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Background: Better upper limb recovery after stroke could be achieved ttough tailoring
rehabilitation interventions directly at movement de c.

Aim: To identify potential; targets for therapy bysynthesiang ndings of differences in
kinematics and muscle activity between stroke survivors ahhealthy adults performing
reach-to-target tasks.

Methods: A systematic review with identi cation of studies, data extaction, and
potential risk of bias was completed independently by two reiewers. Online databases
were searched from their inception to November 2017 to nd stidies of reach-to-target
in people-with-stroke and healthy adults.Potential risk-of-bias was assessed using the
Down's and Black Tool. Synthesiswas undertaken via (a) meta-analysis of kinematic
characteristics utilizing the standardized mean differee (SMD) [95% con dence
intervals]; and (b), narrative synthesis of muscle activan.

Results:  Forty-six studies met the review criteria but 14 had insuf @nt data for
extraction. Consequently, 32 studies were includedin the meta-analysis Potential
risk-of-bias was low for one study, unclear for 30, and highdr one. Reach-to-target
was investigated with 618people-with-stroke and 429 healthy adults.The meta-analysis
found, in all areas of workspace, thatpeople-with-stroke had: greater movement times
(seconds) e.g., SMD 2.57 [0.89, 4.25]; lower peak velocitynfillimeters/second) e.g.,
SMD 1.76 [ 2.29, 1.24]; greater trunk displacement (millimeters) e.g. SMD .42
[0.90, 1.93]; a more curved reach-path-ratioe.g., SMD 0.77 [0.32, 1.22] and reduced
movement smoothness e.g., SMD 0.92 [0.32, 1.52]. Inthe ipsilateral and contralateral
workspace, people-with-stroke exhibited larger errors intarget accuracy e.g., SMD
0.70 [0.39, 1.01]. In contralateral workspace, stroke surivors had: reduced elbow
extension and shoulder exion (degrees) e.g., elbow exterien SMD 1.10 [ 1.62,

0.58] and reduced shoulder exion SMD 1.91[ 1.96, 0.42]. Narrative synthesis
of muscle activation found that people-with-stroke, compared with healthy adults,
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exhibited: delayed muscle activation; reduced coherence &éween muscle pairs; and use
of a greater percentage of muscle power.

Conclusions: This rst-ever meta-analysis of the kinematic differencebetween people
with stroke and healthy adults performing reach-to-targefound statistically signi cant
differences for 21 of the 26 comparisons.The differences identi ed and values provided
are potential foci for tailored rehabilitation intervemns to improve upper limb recovery
after stroke.

Keywords: stroke rehabilitation, reaching, upper limb, kin ematics, movement performance

INTRODUCTION control de cits underlying di culty and inability to perfom
everyday functional tasks. Therefore, a precursor to caiirig
Reaching is essential for everyday activities such as ddnki investigation of impairment-orientated training is to idefy
using a touch screen or operating buttons on an elevat@ie exact movement control de cits experienced by stroke
Rehabilitation therefore gives emphasis to regaining re&chi syrvivors.
ability through evidenced-based task-specic trainingany Movement control de cits can be identi ed by kinematic
people after stroke have upper limb disability, for examplgssessment providing sensitive, objective and reliable
approximately 48% of a consecutive admissions sampleeat thheasurement 4-9). Therefore, kinematic assessment can
dayS after StrOkéI; and 65% of individuals with severe stroke nObe used to |dent|fy movement control de cits as targets
regaining the ability to reach and grasp everyday objespit@le for impairment-orientated training after stroke. Indeed,
participation in rehabilitation%). reaching kinematics has been studied widely in both healthy
There are many dierent therapy approaches availablgyopulations (0-12) and in people after strokel@-16). Even
to clinicians to progress upper limb motor function. more information can be gained by combining kinematics
An alternative to best conventional therapy is oered bywith measurement of muscle activityly). For example,
impairment-orientated therapyd. This impairment-orientated  electromyography (EMG) provides neurological measures such
training involves targeting interventions at the movementas spatial-temporal patterns of muscle activity for enhanced

TABLE 1 | The search strategy used to search the database MEDLINE as
example of electronic searches.

