by the studies was a common themss the studiesFurther
research with lager numbers of participants is therefore required to enhance our understanding of the
effectiveness of rTMS on motor function post stroke.

Conclusions Regardingepetitive Transcranial Magnetic Stimulation

There is level 1a and level 2 evidence that rTéiéBvered alone or coupled with physiotherapy or other
non-pharmacological therapiesnay improve impaired arnmotor function, hand dexterity, grasp and
pinch but not upper limkspasticity.

There is level 4 evidence that lowfrequency (1Hz) rTMS delivereah the contralesional hemisphere
may improve upper limb motor function but not manual dexterity or grip strength compared to sham
stimulation.

There is level 1b evidence th&OHz rTMS may not be superiton 3Hz rTMS delivered on the lesional
hemisphere at improving grip strength.

Repetitive transcranial ragneticstimulation may improve uppeextremity function, either alone or
combined with other therapies, but not spasticifpllowing stroke.

10.9.2.2Theta Burst Stimulatio{TBS)

Theta Burst Stimulation (TBS) is a novel form of rTMS that providesiatiwgity output that can incite

or reduce cortical excitabilityTalelli et al. 2007)As poor upper limb recoverng associated with a
reduction of excitability in the ipesional primary motor cortex Mand increased excitability in the
contralesional M1, TBS can be used to rebalance hemispheric activity. This can be achieved through the
use of intermittent TBS [BS) which can facilitatéll excitability, or continuou§BScTBS)which can
suppress M1 excitabilitfAckerley et al. 2010)ndividually, bothare found to be successful despite the
limited literatureon TBS and uppdimb function. The use of cTBS Hmeen found to improve reaction
times of the paretic limdMeehan et al. 2011 )although other studies have not reported any clinical
effects despite a reduction in motor evoked potentials of the contralesional hemispfiatelli et al.
2007) Not only carmBS be used for functional or strength gains, but previous literature has also reported
alleviation of spasticity. Research by Kim ef2015)revealed that intermittent TBS of the ipsilesional
motor hotspot for the carpi radialis muscle resulted ingn#ficant reduction in spasticity of the wrist with
benefits lasting for at least 30 minutes post treatment. Furthermore, other studies have reported positive
improvements of TBS in the treatment other motor disorders such astexia, with decreases in
intracortical inhibition and increases in intracortical facilitation obser{igahni et al. 2014)

The results of controlled trials evaluating TB& @etailed in Table 10.9.2.2.1.

Table D.9.2.2.1Summary ofControlled TrialEExaminingTBS for the UppeExtremity

Author, Year Intervention Outcome(s) andresult(s)
Study DesignFEDro Scofe
Sample Size
Sung et al(2013) E1l: rTMS #BS 1 Finger Flexor Medical Research Coun
RCT (9) E2:sham rTMS&iTBS Scale(+)
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Nstar=54
Nen=54

Talelli et al(2012)
RCT (7)
N=41

Hsu et al(2013)
RCT=7

N=12

Di Lazzaro et a(2014)
RCT (6)

Nstar=12

Nen=12

Lai et al(2015)
PCT

Nstar=72
Nen=72

Kim et al (2015)
PCT

Nstar=15
Nen=15

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

Discussion

E3:rTMS+sham iTBS

C: Sham rTMSsham iTBS.

E1l:.iTBS

C1: ShamiTBS
E2: cTBS

C2: Sham cTBS
E:iTBS

C: Sham

E: cTBS
C: Sham

ELl: iTBS (MEP+, MRC>1)
E2:iTBS (MEPMRC>1)
E3:iTBS (MEPMR=0)

C: Sham (MEP+, MRC>1)
E:iTBS

C: Sham

= =& —a -4 —a —a —a —a

= —=a —a —a A

Wolf Motor Function testE(all) vs. C (+
Elvs.E2 (+), E1vs. E3 (+)
FugtMeyer Assessmeng(all) vs. C (+),
Elvs.E2 (+), E1vs. E3 (+)

Simple reaction timé+)

Nine Hole Peg Te§)

Jebsen Taylor Hand te§)

Fugl Meyer Assessment (Uuppér)
Action Research Arm Tes)

Action Research Arm Tes)
Nine Hole Peg Teé)
Jebsen Taylor hand teé)
Grasp strengtif-)

Pinch strength(-)

Wolf Motor Function Tesf+)
Simple Reaction Timg)

Finger Tappingt)

Modified Ashworth Scalét)

Peak torque+)

Peak torque anglét+)

Work (-)

Modified Tardieu ScalR1 (+), R2)

Intermittent TBSwvas investigated by three RCTs and pwospective controlled trialdn canparisonwith
shamiTBS, both Hsu et a2013)and Kim et al(2015)reported significant improvements in upper
extremity functioning after iTBS of the M1. Hsu et(aD13)reported significant improvements on the
FMAUpper Extremity scale compared toetlsham iTBS condition. There were no differences between
groups on theARAT suggesting that different mechanisms were involved in the recovery of distal and
proximal areas of the upper extremiti¢ldsu et al. 2013Kim et al(2015)observed a transiemeduction

of spasticity for up to 30 minutes after iTBger the hotspot of the affected flexor carpi radialis muscle
within the ipsilesional hemisphere. Although the mechanism for this remains unclear, iTBS may encourage
neural activity projection to lodanhibitory nterneurons of the spinal corfKim et al. 2015)A reduction

in spasticity was not observed according to electrggiblogical measurementghich suggestethat the
H-reflex has high variability and low reliability, and interneurons at thiaagdevel may not be directly

involved(Kim et al. 2015)

Although the studiedy Hsu et al(2013)and Kim et al(2015)evaluatedstimulation of the ipsilesional
hemispheres, other studies have investigated stimolatiof both the affected and unaffected
hemispheres. Sung et §2013)reported that 1Hz of rTMS over the contralesional M1 followed by iTBS
(three pulses of 50Hz) over the ipsilesional M1 was more effective than iTBS plus sham rTMS and 1Hz
rTMS plus sham iTBBhis would suggest that doubling treatment load is beneficial in enhancing upper
extremity function with no adverse events reported. In particular, the authors noted a decrease in
excitability in the contralesional M1 and an increase in the ipsilesionakidporting the suggestion that

an inhibitoryfacilitatory approachmightbe most efficaciougSung et al. 2013)
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Lai et al(2015)reported that predictors for the success of iTiB&rventions on upper extremity motor
enhancement depend on hand gripetigth at pretreatment and the presence of positive motewoked
potentials (MEPs). The authors note that these predictors were independent of stroke type, time post
stroke, and size of lesion. Patients who exhibited no MEPs nor any movement in the paretimmay

have experienced disruption of the key motor pathway and contralesional inhilfitianet al. 2015)It

was suggested by Lai et 2015)that patients fitting this criteria may benefit from trainirdgpendent
neuroplasticity such as robdtaining, nerve stimulation, or behavioural interventions alongside
rTMS/TBS in order to maximise enhancements.

An investigation into both iTBS and cTBS was conducted by Talel{Rétl@)along with sham conditions

for each. No significant group by timeaénactions were reported between iTBS and iSham, nor cTBS and
cSham. However, no direct comparison between the two types of TBS were conducted. Conversely, Di
Lazzaro et al2013)reported a significant group by time interaction in favour of the cTBSitiondn

the JebserTayor Test. As all patients also received physiotherapy, there is a chance that performance on
the other outcomes measures used may not have been enhanced byDTB&zaro et al. 2013)here

were no differences in the intensity oTBS between Talelli et §2012)and Di Lazzaro et 42013)(both

studies used three bursts at 50Hz, equalling 600 pulses at 80% active motor threshold for 10 days
consecutively). Although previous research has suggested that cTBS can remove irdrilifiaerfering

activity between the lesional and contralesional hemispheres, no differences in cortical excitability were
observed between affected and unaffected hemispheres by Di Lazzaro et al. (2013). Further research
investigating the use of cTBS eeded.

Conclusions Regardintheta Burst Stimulation
There is level 1a and level 2 evidence that iTBS may improve hand and arm motor function.

There is level 1a evidence that cTBS may not improve upper extremity motor function following stroke.

Upperlimb motor function may be improved by using intermittent, but not continuous, theta bufst
stimulation.

10.9.2.3Transcranial Direct Current StimulatiqtDCS)

Another form of noninvasive electrical stimulation is transcranial dicectent stimulation (tDCS). This
procedure involves the application of mild electrical currentg (hA) conducted through 2 saline soaked,
surface electrodes applied to the scalpjedaying the area of interest and the contralateral forehead
above the orbit. Anodal stimulation increases cortical excitability while cathode stimulation decreases it
(AlonscAlonso et al. 2007)In contrast to TMS, tDCS does not induce action potentials instead
modulates the resting membrane potential of the neurq#donseAlonso et al. 2007XDCS is a good
candidate for study since unlike TMS, it does not elicit somatosensory changes that would alert a subject
to the fact a real, rather than shatreatment was being applied.

