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The effects of unimanual and bimanual massed practice on upper limb

function in adultswith cervical spinal cord injury: a systematic review

Purpose: To determine whether unimanual massed practice (UMP) anchbaiha
massed practice (BMP) improve upper limb function in adults egtkical spinal cord
injury (cSCI), and the comparative effectiveness of thesabibtation approaches.
Methods: A systematic search of 5 electronic databases, OpenGdaglamant
reference lists was performed to identify studies investigétiegffects of UMP and/or
BMP on upper limb function in adults with cSCI. Studies wagpraised using a
modified version of the Cochrane risk of bias tool. The finding® \yaalitatively
synthesised.

Results: Fiverandomised controlled trials and 2 case studies were includestugies
included UMP, 3 included BMP, and 2 compared these approd@higsl study, in
which participants received UMP or BMP + somatosensory stiionlgtresented a

low risk of bias for a functional upper limb outcome. Upper limb fismcimproved
significantly in both groups, with no significant betweenugralifferences; however the
study was limited by its small sample size and lackingn&alogroup.

Conclusions: Preliminary evidence suggests both UMP and BMP may help improve
upper limb function post-cSCI, particularly when combined with sosssory
stimulation. However, there is a paucity of high quality studiehis area and further
research is warranted.

Keywords:systematic review; unimangddimanual; massed practice; cervical spinal

cord injury; upper limb function

Word count: 4733
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I ntroduction

Almost 60% spinal cord injuries are at the cervical levelrfg5ulting ina catastrophic
loss of arm and hand functipmeducing societal participation and overall quality of life
[2]. Given this, it is not surprising that individuals itervical spinal cord injury
(cSCiI) cite recovery of arm and hand function as tineist important goal during
neurorehabilitation [3]Although a wide range of rehabilitation approaches may
improve upper limb function post-cSClI, those currently usetdinical practice ee
thought to be poorly evidence-based [4]. This is partly duega@earth of high quality
studies in this area and partly because many of the stiahdsicted have focused on
expensive technology which is rarely used in clinical pradd¢ Comprehensive
reviews of promising rehabilitation approaches for improving ufmér function post-
¢SCI, which do not require costly technology, are theref@eanted to help inform
clinical practice and highlight areas for future research.

Unimanual massed practice (UMP) and bimanual massed practide) (&l 2
such rehabilitation approachehich have shown promise in primary studies, and
deserve particular attention due to their recognised bemefitther neurological
conditions such as stroke and cerebral psg]. Both these interventions involve
intense repetitive practice of task-orientated motavisies, using either 1 upper limb
(UMP) or both upper limbs (BP) [8].

UMP may consist of intensive training of 1 limb in isolatm may bea
component of a more extensive training intervention siscbonstraint-induced
movement therapy (CIMT)n which intensive training of the more affected limb is
combined with restraint of the less affected limb andoverbehavioural techniques [9]
The intense use of 1 limb and resulting increase in affénput from that limb is

thought to stimulate neuroplastic changes, such as codaajanisation, and help
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minimise “learned non-use”, a phenomenon in which lack of use of a limb results in

movement suppression [BMP is also believed to stimulate neuroplasticity, but unlike

UMP it is based on the principle of interlimb neural caupland aims to optimise
interhemispheric synchronisation and disinhibition [1Q,BMP allows both upper
limbs to be trained simultaneously; hence may be partigutatpful for individuals
with cSCI as their impairments are typically bilatgd#l]. It has however also been
suggested that UMP may be more beneficial than BMmibviduals with cSClas
focusing on 1 hand only allows a greater intensity of pra¢fi2]

Despite the potential benefits of UMP and BMP, a prospestidy of
specialist spinal injury centres in 3 different coustseggested that neither of these
approaches are commonly used in clinical practice [IL&t over 50% of the
participants in this study were classed as having tetraplegueever the average time
per participant spent practicing arm and hand activitied) as grasping and lifting,
was only 17.5, 31.3 and 49.4 minutes peetin the Netherlands, Australia and
Norway respectively.

