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Upper extremity complications are common following stroke and may be seriously debilit
Regaining mobility in the upper extremities is often mdifficult than in lower extremities, which ca
seriously impact the progress of rehabilitation. A large body of research exists around upper ex
complications but debate continues regarding the timing of treatment and adequate prognostic fa
Ths review provides current information regarding upper extremity interventions. Topics inc
robotic devices for movement therapy, virtual reality technology, spasticity treatm
EMG/biofeedbackelectrical stimulation, brain stimulatigmirugs and medial interventions, alternative
and complementary medicine, hyperbaric oxygen therapgnd hand edema treatment
Neurodevelopmental upper extremity therapy techniques are reviewed along wfitter therapy
options includingepetitive/taskspecific trainingsensorimotor interventions, splintingnd constraint
induced movement therapy.
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9 Attempts to regain function in the affected upper extremity should be limited to those
individuals already showing signs of soraeovery.

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

1 Motor relearning programs may be superior to the Bobath method, while Brunnstrom hand
manipulaton treatment may be superior to motor relearning programs for patients post stroke.

1 Bilateral arm training on its own or in combination with other therapies is likely not more
effective for improving upper limb motor function than unilateral arm trainimgpther
conventional therapies.

1 Arm training is likely more effective than leg training for improving arm function after stroke.

9 Additional upper limb therapy does not appear to be superior to conventional therapy for
improving upper limb motor functionrdunctional independence.

9 Strength training likely helps improve grip strength, motor function, and shoulder range of
motion following stroke.

91 Due to the variation of the treatment protocols, it is unclear whether repetitive-gscific
training in comination 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).

9 Transcutaneous electrical nerverstilation, vibration therapy, mesh glove, and thermal
stimulation may improve upper limb motor function.

9 Peripheral nerve stimulation and electroacupuncture may not improve upper limb motor
function.

1 Mental practice may improve upper limb motor functionexfstroke, while motor imagery likely
does not.

1 Splinting, taping, and orthoses likely do not improve upper limb motor function.

1 Constraintinduced movement therapy (CIMT) may be ineffective in the acute stage of stroke,
but likely effective in the chronighase for improving upper extremity motor function.

1 Modified constraintinduced movement therapy (mCIMT) may improve adaption to preserved
function, but not neurological impairment in the early stage of stroke. However, mCIMT may
improve upper limb motofunction in the chronic phase.

1 Mirror therapy is likely effective for improving upper limb motor function.

1 Feedback may improve upper limb motor function post stroke.
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91 Evidence for the use of action observation is conflicting, although the combinatiotiari ac
observation with braircomputer interfacebased functional electrical stimulation may be
effective for upper limb motor rehabilitation.

1 Music therapy may improve upper limb motor function but not muscle strength.

1 Homebased rehabilitation interventianare likely not effective for improving upper limb motor
funtion

91 Additional research is needed to evaluate the effectiveness of additional exercise therapy for
upper limb motor function.

1 There is conflicting evidence as to whether the use of robotic devgeffective for improving
upper limb motor function.

9 Virtual reality therapy may not improve upper limb motor function in chronic stroke patients.

1 Computerbrair-interface technology is likely not effective for improving upper limb motor
function althaugh more research is required to come to a more definitive result.

1 Hand splints alone likely do not reduce spasticity or prevent contracture.
9 Stretching programs may improve upper limb spasticity.

9 Botulinum toxin likely decreases spasticity, but likelysinet improve upper limb motor
function.

9 Botulinum toxin in combination with electrical stimulation or modified constraint induced
movement therapy likely improves muscle tone in the upper extremity.

1 More research is needed to determine whether nerve blweltment decreases spasticity in
the upper extremity.

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

Neuromuscular electrical stimulation (NMES) may not reduce wrist or elbow spasticity.
Extracorporeal shockwave therapy likely improves upper limb spasticity.

Further research is needed to determine the benefits of tolperisone on upper limb muscle tone.

=A =_ =4 =4

EMG/biofeedback therapy is likely not effective for improving upper limb motor function o
spasticity.

91 Both functional electrical stimulation (FES) and neuromuscular electrical stimulation (NMES)
may help improve impaired upper extremity motor function during all phases of stroke (i.e. from
acute to chronic).

1 FES may be more beneficial at imping impaired motor function when delivered early (<6
months) than late (>6months).
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1 There is no significant difference in the benefits observed following different NMES delivery
modalities (i.e. cyclic, EMtAggered, and passive).

1 Motor Cortex Stimulatin via implanted electrodes may not improve upper limb function in
patients poststroke. More studies are needed to conclude on the effectiveness of vagus nerve
stimulation for upper limb motor function.

9 Itis unclear whether lovirequency (1 Hz) Repetitivieranscranial Magnetic Stimulation (RTMS)
is effective, while higlirequency (5 Hz) and Dual RTMS Repetitive Transcranial Magnetic
Stimulation is likely effective for improving upper limb motor function.

1 Intermittent Theta Burst Stimulation (iTBS) may ioy@ upper limb motor function in the
acute/subacute phase as well as during the chronic phase post stroke. While iTBS may not be
effective for improving dexterity in the acute/subacute phase, it is likely effective during the
chronic phase.

1 Continuous Thet Burst Stimulation (cTBS) may not be effective for improving upper limb motor
function or dexterity after stroke.

1 Anodal Transcranial Direct Current Stimulation (tDCS) is likely not effective for improving upper
limb motor function, spasticity, and griprength, with uncertainty regarding its effectiveness
for dexterity.

1 The effectiveness of Cathodal Transcranial Direct Current Stimulation (tDCS) remains uncertain
for upper limb motor function, dexterity, and activities of daily living.

9 Dual Transcrani@irect Current Stimulation is likely effective for dexterity.

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

1 More research is needed to determine the effects of Levodopa on impairedr lipe motor
function.

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

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

1 Further research is nged to determine if steroid injections are beneficial at reducing upper
limb pain and improving range of motion following a stroke.

1 Further research is needed to determine the effects -afydloserine on posstroke upper
extremity motor function.

1 Evidencdor the use of the ozonated autohemotherapy for improving pstsoke upper limb
motor function is currently limited.

9 Cerebrolysin may improve upper limb motor function, dexterity, and measures of
independence/daily living.
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1 NeuroAid may not improve uppdémb motor function and phosphodiesterageinhibitor may
not improve dexterity, grip strength, or level of independence/daily living.

91 Evidence for the use of Atorvastatin for improving outcomes after stroke is limited.
91 Acupuncture likely does not improwsper limb motor function or level of independence.

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

9 Limited evidence regarding the useTofditional Chinese Herbal Medicine suggests potential
benefits of improved functional independence after stroke.

1 Massage Therapy likely does not improve functional independence, spasticity, hand dexterity, or
quality of life after stroke.

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

Dr. Robert Teasell
Parkwood Institute, 550 Wellington Road, London, Ontario, Canada, N6C 0A7
t K2y SY pwmpdc ywpwebrsrcom 9 YRS Weasell@sjhc.london.on.ca
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Impaired upper extremitfyunction is a common and often devastating problem for stroke survivors. In
the populaticn-based Copenhagen Stroke Stytiiakayama, Jorgensen, Raaschou, & Olsen, 199%)

of stroke patients had severe arm paresis at admission and 37% had mild paresis. In 64 out of 491 (13%)
stroke survivors, the arm remained entirely riamctional despgie 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 extremitie@diraoka, 2001) Simiarly, Barecca (2001) noted that
oRehabilitaton of 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(bantbovy, 1993;
Gowland, 1982; Kwakkel, van Dijk, & Wagenaar, 200@imited rehabilitation resources, time
constraints, and a lack of early motor recovery in the arm and hand tend to focus therapy on improving
balance, gait and geeral mobilitye

There is much discussion regarding which patients benefit the most from thekaygkkel et al(2003)
reported that 11.6% of patients had achieved complete functional recovery at 6 months, while 38% had
some dexterity. Theras also evidence that motor rehabilitation of chronic stroke patients remains
successful several months or years after the acute st(bkenmelsheim & Eickhof, 1999; Kraft, Fi&is,
Hammond, 1992)In terms of patients with less severe initial impairment (defireeda Chedoke
McMaster Stroke Assessment (CMSégre of stage 4 or greateBareccg2001)recommended that an
aggressive restorative program geared towards regaining fondti the affected upper extremity be
adopted(See Table 10.1.1 for the CMSA stages of motor recovery)

Table 10.1.1Stages of Motor Recovery of the ChedokécMaster Stroke AssessmefiGowland et al.,
1993)

Stage Characteristics
1 Flaccid paralysis is present. Phasic stretch reflexes are absent or hypoactive. Active movement cannot be
reflexlywith a facilitatory stimulus or volitionally.
2 Spasticity is present and is felt as a resistance to passive movement. No volenotegynent is present, but a

facilitatory stimulus will elicit primitive movement patterns reflexly. These primitive patterns are the stereoty
flexion and extension synergies.

3 Spasticity is marked. The primitive synergistic movement patterns caridieeélvoluntarily, but are obligatory.
In most cases, the flexion synergy dominates the arm, the extension synergy the leg. There are strong anc
components within each synergy.

4 Spasticity decreases. Synergy patterns can be reversed if movemest pédce in the weaker synergy first.
Movements combining antagonistic synergies can be performed when the prime movers are the strong
components of the synergy.

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

6 Coordination ad patterns of movement are near normal. Spasticity as demonstrated by resistance to passi
movement is no longer present. A great variety of environmentally specific patterns of movement are now
possible. Abnormal patterns of movement with faulty timiegnerge when rapid or complex actions are
requested.

7 b2NNIf & ! ay2NYL f-apprépriatfic@riplex ndvemend patikrisiare padsible with normal
timing, coordination, strengthand endurance. There is no evidence of functional impairment compaitrdthe
Y2NXYIEf aARS® ¢ KSNPerckpiuahotodsysteM | £ ¢ &Sy a2 NE
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Previous Reviews

Two reviews po@d the results of RCTguantitatively (Barecca et al., 2001; Hiraoka, 200Barecca
(2001) reported the following pooled effect sizes associated with upper extremity treatments: Z=4.87
for sensorimotor training (including 4 RCTs); Z=3.43 for-EM@rical stimulation (including BRCTs);

and Z=4.44 for electrical stimulation (including 2 RCHsnoka(2001)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. Subgroup analyses suggested that theres w@ treatment effect of
neurodevelopmental treatment compared with conventional physical therapy0(8%); there was a
medium effect of conventional physical therapy compared to no therapy (d=0.51) and a large effect of
EMG biofeedback treatment comparéal conventional physical therapy (d=0.85).

10.1 Consensus Panel Treatment and Recommendations

Barecca et al(2001) provided consensus treatment recommendations for management of the-post
stroke arm and hand, based on a synthesis of best evidence. After reviewing the eyithenpanel
came to aconsensus 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 merwith a scoreof less than 4 will

not succeed. A more palliative compensatory approach is recommended in suck.case

2001 Consensus Panel Recommendations for Patients with Severe Impairment

GC2NJ GKS OftASYyid oA0GK aSOSNBE Y20i2NE aSyaz2NEe
effectiveness literature indicates that additional treatment for the upper limb will not result in an
significant neurological change. The eviderdadte suggests that interventions may not lead to

A ¥ 4 A x
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1. Maintain a comfortable, paidree, mobile arm and hand

1 emphasize proper positioning, support while at rest and catedndling of the upper limb
during functional activities.

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

1 avoid useof overhead pullies that appear to contribute to shoulder tissue injury

1 use some 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 handchwfitéi
Ot ASyiQa @Aradat FASERO®
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2. To maximize functional independence, stroke survivors with persistent motor and sensory
deficits and their caregivers should be taught cpensatory techniques and environmental

adaptations that enable performance of important tasks and activities with the less affected arn
and hand.
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2001 Consensus Panel Recommendations for Patients with Moderate Impairment

GC2NJ Of ASyida 6AGK Y2RSNI GS AYLIANXSyla oK2
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 involvagper limb during functional tasks and activities.

2.Engageinmotof SI Ny Ay 3 GNIAyAy3a AyOfdzRAy3I GKS dza

Conclusions Regarding Management of the Post Stroke Arm and Hand

There is consensus opinion that in severely impaired uppdremities (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 individuals
already showing signs of some recovery.

10.2 Upper Extremity Interventions

A variety of treatment interventions to improve motor recovery in the upper extremity hasenb
evaluated. They are presented in sections 10.2.1 to 10.2.

10.2.1 Neurodevelopmental Techniques

A variety of treatment approaches are in use currently. Arguably, the Bolzathcept (a
neurodevelopmental techniqualso referred to as Neurodevelopmiah Treatment (ND)Tis the most
commonly use@pproach.

There are a number of approaches ttat considered to ba&eurodevelopmental techniques. These
include BobatiNDT, BrunnstronR & a 2 @S Y S vind Progic® éplive Reuromuscular Facilitations.
The oncept ofBobathNDT emphasizghat abnormal muscléone or patternsshouldbe inhibited and
normal patterns should be used in order to facilitate functional and voluntary movemeittigh is in
RANBOGO 2LIIRAAGAZ2Y { PherapNajyroads ey & dhe rleHahilldon 6f Khe
lower extremity are also discussed@mapter 9.

Table 102.1.1 Neurodevelopmental €chniques

Approach Description

Bobath/Neurodevelopmental Aims to reduce spasticity and synergies by using inhibitory postures and movements in orc

Treatment facilitate normal autonomic responses that are involved in voluntary mover(i2obath 1990)

. NXzy' y & i N2 Y Q& |Emphasiessynergistic patterns of movement that develop during recovery from hemiplegia

Therapy Encourages the development of flexor and extensor synergies during early recovery, assu
that synergistic activation of the muscle will result in voluntary moven{@ntinnstdm 1970)

Proprioceptive Emphasiesuse of the patient's stronger movement patterrts strengthen weaker motions.
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Neuromuscular Facilitation | PNF techniques use manual stimulation and verbal instructions to induce desired moveme
(PNF) patterns and enhace motor function(Voss et al. 1985)

In their review ofneurodevelopmental techniquegersusother treatment approachesBarreca et al.
(2003b) included fiveRCTqgBasmajian et al., 1987; Dickstein, Hocherman, Pillar, & Shaham, 1986;
Gelber, Josefczyk, Herrman, Good, & Verhdl895; Logigian, Samuels, Falconer, & Zagar, 1983; van der
Lee et al., 1999nd concluded thaheurodevelopmental techniquesere not superior to other types

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

Paci(2003)conducted a review of 15 trialsdluding six RCTs astk norRRCTsnd three case series to
determinethe effectivenes of NDT for adults with postroke hemiplegiaTheauthor concluded that
there is no evidenceotsupportNDTas being the superior type of treatment.

We found twelve studies that evaluated the effeivenessof neurodevelopmental techniqueslevenof
which were RCTs. Another systematic revidwke, Dodd, & Brock, 2004hich included the results
from 8 trials (RCTs) came to similar conclusions.

A summary of RCEvaluatingneurodevelopmental techniques apresentedin Tablel0.21.2.

Table 10.2.1.5ummary of RCTs Evaluating Neurodevelopmental Techniques

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Platz et al(2005) E1: Augmented therapy time (Arm BASIS|1 Fugl MeyerAssessment: Arr)
RCT (8) E2: Augmented therapy timd@pbath)
N=62 C: No augmented therapy time
Platz et al(2009) El:Impairmentoriented training 1 Fugl Meyer Assessmen (
RCT (8) E2: Passive therapy (with splints) 1 TEMPA4
N=148 C: Conventional therapy
Langhammer & Stanghel{2000) | E: Motor Relearning Programme (MRP) |1 Hospital stays (+MRP)
Langhammer & Stanghe(2003) | C: Bobath 1 Motor Assessment Scale (+MPR) at po$ti
Langhammer & Stanghel(2011) 1 and 4yr followup
RCT (8) 1 Sodring Motor Evaluation Scale (+MRR)
N=61 post, €) at 1 and 4yr followup

1 Life Quality Test)
7 Quality of Movement (+MPR)
van Vliet et al.(2005) E: Motor Relearning Programme (MRP) |1 Rivemead Motor Assessmenj (
RCT (7) C: Bobath 1 Motor Assessment Scalé (
N=120
Timmerman et al(2013) E: Regular + Mirror therapy 1 Frenchay Arm Test)(
RCT (7) C: Neurodevelopmental Bobath therapy |1 Functional Assessment Sed)
Nstar=42 1 Wolf Motor Function Test]
Nen=42
van der Lee et a(1999) E: Neurodevelopmental Therapy 1 Action Research Arm Test (+) foreesk
RCT (7) C: Forceduse therapy
N=66
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Walker et al(2012)
RCT (7)

Nstar=70

Nens=64

Basmajian et al1987)
RCT (6)

N=29

Pandian et al(2012)
6 (RCT)

N=30

Gelber et al(1995)
RCT (5)

N=20

Dicksteinet al.(1986)

RCT (5)

N=131

Logigian et al(1983)

RCT (4)

N=42

Hafsteinsdéttir et al(2005)
Hafsteinsdéttir et al(2007)
PCT

No Score

Nstar=326

Nen=286

E: Neuropsychological approach to dressi |
C: Dressing without a tagkiented approac|

E: Physical Therapy based on netaoailitate|{
techniques 1
C: EMG

E: Brunnstrom hand manipulation treatme §
(BHM)

C:Motor relearning program (MRP)

E: Bobath

C: Traditional techniques

il
il
il
1
E1: Proprioceptive neuromuscular facilitat
E2: Bobath |
C: Traditional techniques \l
E: Facilitated therapy 1
C: traditional techniques 1
E: Neurodevelopmental Treatment (NDT)|{
C: Traditional techniques 1

1

il

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

Discussion

Nottingham Stroke Dressing Assessmejt
10-hole peg transfer test-f

Upper Extremity Function Tes) (
Finger Oscillation Test)(

FugtMeyer Assessment for Hand (+)

FIM €)

Box and Block Tes{)(
Nine Hole Peg Tes{(
LOSH

Barthel Index-)

Muscle tone )

Active Range of Motion)
Barthel Index+)

Manual muscle test-}

Barthel Index-)

Quality of Life+)

Healthrelated Quality of Life-}

Visual Analogue Scale for Depressign (

The results from two recent, Higquality 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 relearning, widle Vilet et al(2005)did not

report a signiicant difference between treatment approachegan Vliet et al.(2005) speculate that
earlier, more intensive training provided in th&anghammer and Stanghel[2000)study as well as a
higher (albeit norstatistically significant) baseline difference may have contributed to the differences
The content of the treatment programs within the two studies may also have diff€tatiz et al(2005)

failed to demonstrate an effect of augmented arm therapy (in addition to regular rehabilitation) upon
motor recovery, regardless of the treatment approach (BASIS arm training or Bobath) or following
passive, conventional or impairmentiented training.

Hafsteinsdottir et al(2007) Dickstein et al(1986) and Gelber et a(1995)reported that the Bobath
approach was not superior to that of nédDT approach. There were no differences between the groups
on measures of independence or quality of lifairthermore Timmerman et a2013) van der Lee et

al. (1999) and Basmajian et g11987)noted no significant difference between neurodevelopmental
techniques and various control therapies arm motor functionPandian et al(2012) found that the
Brunnstrom hand manipulation treatment was associated with improved-Meger Hand Assessment
scores when compared to a motor relearning program.

Conclusions Regardingeurodevelopmental Techniques
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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 maybe associated with improvements in shetérm motor functioning, shorter lengths
of hospital stay and better movement quality.

There is level 1b evidence that Brunnstrom hand manipulation treatment is preferable over a motor
relearning program.

Neurodeelopmental techniques are not superior or inferior compared with other therapeduti
approaches in treatment of the hemiparetic upper extremity.

c

Motor relearning programs may be superior to the Bobath method, while Brunnstrom hand
manipulation treatment may be superior to motor relearning programs for patients post stroke.

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 recovery of the impaired limb
through faciliative 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 callos(Morris et al., 2008; Summers et al., 2007)

A Cochrane reviewby Coupar et al(2010) which included the results from 18 RC&asd 549
participants reported that there was no significant improvement in ADL function (standardized mean
difference of 0.25, 95% C0.14 to 0.63), functional movement of the arm (SMQ07, 95% CD.42 to
0.28) or hand, (SME0.04, 95% CD.50 to 0.42)of bilateral arm trainingcomparedwith usual care
following stroke.

Cauraugh et al2010)conducteda metaanalysis, including the results from 25 studies, the migjaf

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 treatment (pure bilateral,
Bilateral Arm Training with Rhythmic ditory Cueing (BATRAC), coupled bilateral and electromyography
(EMG)+triggered neuromuscular stimulation and active/passive movement using robotics). BATRAC and
EMGtriggered stimulation studies were associated with the largest SMD.

Van Delden et al(2012)evaluated the effectiveness of bilateraérgusunilateral upperlimb 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-Magler AssessmenfEMA) Action Research

Arm test (ARAT), Motor Assessmt Scale (MAS) and Motor Activity Log (MAAJrossall severity
categories, unilateral training was superior when outcemere assessed usinthe ARAT, but there

were no differences irthe scores of patientsvho had severeor moderate paresis There wee no
significant differences in improvement 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, althdug@nly the mild subgroup was represented.
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The resultof controlled trialsevaluatingbilateral arm trainingare summarized ifable 10.2.2.

Table 10.2.2.55ummary ofControlled Trial€Evaluating Bilateral Arm Training

Author, Year

Study Design (PEDiScore)

Sample Size
Morris et al.(2008)
RCT (7)
N=106

Morris & van WijcK2012)

RCT (7)

N=106

Whitall et al.(2011)
RCT (7)

N=111

Wu et al.(2013)
RCT (7)

Nstar=53

Nen=53
TPS=chronic
Brunner et al(2012)
RCT (7)

N=30

Destrosiers et a{2005)
RCT (7)

N=41

Yang et al(2012)
RCT (7)

N=21
TPS=chronic
Luft et al.(2004)
RCT (7)

N=21

Dispa et al(2013)
RCT (7)

Nstar=10

Nen=10

McCombe et a(2014)
RCT (7)

Nstar=30

Nen=26

Lin et al.(2010)

RCT (6)

Intervention

E: Bilateral training 1
C: Unilateral training q

1

1
E: Bilateral training q
C: Unilateral training q
E Bilateral training q
C: Unilateral training 1
E1: Bilateral robotic training 1
E2: Unilateral robotic training 1
C: Conventional therapy 1

E: Bilateral training
C: mCIMT

E: Symmetrical bilateral tasks
C: Conventional therapy

E1: Unilateral robot assisted training
E2: Bilateral robot assisted training
C: Standard training group

= =4 (=4 =4 —a —a —a —a —a —a —a —a -8

E: Bilateral arm training + rhythmic aud
cueing 1
C: Therapeutic exercises. |

E: Bilateral therapy
C: Unilateral therapy

E: Bilateral + Unilateral training
C: Unilateral training

E: Bilateral training
C: Unilateral training

= =& A e _a _a _a _a _a _a _=a

Main Outcome(s)
Result

ARATH

Rivermead Motor Assessmenj (
Nine Hole Peg Test (+)
Modified Barthel Index-j

9HPT: 6wk (+), 18wK)(

ARATH

Fugl Meyer+)
Wolf Motor Function Test)

Motor Activity Log+)
Wolf Motor Function Test (FAS subscéte)
ABILHAND(

ARATH

9HPTH)

Motor Activity Log+)

Fugl Meyer+)

Grip strength {)

Box and Block Tesd)(

Purdue Pegboard Tes) (
Finge-to-Nose Test-]

TEMPA-

Functional Independence Measurg (
The Assessment of Motor and Process SKjlls (
FugIMeyer Score-]

Medical Research Counci (

Fugl Meyer+)

Wolf Motor Arm Test+

University of Maryland ArnQuestionnaire for Strol
()

Elbow and Shoulder Strength) (

Fugl Meyer+)

Purdue peghoard Test)(

ABIL:hand questionnaire-J

STAIStroke questionnaire-§

Wolf Motor Function Test (+)

University of Maryland Arm Questionnaire (+)
Fugl Meyer+)

Box and Block Tesd(

Fugl Meyer (+)

FIM €)
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N=33

Stinear et al(2008)
RCT (6)

N=32

Whitall et al. (2011)
RCT (6)

Nstar=111

Nend=92

van Delden et a2015)
RCT (6)

Nstar=60

Nen=52

Lee et al(2013)

RCT (6)

Nstar=26

Nen=26

Stinear et al(2014)
RCT (6)

Nstar=57

Nen=51

Shim et al(2015)

RCT (6)

Nstar=20

Nene=20

van Delden et a(2013)
RCT (6)

Nstar=60

Nen=55

Hsieh et al(2016)
RCT (6)
Nstar=31
Neng=31

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

Song et al(2015)

)l

E: Activepassive bilateral therapy q
C: SeHdirected motor practice 1

E: Bilateral arm training with rhythmic
auditory cueing

Motor Assessment Log)(
Fugl Meyer (+)
Gripstrength ¢)

1 Fugl MeyelAssessment-|
1 Wolf Motor Function Test)

C: Dose matched unilateral therapeutic ¢ Stroke Impact Scale: Pesttervention €); 4mo follov

exercises

1

1

E1: Modified CIMT + unilateral training |1
E2: Rhythmic movement + bilateral trai| {
C: Control

E: Bilateral training + Nervous system |{
rehabilitation
C: Nervous system rehabilitation

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

E: Bilateral training 1
C: Unilateral training 1
1

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

= = —a

E: Bilateral arm priming + taskiented
training
C: Tasloriented training alone

ELl. dCIT
E2: Bilateral training
C: Control 1

E1: Tasloriented bilateral arm training |1

up: Emotion {), Hand {), Strength {), Total score (+
Isokinetic strength: EIbow extensio#) (

Isometric strength: Shoulder extensio); (Wrist
extension(+); Elbow flexion-}

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

FIM (+)

Modified Ashworth Scale)(
Stroke Impact Scale)(

Motor Function Test (+)

FIM (+)

Affected hand amount of sedentary and moderat
activity (+)

Action Research Arm Tes} (

Nine Hole Peg Tes)(

Motricity Index €)

Fugl Meyer+)

Motor Activity Log+)

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

FugtMeyer Assessment)(

Box and Block Tesd(

Grip Strength

Modified RankirScale {)

Functional Independence Measurg (

Activities of Daily Living)(

Mobility ()

Fatigue {)

Stroke Impact Scale (+)

Normalized Movement Unit for unilateral and
bilateral tasks: E1/E2 vs. C (+); EL v-E2 (

Peak Velocity for unilateral and bilatetasks: E2 v
C(+); Elvs. E2/g (

Wolf Motor Function TesftTime and Functional
Ability: E1 vs. C (+); EL/C vs. &2 (

Motor Activity Log Amount of Use and Quality of
Movement: E1 vs. E2/C (+); E2 vs)C (

Box and Block Test (+)
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RCT (5) E2: BATRAC Jebsen Taylor Hand Function Test (+)
Nstar=40 Modified Barthel Index (+)
Nen=40
Stoykov et al.(2009) E: Bilateral training Motor Assessment Scalé (
RCT (5) C: Unilateral training Motor Status Scale)
N=21
Summers et al(2007) E: Bilateral training Modified Motor Assessment Scale (+)
RCT (5) C: Unilateral training
N=12
Cauraugh & Kinf2002) E1: Electrical stimulation + bilateral trai § Box and Block Test: E1 vs. E2/C (+); E2 vs. C (+
RCT (5) E2: Electrical stimulation + unilateral
N=25 training
C: Control
Byl et al (2013) E: Bilateral orthosis Upper Limb Fugl Meyer Assessmedt (
RCT (5) C: Unilateral orthosis
Nstar=18
Nen=15
Han & Kin{2016) E: Bilateral arm training Box and Block Tesd)(
RCT (5) C: Unilateral arm training Elbow Amplitude-
Nstar=25 Shoulder Amplitude (+)
Nen=25
Singer et a(2013) E: Bilateral training + EMBS Fugl Meyer+)
RCT (4) C: Unilateral training + EMBS Arm Motor Ability Test-
Nstar=24
Nen=21
Kim et al(2013) E1: Bilateral robotic training FugtMeyer Assessment)(
RCT (3) E2: Unilateral robotic training
N=15 C: Usual Care

Anandabai et al(2013)
PCT

Nstar=30

Nen=30

E: Bimanual training
C:Unilateraltraining

FuglMeyer €)
Wolf Motor Function Test)

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

Discussion

In a large multicentrdRCT, Whitall et a(2011)evaluated the effecbf bilateral arm training on upper
limb functional recovery. Results fail to 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 limfWhitall et al., 2011)While the results ofnother large RCalso
found no significant difference between bilateral arm training and unilateral arm traimtegventions

in arm function, finger dexterity was improved imetbilateral arm training groufMorris et al., 2008)Iin
addition to these, many additional studies inding those by Dispa et dR013) Stoykov et al(2009)

Han & Kim(2016) Desrosiers et a{2005) Byl et al(2013) and Anandabai et af2013)have found no
difference between bilateral arm training and unilateral training on various functional outcomes.
Bilateral training was also shown to have no significant effect when compared to cutaneous electrical
stimulation (Stinear et al., 2014)Some studies show conflicting evidence when comparing bilateral
training to unilateral training and various other conventional therapies, with some outcomes being no
different while others favoring the bilateral arm training grofi C. Lin et al., 2010; McCombe Waller et
al., 2014; Stinear et al., 2008pn the other hand, studies by Shim et @015)and Summers et al.
(2007)found significant differences between the groups in favour of the bilateral arm training group,
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although both of thes studies had very small sample sizes, indicating low validity and credibility due to
insufficient power.

Coupling bilateral arm training with rhythmic auditory cueifBATRACyas also found to be nen
superior over conventional therapy with regards te &ffectvenesson upper limb motor function in

both chronic and acute stroke patienfkuft et al., 2004; van Delden et al., 2015; van Delden et al.,
2013. However, van Delden et a(2013) found that the BATRAC group had a significantly more
favourable score on the Stroke Impact Scale than conventional therapy. This suggests that while the
BATRAC protocol may not improve functional outcomes, it mayige improvements on measures of
independence.

Overall, studies reveal that in comparison with modified constraidticed movement therapy (mCIMT)
delivered alone or in combination with other treatment, bilateral arm traindogs notimprove upper

limb motor function (Brunner et al., 2012; van Delden et al., 2013ijstributed constrairinduced
therapy (dClIThas beerfound to evoke significantly greater changes in the Motor Activity Log measure
compared to bilateral arm trainingnd to convenibnal therapy in one stud¢Wu et al., 201%)however,

the apparent lack of effectiveness afiCIMTsuggests that more research is needed to come to a
definitive conclusion about dC(¥an Delden et al., 2013)

In one study, whenbilateral arm training wassupplemented with electrical stimulation, findings
reveakd an improvement in manual dexterity and functionhen compared to a control group
(Cauraugh & Kim, 2002)owever, no significant differencim general arm motor functiomnvas found
when this treatment was comparedvith unilateral arm training(Singer et al., 2013)Due to bw
methodological quality andtatistical power, further evidence is required to come to a conclusion
regarding the effectiveness of bilatettahining with electrical stimulation.

According to threestudies(H. Kim et al., 2013; C. Y. Wu, C. L. Yang, et al., 2013; Yang CLbil264r2)
robotic training did not improve motor function significantly more than unilateral robotic ingjror
conventional therapy.

In a recent study by Hsieh et §2016) bilateral arm priming was coupled with taskiented training

and was compared to tagikriented training alone. The results indted that there was no significant
difference between groups in terms of motor function, although there was a significant benefit in
measures of independence for the bilateral arm training grodfnen bilateral training was coupled
with nervous system rehmlitation, it was also shown to improve independence in participants when
compared to nervous system rehabilitation alofh.-H. Lee et al., 2013)

Conclusions Regarding Bilateral Arm Training

There is level la evidence that bilateral training is not more effective than unilateral training for
upper limb motor function outcomes.

There is level 1a evidence that bilatdr&raining is not more effective than conventional therapies
such as modified constraint induced movement therapy and cutaneous electrical stimulation.

There is level 1a evidence thailateral arm training with rhythmic auditory cueindBATRAC) is not
more effective than unilateral arm training.
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Bilateral arm trainingon its own or in combination with other therapies is likely not more effectiyve
for improving upper limb motor function than unilateral arm training or other conventiongl
therapies.

10.2.3Arm and Leg Training
In this sectionwe examinedstudies thatinvestigaed the effectivenessof providing arm trainingn
comparison to leg training for upper limb function

The resultsof controlled trials evaluatingarm training versus leg trainingre summarized inTable
10.2.3.1

Table 10.2.3.55ummary ofControlled Trial€EvaluatingArm and Leg Training for the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Blennerhassett & Dit€2004b) E1: Upper extremity task related practice 1 Jebsen Taylor Hand Function (+)
RCT (9) E2: Lower extremity taskelated practice 1 Motor Assessment Scale (+)
N=30 (1 hour a day x 5 days x 4 weeks)
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
Higgins et al(2006) E1: Upper extremity task related practice 7 Box and Block Tes{)(
RCT (8) E2: Lower extremity taskelated practice
N=47 (90 min x 3 sessions/week x 6 weeks)
Sanche#Sanchez et a(2017) | E1: Upper extremity function traing 7 Fugl Meyer Score (+)
RCT (8) E2: Lower extremity function training 1 Wolf Motor Function Test (+)
Nstar=15 1 Grip Strength
Nen14 1 Muscle Tone-j
l
Mares et al (2014) E1: Functional strength training for upper limt § Action Research Arm Test: post (+), foHo!
RCT (8) E2: Functionadtrength training for lower limb up (+)
Nstar=52
Nen=44
Pang et al.(2006) E1l: Arm training 7 Fugl Meyer Score (+)
RCT (7) E2: Leg training 1 Wolf Motor Function Test (+)
Nstar=63
Nen=60

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

Discussion

Based on the results of 5 randomized controlled triatiditionalupper extremity task practice, function
training or strength training offersignificantly greater benefits in arm function than what is obtained
from comparable leg rehabilitatio(Blennerhassett & Dite, 2004a; Kwakkelal., 1999; Mares et al.,
2014; Pang et al., 2006; Sanci&mchez et al., 2017Pne study by Higgins et §2006)found no
significant difference between upper extremigynd lower extremitytask practice on the Box and Block
Test, a measure of functicand dexterityfor the upper body.

Conclusions Regardingrm and Leg Training
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There is level la evidence that arm function training, task practice, and strength training provide

significant functional improvements in the arm after stroke in comparison to similar leg training.

Arm training is likely more effective thateg training forimproving arm function after stroke.

10.24 Additional/Enhanced Therapy
In this sectionwe examinedstudies thatinvestigaed the effectivenessof providing supplementary
therapy targeting the upper extremity in addition to usual careonventional therapy

The resultsof controlled trials evaluating additional/enhancettherapy are summarized inTable

10.24.1.