A metaanalysis(Bastani & Jaberzadeh 201&yamined the effectiveness of tDCS to improve motor
function in both healthy individuals and those following stroke. Four RCTs were in¢iBioggio et al.

2007; Fregni et a2005;Hummel et al. 2005im et al. 2009)All but the Kinet al.(2009)included subjects

in the chronic stage of stroke and all subjects exhibited mild to moderate baseline hand impairment. The
pooled standardized mean difference for hand function was 0©59¢ C40.17 t00.9, p=0.17) indicating

a smalbut nonsignificant treatment effect.

10. Upper Extremity Interventions pg.97 of 192
www.ebrsr.com


http://www.ebrsr.com/

Another review and metanalysis authored by Butler et £013) restricted to the examination of anodal

tDCS included the results from 8 RCTs, all of which exammetbr function in the upper extremity
following stroke(Butler et al. 2013)Outcomes assessed among the trials included the Jebaglor Hand
Function test, BT, pinch and grip strength and reaction time. Overall, compared with sham stimulation,
anodaltDCS was associated with a small to moderate significant treatment effect (SMD=0.49, 95% CI 0.18

to 0.81, p=0.005).

The results of controlled trials evaluating tDCS are detailed in Table 10.9.2.3.1.

Table 10.9.2.3. Bummary ofControlled TrialEExamining tDC®r the Upper Extremity

Author, Year

Study DesignFEDro Scone

Sample Size

Hesse et al(2011)
RCT10)

N=06

Viana et a(2014)
RCT (9)

Nstar=20

Nen=20

Wu et al(2013)

RCT (9)

Nstar=90

Nen=90

Khedr et a(2013)
RCT (9)

Nstar=40

Nen=40

Au-Yeung et al(2014)
RCT (8)

Nstar=10

Nene=10

Lefebvre et al(2013)
RCT crossover (8)
Nstar=18

Nen=18

Lefebvre et al(2014)
RCT crossover (8)
Nstar=19

Nen=19

Fusco et al(2013)
RCTerossover {)
N=9

Kim et al (2010)
RCT(7)
N=18
Kim et al (2009)
RCT(7)

Main Outcome(s)

E1: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E: Virtual reality + tDCS
C.: Virtual reality + sham

E: Cathodal tDCS
C: Sham

E1: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E1: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E: Dual tDCS (anodal and cathodal)
C: Sham

E: Dual tDCS (anodal and cathodal)
C: Sham

E1: Dual tDCS (anodal and cathodal)
E2: Anodal tDCS

E3: Cathodal tDCS

C: Sham

E1: Anodal tDCS

E2:Cathodal tDCS

C: Sham

E: Anodal tDCS

C: Sham

= = —a —a _a _a

= —a =a =

= —a _—a e _a _a _a

1

=

= ==

Result

Fugl Meyer score

Fugl Meyer Assessme()

Wolf Motor Function Test)
Modified Ashworth Scalg)
Stroke Specific Quality of Life)
Grip strength {)

Modified Ashworth Scalét)

hNB2321 2 Q&Elad. C (+) B2 v )&F1
vs. E24)

Barthel IndexE1 vs. C (+), E2 vs-CE1 vs. E2)(
Muscle strength-)

Purdue Pegboard Teé)

Pinch strength-

Learning Index+)
Performance Index)
Purdue Pegboard Teét)
Haximal hand grip force (+)
Purdue Pegboard Test (+)
Precision grip (+)

Dexterity (+)

9-hole peg testE vs. C (+)
Grasp force

FugtMeyerScore: E1 vs. C (+)
Barthel Index-)

Box & Block Tegt)
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N=10

Fregni et al(2005)
RCT7)

N=6

Lee et al(2014)
RCT (7)

Nstar=64

Nen=59

Wang et al(2014)
RCT (7)

Nstar=9

Nen=9

Hendy et al(2014)
RCT (7)

Nstar=10

Nen=10

Cha et al(2014)
RCT (6)

Nstar=20

Nen=20

Zimerman et al(2012)
RCTcrossover §)
N=12

Staqgq et al(2012)
RCT(6)

N=13

Tanaka et al(2011)
RCT(6)

N=8

Boggio et al(2007)
RCT(6)

N=4

Hummel et al(2005)
RCT(6)

N=6

Fusco et al(2014)
RCT (6)

Nstar=18

Nen=16

Lee & Chuif2014)
RCT (6)

Nstar=64

Nen=59

Fusco et al(2014)
RCT (6)

Nstar=14

Nen=11

E1l: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E1l: tDCS

E2: Virtual reality

E3: tDCS + virtual reality

E1l: Real tDCS + real methylphenidate

E2: Sham tDCS + reaéthylphenidate

E3: Real tDCS + sham methylphenidal

E1: Strength training + anodal tDCS
E2: Strength training + sham

C: Anodal tDCS

E: Dual tDCS (anodal and cathodal)
C: Conventional training

E: Cathodal tDCS
C: Sham

E1: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E: Anodal tDCS

C: Sham

E1: Anodal tDCS
E2: Cathodal tDCS
C: Sham

E: Cathodal tDCS
C: Sham

E: Anodal tDCS
C: Sham

E1l: tDCS
E2: Vitual reality

E3:tDCS + virtual reality

E: Cathodal tDCS + active electrode

C: Sham

= = = —a e _a _a

1

Finger acceleratiofit)

JebserTaylor Hand Function tesE1 vs. C(+), E2 v
C(+)

Manual Function Tegt)
Fugl Meyer Assessme(it)
Modified Barthel IndeX-)
Manual Muscle Tedt)
Modified Ashworth Scal€)
Box and Block Tes{)(

Purdue Pegboard Test: E1 vs. E3 (+), E1 vs. E2 |

Maximum voluntary dynamic strength for wrist
extensors <)

Fugl Meyer Assessment (+)
Box and Block Test (+)

Grip strength )

Grip strength )

Grip strength{)

JebserTaylor Hand Function tesEl vs, C (+), E2
C(+)

JebserTaylorHand Function test+)

Hand dexterity and forcg)
Grip and pinch forcé)
Nine hole peg test)

Manual Function Tegt)
Fugl Meyer Assessmeifit)

Canadian Neurologic Scdk
Nine Hole Peg Teé)
Barthel Index-)

Fugl Meyer Assessmen) (
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Lindenberg et al(2010) E: Anodal tDCS 1 FugtMeyer (upper)+)
RCT4) C: Sham 1 Wolf Motor Function tes{+)
N=20

Kasashim&shindo et al E: tDCS + brain computer interface |1 Fugl Meyer Assessme@®
(2015) C: Brain computer interface 1 Modified Ashworth Scale)(
PCT

Nstar=18

Nen=16

- Indicatesnon-statistically significant differences between treatment groups

+ Indicates statistically significant differences between treatment groups

Discussion

Similar to rTMSthe majority of tDCStudies were directed at improving movement or function of the
upper extremity.The length and intensity of stimulation was consistent acrest studies (20 minutes

at 1 mA). Many of the studies examined a dimee session of either anodal and/or cathodal stimulation
compared with sham treatment and the majority didt include concurrent therapyn comparing these

three conditions, Khedr et a2013)reported that anodal tDCS to the affected hemisphere and cathodal
G5/ { G2 GKS dzy FTFSOGSR KSYAALIKSNB NBadzZ SR Ay &A-:
Sale and Barthel Index (Bl) compared to sham tDCS but no differences were found between both types
of tDCS. Although hand grip strength did not improve under any condition, the authors argue that both
anodal and cathodal tDCS are equally effediiveipperlimb motor and functional recoveryn observing

the effect of cathodal tDCS on spasticity compared to a sham condition, Wu @0a&B) revealed
significant reductions in tonus of the elbow and wrist with effects lasting as long as 4 weeks post
treatment. This study differed from Khedr et €013)in that cathodal tDCS was applied to the affected
hemisphere yet was still found to be efficacious. Furthermore, Wu ef280.3) reported functional
improvements on the FugWleyer Assessment (FMA) and Blthwthe authors suggesting that inhibition

of hyperactivation of the ipsilesional primary sensorimotor cortex reduced spasticity and therefore
allowed for greater functional gains.