Given the potential of UMP and BMP to support individual$wfBCl to
achieve their most significant rehabilitation goal, in\gegting their effectiveness is of
paramount importance. While 2 recently published systemeatiews investigated
spinal cord injury rehabilitation approaches, neither provadddtailed analysis of
either UMP or BMP [14,15]In light of this, the objectives of this review are to
investigate:

(1) If UMP and BMP, either alone or combined with additionalrirgetions,
improve upper limb function in adults with cSCI.

(2) The comparative effectiveness of UMP and BMP in improving ufimédr

function in adults with cSCI.
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M ethods

This review has been conducted according to a protocol reglsiath the Prospero

International Prospective Register of Systematic Revigegistration number:

CRD4201603736/ttp://www.crd.york.ac.uk/PROSPERJOThe reporting of this

review has been based on Preferred Reporting Items $ter8gtic Reviews and Meta-

Analyses (PRISMA) guidelines [16].

Eligibility criteria

The primary outcome of this review was change in upper limktiambetween pre-
intervention and post-intervention testing. Secondatganmes were change in muscle
strength, sensory function and corticomotor parametdrgden pre-intervention and
post-intervention testing. To be eligible for inclusiorthis review studies had to meet
the following eligibility criteria:

e Be a published or unpublished completed study reported in English.

Include adults (aged 16 or over) with cSCI.

Include UMP and/or BMP.

Report the primary outcome.
No limitations were applied regarding the type of study desigting,co-
interventions, use of a control/comparator group, injuripkgty, stage post-injury, co-

morbidities, functional abilities or ASIA classification.

1 UMP was defined as repetitive practice of task-ositaat motor activities involving use of one upper
limb only, for a minimum of 2 hours per day, 5 days perkywés 3 weeks [12].

2 BMP was defined as repetitive practice of task-orieditatotor activities involving use of both upper
limbs, for a minimum of 2 hours per day, 5 days perkwis 3 weeks [12].
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Search strategy

The following electronic databases were searched froimitioeption until the 14th of
April 2016: the Cochrane Central Register of Controlled $I@ENTRAL) (in The
Cochrane Library), PubMed, the Cumulative Index to NurshtyAllied Health
Literature (CINAHL) (EBSCO), Web of Science, and the Ritherapy Evidence
Database (PEDro). Where possible the searches weretegstao English language. In
addition, the reference lists of all relevant studiesraviews were hand searched, and
OpenGrey was searched to assist identification of reflewgublished literature.

The search strategies for all the electronic resswuapart from PEDro included
MeSH terms and text words related to the study participamésyentions and
outcomes. The search strategy for PEDro was performed theirsglvanced search
option based on the title and abstract, therapy, padyand method. The search
strategies used for all the electronic resources amgrshotable S1 (supplementary

information).

Study selection

Initially all studies identified by the searches were saddar eligibility by a single
reviewer (AA) based on the title and abstract ald@meminimise the chance of any
relevant articles being omitted the emphasis of thisesing stage was on sensitivity
rather than specificity. Full text copies of any potahtirelevant studies were then
obtained and assessed for eligibility by 2 independent rekge(dd\, JA). All
disagreements were resolved by discussion; with a thirgp@mdient reviewer (SA)

being available had this been required.

Data collection
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Data about each inalad study’s design, participants, interventions, outcomes and

results was extracted using a standardised form, based@mmendations provided by
the Cochrane Collaboration [17]. Data extraction watop®ed by 2 independent
reviewers (AA, JA). All disagreements were resolved usingtbeess described above

for the study selection.