Table 10.2.4.1Summary ofControlled TrialsEvaluating AdditiondEnhancedTheragy for the Upper

Extremity

Author, Year
Study Design (PEDro Score
Sample Size

Kwakkel et al.(1999)
RCT (8)

N=101

Ross et al(2009)
RCT (8)

Nstar=39

Nen=37

Harris et al(2009)
RCT (8)

N=103

Duncan et al.(2003)
RCT (8)
N=92

Lincoln et al(1999)
RCT (7)

N=282

English et al(2015)
RCT (7)

Nstar=283

Nen=261

Platz et al(2001)
RCT(7)

N=60

Liu et al (2014)
RCT (7)

Nstar=46

Nen=44

Rodgers et al(2003)
RCT (7)

Intervention

EL: Arm training

E2: Leg training

C: Conventional therapy

E: Additional taslspecific motor training
C: Standard care

E:Graded repetitive upper limb supplementar|§

program (GRASP)
C: Education

E: Supervised home program
C: Usuatare

E: Additional physiotherapy
C: Routine physiotherapy

E1: Group Circuit Classes of taglecific training

days a week
E2: Usual Physiotherapy 7 days a week
C: Individual Physiotherapy 5 days a week

E: Arm ability traimg
C: Routine therapy

E: Sekregulation
C: Conventional functional rehabilitation

l
1

= =4 —a —a —a —a _—a —a _—_a _a -2

E: Stroke unit care + enhanced upper limb re|f

C: Conventional stroke unit care

1

Main Outcome(s)
Result

Action Research Arm Teg1 vs C+)
Barthel Index: E1 vs § (

Action Research Arm Tes} (
Summed Manual Muscle Tesj (

Chedoke Arm and Hand Activity Inventor,
Grip Strength (+)
Paretic Upper Limb Use (+)

Fugl Meyer Score)(

Grip Strength+

Functional Reach)(

Wolf Motor Function Test)
Rivermead Motor Assessment (arr) (
Action Research Arm Tes} (
Barthel Index-)

Wolf Motor Function Test)
Functional Indepedence Measure {)
Stroke Impact Scale)(

Health related quality of life-

Test d'Evaluation des Membres Supérieu
Personnes AgégFEMPA) (+)

FIM motor(+)
FIM: cognitive
Fugl Meyer: upper limb-), lower limb ¢)

Action ResearcArm Test+)
Motricity Index §)
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http://www.ncbi.nlm.nih.gov/pubmed/11441386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pilot+Randomized+Controlled+Trial+of+Self-Regulation+in+Promoting+Function+in+Acute+Poststroke+Patients
http://www.ncbi.nlm.nih.gov/pubmed/12971702

N=123

Donaldson et al(2009)
RCT (6)

Nstart=30

Nen=19

Han et al(2013)

6 (RCT)

N=32

Sunderland et al1992)
Sunderland et al1994)
RCT (6)

N=132

De Diego etl. (2013)
RCT (6)

Nstar=21

Nen=21

Fluet et al(2014)
RCT (6)

Nstar=41

Nen~40

Repsaite et al2015)
RCT (5)

Nstar=27

Nen=27

Trombly et al(1986)
RCT (4)

N=20

Dickstein et al(1997)
RCT (3)

N=27

Mazzoleni et al(2013)
PCT

Nstar=64

Nen=64

Smedes et a(2014)
PCT

Nstar=18

Nen=18

Minagawa et al(2015)
PCT

E: Functional strength training + conventiona

therapy
C: Conventional therapy

= =& = —a =

E1: 1 hour of standard arm training per day |1

E2: 2 hours of standard arm training per day

Frenchay Arm Test)(
Upper limb pain+
Barthellndex(-)
Nottingham EADL {)

Action Research Arm tes) (

Fugl Meyer Score: E3 vs. E1 (+); E3 vs. E
); Elvs. E2 (+)

E3: 3 hours of standard arm training per day |1 Barthel Index)
Severe Group:

E: Enhanced therapy
C: Conventional therapy

E: Conventional training + home training
C: Conventional training

E: Hand + finger training
C: Finger training

1
l
l
l

Extended Motricity Indexémo ()
Motor Club Assessment: 6n{g
NineHole Peg Tesémo(-)
Frenchay Arm Test: 6ng)

Mild Group:

f
f
f
f
f
f
l

= —-a

E: Differential training + standard rehabilitatio

C: Standard rehabilitation

E1: Resisted Grasp

E2: Resisted Extension

C: Ballistic Extension

E: Repeated movement therapy
C: Conventional therapy

E: Shoulder/elbow training + wrist training
C: Shoulder/elbow training

E: Manual mobilization therapy + conventioné

therapy
C: Convational therapy

E: Hair brushing movement + conventional

therapy

1
l
1
l
l
1
l
1
l
1
1
l
l

l

Extended Motricity Index: 6mo (+)
Motor Club Assessment: 6me) (
Nine Hole Peg Test: 6mo (+)
Frenchay Arm Test: 6me) (

Fugl Meyer Score)(
Motor Activity Log+)
Stroke Impact Scale)(

Wolf Motor Function Test)

JebsenTaylor Hand Test)

Kinematic measures of shoulder and elbc
function: Finger fractionation; Hammer
Task simulation (Timto-task completion;
Reaching trajectory smoothness; End poi
deviation) (+)

Wolf Motor Function Test (+)

Range of Motion-}

Speed of Reversal of Movemen} (
Ability to Rapidly Reverse Movemen} (
Barthel Index-)

Fugl Meyer Score)(

Frenchay Tests)(

Fugl Meyer+)

Motricity Index €)

Movement velocity (+)

Movement distance-j

Passive wrist extension (+)

Active wrist extension (+)
Frenchay Arm Test (+)

Range of Motion: shoulder abduction (+),
external rotation (+)
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Nstar=62 C: Conventional therapy

Neng=62

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

Discussion

A variety of treatments were deliverdd varying durations and intensitiemaking general conclusions
difficult to draw for additional therapy of theupper limb in general Additionally, most of the
interventions were norspecific in nature.

The majority of RCTsexamined found no significant difference betweewlditional therapy and
conventional therapy for upper limb motor functiofbickstein et al., 1997; Donaldson et al., 2009;
English et al., 2015; Lincoln et al., 1999; Rodgers et al., 2003; Ross et al.TRéa&jditional therapies
studied included taskpecific motor training, enhanced rehabilitation, and functional strength training,
among other more broadly defined therapi€dtudies byDuncan et al(2003)and De Diego et aj2013)
found that there was no significant improvementmotor functionin participants receiving tnerapist
supervised home prograjor a home training program, respectively,comparison to those receiving
usual care. Sehegulation wasalsonot found to be superior to conventional rehabilitation on motor
function or on measures of independence, except for the FIM motor subsefition& Chan, 2014)
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, Pollock, Legg, Sackley, & van Vliet, 20i@yever, he conclusions derived from this
Cochraneeview ae based on only four poor quality studies, suggesting that future higbality RCTs
are needed prior to making clinical recommendations.

Kwakkel et al(1999)found that arm training provided additional improvements in upper limbtor
function than conventional therapy, as did Platz et(@0D01) Han et al.(2013) and Repsaite et al.
(2015) An RCT by Harris et €2009)found that Graded repetitive upper limb supplementary program
(GRASRyas superior to education on the Chedoke Arm and Hand Activity Inventory, as well as for grip
strength and paretic upper limb uselowever, this result should be interpreted with caution because
the control group did not receive a conventional active therapy.

Variation between studies may account for some of the differences in results between stbdies.
example, Han et a(2013 demonstrated a significant difference in arm motor function between groups
receivingonly 1 hourof arm training a day and thogeceiving 2 or Jours a day, with no significant
difference between those receiving and 3 hours of training a day. Thisdicatesthe relevance of
duration within interventions for upper limb rehabilitatiofrurthermore, Sunderland et a(1992)and
(1994)also demonstrated that participants may differ in outcome after the same intervention based on
stroke severity. They found that while participants who had sustained a severe stroke did not improve
significantly more from enhanced therapy than those in to@ventional therapy group, those with mild
stroke, had mde significant gains on the Extended Motricity Index and the Nine Hole Peg Test.
Therefore, because of the large variation between studies on so many variables, it can be difficult to
come to a dahite conclusion for all additional therapies.

Conclusions Regardingdditional/EnhancedTherapies

There is level 1a evidence that additionapper limb therapy isot superior to conventional therapy
at improving upper extremity motor function or functional independence.
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There is level 1b evidence thattherapist-supervisedin-home program is not more effective than
usual careat improving upper limbmotor function.

Additional upper limb therapy does naappear to be superior to conventional therapy for
improving upper limb motor functioror functional independence.

10.25 Strength Training
Studieswhich evaluated treatments directed apecificallyincreasing sength in the upper extremity
have been compiled belowA much larger pool of studies has been published on strength training in the

lower extremity.

RCTghat evaluated strength training and assessed measures of streagéghsummarized in Table

10.25.1.

Table 10.2.5.5ummary ofRCTdvaluatingStrength Training for Upper Extremity

Author, Year

Study Design (PEDro Score

Sample Size
Da Silv42015)
RCT (8)
Nstar=20
Nen=20
Hendy & Kidgel2014)
RCT (7)
Nstar=10
Nene=10
Patten et al(2013)
USA
RCT (7)
N=19
Corti et al.(2012)
RCT (7)
N=14
Lin et al(2015)
RCT (7)
Nstar=33
Nen=33
Thielman et al(2013b)
RCT (6)
Nstar=16
Nen=16
Winstein et al(2004)
RCT (6)
N=64
Trombly et al(1986)
RCT (4)
N=20
Awad et al(2015)
RCT (4)
Nstar=30
Nen=23

Intervention

E: Strength training
C: Standard care

= |=a = —a —a

E1l: Anodal tBS + strength training
E2: sham tDCS + strength training
C: Anodal tDCS

E: Functional Task Practice and Power Traini
C: Functional Task Practice 1
1

E1: Power Training 1
E2: Functional Task Practice

E: Bilateral Isometric Handgrip Force Training
with Visual Feedback |
C: Routine Therapy 1

il
E: Progressive resistive strength training |
C: Taskelated training

E1: Strength training

E2: Functional task practice
C: Standard care

E1l: Resisted Grasp 1
E2: Resisted Extension 1
C: Ballistic Extension 1
E: Shoulder Strength Training, Trunk Control|f
Training, and Additional Strengthening |
Exercises. |
C: Shoulder Strength Training and Trunk Cor|{

l
1
1
1

Main Outcome(s)
Result

TEMPA (+)

Glumerohumeral flexion strength (+)
Active shoulder Range of Motion (+)
Fugl Meyer Scores (+)

Extensor carpi radialis strength (+)

Wolf Motor Function Test)
Ashworth Scale-]
Functional Independence Measure (+)

Shoulder Flexion and Elbow Extension (+)

FugtMeyer Assessmertipper Extremity (+)
Wolf Motor Function Test (+)

Motor Assessment Scale (+)

Barthel Index (+)

Activate range of motion for shoulder and
elbow (+)

Wolf Motor Function Testtal yr (+)
Reaching at 1 yr (+)

Fugl Meyer Assessment: E1/E2 vs. C (+)
Functional test of the hemiparetic upper
extremity: E1/E2 vs. C (+)

Finger Extension Range of Motioh (
Speed of Reversal of Movemen} (

Ability to Rapidly Reverse Movemen) (
Shoulder Abduction Peak Torque (+)
Shoulder External Rotator Peak Torque (+
Supraspinatus Peak Force (+)

Upper Trapezius Peak Force (+)
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https://www.jstage.jst.go.jp/article/jpts/27/7/27_jpts-2014-698/_article/-char/ja/

Training. 1 Serratus Anterior Peak Force (+)
1 Scapular Upward RotatioAngle (+)
1 Spinal Lateral Deviation Angle (+)
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Strength training was found to improve motor functiand shoulder range of motioaf the impaired
upper extremityin studies by(Awad et al., 2015; da Silva et al., 2015; C. H. Lin et al., 2015; Thielman,
2013b) Additionally, Winstein et al.(2004)found that strength training and functional task practice
offered similar improvements in mor function when compared to standard catdowever, a study by
Patten et al(2013)found that when functional task practice andwer training were combined, there

was no significant difference on motor function outcomes when combined to functional task practice
alone.

Hendy & Kidgel(2014)found a significant increase in extensor carpi radialis strength from strength
training, while Corti et al(2012)found that power training offered greater shoulder flexion and elbow
extension than functional task practic®n the other hand, Trombly et g11986)found that there vas

no significant difference in finger range of motion observed after patients received resisted grasp,
resisted extension, or ballistic extension.

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

which g$x (306 subjects) evaluated the effect on grip strength. There was a significant effect associated
with training (standardized mean differe@=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 la evidence from metaanalysis that strength training increases grip strength
following stroke.

There is level 1a evidence that strength training improves upper limb motor function and shoulder
range of motion.

Strength training likely helps improve grip strength, motor function, and skder range of motion
following stroke.

10.26 Repetitive/Task Specific Training Techniques

It is well established that tasspecific practice is required for motor learning to oc¢Bchmidt, 1991)
According toClassen et al(1998) focal transcranial magnetic stulation and functional magnetic
resonance imaging have shown that taglecific training, in comparison to traditional stroke
rehabilitation, yields longasting cortical reorganization specific to the corresponding areas being used.
More specificallyKani et al. (1995) usingfunctional magnetic resonance imaging, a@thssen et al.
(1998) using transcranial magnetic stimulation, both reported a slowly evolving;temg experience
dependent reorganization of the adult primary motor cortex following dailgctice of taskspecific
motor activities. Also of interest is that taskecific sessionf.e., thumb and hand movemenj}sas
short as 15 minutes duration,are also effective in inducing lasting cortical representational changes
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(Butefisch, Hummelsheim, Denzler, & Mauritz, 1995; Classen et al.,. 18@8)rding toPage(2003)
intensity alone does not account for the differences between traditional stroke and-sizesific
rehabilitation. Forexample, Galea et aj2001)reported that stroke patients who underwent aBeek
long program consigtg of 45minute taskspecific, upper limb training showed improvements in
measures of motor function, dexterity, and increased use of the more affected upper. lknbsrding
to Page(2003) other, taskspecific, lowintensity regimens designed to improve used function of the
affected limb have also reported significant improveme(fsnith et al., 1999; Whitall et al., 2000;
Winstein et al., 2001)

A summary of controlled trial®valuating repetitive/task-specific trainingare presentedin Table
10.26.1.

Table 10.2.6.1 Summary of Controlled dl8 Evaluating Repetitive/TaskSpecific Techniques for the
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Arya et al(2012) E: Taslspecific training 1 Fugl Meyer Score (+)
MTST Trial C: Standard training using the Bobath approg 1 Action Research Arm Test (+)
RCT (9)
Nstar=103
Nen=102
Kim etal. (2015) E: Target reach training with visual biofeedba 1 FugtMeyer Upper Extremity (+)
RCT (8) routine occupational and physical therapy |1 Wolf Motor Function Test (+)
Nstar=44 C: Routine occupationand physical therapy |1 Reaching speed (+)
Neng=40 1 Range of Motion of the shoulder (+)
1 Reach distance)
Hung et al(2016) E: Robotic training + tasdpecific training 1 FugtMeyer Assessment (+)
RCT (8) C: Robotic training + impairment oriented 1 Stroke Impairment Scale (+)
Ngart=21 training
Nen=21
Graef et al(2016) E: Tasloriented training 1 UpperExtremity Performance Test (+)
RCT (8) C: Non tasloriented training 7 Shoulder Strength-)
Nstar=28 1 Grip Strength
Nen=27 1 Shoulder Active Range of Motio#) (
1 FugtMeyer Assessment)(
1 Modified Ashworth Scale-]
Winstein et al(2016) E1: Structured, taskriented upper extremity |1 Wolf Motor Function Test: E1 vs Ep €1
ICARE Trial training vs CH); E2 vs G)
RCT (7) E2: Doseequivalent occupational therapy 1 Stroke Impact Scale: E1 vs B2E1 vs C
Nstar=361 C: Monitoringonly occupational therapy (-); E2 vs G
Nen=361
Shimodozono et a(2013) E: Repetitive functional exercise 1 Action Research Arm Test (+)
RCT (7) C: Conventional rehabilitation 1 Grasp and pinch (+)
Nstar=52 1 Fugl Meyer (+)
Nen=49
Cauraugh & Kinf2003) E1: Blocked practice + active stimulation 1 Boxand Block Test (+)
RCT (6) E2: Random practice + active stimulation 1 Reaction Time (+)
N=64 C: No active stimulation assistance
Zondervan et al(2014) E: Selguided, highrepetition home therapy |1 FugtMeyer Assessment)
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RCT (6)

Nstar=16

Nene=16

Hubbard et al(2015)
RCT (6)

Nstar=23

Nen=23
Thielman(2012)
RCT (6)

Nstar=16

Nene=16

Thielman et al(2013a)

Kim et al(2016)
RCT (6)
Nstar=20
Nen=20

Brkic et al(2016)
RCT (5)
Nstar=24

NenF=22

Boyd et al(2010)
RCT (5)

N=18

Jeon et al(2016)
RCT (5)
Nstar=12

Nen=12

Lang et al(2016)
RCT (5)
Nstar=85
Nen=82

Taub et al(2013)
RCT (5)

Nstar=45

Nen=40

Song et al(2015)
RCT (5)

Nstar=40

Nen=40
Thielman et al(2004)
RCT (4)

N=12

Mani et al.(2014)
PCT

Nstar=30

Nen~=30

with mechanical arm exerciser
C: Conventional therapy

E: Taslspecifictraining and standard care
C: Standard Care

= =4 -4 -4 -

El: TasiRelated Training 1
E2: Resistive Exercise Training 1

E: Electromyogram triggered neuromuscular |
stimulation with task oriented training on 1
paretic arm 1
C: Electromyogram triggered neuromuscular
stimulation

E: Repetitive upper limb functional task practi q
C: Conventional rehabilitation |

E: Taslspecific training 1
C: Generalan training

E: Repetitive bilateral and unilateral 1
movements with strength exercises
C:Conventional rehabilitation |

E1: 3200 repetitions of taskpecific upper limb |
training 1
E2: 6400 repetitions of taskpecific upper limb |
training

E3: 9600 repetitions of tasspecific upper limb|
training

C: Individualized maximum repititions

E1: Shaping training + transfer package (TP)|1
E2: Repetitive task practice + TP 1
E3: Repetitive task practice

C: Shaping training

E1: Tasloriented bilateral arm training |
E2: BATRAC 1

=

E: Progressive resistive exercises
C: Taskelated training

= |=a —a =

E1: Right hemisphere damage (RHD) reachir
tasks

E2: Left hemisphere damage (LHD) reaching| 1
tasks

Motor Activity Log+)

Visual Analogue Scal§ (

Ashworth Scale-)

Upper Limb Motor Assessment Scale (
Modified Rankin Scale)(

Wolf Motor Function Test)
Fugl Meyer Assessmen (

FugtMeyer Assessment (+)

Box and Block Test (+)

JebsenTaylor Hand Function Test for
short sentences and stacking checkers

Action Research Arm Test (+)
Grip Strength (+)

Change in reaction and movement time

(+)

Flexion and abduction range of motion
(+)

Visual analogue scale (+)

Action Research Arm Tes} (

Stroke Impact Scale)(

Canadian Occupational Performance
Meaaure ()

Likert Scale evaluating perceived chang
and its meaningfulness)(

Motor Activity Log: E1/E2 vs. E3/C (+)
Wolf Motor Function Test: E1/E2 vs. E3

(+)

Box and Block Test (+)
Jebsen Taylor Hand Function Test (+)
Modified Barthel Index (+)

Kinematic analysis of arm movement (+
Modified Ashworth Scale)

Rivermead Motor Assessmenj (

Arm performancecontralesional {),
ipsilateral )

Leftward reaching frequency: E1 vs. E2

(+)
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http://onlinelibrary.wiley.com/doi/10.1002/oti.1421/full
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-016-0088-5
http://www.ncbi.nlm.nih.gov/pubmed/20609381
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5011567/
http://onlinelibrary.wiley.com/doi/10.1002/ana.24734/full
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http://www.ncbi.nlm.nih.gov/pubmed/26157217
http://www.ncbi.nlm.nih.gov/pubmed/15468020
http://www.ncbi.nlm.nih.gov/pubmed/?term=mani+reaching+task

Urbin et al (2015) E1: Taslspecific training as an inpatient (13 |1 Action Research Arm Test (+; E1)

PCT sessions) 1 Use ratio, magnitude ratiojariation
Nstar=35 E2: Taslspecific training as an outpatient (28| ratio, median paretic upper extremity
Nen=35 sessions) acceleration magnitude, upper extremit)

acceleration variability (+; E1)

1 Higher acceleration metric in ratio,
magnitude ratio, variation ratio, median
paretic upper extremity acceleration
magnitude, upper exemity acceleration
variability (+; E2)

Tretriluxana et al(2015) E: Observation for 6 min, perform task for 4 |1 Movement time )
PCT min. for 4 sessions 7 Reaction Time-)
Nstar=12 C: Observation for 1 min, perform task for 1

Nen=12 min. for 24 sessions.

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

Discussion

The majority of studies investigating tasgecific training found a significant improvement in upper limb
motor function. Of note is a study by Arya et(@012) with a large sample size, in which taglecific
training was compared to standard training, and was found to be superior on the Fugl Meyer
Assessment and the Action Research Arm Test. Similarly, Kinf2&tl&)compared target reach
training with visual biofeedback to conventional therapy, while Hung €Rall6)compared task
specific training with robotic training to impairmentiented training with robotic trainig, with both
groups finding a significant improvement in the group receiving-sgelcific training. Shimodozono et
al. (2013)likewisefound a significant improvement for upper limb motor outcomes in those receiving
repetitive function exercise in comparison to conventional therapy, while Kim G@l6)found a
similar finding when comparing EMEMES with taskriented training to EMENMES alone.

Some studies also found no significant difference on upper limb motor function outcomes between
groups receiving tas@riented therapy and those receiving other therapies or conventional therapy. For
example, Graef et a{2016)found that those receiving taskriented trainingdid not havesignificantly
improved grip strength, range of motion, upper limb motor function, and spasticity. The study by
Winstein et al(2016) also known as thECARE Trial, is a very large, multicenter trial which found that
structured, taskoriented upper extremity training did not offer significant improvements in upper limb
motor function when compared to those receiving dasguivalent occupational therapyy ¢o those
receiving monitoringpnly occupational therapy. Likewise, Zondervan et2fl14)found that self

guided, highrepetition home therapy with a mechanical arm exeecidid not provide significantly
improved upper limb motor function in comparison to conventional therapy, while Thielman et al.
(2012)found a similar result when comparing tasiated training to resistive exercise training.

Barreca etal. (2003a) reviewed 2 studies(Butefisch et al., 1995; Dickstein et al., 19%vhich
investigated repetitive training for the upper extremity, including repeated practice of elbow, wrist and
finger flexion ad extension, concluding 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 intervention arms

AyOf dzZRSR aly FOUAGS Y2(i2N) aS1ljdzSyO0S «idKI GRBiongl & LIS
FYR 6KSNBE GKS LN} OGAOS 461 a IAYSR (26l rasRettivdly Of S N

10. Upper Extremitynterventions pg.26 of 208
www.ebrsr.com


http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/25497517
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dyad+Training+Protocol+on+Learning+of+Bimanual+Cup+Stacking+in+Individuals+with+Stroke%3A+Effects+of+Observation+Duration

were identified that assessed arm and hand functiBooled results indicated thatskspecific training

was hot associated with improvement intre@r hand or arm function. The standardized mean
differences were small (0.17 and 0.16) and not statistically signifiéamore recent Cochrane review,
including 14 trials, also found that there was no significant improvement on measures of hand or arm
motor function(French et al., 2010)

Timmermans et ak2010)conducted a review that examined the effectiveness of fas&nted training
following stroke. Fifteen components were identified to characterize -tagdnted training. They
included exercises that werfeinctional, directed towards a clear goal, repeated frequently, performed
in a contextspecific environment, and followed by feedback. Sixteen studies representing 528 patients
were included. From 3 to 11 training components were reported within the imclustudies. The

O2YLRYySyda aa20Al SR 6AGK I NBSad STT®edwasAil Sa

no correlation between the number of tagkiented training components used in a study and the
treatment effect size. "Random practice" drfiuse of clear functional goals" were associated with the
largest effect sizeat follow-up.

Many of the treatments reviewed were nespecific in nature, not well described and were evaluated
on patients at different stages of neurological recovery. Samjzes were generally small. Furthermore,
the interventions varied across studjesverely limiting comparability. Often, multiple outcomes were
assessed, some of which demonstrated a benefit, while others did not; typically tlasienprovement

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

Conclsions Regarding Repetitive TaSlpecificTrainingTechniques

There is level la evidence that tasklated practice may be superior to conventional training at
improving upper extremity motor function.

There is level i evidence that taskelated training may not be superior to resistive training or
bilateral arm training at improving general upper limb motor function; however, it may improve
reaching arm movements.

There is level 1b evidence that combining task piaetwith 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 funoti.

10.2.7 Trunk Restraint

Reaching movementperformed with the affected arm in patients are often accompanied by
compensatory trunk or shoulder girdle movements, which extend the reach of the(ldiahaelsen,
Luta, RobyBrami, & Levin, 2001)Restriction of compensatory trunk movements may encourage
NEO2@SNE 2F ay2NXIfé NBIFIOKAY3I LI GGSNYya AyhnKS
I NY Qa (MiéhgeBenKk& Levin, 2004Beveral trials have evaluated the effectiveness of trunk
restraint combined with taskpecific training to improvéhe movement quality of reaching tasks.

The resultof RCTs evaluating trunk restraint theragmg summarized ifable 10.27.1.
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Table 10.2.7.RCTs Examining Tkl Restraint to ImproveJpper Limb Motor Function

Author, Year

Study Design (PEDro Score

Sample Size
Bang et al(2015)
RCT (9)
Nstar=18
Nens=18

Lima et al(2014)
RCT (8)
Nstar=22
Nen=15

Michaelsen el al2006)
RCT (7)

Nstar=30

Nene=10

de Oliveira et al(2015)
RCT (7)

Nstar=22

Nen=20

Wu et al. (2012)

RCT (5)

N=57

Woodbury et al.(2009)
RCT (5)

N=11

Wu et al.(2012)

5 (RCT)

Michaelsen & Levir(2004)
RCT (5)
N=28

Thielman (2010)
RCT (4)
N=16

Intervention

E: CIMT + trunk resistant training
C: CIMT

= —a —a —a

E: mCIMT + trunk resistant training
C: mCIMT

==

E: Trunkrestraint wih objectrelated reachto-
grasp training
C: Nonrestraint training

= =& —a -4 —a —a —a -—a

E: Trunk resistant training with harness 1
C: Trunk resistant training without harness |1

=

E1: CIMT + trunk restraint
E2: CIMT

C: Control

E: CIMT + trunk restraint
C: CIMT

E1: Distributed constrairnduced therapy and
trunk restraint

E2: Distributed constrairnduced therapy

C: Dosematched control intervention

= A —a |—a _—a _—a _a _a _2

Main Outcome(s)
Result

Action ResearcArm Test (+)

Fugl Meyer (+)

Modified Barthel Index (+)

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

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

Bilateral Activity Assessment Scakg (
Wolf Motor Function Test)

Global strength

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

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

Box and Block Tesi)(

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

Kinematics: E1&E2 vs. C (+)

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

Fugl Meyer+)

Wolf Motor Function Test)

Kinematic analyses of reaching (+)
Action Research Arm Test: EIN2C (+)
Frenchay Activities Index: EL/E2 vs C (;
Hand domain of Stroke Impact Scale:
EL/E2 vs C (+)

1 Motor Activity Log (+)

E: Trunk restraint group
C: No restraint 1

1 Velocity peak, wrist peak velocity) (

Movement time and time to peak
velocity §)

Trunk rotation §)

Shoulder horizontahdduction and
shoulder flexion

Trunk displacement (+)

1 Elbow Extension (+)

E Trunk restraint
C: Sensory feedback

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

Discussion

1 Reaching Performance Scale Near Tar¢

(+)

Reaching Performance Scale Far Targe
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One recent study by Bang et §015)suggested that combing constraiimtduced movement therapy
(CIMT) with trunk restraintraining improved upper limb motor function when compared to CIMT glone
however, these resuit have not beemeplicated by other studiefDe Oliveira Cacho et al., 2015; Lima et
al., 2014; Woodbury et al., 2009; Wu et al., 20Mhen trunk restraint therapy was combined with
objectrelated reachto-grasp training, resulthave demonstratel an improvement in general upper
limb function but not in manual dexteritwhen compared to noestraint training(Michaelsen et al.,
2006)

In a recent systematic revieand 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 participants. The metnalysis was conducted on several upper limb functional
outcomes including thé=MA shoulder flexion, elbow extension, Motor Activity Lagount of Use,

Motor Activity LogQuality of Movement, trunk displacemerdand reaching trajectory smoothness and
straightness. The overall results indicatiat the majority of the measures sh@a no preference of

trunk displacement over the contra@ondition, with only he FMAand shoulder flexion demonstrating
significant effects. It is also pertinent to note that 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 studies included in the
NEOASs aO2NBR xc 2y (GKS t Keé aA 2sigifinglhigdmetbodologicly O S
guality, the authors indicated thahere is still insufficient evidence to demonstrate a beneficial effect of
trunk restraint therapy on uppeextremity motor function. Future studies investigating the effects of

this intervention during the acute stage of stroke are encouraged.

Conclusions Regardinfrunk Restraint

There is conflicting level 1a evidence regarding the efficacy of trunk restraint therapy on upper
extremity function when combined with constraint induced movement therapy or deliverezhal

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

10.28 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, @&n
34-64% impaired proprioceptiorSensorimotor impairment is associated with slower recovery following
stroke; therefore, therapies to increase sensory stimulation may help to improve motor performance.
Stimulation can be applied using a variety of methadsluding transcutaneous electrical nerve
stimulation (TENS), vibration therapy, peripheral nerve/afferemnglation, thermal stimulation or
transcutaneous electrical acupoint stimulation (TE&8troacupuncture

Transcutaneous Electrical Nerve Stitation (TENS)
The application of electrical stimulation at a sensory level may help to enhance plasticity of the brain,

which in turn may help with motor recove($onde, Gip, Fernaeus, Nilsson, & Viitanen, 19R8pbins
et al.(2006)described the current intensity of TENS to be beneath motor threshold, although capable of

51

ASYSNI UAahdy SSRELPay daaSyal tA2yeé o {AYAEF NI G2 | Odzlddzy O

to achieve increased afferent stimulation.
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A Cochrane reviewdmeroy 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 functiectaical
stimulation (both as a form of neuromuscular retraining and as a form of neuroprosthesis/orthosis),
transcutaneous electrical nerve stimulation (TENS), EMG and electroacupuncture. The primary outcome
included nine measures of functional motor ki and two ADL measures. The review included four
planned treatment contrasts: 1) ES vs. no 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 extremity and neuromuscular electrical stimulation, five outcomes
were associated with a statistically significant treatment effect. With one exception, all of the pooled
analyses were based on the results from only one stddhe results from pooled analyses with positive
results are presented in Table 28.1. The authors concluded that there was insufficient evidence to
guide practice on the efficacy of ES.

Table 102.8.1 Pooled Analysis from Z® Cochrane Review Assessing Efficacy of ES as a There
the Upper Extremity

Treatment Contrast Standardized Mean Difference (95% CI)
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 Drawintest -1.40 €2.25,-0.56) (favours no treatment)
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 included in the pooled analysis were authored by the same person (Cauraugh)

Laufer & Gabyzorf2011) conducted a systematic review of the effectiveness of TENS for motor
recovery, including the findings from 15 studies. Seven of these studies examined tréafomrsed on

the upper extremity, while two included both the upper and lower extremities. The majority of studies
recruited participants in the chronic stage of stroke. The outcomes assessed in these studies included
movement kinematics during reachinginch force, the Jebsehalyor Hand Function test, the ARAT, the
Barthel Index, and the Modified Motor Assessment Scale. The authors stated while there was much
variability in the stimulation protocols and the timing and selection of outcome measuresableen
definitive conclusions, there was still evidence that TENS treatment, when combined with rehabilitation
therapies, may help to improve motor recovery.

Vibration Therapy
Vibration therapy is investigated for its potential therapeutic effects on balance, muscle strength after
stroke, although the protocol has not been establislfeido, Ng, Jones, Chung, & Pang, 2015)

Peripheral Nerve Stimulation/ Afferent Stimulation

Repetitive peripheral magnetic stimulation (rpMS) for upper limb rehabilitation, like functional
neuromuscular stimulation, generates repetitive contractighaxation cycles to enhance
proprioceptive input to the affected arntKrewer, Hartl, MAYiller, & Koenig, 201Repetitive pMS is
also believed to penetrate to deeper regions of muscles and be more tolerable thrartidnal
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neuromuscular stimulationlt has also been suggested that PNS stimulates the somatosensory cortex
and elicits cortical reorganisation of the primary motor cortex, thereby modifying motor function
(Conforto, KaelifLang, & Coher2002; Wu, Seo, & Cohen, 2006)

Based on a review of studies investigating peripheral nerve stimulation after stroke, outcomes related to
upper limb motor function improved in those receiving the interventiam comparison toa control
(Obiglio et al., 2016)The review included 5 RCTs and a total of 224 patients.

Thermal Stimulation

Thermal stimuléon can be applied in both rehabilitation clinics and heoage-based settingsand may
work through neurofacilitation techniqug3ai et al., 2014)t may be combined with teaching
compensatory strategies, augmented exerciserdéipy, and tasloriented programs, in a way that is
thought to enhance its effect.

Transcutaneous Electrical Acupoint Stimulation (TEAS) / Electroacupuncture

TEAS and electroacupuncturse similar mechanisms of action, by which acupoints are stimulated by
electrical impulses that are given through need[8kao et al., 2015Previous studies on animal and
human models have determined that EA may block pain through activatiagthie chemicals which in
turn desensitize peripheral nociceptors and reduce proinflammatory cytoKiZieso et al., 2015)

The resultsof RCT®valuating sensorimotor stimulation treatments are summarized in Table8.0.2.

Table 10.2.8.1Summary of Results from RCTs Evaluating Sensorimotor Training or Stimufatidhe
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scre Result
Sample Size
TENS
Page et al(2012) E1: 30 minutes of electrical stimulation |1 FugtMeyer Assessment: E3 vs E2 (+); E3 vs |
RCT (7) therapy with repetitive task specific (+); E2 vs EX)(
N=32 practice 1 Arm Motor Ability Test: E3 vs E2 (+); E3 vsS E!