However, other studies were unable to find any significant differences/dsst anodal, cathodal and
sham tDCS. Although patients in the cathodal tDCS condition demonstrated significant improvement in
bilateral arm function over the course of the study, Hesse e{2&111)did not report any differences
between groups in function or muscle strength. It was noted that the majority of patients in the study
presented with infarcts with both cortical and subcortical involvement whereas the majority of tDCS
literature with positve results focusingnostly on patients with only subcortical deficits and therefore
intact cortical connectivityHesse et al. 20115imilarly, the results from Avieung et al(2014)did not

yield any differences in dexterity or pinch strength. The @pagibn of tDCS to only one motor area may
not have been sufficient in improving dexterity which requires motor function and coordingiieeung

et al. 2014) The authors also note that patients did not receive any additional motor training and so a
combination with tDCS may allow for greater dexterity and an increase in stréAgtfieung et al. 2014)

An emerging approach is the combination of both anodal and cathodal tDCS, also known as dual tDCS. Of
the four studies identified, the results appearhe encouraging. Dexterity was found to be improved in

all four studieqCha et al. 2014; Fusco &t 2013;Lefebvre et al. 2013Both Lefebvre et a(2014)and

Fusco et al(2013)highlighted that the Purdue Pegboard Test (PPT) arido®e Peg Test redre motor

control, attention and planning, and so a trainidgpendant effect may have been apparent. As
performance on the PPT continued to improve, the authors suggest that dual tDCS may be useful in
facilitating patients in an optimal state for trainir{gefebvre et al. 2014)This optimal state could be
achieved through enhancement of synaptic plasticity and neural activity in the motor dbtték Cha et
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al. 2014) However, Fusco et a(2013) reported that anodal tDCS was the most effective in the
improvement of dexterity while cathodal and dual tDCS demonstrated little effect. Lefebvre(20HB8)
suggest that dual tDCS may induce a reduction in cortical excitability in the contralesional hemisphere and
facilitation of excitability within the ipksional hemisphere thereby improving motor functioning through

a rebalancing of interhemispheric interaction. In regards to grip and grasp strength, the results were mixed
as both(Cha et al. 2014) efebvre et ak2013)and Fusco et a{2013)reported no significant differences
between groupowever;Lefebvre et al(2014)revealed significantly greater gains in grip strength and
force compared with sham tDCS. As noted previously, Lefebvre €é2(Hl4) state that a training
dependant effect may havecourred as the patients were required to complete 50 grip trials with the
dual tDCS allowing for a motor learning response. The remaining three ssiti@gng no treatment
benefitdo not discuss the potentidibr these resultsFurther research into grignd pinch strength after
receiving tDCS is required to understand the neural respanses/ed

A more novel approach of combining and comparing tDCS with virtual reality (VR) training was conducted
by two RCTs with mixed results. Viana ef2014)reported significant improvements in spasticity of the

wrist and quality of life in patients who received VR and tDCS compared to those who received VR and a
sham tDCS. The authors suggest that application of tDCS over the injured hemisphere, speitiéically
primary motor cortex, may have increased neural activity. It was also noted that there may have been a
ceiling effect in responsiveness on the FMA andiibafficientsample size could potentially have affected

the between group difference@/iana ¢ al. 2014) In contrast, Lee and Ch(014)reported significant
improvements on the FMA and Manual Function Test (MFT) for VR and tDCS combined compared to VR
and tDCS alone but moreover, patients in thedfly group outperformed patients in the tD@8ly group

on the FMA and MFT. However, the tDCS group demonstrated greater hand functionality than the VR
condition. It was noted by the authors that the VR protocol required movement of the proximal arm and

a task facilitating hand moveamt may leado even greater improvements. The observed efficacy of the
combined condition may have been the result of cortical reorganisation after VR and receptor activity of
N-methylD-aspartate, andgsodium and calcium voltaggependent channelmediated after tDCH.ee&

Chun 2014)

A systematic review conducted by Elsner e{2016)revealed evidence favouring the use of tDCS over
sham tDCS or a differing control condition, but there was no evidence of lasting effects atuplldiv
was also reported that ADLs wefeund to improve after tDCS treatment, but this effect was not
maintained after excluding studies that were at a high risk for fisner et al. 2016 Another meta
analysisauthored by Butler et al2013) wasrestricted to the examination of anoddDCS and included
the results from eighRCTs, all of which examined motor function in the upper extrefaltowing stroke.
Outcomes assessed included the Jeb$aglor Hand Function test,BB, pinch and grip strengthand
reaction time. Butler et al(2013) reported a significant increase in pooled scores favouring tDCS from
baseline to postreatment, although only a small to moderate effect size (0.40) was obtained.
Furthermore, a small to moderate effect size (0.49) was found in the improvement abtitealateral

limb favouring tDCS compared to sham tDCS despite a significant increase in pooled scores. Future meta
analyses are needed to determine the efficacy of cathodal and dual tDCS as well as Butbetaét al.
(2013)also recommend that futureeviews and metanalyses should investigate additional factors such
as the intensity of tDCS, lesion location, and time post stroke.

Conclusions Regardinfranscranial Direct Current Stimulation

There is level 1a and level 2 evidence that anodal tDG$Sathodal tDCS may improve general upper
extremity function but not dynamometric measures such as pinch, grasp, and grip strength.
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There is level 1a evidence that anodal tDCS may not be more effective at improving upper extremity
motor function comparedo cathodal tDCS.

There is limited conflicting level 1a evidence regarding the effect of tDCS when combined with virtual
reality on impaired upper limb motor function.

There is level 1la evidence that dual rTMS (cathodal + anodal) stimulation may ingdexterity and
grip function.

There is level 1b evidence that coupling strength training with anodal tDCS may not improve wrist
strength.

There is level 1b evidence that coupling methylphenidate with tDCS may improve hand function
relative to when tDG or methylphenidate are delivered alone.

There is level 1b evidence that combining tDCS with computer brain interface training may not
improve spasticity or upper extremity motor function.

| Transcranial direct current stimulation may improve genetgdper limb motor function.

10.10 Drugs and Medical Interventions

Medications used to augment the rehabilitation procésifowing strokehave mainly been examined for
their potential benefit in terms of global recovery and degsi®n. The results from these trials have been
published in other chapters (Mobility, Depression, and Aphasia). However, a small group of studies that
evaluated the efficacy of drugs ftieir effect on the upper extremity has also been identified. These
drugs include stimulants (amphetamines and methylphenidatedyodopa and antdepressants
(citalopram and reboxetine)A systematic reviewBerends et al. 2009valuated the benefit of drugs
influencing neurotransmitters on motor recovery following strokéx studies evaluating a broad range of
drugs were included (antidepressant, amphetamine/methylphenidate bBexbdopa). The outcomes
assessed included thgarthel Indexand the FIM. Methylphenidate, tarazadone and nortriptyline were
associated with impreed motor function. While recognizing that the studies differed in many respects,
the authorsconcluded that there was insufficient evidence to recommend their use.

10.10.1 Stimulants

Amphetamines have shown promise aiding recovery following stroke as they have the potential to
accelerate motor recovery following motor cortex lesions in the rat m@ge¢ney et al. 1982¢specially
when combined with taskpecific trainingStimulants such as amphetamines have been begorted

to enhance plasticity through axonal sproutifRapadopoulos et al. 200FourRCTs have examined the
effects of either amphetamine or methylphenidate on motecovery in the upper extremity, the results
of which are detailed in Table 10.10.1.1.

Table 10.10.1.1Summary of RCTs ExaminiSfmulants for the Upper Extremity

Author, Year Main Outcome(s) Result
Study DesignFEDro Scone
Sample Size

10. Upper Extremity Interventions pg.1020f 192
www.ebrsr.com


http://www.ebrsr.com/

Platz et al(2005) E:d-amphetamine (10mg) + arm trainir § TEMPA: post (+), followp ()

RCT (9) C: Placebo + arm training

N=31

Tardy et al(2006) E: Methylpenidate (20mg) 1 Finger tapping scores (+)

RCT (9) C: Placebo 1 Handgrip strength {)

N=8

Schuster et a{2011) E: Dexamphetamine + physiotherapy |1 ChedokeMcMaster Stroke Assessment: ADL (+)
RCT (9) C: Placebo + physiotherapy 1 ChedokeMcMaster Stroke Assessmettiand
N=16 scores (+)

Wang et al(2014) E1l: Real tDCS + methylphenidate 1 Purdue Pegboard Test: E1 vs. E2 (+), E1 vs. E3 |
RCT (7) E2: Real tDCS + placetrug

N=9 E3: Sham tDCS + methylphenidate

C: Sham tDCS + placebo drug
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences betwéeatment groups

Discussion

Amphetamines were investigated for their effect on upper extremity function in two RCTs. Platz et al.
(2005) compared dextroamphetamine {@mphetamine) with a placebo and testexdfects of upper
extremity function using the TEMPA, a timed test of uppeiremity performance with tasks based on
ADLs. Both groups received arm ability training which ieagito gains in motor recovery, however, no
differences were found between groups. Furthenma, there was no new acquisition or facilitatiohskills
associated with eamphetamine use which may have been due to its effect on attentional systems with
high arousal, resulting in netlinical attentional difficultiegPlatz etal. 2005) Shortterm gains in favour
d-amphetamines were reported by Schuster et(@011)on the OMSAHand and ADL subscales after 1
week, but these were not sustained at 6 month and 12 month follps. Despite the lack of statistical
significance, there was trend in favoof the experimental group. Timing may have been a causal factor,
with previous studies reporting positive results with a start date of less than 30 days post stroke, whereas
this study began intake at a mean of 37.9 days post st(Bkbauster et al. 20)1The authors also noted

that the small sample size may have influenced the results, particularly as the types of physiotherapy were
specific to each patient.