Study appraisal

The risk of bias of each included study was assessed usindifed version of the
Cochrane risk of bias tool (RBT) (table S2, supplementaoynmdtion). The original
CochraneRBT was designed for use in randomised controlled trials {h8ieforea
modified RBT was developed to enable the same tool to barusadlies with
different designs. All the modifications were basedoggestions provided by the
Agency for Healthcare Research and Quality (AHRQ).[19]

The modifiedRBT consists of 6 domains of bias, each comprising 1 or more
items. All the domains and items included in the CochRBE& were included in the
modified RBT; however the random sequence generation arwhidin concealment
items were only assessed for randomised controlled. tFafshermore 2 additional
items were included in the modifid&RBT- type of study design (selection bias domain)
and concurrent intervention/unintended exposure (perforeniaias domain).
Assessments for the blinding of participants and persphblirding of outcome
assessment and incomplete outcome data items werefandatie upper limb functional
outcome measures only. For each included study the reviexgeesrequired to rate the
risk of bias for each applicable item as high, low or wrgland justify the judgement

with a supporting statement.



171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

Risk of bias summary assessments, specific to the uppefuimbonal
outcome measures, were made using the approach suggedteddochrane
Collaboration (table S3, supplementary information) [Dije to the inclusion of
randomised and non-randomised studies, and the subjedtive nhsome upper limb
functional outcome measures, selection bias; basédeaype of study design, and
detection bias based on the blinding of outcome assessneetconsidered the key
domains for the summary assessments. All aspects osthof bias assessments were
performed by 3 independent reviewers (AA, JA, SA), with dsagnrents being

resolved by discussion.

Study synthesis

The study findings were qualitatively synthesised by consigehe following 3
groups: UMP, BMP and UMP versus BMIR addition the type of design,
interventions, comparators and functional upper limbaat measures of the included

studies were compared to determine if a meta-analysis waspaiape.

Results
Study selection

The electronic database and hand searching identified atdta® records, 44 of

which were duplicates. Screening of the remaining 115 recasdbeé in 22 recosl
being identified as potentially eligible for inclusiorhree of these records were
conference presentations with similar titles to publishedlestby the same authors and
were therefore exclude#ull text eligibility assessments of the remaining 1&ked

resulted in 7 studies being identified as eligible for isidln. Full details of the study



195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

selection process and the number of records identiied &ach electronic database are

shown figure 1 and table S1 (supplementary information) céspéy.

Study characteristics

Five of the studies were randomised controlled trials (§€12,20-23] and 2 were case
studies [24,25]. The total number of participants acrossualies was 93. UMP was
included in 6 studies [12,20-24] and BMP was included in 3 studies [12,22,25]
Summaries of the participant characteristics, inté¢i@archaracteristics and results of

the included studies are provided in tables 1, 2, and 3 respectively.

[Tables 1, 2 and 3 near here].

Study synthesis

Two of the included studies were pilot studies [12,21] on whichtBe other studies
were based [20,22]|n addition, none of the studies involved the same design
interventions (including co-interventions and upper limbsem for UMP/electrical
stimulation), comparators and functional upper limb outcoreasures; therefore the

findings of the included studies were synthesised uspwely qualitative approach.

Study results

UMP

UMP was included in 1 case study [24] and 5 RCTs [12,20-23]. "eestady
participant received UMP + bimanual task training, and demaedtean improvement

in both BBT and MFT scores [24]. One RCT included intetie groups that received

either UMP + somatosensory stimulation (SS) or fmeti electrical stimulation (FES)



219 and BMP + SS or FES [22Although this study did not report the significance of
220  within group changes in outcomes it did report a significaptavement in JTT, but
221 not CAHAI, scores across all participants. The remaidifCTs all included an

222 intervention group that received UMPSE[12,20,21,23]All 3 of these studies

223 investigated the significance of pre- to post-interventltanges, and noted that that the
224  UMP + SS group showed significant improvements in alfduhetional upper limb

225 outcomes assessed [12,21,23]

226 ThreeRCTs also included an intervention group that received UMRowit

227  concurrent delivery of SS or FES- this group showed significgptovements in both
228 JTT and WMFT scores in 1 study [23] and a significant impnaent in JTT but not
229  WMFT scores in 1 study [21]. Of the 3 studies which included b&aivB + SS group
230 and a UMP only group, 1 study reported no significant differeimcé® improvements
231 in JTT and WMFT scores between these 2 groups [23], whilethiez 2 studies

232 reported that the UMP + SS group showed significantly gréapovements in these
233  outcomes than the UMP only group [21].