E2: 60 minutes of electrical stimulation (+); E2 vs E3)(

therapy with repetitive task specific 1 Action Research Arm Test: E3vs E2 (+); E3 v
practice (+); E2 vs E3)(

E3: 120 minutes of electrical stimulation

therapy with repetitive task specific

practice
Celnik et al(2007) E1: Single session of peripheral nerve |1 JebserTaylor Hand Function Test (1hr) (+)
RCT (6) stimulation 1 JebserTaylor Hand Function Test (24hr) (+)
N=9 E2: No stimulation
C: Asynchronous nenstimulation
Tekeoglu et al(1998) E: Rehabilitation + TENS 1 Barthel Index (+)
RCT (6) C: Rehabilitation
N=60
Kim et al (2013a) E: TENS + task related training 1 Fugl Meyer Score (+)
RCT (7) C: Placebo + Tasélated training 1 Manual Function Test (+)
Nstar=30 1 Box and Block Test (+)
Nend=30 1 Modified Ashworth Scale)
Sonde et al(1998) E: TENS + physiotherapy 1 Fugl Meyer (+)
RCT (5) C: Physiotherapy 1 Pain {)
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N=44

Bitefisch et al(1995)
RCT (3)
N=27

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

Tavernese et a(2013)
RCT (8)
Nstar=44
Nen=44

Paoloni et al(2014)
RCT (8)
Nstar=22
NenF22

Caliandro et al(2012)
RCT (7)

Nstar=49

Nen=36

Costantino et al(2017)
RCT (7)

Nstar=32

Nend=32

JungSun et al(2016)
RCT (6)
Nstar=45
Nen=45

Krewer et al.(2014)
RCT (9)
Nstar=63
Nen=44

Ikuno et al (2012)
RCT (8)
N=22

E: Enhanced specific therapy + TENS
C: Enhanced noespecific therapy

Vibration Therapy
E: Stochastic resonanstimulation
(combination of subthreshold electrical
stimulation and vibration)

C: Sham stimulation

E: Segmental muscle vibratiorstandard

therapy
C: Standard therapy

E: Segmental muscle vibration +

conventional therapy
C: Conventional therapy

E: Focal muscle vibration

C: Sham

E: 300 Hz trations on the upper limbs

C: Sham vibrations

E1: Wholebody vibration and taskelated

training
E2: Wholebody vibration

C Conventional Therapy

1 Barthel Index+)

1 Grip strength+)
1 Peak force of Isometric hand extensieh (
1 Peak aceleration of isometric hand extensios) |

= = —a —a A

==

= =4 -—a —a —a

f
f

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

Velocity of movement (+)

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

Normalized jerk (+)

Elbow angle, shoulder angle, shoulder
abduction )

Muscle onset time (+)

Cocontraction index (+)

Muscle modulation: aterior deltoid (+), biceps
brachii (+)

Maximal voluntary contraction muscle
activation (+)

Wolf Motor Function Test (+)

Hand Grip Strength (+)

Modified Ashworth Scale (+)

Disabilities of the Arm, Shoulder and Hand Sc
(+)

Functional Independence Measure (+)
FugtMeyer Assessment (+)

Jebsen Taylor Hand Function Test (+)
FugtMeyer Assessment: EL/E2 vs C (+)

Grip Strength: E1 vs C (+); E2vs C (+); E1 vs
*)

Wolf Motor Function Test: E1 vs. E2/C (+)
Modified Ashworth Scale: E1 vs. E2/C (+)

Peripheral Nerve Stimulation/Afferent Stimulation

E: Repetitive peripheral magnetic

stimulation
C: Sham stimulation

1

f
f

Modified Tardieu Scale: Post $ession: Elbow
flexors ), Elbow extensors), Wrist flexors (+),
Wrist extensors; Post 29session+); Post
intervention ¢); 2wk postintervention: Elbow
flexors €), Elbow extensors (+), Wrist flexor (
Wrist extensors-j

Fugl Meyer Assessmeny (

Barthel Index-)

E: Peripheral sensory nerve stimulation | 1 Wolf Motor Function Test)

1 Wolf Motor Function Test: Mean Time (+)
1 Box and Block Tes(

1 Pinch Strength-J

taskspecific therapy
C: Taslspecific therapy
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dos Santog-ontes et al
(2013)

RCT (8)

Nstar=20

Nen=20

Klaiput et al(2009)
RCT (8)

N=20

Lin et al (2014)
RCT (7)

Nstar=16

Nen=16

Fleming et al(2015)
RCT (7)

Nstar=33

Nen=30

Lin et al (2014)
RCT (7)

Nstar=43

Nen=42

Hunter et al (2011)
RCT (7)

N=76

Cambier et al(2003)
RCT (7)

N=23

Lee et al(2015)
RCT (7)
Nstar=48
Nen=47

McDonnell et al(2007)
RCT (7)
N=20

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 al(1989)
RCT (5)

N=90

=

E: Peripheral nerve stimulation
C: Sham nerve stimulation

=

E: Peripheral Sensory Stimulation 1
C: Sham stimulation

E: Mirror therapy + Mesh glove 1
C: Mirror therapy 1
il
il
E: Active Somatosensory Stimulation |1
C: Sham Somatosensory Stimulation |
il
E1: Mirror therapy + Mesh glove 1

E2: Mirra therapy 1
C: Therapeutic exercises 1

E: Mobilization and Tactile Stimulation ({1
dose levels) 1
C: Conventional therapy

E: Intermittent pneumatic compression
C: Sham shotvave therapy

E1: Mirror Therapy with Mesh Glove

Afferent Stimulation

E2: Mirror Therapy

C: Mirror Therapy with Sham Stimulation 1
1

l
l
f
f
f
f

E: Taslspecific training with afferent
stimulation

C: Taslspecific training without afferent
stimulation

E: Sensorimotor stimulation

C: Control

= = —a —a —a

== |=a A A

E: Single session of peripheral nerve
(somatosensory) stimulation

C: No stimulation

E: Single session of medial nerve 1
(somatosensory) stimulation

C: Sham stimulation

E: Sensorimotor integrative approach |1
C: Functional approach 1

Grip Strength
Jebsen Taylor Test (+)

Pinch Strength (+)

Modified Ashworth Scale)
Box and Blok Test (+)

FIM €)

Action Research Arm Test (+)
Action Research Arm Test (+)
Fugl Meyer Assessmen (
Motor Activity Log+)

Fugl Meyer Score: E1 vs. ERE1 vs. C (+)
Box and Block Test: E1 vs. E2 (+), EL vs C (+
Wolf Motor Function Test: E1 vs. B2(

Motricity Index §)
Action Research Arm Tes} (

Nottingham Sensory Assessment (+)

Fugl Meyer (+)

Ashworth Scale-]

Visual Analog Scalé (

Extensor Digitorum Muscle Tone: E1 vs E2/C
Muscle stiffness on the flexor cam@dialis: E1
vs C (+)

Box and Block Test: E1/C vs E2 (+)
Functional Independence Measure: E1/C vs E
(+)

FugtMeyer Assessment)(

Revised Nottingham Sensory Assessment (
Fugl Meyer Score)(

Action Research Arm Tes} (

Dexterity (+)

Fugl Meyer: 6wk-}, 6mo (+), 12mo (+)
Action Research Arm Te(s)
Barthel Index+)

JebserTaylor Hand Function Test (+)

Pinch muscle strength (+)

Barthel Index-)
Sensorimotor Integration Test: 8 subsetp (
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Tai et al (2014)
RCT (8)
Nstar=16

Nene=16

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

Nen=29

Wu et al (2010)
RCT (6)

N=23

Lima et al(2015)
PCT

Nstar=29

Nen=27

Zhao et al2015)
RCT (9)
Nstar=60
Nen=51

Hsieh et al(2007)
RCT (8)

N=63

Hsing et al(2012)
RCT (7)

N=62

Wen et al (2014)
RCT (7)
Nstar=300
NendF=276

Zhang et al(2017)
RCT (7)
Nstar=240
Nend=233

Au-Yeung et al(2014)
RCT (6)
Nstar=73
Nen=60

Li et al (2012)
RCT (6)

N=120

Wang et al(2014)
RCT (6)

Thermal Stimulation

E: Painful thermal stimulation
C: Innocuous thermal stimulation

1
f
f

E: Thermal stimulation + standard thera| 1

C: Standard therapy

E: Thermal stimulation
C: No stimulation

f
f
1
f
1

E: Hypothermia Interention and sensory|{

training
C: Sensory training

1

1

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

Brunnstrom (+)

Modified Ashworth Scale-)
Grasping-)

Sensation (+)

UESTREAM (+)

Action Research Arm Test (+)

FugtMeyer Assessment (+)

Nottingham Sensory Assessment
proprioceoptionof affected upper extremity
and two-point discriminiation (+)
Blindfolded Functional Test (+)

TEAS/electroacupuncture

E1: Transcutaneous electrical acupoint
stimulation (TEAS) (100Hz)

E2: Transcutaneoudectrical acupoint
stimulation (TEAS) (2Hz)

C: Sham stimulation

E: Electroagpuncture
C: No acupuncture

E: Scalp electracupuncture
C: sham acupuncture

E: Electroacupuncture + moxibustion
C: Basic therapy

1

1
l

—- =4 =4 _a _a

1

E1: Neuronavigatiomssisted aspiration 41

electro-acupuncture

E2: Neuronavigatioassisted aspiration
E3: Electreacupuncture

C: Conventional therapy

E1: Electroacupoint stimulation

E2: Sham stimulation

C: Conventional therapy (control)

E: Electroacupuncture + massage
C: Rehabilitation therapy

E: Electroacupuncture
C: No stimulation with no needle

1

1

= =2 =4 -4 |4

MAS (wrist): Simulation groups vs. control at Z
3, and 4wk, and 1mo (+)

MAS (wrist): E1 vs E2 at 2wk (+)

MAS (wrist): E1 vs. E2 at 3 and 4wk and at 11
)

MAS (wrist): E2 vs Cat 4wk (+)

Disability Assessment Scal (

Global Assessment Scafg (

FIM €)

FugtMeyer (+)

Bl €)

Rankin score-)

Fugl Meyer Assessmen) (

FugtMeyerAssessment: E1+E2+E3 vs. C (+)
Modified Ashworth Scale: E1 vs. C (+), E2 vs.

(+)
Barthel Index: E1 vs. E2+E3 (+)

Hand grip strength: E1 vs. C (+), E2 vs), EL
vs. 2 ()

Index grip pinch: E1 vs. C (+), E2 vs), E1 vs.
E2¢)

Action Research Arm TesJ (

Numeric pain rating scale (+)

FugtMeyer ()

Modified Rankin Scale (+)

R1 andR2 component of elbow joint (+)
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Nstar=20 manipulation 1 R1and R2 component of wrist joinj (
Neng=15

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 scale (E1 vs E2, C) (+)
RCT (5) E2: Moxibustion 1

N=35 C: Routine acupuncture

Yao et al(2014) E: Relaxed needling + electroacupunctu 1 Neurological Function Deficit Scale (+)
RCT (5) C: Ordinary needling 1 Fugl Meyer Assessmerit)(

Nstar=68

Nend=65

Mukherjee et al(2007) E: Electroacupuncture + strength trainin{1 MAS (+)

RCT (4) C: Strength training 1 VASRT (+)

N=7 1 SASRT (+)

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

Discussion

Page et al(2012)conducted a study in which varying dosages of transcutaneous electrical stimulation
were administered with repetitive task specific practice. The reseascfound that those receiving 30
minutes of electrical stimulation did not improve on upper limb motor function when compared to
those receiving 60 minutes of electrical stimulation. However, there was a significant difference
between those receiving 30inutes and those receiving 120 minutes of transcutaneous electrical
stimulation, as well as between those receiving 60 minutes and those receiving 120 minutes of
transcutaneous electrical stimulation. Outcomes measured motor function, and included thiMEygit
Assessment, Arm Motor Ability Test, and the Action Research Arm Test. This suggests that duration of
transcutaneous electrical stimulation may play an important role in the effectiveness of the
intervention. Transcutaneous electrical nerve stimubati( TENS)as shown to be more effective than a
control for improving upper limb motor functiofCelnik et al., 2007; Kim, In, & Cho, 2013b; Sonde et al.,
1998) There are mixed results on whether TENS improves imdigee in patients post stroke with a
study by Tekeoglu et g[1998)indicating that it does, while another study by Sonde e{998)
indicatingthat it does notA systematic review by deroon et al(2002)evaluated six RCTs from which
only 2 reported a motor function outcome, and with only one reporting a positive effect. Furthermore,
four of the six studies found a positive incre@senotor control after the interventionwith researchers
discussing that this is the only significant effect of TENS for upper limb rec¢baetiey found.

The effectiveness of vibration therapy for improving upper Imdxor function has beenlemonstrated
in studies by Caliandro et gR012) Costantino et al(2017); and Jungsun et al(2016) However, a
study with high methodological quality by Stein et @010)found no signficant difference in motor
function in those receiving stochastic resonance stimulation with subthreshold electrical stimwdation
vibration when compared to sham stidation.

Peripheral nerve/afferent stimulatiomore often producel a significant difference on the Fdgleyer
Assessment, Jebsdraylor Hand Function Test, Wolf Motor Function Test, or the Action Research Arm
Testthan a sham therapin patients after strokgCambier et al., 2003; dos Sanfesntes et al., 2013;

Wu et al., 2006)However, when peripheral nerve/afferent stimulation was @ared to a conventional
therapy, it was more likely to produce a negative result on the above measures of fu(iedps et al.,
1998; Hunter et al., 2011; lIkuno et al., 2012y YLee et al., 2015; K. C. Lin, P. C. Huang, et al., 2014)
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On the other hand, scores based on the Box and Block test, a motor function test that is more focused
on dexterity, more often improved in patients receivingrmi with mesh glove therapy in comparison

to mirror therapy alongY:y. Lee et al., 2015; K. Lin, P. Huang, Y. Chen, C. Wu, & W. Huang, 2014; K. C.
Lin, Y. T. Chen, et al., 2014)

Four studies examining thermal stimulation were foui@hen et al., 2005; Lima et al., 2015; Tai et al.,
2014; Wu et al., 201Gyom which two examined upper limb motor functimutcome(Lima et al., 2015;

Wau et al., 201Q)Wu et al(2010)found a significant improvement in upper limb motor function in those
receiving thermal stimulation in comparison to those not receiving ftilevLima et al(2015)found a
significant improvement in those undergoing hypothermia and sensory training in comparison to those
onlyreceiving sensory training.

Electroacupuncture was found to be no more effective for impawpper limb motor function than
conventional therapy based on the results of three studies with high methological quality and large
sample sizegLi et al., 2012; Wen et al., 2014; Y. Zhang et al., 20Iv) studies with smaller sample
sizes found an improvement in upper limb motor function between receiving electroacuperaa no
acupuncture(R. L. Hsieh et al., 20039 typical acupuncturéYao & Ouyang, 2014hlowever, the results

of these two studies are less credible because Hsieh €@0.7)did not have an active or sham control
group, while Yao et al(2014)used both relaxed needling with electrocupuncture as the intervention,
while the control was typical acupuncture rather than relaxeédiing.

A review of sensornotor training bySteultjens et al(2003)included three RCT@-eys et al., 1998)
(Jongbloed et al., 1989; Kwakkel et al., 1999 case control tria{Turton & Faser, 1990) andone
noncontrolled trial(Whitall, Waller, Silver, & Macko, 2000)he authors concluded that senganotor
training was not effective formproving ADLs, extended ADLs, social participation, or arm and hand
function.

In a more recent review, including the results of 14 RSkhabrun & Hillier, 2009Yhe authors
distinguished betwen passive forms of sensory retraining through electrical stimulation and active
forms, primarily through specific exercises. The included trials assessed the outcomes of function,
sensation and prorioception in both the upper and lower extremitpwever,only 2 of the included

trials assessed sensation in the upper extremitizich reported ambiguous results

A recent Cochrane review included the results from 13 studies (467 participants) examining a variety of
treatments for sensory impairment followgnstroke and concluded that there was insufficient Righ
guality evidence available to recommend the use of any of tl{Byle, Bennett, Fasoli, & McKenna,
2010) Treatments with preliminary evidence of benefit inclddmirror therapy, thermalstimulation

and intermittent pneumatic compression.

Conclusions Regarding Sensorimotor TrairBgmatosensory Stimulation

There is level 1a evidence thatanscutaneous electrical nerve stimulation (TENSproves upper
limb motor function.

There is levella evidence that focal or whokeody vibration therapy improves upper limb motor
function.

There is level 1a evidence that peripheral nerve/afferent stimulation does significantly improve
overall ugper limb motor function.
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There is level 1la evidence that mesh glove therapy improves motor function and dexterity based on
the Box and Block test.

There is level 1b evidence that thermal stimulation is effective for upper limb motor function.

There islevel 1a evidence that electroacupuncture is not more effective than an active control for
improving upper limb motor function.

Transcutaneous electrical nerve stimulation, vibration therapy, mesh glove, and thermal
stimulation may improve upper limb motofunction.

—

Peripheral nerve stimulation and electroacupuncture may not improve upper limb motor functio

10.29 Mental Practicé Motor Imagery

The use of mentgbractice or motor imageras a means to enhance performance following stroke was
adapted fom 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, meAtaéries 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 performance is the outcome most frequently assessed in
these studies. The ast 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(Beiis
Levine, Sisto, & Johnstp2001) Mental practice can be used to supplement conventional therapy and
can be used at any stage of recovery.

ZmmermannSchlatter et al(2008)also assessed the efficacy of motor imagery in recovery post stroke.
The authors included the results from only 4 RQTs, Chan, Lee, & HGhan, 2004; Page & Levine,
2006; Page, Levine, & Leonard, 2007; Page et2@01) in which the duration and frequency of
treatment lasted from 10 minutes to oAeour per day, with 3 to 5 sessions per week for 3 to 6 weeks.
Mean time of stroke onset ranged from several days to several years. Three of these studies reported
improvements in the meaARATand BVA scores. Two of these studies also found higher mean change
scores than theminimally clinically relevant difference in the ARAT and FMA scores. These authors
concluded that although there was evidence of benefit of treatment, larger and more rigorous studies
are required to confirm these findings.

Nilsen et al.(2010)conducted 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 LevelRQTs).
Although the authors concluded that there was evidencet tm@ntal practice was effective, especially
when combined with uppeextremity therapy, they also discussed the problems in summarizing the
results of heterogeneous trials. Studies varied with respect to treatment protocols, patient
characteristics, eligility criteria, dosing, methods used to achieve mental practice (audiotapes, written
instruction, pictures) the chronicity of strokend outcomes assessed. The authors cautioned that
additional researchmust be conducted before specific recommendationgaeding treatment can be
made.
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A Cochrane review on the subjd@&arclayGoddard, Stevenson, Poluha, & Thalman, 20dstricted to
RCTs (n=6) concluded thttere 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 for the outcomes associated with both impairrardtdisability.

A metaanalysigCha, Yoo, Jung, Park, & Park, 20d@yuded the results from 5 RCTs and assessed the
additional benefit of mental practice combined with functional task training. The outcomes assessed in

the indiMdual studies included thEMA 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.

However, a metanalysis byMachado et al(2015)found that compared to the control, mentafractice
was not more effective at improving upper limb motor functwhen used as an adjunct therapyased
on the results of 7 RCTs.

The resultof RCTevaluding mental practiceare summarized iflable 102.9.1.

Table 10.2.9.1Summary of Controlled TrialEvaluatingMental Practice/ Motor Imagery Therapyor

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 7 Action Research Arm tes) (
Nstar=20
Nene=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(2010) E: Conventional therapy + Mental practice |1 Goal Attainment Scale)(
RCT (8) C: Conventional therapy 1 Barthel Index+
N=50 1 Rivermead Mobility-
7 Nottingham Extended BL ¢)
1 Action Research Arm Tes} (
Oostra et al(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 7 Action Research Arm Tes} (
RCT (7) E2: Attention placebo
N=121 C: Usual care
Park et al(2016) E: Nintendo Wii + mental practice 1 FugtMeyer Assessment)
RCT (7) C: Nintendo Wii 1 Motor Activity Log+)
Nstar=30
Nen=30
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
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Nstar=20
Neng=20
You et al2013)
RCT (7)
Nstar=18
Nen=16

Oh et al.(2016)
RCT (7)
Nstar=10
Nen=10

Page et al.(2005a)
RCT (6)

N =11

Page et al(2007)
RCT (6)

N=32
Page et al(2011)
RCT (6)

N=29

Park et al(2015)
RCT (6)

Nstar=29

Nen=29

Page et al(2007)
RCT (6)

N=32

Page et al.(2001)
RCT (5)

N=13

Liu et al.(2009)

5 (RCT)

N=35

Riccio et al(2010)
RCT (5)

N=36

Lee et al.(2012)
RCT (5)

N=26

Page et al(2000)
R (4)

N=16

Liu et al.(2004)
RCT (4)

N=46

Page et al(2009)
RCT (4)

N=10

Muller et al. (2007)

C: Motor imagery + mental practice of
unaffected hand

E: Mental activity training + EMG 1
C: Functionaglectrical stimulation 1
il
il
1

E: Mental Practice and Conventional Therapy 1
followed by Conventional Therapy alone

C: Conventional Therapy alofalowed by 1
Mental Practice and Conventional Therapy

E: Mental practice 1
C: Relaxation techniques 1

E: Mental practice 1
C: Sham intervention 1
E: Audiotaped mental practice |
C: Audiotaped sham intervention 1
E: Mental practice 1
C: Physical therapy 1

1
E: Mental Practice |

C: Sham Relaxation Exercise Intervention |{

E: Occupational therapy + imagery training |1
C: Occupational therapy 1

E: Mental Imagery 1
C: Conventional Functional Rehabilition

E: Mental practice then conventional rehab |{
C: Conventional rehab then mental practice

E: Mental practice + standard care
C: Standard care

= |== = =

E: Occupational therapy + Imagery training
C: Occupational therapy

E: Mental Imagery 1
C: Functional training 1

E: Mental practice + mCIT 1
C:mCIT

Range of Motion-j

Modified Ashworth Scale)

Fugl Meyer Score (+)

Modified Barthel Index-J

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

FugtMeyer Assessment of the Upper
Extremity )

Motor Activity Log+)

Action Research Arm Test (+)

Motor Activity LogAmount of Use (+),
Quality of Movement (+)

Fugl Meyer Score (+)
ActionResearch Arm test (+)

Fugl Meyer Score)(
Action Research Arm Tes} (

Fugl Meyer Score (+)
Action Research Arm Test (+)
Modified Barthel Index (+)

FugtMeyer Assessment (+)
Action Research Arm Test (+)

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

Improvement in Trained Tasks (+)

Motricity Index: crossover point (+), post
therapy €)

Arm Function Test: crossover point (+),
post therapy(-)

Fugl Meyer Score (+)

Brunnstrom stages (+)

Manual Function Test (+)

Fugl Meyer Scores (+)

Fugl Meyer Score)(
Colour Trials Test)(

Action Research Arm Tegtost and
follow-up (+)

1 Fugl Meyer Score: post and follewp (+)

E1: Mental practice

1 Jebsen Hand Function Test: E1/E2 vs. C
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RCT (4) E2: Motor practice 1 Pinch grip: E1/E2 vs. C (+)

N=17 C: Conventional therapy
Dijkerman et al(2004) E1: Mental task practice 1 Barthel Index+]
PCT E2: Visual imagery task 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 a{2015) E: Motor Imagery + conventional therapy 1 Motor Activity Log (+)
PCT C:Conventional therapy 1 Stroke Specific Quality of Life (+)
Nstar=30
Nens=30

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

Discussion

Overall, thestudiesthat have been compilednvestigated the effectiveness & variety of mental
practice/motor imagery training techniques on upper limb motor function in individuals with stroke.
Most of the studies of higher methodological quality thaere included demonstrated that mental
practice improved upper limb motor function on at least one meaqliia et al., 204; Mihara et al.,
2013; Oostra et al., 2013; Page & Levine, 2006; Page et al., 2007; S.J. Page et al., 2005a; Park, Lee, Cho,
Kim, & Yang, 2015; Y. Park et al., 2015; You & Lee,.28d8 of the other higher methodological
guality studies also showed no significant improvement in upper limb motor funéfiag et al., 2014;
Bovend'Eerdt et al., 2010; letswaart et al., 2011; Page et al., 2011; Park & Park F20i6)hese five
studies, two investigated motor imagery rather than mental prac(iseg et al., 2014; letswaart et al.,
2011) one paired mental practice with the Nintendo Whark & Park, 2016and one audiotaped the
mental practice and the sham practi¢@ag et al., 2011) Therefore, there may be a difference in the
type of intervention that was provided in the studies that found a sigat difference between groups

as opposed to thoséhat did not. Measures of independence and daily living indicated an even split,
with some finding an effect, and others not.

It is also noteworthy to mention that it ignclear whether some of the sanparticipants took part in
multiple studies conducted by the same gro{ifage, 2000; Page et al., 20Page et al., 2009; Page et
al., 2007; S.J. Page et al., 2005a; Page et al.,.ZD®Inprove the quality, studies with larger saewpl

are required in the future for larger statistical power. Many of these trials were conducted in the chronic
phase, so it is recommended that studies include patients in the acute phase post stroke in the future.

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 trial. The pooled effects from three studies
regarding theFMAshowed no significant effect favoag the intervention. Conversely, when evaluating

the ARAT measured in four studies, the findings revealed a significant efffavour of mental imagery

(Kho et al., 2014)he authors suggested that a possible explanation for the lack of effect observed on
the FMAmay be due to a ceiling effect in performance, given that a large proportion of jpartisi had

mild motor impairment.

Conclusions Regarding MentRIractice
There is level 1a evidence that mental practice theraigyeffective for improving upper extremity

motor function; however, the evidence for its effect on activities of daily living limited and
conflicting.
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There is level 1a evidence that motor imagery is not effective for improving upper extremity motor
function.

Mental practicemay improve upper limb motor function after stroke, while motor imagery likely
does not.

10.210 Splnting
Splints may be applied to achieve various objectiiredudng reduction in spasticity, reduction in pain,
prevention of contracture, and prevention of edertlaannin & Herbert, 2003)

The effectiveness of the use of splints to impraygper extremityfunction is reviewed in this section.
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 strdlanin and Herber2003)included the
results from 19 studies, of which only 4 were RCTs. The authoduded 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. &diment effects
associated with measures of disability, impairment, range of motion, pain, and spasticity were small and
not statistically significant.

The resultsof RCTsvaluatingsplinting interventions for upper extremity functicere summarized in
Table 10.210.1.

Table 10.2.10.1Summary of RCTsEvaluating Splinting/Orthose#\ided Therapiesfor 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 hand splint
N=28
Bartolo et al (2014) E: Arm orthosis 1 Range of Motion: abduction and adducti
RCT (8) C: Conventional physiotherapy (+), flexion and extension (+)
Nstar=28 7 Normalized jerk (+)
Nen=28 1 Fugl Meyer Score)(
1 Modified Ashworth Scale)
Lannin et al(2007) E1: Extension splint T Wrist contracture {)
RCT (7) E2: Neutral splint
N=63 C: No splint
Kim et al (2015) E: Taping 1 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 assistettherapy 1 Action Research Arm Tes} (
N=19 1 Box and Block Tesf(
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1 Stroke Impact Scale)(

Page et al(2013) E: Myomo brace 1 Fugl Meyer Scale)(

RCT (6) C: Repetitive task practice 1 Canadian Occupation®erformance
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

Choi etal. (2016) E: Hand Splints and a General Rehabilitation|§ Visual Analogue Scale (+)
RCT (5) Program 1 Volume of Hand (+)
Nstar=30 C:General Rehabilitation Program 1 Modified Ashworth Scale)
Nen=30

Lannin et al(2016) E: Tastspecific training + training with the 1 Motor Assessment Scalé (
RCT (5) SaebeFlex device 1 Box and Block Tes{(
Nstar=9 C: Taslspecific training 1 Grip Strength+

NenF6

TPS=acute

Choi et al(2016) E: Dorsal Resting Hand Splint 7 Modified Ashworth Scale (+)
RCT (4) C: Volar Resting Hand Splint 7 Active Range of Motion (+)
Nstar=52

Nend=52

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

Discussion

Ten studies were reviewed to determine whether various interventions related to splinting can improve
upper limb motor function. Various splinting interventions were ideld such as a hand splint, arm
orthosis, taping, Myomo brace, and the SadHex device. Of the studies that reported motor function
outcomes, all indicated ndenefit of splinting for upper limb motor function when compared to
conventional therapy(Barry et al., 2012; Bartolo et al., 2014; Lannin et al., 2016; Page, Persch, &
Murray, 2013; Poole et al., 1990)

Conclusions Regarding Splinting

There islevel 1a that hand splinting/taping/orthoses do not improve upper extremity motor
function.

| Slinting, taping, and orthoses likely do namproveupper limb motor function.

10.2.11 Constraintinduced Movement TherapyCIMT)

CIMT refers to a set of rehabilitation techniqudssigned to reduce functional deficits in the more

affected upper extremity of stroke survivors. The two key featuoésCIMT are restraint of the

unaffected hand/arm and increased practice/use of the affected hand/@fmiz, Light, Patterson,

Behrman, & Davis, 2005B8inced i N2 1 S & dzZNIA @2 NB Y| &dzaSE LISAfEcEBd/ I0S a f ¢
upper extremity within a short period of timgraub, 198Q)CIMT is designed to overcome learned non

use by promotingheuroplasticity andusedependentcortical reorganizatior(Taub, Uswatte, & Pidikiti,

1999) While the biological mechanism(s) responsible for the benefit are unknown and the contribution

from intense practice is difficult to disassociate from #iféect of constrainng the unafectedlimb, this
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form of treatment shows promise, especially for survivors with modeugeer limbdisability following
stroke.

Several reviews have been published on the effectiveness of (BMfeca et al., 2003a; Hakkennes &

Keating, 2005; Taub & Morris, 200dnd while the results have been generally positive, uncertainty of
its effectiveness remain due to thenall number of trials published, the small sample sizes of the
studies heterogeneaty of patient characteristics, duration and intensity of treatment, and outcomes
assessed.

A metaanalysis conducted byan Peppen et al(2004) concluded that GIT was associated with
improvements irdexterity,asmeasured by the Arm Motor Activity Test or tARAT but notin terms of

ADL performance as measured bythe FIM or Barthel Index scoreslakkennes and Keatin@005)
included the results from 14 RCTs and concluded that there was a benefit associated with treatment
although larger weltlesigned studies are still require®everal treatment contrasts were examined
including traditional CIMT ersus alternative therapy or contrgl modified QUT \ersus alternative
therapy or control and traditional ®IT \ersus modified CMT, although pooled estimates of the
treatment sizes for the subgroups were not provided.

Taub et al.(2003) noted that constrairt-induced movement therapy has limitationas in the
AYLINRGBSYSyil &aSSy R2Sa y2i NBadG2NB (GKS aidNB1S LI G
stroke. The same authors note that constralny RdzOS R Y 2 @S Ypfodudes & Keidhle LI2 &
outcome thatdepends on the severity of initial impairment. If patients 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 disal€aub et al., 199% C2NJ LI GASydGa oAGK
motor functioning, constraininduced therapy does improve movement at the shoulder and elbows.
Because these people have little or no ability to move the fingers, thecedadequate motor basis for

carrying out trainng of hand function. Consequently, because most daily activities 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 énattual amount of use of the more

I TFSOGSR SEGNBYAGE Ay G KS-indubetl therapyhistciearly dotiadzbmiplete y X ¢
answer to motor deficits after stroke. The work so far does show that motor function in a large
percentage of patiets with chronic stroke is substantially modifiabl€[aub, Uswatte, & Mais, 2003)

van der Leg2001)suggests that the positive results attributed to CIMT may simply reflect a greater
intensity oftraining of the affected arm and questions the concept of «u@e implying that it may not

be a distinct entity, but rather the result of sensory disorders or hemineglect.

According taDromerick et al(2000) constraint of the unaffected arwith the use of a mitten (6 hours

LISNJ RIFe@ F2NJ mn RFE2&0I | yR WT2ND Spproxmaeipix days), 8 KS | F 1
feasible However, trials reporting small but significant reductions in arm impairment, especially for
patients with sensory disorders and heminegl@loughman & Corbett, 2004; van der Lee et al., 1999)

have also reported a high number of deviations from the randomized treatment schedule, due to

LJ- G A ®yicdndplance This led to trials investiging the effectiveness of modified or shorter periods

of constraintinduced therapy treatment.

There is promising evidence that the drawbacks to stroke patient participation in CIMT (i.e., required
practice intensity and duration of restraint) may be os@me through modifications to the basic
procedures. Thee include a less intensamodified therapy schedule, termed mCIMhat combines
structured functional practicevith the affected limbwith restricted use of the less affected linfBage,

Sisto, Levine, & McGrath, 2004s well asforced use therapy which employs constraint without
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intensive training of the affectetimb (Ploughman & Corbett, 2004ageet al. (2005b; 2002; 2004)
provide one example of the distinction between CIMT and mCIMT: CIMT is defined by the i) restriction
ofapah Sy i Qa f Sa& alimb tAraduGhOuioBor of dakihdShNidrs during avgek period and ii)
participation in an intensive uppearxtremity therapy program for 6 hours per day, using the affected
limb during the same -veek period. In contrast, mCIMT inves restriction of the unaffected limb for
periods of 5 hourper day, 5 dayger week for 2 weeks combined with structured, ¥ hour therapy
sessions, 3 dayper week However, other criteria for defining mCIMT have also been used, which
overlap with CIMThlurring the distinction. Lin et af2007)cite mCIMTas 2 hours of therapy per day for
10-15 consecutive weekdaywith restraint for 6 hours per day. There alswisttrials, presented in the
following tablesjn whichthe intervention warovided for periods of up to 10 weeks.

The optimal timing of tratment remains uncertain. While there is evidence that patients treated in the

acute phase of stroke may benefit preferentialljaub & Morris, 2001)there is also evidence that it

may, in fact, be harmfulDromerick et al., 208). Grotta et al.(2004)suggesthat the greatest benefit is

likely to be conferred during the chronic stagesstfoke and that the treatment has shown to be
harmfulAy ' yAYlFf &d0GdzZRASa 2F aF2NOSR dzaSé AYYSRAIFGSTt @

The results from the largest and most rigorously conducted-Tied Extremity Constraint Induced
Therapy Evaluation (EXCITiagy provide the strongest evidence of a benefit of CIMT treatment,
date. The study recruited 222 subjects with moderate disability 3 to 9 months following stroke, over 3
years from 7 institutions in 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 rherfollowing treatment. At 12 months, compared with

the control group who received usual care, subjects in the treatment group had significantly higher
scores on sections of thé&/MFTand 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 uncertainlCramer, 2007)In the EXCITE trial, only 6.3% of patients screened elaible.
While larger estimates of 205% hae been suggested, it remains uncertain if subjects with greater
disability would benefit from treatment.

A Cochrane revieWSirtori, Corbetta, Moja, & Gatti, 2008@xamined thebenefit 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. &hmeview included the results from 19 trials involving 619 subjects. The primary
outcome was disabilitywhich was measured as arm motonction. The authors reported that there

was a significant improvement in arm motor function, assessed immediately following the intervention,
but not at 36 months postintervention. A subgroup analysis compared the benefit of CIMT in terms of
time since strokenset (33 months and >9 months). No studies were included that measured disability
3-9 months following stroke. The associated effect sizes were not statistically significant for either
subgroup. The authors caution that the findings cannot be considerbdst due to the small sample
sizes and poor methodological quality of the primary studies.

The same group of authof€abetta, Sirtori, Moja, & Gatti, 201@)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, &Daninstrument, there

was no significant treatment effect associated with CIMT. There was a moderate treatment effect
associated with arm motor function. However, this review did not include sub analysis based on
chronicity of stroke or type of CIMT treaent (i.e. forced use vs. traditional CIMT vs. modified CIMT).

Shi et al(2011)conducted a review examining modified CIMT compared with traditional rehabilitation
strategies. The results from 13 RCTs (278 patients) were included. The mean differences in scores

10. Upper Extremitynterventions pg.44of 208
www.ebrsr.com


http://www.ebrsr.com/

favoured patients in the CIMT group on the following outcome meas&ids:(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 mptocol. Furthermore, the study did not differentiate between different
stroke phases as the analysis combined patients from acute to chronic stroke stages.

Nijland et al.(2011) conducted 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 treatnsessad using thARATFMA

(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 highintensity (>3 lours of therapy/day) CIMT.

Peurala et al(2012)examined the impact of CIMT and mCIMT on activity and participation measures, as
defined by the ICFThe review included the results from 30 trials. The authors identified 4 broad
categories of treatment intensity:672 and 26856 hours over 2 weeks, 30 hours over 3 weeks and 15

30 hours 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 examinednclude: FIM,
WMFTscores,ARATand the SIS. ARA3cores were significantly improved at both treatment intensity
categories (266 hrs x 2 weeks & 180 hrs x 10 weeks). FIM scores were significantly increased in only
1 of 3 treatment intensity categories %8B0 hours x 10 weeks) 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 achronicity of stroke $ubacute (<6 moitis), chronic (>6 month})
We used the authot®own declaration of the type of therapy that was provided (i.e. mCIMT or CIMT).

A review by Etoom et a{2016)found that after analyzing 36 trials, CIMT produced a significant effect
when compared to a contrahtervention, although there was a high level of heterogenéitye authors
suggested that thsignificant effect found may have been skewed by publication bias. However, studies
in this reviewthat investigated the effectiveness of CIMT during the first 6 months after soukeall
found a nonsignificant effecfEtoom et al., 2016)The resuls are summarized in tables 10.2.1 to
10.2.11.4.

A summary of the results from RCTs that evaluated Giifing the subacute stage posstroke is
presented in Table 10.2111.

Table 10.2.11. Bummary of RCTs Evaluating CIMT in $ubacute (<6monthdPhase Following Stroke

Author, Year Intervention CIMT Main Outcome(s)

Study Design Intensity/Duration Result

(PEDro Score)

Sample Size
Thrane et al. E: CIMT 3hr/d x 10d 1 Wolf Motor Function Test]
(2015) C: Usual Care 1 Stroke Impact Scale)(
RCT (7) 1 FugtMeyer Assessment)
Nstar=47 1
Nen=47
Yoon et al E1: CIMT, Mirror Therapy (MT), and 6h/d x 5d/wk x 2wk 1 Brunnstrom Recovery Stage
(2014) Conventional Therapy (CT) )
RCT (7) E2: CIMT and Conventional Therapy (CT) T Wolf Motor Function Test (+)
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Nstar=26
Nen=26
Dromerick et al.
(2000)

RCT (6)

N=20

Ro et al.(2006)
RCT (6)

N=8
VECTORS
Dromerick et al.
(2009)

RCT (6)

N=52

Boake et al.
(2007)

RCT (5)

N=23

Page et al.
(2005b)

RCT (5)

N=10
Ploughman &
Corbett(2004)
RCT (5)

N=23

Song et al.
(2016)

RCT (5)
Nstar=30
Nend=30

Shah et al.
(2016a)
RCT(5)
Nstar=45
Nen=40
Seok et al.
(2016)
RCT (5)
Nstar=32
Nen=30

Batool et al.
(2015)
RCT (5)
Nstar=42
Nen=42

C: Conventional Therapy (CT)

E:CIMT

C: Taditional upper extremity therapy

E:CIMT
C: Taditional rehabilitation

E1: Higkintensity CIMT
E2: Standard CIMT

C: ADL and UE bhilateral training Exercises

E:CIMT
C: Taditional rehabilitation

E: CIMT
C: Regular rehabilitation

2hrs/d x 5d/wk x 2wk

3hr/d x 6d/wk x 2wk

E1:3hr/d x 5/wk x 2wk

E2:2hr/d x 5/wk x 2wk

3hr/d x 6d/wk x 2wk

0.5h/d x 3d/wk x10wk

= =4 -4 -8 -

= = —a =

1

E:Forced Use Therapy (Constraint without| 1h/d initially, increasing| 1

Shaping)
C: Conventional Therapy

E: Scalp cluster acupunctuaed Constraint

Induced Movement Therapy

C: Body acupuncture and traditional

rehabilitation therapy

E: CIMT
C: Motor Relearning Program

E1: CIMT with Visual Biofeedback

E2: Visual Biofeedback

C: Conventional Occuptional Therapy

E: CIMT

C: Motor Relearning Programme

Azab et al(2009)| E:CIMT

to 6h/d by 2wk

80% of working hours

2 h/d x 6 d/wk x 3wk

5-6 h/d x 6 d/wk x 2 wk |1

1

Fugl Meyer Assessmen (
Modified Barthel Index (+)
Action Research Arifiest(+)
FIM €)

Barthel Index)

Grooved Pegboard test (+)
Fugl Meyer Score (+)
Motor Activity Log (+)
Action Research Arifiest:
E2/C Vs El (+)

Fugl Meyer Motor recovery)
Grooved Peghoard test)(
Motor Activity Log: Quality of
Movement (+)

Action Research Arm Tesj (
Fugl Meyer Assessmen) (
Motor Activity Log+)

Chedoke McMaster
Impirment Inventory (+)

FugtMeyer Assessment)(

Motor Activity Log (+)
Nine Hole Peg Tes)(
FugtMeyer Assessment)

Grasp Strength: E1 vs C (+);
vs C+); E1 vs E2)

Pinch Strength: E1 vs C (+);
vs CH); E1 vs E2)(

Wolf Motor Function Test: E1
v C (+); E2vs C (+); E1 vs-E!
FugtMeyer Assessment
Upper Extremity: E1 vs C (+)
E2vs C (+); Elvs B2 (
Modified Ashworth Scale (+)
Functional Independence
Measure (+)

Barthel Index (+)
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PCT C: Conventional Therapy

N=27

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

Both Dromerick et al.(2000) and Ro et al(2006) had high methodological quality andkported
signifcant improvements impper extremity motor function measured by thetion Research Arm Test
and the Fugl Meyer AssessmehRtirthermore, a study by Yoon et &014)found that CIMT with mirror
therapy was superior to conventional theragyowever,one higher quality study by Thraret al.(2015)
and several other studies of lower quality did not support these conclus{@oske et al., 2007; S. J.
Page, P. Levine, & A. C. Leonard, 2005; Seok et al., 2016; Shah, Kumar, & Muragods 26ésio)ind
no significant difference in motor function of the affectiab between CIMT and a control group.