OneRCT also examined the effect of methylphenid@tardy et al. 2006which is inthe sameclass of
drug as amphetaminesut it does not produce the same side effect profile as amphetamines (insomnia,
lack or appetite)In comparison with a placebo group, Tardy et(2006)reported significantly higher
finger tapping scores, with the authomxplaining this effect as the result of dopaminergic and
noradrenergic modulation Further research is required to understand the neuronal reactions of
methylphenidate in posstroke patients.

Wang et al(2014)combined the use of methylphenidate with@3® whilst also studying each intervention
separately. The results indicated that methylphenidate plus tDCS was most effective in restoring hand
function compared to each intervention separately. Furthermore, fhust analyses revealed that
methylphenidatealone did not result in significant improvements, whereas tDCS and methylphenidate in
combination with tDCS did. Interestingly, all three groups did not differ with regards to evoked potentials
of cortical excitability. Although the authoroncludethe mechanism behind these results remains
unclear, they propose that methylphenidate strengthened and enhanced the effects of tDCS.

Conclusions Regarding Stimulants
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There is level 1a evidence that delivering stimulants in combination with additional therapgym
improve upper extremity functionhowever, level 1bevidencesuggests that grip strength may not
improve.

There is Level 1b evidence that stimulants may only be effective at improving impaired upper limb
function in the short term.

174

Stimulants may helpimprove impaired upper limb functionhowever, the effects may not bg
observed in the long term.

10.10.2 Levodopa

Levodopa is a dopamine precursor which, once it crosses the i@ barrier, is converted to
dopamine (which cannot cross the blocfirain barrier) Levodopa is used as a prodrug to increase
R2LI YAYS tS@Stasx vyzad 02YY2yf & Howgverin&rs&have g tivoy Sy
RCTs conducted evaluating Levodopa for upper extremity function posestiuk details of which are
detailed in Table 10.10.2.1.

Table 10.10.2. Bummary of RCTs Examinibgvodopa for the Upper Extremity

Author, Year Main Outcome(s) Result

Study DesignFEDro Scone

Sample Size

Restermevyer et a{2007) E: Levodopa (100mg) 1 Nine Hole Peg Tes(

RCT (9) C: Placebo (100mg) 1 Grip strength+)

N=10 1 Action Research Arm Tes} (
Rosser et al(2008) E: Levodopa (100mg) + cabidopa (25n 1 Reaction time (+)

RCT (5) C: Placebo

N=18

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

Discussion

Mixed results were reported from the two RCTs conducted to investigate the effect of Levodopa on upper
extremity functions. Rosser et §2008)reported a significant improvement reaction time performance

after patients were treated with three consecutive doses of Levodopa compared to performance after
receiving a placebo. The mechanism for this improvement may be the result of dopamine release leading
to a strengthening of taskelevant synapses and suppression of tasidevant synapsegRosser et al.

2008) However, this study did not include a follays assessment, therefore potential lotgrm benefits

were not evaluated. Restermeyer et €2007)did not report any significant differences in function when
O2YLI NAY3I LI GASYGaQ LISNF2NXIyOS | Hovew, iNSaOtois@ A y 3
note that patients were prescribed only a single dose of Levodopa and this may not be suffisigoport

or induce changes in neuroplasticity. Furthermore, baseline Action Research Arm Test scores were high,
thereby indicating a ceiling &ftt and that prior function waat a sufficient leve[Restemeyer et al. 2007)
Further research with varyindpsage over extended periods of time is recommended.

Conclusions Regarding Levodopa

There idevel 1b evidence that évodopa may not improve arm and hand function however, level 2
evidence suggests that reaction time may baproved.
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More research is neestl to determine the effects ofdvodopa on impaired upper limb motor
function.

10.10.3 Antidepressants

Beyond their ability to improvelepressionfollowing stroke, antidepressants can be used tdhamce
upper extremity motor recovery through changes in neurotransmisgibere is evidence suggesting that
serotoninergic modulation may be involved in motor recovery post stroke. Previous research has
suggested that patients who have reacted well toidepressant treatment may also demonstrate
improvements irupper limb motorfunctioning(Chemerinski et al. 2001frurthermore, therearereports
that single doses oftective serotonin reuptake inhibitors (SSRisgh adluoxetine and paroxetine, have
resulted in activation of the motor corticéPam et al. 1996; Pariente et al. 200therefore, manipulation
of neurachemicals may influence aspects of function other than psychological diskessover, there

is evidence to suggest thaioradrenergic reuptake inhibitors (NRIagrease motor cortex excitability
(Plewnia et al. 2002)Results of RCTs evaluating antidepressants fimper extremity outcomes are
reportedin Table 10.10.3.4andresults regarding théower extremitiesare preented in Module 9.

Table 10.10.3. Bummary of RCTs ExaminiAgtidepressants for the Upper Extremity

Author, Year Main Outcome(s) Result
Study DesignREDro Scone
Sample Size
Chollet et al(2011) E: Fluoxetine (20mg) 1 Fugl Meyer Motor Scale (+)
RCT (9) C: Placebo 1 NIHSS|
N=118 1 Modified Rankin Scale (+)
Robinson et al(2000) E1: Nortriptyline (100mg) 1 FIM: Elvs. E2 (+),Elvs. C (+)
RCT (8) E2: Fluoxeting40mg)
N=104 C: Placebo
Zittel et al (2008) E: Citalopram 1 Nine Hole Peg Test (+)
RCT (8) C: Placebo 1 Hand grip strength-J
N=8
Mikami et al (2011) Additional analysis of Robinson et al. 20{ During 1yr followup:
RCT (8) E1: Nortriptyline (100mg) 1 Modified Rankin Scale: E1 vs. CERyvs. C
N=104 E2: Fluoxetine (40mg) +)
C: Placebo
Zittel et al (2007) E: Reboxetine 1 Tapping speed (+)
RCT (6) C: Placebo 1 Grip strength (+)
N=10
Mohammadianinejad et a(2014) | E: Lithium carbonate (300mg) 1 NIHSS (+)
RCT (6) C: Placebo 1 Fugl Meyer Scores: Hand (+)
Nstar=80
Nen—=66

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

Discussion

SSRIs have long been used in the treatment of depression. Zittel @08B)revealed a significant
improvement in dexterity after patients had received Citalopram compared to a placebo. Fadter

the authors revealed a énd towards even greater improvement among patients who also received
physiotherapy. The results did not yield any significant improvement in strength, suggesting that
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I AGFE2LINF YQA Y2RAFAOFGAZ2Y 27F &SNEI(2 vl NEtari@. InflaNI y & Y A
multicentre RCT assessing the effect of Fluoxetine on motor recovery compared to a placebo, Chollet et

al. (2011) reported significantly greater improvement on the Figyer Motor Scale (FMMS) and

Modified Rankin Scale (MRS) among pasiereceiving Fluoxetine. 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 physical traj@inglletet al. 2011)

No side effects were reported for Citaloprgiittel et al. 2008put transient digestive disorders such as

nausea, diarrhea and pain were reported in more patients treated with Fluoxetine than pléCabdet

et al. 2011)

In comparison wh Nortriptyline, a Tricyclic antidepressant, Robinson et(2000) reported greater
improvements on the FIM in patients who received Nortriptylamenpared towho received Fluoxetine

or a placebo. Interestingly, there were no significant differences betwpatients withor without
depression regardless of the type of treatment provided (Nortriptyline, Fluoxetine or placebo). Robinson
et al.(2000)suggest that the 12 week study period may have biesafficient to observe improvements

in impairment betwen depressed and nedepressed patients. Further analyses of this dataset by
Mikami et al.(2011) revealed that patients receiving antidepressant treatment, regardless of type
(Nortriptyline or Fluoxetine), outperformed patients given a placebo on the atRISyear followup.
Mikami et al.(2011)note that previous literaturesuggestghat both tricyclic antidepressants and SSRIs
inhibit microglial production of proinflammatory cytokines thereby resulting in neurogenesis and synaptic
plasticity. The authorpropose that both types of antidepressant may be of benefit to stroke patients
independent of presence of depression.

