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Background. Unilateral spatial neglect (USN) is the most frequent perceptual disorder after stroke. Noninvasive brain stimulation
(NIBS) is a tool that has been used in the rehabilitation process to modify cortical excitability and improve perception and
functional capacity. Objective. To assess the impact of NIBS on USN after stroke. Methods. An extensive search was conducted
up to July 2016. Studies were selected if they were controlled and noncontrolled trials examining transcranial direct current
stimulation (tDCS), repetitive transcranial magnetic stimulation (rTMS), and theta burst stimulation (TBS) in USN after stroke,
with outcomes measured by standardized USN and functional tests. Results. Twelve RCTs (273 participants) and 4 non-RCT's
(94 participants) proved eligible. We observed a benefit in overall USN measured by the line bisection test with NIBS in
comparison to sham (SMD -2.35, 95% CI —3.72, —0.98; p =0.0001); the rTMS yielded results that were consistent with the
overall meta-analysis (SMD —2.82, 95% CI —-3.66, —1.98; p =0.09). The rTMS compared with sham also suggested a benefit in
overall USN measured by Motor-Free Visual Perception Test at both 1 Hz (SMD 1.46, 95% CI 0.73, 2.20; p < 0.0001) and 10 Hz
(SMD 1.19, 95% CI 0.48, 1.89; p = 0.54). There was also a benefit in overall USN measured by Albert’s test and the line crossing
test with 1 Hz rTMS compared to sham (SMD 2.04, 95% CI 1.14, 2.95; p < 0.0001). Conclusions. The results suggest a benefit of
NIBS on overall USN, and we conclude that rTMS is more efficacious compared to sham for USN after stroke.

1. Background

Stroke is the second leading cause of death worldwide and the
primary cause of chronic disability in adults [1]. In the
United States, it is the fourth leading cause of death overall
[2]. Among people who survive a stroke, unilateral spatial

neglect (USN) is the most frequent disorder for right hemi-
sphere lesions [3].

The incidence of USN varies widely from 10% to 82%
[4, 5]. USN is characterized by the inability to report or
respond to people or objects presented on the side contralat-
eral to the lesioned side of the brain and has been associated
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with poor functional outcomes and long stays in hospitals
and rehabilitation centers [6].

Pharmacological interventions such as dopamine and
noradrenergic agonists or procholinergic treatment have
been used in people affected by USN after stroke, but
the evidence derived from a Cochrane systematic review
that included only two available RCTs was very low and
inconclusive [7].

Other nonpharmacological rehabilitation techniques
have been explored for USN with the aim to facilitate the
recovery of perception and behavior, which include right
half-field eye-patching [8], mirror therapy [9], prism adapta-
tion [10], left-hand somatosensory stimulation with visual
scanning training [11], contralateral transcutaneous electri-
cal nerve stimulation and optokinetic stimulation [12], trunk
rotation [13], repetitive transcranial magnetic stimulation
[14], galvanic vestibular stimulation [15], and dressing prac-
tice [16]. However, their results do not support the use of
these techniques in isolation for improvement of secondary
outcomes such as performance and sensorimotor functions,
activities of daily living (ADLs), or quality of life [9, 14, 17].

Noninvasive brain stimulations (transcranial direct cur-
rent stimulation (tDCS) and repetitive transcranial magnetic
stimulation (rTMS)) have already shown their ability to
modify cortical excitability [18]. tDCS is a noninvasive
method used to modulate cortical excitability by applying a
direct current to the brain that is less expensive than repeti-
tive transcranial magnetic stimulation (rTMS). The latter is
an electric current that creates magnetic fields that penetrate
the brain and can modulate cortical excitability by decreasing
or increasing it and potentially improve perceptual and cog-
nitive abilities [19, 20].

A previous Cochrane systematic review summarized
results about the effects of tDCS versus control (sham/any
other intervention) on activities of daily living (ADLs)
among stroke survivors. The authors included 32 random-
ized controlled trials (RCTs) and concluded that tDCS might
enhance ADLs, but upper and lower limb function, muscle
strength, and cognitive abilities should be further explored
[21]. Another Cochrane systematic review assessed the effi-
cacy of repetitive transcranial magnetic stimulation (rTMS)
compared to sham therapy or no therapy for improving func-
tion in people with stroke. The 19 included trials showed that
rTMS was not associated with a significant increase in ADLs
or in motor function; therefore, the authors do not support
the use of rTMS for the treatment of stroke, and they plan
to complete further trials to confirm their findings [22].