In a more recent studyDromerick et al., 2009hcluding 2 CIMT groups (standard andhhigtensity),
participantsin the higherintensity group fared, on average, worse than those in either the control
group or the standard CIMT group, demonstrating an inverse -desgonse curve. The authors
proposedpossible explanations to explain thegsults, including implementation dftervention too
earlyfollowing stroke, overtrainingand ablocked rather than distribute@ractice scheda.

A summary of the results from RCTs that evaluated CIMT in the chronic ptaiaetroke is presented
in Table 10.211.2.

Table 10.2.11.Bummary of RCTs Evaluating CIMT in the Chrérécmonths)Phase Following Stroke

Author, Year Intervention CIMT Main Outcome(s)
Study Design Intensity/Duration Result
(PEDro Score)
Sample Size
Wolf et al.(2006)| E: CIMT + shaping procedure | 6hr/d x5x/wk x 2wk |1 Wolf Motor Function Test (+)
Wolf et al. C: Usual care 1 Motor Activity Log: Amount of Use (+),
(2008) Quality of Movement (+)
RCT (8) 1 Functional ability measures)(
EXCITE 1 Quality/frequency of performance of 30
N=222 daily activities {)
Dahl et al E: CIMT 6hr/d x 5x/wk x 2wk |1 Wolf Motor Function Test: post (#§mo ()
(2008) C: Communitybased rehabilitation 7 Motor Activity Log+)
RCT (8) 1 FIME)
N=30 7 SIS
Wolf et al.(2010)| E1: CIMT early {3 months post | 90% of waking time fol1 Wolf Motor Function Test (+), at 24 mg (
USA stroke) 2 weeks 1 Motor Activity Log (+), at 24 me)(
8 (RCT) E2: CIMT delayed (15 to 21 mont 7 Stroke Impact Scale Hand and Activities
post stroke) Domains Score (+), at 24 md (
Sawaki et al. E:Early CIMT 90% of day for 2 week| 1 Grip strength (+)
(2008) C: Delayed CIMT 1 Wolf Motor Function Test)
RCT (8)
N=30
Underwood et al| E: CIMT + shaping procedure | 6hr/d x 5x/wk x 2wk |1 Pain scale of Fugl Meyej (
(2006) C: Usual care 1 Wolf Motor Function Test-{
RCT (8)
N=41
Richards et al. | E1: Traditional CIMT (CIM) + El: 6hr/dinclinicx |1 Wolf Motor Function Test: E1 @1(-); E2
(2006) donepezil 5d/wk x 2wk vs C24)
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RCT (7)

Brogardh &
Bengt

(2006)

RCT (7)

N=16

van der Lee et al
(1999)

RCT (7)

N=66

Wu et al (2013)
RCT (7)
Nstar=27
Nen=24
Nadeau et al.
(2014)

RCT (7)
Nstar=24
Nen=22

Wu et al.(2007)
RCT (6)

N=47

Khan et al(2011)
RCT (6)

N=44

Alberts et al.
(2004)

RCT (6)

N=10
Suputtitada et al.
(2004)

RCT (6)

N=69

Taub et al(1993)
RCT (6)

N=9

E2: 1hr/d in chic
x5d/wk x 2wk

All groups wore a
padded mitt on
unaffected arm for
90% of waking hours

C1: Traditional CIMT (CIM}) +
placebo

E2: Shortened CIMT (CIMT +
repetitive transcranial magnetic
stimulation (rTMS)

C1: Shortened CIMT (CIMT +
sham rTMS

E: CIMT and using mitt at home f| 6h/d x 2wk, mitt worn
another 3 months every other day for 90% of waking

C: CIMT time.

E: Intensive forced use therapy + 6hr/d x 5d/wk x 2wk
immobilization of the unaffected
arm

C: Intensive bimanual training
based on Neurodevelopmental
therapy

E1l: CIMT + eye patching (EP)
E2: CIMT

C: Conventional therapy

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

E1: CIMThr + cycloserine E1: 6hr/d x 5d/wk x

C1: CIMThr + placebo 2wk

E2: CIMT2hr + cycloserine E2: 2hr/d x 3d/wk x
C2: CIMT2hr + placebo 10wk

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

C: Regular interdisciplinary rehab

El: CIMT

E2:Therapeutic Climbing

C: Conventional Neurological
Therapy

15-20 hr/wk x 4wk

E: Immediate CIT
C: Delayed CIT

6hr/d x 5d/wk x 2wk

E: CIMT
C: Bmanualupper-extremity
trainingbased on NDT approach

6hr/d x 5 d/wk x 14d

E: Unaffected upper extremity | 6hr/d x 5d/wk x 2wk
restrained in a sling + practice

using impaired upper extremity

C: Procedures designed to focus

attention use of impaired upper

extremity

l

l

1
1

==

= =4 —a —a -—a

Motor Activity Log: Amount of Use E1@4
(+) E2 vs C2)

Motor Activity Log: Quality of Movement
E1vC1(+);, E2 vs C2)

Modified Motor Assessment Scalg (
Sollerman Hand Function Tes} (
Motor Activity Log+)

Action Research Arm Test: post (+)
Motor Activity Log: during (+)

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

Reaction time: E2 vs. C (+)

Fugl Meyer: E1/E2 vs C1/GD (

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

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

Motor Activity Log (+)
Fugl Meyer Score)(

Wolf Motor Function Test: Post
Intervention: E1 vs E2 (+); E1 vsS)CH2 vs
C ¢); 6months: E1 vs G)(

Motor Activity Log+)

Shoulder Pain: E1 vs E2 (+); 6 months: E
E2 (+)

Isometric Strenth-

Active Range of Motion)
Maximumprecision grip (+)

Wolf Motor Function Test)

Arm and Hand Sectior)(

Action Research Arm $g(+)
Pinch test (+)

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

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

Motor Activity Log: increase in ability to
use affected upper extremity (+)
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Huseyinsinoglu | E: CIMT 3hr/d x 10 weekdays |1 Motor Activity Log: Amount of Use (+),
etal.(2012) C: Bobath Quality of Movement (+)

RCT (6) 1 Wolf Motor Function Test)

N=24 17 FIM§)

Wittenberg et al. | E: Intense CIMT E: 6hr/d x 10d 1 Motor Activity Log (+)

(2003) C: Less intense CIMT C: 3hr/d x 10d 1 Wolf Motor Function Test]

RCT (5) 1 Assessment of Motor and Process Skills
N=16

Wu et al.(2011) | E1: Distributed CIMT 2h/d x 5d/wk x 3wk |1 Unilateral and Bilateral Smoothness whils
Taiwan E2: Bilateral Arm Training Reaching: E1/E2 vs C (+)

5 (RCT) C: Routine Tehrapy 1 Unilateral and BilaterdForce Movement

Initiation while Reaching: E2 vs E1/C (+)

1 Motor Activity Log: E1 vs E2/C (+)
1 Wolf Motor Function Test: E1 vs E2/C (+]
Lin et al(2007) |E: CIT 2hr/d x 5diwk x 3wk |1 Fugl Meyer (+)
Lin et al(2009) |C: Traditional therapy 1 FIM (+)
Lin et al(2010) | (neurodevelopmental) 7 Motor Activity Log+)
RCT (5)
N=35/32/13
Takebayashi et | E: CIMT + transfer package 4.5hr for 2wk 1 Fugl Meyer Score: posi)( follow-up (+)
al.(2013) C.CIMT 1 Motor Activity Log: Amount of Use: post
RCT (5) (+), followup (+)
Nstar=23
Neng=21
Souza et al E1: CIMT high intensity E1l: 3hr x &x/wk for |1 Fugl Meyer Assessmen) (
(2015) E2: CIMT low intensity 10 sessions over 22d |1 Motor Activity Log+)
RCT (5) E2: 1hr x3-4x/wk for
Nstar=24 10 sessions over 22d
Nend=19
Lin et al(2008) |E: CIMT 2h/d x 5d/wk x 3wk |1 Fugl Meyer Assessment (+)
RCT (5) C: Traditional Intervention 1 Functional Independence Measure (+)
N=22 1 Motor Activity Log-)
1 Nottingham Extended Activities of Daily

Living Scale-), mobility subsection (+)

Sterretal(2002) 9 MY [ 2y 3SNJ / L a ¢ El: 6hr/dforatarget |1 Motor Activity Log+)

RCT (4) LINE OS RdzNB Q of 90% of waking time |1 Wolf Motor Function Test)
N=15 9HY { K2NI SNJ / L a E2:3hr/dx 2wk 1 Quality of Movement (+)
LINE OS RdzNB Q 1 Amount of Use (+)

Taub et al(2006)| E: CIMT

PCT C: Placebo, General Fitness
N=41 Program

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

6h/d x 10d, restraint |1 Motor Activity Log (+)
for 90% of waking time

Overall, the majority of studies examined showed a positive effect forT@Mhe chronic phase of
stroke for upper limb motor functiorilThese studies includedlVolf et al.(2006) Wolf et al.(2008) Dahl

et al. (2008) van der Lee et a[1999) Suputtitada et al(2004) Taub et al(1993) Wu et al.(2011) Lin

et al.(2007) Lin et al(2009) Lin et al(2010) Lin et al.(2008) Studies which found no significant impact

on upper limb motor function included Underwood et @006) Khan et al(2011) Huseyinsinolu et al.
(2012) Studies investigating duration or intgity of CIMT included those by Brogard & Bef2§i06)
Wittenberg et al(2003) Souza et a(2015) and Steret al. (2002) Outcomes of these studies indicated
that there is either no difference between varying intensities or durations of CIMT between groups on
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upper limb motor outcomes, or mixed result®ther studies have investigated early versus delayed
CIMT includingVolf et al.(2010) Sawaki et a2008) and Alberts et ak2004) and results were mixed
with some positive and negative upper limb motor outcomes.

Combination therapy of CIMT with pharntdogical agents was studied Byadeau et al(2014) to
determine the benefit of cycloserine on the paretic upper extremity compacedlacebo therapy. The
study also investigated the effects of intervention intensity by delivering CIMT at a frequentywofs

per day or 2hours perday. Results revealed no significant difference between the groups receiving
cycloserine and those reméng placebo regarding their effect on upper limb motor function as
measured by th&eMA 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
stimulation(Richards et al., 20083oth groups receiving either the drug or the ggdo performed CIMT

for 6 hours perday, while those receiving rTMS or sham stimulation performed CIMTHourlperday.

There was a significant improvement in the MAL favouring the group receiving ClIBIfidars perday
compared to the rTMS group perining less frequent CIMHowever, 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., 2006)n contrast, Abo et a{2014)found thatwhen rTMS was compared

to CIMT, the results were in favour of rTMS as demonstrated by significantly greater improvements on
the FMA and the Functional Assesent Score, but not on the WMFT.

A recentsystematic review and metanalysis by Mcintyre et a2012)evaluated the effect of CIMT on
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 froairfitf 8 (excellent) as
measured by the PEDro. The time pesbke also ranged from 6.7 months to 10 years. The meta
analysis revealed a significant 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 the
FMA and on the ARAT, however the WMFT and the FIM were not found to favour CIMT over the control
(Mclintyre et al., 202).

A summary of the results from RCihait evaluatedmCIMT in thesubacute (<6 monthsjtage post
strokeis presented imable 10.211.3.

Table 10.2.11.3Summary of RCTs Evaluating Modified CIMT in thebacute (<6 monthsPhase
Following Stroke

Author, Year Intervention CIMT Intensity/Duration Main Outcome(s)
Study Design (PEDro Result
Score)
Sample Size
Myint et al.(2008) E: mCIMT 4 hrs/day x 10 days 1 ActionResearch Arm Test (+)
RCT (7) C: Traditional rehabilitation 1 Motor Activity Log (+)
N=43
Treger et al.(2012) E: mCIMT 4 hrs/day x 2 days/wks 1 Functional Independence
RCT (7) C: Traditional rehabilitation Measure §)
N=28 1 Manual Function Test)
Kwakkel et al(2016) | E1: Electromyographic 3h/d x 5d/wk x 3wk 1 Action Research Arm Test: E1
RCT (7) Neuromuscular Stimulation on vs C14); E2 vs C2 (+)
Nstar=159 finger extensors 1 FugtMeyer Assessment: E1 v¢
Nend=159 E2: Modified Contraint Induced C1§); E2 vs C2)
Movement Therapy 1 Wolf Motor Function Test: E1
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EfHelow et al(2014)
RCT (6)

Nstar=60

Nen=60

Liu etal. (2016)

RCT (6)

Nstar=90

Nen=86

Hammer & Lindmark
(2009)

RCT (6)

Nstar=30

Nen~26

Hammer & Lindmark
(2009)

RCT (6)

Nstar=30

Nen~26

Brogardh et al(2009)
RCT (5)
N=24

C1: Unfavourable prognosis
based on voluntary finger
extension. Received usual care
C2: Favourablprognosis based
on voluntary finger extension.
Received usual care.

E: Modified Constraint Induced 6h/d x 2wk
Movement Therapy
C: Conventional Rehabilitation

E1: Modified Constrainhduced | 1h/d x 5d/wk x 2 wk
Movement Therapy

E2: SelRegulated Modified

Constraint Induced Movement

Therapy

C: Conventional Therapy

E: Restraining sling and Standz 6 h/d x 5d/wk x 2wk
Rehabilitation
C: Standard Rehabilitation

E: Restraining sling and Standg 6 h/d x 5d/wk x 2wk
Rehabilitation
C: Standard Rehabilitation

E: Shortened CIMT (mitt use) |90% of waking time for 12

C: No mitt use days

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

= =& —a —a —a _—a _—a _—a _—a -

vs C14); E2 vs C2)

Motricity Index: E1 vs C)( E2
vs C24)

Erasmus modified Nottingham
Sensory Assessment: E1 vs €
); E2 vs C2)(

Nine-Hole Peg Test: E1 vs C1
); E2 vs C2)(

Frenchay Arm Test: E1 vs ©1
E2 vs C2)

Motor Activity Log Quality of
Movement E1 vs CL E2 vs
C29

Motor Activity Log Amount of
Use: E1 vs CY)(E2 vs C2)
Stroke Impact Scal¢land: E1
vs C14); E2 vs C2 (+)
FugtMeyer Assessment (+)
Action Research Arm Test (+)

Action Research Arm Test: EZ
vs E1 (+); E2vs C (+)
FugtMeyer Assessment: E2 v
El(+); E2vs C (+)
Independent Activitie®f Daily
Living: E2 vs E1 (+); E2 vs C (
Motor Activity Log: E2 vs E1 (-
E2vs C (+)

SelfPereived Quality of Arm
Use: 1 month, E2 vs E1 (+); E
vs C (+)

Motor Activity Log+)

FugtMeyer ()

Action Research Arm Tes} (
Motor Assessment Scale (
16-Hole Peg Test)

Grip strength ratio-)

Modified Ashworth Scale)
Motor Assessment Scalé (
Sollerman Handunction Tst+
2-Point Discrimination Test)(
Motor Activity Log Test)

Several studies found an improvement in Action Research Arm Test scores in those receiving mCIMT in
the early phase after stroke compared to those receiving conventional thgiyelow et al., 2014;
Kwakkel et al., 2016; K. P. Liuakt 2016; Myint et al., 2008 However, may studiesalso found no
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significant improvement in those receiving mCIMT when compared to conventional therapy on other
motor function based outcomes that focus more onprovements of impairmen(Brogardh et al.,
2009; Hammer & Lindmark, 2009; Kwakkel et al, 2016; Treger et al., .2012)

This suggests that mCIMT optimizes already preserved function through adaptation strategies, but that
Al R2SayQi A YLNEW®SRInhSanNBtage atar Stioke. A Y LI A

A summary of the results froRCTshat evaluated mCIMT in the chronje6 months) stagegoststroke
is presented in Table 1012.4.

Table 10.2.11.4Summary of RCTs Evaluating Modified CIMT in the Chrgr& maths) Phase
Following Stroke

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

Study Design (PEDr¢ Result
Score)

Sample Size
Smania et al(2012) |E: mCIMT 2hr/d x 5d/wk x 2wk 1 Wolf Motor Function Test (+)
RCT (8) C: Dosematch taskspecific 1 Motor Activity Log (+)
N=66 therapy
Lin et al.(2007) E: mCIMT 6hr/d x 5hr/d x 3wk. 1 Motor Activity Log (+)
RCT (7) C: Traditional rehab 1 FIM (+)
N=32
Hsieh et al(2016) E: Modified Constraint 20sessions x 105min/d x 5 diwk {1 Wolf Motor Function Test
RCT (7) Induced Therapy 4 wk Functional Ability Score (+)
Nstar=34 C: Regular Therapy 1 Wolf Motor Function Test
Nen=34 Times §)

1 Nottingham Extended Activitie
of Daily Living (+)
1 Functional Independence

Measure §)
Barzel et al(2015) |E: Home CIMT 5h/wk x 4wk 1 Motor Activity Log Quality of
RCT (6) C: Standard Therapy Movement(+)
Nstar=156 7 Motor Activity Log Amount of
Nen=156 Arm Usage (+)

1 Wolf Motor Function Test)

1 Nine Hole Peg Tesi)(

1 Stroke Impact Scale)(

1 Barthellndex §)

7 Instrumental Activities of Daily

Living €

Wu et al. (2007) E: mCIMT 2hr/d x 5d/iwk x 3wk 7 Motor Activity Log (+)
RCT (6) C: Regulaoccupational 1 FIM (+)
N=30 therapy
Page et al(2004) El: mCIMT 30 min/d x 3d/wk x 10 wk 1 FugtMeyer Assessment (+)
RCT (6) E2: TraditionaRehabilitation 1 Action Research Arm Test (+)
N=17 C: No Therapy
Page et al(2004) E1l: mCIMT + physical and | 5hr/d x 5d/wk x 10wk 1 Fugl Meyer: mCIMT at post (+
RCT (6) occupational therapy 1 Action Research Arm Test:
N=17 E2: Traditional rehab mCIMT at post (+)

C: No therapy
Page et al(2002) E1: mCIMT + physical and | 5hr/d x 5d/wk x 10wk 1 Fugl Meyer Score: mCIMT at
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RCT (5)
N=14

occupational therapy
E2: Traditional rehab
C: No therapy

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

Doussoulin et al ELl: mCIMT guep therapy 3h/dx10d 1 Motor Activity Log (+)

(2017) E2: mCIMT individual therap 7 Action Research Arm Test (+)
RCT (5) 1 Functional Independence
Nstar=36 Measure Motor (+)

Nen=36 1 Functional Independence

Pageet al.(2008)

E1l: mCIT + physical and | 5hr/d x 5d/wk x 10wk

Measure Total (+)
Fugl Meyer Assessmen (

RCT (5) occupational therapy 1 Action Research Arm Test (+)
N=35 E2: Traditional reab
C: No therapy

Yadav et al(2016) | E: mCIMT and conventional | 3hr/d x 3d/wk x 4wk 1 FugtMeyer Assessment: 1mo
RCT (5) rehabilitation (+); 3mo (+)
Nstar=65 C: Conventional rehabilitatio 1 Amount of Uselmo (+); 3mo
Nen=60 (+)

1 Quality of Use: 1mo (+); 3mo
Wu et al. (2007) E: mCIMT + a restraining mil 2hr/d x 5d/wk x 3wk 1 FugIMeyer Assessment (+)
RCT (5) on the unaffected hand 1 FIM(+)
N=26 C: Traditional therapy 1 Motor Activity Log (+)

1 Stroke Impact Scale (+)
Hayner et al(2010) | E: mCIMT 6hr/d x 10d 1 Wolf Motor Function Test)
RCT (4) C: Bilateral training 1 COPMY
N=12
Wang et al.(2011) E1l: mCIMT 3hr/d x 5d/wk x 4wk 1 Wolf Motor Function Test:
RCT (4) E2: Intensive conventional mCIMT (+)
N=30 therapy

C: Conventional therapy

Uswatte et al(2006) |E1: Sling and Taghkactice |6hr/d x 2 wk 1 Motor Activity Log-)
PCT E2: Sling and Shaping 1 Wolf Motor Function Test)

N=17

- Indicatesnon-statistically significant differences between treatment groups

E3: Haliglove and Shaping
E4: Shaping Only

+ Indicates statistically significant differences between treatment groups

Compared to conventional therapynCIMTin the chronic stage after strokbas demonstreed its
effectiveness orupper limbmotor function outcomesased on the results of studies by Smania et al.
(2012) Hsieh et al(2016) Page et al(2004) Page et al(2004) Page et al(2002) Doussoulin et al.
(2017) Page et al(2008) Yadav et al(2016) Wu et al.(2007) and Wang et al(2011) Barzel et al.
(2015) Wu et al.(2007) and Lin et al(2007)found that mCIMT provided impvements on the Motor
Activity Log, which is a seHported measurement of arm function, when compared to conventional
therapy. One RCT found that mCIMT was not superior to bilateral training for upper limb motor function
(Hayner et al., 2010)hisis one of few studies examining mCIMith the inclusion of a control group
receiing the same duration, frequency and intensity of therapy as the treatment group. The authors
suggested thathe intensity, rather than the type of therapgxplained the gainsnade inboth groups
which resulted in a lack of significant difference between the groups on the outcamasured The
addition of a third group consisting of conventional therapy abwer intensity may have helped to

elucidate the effect of treatment.

Conclusions Regarding Constraimduced Movement Therapy
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There is levelb and level 2evidence that there is ndbenefit of CIMT in thesarly stage of strokefor
improving upper limb motor function or dexterity

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

There s level 1a evidence that mCIMin the early phase of stroke maynprove adaptation
strategies as it optimizes already preserved function. However, mCIMT does not improve
neurological impairment in the early stage of stroke.

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

Constraintinduced movement therapy (CIMTay beineffective in the acute stage of strokebut
likely effective in the chronic phase for improvingper extremity motor function.

Modified constraintinduced movement therapy (mCIMMay improve adaption to preserved
function, but not neurological impairment in the early stage of stroke. However, mCIMT may
improve upper limb motor function in the chrén phase.

10.2.12 Mirror Therapy

Mirror therapy is a technique that uses visual feedback about motor performance to improve
rehabilitationoutcomes. Ramachandran et &.995)first used thismethod to undestand the effect of
vision on phantom sensation in arm amputees. This method has sincealdagted from its original use
& I YSO-&KRRA ¥ 2 ()& 8Beansltoleghénce uppimb function following stroke and to
reduce pain(Sathian, Greenspan, & Wolf, 2000) mirror therapy, patients place a mirror besidee
unaffected limb, blocking their view of the affected lirabd creatinganillusionof two limbswhich are
functioningnormally. It is believed that by viewing the reflection of the unaffected arm in the mirror
this may act assubstitute for the decrased or absenperipheral and prioprioceptivénput to the
affected arm

The effectiveness of mirror therapy was evaluated recently in a Cochrane réVidame, Mehrblz,

Pohl, Behrens, & Dohle, 2012)he results from 14 REB67 subjects) were included. A modest benefit

of treatment was reported in terms of motor function, but the treatment effect was difficolisolate

due to the variability of control conditions. Improvement in performance of ADLs (SMD=0.33, 95% CI
0.05 to 0.60, p=0.02), pain (SM24, 95% Ci2.10 t0-0.09, p=0.03) and neglect (SMD=1.22, 95% CI
0.24 to0 2.19, p=0.01) were also noted.

A summary of the results froRCT®valuatingmirror therapy is presented in Table 1Q2.1.

Table 10.2.12. Bummary of Controlled Trials Evaluating Mirror Therajpy the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Arya et al (2015) E: Tastbased mirror therapy 1 FugtMeyer Assessment of the Upper
RCT (8) C: Standard Rehabilitation Extremity (+): wrist and hand (+); arA) (
Nstar=33
Nen=32
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Yavuzer eal. (2008)
RCT (7)
N=40

Timmerman et al(2013)
RCT (7)

Nstar=42

Nen=42

Yoon et al(2014)
RCT (7)

Nstar=26

Nen=26

Jiet al(2014)

RCT (7)

Nstar=35

Nen=35

Invernizzi et al(2013)
RCT (7)

Nstar=26

Nend=25

Altschuler et al(1999)
RCT (7)

N=40

Dohle et al (2009)
RCT (7)

N=36

Michielsen et al(2011)
RCT (7)

N=40

Kojima et al(2014)
RCT (7)
Nstar=13
Nen=13

Samuelkamaleshkumar et.§2014)
RCT (7)

Nstar=20

Nen=20

Selles et al(2014)

RCT (7)

Nstar=103

Nen=93

Lin et al (2014)

E: Mirror Therapy and conventional |

stroke rehabilitation

C: Sham Therapy and conventional | {

stroke rehabilitation

E: Mirror therapy + conventional
therapy

C: Neurodevelopmental Bobath
therapy

E1: CIMT + Mirror therapy

E2: CIMT

C: Control conventional therapy

EX1: 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: Bimanual training

E3: Mirror therapy for unaffected
hand

E4: Bimanua

C: No mirror therapy for unaffected

hand
E1: Mirror therapy + mesh glove

l

1
1

= |=a =4 =4

= = —a —a _a _a

=

= = A A _a _a _a _a _a

)l

Brunnstrom Stages for the Hand and Uppe
Extremity (+)

Funtional Indepence Measure for Self Car
(+)

Modified Ashworth Scale)(

Frenchay Arm Test)(

Wolf Motor Function Test)

Box and Block TesE1 vs ER+)
Nine Hole Peg TesE1l vs ER+)
Grip strength E1 vs E&+)

Fugl Meyer Score: E1 vs. E2 (+), E2vs. C
Box and Block Test: E1 vs. E2 (+), E2 vs. |

Action Research Arm Test (+)
Motricity Index (+)
Fugl Meyer Scores (+)

Brunnstrom stages (+)
Fugl Meyer seltare Score (+)
Modified Ashworth Scale)(

Fugl Meyer Score)(

Action Research Arm Tes} (

ABILHANDY

Grip force §)

Tardieu Scale

Fugl Meyer Score (+)

Fugl Meyer Assessment: Phase 1 (+); Pha
)

Maximum activerange of wrist extension:
Phase 1-J; Phase 2 (+)

Hand Ratio

Box and Block Tes)(

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 (+), bimanuahirror vs. affected (+)

Fugl Meyer Score: E1/E2 vs. C (+)
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RCT (7)
Nstar=43
Nen=42

Rodrigues et al2016)
RCT (7)

Nstar=16

Nen=16

Colomer et al(2016)
RCT (7)

Nstar=34

Nen=31

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

Kim et al(2015)
RCT (6)
Nstar=28
Nen=23

Park et al(2015)
RCT (6)
Nstar=30

Nen=30

Wu et al.(2013)
RCT (6)
Nstar=33

Nen=21

Cristina et al(2015)
RCT (6)
Nstar=15
Nen=15

Pervane Vural et a(2016)

RCT (6)
Nstar=30
Nen=30

Gurbuz ¢al. (2016)
RCT (6)
Nstar=31
Nen=31

Harmseret al. (2015)
RCT (6)

E2: Mirror therapy
C: Control therapy

E: Mirror Therapy and Bilateral
Training
C: Bilateral Training

E: Mirror Therapy
C: Passive Mobilization

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

E: FES + mirror therapy
C: FES + sham mirror therapy

E: Mirror therapy
C: Nonreflecting mirror

E: Miror therapy
C: Conventional therapy

E: Mirror therapy
C: Conventional therapy

E: Mirror Therapy and conventional

rehabilitation
C: Conventional rehabilitation

E: Mirror Therapy
C: Conventional Therapy

E: Mirror Therapybased action
observation

= A A —a _—a _a _a

= —a | _—a _a _a _=a

= =4 =4 =4 —a —a —a -

Box and Block Test: Elvs. E2 (+)
Maximum shouldeabduction: E1/E2 vs. C
(+)

Normalized shoulder flexion: E2 vs. C (+)
TEMPA-)

Nottingham Serary Assessment Tactil
Subscale (+)

FugtMeyer Assessment)(

Nottingham Sensory Assessment
Kinesthetic and Stereognosis Subscal
()

Action Research Arm Tes} (

Fugl Meyer Score)(

Barthel Index-)

Stroke Impact Scale)(

Modified Ashworth Scale (+)

Box and Block Te$d)

Fugl Meyer Assessment: Shoulder, elbow
and forearm {); Wrist (+); Hand (+); €o
ordination ¢)

Brunnstrom Motor Recovery Stage: Upper
extremity ¢); Hand (+)

Manual Function Test: Shoulder functiof (
Hand function (+)

Manual Function Test (+)

FIM (+)

Fugl Meyer Score (+)

Reaction time (+)

Total displacement (+)

Modified Ashworth Scale)(
ABILHANDY

Modified Ashworth Scale: writ (+)
Bhakta finger flexion scale (+)

FugtMeyer Assessment wrist and hand (+)
Visual Analog Scale (+)

Brunnstrom Recovery Scale (+)
Functional Independence Measure (+)
Modified Ashworth Scale (+)

Brunnstrom Stage-)

FugtMeyer Assessment (+)

Function Independence Measurg (

Movement time of the reaching movement

(+)
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Nstar=37
Nen=37

Cho et al.(2015)
RCT (5)
Nstar=30
Nen=27
Radajewska et a(2017)
RCT (5)
Nstar=60
Nen=60

Lim et al.(2016)
RCT (5)
Nstar=60
Nend=60

Yun et al (2011)
RCT (4)

N=60

Radajewska et a(2013)
RCT (3)

Nstar=60

Nen=60

Harmsen et al(2015)
PCT

Nstart=37

Nend=37

Kim et al.(2016)
PCT

Nstar=25

Nen=25

Yeldan et al(2015)
PCT

Nstar=8

Nen—=8

- Indicates norstatistically significant differences between treatment groups

C: Control Observation

E: Mirror therapy + tDCS 1
C: Sham mirror thepy + tDCS 1

E: Mirror therapy and conventional |1
rehabilitation
C: Conventionakehabilitation

E: Mirror Therapy q
C: Sham Therapy 1

E1l: NMES + mirror therapy
E2: NMES
E3: Mirror therapy

= |=a —a —a _a

E: Mirror therapy
C: Conventional therapy

E: Mirror therapy action observation|{
C: Action observation

E: Mirror Therapy
C: Conventional Therapy

1
1
1
1
E: Mirror Therapy and 1
neurodevelopmentatreatment q
C: Neurodevelopmental treatment |

1

+ Indicates statisticallgignificant differences between treatment groups

Discussion

Box and Block Test (+)

Grip strength (+)

Jebsen Taylor Hand Functie (
Fugl Meyer Assessmen) (

Frenchday Arm Test (+)

Fugl Meyer Assessment (+)
Moadified Barthel Index (+)
Brunnstrom Recovery Scak® (

Fugl Meyer Score: E1 vs E2/E3 (+)
Hand flexion <)

Wrist flexion §)

Wrist extension+)

Frenchay Arm Test (+)

Movement time (+)

Action Research Arm Test (+)
FugtMeyer Assessment (+)

Box and Box Test (+)

Functional Independence Measure (+)
FugtMeyer Assessment)(

Motricity Index )

Stroke Upper Limb Capacity Scale (
Barthel Index-)

Overall, a positive effect of mirror therapy on upper extremity motor function has been fdsiondies

by Ji et al(2014) Invernizzi et al(2013) Altschuler et al(1999) Park et al(2015) Wu et al.(2013)
Pervane Vural et a(2016) Gurbuz et al(2016) Lim et al(2016) and Yun et ak2011)demonstrated
that mirror therapy is superior to conventional, control, or sham therapies for improving upper limb
motor function. In addition, a study by Arya et £015)found that taskbased mirror therapy was
superior to standard therapy based on functional outcomes of the arm and hand. Yoon(20H&4)
found that mirror therapy with CIMT was superior to CIMT on various motor function tests, a
Samuelkamaleshkumar et #2014)found that mirror therapy with bilateral arm training were superior
to a control groupStudies by Michielsen et §2011) Lin et al(2014) and Kim et al(2015)found some
positive and some negative motor function outcomes. Studies by Dohle €@09) Colomer et al.
(2016) and Thieme et a{2012)found that there was no difference between mirror therapy and sham
on motor function outcomes. A study by Timmerman e(2013)also found no significant difference on
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the Wolf Motor Function Test when comparing mirror therapy and conventional therapy to the Bobath
method.

On the studies that found a significant difference beém mirrorbased therapy and a contrgiroup,
they more often found an improvement on the wrist and hand FMglyer subscales rather than on the
shoulder, elbow, forearm, and coordination subscales.

Conclusions Regarding Mirror Therapy

There is level 1@vidence that mirror therapy improveupper limbmotor function following stroke
especially for the wrist and hand

There is level 1b evidence that Mirror therapy in combination with conventional therapy is not
superior to the Bobath method for upper limmotor function.

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

| Mirror therapy is likelyeffectivefor improvingupper limbmotor function.

10.2.13 Feedbacklherapy

As with athletic performance, feedbaclrc 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 Biigrinatidliio enhance their performance during a givesk tét 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 norverbal. Comments from a énapist 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 feedback related to the outcome of th
performance of thattaskk. LJ- 6 A Sy 1 Qad LISNF2NXI yOS GAYS KFisl LI NI
information about the movement characteristics that led to the performance outcdfoe example, the
position of the hand when a patient is reachingvirds a glass of water.

Subramanian et al2010)conducted a systematic review whidhcluded the results from 9 studies.
Results showevidence that external feedback, particularly KP, in the formsveibal, virtual
environments, videotape, robotics, auditipar vision, improved motor learning of the more affected
upperlimb.

A summary of theesultsof RCT&valuatingfeedback therapyre presentedn Table 10.203.1.

Table 10.2.13. 5ummary of Cotmolled TrialsEvaluatingFeedback Therapfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Piron et al (2010) E: Feedback imirtual environment |1 Fugl Meyer Score (+)
RCT (8) C: Bobath therapy
N=50
Yang et al(2016) E1l: Repetitiv@ranscranial Magnetic (1 FugtMeyer Assessment)
RCT (8) stimulation with sensory cueing 1 Action Research Arm Tes} (
Nstar=60 E2: Repetitive Transcranial Magnetic 1 Modified Barthel Index-f
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Nen=60

Abdollahi et al(2014)
RCT (7)

Nstar=27

Nen=26

Lin et al(2015)

RCT (7)

Nstar=33

Nene=33

Bang(2016)
RCT (7)
Nstar=20
Neng=20

Durham et & (2014)
RCT (6)
Nstar=42
Neng=42

Mukherjee et al(2013)
RCT (6)

Nstar=12

Nene=12

Ballester et al(2016)
RCT (6)

Nstar=23

Nen=18

drstea & Levi{2007)
RCT (6)
N=28

Cirstea et al(2006)
RCT (6)
N=37

Cruz et al (2014)
RCT (5)
Nstar=44
Nen=43

van Vugt et al(2016)

stimulation

C: Conventional Rehabilitation

E: Hepatic and visual error 1 Fugl Meyer Score: Phase 1 (+); Phasg 2 (
augmentation 1 Wolf Motor Function Test (+)

C: No error augmentation

E: Bilateral Isometric Handgrip Force 1 FugtMeyer Assessmertpper Extremity

Training with Visual Feedback (+)

C: Routine Therapy 1 Wolf Motor Function Test (+)

1 Motor Assessment Scale (+)
1 Barthel Index (+)

E: Auditory feedback with constraint [1 Action Research Arfest (+)

induced movement therap (CIMT) |1 FugtMeyer Assessment for the upper limk

C: Constraint induced movement (+)

therapy (CIMT) 1 Modified Barthel Index (+)

1 Motor Action Log Amount of Use (+)

1 Motor Action Log Quality of Movement)(

1 Modifed Ashworth Scale)(

1 Reach to grasp task: Peak velocity (+); P¢
deceleration {); Peak aperture-}

1 Push object task: Peak velocity; Peak
deceleration (+); Peak aperture; Movemel
duration (+)

1 Raise object task)(

E: Visual feedback for reaching tasks 1 Approximate entropy-

C: No feedback for reaching tasks |1 Movement variability {)

1 Movement time ()

E1: External focus (EF) feedback
E2: Internal focus (IF) feedback

E: Reinforcemeninduced movement |1 FugtMeyer Assessment (+)
therapy + feedback movement

amplification

C: Reinforcemeninduced movement

therapy

E1: 20% Knowledge of Results abou| 1 Range of Shoulder Movements: E2 vs E1
Movemet Precision 1 Improved Elbow and Shoulder Temporal
E2: Faded Knowledge of Performand  |nterjoint Coordination: E2 vs E1 (+)
about arm joint movements
C: Nomlisabled control practiced sam
task as E1.
E1: Knowledge of Results and reach| 1 FugtMeyer Assessment)(
task 1 Performance Test for the Elderly (TEMPA)
E2: Knowledge of Performance with | ¢ Precision irmovement: E1 vs C (+); E2 vs |
reaching task (-); E2 vs G)
C: Control with nonreaching task | ¢ \vovement time and variability: E2 vs C (+]
Elvs CG); E1 vs E2)
1 Composite Spasticity Index for Elboy (

E: Rehab device then vibratory 1 Range of Motion-J
feedback 1 Correct movements-J
C: Vibratory feedback then rehab

device

E: Jittered auditory feedback with [ The Nine Hole Pegboard Test (
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R (5) random delays postreatment and |1 Finger Tapping)

Nstar=43 piano treatment 1 Finger Tapping Spee¢ (
Nen=34 C: Normal auditory feedback and

piano treatment
Gilmore & Spauldin¢?007) E: Verbal and Visual Feedback 1 KleinBell Activities of Daily Living Scale (
RCT (5) C: Verbal Feedback 1 CanadiarOccupational Performance
N=10 Measure §)
Kim et al (2014) E: Auditory rhythmic stimulation 1 Range of Motion: elbow extension (+)
PCT C: No rhythmic auditory stimulation |f Muscle activation (+)
Nstar=16
Nens=16

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

Discussion

Several methods of feedback therapy have been used 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 auditstimuli. Overall more studies indicated some
benefitto feedback therapy than not

Three studiesnvestigatedthe use of auditoryfeedbackfor upper limbmotor function, specifically Bang

et al.(2016) van Vugt et al(2016) and Kim et al(2014) Bang et al(2016)found a significant benefit to
auditory feedback with CIMT to CIMT alone for upper limb motor function and spasticity. Likewise, Kim
et al. (2014)also found a positive effect in terms of range of motion for auditory rhythmic stimulation
compared to a control not receiving auditory stimulatidgtiowever, van Vugt et a(2016)found that

there was nosignificantdifference between groups receiving jittered auditory feedback with random
delays postreatment and piano treatment compared to those only receivingnpi treatment on the
Nine-Hole Peg Test, a measure of upper limb function and dexterity.