A single dose of an NRI suchReboxetinewasfound to be efficacious in improving grip strength and
tapping speedompared to glacebo(Zittel et al. 2007)In contrast with their 2008 studyf SSRIs, Zittel

et al.(2007)did not report a significant difference between groups on the 9HPT, suggesting that NRIs may
not be as effective in treating dexterity. Reboxetine was-tmdrated with only one patient experiencing
transient nausea. fisworth noting that this study only recruited chronic stroke patients; future research
may be advised to explore the effects of Reboxetine in acute andsute populations.

Mohammadianinejacbt al.(2014)investigated the use of Lithium Carbonate and reported no differences

in improvementin upper limb motor functionvhen compared with a placebo. However, a subgroup
analysis of patients with a lesion located near the middle cerebral artergatest a significant
improvement on the NIHSS and FMA Hand subscale compared to placebo patients. Previous research
suggests that Lithium enhances neuronal growth in cortical grey matigtincreases grey matter volume;
therefore, ifthe motor cortex was ffiected by a cortical stroke, this may explain improvements in motor
ability (Mohammadianinejad et al. 2014)t was proposed by Mohammadianinejad et @014)that

further research with longer study periods is required to investigate whether patients mait-cortical

strokes could benefit from Lithium treatment.

Conclusions Regarding Antidepressants

There idevel laevidence thatfluoxetine and nortriptyline may improveverall disabilityand upper
extremity motor function.

There is level 1a that citalopram, reboxetine and lithium carbonate may enhance impaired arm and
hand function however, level 1b evidence indicates that citalopram may noeffectiveat improving
hand grip strength.
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Antidepressants may help improve jpaired upper extremity motor function following a stroke.

10.10.4Steroids

Corticosteroids have been used to treat pain and functional limitations in hemiplegic patients, with pain
potentially hindering the rehabilitation of physical functionings 2 E I 'y S.(Prevousditeraturavhas)
reported significant gains in muscle msagnd strength in terms of lower limb recovery after
administration of anabolic steroid®©kamoto et al. 2011 )ut literature concerning upper limb function

is limited. Only two studies, one RCT and one prospective controlled trial, have investigatesetbe
steroids on upper limb recovery; results of the controlled trials are summarized in Table 10.10.4.1.

Table 10.10.4. Bummary ofControlled TrialEExaminingSteroids for the Upper Extremity

Author, Year Main Outcome(s) Result
Study DesignREDro Scone

Sample Size
Yasar et al(2011) El:Intra-Articular Steroid Injection 1 VASY
RCT (9) E2: Suprascapular Nerve Block Injection |1 Range of Motion (Passive) (
Nstar=26 1 Range oMotion (at onset of pain)-{
Nen=26
52¢&l y (2618) | f & |E1: Steroid injection +hysical theray 1 Range of Motion (shoulder joint): E2 vs. E1 (4
PCT E2: Hydraulic distension + steroid injectior,  E2 vs. C (+)
Nstar=60 physical therpy § Shoulder pain: E2 vs. E1 (+), E2 vs. C (%)
Nend=60 C: Physical therapy 1 Self care: E2 vs. E1 (+), E2 vs. C (+)

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

Discussion

Yasar et al(2011)found steroid and nerve block injections to be equivalently effective, as patients
demonstrated significant improvements in range of motion and decreases in shoulder pain after receiving
either intervention. Previous research suggests that steroids may havaflathmatory properties while
suprascapular nerve block may provide transieessation of nociceptive signals from the shouldsar

et al. 2011) Despite no side effects being reported, this study adopted a short falfpuime and
recruited a small group of patients with no placebo group, so the results should be interpritted
caution. Dogan et a[2013)reported that patients who received hydraulic distension, steroid injection
and physical therapy combined into a triplgervention approach demonstrated even greater
improvementsin upper limb motor outcomeshan thosewho received steroid injection plus physical
therapy or physical therapy only. Although spasticity was more prevalent in both experimental groups
compared to the control group, greater range of motion was also reported in both at 1 month post
intervention. The authors suggest that the suppression of pain may have influenced the pain experienced
from any spasticity that may have been present. By combining steroid injections with hydraulic distension,
inflammation may have been suppressed and joint volumeeesed, thereby leading to decreased
pressure on the supraspinatus and periarticular soft tisste2 E+'y S.0 Ff ® Hnamo0

Conclusions Regardingteroid

There islevel 1b evidence that intrarticular steroid injections may not improve pain or range of
motion of the upper extremity however, limited level 2 evidence provides conflicting findings.
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Further research is needed to determine if steroid injections are beneficial at reducing upper|limb
pain and improving range of motion following a stroke.

10.10.5Antibiotics

Although no studies have been conducted exploring the use of antibidkies, use as an adjuvant
alongside other rehabilitative therapies has been proposegy@oserine, an antibiotic used in the
treatment of tuberculosiswasfound to be a highkaffinity agonist of the NnethylD-aspartate (NMDA)
glutamate receptor whichwas identified as an important component in los#grm learning and
potentiation (Nadeau et al. 2014Yhere is oe RCT investigated tltombination of constraint induced
movement therapy (CIMT) with-Eycloserinethe results of which are summarized in Table 10.10.5.1.

Table 10.10.5.5ummary of RQ¥) ExaminingAntibiotics for the Upper Extremity

Author, Year Main Outcome(s) Result
Study DesignFEDro Scone
Sample Size
Nadeau et a(2014 Group A: 7 Fugl Meyer Score)(
RCT (7) E: CIMT (6hr/d, 5d/wk, 2wk) +aycloserine |1 Wolf Motor Function Test)
Nstar=24 C: CIMT (6hr/d, 5d/wk, 2wk) + placebo 1 Motor Activity Log+)
Nend=22 Group B: 1 Stroke Impact Scale)(
E: CIMTZhr/d, 3d/wk, 10wkg + dcycloserine | 1 Geriatric Depression Scalg (
C: CIMTZhr/d, 3d/wk, 10wk + placebo 1 Caregiver Strain Index)(

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

Discussion

Nadeau et al(2014)reported no significant differences betweenrcgicloserine and placebo groups, nor
between the morecondensed and lessondensed CIMT conditions on all outcome measures; however,

all four groups demonstratksignificant decreases in WMFT scores. The latieatment efficacy may

have been the result of a ceiling effect on neuroplasticity, which may in turn have limited the amount of
recovery achieved as previous studies have suggested that loss of corticospinal and corticobulbar fibers
may impose limitatias on recoveryNadeau et al. 2014)he authors also suggest that the dosage-of d
cycloserine administered may have been too low. Further research with different dosages and types of
antibiotics may be warranted.

Conclusions Regardingntibiotics

There is level 1b evidence that dtycloserine delivered in combination with constraiittduced
movement therapy may not improvepper extremity motor function.

Further research is needed to determine th#eets of dcycloserine on posstroke upper extremity
motor function.

10.10.60zonated Autohemotherapy

Ozonated autohemotherapy is a novel treatment that involves the transfusion of oxidated. Blomdous
research suggesthat ozone therapy can improve circulam, decrease blood viscosity, and maintain
energy metabolism in brain tissues thereby reducing cellular apopidiset al. 2013)There is currently
a lack of literature assessing theauof ozonated autohemotherapy stroke patientsandeven more so
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in terms of poststroke motor function. Only on@rospective controlled triainvestigated the use of
ozonated autohemotherapy for upper extremity function, as detailed in Table 10.10.6.1.

Table 10.10.6.1Summary ofControlled Trial(s)ExaminingOzonatedAutohemotherapy for the Uppel
Extremity

Author, Year Main Outcome(s) Result
Study DesignFEDro Scone

Sample Size
Wu et al(2013) E: Ozonated autohemotherapy 1 NIHSS (+)
PCT C:Conventional rehabilitation 1 Modified Rankin Scale (+)
Nstar=86 1 Central motor conduction time (+)
Nen—86

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

Discussion

Wu et al. (2013)eported significant increases in motevoked potential of the upper limb and shorter
central motor conduction times for those in the intervention group compared to the control group.
However, it should be noted this intervention can induce pain and has technical limitgtdun®t al.

2013) Further studies are required to investigate the use of ozonated autohemotherapy in treating upper
extremity dysfunction and to seek clarificatiem the biological mechanisms as to why this may be a
potentially successful approach. Despite the efficacious nature of ozonated autohemotherapy on upper
extremity motor function post stroke, the mechanisms underlying its beneficial effect remain uf\lear

et al. 2013)

Conclusions Regardingzonated Autohemotherapy

There islimited level 2 evidence that ozonated autohemotherapy may improve general motor
disability.