Upper extremity OR arm OR hand
(upper limb).tw

Stroke.tw

“range of motion, articular”/ph
Movement/ph

Muscle, skeletal/ph

Motor skills/ph

arm/ph

Exp Muscle contraction (includes isotonic contraction, ismetric contraction and
excitation contraction coupling)

(muscle activation OR co?contraction OR motor control).tw

(grasp* OR reach* OR grip* OR pinch* OR limb transport).tw

Exp psychomotor performance (includes motor skills and péormance analysis)
Electromyograph* OR transcranial magnetic stimulation ORiomechanics

(co?contraction OR EMG OR motor evoked potential OR biomeamnic* OR
electromyograph* or kinematic* OR object manipulation)t

(1) OR (2)

(15)AND (3)

(4) OR (5) ...OR (11)

(12) OR (13) OR (14)

(16) AND (17) AND (18)

Limits : individuals> 18 years of age; human; English Language

Tw, text word; ph, physiology.

understanding of the movement controlkiGematics and
muscle activity underlying the performance of everyday
tasks (L9).

Knowledge of the kinematics of all forms of reaching (
190 and more specically, coordination of reach and grasp
components 20), has been drawn together in narrative reviews.
These reviews are valuable as they provide an expert overfriew o
the kinematics of reaching activity. However, narrativeiegs
have potential for bias in at least two aspects: identi cation
of the primary studies included (selection bias); and the
possibility that synthesis is inuenced by author opinion
(expert opinion bias). A robust systematic review is required
to minimize the risk of potential bias. In addition, review of
the neural components of reaching is required alongside the
kinematics.

To understand reaching impairment we need to consider
the di erent forms of reaching required for everyday actyvit
e.g., reach-to-target (operate elevator buttons), reactelease
(put can on shelf); reach-to manipulate (cut paper with
scissors); and reach-to-pull (open cupboard). In addition,
reaching activity takes place in many workspace areas ingjudin
above the head, behind the trunk and to the contralateraé sid
of the reaching upper limb. Diverse forms of reaching for
performance of everyday tasks require the ability to utilize
di erent spatial-temporal patterns of muscle activity and limb
segment orientations4( 19). Indeed, kinematic characteristics
vary depending on the reaching task and goall, (22).

A prerequisite for development of impairment-orientated
rehabilitation, therefore, requires knowledge of the muoeat
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control de cits underlying diculty performing everyday The aims of this systematic review were to: (1) systemétical
reaching tasks to enable therapy to be targeted at what needsdynthesise the di erences between individuals with strokd a

change.

healthy adults for thekinematics and muscle activations

Records identified through database Additional records identified through
searching MEDLINE: 1203, AMED: other sources
500, EMBASE: 1137 (n=74)
I (n = 2840)
c
—
(4
2
=
£
% \ 4 A 4
== Records after duplicates removed
(n=2222)
Y
Records screened Records excluded
= (n=2222) = (n= 2029)
o
Q
7
v
Full-text articles assessed Articles excluded
for eligibility
(n=193) » (n=146)
2
3 . . . Relevant data could not be extracted
= Studies that met inclusion o
S criteria (n=14)
(n=47)
Studies included in
synthesis
S (n=33)
=)
z Studies included in meta-
— analysis (n = 29)
Studies included in
narrative synthesis (n=8)
(4 studies are included in
both meta-analysis and
narrative synthesis)
FIGURE 1 | Prisma Diagram detailing the search and processes of identiation of studies included in the systematic review.
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reach-to-target; and (2) determine the potential in uencé o Types of Measures

object location on the dierences irkinematics and muscle Eligible studies employed kinematic assessment (motion
activity. Reach-to-target was chosen because it is the precursanalysis); muscle activity (electromyography, EMG); and/or
component of most everyday upper limb tasksd is essential corticospinal pathway excitability (transcranial magnetic
for many daily activities such as a using touch screen (tablstimulation, TMS) during the reach-to-target task.

computer), turning on/o light switch, and using a doorbetl

elevator. Identi cation of Studies

Studies were assessed as not relevant, probably relevant, or

METHODS relevant. Title and abstract were screened together. Foseth
studies deemed as either relevant or probably relevant thiir

The systematic review methodology was based on guidelinésxts were then screened3 24). Those studies which met the

by the Cochrane Collaboration2f). Two reviewers worked eligibility criteria were included in this review.

independently at each stage: title and abstract screenitlg, f

text screening, asse_ssment of potenthl risk of bias, and dalbotential Risk of Bias

extraction. Each reviewer recorded their assessment on a pre

. . he majority of included studies used observational designs
agreed proforma. If there were disagreements the two revieewe, .
- . . therefore, the Downs and Black tool was used to assess pétentia
referred to the original document in question. If agreemeoitild

not be reached then a third researcher was consulted. risk .Of bias @9). Th? topl was T“Od' ed by using Just the grlterla
pertinent to potential risk of bias of observational studyides
(23 26). For example: the removal of questions relating to

Searching for Studies . . _ randomization, group allocation, and group concealmens
The search strategy was developed in collaboration with 89).