Two studies investigated the use of visual feedback, both finding a significant improvement in upper
limb motor function based on the Fulyleyer Assessment and Wolfdtbr Function TestAbdollahi et

al., 2014,C. H. Lin et al., 2015)bdollahi et al(2014)compared hepatic and visual error augmentation

to a control while Lin et al(2015) compared bilateral isometric handgrip force training with visual
feedback to routine therapy.

Four studies investigated studies which used kiedlge of results (KR) or knowledgé performance
(KP)(Ballester et al., 2016; Cirstea et al., 2006; Cirstea\8nL.€007; Piron et al., 2010piron et al.
(2010) compared knowledge of results and performadussed feedback in a virtual environment to
Bobath therapy and found that feedback was significantly superisetb@nupper limbmotor function
scores. Ballester et a2016)compared feedback movement amijgation with reinforcementinduced
movement therapy to reinforcemerinduced movement therapgnd found a similar result. Cristea &
Levin(2007) compared knowledge of results to knowledge of performarmed found that knowledge
of performancewas superior for improvingange of motion of the shoulder. On the other hand, a study
by Cristea et al(2006)with similar intenentions found no significant difference between groups for
upper limb motor function.

Lastly, a study by Yang et §016) investigated repetitive transcranial magnetic stimulation with
sensory cueing through vibrations in comparison to repetitive transcranial magnetic stimulation alone.
There was no significadifference on upper limb motdiunction outcomesbetween groups
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Conclusions Regarding Feedbaldkerapy

There islevel la evidence that feedbacks effective for improving upper limb motor function, and
that it is ineffective for improving spasticity.

| Feedback may improve upper limb motor function post stroke.

10.2.24 Action Observation

Action observation is a form of therapy whereby a motor task is performed by an individual while
watching a mirror image ofanother individual perform the same taskhe therapy is designed to
increase cortical excitability in the primary motor cortex activating central representations of actions
through the mirror neuron systenE. Kim & K. Kim, 20158&Ithough action observatiorhas been
evaluated mainly in healthy volunteers, a number of studies have evaluated its benefit in motor
relearning following stroke.

A summary of theesults of RCT®valuatingaction observatiorare presentedn Table 10.204.1.

Table 10.2.14. Bummary 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 FIME)
Cowles et al(2013) E: Action observation 1 Motricity Index €)
RCT (7) C: Conventional therapy 1 Action Research Arm Test: conventional (4
N=29
Sale et al(2014) E: Action observation 1 Box and Block Test (+)
RCT (7) C: Standard rehabilitation 1 FIM(+)
Nstar=67
Nen=67
Kim et al.(2016) E: Action observation training with Cl1 FugtMeyer Assessment of Upper Extremity
RCT(7) and functional electrical stimulation Shoulder (+)
Nstar=34 C: Conventional training 1 FugtMeyer Assessment of Upper Extremit
Nend=30 Wrist (+)
1 Motor Activity Logg Activity of Use (+)
1 Motor Activity Logg Quality of Movement
(+)
1 Modified Barthel Index (+)
f Wrist Flexion (+)
Kim and Kim(2015a) E: Action observation + occupational(f Wolf Motor Function Test-|
RCT (6) therapy
Nstar=12 C: Placebo observationotcupational
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)(Elvs. E3 (+), E2 vs. 83 (
Nend=33 practice 1wk postintervention: E1 vs. C (+), E2 vs.
C: No treatment (+), E3vs. C (+), EL vs. §.2H1 vs. E3)( E2
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vs. E3)

Celnik et al(2007) E1: Physical therapy + congruent |1 Motor Memory: E1 vs. E2/C (+)
RCT (5) action observation 1 Kinematic Assessment: E1 vs. E2/C (+)
N=8 E2: Physical therapy + incongruent

Zhu et al(2015)

action observabn
C: Physical therapy

E: Upper Limb Action Observation |1

FugtMeyer Assessment (+)

RCT (5) Therapy 1 Barthel Index (+)

Nstar=70 C: Conventional Rehabilitation Therg 1 Modified Ashworth Scale (+)
Nen=61

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 Scale (+)
Kuk et al(2016) E: Video clip of a motor task followec[1 Box and Block Test (+)
RCT (5) by execution of the same motor task

Nstar=22 C: Pictures of landscapes followed b

Nen=20 execution of the motor task

Kim et al (2015b) E: Purposeful Actio@bservation 1 Average Velocity-)

RCT (4) C: Purposeful Action without Action | Trajectory Ratio-§

Nstar=12 Observation 1 Motion Angle §)

Nen=12

Sun et al(2016) E: Motor Imagery Practice guided by|1 FugtMeyerAssessment (+)
PCT daily synchronous action observatior{§ Pinch Strength Test (+)
Nstar=10 C: Motor Imagery Practice guided by

Nend=10 daily asynchronous action observatic

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

Discussion

Of the studies includedo assess action obseniah, only one RCT was adequately powered
(Franceschini et al., 2012)he study compared the effects of watching video footage of physical upper
limb movements to those when patients observed static images of the same movements. The findings
showed a significant differendeetween the groups on manual dexterity a measured by the Box and
Block Test (BBBnd motor function through the Fugl Meyer Assessment, but not on the Frenchay Arm
Test, another measure of motor function. Studies by Sale ef28lL4) Lee et al(2013) Zhu et al.
(2015) Ertelt et al.(2007) and Kuk et al(2016)also supported the idea that action observation may
improve upper limb motor function outcomes. Hower, most of these studies have low methodological
quality and are severely underpowered, as mentioned above. Furthermore, studies by Cowles et al.
(2013) and Kim & Kim(2015b) found that there was no significant difference between action
observation and a control group.

A study by Kinet al.(2016)examiningaction observation in combination with computbrain interface
based functional electrical stimulation found a significant improvement on upper limb motor functions
in this group when compad to a conventional training group.

Conclusions Regarding Action Observation

There isconflicting level laevidenceregarding the effect ofaction observationon upper motor
function.
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There is level 1b evidendbat action observation withbraingcomputer interfacebased functional
electrical stimulation is effective for improving upper limb motor function.

Evidence for the use of action observatias conflicting although the combination of action
observation with braincomputer interfacebased functional electrical stimulation may be effectie
for upper limb motor rehabilitation

10.2.15 Music Therapy

Music therapy is a promising rehabilitation technique for improving function of the hemiparetic arm
following stroke. It involves many compents of conventional upper limb rehabilitation interventions
including repetitive task practice, finger individualizatias, well agactile and auditory feedbek (van

Wijck et al., 2012)The rehabilitation program can also be shaped by increasing the tempo of the songs
or incorporating more dif€ult musical pieces based on individual performance. Additionally, music
therapy may be more emotionally involving than traditional upper limb interventions which could lead
to increased engagement of the patiefwtan Vugt, Ritter, Rollnik, & Altenmuller, 2014)

RCTs evaluating the use of music therapy for upper extremity rithéibin following stroke are
summarized in Table 1015.1.

Table 10.2.15. 5ummary ofRCTgvaluatingMusic Therapyfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
Thielbar et al(2014) E: Virtual keyboard music playing |1 ARAT
RCT (6) C: High intensity, task oriead 1 Fugl Meyer Assessment: Upper extremity (+
Nstar=14 occupational therapy Hand ¢)
Nens=14 1 Jebsen Taylor Hand Function Test (+)
1 Grip strength {)
1 Lateral pinch strength)
1 3-point pinch strength
Altenmiller et al(2009) E: MIDI piano and electronic drum |§ 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 (+)
Nen=62 1 Arm Paresis Score (+)
1 Finger/Hand tapping (+)
Tong et al(2015) E: Audible Musical Instrumental |1 FugtMeyer Assessment)(
RCT (5) Training 1 Wolf Motor Function Test (+)
Nstar=33 C: Mute Musical Instrumental
Nen=30 Training
Van Vugt et al(2014) E: Playing piano together 1 Unpaced fingetapping scores: middle finger
RCT (4) C: Playing piano sequentially (-), index finger+)
Nstar=36 1 Paced finger tapping score: index to thump (
Nen=28 1 Nine Hole Peg Tes))(
Scholz et al(2016) E: Musical Sonification Therapy |1 FugtMeyer Assessment)(
RCT (4) C: Sham Movement Training 1 Action Research Arm Tes}
Nstar=25 1 Nine Hold Peg Tes)(
Nend=25 1 Stroke Impact Scale)(
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Jun et al(2013) E: Music movement therapy 1 Range of motion (+)

RCT (4) C: Routine intervention 1 Muscle strength
Nstar=40 1 Modified Barthellndex ¢)
Nene=30

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

Discussion

Overall,there is conflicting evidence for the effectiveness of music therapy for motor function and
dexterity. This may be because of the large variation in interverttipa and the low power of some of
these studies. Thielbar et gR014)compared virtual playing of keyboard music to high intensity, task
oriented occupational therapy, and found that the music grgepformed significantly better than the
control group on some motor function outcomes, but not on othef$e 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 refinemera gipecific motor skill. This
improved hand motor contrahndwas 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 handtrength. Tong et al.(2015)also found mixed motor function outcomes
when comparing audible musical instrumental training to mute musical instrumental training.
Altenmuller et al(2009)found a positive effect of musical instrument digital interface (Mi&no and
electronic drum set in terms of upper limb motor function and dexterity in comparison to conventional
training.

Jun et al(2013)found that music movement therapy was superior to routine therapy only in terms of
improving range of motionThe main activities of the music movement therapy included singing along
to a song and playing basic percussion instruments (tambourines, maxgithghe less affected arm.
Although greater 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 repetite movements of the affected arm may not be effective for improving
motor function.Furthermore 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 ordebeaefit from this
treatment, individuals must have a certain level of control over the affected arm in addition to being
able to individualize finger movements, particularly if a piamased (Morris & Van Wijck, 2012)n
addition, Van Vugt et al(2014)found no difference irupper limb dexterity between playing piano
together or sequentially, and Scholz et @016)found no significant difference in upper limb motor
function between musical sonification therapy and sham movement training.

Conclusions Regardingusic Therapy

There is levella and level 1b evidence that music therapygan improve some aspects ofipper
extremity motor function but not muscle strength when compared to conventional rehabilitation.

| Music therapy may improveipper limb motor functionbut not muscle strength.

10.2.16 Telerehabilitation

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 iightibn services remotely

via a kiosk or by telephone can limit the challenge of location and transportation especially for patients

isolated from these servid @ ¢ KA & F2N¥Y 2F aSNIBAOS LINRPOJAAAZ2Y KI &
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intervention that can be delivered for a longer duration and at a reduced cost when compared to
therapies provided in the inpatient rehabilitation settif@envenuti et al., 2014)

The studies investigatindelerehabiltation for rehabilitation of the upper limb following stroke are
presented in Table 10.26.1.

Table 10.2.16. Bummary of Controlled Trials Evaluating Telerehabilitati@n the Upper Extremity

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

Wolf et al.(2015) E: Telerehabilitation with home 1 Fugl Meyer Assessmen) (

RCT (7) exercise program + robotic assistanc § Action Research Arm Tes} (

Nstar=99 training 1 Wolf Motor Function Test: Performance

Nen=92 C: Telerehabilitation with home time: Total (+), Fine (+), Gros} fFunctional
exercise progtm only ability (-); Mean number of tasks: Total (+),

Fine (+), Gross)(

Emmerson et al2017) E: Home exercise program using an [1 Wolf Motor Function Test]

RCT (7) electronic tablet with automated 1 Grip Strength-

Ns@r=62 reminders 1 Functional Score)

Nen=58 C: Papebased home exercise
program

Majeed et al(2015) E: Bilateral S&telerehabilitation 1 FugtMeyer Assessment)(

RCT (6) program and Error augmentation

Nstar=28 through a roboticallyapplied force

Nend=28 C: Bilateral Sefklerehabilitation
program

Benvenuti et al(2014) E: Kiosk telerehab 1 Motricity Index (+)

PCT C: No kiosk availability 1 Nine Hole Peg Test (+)

Nstar=256 1 Wolf Motor Function Test (+)

Nen=188 1 Nottingham Extended Activities of Daily

Living (+)
1 Barthellndex (+)
1 Stroke Impact Scale (+)
- Indicates norstatistically significant differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

In a multicenter RCT conducted Wolf et al.(2015) therapists made use of weekly phone calls er e
mails to administer telerehabilitation to groups receiving only home exercise practice or home exercise
practice with robotic assistance. None of the upper limb motor function outcomes assessed indicated a
difference between the two groups. Emmerson et(@D17)also found a similar result when comjing

a home exercise program using an electronic tablet with automated reminders to a-paped home
exercise program. Majeed et g2015)compared bilateral selfelerehabilitation program anderror
augmentation through a roboticalgpplied force to a bilateral selélerehabilitation program, also
finding no difference between groups in upper limb motor function.

One large prospective controlled trial (PCT) made use of community based kiosks to administer the
telerehabilitation intervention(Benvenuti et al., 2014)he kiosks were designed to be easily accessible
and allowed patients to perform upper extremity exercises with supervision and feedback delivered
through videoconferencing. Benvenuti et @014)found telerehabilitaion to improve upper extremity

motor outcomes to a significantly greater degree than conventional outpatient rehabilitation. Patients
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receiving telerehabilitation were found to exercise more when compared to patients receiving
conventional rehabilitation, suggesting that the telerehabilitationgmam provided extra motivation.

A systematic review by Johansson & W2010)found four studies that examined the effectiveness of
telerehabilitationrelated interventions for upper limb motor function. The results were mixed, and the
methodological quality of the studies found was low. The authors concluded that telerehabilitation may
be effective for improving physical health of patients who have sustaingtdoke, although additional
evidence is needed.

Conclusions Regardinbelerehabilitation

There idevel 1la evidence that telerehabilitation interventions are not effective for improving upper
limb motor function.

=

Homebased telerehabilitation intervenibns are likely not effective for improving upper limb motg
function.

10.2.17 Exercise Therapy

Physical therapy is one of the key disciplines in interdisciplinary stroke rehabilitsémrbeek et al.,
2014) Engaging in exercise programs could improve fitness, reduce sedentary behaviour, ahd may
beneficial for reducing posdtroke symptoms.

The results otwo RCT evaluating exercise therapy for upper extremity rehabilitation is presented in
Table 10.207.1.

Table 10.2.17.5ummary ofRCTs) Evaluatingexercise Therapfor the UpperExtremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score) Result
Sample Size
English et al(2015) E1: Circuit class (3hr/d morning and |1 Wolf Motor Function Test)
RCT (8) afternoon) 1 FIME)
Nstar=283 E2: Seven day therapy (7d/wk)
Nen=261 C: Usual care (5d/wk)
Wang et al(2016) E: Low intensity aerobic training and|q Barthel Index (+)
RCT (5) rehabilitation training program 1 Functional Ambulation Category (+)
Nstar=42 C: Rehabilitation training program |1 Frenchay Activities Index (+)
Nen=34 1 FugtMeyer Assessment (+)

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

Discussion

English et al(2015)allocated patients to receive different intensitieB@nventional physical therapy or
intensive circuit class training. Both of the group exercise programs were shown to significantly improve
upper limb motor function; however, no significant differences between the two groups were found
regarding FIM antlVolf Motor Function Test scores.

Wang et al.(2016)compared low intensity aerobic training to a rehabilitation training program and
found a significant improvement in upper limb motor function in those receiving the aerobic training.
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The lack of difference found between different therapies reportedEnglish et al.(2015) was
inconsistent with the results of a recent mesmalysis conducted by Veerbeekadt(2014)which found
that more therapy timeleads to better recovery of stroke symptoms. English et(2015)suggest that
this discrepancy may be due to their ladinclusion and exclusion criteria

Although group programs can be provided with a lower ratio of staff to patients and may be more
feasible than individual therapy, individual therapy allows therapists to more easily shape the
intervention to the needsf the patient (English & Veerbeek, 201Fjurther research is required to
determine the benefit of different therapy intensities.

Conclusions Regardingxercise Therapy

There isconflicting evidenceregarding the effectiveness of additional exercise therajoy improving
upper limb motor function.

Additional research is needed to evaluate the effectivenesadditional exercise therapy foupper
limb motor function.

10.3 Robotic Devicdsr 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 pasve movement. The robot can also assist when the patient has active movements,

but cannot complete a movement independently. Robotics may be most appropriate for patients with

dense hemiplegia, although robotics can be used with higgnezl patients whowish to increase

strength by providing resistance during the movement. Accordingum et al.(2002)a S @Sy ( K2 dzaK
unassisted movement may be the most effective technique in patients with mild to moderate
impairments, active assisted movement (with robotic devices) may be beneficial in more severely
AYLI ANBR LI GASYyGaXxSalLlSOadute prasesRudePpgtiants ar Sxpekiedaizg S | y
ALR Yy Gl yS2 dzKrebd Bt @I2@3) haked that robotic devices rely on the repetition of specific
movements to improve functical outcomes.

A systematic review of robegided therapy on recovery of the hemiparetic arm on recovery was
conducted(Prange, Jannink, Grootht@udshoorn, Hermens, & ljzerman, 2006he authors included

the results from 8 studies evaluating the MVIanus,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 through therapy alone.

A Cochrane reviewMehrholz, Hadrich, Platz, Kugler, & Pohl, 20bh2luded the results from 19 trials
(328 subjects) evaluating ekeomechanical and robeassisted 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 <0.00&)nardnction
(SMD=0.45; 95% CI 0.20 to 0.69, p<0.001), but not arm strength (SMD=0.48; 95%! @b 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 deviceser for upper limb rehabilitation poststroke
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Robotic Devices Description

InMotion robot MIT-Manus was one of the first robotic devices to be developed. It featuresdageeeof-

(Massacheusetts Insittute o freedom robot manipulatorthat assists in shoulder and elbow movement by guiding

TechnologyMIT-Manusg L} dASydQa KFIyR Ay | K2NAT2ydlf LELySz 4
during goaldirected movements. A commercially available unit (InMotjoof this device is als
avaihble.

Mirror-Image Motion alLa9 A& I ¢ RSINBS 27F TNEKiSpavide theBagy 2haticAmbiRe

Enabler Robots (MIME) bimanual movements with unilateral passive, actassisted and resisted movements of |
hemiparetic uppeS E i NJ (BargageX &l. 2011)The unit applies force to the more affect
forearm during goatlirected movements.

ARMin This exoskeleton robot has 7 degrees of freedom and also provides intensive arspeashc
training to target improvements in mor function.

Assisted Rehabilitation and|¢ KA & dzy Ad dzaSa + Y202NJ I yR OKFAy RNAR@S i

Measurement (ARM) Guide reaching in a straigHine trajectory.

BiManu-Track This armtraining device enablebilateral and passive and active practice of forearm and v
movement.

NeuroRehabilitationRobot | The NeReBot device was developed in Italy designed to produce sensorimotor stimulation

(NeReBot) degrees of freedom device can perform spatial moeets of the shoulder and elbow,

portable and can be used when the patient is either prone or sitting.
Robotmediated therapy | This device is a threedegree of freedom haptic interface arm with a wrist attachm
system GENTLEJs mechanism, two embedded computers, a monitor and speakers and an overhead arm s
system. The affected arm is deeighted through a free moving elbow splint attached to |
ovethead frame. The subject is connected to the device by a wrist splint. Exercises such a
to-mouth and reaching movements can then be practised, while feedback is provided.

Amadeo This device assists in hand rehabilitation, having an-effetter desgn. It helps with finge
movements to allow for synchronization.
MusicGlove The glove is used with a game that promotes specific pinching movements to match music

notes displayed on a screen.

Results of the studies evaluating the efficiency of these devices at improving upper limb motor function
are presented in table 10.3.2. The time pssioke (TPS) has been extracted from all selected studies
and divided in three stages of stroke recoveagute (<3 months), subacute-@months), and chronic

(>6 months).

Table 10.3.5ummary of Results From Studies Evaluating Sensorimotor Training: Robotic Devices

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
MIT-Manus / InMotion

Lo et al(2010) E1: Intensive robot assisted therapy |1 Fugl Meyer: E1 vs. §,(E1 vs. E2)(
RCT (7) E2: Intensive comparison therapy 1 Wolf Motor Function Test: E1 vs. 4, E1 vs. E2
N=127 C: Usual care ()
TPS=chronic 9 Stroke Impact Scale: &&. C (+), E1 vs. EP (

1 Modified Ashworth Scale: E1 vs.-L E1 vs. E2
0

Ang et al(2014) E: Brain Computer Interface Coupled wij1 FugtMeyer Assessment)

RCT (7) MIT-Manus shouldeelbow robotic

Nstar=26 feedback

Nend=25 C: Training with the MFManus

TPS=chronic

Volpe et al(1999) E: Robot 1 Motor Status score: shoulder/elbow at d/c (+),
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RCT (6)
N=20
TPS=acut

Volpe et al (2000)
RCT (6)

N=56

TPS=acute

Conroy et al(2011)
RCT (6)

N=62
TPS=chronic

Sale et al(2014)
RCT (6)

Nstar=53

Nen=53
TPS=acute

Fasoli et al(2004)
RCT (6)

N=56

TPS=acute
McCabe et al(2015)
RCT (6)

Nstar=39

Nen=35
TPS=chronic
Abdullah et al(2011)
RCT (5)

N=20

TPS=acute

Volpe et al (2008)
RCT (5)

N=21
TPS=chronic
Stein et al (2004)
RCT (5)

N=49
TPS=chronic

Volpe et al(2000)
RCT (5)

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

N=30

TPS=acute

C: Sham treatment

E: Robotic training

C: Exposure to the robotic device withou

training

E1: Robofassisted planar reaching
E2: Robofassisted planar and vertical

reaching

C: Intensive conventional arm therapy
E: Robot aided therapy + reaching tasks 1

C: Reaching tasks

E: Robot assisted movement training

C: Robot exposure

E1:Robotic training + motor learning
E2: Motor learning functional electrical |

stimulation
C: Motor learning

E: Robot assisted therapy
C: Dosematched conventional therapy

E: Sensorimotor arm training delivered k1

robotic device

C: Sensorimotor arm training delivered k 1

a therapist

E1: Robohided progressiveesistance

traininig

E2: Activeassisted robotided exercise

E: Robot assisted movement training
C: Conventional therapy

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

and at 3yr followup (+)

Motor Status score: wrist/hand at d/ct), and
at 3yr followup ()

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

Fugl Meyer: shoulder/elbow at d/¢), and at
3yr followeup ()

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 elbdw),
wrist and hand+)

FIM: motor (+)

Fugl Meyer score-

Fugl MeyeiScore (+)
Motricity Index (+)

Fugl Meyer score (+)

Motor status score: shoulder/elbow)(
wrist/hand ()

Medical Research Council scofk (
Arm Motor Ability Test-

FugtMeyer Assessment)(

Chedoke Arm and Hand Activity Inventosy (

Fugl Meyer: Shoulder) elbow ); wrist ¢);
hand ¢)
Motor Power Scale: Shoulded;(elbow ()

Fugl Meyer score’
Strength §)

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

Fugl Meyer Score)(
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Lum et al(2002)
RCT (6)

N=27
TPS=chronic
Burgar et al(2000)
RCT (5)

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

Nen=73

TPS=chornic

Brokaw et al(2014)
RCT (3)

Nstar=12

Nen=10
TPS=chronic

Kahn et al(2006)
4 (RCT)
N=19

Hesse et al(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

MIME

E: Robot assisted movement training

C: Conventional therapy

E: Robotic device therapy

C: Conventional care (physical therapy)

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

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

E: Robotic therapy
C: Conventional therapy

ARM Guide

=A =4 -4 -4 -—a -—a A

= =& —a —a

==

= =& —a -4 —a -

E: Activeassistive reaching exercise usir 1

a robotic device
C: Tasknatched amount of reaching
without assistance

Bi-Manu-Track

E: Computerized arm training enabling |1

repetitive practice
C: Electrical stimulation

E: Computerized arm trainer
C: Electrical stimulation

E: Group robot therapy + individual arm |

therapy
C: Individual arm therapy

1

E1: High intensity robeassisted therapy |1
E2: Low intensity robeassisted therapy |1

C: Conventional therapy

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

Reach upper extremity: 2mo (+)

FIM: 6mo (+)

Fugl Meyer Score)(

FIM €)

BIf)

Fugl Meyer Score)(
FIM: at post EL v€ (+); 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)

Goalattainment score+)

Wolf Motor Function test-)

Fugl Meyer Score)(

Action Research Arm Test (+)

Box and Bock Tesi (

Rango Lo&migos Functional Tesd)(

Fugl MeyelScore (+)

Fugl Meyer Score)(
Barthel Index-)

Box and Block Tesf)(
Action Research Arm Tes} (

Fugl Meyer Score: E1 vs E2 (+), E2 4. C (
Motor Activity Log: Qualitpf Movement: E1 vs
CH)
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TPS=chronic

Hsieh et al(2014)
RCT (8)

Nstar=48

Nen=48
TPS=chronic

Liao et al.(2012)

E1: Robotic training + dCIT

E2: Robotic therapy

C: Conventional therapy

E: Robotic therapy

= |=a =4 =4

Motor Activity Log: Amount of Uses)(
ABILHAND(

Medical Research Council Scale (

Fugl Meyer Score: E1 vs. E2 (+), E1 vs. C (+)
vs. C (4)

Wolf Motor Function Test: Functional Ability
Scale: E1 vs. E2 (+), E1 vs. C (+), E2s. C (
Wolf Motor Function Test: Performance Time:
Elvs. E2), E1 vs. G) E2 vs. GX

Motor Activity Log: Amount of Use)(

Motor Activity Log: Quality of Movement)(
Fugl Meyer Score (+)

RCT (7) C: Dosematched conventional therapy Motor Activity Log (+)
N=20 ABILHAND (+)
TPS=chronic
Hsieh et al(2012) E1: High intensity robotic therapy 1 Fugl Meyer Score: E1 vs E2 (+), EL vs C (+)
RCT (7) E2: Low intensity robotic therapy 1 Medical Research Council Sca)e (
N=54 C: Conventional therapy 1 Motor Activity Log+)
TPS=chronic 1 Stroke Impact Scale)(
Fan et al(2016) E: Robotassisted bilateral arm therapy |1 FugtMeyer Assessment)
RCT (4) C: Dosematched control therapy 1 Wolf Motor Function Test)
Nstar=6
Nend=6
TPS=chronic
NeReBot

Masiero et al(2014) E: Robotic therapy 1 Fugl Meyer Score)(
RCT (7) C: Standard therapy 1 Box and Block test)(
Nstar=34 1 Frenchay Arm Test)(
Nen=30 1 Medical Research Council Scale (
TPS=chronic 17 FIM§)
Masiero et al(2006) E: Additional snsorimotor robotic 1 Fugl Meyer Score: shoulder (+), elbow (+)
RCT (5) training 1 Motricity Index: upper extremity (+)
N=35 C: Exposure to robotic device withno |1 FIM: motor component (+)
TPS=acute training 1 Medical Research Council Scale (
Masiero et al(2007) E: Robotic Training 1 Fugl Meyer Score: upper extremity (+), wrigt (
RCT (5) C: Exposure to robotic device 1 Medical Research Council: deltoid (+), biceps
N=20 wrist ()
TPS=acute 1 FIM(+)

1 Trunk Control Test)

1 Modified Ashworth Scale)(
Masiero et al(2011) E: Robotic arm therapy 1 Medical Research Council Scale: wrist flexor |
RCT (5) C: Conventional therapy 1 Fugl Meyer Score)(
N=21 1 FIMQ)
TPS=acute 7 Modified Ashworth Scale)(

1 Frenchay ArnTest ()

1 Box and Block Tesf)(

Continuous Passive Motion (CPM)
Hu et al.(2009) E: EM&riven robot 7 Fugl Meyer: shoulder/elbow (+)
RCT (5) C: Passive motion device 1 Modified Ashworth Scale: elbow/wrist (+)
N=27
TPS=chronic

Volpe et al(2004) E: Continuos Passive Motion Device |1 Fugl Meyer Pain)
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RCT (4)
N=32
TPS=acute

Timmermans et a2014)
RCT (8)

Nstar=22

Nend=22
TPS=chronic
Lemmens et a(2014)
RCT (7)

Nstar=16

Nen=16
TPS=chronic

Coote et al(2008)
RCT (6)

N=20

Sale efal. (2014)
RCT (7)

Nstar=20

Nen=20
TPS=acute

Hwang et al(2012)
RCT (6)

N=17
TPS=chronic

Friedman et al(2014)
RCT (6)

Nstar=12

Nen=12
TPS=chronic

Zondervan et al(2016)
RCT (6)

Nstar=18

Nen=17

TPS=chronic

Shin et al(2016)

RCT (8)

Nstar=46

Nen=46

Kutner et al(2010)

RCT (7)

N=30
TPS=subacutehronic
Reinkensmeyer et a{2012)
RCT (7)

C: Control

GENTLE/s

E: Robotic arm training
C: Task oriented arm training

E: Robotic therapy
C: No robotic therapy

E: Robotmediated therapy
C: Sling suspension phase

Amadeo
E: Amadeo robotic therapy +
physiotherapy
C: Occupational therapy

E: Active robot training
C: Early passive therapy

MusicGlove
E1: IsoTrainer
E2: Music glove training
C: Control

= —a —a —a -

= =4 A A

1

E: Homebased training with a MusicGloy 1

C: Conventional tabletopxercise

Other Devices

1

l
f
f

E: SmartGlove virtual reality task training{

C: Conventional therapy

E: Robot therapy (Hand Men)
C: Conventional therapy

E: Robotic training (Pne/REX)
C: Conventional tabletop therapy

l

f
f
f

Motor Statusscore: elbow/shoulder-f
Modified Ashworth Scale)

Fugl Meyer Score: arand hand {)
Action Research Arm test: arm and hard (
Motor Activity Log: arm and hané)(

Fugl Meyer Score: moto¥)(
Action Research Arm Tes}
Motor Activity Log+)

Rate of recovery during robethediated therapy
phase basd on Fulleyer scores (+)

Box and Block Test (+)
FugtMeyer Assessment (+)

JebserTaylor Hand Function)(
Fugl Meyer Score)(

Ashworth Scale-)

Nine Hole Peg Tes)(

Stroke ImpacScale )

Wolf Motor Function Test)

FugtMeyer Assessment)(

Action Research Arm Tes} (

Box and BlocKest E2 vs C+); E1 vs E2) E1 vs
Co

Nine Hole Peg TesE2 vs @+), E1 vs E2); E1 vs
Co

Motor Activity Logg Quality of Movement (+)
Motor Activity Log; Amount of Use (+)

Box and Block Tesf)(

9-Hole Peg Test)

Action Research Arm Tes} (

FugtMeyer Assessment (+)

Jebsen Taylor Hand Function Test (+)
Stroke Impact Scale (+)

Purdue Pegboard Tes) (

Stroke Impact Scale: mood (+)

Fugl Meyer Score)(
Nottingham sensory test)
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N=26 1 Grip strength {)

TPS=chronic 1 Box and Block Tesf)(
Susanto et al(2015) E: Robotic paretic hanitherapy 1 Wolf Motor Function Test: post (+), folleup ()
RCT (7) (exoskeleton device)

Nstar=19 C: Task therapy without robotic aid

Nen=19

TPS=chronic

Prange et al(2015) E: Arm training with robot (ArmeoBoom)|1 Stroke Upper Limb Capacity Scae (
RCT (7) C: Conventional training 1 Reaching Distance)(
Nstari=70 1 FugtMeyer Assessment)
Nen68

TPS=acute

Wolf et al.(2015) E: Telemonitored robotic assisted home|1 Wolf Motor Function Test (+)
RCT (6) exerdse therapy program (Hand Mentor)§ FugtMeyer Assessment)(
Nstar=99 C: Dosematched usual care home 1 Action Research Arm Tes} (
Nend=92 program

TPS=acute

Linder et al(2015) E:Robotassisted therapyprogram + |1 Stroke Impact Scale (+)
RCT (5) home exercise program (Hand

Nstar=99 Mentor)

Nen=99 C: Fbme exercise program

TPS=acute

Lee et al(2016) E: Robotieassisted therapy (NeurX) 1 Manuel Muscle Test)

RCT (4) C: Conventional retmlitation 1 Manuel Function Test)
Nstar=58 1 Modified Barthel Index-J
Nen=44

TPS=acute

Bustamante Valles et al. E: Rehabilitation using a technology 1 FugtMeyer Assessment for upper extremity (
(2016) assisted rehabilitation gymnasium 1 Box and Block Tesf)(

RCT (3) C: Traditional therapy 1

Nstar=27

Nen=20

TPS=chronic

Fukuda et al(2016) E: Multiple hybrid assistive limb robots |1 Brunnstorm Stage (+)

PCT C: Single hybrid assistive limb robot 1 Barthel Index (+)

Nstar=23 1 Functional Indepedence Measure (+)
Nen=23

TPS=acute

Fluet et al(2015) E:Robotic and virtually simulated |1 FugtMeyer Assessment (+)
PCT training 1 Wolf Motor Function Test (+)
Nstar=21 C: Repetitive task practice 1 Reach to Grasp (+)

Nen=21

TPS=chronic

- Indicates norstatistically significant differences between treatment groups
+Indicates statistically significant differences between 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 ts@uovide rehabilitation that is of
high-intensity, repetitive and taskpecific in a manner that is similar to physical thera@yumber of
different devices have thus far been evaluated: Mi@nus, MIME, ARMin, Blanu-Track, NeReBot,
CPM, GENTLE/s, Amadeo, ARM Guide, and hand and arm exoskeletons.
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MIT-Manus

Ofalli KS Mo A RS¥viere Eohdbided im thé édronic phase and all of them fotimat there

was no significant differencen upper limb motor outcomefetween an mtervention involving MITF
Manus/inMotion therapies in comparison to a contr@Ang et al., 2014; Conroy et al., 2011; Lo et al.,
2010; McCabe et al., 2015; Stein et al., 2004; Volpe et al., 2000; Volpe et al., 2898}her s E  w/ ¢ Q&
were conducted in the acute phase, of which 4 found that there was no significant difference on upper
limb motor outcomes between an intervention involving MiTRnus/InMotion therapies in compé&on

to a control. Two of the studies done in the acute phase did find a significant difference between robot
aided therapy with reaching tasks in comparison to reaching #&kie et al.2014)and robot assisted
movement training in comparison with robot exposu(Easoli et al., 2004pn the FugMeyer
Assessment. Overall, this suggests that Manus/InMotion therapies are not more effective than a control
for improving upper limb motor function.