Evidence for the use of ozonated autohemotherapy for improving pstsbke upper limbmotor
function is currently limited.

10.11 Alternative and Complementary Medicine

Traditional Chinese Medicine (TCigludes a variety of treatments including acupuncture, massage and
Chinese herbal medicines. Several studiagehbeen conducted on the use of TCM, mostly in the acute
stage of strokéWang et al. 2013)The majority of these studies have been written in the Chinese language
and published in Chinese journals, though Wang €2@ll 3)found that institutions inthe United Kingdom

are among the top 1cationsof first authorsof articles writtenin English.

10.111 Acupuncture

The use of acupuncture has recently gained attention as an adjunct to stroke rehabilitation in Western
countries even though acupuncture has been a primary treatmei@hima forabout 2000 year¢Baldry

2005) In China,acupunctureis an acceptabletime-efficient, simple, safe and economical form of
treatmentused to ameliorate motoisensation, verbal commueation and further neurological functions
inposta 0 N2 1 S (Mluét Al.2908)AcEaiding to Rabinstein and Shulm@003) & ! O dzLJdzy O i dzNJB
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therapy that involves stimulation of defined 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 curreht3he traditional concept is that life energy flows through
channels that connect all organs to each otH@isease is explained as an imbalance in the energy flow,
and acupuncture treatment is believed to restore the healthy energy by stimulating specific points along
the channelgRabinstein & Shulman 2003here is a range of possible acupuncture mechanthiais

may contribute tathe effects experienced by stroke patier(Bark et al. 2006or example, acupuncture

may stimulate the release of neurotransmittefidan & Terenius 1982)nd have an effect on the deep
structure of the braifWu et al. 2002)Loet al.(2005)established acupuncture, when applied for at least
10minutes, led to longlasting changes in cortical excitability and plasticity even after the needle stimulus
was removedA study using positron emission tomography (PET) to observe céreimction after
electroacupuncture treatments showed that glucose metabolism changed significantly immediately after
treatment, and after three weeks of daily electroacupuncture treatmémtsultiple cerebral motor areas
(Fang et al. 2012From these results, Fang et 2012)concluded that electroacupuncture participated

in modulatingmotor plasticity.

De Qi isa numbness or tingling sensation experienced by patientscamsgidered to be an important
aspectof TCMWhen De Qi is not achieveitlis suggestethat the effects of acupuncture are diminished.
De Qi has been suggested to be a relatively stable predittihrerapeutic effectiveness of acupuncture
for stroke recoveryBai et al. 2013)

While the exact mechanisms are not all wadifined, there are biological responses that occur both at
local areas being stimulated and at remote areas of the body. With respect to stroke rehabilitation, the
benefit of acupuncture has been evaluated masgluently for pain relief and recovery fronemiparesis.
BEvidence from several RCTs and matelyseshowsthe effectiveness of acupuncture remains unclear.

Syndrome differentiation, one of the most important principles of TCM diagnosis and treatmentdy

2F Of I aaAiTe Ay Janddbtdiniin®s/fhe dishardanyythébadyaad consequent treatment

A metaanalysis of aacute strokesubgroup of 44RCTs showeno differences between trials using fixed

acupoints prescriptions and trials using RA @A Rdzl £t AT SR GNBFGYSyd LINBaONK
symptoms(Cao et al. 2012)

Sze et al(2002)included 14RCTdn a meta-analysiof the efficacy of acupuncture. This study found that
acupuncture in conjunction withtmke rehabilitation ha no additional effect on motor recovery
compared to stroke rehab alonbut small positive effect on disabilityas found However jt wasnoted

that the benefits reported could be explained by a placebo effect, or poor study quality. Similar to the
previous re&iews, the authors concluded that the efficacy of acupuncalomeremainsuncertain, mainly
because of the poor quality of available studies.

A review of the effectiveness of acupuncture as a specific treatment for shoulder pain included the results
from 7 RCTs, all published in Ch{hae et al. 2012)The treatment contrasts included acupuncture +
exercise vs. exercise, acupuncture + exercise vs. drug treatment, acupuncture + exercise vs. exercise +
drug treatment and electroacupuncturesyv TENSDuration of treatment anged from 10 to 32 days.
Measures ofmotor function, range of motiorand pain were assesseficross the studies,ghients in the
treatment group reportedsignificantlygreater reductions in pain and improvementnmotor function
compared with patients in the control group.

A large number of studies examining acupuncture wielentified, although anumber of RCTs not
included in this review were plished in noRENnglish languageBhe methodological quality ¢fie RCTs
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are generally por (Zhao et al. 2012)eading to inconclusive evidencghe results of RCTs with PEDro

scores greater than 3 are presented in Table 10.11.1.1.

Table 10.11.1. Bummary of RCTS with PEDro Scor8sAssessing Acupunctufer the Upper Extremity

Author, Year
PEDro Score
Sample Size
Wayne et al(2005)
RCT (9)
N=33

Bai et al(2013)
RCT (9)
Nstar=120
Nen=120

Hsieh et al(2007)
RCT@8)
N=63

Zhuanget al.(2012)

RCT7)

N=295

GosmanrHedstom et al(1998)
RCT(7)

N=104

Sze et al(2002)
RCT(7)
N=106

Hopwood et al(2008)
RCT(7)

N=105

Hsing et al(2012)
RCT (7)

N=62

Ni et al (2013)

RCT (7)

Nstar=165

Nend=165

Wen et al (2014)
RCT (7)

Nstar=300

Nend=276

Fragoso & Ferreirf?2012)
RCT(6)

N=32

Intervention

E: Acupuncture
C: Sham

E1:Acupuncture
E2: Physical therapy
E3: Acupuncture + physical therapy

E: Bectroacupuncture
C: N acupuncture

E1: Aupuncture

E2: Pysiotherapy

E3: Aupuncture + physiotherapy
E1: Sperficialacupuncture

E2: Bepacupuncture

C: N acupuncture

E: Aupuncture +Standard Therapy
C:Standard Therapy

E:Acupuncture + usual care
C: Mock TENS + usual care

E:Scalp electreacupuncture
C:sham acupuncture

E: Standard Acupuncture with Shixuan ¢

Xiaohai acupoints
C: Standard Acupuncture only

E: Electroacupuncture + moxibustion

C: Basic therapy

E1:Acupuncture at Tianquan (PC2)
E2:Acupuncture at Quchi (LI111)

Main Outcome(s)

Result
1 Fugl-Meyer ¢)
1 Modified Ashworth scores)
1 ROMY)
1 BlE)
1 Fugl Meyer Assessmen),(
1 FugtMeyer Assessment (28d folleup, E1
vs. E2) (+)

=

Modified Barthel Index-f

1 Modified Barthel Index (28d followp, E1

vs. E2) (+)

1 FIM¢)
1 FugtMeyer (+)

1 FugtMeyer ()

1 BIf)

1 Neurologic Defect Scale) (
At 3 and 12 month followup:
1 Neurological Score)(

1 Barthel Index+

1 Sunnaas Index)(

1 Nottingham Health Profile-Y
At 0, 5 and 10 weeks:
FugtMeyer ()

Barthel Index-)

FIME)

Abbreviated Mental Test)
NIH stroke scalef

Barthel Index+)

Motricity Index ()

NHP {)

Bl €)

Rankinscore )

NIHSS (+)

Finger grip strength (+)

1 Fugl Meyer Assessment (+)

=a (=4 =4 =4 =4 =4 - (—a —a —a —a —a

1 Fugl Meyer Assessmeny (

1 Maximal Isometric Voluntary Contraction

during elbow flexiorn(-)
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)l

Alexander et al(2004) E:Acupuncture + Standard Rehabilitatiol 1 FugtMeyer ()

RCT(6) C:Standard Rehabilitation 1 FIM{)

N=32

Kiendhalet al. (1997) E:Acupuncture 1 Motor Assessment Scale (+)

RCT6) C:Standard Therapy 1 Sunnaas Index (+)

N=41 1 Nottingham Health Profile (+)

Naeser et al(1992) E:Acupuncture 1 Boston Motor Inventory(+ for patients with

RCT(6) C:ShamAcupuncture lesions in less than half of the motor

N=16 pathways areas)

Li et al (2012) E: Electracupuncture + massage 1 Numeric pain rating scale (+)

RCT6) C: Rhabilitationtherapy 1 FugtMeyer ¢)

N=120 1 Modified Rankin Scale (+)

Cui et al(2014) E: Yin Yang manipulation 1 Elbowspasm (+)

RCT (6) C: @nventional needling manipulation |1 Clinical Spasticity Index (+)