research librarian. The search was limited to studies poédsn

the English language. The search terms used included:iregch .

upper glimb, ki%ergatics, biomechanics, movement arr:!ﬁysié?ata Extraction

electromyography, and stroke. The terms were a combinatfon dhe data extracted were: number of participants, participants'
MeSH and non-MeSH terms used as text words. Three onlin@3€. time since stroke, reach-to-target task descripticsg u
databases were searched: MEDLINE, AMED, and EMBASE; tQé trunk restraint, upper limb motor ability, kinematic
databases were searched from their inception to Novembet.201¢haracteristics (e.g., velocity), EMG data (e.g., muscleitgj:t
Due to the di erences between databases the search strateggmMe included studies evaluated the e ect of an interventian
was modi ed for each individual database; an example of th&1€se, only the baseline data (pre-intervention) were exea
search strategy used for MEDLINE isTable 1 In addition, the For studies in which the published data were unclear or mgsin
reference lists of relevant papers were hand searched fortgaiten then the authors were emailed to request clari cation/more

articles that were not retrieved in the electronic search. details.
Study Eligibility Criteria Synthesis
Types of Studies A meta-analysis was undertaken for measures where two or

All study designs were included except for single case stuatids more included studies reported measurement values of thesam
reviews. Included studies of people after stroke also needled movement characteristic. A narrative synthesis was peréarih
investigate healthy adults (control) completing identiceach- there was insu cient similarity across included studies.

to-target tasks. If a study included data for multiple reach-to-target task&on
task was selected to be included in the meta-analysis. The task
Types of Participants selected was the one most similar to the rest of the studiésein

The participants in eligible studies had to be at least 18 yefars meta-analysis. For example, reaching at a self-paced speed vers
age. For people after stroke there were no limitations placed oiast speeds, tasks in which reaching distances were mosasimil
lesion location, time since ictus, or number of strokes. llga  and most similar grip 23).

adult participants needed to have no diagnosis of a neurcddgic The meta-analysis used the Cochrane Statistical package,
or musculoskeletal disorder that could potentially in uec RevMan 5.2, to compare the group means and standard

movement control or reaching. deviations of the kinematic characteristics of people afterke

and healthy adult participants. The heterogeneity of data was
Types of Reaching Tasks assessed using th& dtatistic and interpreted as low for a value
Studies were eligible if reaching to a target was assestethwi 25%, high for a value of 75% and moderate for all values in

paretic upper limb of the people after stroke and either uppebetween?3 29, 30). If heterogeneity was low a xed e ect model
limb of the healthy adult participants. Speci c exclusion erit.  was used,; if heterogeneity was moderate or high a randome ect
were: reach-to-grasp of an object, tapping, tracing, drawasgs, model was used2@, 30). The standardized mean dierence
or reaching with the non-paretic limb (stroke survivors). (SMD) was calculated().
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Kinematics Reach-to-Target

EMG muscle activation

Muscle activation
onset time

patterns
Modulation ratio

measures
No

Muscle activity

Kinematic measures

Velocity
Trajectory
Endpoint error
Movement time
Velocity
Endpoint error
trajectory

Reach to touch a 40mm diameter target placed at 90% ofirms' length in
the ipsilateral workspace at shoulder height

Reach to touch a 40mm diameter target placed at 90% of arms' lagth in
Arm support: no

the ipsilateral workspace at shoulder height

Arm support: no
Movement speed: fast

Trunk restraint: yes

Reaching task

2 time points 8.7

days and 108.7

days after stroke
4.2 days

Time since stroke
9.2

13.1
12.5

Participants

S:29;age 63.9 11.7
C: 9; age 58.4

S: 46; age 63.9 13.2
C: 10; age 59.1

TABLE 4 | Continued

Study
(70)
(71)

Movement speed: fast
Trunk restraint: yes

s, individuals with stroke and c, control participants.

RESULTS

Identi cation of Studies

The owchart describing the results of the search is provided
the PRISMA diagranfrigure 1 In summary, 2,222 records were
identi ed after duplicates were removed. Following titlesact,
and full text screening 46 studies met the inclusion créeri
however, 14 were subsequently excluded because the relevant
data could not be extracted,(31-43). Therefore, there are 33
studies included in the synthesis, (7, 13, 14, 16, 44-71). There
were two pairs of studies that reported two reaching tasks é th
same cohort 16, 63 67, 68) so participants were only counted
once in any particular meta-analysis.

Included Studies

Observational designs were used by 27 of the 32 studies and
ve studies used experimental desigrs {5 47, 48 61, 69).