234 The changes in additional clinical outcomes varied betvetudiesTwo studies
235 reported that the UMP + SS group showed significantly gréapgovements in

236  maximal pinch grip strength (MPGS) than the UMP only group [21/&8}ever 1

237  study found no significant difference in the change irG&Fbetween these 2 groups
238 [20]. Two studies compared sensory outcomes in UMP + SS andduiroups,

239  with neither finding any significant differences in thege in sensory outcomes

240 between these 2 groups [20,2Byvo studies did however report significant post-

241  intervention improvements in sensory outcomes ik + SS group [12,23], and 1
242  study reported that the UMP + SS group showed a significgrégter improvement in

243  sensory outcomes than the control group [21]. Although 1 sepbyrted that the thenar

10



244  muscle motor threshold decreased significantly in bottut® + SS and UMP only
245  groups comparetb the control group [20], another study reported no significan
246 changes in the motor threshold for the UMP + SS and OM{groups [21]

247

248 BMP

249 BMP was included in 1 case study [25] and 2 RCTs [12,22]. Tieestady participant
250 received BMP + SS and demonstrated an improvement in CAHAright, but not

251  left, JTT score[25]. In addition the case study participant’s biceps brachii corticomotor
252  map area and normalised map volume increased, and theemtap of gravity shifted
253  anteriorly and medially; however the motor threshold wasamged. One of the RCTs
254  reported that the BMP + SS group showed significant pastviaimtion improvements
255 in JTT, CAHAI and sensory scores [12]. The remaining RI@Tnot report within

256  group changes in outcomes (see preceding section fpo#tentervention changes

257  across all participants) [22].
258
259  UMP versus BMP

260 The effects of UMP and BMP were compared in 2 RCTs, lbaung the UMP and

261  BMP with SS [12]and the other combinindpe UMP and BMP with SS or FES [22].

262  Both studies reported significant post-intervention impraxetisin the JTT scores

263  either within each group [12], or across all participg2®§. In contrast, only 1 study

264  reported significant post-intervention improvements ex@fHAI scores for the UMP
265 + SS and BMP + SS groups [12]ith the other study reporting no significant change in
266  the CAHAI scores across all participants [22].

267 The latter study did however report that the BMP + SS/§i#68p showed

268  significantly greater improvements in CAHAI scores tham UMP + SS/FES group

11
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[22], although the other study did not support this finding.[BB}h studies reported
that the change in JTT did not vary significantly betw#genUMP + SS/(FES) and
BMP + SS/(FES) group®ne of the studies did however report that its sampéeveas
below that required to detect between group differences iiltheand trends in its data
suggested that the UMP + SS group made greater progrestevidhT tasks than BMP
+ SS group [12]

Both RCTs assessed MPGS and sensory sensitivity visethen8s Weinstein
Monofilament Test (SWMT). The only significant post-imention change identified
for these outcomes was an improvement in SWMT saoresth the UMP + SS and
BMP + SS groups in 1 study [12], and neither study ident#mdsignificant between
group differences for these outcomes [12,22]. Both RCTsaslsessed thenar muscle
corticomotor outcomes, with 1 study reporting a significarst ntervention increase in
corticomotor map area across all participants.[B@ithermore, the other study reported
that the post-intervention increase in corticomotop ie@a across all participants
bordered on significance [12]. Neither study investigated ketwgeoup differences in
the corticomotor outcomes due to insufficient numbers digg@ants completing the

corticomotor testing.