Nstar=60 1 Integral electric discharge of involved

Nen=60 muscle (+)

Wang et al(2014) E: Electroacupuncture 1 R1and R2 component of elbow joint (+)

RCT (6) C: No stimulation with no needle 1 R1 and R2 component of wrist joinj (

Nstar=20 manipulation

Nen=15

Zhao et al(2009) E:Experimental acupuncture 1 Spasticity (+)

RCT(5) C:Traditional acupuncture 1 FugtMeyer (+)

N=131 1 Barthel Index (+)

Sallstrom et al(1996) E:Acupuncture + Multidisciplinary 1 Motor Assessment Scale (+)

RCT5) rehabilitation 1 ADL scores (+)

N=45 CMultidisciplinary rehabilitation 1 Nottingham Health Profile (+)

Si et al(1998) E:Heparin+ electroacupuncture 1 Chinese Stroke Scale (+)

RCT (5) C:Heparin

N=42

Moon et al (2003) E1:Electroacupuncture 1 Modified Ashworth scaléE1 vs E2, @3)

RCT(5) E2: Moxibustion

N=35 C: Rutine acupuncture

Yao et al(2014) E: Relaxed needling + electroacupunctu/ 1 Neurological Function Deficit Scale (+)

RCT (5) C: Ordinary needling 1 Fugl Meyer Assessment (+)

Nstar=68

Nend=65

Mukherjee et al2007) E:Electroacupuncture-strength training |1 MAS (+)

RCT(4) C: $&ength training 1 VASRT (+)

N=7 1 SASRT (+)

Hu et al (1993) E: Acupuncture 1 NeurologicalScoring used by Scandinavia

RCT4) C:Supportive Therapy Conventional Stroke Groupday 28(+)

N=30 Rehabilitation 1 Neurological Scoring used by Scandinavi
Stroke Groupday 90(+)

Barthel Index-)

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

Discussion
A large number of RCTs were reviewed. The majority of them assessed outcomes associated with motor
recovery, ADLsand spasticity. There was also great variation in the treatment contrasts examined.
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In comparing acupuncture with no acupuncture, Hsieh ef28l07)reported significant improvements in
FugiMeyer Assessment scores but did not find any improvement in FIM scores. This discrepancy may be
attributable to learned compensatory behaviours thaffect performance offunctional tasks,support

from caregiversn completion of taskslespite the patient having good motor performandeproved
upper limb motor performanceis not sufficientto improve functional performance, or that the FMA is
more seansitive to upper limb performance than the FIf{isieh et al. 2007Conflicting results were
published by Sze et 4R002)and Kjendahl et al(1997)who both compared acupuncture and standard
rehabilitation with standard rehabilitation alone. No signifitgroupdifferences irmotor function were
found by Sze et a]2002) suggesting that acupuncture has no added value. Motor function benefits were
reportedduring the 6 week treatment period and maintaineg to 12 months postreatmentin patients

who received acupuncture in addition to standard rehabilitati¢jendahl et al1997) The authors
postulate that the release of transmitters and neuropeptides after acupuncture stimulate trophic
reactions that enhance recovebgyond those found in tradibnal rehab(Kjendahl et al. 1997)

Wayne et al(2005)used a previously validated form of acupuncttinat allows forsuccessfupatient
blinding to treatment(Wayne et al. 2005Although there were statistically significant results in favour of
acupuncture treatment on a per protocol basis, a small sample aimbiguous findingsand negative
significance on ITanalysiseffect the interpretation of resultsThechoice of outcome measure §Bhel
IndeX) could be criticized as being unrespondivaubtle improvements impper limbfunction.

Wen et al.(2014)combined acupuncture with moxibustion therapy and reported a significant reduction
in shoulder pain up to 12 months pestatment compared to the control group who received standard
care orly. However, upper limb motor impairment evaluated by the Adgler Assessment (FMA) did
not reveal any differences between the two groups. Moon ef2003)compared electroacupuncture to

an acupuncture control but also assessed the benefiirgfct moxibustion. In direct moxibustion, a small,
coneshaped amount of moxa is placed on top of an acupuncture point and bufiiesl.treatment
appeared to be ineffective in the treatment of spasticity associated with stvakereas patients who
received electracupuncture reported significant reductions in spasticity

The lack of an appropriate control treatment adds to theonsistent effects cdcupuncture. That is, does
acupuncture itself provide therapeutic benefits or are its therapeutic benefits revexrllydas an additive
benefit to physiotherapy?A highquality RCT conducted by Bai et @013)revealed no significant
differences between acupuncture, physical therapy, and a combination of both after 28 days of therapy.
However, at 56 days of therapfugiMeyer Assessment and Modified Barthel Index (MBI) scores were
significantly higher in the physiotherapy group comparedht® acupuncture group, but no differences
were observed between botlf these groups and the combingohysiotherapy+acupuncturgroup.
Although the authors highlight that all three groups improved over time, acupuncture may not be as
efficacious as physiotherapy. A similar study conducted by Zhuang(2@82)did not find any significant
differences in FMA and MBI scores betwedirthree groups after 14 and 28 days of therapy. The authors
suggest that as physiotherapy did not result in significantly greater gaingpoovements;acupuncture

may be an equivalent alternative and could be a useful option for individuals who dwwetaccess to

a physiotherapist or the equipment required for physiotherapy. A combination of the two therapies did
result in a favourable trend but this did not reach statistical significatiseangl et al2012)suggesthat

future research shouldoncentrate on longer followup timesto assess for potential lorggrm benefits.

Although definite conclusions regarding the therapeutic effects of acupuncture cannot be made at the
present time, the literature reveals several issues that must be resolved. First, credible sham treatments
are requiredin orderto effectively evaluatéhe benefitsof acupuncture Zhuangl et al(2012)point out

that sham acupuncture may or may not have a physiological effect with previous research suggesting no
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methods of acupuncturéave beerused including classical Chinese acupunc(ijendahl et al. 1997,
Sallstrom et al. 1996and electroacupuncturéHsieh et al. 2007; Johansson et al. 2001; Moon et al. 2003;
Mukherjee et al. 2007; Si et al. 189Wong et al. 1999)Furthermore, different acupoints may be
influential as Ni et al2013)reported significantly greater improvements in finggmip strength and FMA
scores among patients who received additional acupuncture of the Shixuan and Xieioltsi gssociated
with blood flow, andthe medial antebrachial cutaneous nerve and ulnar nerve stem respectigely
distinction between the different methods arideir intended effects needs to be addressed. Third, Hu et
al. (1993) have reported thatpatients with the most severe impairment showed the greatest
improvements,the use of a homogenous sample and evaluation of patient characteristics that would
most benefit from acupuncture is recommendédjain, the lack of consenstegaedingvhat canstitutes

an appropriate control for acupuncturiaerapy makes interpreting these results difficult as subliminal
stimulation and placement of electrodes may produce unspecific responses.

A systematic review conducted by Fu e{2012) has suggested thatiteriafor RCTs may not be isable

for evaluating studies ofCM and acupuncture. The authors reportsdues sut as: difficulty in
recruitment, higher costs associated with tee studes RdzS (2 LJ G A Sf plagefo aaddza LIA OA
unwillingness to takeother CHM lack ofstandardized terminologydifficulty creating CHM placebo
packets that are similar in smell and appearance; efficachifiese herbal medicineisiterventions are

often nonspecific and outcome measures are subjecffe et al. 2012)A computed search strategy
conducted by Cai et af2012)showed thatof 70% of all acupuncture RC3i® published in Chinahe
number ofChinese RCTs rangfirst inthe Central Register of Controlled Trials (CENTRAL) and MEDLINE
databaseswhile only L% of Chinese RCTs are recognia¢le Science Citation Index (SAlhe authors
suggest that the quality of RCTs conducted in China may not be recodpyizeternational standards

and the quality rather than quantity shoulde be emphazied in future lfmabions

Conclusions Regarding Acupuncture
There is level 1a evidence from higiuality, high-powered studies that acupuncture may not improve
upper extremity motor function or performance of activities of daily living however, level 1a evidence
from lower-powered studies and level 2 evidenawlicating otherwise.
There is level 1la evidence from higluality, high-powered studies that electroacupuncture may not
improve upper limb motor functionhowever, lowerpowered studies (level 1b and level R)dicate
otherwise.

There is conflicting level 1a evidence regarding the effect of acupuncture on spgstici

There is level 2 evidence that electroacupuncture in combination with moxibustion therapy or strength
training may reduce spasticity.