The included studies investigated reach-to-target with péople
after stroke and 429 healthy adult participants. The mean neimb
(standard deviation, SD) of individuals per included studgsw
17.2 9.9 people after stroke and 11.9.3 control participants.

Participants

The mean age (SD) of: people after stroke was 58%3 years
whilst healthy adult participants were a mean (SD) of 54.0
10.0 years. The mean time after stroke, calculated from &te d
reported, was 25.6 23.1 months. Full details of participants are
provided inTables 25 according to the placement of the target
in the workspace.

Reach-To-Target Task

The reach-to-target task varied across studies. Hetewmitgen
was present in: the target distance; target size; targetidocat
reaching speed; trunk restraint; and use of vision for reaghi
description of the reaching tasks, grouped by the location ef th
targetin the workspace, is providedTables 2-5. Location of the
target in the workspace was considered the pertinent grouping
variable because of the expectation of related di erencesiitt |
angles, joint trajectories and spatial-temporal patterns osaohel
activity.

Outcome Measures

The methods of data collection, kinematic, and EMG outcomes
assessed across all studies were diverse. The kinematic
characteristics most frequently assessed were: movement
time; peak velocity; reach-path-ratio/trajectory; movemen
smoothness; target accuracy; joint range of motion; anekru
contribution to movement. The EMG-derived assessments most
frequently made were: muscle coupling; muscle onset time; and
the percentage of muscle used.

Risk of Potential Bias

The detailed assessment of risk of potential bias is provided i
Table 6 In summary, one study4®©) had a low risk of bias across
all 13 items of the modi ed Downs and Black tooldble 6).
There was only one study that was judged to have a high risk
of bias for one item %2). This was for participant description.
Most of the risk of potential bias was due to unclear reporting of
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TABLE 6 | Potential risk of bias of included studies assessed using thmodi ed Down's and Black Tool.
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(a) adverse events during the studies and (b) the use ofssses Data from 27 of the 32 studies were included in the meta-
blinded to the intervention/task being investigated. analysis. The narrative synthesis included data from 8 of3the
There were seven studies in which the experimental protocatudies.

di ered for people after stroke and healthy adult participants

(9, 61, 63, 69, 72, 73). This was primarily because people afterMeta-Analysis of Kinematic Data

stroke were receiving some rehabilitation and thus had prstfpo Meta-analysis was possible for the kinematic characterisfics o

assessments whereas the healthy adult participants had opeak velocity; movement time; reach-path-ratio; smoothness

assessment only. The reach-to-target task protocols didinat ~ of movement; elbow range of motion (extension); shoulder

thus as the review is utilizing baseline data only this dimce in  range of motion (.exion); accuracy; trunk contribution ding

protocol does not impact on the ndings and does not contributereaching; and trunk rotation during reaching. Two or more

to potential bias. included studies investigated these characteristics.nfyngx
meta-analyses were undertaken. The heterogeneity of tha-met