Study appraisal

The risk of bias judgements for all the included studiesliamayed in table 4, with
justifications for the judgements being provided in table 8glementary

information).
[Table 4 near here].
The overall risk of bias within 2 of the included studies Wagh for all the

functional upper limb outcomes reported, as these studideyadpa case study design

12



294  and therefore presexda particularly high risk of selection bias [24,25he overall

295  risk of bias within 3 RCTs for all the functional uppienth outcomes reported

296 [20,21,23], and within 1 RCT for the JTT [22], was unclearabse these studies

297  presented a low risk of bias for both the type of studigdesnd blinding of outcome
298 assessment, but an unclear risk of bias for at leadtlianal items. The overall risk of
299 bias for the CAHAI within 1 RCT was high, because thislgtpresented a high risk of
300 bias for 4 individual itemdncluding blinding of outcome assessment [A2]e overall
301 risk of bias within the remaining RCT for the JTT was I&cause this study presented
302 alow risk of bias for the type of study design, blindingoticome assessment and 4
303 additional items [12]This study’s overall risk of bias for the CAHAI was however

304 unclear, as it was not stated if the outcome assessoesblinded and the CAHAI

305 involves subjective judgements; hence the risk of outconessmsblinding for the

306 CAHAI in this study was unclear.
307
308 Discussion

309 This review aimed to investigate the effects of UMP and BKRpaper limb function
310 in adults with cSCI. Despite employing broad eligibilititeria only 2 case studies and
311 5 RCTs were identified for inclusion, and 5 of these stud#me from the same

312  research group (table 1) [12,20-22,2Hje overall risk of bias for all the functional
313  upper limb outcomes in 6 of the 7 included studies was ditgbror unclear [20-25]
314  The remaining study also presented an unclear risk ofdridlse CAHAI; however its
315 overall risk of bias for the JTT was low (table 4) [12] participants in this study had
316  cSCI of greater than 1 year duration and received dith#? + SSor BMP +SS

317  Participants in both groups showed significant post-intgiwe improvements in the

318 JTT, with no significant differences in the changeTii $cores between groups (table

13



319  3). The JTT is recognised as a reliable outcome measuredan uglividuals with

320 ¢SCI [26]. These findings therefore suggest that UMP and,Bidi®bined with SS,
321  may improve upper limb function in adults with chronic cS&id that these

322 interventions may be equally effective at doing so.

323 Nonetheless, the aforementioned study was a pilot studytsalack of control
324 group and small sample size pose several limitations [Flr2}ly, given the study

325 lacked a control group and the JTT is influenced by learrd6g [t is not known

326  whether the improvements made from baseline reflected tp@wements in upper
327 limb function or simply learning effect€onsequently, the UMP + SS and BMB$
328 rehabilitation approaches may have both been inefeeativmproving upper limb

329  function. Secondlythe author’s post hoc power analysis predicted a sample of 12
330 participants per group would have been required to detect santifbetween group
331 differences in the JTT scordsowever the number of participants in the UMP + SS and
332 BMP + SS groups were only 6 and 7 respectively [12]. The studyveaefore

333 underpoweredb detect significant between group differences, increabimdikelihood
334 that the failure to find a significant difference in the UMBS and BMP+ SS groups
335 was a false negative. This is a particularly importansteration given that trends in
336 this study’s data suggested that the UMP + SS group improved more than the BMP +
337 SS group inthe JTT (table 3). Furthermore, the likelththat the post-intervention
338 improvements in JTT scores for both intervention groefieat true positives is

339  reduced due to the low power of this study [27]. Thus, even tholoyh sk of bias
340 for the JTT provides greater confidence in the validitthefresults, the lack of a

341  control group and small sample size may negate any rsssin the results for

342 improvement in upper limb function.