MIME

Only 4 RCTs included in this review evaluated the MIME device of which 2 were conducted in the
chroric phase of stroke, 1 included patients in the acute phase of stroke, and 1 included patients in the
subacute phase of stroke. Lum et @002)showed that chronic stroke patients benefited from training
with the MIME, as scores showed greater improvements in strengthctr, and upper limb motor
function when compared to conventional therapy. Conversely, Burgar ef2@00) did not find a
beneficial effect of using the MIME over conventional therapy at improving upper limb motor function
in chronic stroke @rvivors. The literature is currently limited to draw strong conclusions regarding the
efficacy of the MIME on upper limb motor function in the acute antacutestroke populations since

only one study was found during each stroke phase and the powehasfet studies as well as the
methodological quality was loBurgar et al., 2011; Lum et al., 2008pwever, Burgar et a(2011)

found no significant difference in upp&mb motor function between thoseé the acute phaseeceiving

high intensity robot therapy, low intensity robotic therapy, and those receiving conventional therapy
although an improvement in spasticity was fourldim et al.(2006) found that for patients in the
subacute phase, robatnilateral therapy, robobilateral therapy, and robetombined therapy were
superior to conventional therapy for upper limb motor function.

ARMin

Only two RCTs using the ARMin were found, both evaludtiageffect of the device compared to
conventional therapy in chronic stroke individugBrokaw et al., 2014; Klamroflarganska et al.,
2014) The studies demonstrated mixed findings regarding the effectiveness of the device in improving
motor function of the upper limbs and manual dexterity. More RCTs are needed to determine whether
the ARMin is superior to conventional therapy at improvingeplimb motor function in chronic and
acute stroke individuals.

ARM Guide

One RCT was found that assessed aaissastive reaching exercise using a robotic device in comparison
to taskmatched conventional reachingKahnet al., 2006) The results of this trial indicated no
significant benefit of the intervention for upper limb motor function. However, the power and
methodological quality of the trial were low indicating that additional studies are needed to provide a
clear picture regarding the effectiveness of ARM Guide therapy.

Bi-Manu-Track
A total of8 RCTs investigated the effect of theNBanu-Track on upper limb motor function in stroke
individuals.One RCT was acufielesse et al., 2014)wo were subacutéHesse et al., 2008; Hesse et al.,
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2005) and the remaining 5 were conducted in the chronic ph@sm et al., 2016; Hsieh et al., 2014;
Hsieh et al., 2011; Hsieh et al., 2012; Liao et al., 2012)

The trial conducted in the acute phase by Hesse ef28l14)did not find any significant difference
between group robot therapy with individual arm therapy in comparison to individual arm therapy on
upper limb motor function outcomes.

The trials conducted in the subacute phased conflicting results, with Hesse et &005)finding a
positive effect,and Hesse et al(2008)finding no significant difference between computerized arm
trainer and electrical stimulation for upper limb motor function.

Hsieh efal. (2014)and Liao et ali2012)found that robotic therapy improved upper limb motor function
more than conventional therapy. Hsieh et é011)and Hsieh et al(2012)found similar results, and
they also found that higher intensity robotic therapy was superior to lower intensity robotic therapy.

NeReBot

Of the studies found, onRCT was conducted during the chronic ph@dasiero, Armani, et al., 2014)
and the other 3 were conducted during tleeute phasg(Masiero et al., 2011; Masiero et al., 2006;
Masiero et al., 2007)

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 extremity but not that of the
wrist (Masiero et al., 2006; Masiero et al., 2000ne study also found that thereas no significant
difference between use of the robotic device and conventional therapy on measures of motor function,
spasticity, and independend®lasiero et al., 2011)

Regardinghronic stroke individualgne sudy found no significant difference between robotic therapy
andconventionakherapy on motor functior(Masiero, Poli, 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 wrist) in patient with chronic stigke et al., 2009)

but not in acute stroke patient8/olpe et al., 2004)

GENTLE/s

Twostudiesanalyzing the effectiveness GENTLE/s devices in the chronic stroke populdtand that

there was aack ofsuperiority of the robotic device over standard arm therapy regarding upper limb
motor function and manual dexteritf_emmens et al., 2014; Timmermans et al., 2084dhird study,
alsoin the chronic phase, found that rate of recovery improved based on motor function outcomes in
comparison to a contrgiCoote ¢ al., 2008)

Amadeo

One study evaluating chronic stroke individuals showed no significant difference between patients using
the Amadeo for active robot training and those performing passive therapy on functional motor
outcomes and spasticitfHwang et al., 2012However, another study with participants during the acute
phase after stroke found a significant improvement in upper limb motor function and dexterity following
Amadeo robotic therapy with physiotherapy in comparison to occupational thef@ale et al., 2014)

ARM Guide
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The ARM Guide wasot found to be effective at improving upper limb motor function based on one
study(Kahn et al., 2006)

MusicGlove

One studyin the chronic phase found that while Music Glove training was not superior to control on
some measures of upper limb motor function, other measwesotor functionwhich alscaccount for
dexterity indicatedthat Music Glovetraining was superior to conventional therapyFriedman et al.,
2014) However, another study by Zondervan et(@016)found that a homebased training program
with MusicGlove was not superior to conventional exercise on any of the above mentioned outcomes.

Other Devices

A variety of additional robotic devices were studied, including the SmartGlove, Hand Mentor; Pneu
WREX, exoskeleton device, ArmeoBoom, and the NEwmong others. The phase post stroke of these
studies varied, as did the results. Further trials are regliee come to any conclusions regarding the
effectiveness of these robotic devices.

Summary

Summarizing the results from the above studies can be challenging as a variety of devices were assessed
using patients in the acute, stdcute and chronic stages sfroke. The population groups also differed

in other ways in addition to time of recruitmerithe 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 functidvhile many of these trials had

low sample sizes, some had large samples, creating additional differences to be taken into account when
synthesizing the evidenc@he studies also examdd interventions at varying intensities and durations

and compared them to varying control groupgairthermore, studies assessed had differing outcomes,
making it difficult to weigh all studies equally. Overall, these differences between studies incifeases
variability of the results and this may explain why the evidence is conflicting.

Robotassisted therapy was evaluated in a systematic review and -areddysis byNorouziGheidari et

al. (2012)where the results of 12 studies were pooled for analysis. Outcomes such as tHddya)

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 PEBrale. From the 12 studies, six evaluated the
effects of the MITManus, two evaluated the MIME, and the remaining 4 evaluated a different robotic
device each (i.e. REHAROBNREX, ARM Guide, and the NeReBot). When the robotic therapy was
delivered in addion to the conventional therapy, the effect significantly favoured the robotic therapy
when the FugMeyer was considered. However, further analysis revealed that this effect may have been
driven by the fact that the majority of the studies were evaluabedn acutesubacute population and

all of which were positive for the robotic device, and only one study evaluated a chronic stroke
population showing no significant effect of the intervention. When the robotic device was delivered in
place of the convetional therapy, no signidant overall effect regarding the Fulfleyer 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 . 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 effdcresulted when the studies were pooled for the Motor Status Scale, favouring
rehabilitation with a robotic device in addition to conventional therapy. This study therefore suggest
that robotic devices may be more beneficial for rehabilitation when theyaatditional to conventional
therapy. Furthermore, not all stroke patients may benefit from using a robotic device for upper limb
rehabilitation and therefore stroke phase is to be considered prior to providing the intervention.
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A recent systematic reviewdentified 34 RCTs of low to very low quality which evaluated nineteen
different electromechanical assisted devices for their efficacy at improving upper limb motor function
(Mehrholz, Pohl, Platz, Kugler, & Elsner, 20R8sults demonstrate that robotic devices targeting arm
and hand movement allowed for improvements in activities of daily living and recovery ofrétpa
function and muscle strengtfMehrholz et al., 205).

Conclusions Regarding Robotics in the RehabilitationMovement Therapy

There islevel 1a and 2 evidencm the acute phaseand level 1a evidencen the chronic phasehat
MIT-Manus/InMotion therapies are no more effective than a control for improving upper limb motor
function in the chronic phase.

There idevel 2 evidence thaMirror-Image Motion Enabler Robots (MIME)e effective in the acute
phase, level 2 evidence thdMIME)are not effective in the subacute phase, and level 1a conflicting
evidence for the effectiveness in the chronic phase for immgwpper limb motor function.

There is conflicting level 1b and 2 evidence for the use of ARMin during the chronic phase for
improving upper limb motor function.

There idevel 2 evidence that ARM Guide is not effectfee improving upper limb motor function.

There is level 1b evidence during the acute phase thalMBnu-Track is not effective, level 1a
conflicting evidence for the subacute phase, and level 1la evidence during the chronic phase that Bi
Manu-Track is effective for improving upper limbator function.

There is conflicting level 2 evidence for the use of NeReBot during the acute phase, and level 1b
evidence that NeReBot is not effective during the chronic phase for improving upper limb motor
function.

There is level 2 evidence th&@ontinuous Passive Motion (CPM) is not effective during the acute
phase, and there is level 2 evidence that CPM is effective during the chronic phase for improving
upper limb motor function.

There is level la evidence that the use of GENTLE during thenichphase is not effective for
improving upper limb motor function.

There is level 1b evidence that the use of Amadeo during the acute phase is effective, while there is
level 1b evidence that the use of Amadeo during the chronic phase is not effeativénfproving
upper limb motor function.

There is conflicting level 1a evidencegarding the effectiveness of MusicGlove during the chronic
phase.

There is conflicting evidence as to whether the use of robotic devices is effective for improving
upperlimb motor function.
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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 thredimensional environments. The most mmon forms of virtual
environments simulators are headounted displays (immersion) or with conventional computer
monitors or projector screens (nonimmersiofpisto, Forrest, & Glendinning, 2002 ccording to
Merians et al.(2002) a computerized virtual environment has opened the doors todaX S E SN A & S
environment where the intensity of practicedapositive feedback can be consistently and systematically
manipulated and enhanced to create the most appropriate, individualized motor learning approach.
Adding computerized VR to computerized motor learning activities provides adihmeasional spatia
correspondence between the amount of movement in the real world and the amount of movement seen
on the computer screen. This exact representation allows for visual feedback and guidance for the
patient.¢

104.1 Virtual Reality (VR)

Henderson et al2007)conducted a systematic review that included 6 studies evaluating immersive and
nonimmersive VR technologpr rehabilitation ofthe upper extremity. The authors concluded that
immersive VR @y be more effecive at improving upper limb functiocomparedto no therapy, while

the results from studies examining nonimmersiveavdconflicting.

A Cochrane reviewwhichincluded 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, George, Thomas, Deutsch, & Crotty, 200ty two of the studies used readily available
commercial devices (Playstation EyeToy and Nintendo Wiii)e the remainder useccustomised 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 trials were included in the analysis, consisting of 1019
participants. The results revealdoiat there were no significant effects of virtual reality on grip strength
or global motor function. The authors also noted that the participants were relatively young and in the
chronic phase of stroke (X¥ear), therefore the effectof virtual realityduring the acute phase of stroke
could not be determined

Table 10.4.1. Summary of RCTBvaluatingVirtual Reality Technology

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Croshie et al(2012) E: Virtual reality training 1 Motricity Index §)
RCT (8) C: Conventional therapy 1 Action Research Arm Tes} (
N=18
Choi et al(2014) E: Virtual reality therapy 1 Fugl Meyer+)
RCT (8) C:Occupational therapy 1 Box and Block Tes{(
Nstar=20 1 Manual Function Test)
Nen=20 1 Grip strength {)
1 Modified Barthel Index-J
McNulty et al.(2015) E: Nintendo Wibased movement therapy |1 Wolf Motor Function Test)
RCT (7) C: Modified constraint induced movemen{1 Motore Activity Log; Quality of Life)
Nstar=41 therapy 1 FugtMeyer Assessment)(
Nen=40 1 Box and Block Tesf(
Da Silva Ribeiro et 2015) | E: Nintendo Wii training 1 SF36: Physical Functioning (+), Vitality (+)
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RCT (7)
Nstar=30
Nen=30
Saposnik et a(2010)
RCT (7)

N=22

Fan et al(2014)
RCT (7)
Nstar=27
Nen=20

Lee et al.(2014)
RCT (7)
Nstar=64
Nen=59

Standen et al(2016)
RCT (7)
Nstar=27
Nen=22

Kong et al(2016)
RCT (7)
Nstar=105
Nen=97

Lee et al(2016)
RCT (7)
Nstar=26
Nen=26

Lee et al(2016)
RCT (6)
Nstar=20
Nen=18

Yavuzer et a(2008)
RCT (6)

N=20

Lee &Chun(2014)
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)

C: Conventional physical therapy Al

E: Nintendo Wii gaming system
C: Recreational therapy

= = —a -

E1: Virtual reality

E2: Occupational therapy
E3: placebo board game q
C: Control

E1: Transcranial direct current stimulatior|
(tDCS)

E2: Virtual reality

C: Occupational therapy

E: Homebased virtual reality training
C: Conventionatome-based rehabilitation

E: Nintendo Wii virtual reality training
C: Conventional therapy

E: Virtual realitybased rehabilitation
C: Grougbased rehabilitation

E: Virtual realitybased bilateral training
C: Bilateral training

E: Playstation EyeToy games
C: Conventional therapy

= =4 (=4 =4 -4 —a —a e A A A e e oA (oA oA e e oa e oA oA

El: tDCS 1
E2: Virtual reality training 1
E3: tDCS + virtual reality

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

C: Occupational therapy

E: Virtual reality games 1
C: Control conventional therapy q

1
E: Virtual reality training 1
C: Repetitive task training 1

FugtMeyer Assessment)(

Wolf Motor Function Test (+)

Box and Block Tesd(

Stroke Impact Scale)(

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

Flexor carpi radialisontraction: E1 vs. C (+)

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

Manual Muscle Test)

Box and Block Tesd(

Modified Barthel Index-{

Wolf Motor Function Test (+)

Motor Activity Log (+)

9 Hole Peg Test)(

Activities of Daily Living)(
FugtMeyer Assessment)(

Action Research Arm Tes} (

Stroke Impact Scale)(

Functional Independence Measurg (
FugtMeyer Assessment (+)

Manuel Function Test (+)

Box and Block Tes{(

Maodified Barthel Index-f

Jebsen Taylor Hand Function Test (+)
Box and Bldc Test (+)

Grooved Peghoard Test (+)
Strength (+)

Brunnstrom score-|

FIM: self care (+)

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)
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Nstar=21

Nen=16

Shin et al(2015)
RCT (6)

Nstar=35

Neng=32

Choi et al(2016)
RCT (6)
Nstar=24
Nen=24

Saposnik et a(2016)
RCT(6)
Nstar=141
Nen=121

Givon et al(2016)
RCT (6)
Nstar=47

Nene43

Lee et al(2016)
RCT (5)
Nstar=14

Nen=10

Jang et al(2005)
RCT (5)

N=10

Lee et al(2014)
RCT (5)

Nstar=30

Nen=24

Duff et al (2013)
RCT (5)

Nstar=25

Neng=21

HyeonHui et al(2013)
RCT (5)

Nstar=40

Neng=35

Shin et al(2014)
RCT (5)
Nstar=103
Nen=93

Yin et al(2014)
RCT (5)
Nstar=26

NenE21
Samuel et al(2016)
RCT4)

Nstar=8

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

E: Virtual reality rehabilitation program + |1

conventional occupational therapy 1
C:Conventional occupation therapy along 1
1
1
E: Tastoriented using Nintendo Wi q
C: Traditional taskriented training q
1
1
E: Virtualreality video game therapy 1

C: Traditional therapy

E: Virtual reality training ¢onventional |1
rehabilitation q
C: Conventional rehabilitation 1

E: Virtual reality training
C: No Virtual reality training

= =a =

E: Asymmetric training using virtual reality 1
C: Symmetric movements with both hand| 1

and no virtual reality training 1
1
1
E: Virtual reality reaching therapy 1
C: Control standard treatment q
E: Virtual reality training 1

C: Occupational therapy

E: Occupational therapy + virtual reality
training
C: Occupational therapy

= —a —a _—a _a

E: Virtual reality + conventional therapy |1
C:Conventional therapy 1

E: Occupational and physical therapy + |1
virtual reality training 1
C: Occupational and physighkerapy

Reaching trajectory smoothnes$ (

Fugl Meyer Score)(
ShortForm Health Survey: role limitation (+)

Y

FugtMeyer Assessment (+)
Brunnstrom Stage (+)

Manuel Muscle Test (+)

Modified Barthel Index-j

Quality of Life)

Wolf Motor Function Test)

Barthel Index-

Functional Independence Measurg (
Grip Strength-

Action Research Arm Tes} (

Trunk Impairment Scale)(
Functional Reach Tes) (
FugtMeyer Assessment)(

Box and Block test (+)

Fugl Meyer Score (+)

Manual Function Test (+)

Fugl Meyer score (+)

Box and Block test (+)

Grip strength (+)

Modified Ashworth Scale)(

Range of Motionflexion (+), extension (+),
deviation ¢)

Fugl Meyer (+)

Kinematic impairment measure (+)

Range of Motion: shoulder flexion (+),
shoulder extension (+), shoulder abduction
(+), elbow flexion (+), wrist flexion (+)

Fugl Meyer (+)

Box and Block test (+)

Fugl Meyer Score)(

Modified Barthel Index-|

Range of Motion-

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

FugtMeyer Assessment)(
Action Research Arm Testing (
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Nen—=6

Bower et al(2015)
RCT (4)

Nstar=20

Nen=16

Lam et al(2006)
RCT (4)
N=58

Adie et al.(2017)
RCT (3)
Nstar=235
Nen=235

Broeren et al(2008)
RCT (3)

N=22

Trinh et al (2016)
PCT

Nstar=46

Nen—=46

Fluet et al.(2015)
PCT

Nstar=21
Nen=21

E: Motiongaming rehabilitation q

C: No gaming treatment
1
1
1
1

E1l: 2DVR computdrased training 1

programme

E2: Video modellingpased

psychoeducational programme

C: Control

E: Homebased Nintendo Wii program q

C: Homebased exercise program 1
1

E: Semimmersive workbench with haptic |1

and stereoscopic glasses 1

C: No VR treatment il
1

E: Nintendo Wibased movement therapy |1
C: Modified constraint induced movemeni{
therapy

E: Robotic and virtually simulated arm an|{

finger training 1
C: Traditional arm and finger training 1
training (repetitive task practice) 1

1

Functional Independence Measure; Mobility
(+), Transfers (+), Stairg (

6 Minute Walk Test (+)

Functional Reach)(

Motor Assessment Scalé (

Step Test-

Mass Transit Railway: skilty, Geltefficacy )

Action Research Arm Tes} (
Quiality of Life+)
Occupational Performance)(

Box and Block Tesd)(
ABILHAND(

Trail Making Test)
Kinematics (+)

Wolf Motor Function Test)
Motor Activity Log+)

Wolf Motor Function Test)

FugtMeyer Assessment)(

Finger extension (+)

Peak hand velocity (+)

Reach to lift time, reaching path length,
reaching trajectory smoothnesgunk
excursion, sagittal shoulder excursion, elbo
excursion {)

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

Discussion

Virtual reality training is an innovative new treatment approach, which may enhance cortical
reorganization following strokel'he studies evaluated in this review include patients from all phases of
stroke, however, the majority evaluate the effects of wiral reality in chronic stroke patients. The RCTs

of high quality (i.e. PEDro > 6) denstrate conflicting results for certain outcomes of motor function
such as the Fudlleyer Assessment, but no significant difference between a virtual reality interventio
and a controlon other measures of motor function such as the Action Research Arm Test, the Box and
Block Test, and the Wolf Motor Function Test.
Two studies of high methodological quality and with large sample sizes detected no effect when
comparing Nitendo Wii virtual reality training to conventional trainirapn measures of upper limb
motor function(Kong et al., 2016; Saposnik et al., 20E&6)ythermore, many of the studies which found

a significant difference on one measure of motor function found no significant difference on other
measures of motor functiofLee et al., 2014; M. M. Lee et al., 2016; Saposnik et al., 2010; Standen et
al., 2016) Overall, the evidence that virtual reality trainingnist superior to conventional therapy is
stronger than the evidence suggesting that there is a significant difference.
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Conclusions Regarding Virtual Reality Technology

There is level la evidence that virtual realigoesnot improve upper limb motor function in the
chronic stroke phase

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

10.4.2 Computer Brain Interface Technology (CBI)

Computerbrairrinterface (CBl)technology hasonly 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 are summized inTable10.4.2.1

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 Modified Fugl Meyer Score: arm and han
RCTQ) C: Sham (+)
Nstar=32 1 Motor Activity Log+)
Nen=30 1 Goal Assessment Scakp (
1 Ashworth Scale-(
Ang et al(2014) E1: Braircomputer interface (BCI) with |1 Fugl Meyer Score)(
RCT (8) haptic knob (HK)
Nstar=22 E2: Haptic knob (HK)
Neng=21 C: Standard Arm Therapy (SAT)
Ang et al(2015) E: Brain computer interface + robotic |1 FugtMeyer Score(-)
RCT7) training
Nstar=26 C: Robotic training
Nen=25
Young et al(2016) E: Brain computer interface training 1 Stroke Impact Scale)(
RCT (5) C: No training 1 Action Research Arm Tes} (
Nstar=19 1 9 Hole Peg Test)(
Nen=10

- Indicates norstatistically significant differences betwe&eatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

The use oCBI technologis still relatively new and largely untestestudies by Ang et a2014) Ang et

al. (2015) and Young et a{2016) found that CBI was not superior to a control on outcomes of upper
limb motor function. However, a study by Rardsrguialday et al.(2013)found that the group
receiving brain machine interface improved more than the group receiving a sham on an assessment of
arm ard hand motor functionMore studies are needed to determine how and if this technology is
useful to facilitate upper limb recovery.

Conclusions Regardingomputer Brain Interfac&echnology
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There is level la evidenabat computer brain interface technologys not effective for improving
upper limb motor function posstroke.

Computerbrain-interface technology idikely not effective for improving upper limb motor functio
although more research isequired to come to anore definitive result.

-

10.5 Treatment for Spasticity or Contracture in the Upper Extremity

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

motor neuron syndrome. The syndrome catsiof negative sitp includingveakness, loss of dexterity,

fatigue, and positive signs including increased muscle stretch reflexes, abnormal cutaneous reflexes and
spasticity. Spasticity is classically defined as a velocity dependent increase of tonic stretch reflexes
(mu<le tone) with exaggerated tendon jerks. Spasticity can be painful, interfere with functional
recovery in the upper extremity and hinder rehabilitation efforts. Howe@sllichio(2004)cautioned

that a reduction in spasticity @s not necessarily lead to improvements in functioran Kuijk et al.

(2002)noted that for most stroke patigts,d X a LI aGAOA (& A& F @GFINAIofS LKSYy
Ay 2yfeée OSNIIAY Ydza0fS 3aANRdzZIAS YR GKSNBF2NBI f 29
seem tabe the preferable first optian

A study byWatkins et al(2002)reported that 39% of patients with aréit-ever 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, [81%) were hemiplegic and 20 (21%) were spastic. Overall, 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-ptyeke, 64 patientq67%)

were still hemiparetic, and 18 (19%) were 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 tisatvere disabilities were found in almost the same 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 alcohobtmuscle bellies, and physical modalities such 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 depsess
(baclofen, benzodiazepines, clonidine, and tizanidine) and muscle relaxants (dantrolene). There is
evidence from RCTs published inttie n Q&a19ryRa (Kl 0§ GKS&asS GNBFGYSyida ||
in treating spasticity andhost have negative ide effects of weakness and sedatiaith the exception

of dantrolene More recently, Tizanidine hydrochloride was used to successfully treat spasticity among
47 chronic stroke patients, although, due onumber ofside effects(i.e. elevated transaminase
dizziness, lethargy, and hypertensiponly a small percentage of patients reached the maximum daily
dose(Gelber, Good, Dromerick, Sergay, & Richardson, 200dipr 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. Botulinum toxin type A, a potent neurotoxin thegyents the release of acetylcholine

from the presynaptic axon, has more recently been studied as a potentially useful treatment for stroke
related spasticity. Intrathecal drug therapy refers to ihgctionof a drug into the subarachnoid space

of the @ntral 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 relieving spasticity associated with stroke hasaet 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 spasticity; bwever, they have not been wedtudiedto date.

In a systematic review bSteultjens et al(2003) the authors concluded that based on the results of 2
RCT¢Langlois, Pederson, & MacKinnon, 1991; Rose & Shah, P98@3econtrolled trials (McPherson,
Kreimeyer, Aalderks, & Gallagher, 1982; Poole et al., 1&%@)one uncontrolled tria(Gracies et al.,
2000)there was insufficient\adenceat the time of publication to support the effectiveness of splinting
for decreasing muscle tone.

Tyson and Kenf2011)conducted a systematic review on the effect of upper limb orthotics following
stroke, which included the results from 4 R@id represened 126 participants Overall, he treatment
effects associated with measures of disability, impairment, range ofamppain, 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 Ex¢émity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Score Result
Sample Size
Lannin et al(2003) E: Hand splint + conventional thera|1 Contracture: wrist €), finger flexomuscles {)
RCT (8) C: Conventional therapy
N=28
Lannin et al(2007) E1: Extension splint 7 Contracture: wrist)
RCT (7) E2: Neutral splint
N=63 C: No splint
Basaran et 8(2012) E1: Volar splint 7 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 of motion: dorsal/volar vs. control
RCT (4) E2: Volar orthosis 1 Spontaneous flexion: dorsas. control (+), volar vs
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 1 Spasticity(-)
RCT (3) E2: Splint 12hr/d
N=9 E3: Splint 6hr/d
Amini et al.(2016) E1: Splint 1 Active Range of Motion: E2 vs E1 (+)
PCT E2: Botulinum ToxiA 1 FugtMeyer Assessment (+)
Nstar=39 E3: Splint and Batinum ToxirA 1 Modified Ashworth Scale for elbow and wris]
Nen=29 (+)
1 Passive Range of Motion for elbow and wris
)

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

Discussion

SevenRCTs were identified examining the bergedif splinting. The focus of each of these studies was
different (finger, wrist and elbow). Mostf the studies failed to support the benefit of splinting in
reducing spasticityavoidingcontracture and improving arm reagBasaran et al., 2012; Langlois et al.,
1991; Lannin et al., 2007; Lannin et al., 2003; Rose & Shah, 1987; Suat et al.R26lt3 should be
taken with caution due to shotreatment periods, typicallypetween4-6 weeks along with low powe

Conclusions Regarding Splinting

There is level 1@vidence that splinting does not reduce the development of contracture nor reduce
spasticityin the upper extremity.

Hand splints alondikely do not reduce spasticity or prevent contracture.

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 mechanical properntiesabés.

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 beethoroughlystudiedas ofyet.

Table 10.5.2.1Summary of RCTEvaluatingStretching Programs to Prevent Contracture Formation in
the Upper Extremity

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

Sample Size
Tseng et al(2007) E1l: RN assisting 1 Joint angles: RN groups vs. usual are (+)
RCT (7) E2: RN supervising T Activity function: RN groups vs usual care (+
N=59 C: Usual care
Santamato et. 32015) E: 50200 U Botox + adhesive tape for 1( 1 MAS (finge). 2wk (+), 1mo (+)
RCT (7) C: 56200 U Botox + manual muscle 1 MAS (wrist): 2wk (+), 1mo (+)
Nstar=70 stretching 1 Finger position scores: 2wk (+), 1mo (+)
Neng=70 1 Disability Assessment Scale: 1mo (+)
Kim et al (2013) E: Hand modified stretching device 1 Modified Ashworth Scale (+)
RCT (6) C: Control
Nstar=15
Nen=15
Jang et al(2016) E: Additional hand and wrist stretching |1 Modified Ashworth Scale (+)
RCT (5) using a device 1 FugtMeyerAssessment (+)
Nsa=21 C: Standard outpatient care 1 Active Range of Motion)
Nen=21
You et al(2014) E1: Stretching program + joint stabilizingy Muscle thickness: E1 vs. C (+), E1 vs. EER]
RCT (5) exercise (combo) vs. C4
Nstar=45 E2: Stretching program 1 Arm function: E1 vs. C (+), E1 vs. E2 (+), E2
Nen41 C: Traditional therapy )

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

Few studies haveébeen published examining the benefit of stretching regiier the preventon of
contracture formation.Tseng et al(2007)found that having a nurse assisting with or supervising
exercises wassignificantly more beneficial thatie provision ofusual caren terms ofimprovement in
joint anglesand activity function. Spasticity was also improved followmse of a hand modified
stretching device compared to the control group which did not receive a dékicH. Kim et al., 2013)
Stretching with joint stabiletion improved muscle thickness aram function compared to traditional
therapy, however, a stretching program delivered alone was significantly different compared to
conventional therapy(You et al., 2014)interestingly, all of the studies described above evaluated
participants whowere in the chronic phaspost stroke Additional haad and wrist stretching using a
device improved spasticity and upper limb motor function, but not range of motion, compared to
standard oupatient care(Jang et al., 2016)

Conclusions Regarding Stretching Programs 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 1land 2evidence that a hand stretching device may improve spasticity in the upper
limb.

Stretching programs may improve upper limb spasticity.

10.5.3Botulinum Toxin Injections

Botulinumtoxin works by weakening spastic muscles through blocking the release of acetylcholine at
the neuromuscular junctionThe benefits of botulinumoxin injections are generally dosgependent

and last approximately 2 to dhonths(Brashear et al., 2002; Francisco, Boake, & Vaughn, 2002; Simpson
et al., 1996; Smith, Ellis, White, & Moore, 2Q00he of the advantages of botulinutoxin is that it is

safe to use on smillocalized areas or muscles, such as thoghenupper extremity. Unlike chemical
neurolysis with phenol or alcohol, botulinum toxin is not associated with skin sensory loss or dysesthesia
(Suputtitada & Suwanwela, 2009)ynamic EMG studies can be helpful in determining which muscles
should be injecte@Bell & Williams, 2003)

VanKuijk et al.(2002)evaluated the benefit of botulinum toxin for the treatment of upper 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 reducing muscle tongs(measured by themodified Ashworth Scale) and
improving passive range of motion at all aland levels in chronic patients for approximately 3 to 4
months. However, the authors concluded thathile overallthe effectivenessf botulinum toxin for
improving functional abilities was not justified, gjifec stroke groups may benefit from botulinuimxin
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 associatetth Wwnprovement in upper extremity
function. Francis et af2004) suggested several reasons for these restuiteluding thatunderlying
muscle weakness and not spasticity contribute to the limitation in function. Howdvisrspeculated

that the most likely reasons were insufficiently sensitive outcome measumésinderpowered studies.
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A metaanalysis by the same authors included the results from two REakbeit et al., 2001; Bakheit et
al., 2000which suggested that there was a benefit, albeit modedtBTXA on improved function. The
authors of this review pooled the data and assessed the effeictgthe arm section of the Barthel Index
(dressing, grooming and eatin@nd reported a modest improvement in upper arm function following
botulinum toxin. Poolig was only possible for two RCTs due to heterogeneity of interventions and
outcomes.

Cardoso et af2005) conducted a metanalysis invesdjating BT>A as a treatment for upper limb
spasticity following stroke. They incled five RCT@akheitet al., 2001; Bakheit et al., 2000; Brashear et
al.,, 2002; Simpson et al., 1996; Smith et al., 2@0@) 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 Ashw@tale and the Global Assessment Scale. The
authors concludedthat BTXA reduces spasticity and that the treatment was tolerated well, although
the effects of longerm use of BT>A are unknown. Levy et §2007)reported additional benefits when

a course of constrairinduced movement therapy followed treatment with BAX Unfortunately the
gains in motor function were lost at the end of 24 weeaksvhich 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 Scofe Result

Sample Size
Seo et al(2015) E1: 360 U NeBBONTA T MAS: 4, 8, and 12 wk)(
RCT (10) E2: 360 U Botox 1 Disability Assessment Scal (
Nstar=196 1 Carer burden Scale)(
Nen=170 1 Global Assessment of intervention benefif (
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: both groups (+)
N=109 E2: 200 U Botox

C2: Placebo

McCrory et al(2009)

E: 5001,000U of Dysport

The Assessment of Quality of Life scale: 20yvk (

RCT (9) 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 a{2014) E1: 10000 U Botox 1 Modified Frenchay Scale) (

RCT (9) E2: 15000 U Botox

Nstar=24 C: Placebo

Nen=24

Wissel et a(2016) E:OnabotulinumtoxinA + 1 Pain Numeric Rating Scale (+)

RCT (8) standard care 1 Goal Attainment Scale)(

Nstar=273 C: Placebo injection + standai

Nend=273 care

Picelli et al(2014) E1: Injections under sonographic| 1 MAS (wrist): all groupét)

RCT (8) 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 joints): all groups (|
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C: Injection using manual needle

placement
Shaw et al(2011) E: 106200 U Dysport + 4 weeks |1 ARAT scores)(
RCT(8) 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 and in the fingers E2 vs
N=82 E3: 1500 U of Dysport (+)

C: Placebo 1 Rivermead Motor Assessmertwk (-), 16wk §)
Bakheit et a2001) E: Total of 1000 IU of BtxA 1 Summed Modified Ashworth Scadeore: 4wk (+)
RCT(8) (Dysport) into 5 muscles of the |1 Magnitude of benefit in wrist and finger joints: 16wk
N=59 affected arm follow-up (+)

C: Placebo injections 1 Joint ROM: 4wk-)
1 Muscle pain: 4wk-§
1 Goalattainment: 4wk f)
1 Barthel Index: 4wk-J
7 Elbow PROM: 16wk (+)
Simpson et al(1996) E1: Single treatment of 75 U 1 Decrease in wrist flexor tone: 300 BRgroup at 2,4
RCT (8) E2: 150 U and 6wk (+)
N=37 E3: 300 units of BFX 1 GlobalAssessment of Response to Treatment: all-B’
C: Placebo A groups at 4 and 6wk (+)
Simpson et al(2009) E1: Up to 500 U of BX 1 Decrease in wrist flexor tone: BT at 6wk (+)
RCT (8) E2: Tinzanidine
N=60 C: Placebo
Gracies et al(2015) E1: Single 500U 1 Modified Ashworth Scale: E1+E2 vs. C (+)
RCT (8) AbobotulinumtoxinA 1 Physician Global Assessment; E1+E2 vs. C (+)
Nswr=243 E2:Single 1000U 1 Disability Assessment Scale: E1 vs-E2 (
Nen=229 AbobotulinumtoxinA
C: Placebo
Hesse et al(2012) E: 150U Xeomin + therapy 1 Modified Ashworth Scale score (+)
RCT(7) C: Therapy only 1 REPAS (+)
N=18
Bhakta et al(2000) E: Total of 1000 IU Dysport (n=2( 1 Disability: 2 and 6wk (+)
Bhakata et al(2008) C: Placebo (n=20) divided betwe¢ § Caregiver burden: 2, 6 and 12wk (+)
RCT (¥ elbow, wrist, and finger flexors |1 MAS (finger): 2, 6, and 12wk (+)
N=40 1 MAS (elbow): 2wk (+)
1 Pain§)
1 Associated reactiongt)
Brashear et al(2002) E: Botulinum toxin A (50 U) 1 Disability Assessment scores: 6wk (+)
RCT (7) C: Placebo
N=126
Smith et al (2000) E1: 500 U of botulinum toxin 1 Modified Ashworth Scale at fingers: EJ/E2/E3 (+)
RCT (7) E2: 1000 U of botinum toxin 1 Passive range of movement at wrist: E1L/E2/E3 (+)
N=25 E3: 1500 U of botulinum toxin C: |1 Finger curl distance at rest: E1/E2/E3 (+)
Pacebo
Francisco et al(2002) E1: High volume B¥X (50 units/1 | 1 Modified Ashworth Scale: 8 and 12wk
RCT (7) mL saline:1.2 mL delivered per 4
N=13 (10 stroke) muscles)
E2: Low volume BTX (100 units/1
mL saline)
Brashear et al(2004) E: 10000 U of BT& 1 Modified Ashworth scale: 2wk (+), 4, 8, 12, and 16w
RCT(7) C: Placebo )
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N=15 1 Global Assessment of Changp (
Childers et al(2004) E1l: 90U BTX 1 Muscle tone: 16wk (+)
RCT(7) E2: 180U BTX 1 FIM§)
N=91 E3: 360U BTX 1 SF36(-)
C: Placebo
Pennati et al(2015) E: Robot an@otulinum toxin |1 Modified Ashworth Scale (+)
RCT (7) neurolysis with dose 1 Functional Independence Measure (+)
Nstar=15 dependant on muscle group |1 FugiMeyer Assessment)(
Nend=15 affected 1 Box and Block Tes)(
C: Robotic training
Nam et al(2015) E: New botulinum toxin type A |1 Modified Ashworth Scale)
RCT (7) (NABOTA) up to 360 U dependin| 1 Response Rate)(
Nstar=197 on degree of spasticity and musc
Nen=177 group
C: Omabotulinum toxin A (Botox)
up to 360 U depending on degree
of spasticity and muscle group
Elovic et & (2016) E:400U incobotulinumtoxinA 1 Ashworth Scale (+)
RCT (6) C: Placebo 1 Disability Assessment Scale (+)
Nstar=317
Nen=299
Meythaler et al (2009) E: 100 U Botox + therapy 1 Motor Activity Log: Quality of Use (+), Amount of Us
RCT(6) C: Saline + therapy )
N=21 1 AshworthScale {)
Jahangir et al(2007) E: 50 U Botox 1 Modified Ashworth Scale: 3mo (+)
RCT(6) C: Placebo 1 Barthel Index4
N=27 1 EQ5D €)
Suputtitada & Suwanwela |E1: 350U BTX 1 Modified Ashworth scale: E2/E3(+)
(2005) E2: 500U BTX 1 ARAT: at 8wk and 24wk E2 (+)
RCT (6) E3: 1000U BTX 1 Barthel Index: at 8 and 24wk E2)
N=45 C: Placebo
Ward et al (2014) E: Onabotulinumtoxin A + standal 1 Goal attainment scale: 12wk and 52wk @1wk and
RCT (6) care (varying dosages) 24wk (+)
Nstar=274 C: placebo injections + standard | 1 Resistance to passive movement: 24wk (+)
Nen=273 care (varying dosages)
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: BoN7A injection using 1 MAS: wrist (+), fingers (+), flexor carpi radialis (+)
RCT (4) ultrasound guidance (dosages
Nstar=30 determined by investigator)
Nen=30 C: BoNTA manual injection via
palpitation and anatomical
landmarks (dosages determined
investigator)
Dressler et al(2015) E: hcobotulinumtoxinA (BTR) |1 Ashworth Scale (+)
PCT (215+£114 MU) and additional
Nstar=218 conventional treatment
Nen=194 C: Conventional treatment
(2684155 MU)
Lim et al(2016) E1: Subacute 200U of botulinum |1 Modified Ashworth Scale: E1 vs. E2 (+)
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PCT toxin Modified Tardieu Scale: E1 vs. E2 (+)
Nstar=19 E2: Chronic 200U of botulinum Manuel Muscle Testing)(
Nen=18 toxin Wrist Range of Motion: E1 vs. E2 (+)

Brunnstrom Stage)

Modified Barthel Index-J
1 FugtMeyer Assessment)

- Indicates norstatistically significantlifferences between treatment groups

+ Indicates statistically significant differences between treatment groups

= = —a -—a _a

Discussion

Assessing the effectiveness of botulinum toxin in the treatment of upper limb spassidifficult 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 ByBptar€ or
Xeomirfversusplacebo. A single trialsaessed the benefit of Bype B (10,000 U BB) (Childers et al.,
2004) The dose equivalent is approximate303500 Units of Dyspomvhich isequal 100 units of Botox
(O'Brien, 2002)Among the trial®f relativelyhigh methodological quality, the majority of studies found
an improvement in spasticity between those receiving Botuliramad those not, as well as between
groups receiving higher and lower dosagspecifically, Kaji et g2010) Shaw et al(2011) Bakheit et

al. (2001) Hesse et a[2012) Bhakta et al(2000) Bhakta et al(2008) Brashear et a(2004) Pennati et

al. (2015) Elovic et al(2016) Meythaler et al(2009)and Jahangir et a(2007) found that measures of
spasticitywere higher in those receiving Botulinum toxin in comparison to those receiving a control.
Studies by Bakheit et gR000) Gracies et al2015) Smith et al(2000) ard Suputtitada & Suwanwela
(2005)also found significant differences improvement of spasticity between groups receiving varying
dosages of Botulinum toxin.