Synthesis analyses, as measured by tRestatistic, was lowlf D 25%)
The synthesis is grouped by workspace location of the targébr 10, moderatel@ D 26—-74%) for 13, and higH?  75%) for
for reach-to-target: central, ipsilateral, contralatenadl multiple.  three Figures 2-8).
Stroke Survivor Healthy Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
13.1.1 Ipsilateral
Archambault 1999 H 829 383 g 1863 951 6 3.4% -1.56 [-2.82,-0.30]
Knaut 2009 H 1,305 438 15 2,242 804 12 4.0% -1.45[-2.32,-0.58] —
Merdler 2013 863 249 16 994 150 g  40% -0.57 [-1.44, 0.30] =
Pereira 2014 881 164 g 1,654 240 10  29% -3.50[5.10,-1.91]
Robertson 2009 D, F 576 176 8 1595 189 5 1.7% -5.24 [-7.90,-2.58]
Rohertson 2009 E, F 880 300 8 1595 189 5 29% -2.51 [-4.12,-0.90]
Shaikh 2013 834 451 1" 1,317 22 11 3.8% -1.46 [-2.42,-0.49] —
Stewart 2014 J, L, M 903.1 4691 14 1,4986 509.2 6 37% -1.19[-2.23,-0.15] s
Wagner 2006 H 621 353 46 1,309 394 10  41% -1.88 [[2.66,-1.11] =3
Wagner 2007 H 630 3N 29 1,261 385 9  40% -1.80 [-2.66,-0.94] 5%
Subtotal (95% CI) 163 82 34.5% -1.76 [-2.29, -1.24] L 2
Heterogeneity: Tau®= 0.38; Chi*= 20.85, df=9 (P=0.01); F= 57%
Test for overall effect: Z= 6.54 (P < 0.00001)
13.1.2 Central
Gilliaux 2013 | 159 77 25 104 25 25  43% 0.95[0.36, 1.53] -
Knaut 2009 H 1,222 444 15 1,928 682 12 4.0% -1.22 [-2.06,-0.38) b=
Merdler 2013 1,020 250 16 1,091 165 8  40% -0.30 [1.16, 0.55] =
Patterson 2011 590 180 18 890 130 9  39% -1.76 [-2.70,-0.81) .
Reisman 2007 686 65 e 673 37 7 3.7% 0.23[-0.82,1.29] =
Robertson 2009 D, F 728 256 8 1,249 127 5 3.0% -2.22[-3.74,-0.71]
Robertson 2009 E, F 740 238 8 1,249 127 5 3.0% -2.31 [-3.86,-0.77]
Robertson 2012 D, F 334 48 9 505 72 5 28% -2.80[-4.44,-1.16)
Robertson 2012 E, F 380 57 9 505 72 4 31% -1.89 [-3.36,-0.43]
Rose 2005 H 1,560 330 30 1,920 320 30 4.4% -1.09 [-1.64,-0.55] -
Subtotal (95% CI) 145 110  36.2% -1.12 [-1.89, -0.35] <
Heterogeneity: Tau®=1.22; Chi*=59.18, df= 9 (P < 0.00001); = 85%
Test for overall effect: Z= 2.85 (P = 0.004)
13.1.3 Contralateral
Archambault 1999 H 587 205 8 1422 421 6 3.0% -2.49[-4.01,-0.97]
Cirstea B 2003 A, H 1,760 432 9 2645 165 5 31% -2.27 [-3.74,-0.79] -
Cirstea B 2003 B, H 1149 315 9 2645 165 5 1.9% -5.11 [-7.59,-2.62]
Cistera 2000J 1,650.3 5195 9 27991 1904 9 32% -2.80[-4.18,-1.41] —
Knaut 2009 H 1,091 390 15 1,724 573 12 4.0% -1.28[-2.13,-0.44] T
Merdler 2013 989 220 16 996 141 8  40% -0.03 [-0.88, 0.81] -
Rohertson 2009 D, F 576 176 g 861 100 5 32% -1.74 [[3.11,-0.36) —-
Rohertson 2009 E, F 590 150 g 861 100 5 32% -1.88 [-3.30,-0.47] —
Stewart 2014 J, L, M 1,365.3 4439 14 11941 4431 6 38% 0.37 [-0.60,1.33] SE
Subtotal (95% Cl) 96 61 29.3%  -1.69[-2.59,-0.79] -2
Heterogeneity: Tau*=1.43; Chi*= 38.31, df= 8 (P < 0.00001); F=79%
Test for overall effect: Z= 3.66 (P = 0.0003)
Total (95% CI) 404 253 100.0% -1.53 [-1.96, -1.09] &
Heterogeneity: Tau®= 1.05; Chi*= 136.91, df= 28 (P =< 0.00001); F= 80% =_1 5 5 ) 5 10:
Testfor overall eﬁ‘eq: Z=686(F < 0.00001) Stroke Survivor PV Lower Healthy Control PV Higher
Test for subgroup differences: Chi*=1.89, df=2 (P=0.39), F=0%
FIGURE 2 | The standardized mean difference (SMD) of peak velocity (ns) during reach-to-target in the: ipsilateral, central, ath contralateral workspace. D, right
hemisphere stroke; E, left hemisphere stroke; F, target pteed 90% of arm's length; H, fast speed; I, robotics; J, reacheswithout vision; L, 24 cm target distance; M,
virtual environment.
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FIGURE 3 | The standardized mean difference (SDM) of movement time (8)iring reach-to-target in the: ipsilateral, central, and entralateral workspace. A, mild
motor impairment; B, moderate motor impairment; C, bilateal task; F, target placed 90% of arm’s length; C, bimanual tals; H, fast speed; |, robotics; J, reaches
without vision; L, 24 cm target distance; M, virtual enviroment.