14
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Given the limitations of the pilot study described ab@#, the same group of
authors performed a follow up study in which participantsived UMP + SS/FES or
BMP + SS/FES [22]This study employed a delayed intervention design in order to
allow comparison of participants who received an intefgario a control group of
participants. The change in JTT scores did not differ fsgmtly between the UMP +
SS/FES and BMP + SS/FES groups; however, when collapsecebyeintion subtypes
the intervention group showing a significantly greater owpment in JTT scores than
the control group (table 3) [22%ince the JTT involves use of one upper limb only, this
suggests that the training interventions were effectiv@@toving unimanual function.

In contrast the scores for the CAHAI, which involves o§both upper limbs
and hence provides a measure of bimanual function, did et sifnificantly between
the intervention and control groups (table 3) [22]. The astboggestdthat, because
the BMP + SS/FES group showed a significantly greaterawgment in CAHAI scores
than the UMP + SS/FES group, pooling of the training groups wedkiéie mean
difference used in the comparison with the control gf@2p Tentatively, it could be
inferred that, whilst both UMP and BMP, regardless of datan type, were effective
at improving unimanual function, BMP should be used if thedgas on improving
bimanual function. Given, that the majority of taskslaily living involve the use of
both hands to some extent [LBMP may be the most useful type of massed practice
to incorporate into a rehabilitation prognam® However, this study did present with a
high risk of bias for the CAHAI, involved multiple comjsons and, due to participant
attrition, its sample size was below that suggested bgdher calculation (table 1)
Taken together, the limitations of both the pilot stut}j[and subsequent study [22]
sugges that robust conclusions about the individual and conparaffects of UMP

and BMP on upper limb function cannot be drawn.
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Three RCTs investigated UMP delivered alone and combinedS8itthowever
1 of the studies lacked clarity about whether its methagaiuly met the requirements
of an RCT, and employed inappropriate statistical analigethe study design
employed [23]. In addition 1 of the RCTs was a pilot study Wwkacked a control
group [21]. A subsequent study performed by the same group ofsurtbluded UMP
only, SS only, UMP + SS and control groups [Zl{hough all 3 intervention groups
showed significantly greater improvementsTi kcores than the control group, only
the SS and UMP + SS groups showed significantly greater impens than the
control group in the WMFT (table 3). This suggests SS lmsaguperior to UMP when
either intervention is delivered in isolation. Furtherethe UMP + SS group showed
significantly greater improvements in the JTT and WMRantboth the UMP only and
SS only groups, with the combination of UMP + SS also sipihe greatest benefit in
terms of sensation (SWMT) and strength (MPGS) (tabl@l8$ corresponds with
evidence that both sensation and strength are key detansiof upper limb function
[28]. However, given that this study had an unclear riskad for both the JTT and
CAHAI, and had a small sample size, its results shouldtleepreted with caution.

Although no previous systematic reviews have specificallgstigated the
effects of UMP and BMP post-cSCI, these interventluange been included in
systematic reviews investigating the broader topics of eseetiberapy and
physiotherapy interventions post-cSCI [14,15,29,30]. Thetsestithe present review
are largely consistent with these previous reviews, alllo¢h reported that, although
the current evidence suggests that exercise therapy/phyajghaterventions improve
upper limb function in individuals with cSCI, there areyoallimited number of studies

in this area, mostly with small sample sizes.
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Limitations

This review has various limitations. Firstly, only a srmalinber of studies were
included and it was not possible to combine the results ieta-emalysis. Although this
review employed a broad search strategy, it was limit&hggish and no experts in the
field were contacted to assist study selection; hence jmdtgnelevant studies may
have been missed. Furthermore it could be argued that theddWBMP definitions
used in this review were too restrictive, which may have eguri the exclusion of
relevant studies.