Ly GSNX&a 2F aiddzRASa GKIFG RARYQU 7T letvéen dgrougsiSHoeh FA O y
al. (2015)and Nam et al(2015) compared different types of Botulinum toxin at the samdesages.
Francisco et a(2002)found no difference in spasticity between varying dosages of Botulinum toxin A.

Studies by Wolf et a[2012) Graies et al(2014) Shaw et al(2011) and Pennati et al{2015)found
that there was no ignificant improvement on measures of motor function after treatment with
Botulinum toxin A when compared to a control.

Rosales et al(2008)conducted a metanalysis to evaluate the effect of Botulinum Toxin Type A on
upper limb spasticity followingtroke. A total of 11 studies were incled in the analysis, revealing that

at the 4-6 week followup, treatment with Botulinum Toxin Type #was favoured over the control 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 significd effect favouring Botox. The same effect was found when the Global
Assessment Scale was measured.

Another review bylvanhoe & EaddiRose(2009)found 13 articles which when analyzed indicated that
BTXA statistically improved spasticity of the elbow, wrist, fingers, and shoulder, with the duration of
treatment lasting from 10 to 20 weeks.

Conclusion Regding Botulinum Toxin Injections

There & level 1la evidencthat treatment with botulinum toxin significantly reducesspasticity in the
upper extremity in stroke survivors.
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There is level 1la evidence that treatment with botulinum toxin does not improve upper limb motor
function.

Botulinum toxin likely decreases spasticifybut likely does not improve upper limb motor function

10.5.4 Electrical Stimulation Combined with Botulinum Toxin Injection

Three studiesvere found whichevaluated the efficacy of botulinum toxin injection combined with
therapies such aslectrical stimulation occupational therapy, and modified constraint induced
movement therapy summarized in Table 10.5.4.1

Table 10.5.4.1Summary ofRCT(s) Evaluatingombined Therapy with Botulinum Toximjection in the
Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scot Result
Sample Size
Hesse et al(1998) E1: 1000 U Btx A + electrical stimulati¢ § Muscle Tone Reduction: elbow joint for EYL (
RCT (7) E2: 1000 U of Btx A T Reduction in diffinlties while cleaning palm: E1 v,
N=24 E3: Placebo + electrical stimulation E2/C (+)
C: Placebo { Difficulties putting arm through sleeve: reduction
between botox groups vs. C (+)
Marvulli et al.(2016) E:Botulinum toxin A theapy 1 Modified Ashworth Scale (+)
RCT (6) (118434 U) + occupational therapy| § Range of Motion (+)
Nstar=36 electrical stimulation f Action Research Arm $ig(+)
Nen=36 C: Botulinum toxin A therapy
(116+36 U)+ occupational therapy
Sun et al(2010) E: 1,000 U Dysport + mCIMT 1 MAS (+)
RCT (6) C: 1,000 U Dysport + conventional reh| 1 Motor Activity Log: Amount of Use (+)
N=32

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

Discussion

Botulinum toxinA with occupational therapy and electrical stimtibn was found to improve sphsity,
range of motion and upper limb motor function in comparison to receiving Botox A with occupational
therapy (Marvulli et al., 204). Similarly, Hesse et &1998)found that those receiving 1000 U Btx A
along with electrical stimulation had fewer difficultiea some taskshan those who had only received
Btx Aand those receiving placebbasty, a study by Sun et dR010)also found thatl000 U of Dysport
with modified constraint induced movement therapy (mCIMT) improved spasticity compared to the
same dosage of Dysport with conventional therapy.

Conclusions Regardin@ther Therapie€€ombined withBotulinum Toxin Injections

There islevel 1a evidence that electrical stimlation combined with botulinum oxin injection is
associated with reductionf spasticity

There islevel 1b evidence thatmodified constraint induced movement #drapy combined with
botulinum toxin injection is associated with reductions gpasticity.
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Botulinum toxin in combination with electrical stimulationor modified constraint induced
movement therapy likelymprovesmuscletone in the upper extremity.

105.5 Nerve Block and Spasticity

One method of decreasing spasticity is by injectabgohol 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 doss of sensation; therefore, this treatment is not widely used in clinical practice. A
commonly reported side effect is pajiong & Chua, 1999)

Thus far, no RCTs were fouwtlich haveinvestigat&l nerve block therapy for spasticitilowever, wo
pre-post studies rported that spastidty was improved from baseline to pesterapy along with elbow
passive range of motion following intramuscular nerve block on the hemiplegic upper(fiorly &
Chua, 1999, 2002)

Conclusions Regarding Nerve Blokleatment

There is level 4vidence thatnerve blockswith ethyl alcohol mproves elbow and fingepassive
range of motionand 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 Physicalherapy 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 stretching, orthoses, casting, and cold application.
Theresults of RCTevaluating physical therapy are summarized able10.5.6.1.

Table 10.56.1 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 retrainin § Contracture {)
RCT (8) C: Routine retraining | Visual Analog Scale (VAS) (
N=40 f Motor Assessment Scal) (
Carey(1990) E: Manual stretch 1 Joint movement tracking test)(
RCT (4) C: No treatment | Force tra&ing test §)
N=24

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

Discussion

Two RCTs evaluated the effect of stretching therapy on spasticityppelr limb function. The results
showed no benefit of the treatment over the control regarding contracture, pain, and upper limb motor
function (Carey, 1990; Horsley et al., 2007)

Conclusions Regardinghysical Therapy
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There idevel laevidence that physial therapymay not improve motor functioror contracture.

Phystal therapymay not decrease spasticity, or pain, or contracture, or improve upper extremity
motor function.

10.5.7 Electrical Stimulation

Electrical stimulatiorprovided as anadjunctto physical therapy has been found to be an effective
treatment for lowerlimb spasticity (se€haper 9). The mechanism of action appearshrelaxation of
agonist muscles and simgthening of antagonist muscleSahin, Ugurlu, & Albayrak, 2012)his
treatment hasalsobeen well studied in the upper extremignd to date, there are a number of RCTs
that have evaluated the effects of electrical stimulation on eplpmb spasticity (Table 10.5.7.1)

Table 10.57.1 Summary ofRCTs Evaluating Electrical Stimulation $prasticity

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

De Jong et a{2013) E: Arm stretch positioning + NMES 1 Modified Ashworth Scale)(

RCT (8) C: Sham stretch positioning + Sham NN

N=46

Barker et al(2008) El: SMART Arm + NMES 1 Modified Ashworth Scale: E1 vs. C (+); E2 vs. (

RCT (7) E2: SMART Arm

N=33 C: Conventional therapy

Boyaci et al.(2013) El: Active NMES 1 Spasticity (wrist flexor): E1 vs. -, E2 vs. C (+);

RCT (7) E2: Passive NMES Elvs. E2)

N=31 C: Conventional therapy 1 Spasticity (finger flexor): E1 vs{; E2 vs G) E1
vs E2+)

Chan et al(2009) E: Occupational therapy + NMES 1 Modified Ashworth Scale: shoulde),(elbow §),

RCT (7) C: Occupational therapy + placebo HEl wrist (-)

N=20

Gharib et al(2015) E: Repetitive task practice + electrical | § Jebsen Taylor Hand Function Test (+)

RCT (7) stimulation 1 Modified Ashworth Scale (+)

Nstar=40 C: Reetitive task practice 1 Range of Motion (+)

Nen=40

Karakus et al2013) E: Standard therapy + NMES 1 Modified Ashworth Scale: elbow)(wrist ¢),

RCT (7) C: Standard therapy finger(-)

N=28

Mangold et al (2009) E: Conventional therapy + NMES 1 Modified Ashworth Scale: finger flexa),(wrist

RCT (6) C: Conventional therapy flexor ¢)

N=23

De Kroon et al(2004) E: NMES on wrist flexors + extensors | § Modified Ashworth Scale)

RCT (6) C: NMES on wrist extensors

N=28

Sahin et al(2012) E: Stretching + NMES 1 Modified Ashworth Scale (+)

RCT (5) C: Stretching

N=42

Hara et al(2006) E: Standard therapy + NMES 1 Modified Ashworth Scale: E (+)

RCT (5) C: Standard therapy

N=14
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Hara et al(2008) E: Standard therapy + NMES 1 Modified Ashworth Scale: E (+)

RCT (5) C: Standard therapy

N=20

Hesse et al(1998) E1: Botulinum toxin A 1 Modified Ashworth Scale: elbow)( wrist ¢),
RCT (5) E2: Placebo Botulinum toxin A finger €)

N=24 E3: Placeb&otulinum toxin A + NMES

Kim & Leg2014) E1: BINMES + mirror therapy 1 Modified Ashworth Scale: wrist extense}, (wrist
RCT (5) E2: NMES + mirror therapy flexor ¢), elbow extensor-§, elbow flexor )
N=29 C: Usual care

Lin & Yan(2011) E: Standard therapy + NNSE 1 Modified Ashworth Scale: 2wk)( 3wk (+), 1mo
RCT (4) C: Standard therapy (+), 3mo{), 6mo )

N=37

Ring & RosenthgP005) E: Standard therapy + NMES 1 Modified Ashworth Scale)(

RCT (3) C: Standard therapy

N=22

- Indicates norstatistically significant differencdsetween 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 afterstke. A recent systematic review and metaalysis incorporating the
studies included above evaluated the effects of NMES on upper limb spa¢Btéin et al., 2004)
Findings show that NMES was not more efficacious at improving wrist or elboviciigasimpared to
conventional therapyBarker et al., 2008; Boyaci et al., 2013; Cétal., 2009; de Kroon et al., 2004;
Hesse et al.,, 1998; Kim & Lee, 2014; Mangold et al., 2@8nbining NMES with mirror therapy,
botulinum toxin A, or robotic devices (SMART Arm device) also showed no superior effect over the
comparator therapy(Barker et al., 2008; Hesse et al., 1998; Kim & Lee, 2014)

Conclusions Regardinglectrical Stimulation Combined with Physical Therapy

There idevel laevidence thatneuromuscularelectrical stimulationdoesnot reducewrist or elbow
spasticity.

| Neuromuscular electrical stimulation (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 stroke patieotspared to
botulinum toxin.

The results of one R@Valuatingshockwave thergy are summarized imable 10.5.8.1.

Table 10.53.1 Summary ofRCT(s) Evaluatinghockwave Therapy in the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scor Result
Sample Size
Santamato et al(2013) E: Botox + extracorporeal shockwave | § Modified Ashworth Scale (MAS))
Italy therapy f Spasm Frequency Scale (+)
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RCT (8) C: Botox + electrical stimulation therapy | § Visual Analogue Scale (+)
N=16

Dymarek et al(2016) E: Ktracorporealshock wave f Modified Ashworth Scale (+)
RCT (7) stimulation

Nstar=60 C: Placebo

Nend=60

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

Discussion

Twostudies have beefound indicating theeffectiveness oflsock wave therapyor improvingspasticity

in the upper limb post strok¢Dymarek et al., 2016; Santamato et al., 20¥8}ingle treatment of shock
wave therapy and botox was compareamong a small group of patient® botox with electrical
stimulationtherapy (Santamato et al., 2013§pasticity in the hand was effectively reduced for a period
of more than 12 weeks, with no adverse effedts the dudy by Dymarek et a[2016) extracorporeal
shock wae stimulation was found to improve upper limb spasticity in comparison to a placebo.

Conclusions Regarding Shock Wave Therapy

There idevel 1a evidence thatextracorporealshock wave therapymproves upper limb spasticity

Extracorporeal shockwavéherapy likely improvesupper limbspasticity.

10.59 Centrally Acting Muscle Relaxants

Tolperisone is a centrally acting muscle relaxant, similar in action 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 dodmjtair attentiontrelated brain functions. Tolperisone

and its analoguepelisone have been used successfully irtipats with spinal cord injury

The results of one RG3valuating tolperisone for spasticity in the upper extremity post stroke are
summaried inTable 10.5.9.1.

Table 10.9.1 Summary ofRCT(s) Evaluatinfolperisone Therapyjor Spastcitiyin the Upper Extremiy

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

Sample Size
Stamenova et af2005) E:Daily dose of 30800 mg of toperisone | § 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 thatdaily dose otolperisone was significantly more effective at reducing upper limb
spasticity than placebo injections when delivered over a period of 12 wgthksenova 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, védnionly

10. Upper Extremitynterventions pg.95of 208
www.ebrsr.com


http://www.ebrsr.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+Effect+of+Radial+Extracorporeal+Shock+Wave+Stimulation+on+Upper+Limb+Spasticity+in+Chronic+Stroke+Patients
http://www.ncbi.nlm.nih.gov/pubmed/15885050

44% of patients improved in tone when receiving only physiothe(@pyiq 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 tolperisoneanreduce spasticity following stroke.

| Further research is needeo determine the benefits ofdlperisone on upper limb muscle tone.

10.6 EMG/Biofeedback

EMGbiofeedback uses instrumentation appliedda individuaR & Y dza Of S6 &40 6AGK SEGSN
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 their muscl€s) Moreland and Thomsoi§1994) published a research overview and meta

analysison the efficacy of electromyographic biofeedbampared 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 theramy presented in Table 1R.1

Table 10.61L Summary of RCTEvaluatingEMG/Biofeedback Therapfor the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study Design (EBDro Score Result
Sample Size
Crow et al(1989) E: EMG/Biofeedback Therapy 1 Action Research Arm test: post (+), 6wk foHoy
RCT (8) C: Sham EMG/biofeedback up ()
N=40
GarridoMontenegro et al. | E: EMG/Biofeedback + conventional 1 Barthel Index (+)
(2016) occupational therapy 1 Instrumental Activities of Daily Living (+)
RCT (8) C: Occupational therapy 1 Action Research Arm Test (+)
Nstar=14 1 Motor Activity Log (+)
Nen=14
Hemmen & Seele(2007) | E: EMG biofeedback + movement imager| 1 FugtMeyer Score-}
RCT (7) C: Conventionatlectrostimulation 1 Action Research Arm tes (
N=27
Armagan et a(2003) E: EMG/Biofeedback Therapy 1 Active range of motion (+)
RCT (7) C: Sham EMG/biofeedback 1 Changes in EMG surface potentials (+)
N=27 1 Brunnstrom stages)
1 Complex movement)
Dorsch et al (2014) E: EMG stimulation 1 MAS )
RCT (7) C: Usual therapy 1 Manual Muscle Test)
Nstar=33
Nen=30
You et al(2013) E: Mental training + EMG stimulation 1 Range of Motion-}
RCT (7) C:FES 1 MASY)
Nstar=18 1 Fugl Meyer Score (+)
Nen=16 1 Motor Activity Log: Amount of Use){Quality of
Movement §)
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ChangYong et al(2015)

RCT (7)
Nstar=44
Nen=40

Thielbar et al(2017)
RCT (6)
Nstar=23
Nen=22

Basmaijian et a(1987)
RCT (6)

N=29

Cordo et al(2013)
RCT (6)

Nstar=46

Nene43

Hurd et al (1980)
RCT (6)

N=24

Basmaijian et a(1982)
RCT (6)

N=37

Inglis et al(1984)
RCT (5)

N=30

Kim et al (2015)
RCT (5)

Nstar=33

Nend=29

Greenberg & Fowle1980)

RCT (5)

N=20

Mroczek et al(1978)
RCT (5)

N=9

Rayegani et a(2014)
RCT (5)

Nstar=46

Nen=30

Lee et al(1976)
RCT (4)

N=18

Prevo et al(1982)
RCT (3)
N=28

il
E: Target reaching training with biofeedbg 1
+ routine therapy 1
C: Routine therapy

1
1
1
E: EMGdriven actuated glove + 1
occupational therapy 1
C: Occupational therapy 1
il
il
1

E: EMG/Biofeedback Therapy 1
C: Physical Therapy using nediagilitatory |1

E1l: AMES robot + torque biofeedback |1
E2: AMES robot + EMG biofeedback |
1
1
il
E: Actual myofeedback 1
C: Simulated myofeedback |

E: EMG/Biofeedback Therapy

C: Physical Therapy using neuro
physiological approach
E:EMG/Biofeedback+ physiotherapy
C: Physiotherapy

= |=a —a —a —a —a A

E: Mirror therapy (MT) + Biofeedback FES
C: MT + FES without biofeedback

E: EMG/Biofeedback Therapy 1
C: Conventional Occupationgherapy

E: EMG biofeedback 1
C: Physical therapy

E: OT + EMG + biofeedback 1
E2: OT + neurofeedback

C: 0T

E1: True myofeedback |

E2: Placebo myofeedback

C: No myofeedback with conventional
training.

E: EMG/Biofeedback Therapy |
C: Conventionarherapy

Barthel Index-)

Fugl Meyer Score (+)

Wolf Motor Function Test (+)
Reach speed (+)

Reaching angle (+)
Maximum reach distance)(
Hand Aperture (+)

Action Research Arm Tes} (
Wolf Motor Function Test-§
FugtMeyer Assessment)(
Chedoke McMaster Stroke Assessmeit (
Grip/Pinch Strength-)

Upper extremity function test-{
Finger Oscillation test)

Fugl Meyer Score)(
Flexion torque strength (+)
Extension strength-)

Box and Block Tesf)(
Stroke Impact Scale)(

Active range of motion-}
Muscle activity {)

Upperextremity function test+)
Min rate of manipulation test-J
9-hole peg test+)

Active range of motion (+)
Brunnstrom (+)

Muscle strength (+)

Grip strength (+)

Active elbow extension)

Range of Motion-}

Jebsen Taylor Hand Test (

Peak amplitude-

Proximal and distal agonistg (

- Indicates norstatistically significant differences between treatment groups

10. Upper Extremitynterventions

www.ebrsr.com

pg.97 of 208


http://www.ebrsr.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+spatial+target+reaching+training+based+on+visual+biofeedback+on+the+upper+extremity+function+of+hemiplegic+stroke+patients
file:///F:/v18%20SREBR_CH%2010/Extractions/Benefits%20of%20Using%20a%20Voice%20and%20EMG-Driven%20Actuated%20Glove%20to%20Support%20Occupational%20Therapy%20for%20Stroke%20Survivors
http://www.ncbi.nlm.nih.gov/pubmed/3579530
http://www.ncbi.nlm.nih.gov/pubmed/?term=cordo+active+torque+2013
http://www.researchgate.net/publication/15822392_Comparison_of_actual_and_simulated_EMG_biofeedback_in_the_treatment_of_hemiplegic_patients
http://www.ncbi.nlm.nih.gov/pubmed/7149946
http://www.ncbi.nlm.nih.gov/pubmed/6391417
http://www.ncbi.nlm.nih.gov/pubmed/25367222
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kinesthetic+biofeedback%3A+a+treatment+modality+for+elbow+range+of+motion+in+hemiplegia
http://www.ncbi.nlm.nih.gov/pubmed/666557
http://www.ncbi.nlm.nih.gov/pubmed/?term=rayegani+neurofeedback
http://www.ncbi.nlm.nih.gov/pubmed/999485
http://www.ncbi.nlm.nih.gov/pubmed/7134912

+ Indicates statistically significant differences between treatment groups

Discussion

Over the pastfew years, more studieshave attempted to delineate the potential benefit of
EMG/biofeedback technologwithin the stroke rehabilitation fieldVarious studies have found a
significant effect of EMG/Biofeedback during rehabilitation, predominantly for improvetmfunction
(Armagan et al., 2003; ChaiYgng et al., 2015; Crow et al., 1989; Ganfitiontenegro et al., 2016; You
& Lee, 2013althougha study by Armagan et gR003)found that EMG/Biofeedback therapy improved
active range of motion when compared to those receiving sham EM{e&iback.The largest trial of
these waghat by Changrong et al(2015)which compared target reaching training with biofeedback to
routine therapy in a total of 40 patients. Both the Figtyer score and the Wolf Motor Function Test
were found to be superior in the inteention group.

However, there were more studies that found no significant difference between EMG/Biofeedback and
conventional therapy than studies thédund one(Basmajian et al., 1982; Basmajian et al., 1987; Dorsch

et al., 2014; Hemmen & Seelen, 2007; Hurd et al., 1980; Thielbar et al., B047tudy by Cordo et al.
(2013) AMES robot with torque biofeedback was not found to be superior to AMES robot with EMG
biofeedback in a total of 43 patients on the Fugl Meyer score and the Box and Block Test, both measures
of upper limb motor function.

Overall, the evidence sggsts that biofeedback tbugh EMG technologither delivered alone or in
combination with other treatmentsmay notimprove upper limb motor function, manual dexterity, or
spasticity. More high-powered RCTs araequired to determine whether or not this method of
rehabilitation is beneficidbr improving other aspects of upper linfbnction.

Conclusions Regarding Efficacy of EMG/Biofeedback Therapy

There is level 1a evidence th&MGhiofeedback therapydoes notimprove upper extremity motor
function or spasticity

EMGhiofeedback therapy islikely not effective for improving upper limb motor function @
spasticity.

=

10.7NeuromusculaBectricalSimulation (NMES)

Neuwomuscular electrical stimulation (NMES) daused to improve motor recovery, reduce pain and
spasticity, strengthen muscles and increase range of motion following sthkM&Ss a technique that
usestrains of electrical pulses to generate muscle contraction by stimulating matons Three foms

of NMES are available: 1) cyclic NMES, which contracts paretic muscles eseh $gkedule and does
not require participation on the part of the patient; )ectromyography EMQ triggered NMES, which
may be used for patients who are able to partiadictivate a paretic muscle and may have a greater
therapeutic effect; 3Functional electrical stimulation (FE®&hichrefers to the application of NMES to
help achieve a functional taskES can be used itaprove or restorevolitional grasp and manipation
functions required for typical ADL@opovic, Popovic, & Keller, 2002r can be intended as a
permanent assistive device (i.e., neuroprosthesis) for helping patients perform ADL.

RCTs evaluatinglectrical stimulationvere categorized according to chronjcibf 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 irs Table

108.2 and 10.8.3.

Table 10.8.2 Summaryof Studies Evaluating Electrical Stimulation (FES, NMB&S}he Hemiparetic
Upper Extremity in Subacute Stroke (< 6 months)

Author, Year

Study DesignREDrdScore)

Sample Size
Karakus et af2013)
RCT (8)

Nstar=28

Nen=28
Shimodozono et a{2014)
RCT (8)

Nstar=27

Nen=24

Kojima et al(2014)
RCT crossover (7)
Nstar=13

NenE13

Kwakkel et al(2016)
RCT (7)

Nstar=159
Nend=159

Powell et al(1999)

RCT (7)

N=60

Manigandan et al(2014)
RCT (7)

Nstar=24

Nen=24

Wilson et al(2016)
RCT (6)
Nstar=122
Nen=96

Hayward et al(2013)
6 (RCT)
N=8

Shindo et al(2011)
RCT (6)
N=24

Intervention Main Outcome(s)

Result

E: FES + standard rehabilitation
C: Standard rehabilitation

1 Brunnstrom (+)
1 Motricity Index (+)
1 Modified Ashworth Scale)(

E1: Continuous NMES + repetitive
facilitative exercise

E2 Repetitive facilitative exercise
C: Conventional therapy

E: Mirrortherapy + EM@riggered NMES | 1 Fugl Meyer Score (+)

first 7 Range of Motion: 4wk (+)

C: Mirror therapy + EM@iggered NMES

delayed

E1l: EMGNMESunfavourable prognosis) | Action Research Arm Test: E1 vs. IEQ vs. C2
E2: Modified constraininduced movemen{ (+)

therapy (favourable prognosis) 7 FugtMeyer Assessment: E1 vs. G1 E2 vs. C2)(
C1: Unfavourable prognosis based on |1 Motricity Index: E1 vs. CY)(E2 vs. C2)(
preservation or return of voluntary finger | 1 Stroke Impact Scale: E1 vs. §1E2 vs. C2 (+)
extension early after strokéreceived usual| 1 Wolf Motor Function Test: E1 vs. GJ, E2 vs. C2
care) ()

C2: Favourable prognodigised on 7 Motor Activity Log: E1 vs. CJ,(E2 vs. C2)(
preservation or return of voluntary finger

extension early after strok&eceived usual

care)

E: Cyclic electrical stimulation + standard| 1 Action Research Arm test: grasp (+), grip (+)
rehabilitation

C: Standard rehabilitation

E1: Cyclic electrical stimulation to
supraspinatus and posterior deltoid

E2: Cyclic electrical stimulation to
supraspinatus, posterior deltoid, and long
head of biceps

E1: Cyclic Neuromuscular Electrical
Stimulation

E2: Electromyographicaityiggered
Neuromuscular Electrical Stimulation

E3: Sensory Stimulation

E:SensoriMotor Active Rehabilitation
Training (SMART) with outcome trigger
electrical stimulation (O%tim)

C: SensoriMotor Active Rehabilitation
Training (SMART)

E: EM@riggered NMES + splint

C: Splint

1 Fugl Meyer Score: all (+)
1 Range of Motion: all elbow extension (+), all
shoulder flexion), wrist flexion {)

1 Shoulder subluxation (+)
1 Activeabduction range: without elbow flexion
(+), with flexion (+)

1 FugtMeyer Assessmerit)
1 Modified Arm Motor Assessment Task (

1 Motor Assessment Scalé (
1 Upper Arm Function-)

1 FugtMeyer Score: wrist/hand distal (+),
wrist/hand proximal {)
1 Motor Activity Log+)
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1 Action Research Arm Test (+)

Knutson et al.(2012) E1: Contralaterally controlled FES 1 Maximum finger extension angle) (
RCT (6) E2: Cyclic NMES 1 Tracking error (% of AROM) (
N=21 1 Fugl Meyer Score)(
1 Box and Block Tes(
1 Arm Motor Abilities Test Score) (
Lin & Yar(2011) E: Cyclic NMES + standard rehabilitation | 1 FugtMeyer Score (+)
RCT (6) C: Standard rehabilitation 1 Barthel Index (+)
N=46
Hsu et al(2010) E1: High dose NMES (60 minutes/sessiol 1 Fugl Meyer Assessment: E1/E2 vs. CE)vs. EZ
RCT (6) E2: Low dose NMES (30 minutes/sessior| (-)
N=66 C: No treatment 1 Action Research Arm Test: E1/E2@4+) E1 vs.

Kowalczewsket al. (2007) E1: High intensity FES exercise therapy

E2 ()
1 Grasp: E1/E2 vs. C(EL vs. E2)
1 Grip: EL/E2 vs. C (1 vs. E2)
7 Pinch: E1/E2 vs. C (B1 vs. E2)
1 Gross Movement: E1/E2 vs. C; @) vs. E2)

1 Wolf Motor Function Test (+)

RCT (6) E2: Lowintensity FES exercise therapy |1 Motor Activity Log+)
N=19 1 FugtMeyer Score-}
Popovic et al(2004) E: Early (acute) FES 1 UpperExtremity Function test: acute (+)
RCT (6) C: Delayed (chronic) FES 1 Drawing test: acute (+)
N=41
Popovic et al(2003) E: FES 1 Upper Extremity Function test (+)
RCT (6) C: Standard therapy 1 Drawing test (+)
N=28
Chae et al(1998) E: Cyclic NMES or EM@&gered NMES or | 1 FugtMeyer Score: post (+), 12wk follewp (-)
RCT (6) EMGcontrolled NMES + routine
N=46 rehabilitation
C: Sham stimulation + routimehabilitation
Miyasaka et al(2016) E: NMES + robotic training 1 FugtMeyer Assessment-J
RCT (5) C: Robotic training 7 Range of Motion-{
Nstar=30
Nen=30
Mangold et al(2009) E: FES 7 ADL subscoref Extended Barthel Index)(
RCT (5) C: Conventional therapy 1 Chedoke McMaster Stroke Assessmeit (
N=23
Thrasher et al(2008) E: FES + conventional therapy 1 Rehabilitation Engineering Laboratory Hand
RCT (5) C: Conventional therapy Function Test (+)
N=21
Alon et al (2007) E: FES + task specific training 7 Box and Block Test (+)
RCT (5) C: Task specific training 1 JebsenTaylor light object lift (+)
N=15 1 Modified FugiMeyer: 12wk (+)
Francisco et a{1998) E: EM@riggered NMES + standard theraj 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 Motiof (
RCT (5) C: No stimulation
Nstar=90
Nend=65
Faghri &Rodgerg1997) E: FES eonventional therapy 1 Range of motion (+)
RCT (4) C: Conventional therapy
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N=26 1 Shoulder muscle tone (+)

Heckmann et al(1997) E: EM@riggered ES + standard therapy |1 Range of motion (+)
RCT (4) C: Standard therapy

N=28

Faghri et al(1994) E: Cyclic NMES + conventional 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: Conventional Therapy

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

Table 10.8.3Summaryof Studies Evaluating Electrical Stimulation (FES, NMB&S}he Hemiparetic
Upper Extremity in Chronic Stroke (& months)

Author, Year Intervention Main Outcome(s)
Study Design (PEDro Scort Result
Sample Size
Gharib et al(2014) E: Electrical stimulation + repetitive 1 Modified Ashworth Scale (+)
RCT (9) task training 1 Jebsen Taylor Hand Function Test (+)
Nstar=40 C: Sham electrical stimulation + |1 Range of Motion (+)
Neng=40 repetitive task practice
Chae et al(2009) E1: Percutaneous intramuscular (i€ 1 ARM Motor Ability Test)
RCT (8) Cyclic EMG triggered/controlled) E
N=26 E2: Percutaneous ES for sensory
stimulation only
Lee et al(2015) E: NMES + robotic therapy 1 Modified Ashworth Scale (+)
RCT (8) C: Sham NMES + robotic therapy | 1 Wolf Motor Function Test (+)
Nstar=39 1 Stroke Impairment Séa (+)
Nend=39 1 FugtMeyer Assessment)(
1 Motor Activity Log+)
Barker et al(2008) E1: Device training with EMG 1 Modified Ashworth Scale (+)
RCT (8) triggered stimulation
Nstar=42 E2: Device training
Nend=33 C: Control
Chan et al(2009) E: Bilateral arm training + FES 1 FugtMeyer Score (+)
RCT (7) C: Bilateral arm training + sham FE 1 Functional test for the Hemiplegic Upper Extremity (4
N=20
Weber et al(2010) E: FES + botulinum toxa+ home |1 Motor Activity Log+)
RCT (7) based exercise program 1 Action Research Arm Tes} (
N=23 C: Botulinum toximA + homebased

exercise program

De Kroon &ljzerman(2008) |E1: EM@riggered NMES 1 Action Research Arm tesd)(
RCT (7) E2: Cyclic NMES 1 Grip Strength-
N=22 1 FugtMeyer Score

1 Motricity Index §)
Boyaci et al(2013) E1l: EM@riggered (active) NMES |1 Fugl Meyer Score: E1 vs. C (+), E2 vs. C (+), E19s.
RCT (7) E2: Passive NMES 1 Motor Activity Log (Amount of Use): E4. C (+), E2 vs.
Nstar=31 C: Control C ¢), E1 vs. E2)
Nen31 1 Motor Activity Log (Quality of Movement): E1 vs-)C (
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Kimberley et al(2004)
RCT (7)

N=16

Hu et al.(2015)

RCT (6)

Nstar=26

Nen=26

Ring & RosenthgP005)
RCT(6)

N=22

De Kroon et al(2004)
RCT (6)

N=30

Knutson et al(2016)
RCT (5)

Nstar=80

Nen—=64

Cauraugh and Kiif2003)
RCT (5)

N=34

Kim et al (2015)
RCT (5)
Nstar=33
Neng=29

Bayqgutalp et al(2014)
RCT (5)
Nstar=30
Nen=30

Doucet and Griffir{2013)
RCT (5)

Nstar=16

Nene16

Hara et al(2008)
RCT (5)

N=20

Mann et al. (2005)
5 (RCT)

N=22

Gabr et al(2005)

E: EM@riggered NMES
C: Sham

= =4 =

1
E: EM&riven NMES robot
C: EM&riven robot

1
E: Neuroprosthetic FES 1
C: Control 1

1
E1: Electical stimulation to the 1
extensor and flexor muscles 1
E2: Eletrical stimulation to the 1

extensors only

E1: Contralaterally controlled FES
(CCFES)

E2: Cyclic NMES 1

E1l: EM@riggered NMES + blocked {
practice 1
E2: EM@riggered NMES + random| {
practice

C: Control (no NMES)

E1: FES with biofeedback + mirror | §
therapy

E2: FES + mirror therapy

C: Conventional rehabilitation

E: NMES + conventional therapy
C:Conventional therapy

E1: High frequency NMES (40Hz)
E2: Low frequencNMES (20Hz)

= —a A |—a _a _a _a _a _a _=a

E: FES
C: Control 1

=

E: Neuromuscular Electrical 1
Stimulation
C: Passive Extension Exercises

E: EM@&riggered NMES 1

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 vs. C (+
E2vs. C(+), E1 vs. 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 (+)

1 FugtMeyer Assessmerit)
1 Action Research Arm Test (+)

Modified Ashworth Scale)

Modified Ashworth Scores (+)

Box & Block test (+)

Jebsen Taylor Hand Function test (+)
Arm Research Arm test)(

Motricity Index ()

Ashworth Scle ()

1 FugtMeyer Assessment)(
1 Arm Motor Abilities Test)

Box and Block Test (+)

Box and Block TesEl vs. C (+), E2 vs. C (+), EL vs) E
Reaction time: E1 vs. C (+), E2 vs. C (+), E1 v. E2 (
Sustained wrist/finger contraction: E1 vs. C (+), E2 v
(+), ELvs. 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 {)

Pain: post (+), at discharge (+), at 2mo folop(+)
Lateral pinch strength (+)

Minnesota Manual Dexterity Test (+)
Endurance of thumb adduction (+)

ROM (+)
Modified Ashworth Scale (+)

Action Research Arm Test (+)

Fugl Meyer Score (+)
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RCT (4) C: Home exercise 1 Action Research Arm tesf (

N=12
Hara et al(2006) E: FES 1 Modified Ashworth Scale)(
RCT (4) C: Control 1 Range of Motion (+)
N=14
Cauraugh et a(2000) E: EM@Griggered NMES + passive |1 Box and Block test (+)
RCT (4) range of motion + stretching 1 Motor Assessment scale)(
N=11 exercises 1 FugtMeyer upper extremity
C: Passive range of motion +
stretching exercises
King(1996) E: NMES 1 Tone reduction (+)
RCT (4) C: Passive stretch
N=21
Bhatt et al (2007) E1l: EM@riggered ES 1 Jebson Taylor tests)(
RCT (3) E2: Tracking training 1 Box & Block test)
N=20 E3: EM@riggered ES tracking 1 Finger tracking test)
training
Inobe et al (2013) E:ES 1 Fugl Meyer Score: upper extremities (+), distal and
PCT C: Sham ES proximal upper extremities (+)
Nstar=7
Nend=7

- 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 alon®r sham stimulation The
results indicated that FE$SMESwas associated with improvements in motor functioange of motion,

ADL and exterity in acute to subacute strokg#lon et al., 2007; Faghri, 1997; Faghri et al., 1994;
Francisco et al., 1998; Heckmann et al., 1997; Karakus et al., 2013; Lin & Yan, 2011; Popovic et al., 2003,
Powell et al., 1999; Thsher et al., 2008)Iin the chronic phase, FES/INMES may be advantageous at
recovering impaired manual dexterity, coordination and range of motion however, improvements in
motor function in general following FES/NMES are less ¢Bizatt et al., 2007; Cauraugh et al., 2000;
Conforto et al, 2002; de Kroon & ljzerman, 2008; de Kroon et al., 2004; Inobe & Kato, 2013; Kim & Lee,
2015; Ring & Rosenthal, 2005; Weber et al., 2010; Wu et al., 2D@6pite improvements observed
during both phases of stroke recovery, limited evidence indicates that recovery may be more significant
when FES was delivered early (@énths)compared to when it was delivered at a later chronic stage
(>6 months)(Popovic et al., 2004)More research is needed to verify this effeBurthermore,in
unfavourable patients, EMEMES was found to have no effect when compared to those receiving usual
care on measures of upper limb motfunction and dexteritfKwakkel et al., 2016)

Two studies compared a high intensity NMES or FES exercise therapy (60 minutes) amainst a
intensity exercise prograr(Hsu et al., 2010; Kowalczewski et al., 2080¢h studies found that there
was no significant difference between groupsupper limb motor functionin patients during the
acute/subacute phase post stroke.