An overview of the meta-analyses is provided Tiable 7  target accuracy in the central workspace SNAD0.52 [ 0.30,
and details inFigures 2-8. In summary, 21 of the 26 meta- 1.34]; trunk rotation in the contralateral workspace SMD
analyses found signi cant dierences in kinematics betweerD.74 [ 0.17, 1.54], trunk rotation in the ipsilateral workspace
stroke survivors and control participants. SMDD 0.07[ 0.50, 0.36]; and shoulder exion in the central

The SMD (95% Cls) for the signicant dierences in workspace SMID 0.95[ 2.08, 0.19].
kinematic characteristics between people after stroke aatithe
adult participants ranged from: 1.76 ( 2.29, 1.24) for peak Narrative Synthesis of Muscle Activity Data
velocity in the ipsilateral workspace to 2.57 (0.89, 4.25) forhe muscles most frequently investigated were the: triceps,
movement time in the ipsilateral workspadedividuals with  biceps, deltoid (anterior, posterior, and middle), trapezius,
stroke demonstrated lower peak velocities and longer motenpectoralis, and latissimus dorsi. Six studies investigated
times in all areas of the workspadeigires 2 3). A more interaction between muscle paird§ 53 69, 70, 72, 74). Also
curved reach-path-ratio associated with less e cienthiegc investigated were muscle activation patteras, (60), muscle
was demonstrated by individuals with strokéggre 4 as well timing (57, 60), and the percentage of muscle activity used
as less smooth more segmented movement due to a grdaterelation to the maximal voluntary contraction (MVC)
number of velocity peaks in all areas of the workspageré §. (55, 58,69, 70).

Individuals with stroke demonstrated greater trunk disgaent There were comparable ndings across studies. For example,
during reachingKigure 9, less upper limb range of motion in allcompared to healthy adult participants the people after
areas of the workspadeidure 7) and reduced reaching accuracystroke used a greater percentage of MVES (70), higher
(Figure 8. background muscle activity 56, 69), a reduced level of

The non-signi cant di erences between people after strokecoherence between antagonistic muscle pals %3, 74), and
and healthy adults for kinematics during reaching werepelb prolonged co-contraction between muscles after achieving the
extension in the central workspace SMID 0.41[ 1.10, 0.28]; task 65).
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FIGURE 4 | The standardized mean difference (SDM) of reach-path ratia the: ipsilateral, central, and contralateral workspaceA, mild motor impairment; B,
moderate motor impairment; D, right hemisphere stroke; Egft hemisphere stroke; F, target placed 90% of arm's lengthH, fast speed; J, reaches without vision; CM,
Chedoke-McMaster Stroke Assessment Scale; and corresponihg stage (2—6).

There were also di erences between studies. For exampldwe workspace. Furthermore, people after stroke exhibit less
delayed onset of muscle activation in stroke survivors camgba accurate reaches and decreased elbow extension reathing
to healthy adult participants 57, 60, 74), contrasts with objectsin the ipsilateral and contralateral workspace; and
ndings of no signi cant di erence between the two groups less shoulder exion when reaching in the contralateral and
(53. ipsilateral workspacé®biject location in the workspace in uenced

The synthesis also suggests that just examining one aspguint range of motion and target accuracy such that there
of muscle activity might not be su cient for identi cation & were no dierences between individuals with and without
potential therapy targets after stroke. For example, people aftstroke in the central workspac&hese kinematic elements
stroke and healthy adult participants were found to utilize aof movement skill are potential targets for rehabilitation
similar number of muscle synergies during reachifig (2. But, therapy.

a notable di erence was that healthy adult participants during The narrative analysis reported here suggests that compared
arm abduction and exion recruited the anterior deltoid and with healthy adult participants, people after stroke performing
pectoralis major whereas people after stroke recruited amtthti  reach-to-target: use a greater percentage of MVC, have higher

muscle of the brachioradialis and brachi@#. background muscle activity, and decreased coherence eetwe
muscle pairs. Meta-analysis was precluded by heterogeneity
DISCUSSION between included studies therefore caution needs to be used i

considering these elements of movement skill as potentigéta
The meta-analysis reported here found that people aftefor rehabilitation therapy.
stroke, compared with healthy adult participants, demonstrat ~ The meta-analysis nding reported here are applicable to
longer movement time, decreased peak velocity, greatektrurindividuals with stroke that exhibit similar levels of nidtmction
contribution, less smooth movement, and a more curvedo those individuals within the studies e.g., have the ncotdrol
reach path when performing reach-to-target in all areas ofo reach and point (mild to moderate upper limb de cits).
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FIGURE 5 | The standardized mean difference (SDM) of trunk displacemé(mm) during reach-to-target in the ipsilateral, centrabnd contralateral workspace. A, mild
motor impairment; B, moderate motor impairment; C, bilateal task; D, right hemisphere stroke; E, left hemisphere stke; F, target placed 90% of arm's length; H, fast
speed; LK robotics; J, reaches without vision.
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FIGURE 6 | The standardized mean difference (SDM) of movement smootless during reach-to-target in the ipsilateral, central, ashcontralateral workspace. A, mild
motor impairment; B, moderate motor impairment; H, fast sped; |, robotics; J, reaches without vision; M, virtual enviriment; CM, Chedoke-McMaster Stroke
Assessment Scale; and corresponding stage (2—6).