It is unclear whether acupuncturer electroacupuncture may improve upper limb motor outcome|s

10.112 MeridianAcupressure

Meridian acupressure is a form of treatment whereby 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. The
yang meridians run from the fingets the face or from the face to the feet. Yin meridians run from the
feet to the torso or from the torso to the fingertips on the inside, yin side, of the arms. Theoretically,
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acupressure increases blood (9w to the upper extremity, thus improving figtion. Although used in
clinical practice in eastern parts of the worthly afew studieshave examined its use oapper extremity
recovery following strokethe results of which are summarized in Table 10.11.2.1.

Table 10.11.2. Bummary of RCT3ssessig Meridian Acupuncturefor the Upper Extremity

Author, Year Intervention Main Outcome(s)
PEDro Score Result
Sample Size

Yue et al(2013) E: Acupressure 1 Barthellndex (+)

RCT (6) C: Routine care 1 Fugl Meyer Sores (+)

N=78

Huafeng et al(2014) E: Yin Yang manipulation 1 Elbow spasm (+)

RCT (6) C: Conventional needling manipulation |1 Clinical Spasticitindex (+)

Nstar=60 1 Integral electric discharge of involved

Nen=60 muscle (+)

Kang et al(2009) E: Meridian acupressure 1 Grip power (+)

RCT (5) C: Standard care 1 Pain (+)

N=56 1 Passive range of motion (+)

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

Discussion

Although only two RCTs have investigated the effectiveness of acupressure inliogpéunction, the
results appear to be promising. Yue et(2013)reported significantly greater improvements in Barthel
Index and FugWeyer Assessment scores in the intervention group compared to a standard care control
group at three months post intervention. However, there was no significant between group difference
at 1 month post intervention, that acupressure requires greater time to demonstrate treatment efficacy
(Yue et al. 2013Kang et al(2009)also reported significant gains in upper extremity range of motion,
grip strength, and a reduction in pafallowing meridian acupressure compared to standard catea

feng et al. (2014) investigated the therapeutic efficacy of balancingyasig manipulation with
conventional needling manipulation, and reported significant betwgesup differences, favouring
balarcing yiryang manipulation, on outcomes of upper extremity function, including spasticity and
electromyographyThe mechanisms as to why acupressure may be efficacious for the improvement of
upper limb function remains unclear, Yue et(aD13)suggest tlt the stimulation of acupoints may assist

in the releasing of neurohormones and neurotransmitters, and could potentially generate
electromagnetic signals. It has also been postulated that acupressure may stimulate the release of
endorphins, thereby redung pain(Kang et al. 2009)urther research is required to assess the efficacy
of acupressure and to investigate the potential hormonal reactions in order to bring clarity to the
mechanisms underlying this intervention.

Conclugns Regarding Meridian Acupressure

There idevel 1a and limited level 2 evidence that meridian acupressure may improve spasticity, upper
limb motor function, range of motion of the upper limand performance of activities of daily living

Limited evdence indicates a potential benefit of meridian acupressure on upper limb motor functjon,
performance of activities of daily living, and pain poestroke.
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10.113 Traditional Chinese Herbal Medici{&@ CHM)

Traditional Chinese Herbal MediciECHMhas been used routinely in China for the past 30 years in the
treatment of ischemic stroke, despite kck of empirical evidenceinvestigatingits safety and
effectiveness. Traditional medicines may help to promote stroke recovery by reducing cerebral,edem
dilating cardiocerebral vessels, inhibiting the aggregation of platelets, improving circulation and
enhancing ischemic reperfusion injuiyze et al. 2003u et al. 2002)

Wu et al.(2007)assessed the strength tiie existingevidenceregrdingthe 59 TCHMsused following

stroke. Only 22 medicirsehave beerevaluated by either a RCT or controlled trial. The most commonly
evaluated medicines were: Milk vetch, Mailuoning, Ginko biloba, Danshen agents, Xuesetong, Puerarin
and Acanthopanax. The use BEHW was not associated with an improvement in the odds of death or
dependency QR9.86, 95% CI, 0.35 to 2.11); however, there was an increase in the odds of neurological
deficit improvement after treatment@®R=3.93, 95% CI3.14 to 3.65), although the methodaal quality

of the trials was generally poor. Only 3 RCTs were described as being definitively randomized, double
blind and placebo controlled.

Dan Shen is one of the most widely used form§ GHM It comes from the root of the plarbalvia
militorrhiza An updated Cochrane review identified six RCTs that compared Dan Shen to a placebo or
open placebo control following ischemic strof®&u et al.2007) After two weeks of therapy Dan Shen
compounds were associated with significant neurological impreses (OR3.02, 95% CI 1.73 to 5.26).

No deaths were reported. However, the quality of the trials was poor and too few patients were included
to provide reliable estimates of the treatment effect. The authors of the review recommended that
additional highquality RCTs need to be performed.

Pooled analysis of modified Edinbus§bandinavian Stroke Scale (MESSS) scores antd TNAS @St & Ay
systematic review omingkailing,an acclaimed famous CHM to treat cerebrovascular conditions,
suggestedingkailingo be beneficialor patients with ischemic stroke when combined with conventional
treatment (Cheng et al. 2012However, no significant difference terms ofmortality between the two

groups.

The results of RCTs evaluating CHM are summarized inTablie3.1.

Table 10.11.3.1Summary of RCTRAssessingTraditional Chinese Herbal Medicinéor the Uppel
Extremity

Author, Year Intervention Main Outcome(s)
PEDro Score Result
Sample Size
Chenet al. (2012) E: Astalagus Membranaceus 1 FIM(+)
RCT (9) C: Placebo 1 Barthel Index+
N=68 1 Modified Rankin Scale)(
Kong et al(2009) E: Neura\id 1 Fugl Meyer Score)(
RCT (8) C: Placebo 1 NIHSS{
N=40 1 FIM¢)
Goto et al.(2009) E: Tokishakuyakusan 1 Stroke Impairment Assessment Scale (+)
RCT (6) C: No treatment 1 FIM(+)
N=31
- Indicates norstatistically significant differences betwe&eatment groups
+ Indicates statistically significant differences between treatment groups
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Discussion

Tokishakuyakusan was associated with prevention of worsening impairment and disability in the chronic
phase of stroke among a small sample of eldetl8( years) stroke patients living in an instituti@oto

et al. 2009) The mechanism through which benefit is conferred is not-wetlerstood.Based on previous
studies, Goto et al2009)suggest that the antbxidant, antiplatelet and muscle weaknemselioration
properties of Tokishakuyakusawhich may contribute towards potential positive outcomds.is also
believed to be neuroprotective and may enhance the synthesis and release of neurotransmitters including
acetylcholine, dopamine and norepine .

The Chinese herBstragalus membranace#&M) has antiinflammatory and antioxidatative properties
which are thought to help reduce brain edema if administered within the first few hours following stroke
onset, thereby helping to improve functional recovery. The results from one small, but methaddlpgi
rigorous study indicate there is emerging evidenoesupport that thistreatment may be effective
following hemorrhagic strokeChen et al(2012)reported significantly higher FIM gains among those
takingAMwhich may have been thesult of decreaed inflammationhowever, no differences in Barthel
Index or Modified Rankin Scale were observed when compared with a placebo group.

NeuroAiD® (MLC60f9 also thought to act as a neuroprotectant. Although there were no statistically
significant improverants associated with treatment for one month a single RCThere was a trend
towards benefitof treatment among patients with more severe stroke and those with posterior
circulation infarctyKong et al. 2009A systematic reviewf 6 studieson the efficacy of NeuroAiD® in
poststroke recovery repodd that the drug increased chagg of achieving functional independence
when compared to control treatmeni{Siddiqui et al2013)

Conclusions Regardingraditional Chinese Herbal Medicine

There islevel 1b evidence that Astralagus Membranaceusay help to improveupper extremity
following hemorrhagic stroke.

There is level 1llvidence thatNeuroAid®&nay not improve upper extremit motor function or general
functional recovery.

There is level 1bvidencehat Tokishakuyakusan maynprove functional independence in thehronic
stage of stroke.

Limited evidence regarding the use ®faditional Chinese Herbal &tlicine suggest potential benefits
of improvedupper limb motor functionfollowing stroke.

"4

10.11.4Massage Therapy
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mechanical aids to the soft tisues of the body, includinguscles, connective tissue, tendons, ligaments,
joints and lymphatic vesselto achieve a beneficial response. As a fornthefrapy, massage can be
applied to parts of the body or successively to the whole body, toihpal, relieve psychologicatress
managepain, and improvecirculation Where massage is used for its physical and psychological benefits,

it may be termed "therapeutic massage therapy“noanipulative therapg Massage is among the most
frequently used alternative nursing interventions and has been used as a complementary form of
treatment following stroke(Holland & Pokorny 20015everal studies have evaluatdte efficacy of
massage therapy; the results of thentrolled trials are summarized in Table 10.11.4.1.
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