EMGtriggered and cyclioeuromuscular electrical stimulation (NME3gctrical stimulationdelivered
to patients in the acutesubacute stroke phase led to improvements upper limb functional
impairments(Chae et al., 1998; Kojima et al., 205himodozono et al., 2014; Shindo et al., 2011)
However, the findings are Isslear when range of motiois considered given that only elbow extension
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was found to improve and not shoulder/wrist flexiomhen continuous NMES was delivered in
combination with repetitive facilitative exercise in the subacute phase of st(8kémodozono et al.,
2014) In individuals with laronic stroke,a similar beneficial effect on upper limb motor function was
found following EM@riggered NMES or electrical stimulatig@han et al., 2009; Gharib et al., 20Hu

et al., 2015; Kim, Lee, & Lee, 2015; Kimberley et al., 2004; Y. H. Lee et al., 2015; Ring & Rosenthal, 2005)
Unlike in subacute stroke patients however, EfiGgered NMES was not found to be superior to cyclic

or passive NMES at improving upper limb motor function in the chronic pliBmeci et al., 2013; de
Kroon & ljzerman, 2008; Wilson &k, 2016) Cantralaterally controlled FES (FES) was also not found to
be superior to cyclic NMES on measures of upper limb motor function, although it did show a benefit for
dexterity. Furthermore, Wilson et al(2016)also found that neither cyclic NMES nor EMiGgered
NMESwere superior to sensory stimulatiolelivering higar frequencyNMES (40Hzvokedgreater
improvemensin manual dexterity relative to logr frequency NMES (20HZPoucet & Griffin, 2013)

Three recent metaandyses have investigated the effect of NMES on functional recoveryspradte.

These studies include patients in the acute to chronic stage-gtosite and protocols involving upper

and lower limbs. Nascimentq2014) analyzed data from 16 RCTs and concluded that there were
significant improvements associated with cyclic NMES on both strength and activity level after stroke
(Nascimento et al., 2014)his review used a broader definition of cyclic NMES that included- EMG
triggered NMES. The effects were maintained ug@owveeks after 6 weeks of therapy when compared

to no treatment or a placeb@ascimento et al., 2014This review did not provide separate analysis for
the upper extremity studies.

A review of 18 RCTs by Howlett et(@015)included 9 RCTs of FES targeted for improvement of upper

limb function however, only 8 were analyzed. Outcomes used for analysesertblosk that reflect the
International Classification of Function domain of activity performance (i.e. Motor Assessment Scale for
Stroke(Barker et al., 2008Arm Motor Ability Test{Daly et al., 2005)Box and Block Tegs.J. Page et

al., 2012) Action Reserch Arm Te@dlann et al., 208), Upper Extremity Function Te@opovic et al.,

2004; Popovic et al., 2003nd the Wolf Motor Function TegfTarkka, Pitkanen, Popovic, Vanninen, &
Kononen, 2011)Due to the variatn in outcomes included, the results were measured in terms of
GFrOGAGAGREéE D t 22T SR ylrfeasSa RSY2yadaNIGS + aA3yATA
therapy (i.e. no treatment or placebo) on upper limb activity. Despite the positidinfis, 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). Furthermore, 3 studies included patients

in the acute phase of strokyhile the remainder 5 studies evaluated patients in the chronic stage with
atimeposti i NP1S NIYIy3IAYy3I FNRY ¢ G2 nc Y2yluKaod [ladfex
Fff 2dzi02YSa FaasSaa GKS al yYS | &LXeORoa an@ BlockiTesD i A JA
assesses manual dexterity, while the Upper Extremity Function Test measures general upper limb
function. Combining all measures does not provide an accurate representation of the effect of FES on
upper limb impairment following strak

Analyses involving only the upper limb in the most recent review showed that various NMES treatments
had no effect on spasticity in the wrist or elbow, or on range of motion in the wrist when combined with
other treatments(Stein, Fritsch, Robinson, Sbruzzi, & Plentz, 20t only significant result was a
positive relationship of NMES on range of motion in the elbow. Antlbadjmitations of these studies, a

lack of blinding of therapists and participants was most prevalent. 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
intention-to-treat analysis, and the inclusion of studies of low methodological quality and statistical
power.
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Conclusions Regardinge BNMESTherapyfor Upper Extremity

There is level 1a and level 2 evidentat FEBNMESmay improve upper limb motor function, range

of motion, and manual dexterity when offered in combination with conventional therapy or
delivered alone in subacute strok&he evidence is also indicative a beneficial effect on range of
motion and manual dexterity when FES/NMES was offered to chronic stroke patients either alone or
in combination with other therapies.

Despite improvements in both stages of stroke recovery, level 1b evidence indicageelivering
FES early (<6 months) may be more beneficial at recovering impaired motor function than delivering
FES after 6 months postroke.

There is level 1b evidence that EMGMES in the subacute phase not more effective than usual
care for patents with an unfavourable prognosis based on voluntary finger extension.

There is level 1a evidence that high intensity NMES or FES exercise is no more effective for improving
upper limb motor function than low intensity NMES or FBE$he subacute phase

There is level 1a and level 2 evidence that both EMGgered and cyclic approaches to
NMES/electrical stimulation may improve upper limb motor function and range of motion in
subacute and chronic stroke patients; however, evidence indicates no supéeoefit of EMG
triggered NMES over cyclic or passive NMES at improving upper limb motor function in clileret
1a) and subacute (level listroke patients.

There is level 1b evidence that Contralaterally Controlled FES is not superior to cyclic MMES
improving upper limb motor function, although it may improve dexterity.

There is level 1b evidence that coupling continuous NMES with repetitive facilitative exercise may be
beneficial at improving general upper extremity function and range of motiauring elbow
extension but not during shoulder or wrist flexion in subacute stroke patients.

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 ancanual dexterity in chronic
stroke individuals.

Both functional electrical stimulation (FES) and neuromuscular electrical stimulation (NMES)|may
help improve impaired upper extremity motor function during all phases of stroke (i.e. from agute
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.e. cyclic, EM@iggered, and passive).

10. Upper Extremitynterventions pg.1050f 208
www.ebrsr.com


http://www.ebrsr.com/

10.8 Brain Stimulation

Brain stimulation has beeimcreasinglystudied as a means to improve motor recovery, particularly in
the hand, and to alleviate pain in chronic stroke. Both invasive andm@sive methods are available.

10.8.1 Invasive Motor Cortex Stimulation (MCS)

Since Tsubokawa et 4lL991)discovered that stimulation of the motor cortesa implanted electrodes

was sufficient to induce muscle contraction its use was extended totentially treat various
neurological conditions including 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 hae evaluated the use of invasive motor cortex stimulation for improving motor function
post stroke are summarized in table &.1.

Table10.8.1.1 Summaryof RCTs Evaluatirigvasive Stimulation for the Upper Extremity

Author, Year Intervention Main Outcome(s)
Study DesignREDroScore) Result
Sample Size
Dawson et al(2016) E: Impanted vagus nerve stimulatig 1 FugiMeyer Assessment (+)
RCT (7) + upper limbtherapy 1 Action Research Arm Tes} (
Nstar=20 C: Upper limb therapy 1 Grip Strength
Nend=20 19 Hole Peg Test)(
1 Box and Block Tes)(
Brown et al (2006) E: Motor cortex stimulation 1 Fwl Meyer Scale (+)
RCT (6) C: Rehabilitation 1 Stroke Impact Scale (+)
N=10
Levy et al(2016) E: Cortical implant with epidurat6 |1 Upper Extremity Fugileyer ¢)
RCT (6) contact lead perpendicular to the | 1 Arm Motor Ability Test-]
Nstari=164 primary motor cortex and a pulse
Nen=128 generator
C: No implant
Huang et al(2008) E1: Motor cortex stimuldon (50Hz) | 1 Fugl Meyer Score (+)
RCT (5) C1: Rehabilitation therapy 1 Box and Block Test (+)
N=24 E2: Motor cortex stimulation (101H; 1 Stroke Impact Scale)(
C2: Rehabilitation therapy 1 Arm Motor Ability Test-]
9 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 differences between treatment groups
+ Indicates statistically significant differences between treatment groups

Discussion

Motor Cortex StimulationMICS was found to improve upper limb motor function post stroikesome
studies, but not in otherBrown et al(2006)reported efficacious gaings upper limb motor function in
patients who received MCS compared to a control group who received standardHmasever, the
results of this study are to be interpreted with cautidecause the study was highly underpowered,
with only 10 patients included.
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In another study Huang et al(2008)reported a significant effect of group, with significantly favourable
gains for the treatment groups on the Fugkyer Assessment and Box and dddrest (BBThut no
significant improvement on théirm Motor Ability Test (AMATHuang et al(2008)suggest that the
difference in BBT and AMAT may also have been due to sensitivity of proximal performkinoagh
grip strength did not show any improvemerthe authors suggest that gains may have been more
proximal than distal.

Dawson et al(2016)also found an improvement in those receiving implanted vagus nerve stimulation
and upper limb therapy in comparisdo those only receiving pper limb therapy on the Fugdlleyer
Assessment for upper limb motor function. However, no significant difference between groups was
found on the Action Research Arm Test, Nine Hole Peg Test, and the Box and BIGERiF ssiggests

that vagus nerve stimation may improve overall upper limb motor functiobut not dexterity or grip
strength

Lastly, dargestudy by Levy et a{2016)found no significant difference on upper limb motor function
outcomes between patients receiving a cortical implant providing primary motor cortex stimulation with
a pulse generator when compared to those not receiving an implant.

Adverseevents have also been reported in patients receiving MCS. Brown @086) evaluated the

safety of MCS and did not report any deaths or neurologietdrioration, and although there were two
cases of infection, the authors stated that these were due to a protocol violation and a faulty lead and
therefore are not typical of the MCS itself. One seizure also occurred in the study conducted by Huang et
al. (2008) but the authors believe that it was caused by the anesthetic rather than the treatment.
Additional prospective multicergr double-blind RCTs areeeded to establish definitive datagarding

the use ofMCSfor the recovery of impaired motor function post stroke.

Conclusions RegardingvasiveMotor Cortex Stimulation (MCS)

There islevel 1la evidencethat motor cortex stimulation does not improveupper limb motor
function.

There is level 1b evidence thatagus nerve stimulation can improve overall upper limb motor
function, but not dexterityor grip strength

Motor Cortex Stimulatiorvia implanted electrodesnay notimprove upper limb function in patientg
post-stroke. More studies are needed to conclude dhe effectiveness of vagus nerve stimulatign
for upper limb motor function.

10.8.2 NonlInvasive Motor Cortex Stimulation

In the preceding section, the efficacy of motor cortex stimulation by surgically implanted devices in the
relief of central pain following strokds reviewed. Cortical stimulation can also be achieved-non
invasively through the use of single or repetitivanscranial magnetic stimulation (TMS and rTMS) and
transcranial directurrent stimulation (tDCS) to help improve motor recovery.
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10.8.2.1 Repetitive Transcranial Magnetic Stimulation (rTMS)

TMS is a novel approach to neurorehabilitation followinglet: TMS may be delivered in a single pulse,

in paired pulses or as repetitive trains of stimulation. Repetitive TMS (rTMS) produces effects which last
longer than the period of stimulation. When TMS is applied in the form of trains of stimuli (frTM$®) to th
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 2MHz) stimulation increases excitabilignd 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 cortexRepetiive TMS induces sustained
increases in cortical excitability through mechanisms that are still not well deflredever,inhibition
of the unaffected hemispher¢heoretically resuls in decreasd inhibitory projectionsto the affected
hemisphere increasng intracortical excitability within the ipsilesional cortical tisshat ultimately
would translate into a improvement in motor function (Fregni et al., 2006 Alternatively, excitatory
rTMS may target the affected hemisphere directly, thereby increasing intracosticithbility (Hoyer &
Celnik, 2011)RepetitiveTMS has also been used to identify those patients who might benefit lsogn
term motor cortex stimulation longerm using implantable devices.

A recent metaanalysis(Hsu, Cheng, Liao, Lee, & Lin, 20it2juding the results of 18 RCTs and
representing data from 392 patients, examined the effectiveness of rTMS for impnonitay function
following stroke. The authors reported a clinically significant treatment effect. The outcomes evaluated
included finger tapping tasks, the Nine Hole Peg Test, hand grip strength and the Wolf Motor Function
test. The treatment effects assated with treatment in the acute, sudcute and chronic stages of
stroke were 0.79, 0.63 and 0.66, respectively. ifmguency rTMS (1 Hz) over the unaffected
hemisphere appeared to be more effective than higiquency rTMS (10 Hz) over the unaffected
hemisphere (treatment effect =0.69 vs. 0.41).

A systematic review with metanalysis by Graef et dR016)investigatal whether there is a significant
difference between rTMS with upper limb training in comparison to sham rTMS with upper limb
training. The review included 11 studies, and overall found no gigntfdifference between groups for
upper limb motor function or spasticity.

A growing number of studies have investigated the effects of both singleepwtitive TMSwith the
aim of improving function of the upper extremity and lower extremithe resilts of RCTs evaluating
rTMS for the upper extremity are presented in TableB1D1.1.

Table D.8.2.1.1Summary of RCTs Examining rTMS

Author, Year Intervention Outcome(s) and Resu(k)
Study DesignREDro Scoie

Sample Size
Wang et al(2014) El: 1Hz rTMS premotor 1 Wolf Motor Function Test: E1 vs. E2 (+), E1 vs
RCT (9) E2: 1Hz rTMS motor (+),E2vs. C (+)
Nstar=44 C: Sham 1 FuglMeyer Score: E1 vs. E2 (+), EL vs. C (+), E
Nen=44 C(+)
LidemannPodubecka et al E1: 1Hz contralesional rTMS + motor |1 Wolf Motor Function Test: EZvC2+), E1 vs. C]
(2015) training, lesioned dominant hemisphen  (+)
RCT (9) E2: 1Hz contralesional rTMS + motor |1 Motor Evaluation Scale for Upper: E2 vs. §2H1
Nstar=40 training, lesioned nordominant vs. C1 (+)
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Nen=40 hemisphere
C1: Contralesional sham + motor
training, lesioned dominant hemispher
C2: Contralesional sham + motor
training, lesioned nordominant

hemisphere
Hosomi et al(2016) E: rTMS
RCT (8) C: Sham
Nstar=41
Nend=39
Yang et al(2016) E1l: Repetitive TranscratiMagnetic
RCT (8) stimulation with sensory cueing
Nstar=60 E2: Repetitive Transcranial Magnetic
Nen=60 stimulation
C: Conventional Rehabilitation
Senidwet al. (2012) E: rTMS + PT
RCT (8) C: Sham + PT
N=40
Khedr et al(2009) El: 1Hz rTMS
RCT (8) E2: 3Hz ITMS
N=36 C: Sham
Khedr et al(2010) El: 3Hz rTMS
RCT (8) E2: 10Hz IrTMS
N=48 C: Sham
Sasaki et a(2013) E1l: 10Hz rTMS lesioned hemisphere
RCT (8) E2: 1K rTMS nodesioned hemisphere
Nstar=29 C: Sham
Nen=29
Barros Galvao et a2014) E:Inhibitory rTMS
RCT (8) C: Sham
Nstar=20
Nen=18
Sasaki et a(2014) E: Bilateral high antbw frequency rTMs
RCT (8) C: High frequency rTMS
Nstar=58
Nen=58
Pomeroy et al(2007) ELl: rTMS + voluntary muscle contracti
RCT (8) (VMC)
N=27 E2: rTMS + placebo VMC

E3: Sham rTMS + VMC
C: Sham rTMS + placebo VMC

LudemannPodubecka et al. E:InhibitoryrTMS

(2015) C: Sham

RCT (7)

Nstar=40

Nen=33

Abo et al (2014) E:InhibitoryrTMS + OT training
RCT (7) (NEURO)

Nstar=66 C: CIMT

Nens=66

= —a —a _a

1
1
1

= —a —a _—a _a _a _a

f
1

= A —a (—a _—a _a _a _a

f
1

Brunnstorm Stage)

FugtMeyer Assessment-{

National institute for Health Stroke Scake (
Grip Power+)

FugtMeyer Assessment)(
Action Research Arm Tes} (
Modified Barthel Index-J

Wolf Motor Function Test (uppen)(
Fugl Meyer Assessmen) (

Grip strength: rTMS vs. sham (+)

Pegboard task: rTMS vs. sham (+)

Barthel Index: rTMS vs. sham (+)

NIHSS: ITMS vs. sham (+)

Grip strength: rTMS vs. C (+), E1 vs-E2 (
NIHSS: rTMS vs. C (+), E1 vs:)E2 (

Modified Rankin Scale: rTMS vs. CE#)ys. E2)
Grip strength: E1 vs. C (+), E2 vs) C (

Tapping frequency: E1 vs. C (+), E2 v9. C (

Modified Ashworth Scale)(

Fugl Meyer Assessmen) (

Stroke Specific Quality of Life Sca)e (
FIM €)

Wrist range of motior(-)

Brunnstrom (+)

Grip strength {)

Tapping frequency

Flexion/extension torque-)
Action Research Arm Tes} (

Wolf Motor Function Test (+)
Motor Evaluation Scale (+)
Finger Tapping)

Fugl Meyer Score (+)
Wolf Motor Function Test)
Functional Assessment Score (+)
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Higains et al(2013)
RCT (7)

Nstar=11

Nen=11

Emara et al(2010)
RCT (7)

N=60

Takeuchi et al(2008)
RCT (7)

N=20

Liepert et al (2007)
RCT (7)

N=12

Fregni et al(2006)
RCT (7)

N=15

Zheng et al(2015)
RCT (7)

Nstar=112
Nen=108

Cassidy et af2015)
RCT (7)
Nstar=11

Nen=11

Du et al.(2016)
RCT (7)
Nstar=69

Nend=55

Li et al.(2016)
RCT (7)
Nstar=127
Nen=127

LudemanrPodubecka et al.

(2016)

RCT (7)
Nstar=10
Nen=10

501 31 ((018)0 |t ®

RCT (6)
Nstar=34
Nen=34
Jietal(2014)
RCT (7)
Nstar=35

Nen=35

Sung et al(2013)
RCT (6)
Nstar=54

E:Inhibitory rTMS
C: Sham

El: 5Hz rTMS
E2: 1Hz rTMS
C: Sham

E:Inhibitory rTMS + pinch forcenotor

training

C: Sham + pinch force motor training

E:Inhibitory rTMS
C: Sham

E:Inhibitory rTMS
C: Sham

E: 1 Hz rTMS + virtual reality (VR)
training
C: Sham + VR training

El: 6Hz rTMS
E2: 1Hz rTMS
C:Sham

E1: 1200 10s pulses 3Hz ipsilesional

rTMS

E2: 1200 30s pulses 1Hz contralesion

rTMS
C: Sham rTMS

E1:1Hz rTMS
E2: 10Hz rTMS
C: Sham

E:1 HzZ2rTMS
C: Sham

E:InhibitorytDCS + rTMS + Mirror
Therapy
C:Sham tDCS + Mirror Therapy

E1: Mirror therapy-excitatoryrTMS
E2: Mirror therapy
C: Sham

El:Inhibitory rTMS +iTBS
E2: Sham rTMS +iTBS
E3:Inhibitory rTMS + sham iTBS

= = —a —a _a

Box and Block Tesf)(
Motor Acitivity Log+)
Wolf Motor Function Test)

Finger tapping test: rTMS vs. C (+)
Activities Index: rTMS vs. C (+)
Modified Rankin Scale: rTMS vs. C (+)

Pinch acceleration (+)
Pinch force (+)

Grip strength {)
9-hole peg test (+)

JebserTaylor Hand Function test (+)

Fugl Meyer Score (+)

Wolf Motor Function Test (+)
Modififed Barthel Index (+)

SF36 (+)

Box and Block Test: E1/E2 vs. C (+)

FugtMeyer Assessment: EL/E2 vs. C (+)
Medical Research Council Score: E2 vs. C (+)
National Institute of Health Strok8cale: E1/E2
vs. C (4)

Modified Rankin Scale: E1/E2 vs. C (+)
Barthel Index: EL/E2 vs. C (+)

FugtMeyer Assessment: E1L/E2 vs. C (+)
Wolf Motor Function Test)

Jebsen Taylor Hand Function Test (+)
Box and Block Tesi)(

Action Research Arm Test (+)

Fugl Meyer Score: E1 vs. E2 (+), E2 vs. C (+)
Box and Block Test: E1 vs. E2 (+), E2 vs. C (+)

Wolf Motor Function test: E(all) vs. C (+), E1 vs
(+),Elvs.E3 (4)
FugtMeyer Assessment: E(all) vs. C (+), E1 vs.
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Nen=54

Conforto et al(2012)
RCT(6)
N=29

Malcolm et al (2007)
RCT (6)

N=19

Takeuchi et al(2009)
RCT (6)

N=30

Takeuchi et al(2005)
RCT (6)
N=20

Kim et al (2014)
RCT (6)

Nstar=31

Nen=31

Khedr et al(2005)
RCT (6)

N=52

Chang et al(2010)
RCTR)

N=28

Rose et al(2014)
RCT (5)

Nstar=22

Nen19

Lindenberg et al(2010)
RCT4)

N=20

Mansur et al (2005)
RCT (4)

N=10

Kim et al(2016)
PCT

Nstar=82
Neng=82

Guo et al(2016)
PCT

C: Sham rTMS + sham iTBS

1
E:Inhibitory rTMS 1
C: Sham 1
1
1
E:Excitatoryy TMS 1
C: Sham 1

El: Bilatera(dual)rTMS + pinch force |{
motor training 1
E2:Excitatoryr TMS affected

hemisphere + pinch force motor trainir
E3:Inhibitory rTMS unaffected
hemisphere + pinch force motor trainir

E:Inhibitory rTMS 1
C: Sham 1
E:Excitatoryy TMS il
C: Sham
E: IrTMS 1
C: Sham 1
1
E:rTMS 1
C: Sham 1

E: rTMS + functional task practice (FT| 1
C: Sham + FTP

E: rTMS
C: Sham

= A A _—a _a _a _a _a _a

E: rTMS
C: Sham

E1l: rTMS responders based on selfe
score ofModified Barthel Index

E2: rTMS nomesponders based on self
care score of Modified Barthel Index | {

1
f
f
1
)l
)l

C: Usual care 1
E: 10Hz rTMS + usual care 1
C: usual care 1

(+), E1vs. E3 (+)

FIM €)

JebsenTaylor Hand Function test (+)
Pinch Force (+)

FugtMeyer (upper) (+)

Modified Ashworth {)

Wolf Motor Function Test)
Motor Activity Log+)

Pinch force: E1 vs. E3 (+), E1 vs. E2(+)
Acceleration: E1 vs. E3 (+), E1 vs. E2(+)

Hand and pinch force)
Hand acceleration (+)

Manual Function Test (+)

Barthel hdex (+)

NIHSS (+)

Scandinavian Stroke Impact Scale (+)
Motricity Index (+)

FugtMeyer ()

Wolf Motor Function Test)

Lateral pinch4

Palmar pinch-

Fugl Meyer Assessmen) (

Action Research Arm Tes} (

Modified Ashworth Scale)(

Motor Activity Log: quality of movement)(
Motor Acitivity Log: amount of use)(

Fugl Meyer (Upper) (+)

Wolf Motor Function test (+)

Simple reaction time (+)

Four-choice reaction time (+)

Finger tapping test

Perdue Pegboard test (+)

Modified Barthel Index: E1 vs. E2/C (+)

National Institute of Health Stroke Scale: E1/EZ

vs. C (4)
Brunnstrom Stage: E1/E2 vs. C (+)
Upper LimbMobility: E1 vs. E2/C (+)

National Institute for Health Stroke Scakg (
Barthel Index-)
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Nstar=15 1 FugtMeyer Assessment (+)
Nen=15

Etohet al.(2016) El: Exercise + IrTMS 1 FugtMeyer Assessment)
PCT E2: Exercise + NMES + Vibration 1 Action Research Arm Tes} (
Nstar=33 E3: Exercise + NMES + Vibration + rT| 1 Modfied Ashworth Scale)(
Nen=33

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

most often conducted on patientsluring the chronic stage of strokeA number of studies also
investigated the intensity of rTMS provided. Research from Khedr &G9; 2010jnvestigated 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 was more efficacious than 3Hz, with patients who received
1Hz performing better on the PegbahTask and on thd&ational Institutes of Health Stroke Scale
(NIHSE however, the authors were unable to provide an explanation for this differ¢ildbedr et al.,

2009) In a later studyKhedr et al.(2010) compared 3Hz with 10Hz, and reported no significant
differences between protocols but significant improvement in favour of rTMS compared to a sham
rTMS condition was found. The authors note that 3Hz was performed at 130% 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 §010) also highlighted that misestimating the motor
threshold, as well as the lack ofsarrogate markeinforming clinicians when rTMS has activated the
cortex, may lead to patients being stimulated suboptimally. Sasaki ef2@l3) reported greater
functional improvements in patients who received higbgquency compared with lovrequency rTMS,

and noted that patients in the acute stage of stroke may benefitnfa highfrequency 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 recoWang 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 promoting recovery then rTMS over the FAMdever, boh intervention
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 between pyramidal tract
neurons and neurons with distant intarenected projectiongC. C. Wang 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 were made between the ipsilesional and
contralesional conditions, ANOVA analyses revealed a significant gydimeéinteraction with greater
improvement indicated in both rTMS groups compateda sham rTMS condition. An increase in the
cumulative number of sessions may also play a role; Emara €Qdl0) randomized participants to
receive 10 daily sessions of eithesham, 5Hz ipsilesional or 1Hz contralesional rTMS, and reporte
statistically significant improvement in upper extremity motor function in the active stimulation groups
compared to the sham control grouplhe authorsnoted that patients in the contralesional 1Hz
condition received twice as marnyeatment sessionsas compared toprevious 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.
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LidemanAPodubecka et al.(2015) compared 1Hz rTMS with a sham condition, targeting the
contralesional hemisphere, for a total of 3 weeks. All participargte ed¢ceived daily 3thinute motor
training sessions. In terms of participants with lesioned-dominant hemispheres, the study did not
find a significant difference between the two conditions for either the unaffected hand or the affected
hand; however,n terms of participants with lesioned dominant hemispésgrchanges in motor function

of the affected hand differed significantly between groups as indicated by WMFT and Motor Evaluation
Scale for Upper Extremity in Stroke Patients (MESUPES) scoreselts3amd 6 months, at and 1 week,
respectively. Withirgroup analyses revealed that participants with lesioned dominant hemispheres
receiving rTMS and participants with lesioned fdmminant hemispheres receiving either sham or rTMS
therapy showed significd changes in motor function of the affected hand over the thvesek 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 esidral M1 area
improves motor ability in the affected hand in patients with a lesion in the dominant hemisphere, but
not in those with lesioned nedominant hemispheref.udemanAPodubecka et al., 2015)

Other studies have sought to improve motor function by implementing a pthysiapy program
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 lasting effects of rTMS with motor training during elevated levels
of excitability in the motor cortex, allowing for reorganisat and therefore acquirement of functional
ability (Takeuchi et al., 2008Mixed results were reported by Chang et(@010) who combined 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 between
group differences were observetlowever,both Seniow et al(2012)and Barros Galvao et gR014)
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 extemity 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 time lageleetwhanges in spasticity and
function; therefore, studies including a longer follayw time may be better able to detect functional
improvements(Barros GalvA£o et al., 2014urthermore, Rose et gR014)alsoreported 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 lowfrequercy (1 Hz) rTMS and sham rTMS with a virtual reality training
protocol and reported significantly higher scores on the WMFT, FMA, modified Barthel Index, and the
SF36 Physical Functioning subscale among those receivingrémuency rTMS. It has been sugtgs

that rTMS can change synaptic efficacy and facilitate pradigendent plasticity, thereby improving
motor regeneration, and when combined with VR training, may produce a synergistic @fesig et

al., 205).

Studies investigating the effectivenesslafv-frequencyrTMS in comparison to sham fourednflicting
results on upper limb motor function and dexterity outcomes. For example, studies such as those by
Wang et al.(2014) LudemanrPodubecka et al(2015) Zheng et al(2015) Du et ak2016)found a
significant difference between groups. However, studies such as those by Hosom2étLé) Yang et

al. (2016) and Seniow et a(2012) found no sigricant difference. Two studie@Barros GalvA£o et al.,
2014; Liepert et al., 2007pund that lowfrequencyrTMS did not improve upper limb spasticity.
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All studies investigatindnigh-frequencyrTMS founda significant effect when comparad sham rTMS,
including on outcomes such as upper limb motor functidaxterity, and grip strengtifiCassidy et al.,
2015; Chang et al., 2010; Emara et al., 2010;ali,2014; Khedr et al., 2010; Kim, Lee, & Song, 2014; Li,
Chai, Xu, & Li, 2016; Sasaki et al., 2013)

None of the studies comparing higlequency and lowrequency rTMS found a significant difference on
measures of rator function or grip strengtl{Cassidy et al., 2015; Emara et al., 2010; Khedr et al., 2010;
J. Li etl., 2016; Sasaki et al., 2013)

Two studiesnvestigated both higHirequency and lowrequency rTM&t the same time compared to
high-frequency rTMS alone pscifically Sasaki et a2014)and Takeuchi et al2009) Based on the
results from he study by Sasaki et §2014) there was an improvement in upper limb motor function,
but not in grip strength between the groups.

Conclusions Regarding Repetitive Transcranial Magnetic Stimulation

There is level 1a conditing evidence regarding the effectiveness lofiv-frequency (1Hz)TMS for the
improvement of upper limb motor function and dexterityf.here is also level 1a evidence that
inhibiting rTMS does not improve upper limb spasticithhen compared to sham stimulatian

There is level 1a evidence thhigh-frequencyrTMS(#6 Hz)improves upper limb motofunction,
dexterity, and grip strengthwhen compared to sham stimulatian

There is level 1a evidence that there is no significantetiénce between inhibitory and excitatory
rTMS for improving upper limb motor function or grip strength.

There is level 1b evidence that dual rTMS (the combination of both inhibitory and excitatory rTMS)
improves upper limb motor function, but not grip stngth when compared to sham stimulatian

It is unclear whether lowfrequency (1 Hz) Repetitive Transcranial Magnetic Stimulation (RTM$) is
effective, while highfrequency (5 Hz) and Dual RTMS Repetitive Transcranial Magnetic Stimulation
is likely effectivefor improving upper limb motor function.

10.8.2.2 Theta Burst Stimulation (TBS)

Theta Burst Stimulation (TBS) is a novel form of rTMS that providesiatiwgity output that can incite

or reduce cortical excitabilityTalelli, Greenwood, & Rothwell, 200As poor upper limb recovery is
associated with a reduction of excitability in the ipsilesional primary motor cortex M1 and increased
excitability in the contralesional M1, TBSn be used to rebalance hemispheric activity. This can be
achieved through the use of intermittent TBS (iTBS) which can facilitate M1 excitability, or continuous
TBS (cTBS), which can suppress M1 excitaf#ilityerley, Stinear, Barber, & Byblow, 2018)ividually,

both are found to be successful despite the limited literature on TBS and upper limb function. The use of
cTBS has been found tmprove reaction times of the paretic limfMeehan, Dao, Linsdell, & Boyd,
2011) although other studies have not reported any clinical effects despite a reduction in motor evoked
potentials of the contralesional hemisphef€alelli et al., 2007)Not only can TBS be used for functional

or strength gains, but previous literature has also reported alleviation of spasticity. Research by Kim et
al. (2016)revealed that intermittent TBS of the ipsilesional motor hotspot for the carpi radialischa
resulted in a significant 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
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treatment of other motor disorders such as atxiwith decreases in intracortical inhibition and

increases in intracortical facilitation observégbnni, Ponzo, Caltagirone, & Koch, 2014)

The results of controlled trials evaluating TBS are detailed in Tald 201.

Table D.8.2.2.1Summary ofControlled TrialsExaminingTBS for the Upper Extremity

Author, Year

Study DesignFEDro Scone

Sample Size
Sung et al(2013)
RCT (9)
Nstar=54
Nen=54

Ackerley et al.(2016)
RCT(8)

Nstar=18

Nen=18

Kim et al.(2015)
RCT (8)

Nstar=15

Nen=15

Di Lazzaro et a(2016)
RCT (7)

Nstar=20

Nen=17

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

Volz et al(2016)
RCT (5)
Nstar=26
Nen=17

Lai et al(2015)
PCT

Nstar=72

Nend=72

Kim et al (2015)
PCT

Intervention

E1: rTMS +iTBS

E2: sham rTMS +iTBS

E3: rTMS + sham iTBS

C: Sham rTMS + sham iTBS.

E:iTBS
C: Sham TBS

E:iTBS
C:Sham TBS

E: cTBS + robotic therapy
C: Sham TBS + robotic therapy

E1:iTBS

C1: Sham iTBS
E2: cTBS

C2: Sham cTBS
E:iTBS

C: Sham

E: cTBS
C: Sham

E:iTBS
C: Sham TBS

E1l:iTBS
E2:iTBS
E3:iTBS
C: Sham
E:iTBS

C: Sham

MEP+, MRC>1)
MEPMRC>1)
MEPMR=0)
MEP+, MRC>1)

~ o~ o~ —~

Outcome(s) andresult(s)

Finger Flexor Medic&esearch Council
Scale (+)

Wolf Motor Function test: E(all) vs. C (
Elvs. E2 (+), Elvs. E3 (+)
FugtMeyer Assessment: E(all) vs. C (4
Elvs. E2 (+), Elvs. E3 (+)

1 Simple reaction time (+)

= = —a —a _a

=

= —a |=—a —a _—a _a _a

Action Research Arm Test (+)
FugtMeyer Assessment)(

Madified Ashworth Scale (+)

Peak torque (+)

Peak torque angle (+)

Work ¢)

Modified Tardieu Scale: R1 (+), R2 (

FugtMeyer Assessment)(

Nine Hole Peg Tes)(
Jebsen Taylor Hand tes) (

Fugl Meyer Assessment (upper) (+)
Action Research Arm Tes}

Action Research Arm Tes} (

Nine Hole Peg Tesf)(

Jebsen Taylor hartgst (-)

Grasp strength-{

Pinch strength-j

Grip Strength (+)

Jebsen Taylor Hand Function Te}t (

Wolf Motor Function Test: E1 vs E2 (+
ElvsC(+)

Finger Tapping: E1B2 (+); E1 vs E3 (+
ElvC(+)

Modified Ashworth Scale (+)

Peak torque (+)
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