Comparison With Earlier Published search unlike two of the earlier reviews, 0) and employed
Findings a systematic approach for reviewers to identify relevantistud
Interpretation of the present ndings needs to be madeand extract data unlike any of the earlier reviewsl(@, 20). The
considering the risk of potential bias of included studies.sto results therefore are less likely to be confounded by revibias
items were assessed as low risk; however, there was one dhan the earlier reviews. The results reported here provide the
of one study assessed as high risk. Overall there was unclédematic di erences, and their variances, during reacktdcget
reporting of both adverse events and blinded assessment fBerformed by people after stroke and healthy adult participants.
most included studies. The inuence of these indications ofObjective reference values that could be used for targengetir
risk of potential bias is debatable. It is reasonable to proposéPPer limb rehabilitation after stroke can also be derived from
that reporting adverse events is irrelevant to this reviesase this review. Consequently, the review reported here has geali
most included studies did not investigate an interventiarda additional knowledge to that provided in the earlier narxai
for those that did, only the baseline measures were includeéieViews. Especially as the earlier reviews examined a yafiet

It is also possible that unclear reporting of blinded assessmetasks involving reachinglf); reach-to-grasp rather than reach-
is not directly relevant to the results of this systematiziess  to-target; and did not specify the aspects of reaching thaewer
as measures derived from kinematic assessment and EMG dRviewed. This di erence between reviews is important as & ha
objective. However, the risk of potential bias from uncleafeen known for some time that kinematic characteristics di e
reporting of blinded assessment remains if the same researciPetween di erent reaching task&1, 22, 79).

conducted the assessments and those conducting procesging a Unlike the earlier narrative reviewst,(19, 20) the review

statistical analysis of the movement data. So, caution ki~ has examined EMG-derived measures of reach-to-target. It is
respect of unclear reporting of blinded assessment. Otherwisf)OSSlb'E that reduced coherence between muscles contrilites t

there is mostly low risk of potential bias and therefore thethe kinematic di erences between individuals with and witto
meta-analysis results are considered to be strong. stroke such as reduced peak velocity and decreased movement

The identi ed kinematic di erences during reach-to-target Smoothness. Suchc an association has been found between a
are mostly in accordance with previous narrative reviews ( reduced number of muscle synergies and reduced gait speed
19, 20). However, the study reported here is the rst-everafter stroke which was subsequently correlated with walkin
meta-analysis of reach-to-target, using a systematicatitee  dysfunction (6).
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FIGURE 7 | The standardized mean difference (SDM) of joint kinematids the ipsilateral, central, and contralateral workspaceD, right hemisphere stroke; E,
left hemisphere stroke; F, target at 90% of arm's length; H,dst speed; J, reaches without vision.
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FIGURE 8 | The standardized mean difference (SDM) of accuracy (mm) ihd ipsilateral, central, and contralateral workspace. A, it motor impairment; B, moderate
motor impairment; C, bilateral task; H, fast speed; I, robotis; J, reaches without vision; M, virtual environment.

This review found con icting ndings for timing of muscle individuals with stroke, an often used movement pattern
activation. One study identi ed no di erence in muscle onset (77).
time in comparison to control participants5@). Whereas,
another found that individuals with stroke have delayed mesc Strengths and Limitations
onset/activation 7, 60, 74). Clearly this is an area for future The studies included in the systematic review were
research. heterogeneous, for example: the reaching task; movement
Interestingly 12 reach-to-target studies included reaghinto  speed; object location; use of trunk restraint; upper limb moto
the contralateral workspace. Yet healthy adults, when givesbility of individuals with stroke; and varied time sinceake.
the option to use their preferred arm to reach to target inThe P statistic demonstrated that of the 26 meta-analyses three
any area of the workspace, utilize ipsilateral reaches rathefieta-analyses had high heterogeneit§ ( 75%) reach-path-
than contralateral reaches during spontaneous activity 8en  ratio (central workspace), peak velocity (central workspace),
for left targets, and right arm for77) right targets) 84, 78  and movement time in the ipsilateral workspace. The remaining
79. Potential explanations for preferred ipsilateral reach@s a twenty three meta analyses exhibited low (10/26) and moderat
that contralateral reaches are less biomechanically ectbus  heterogeneity (13/26)2@ 30). Evaluation of the forest plots
require greater energy7@). Workspace location had minimal demonstrates that many of the condence intervals are
in uence on the dierences in kinematics between indivMluaoverlapping and the mean di erences fall on the same side of the
with stroke and control with there being consistent signtc line of no e ect (23, 30) suggesting the studies are comparable.
dierences in all areas of the workspace. However, in tiidowever the possibility remains that combing heterogeneous
central workspace there were no dierences in shouldew/elbstudies with in a meta-analysis could be a limitation as the
range of motion or accuracy between individuals with anchdings may be biasedZ3).
without stroke. This could be due to the joint combinations There are two additional potential limitations to this revie
needed to reach to the central workspace (e.g. elbow @xtenBirst, limitation of the search to articles published in theglish
with shoulder adduction) are part of the exor synergy idanguage. However, a strength is that the search strategy wa
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TABLE 7 | Summary of the meta-analyses of the kinematic characteriits of reach-to-target.