Due to the paucity of research in this area, and theHatimany SCI
intervention studies do not include a control group [4], bélity limitations were
applied regarding the type of study design. This led toritlasion of case studies,
which present a particularly high risk of bias [17]. It alssant that a modified version
of the Cochrane RBT which has not been validated wak Bsguably the case studies
add little to the results of this review and should hawentexcluded to allow use of the
original RBT; however this was not performed to ensureradice to the registered
protocol. The quality of the RCTs included in this review was dmited, with 4 of the
5 RCTs included presenting a high or unclear risk of biaalfdhe functional upper
limb outcomes assessed [20-23] (table 4), and the study awtkoe not contacted for
clarifications. In addition the small sample sizes darethis review mean that the
power of the studies to detect effects was compromised [27].

The Graded Redefined Assessment of Strength, Sensibititi?aatinension
(GRASSP) is a recently developed tool specifically desigoeddsessing upper limb
function post-cSCI, and has been shown to have good régpoess and excellent
sensitivity when used for this purpose [31]. However nortee&tudies included in this

review used the GRASSP, instead using generic functional uppeoltcome
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measures, all of which present significant limitation@whsed in individuals with
cSCI. For example the JTT is not only affected byreay, but also fails to detect
changes in intrinsic muscles, allows compensatamktand shoulder movements and
includes tasks which are not representative of the daily pesksrmed by individuals
with cSCI [26,32] Finally all the included studies were limited by a lack of lo@gn

follow-up.

Futureresearch

This review provides preliminary evidence that UMP and/or Biitabined with SS,
may assist the rehabilitation of adults with cSCI; haavetvalso highlights the paucity
of high quality studies in this area and need for furtesearch. Future studies should
investigate UMP and BMP delivered in isolation, to help determimether concurrent
delivery of SS is critical to their effectivenessaltdition the UMP and BMP protocols
employed in most of the included studies were very simlartensity and content
(table 2). There is moderate quality evidence that regetaisk training in individuals
with stroke is intensity-dependent, with beneficial @eonly occurring at high training
intensities [6]. Correspondingligs possible that the failure of some of the studies
included in this review to find significant post-interventiomprovements in all the
functional upper limb outcomes was related to the use officieut training intensities.
Investigating the effects of different UMP and BMP tnagnintensities in individuals
with cSCl is therefore of paramount importance, both terdene the true
effectiveness of these rehabilitation approaches andist #t development of optimal
UMP and BMP protocols.

One of the included case studies did not specify the steamury of its

participant [24] and all the other studies only included ppéits who were at least 6

18



443  months post-injury (table 1The early initiation of SCI-specific rehabilitation is

444  extremely important and a delay in starting rehabilitatiog negatively influence

445  functional capability [4,33]; hence research into theaff of UMP and BMP at earlier
446  stages post-cSCl is clearly warranted.

447
448  Conclusion

449  This review highlights the paucity of research investigatiegefifects of UMP and
450  BMP on upper limb function post-cSCI. Of the 7 included swidi@y 1 presented a
451  low risk of bias for a functional upper limb outcome meastihés studys findings

452  impliedthat both UMP and BMP, combined with SS, improve upper lumnistion in
453  adults with chronic ¢cSCI, and that both interventioressamilarly effective at doing so
454  However the study was limited by a small sample size andleglcontrol group

455  hence its findings should be interpreted with caution. Rgelfrom other included

456  studies, all of which presented a high or unclear riskax,@uggested that BMP may
457  improve bimanual function more than UMP, and that combining WNMIP SS may

458  result in greater benefits than either interventiorveedid in isolation. Collectively
459 therefore, the findings of the studies included in tensaw emphasise the potential
460 value of incorporating UMP and BMP into rehabilitation poSECI, particularly when
461 combined with SS, but the considerable limitations ofellihcluded studies mean that
462  robust conclusions cannot be drawn. Further researchrefohe warranted to

463  investigate many different aspects of UMP and BMP, sutheasinfluence at earlier

464  stages post-cSCI and optimal training protocols.
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