Kinematic characteristic
and
area of workspace

Number of participants

SMD [95% CI]

Stroke participants compar
control participants

ed to

Peak velocity: Central StrokeD 145, Control D 1.12[ 1.90, 0.35]* #
110

Peak velocity: Ipsilateral Strokd 163, Control D 82 1.76 [ 2.29, 1.24]*

Peak velocity: contralateral StrokeD 96, Control D 61 1.69[ 259, 0.79]* #

Movement time: Central StrokeD 92, Control D 77 1.44[0.95, 1.94]* "

Movement time: Ipsilateral StrokeD 98, Control D 66 2.57[0.89, 4.25]* "

Movement time: Stroke D 86, Control D 47 2.08 [1.61, 2.55]* "

Contralateral

Reach path tatio: Central StrokeD 124, Control D 77 0.92 [0.06, 1.77]*

Reach path ratio: Ipsilateral Strokeéd 122, Control D 49 0.77[0.32, 1.22]* "

Reach path ratio: Stroke D 74, Control D 49 0.81[0.14, 1.48]* "

Contralateral

Trunk contribution: Central StrokeD 49, Control D 31 1.42[0.90, 1.93]*

Trunk contribution: Stroke D 50, Control D 41 0.73[0.29, 1.17] *

Ipsilateral

Trunk contribution: Stroke D 78, Control D 51 1.44[1.03, 1.85]*

Contralateral

Smoothness of movement: Stroke D 41, Control D 19 0.92[0.32, 1.52]* #

central

Smoothness of movement: Stroke D 33, Control D 21 1.19[0.58, 1.81]* #

Ipsilateral

Smoothness of movement: Stroke D 88, Control D 49 1.40[0.86, 1.94]* #

contralateral

Elbow extension: Central StrokeD 49, Control D 29 0.41[ 1.10,0.28] $

Elbow extension: Ipsilateral Strokeéd 68, Control D 55 0.80[ 1.46, 0.14]* #

Elbow extension: Stroke D 86, Control D 55 1.10[ 1.62, 0.58]* #

Contralateral

Shoulder exion:Central StrokeD 31, Control D 20 0.95[ 2.08,0.19] $

Shoulder exion: Ipsilateral StrokeD 68, Control D 55 0.81[ 1.28, 0.34]* #

Shoulder exion: Stroke D 48, Control D 35 1.19[ 1.96, 0.42]* #

Contralateral

Accuracy: Contralateral Strok® 122, Control D 72 0.70[0.39, 1.01]*

Accuracy: Ipsilateral StrokeD 122, Control D 53 0.82[0.47, 1.16]* "

Accuracy: Central StrokeD 64, Control D 61 0.52[ 0.30, 1.34] $

Trunk rotation: Contralateral StrokeD 44, Control D 31 0.74[ 0.17, 1.64] $

Trunk rotation: Ipsilateral StrokeD 44, Control D 41 0.07[ 0.50, 0.36] $

A xed effect model was used if 2 25%, and a random effects model was used ifd > 26 %. SMD, standardized mean difference; 95%Cl, 95% con dence intervalg; indicates
signi cant difference in SMD between individuals with stroke and contrgparticipants; ", signi cantly greater in individuals with stroke#, signi cantly decreased in individuals' with
stroke; and$ , no differences between individuals' with stroke and control participants.

robust and carried out in multiple data-bases. The secondange of motion and target accuradye ndings also quantify

limitation is that participants with stroke had to have su a  the di erences which should inform measurement of the e cacy

upper limb motor function to complete the reaching task, so, theof rehabilitation. Subsequent studies need to investigdiether

ndings may not be applicable to those with severe paresis. tailoring therapy at the identi ed di erences reported heregeb
enhance upper limb recovery after stroke.
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