Previous reviews were, however, limited in that they did
not include non-RCT studies nor did they evaluate the new-
est noninvasive brain stimulation—theta burst. We therefore
conducted a systematic review of RCT and non-RCT studies
that assessed the impact of tDCS, rTMS, and TBS for unilat-
eral spatial neglect after stroke.

2. Methods

We adhered to methods described in the Cochrane Hand-
book for Intervention Reviews [23]. Our reporting also
adheres to the Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) [24] and Meta-
Analysis of Observational Studies in Epidemiology (MOOSE)
statements [25].

2.1. Eligibility Criteria. The eligibility criteria are as follows:

(1) Study designs: RCTSs, quasi-RCTSs, and non-RCTs

(2) Participants: adults over 18 years of age, regardless of
gender and the duration of illness or severity of the
initial impairment, with USN after any type of stroke
diagnosis (ischemic or intracranial hemorrhage)
measured by clinical examination or radiographically
by computed tomography (CT) or magnetic reso-
nance imaging (MRI), regardless of whether they were
included after evaluation by standardized USN tests.

(3) Interventions: any noninvasive brain stimulations
such as tDCS, rTMS, and including theta burst (con-
tinuous TBS (cTBS) or intermittent theta burst
(iTBS)) (we considered evaluating both the different
types of stimulations (i.e., cathodal tDCS versus
anodal tDCS versus dual tDCS) and types of fre-
quency (i.e., high-frequency versus low frequency))

(4) Comparators: interventions were to be compared
against sham stimulation or any conventional stroke
rehabilitation (e.g., pharmacological therapy or non-
pharmacological therapy such as right half-field eye-
patching, mirror therapy, prism adaptation, left-hand
somatosensory stimulation, and visual scanning train-
ing or other conventional treatment)

We also considered noninvasive brain stimulations as an
adjunct to any type of conventional stroke rehabilitation.

(5) Outcomes:

(i) Overall USN measured by any paper-and-
pencil tests, such as the line cancellation task
[26], the line bisection test [27], or the star
cancellation test [28], and by any validated
specific instrument, such as the Catherine
Bergego Scale [29], and the Behavioral Inatten-
tion Test [30]

(ii) Disability in neurological and functional abili-
ties as measured by any validated specific
instrument, such as the National Institutes of
Health Stroke Scale and the Modified Rankin
Scale [31], the box and block test [32], or the
Fugl-Meyer Assessment [33] after treatment
and over the long term

(iii) Daily life functions as measured by any vali-
dated measurement scale, such as the Barthel
index [31]

(iv) Number of reported falls as measured by dia-
ries of falls, by the Morse Fall Scale [34], or by
the Hendrich II Fall Risk Model [35] after treat-
ment and over the long term
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(v) Balance as measured by the Berg Balance Scale,
the balance subscale of the Fugl-Meyer test, and
the Postural Assessment Scale for Stroke
Patients [36] after treatment and over the
long term

(vi) Depression or anxiety as measured by the Beck
Depression Inventory, the Hospital Anxiety
and Depression Scale, Symptom Checklist-90
(SCL-90), and the Hamilton Depression Rating
Scale [37] after treatment and over the long
term

(vii) Evaluation of poststroke fatigue by the Fatigue
Severity Scale [38] after treatment and over
the long term

(viil) Quality of life (however defined by the study
authors) after treatment and over the long term

(ix) Adverse events (e.g., euphoria, hallucinations,
orthostatic hypotension, nausea, insomnia, diz-
ziness, and syncope) after treatment and over
the long term

(x) Death

2.2. Data Source and Searches. We searched MEDLINE
(OvidSP) (1966 to July 2016), EMBASE (OvidSP) (1980 to
July 2017), the Cochrane Central Register of Controlled Tri-
als (CENTRAL) (The Cochrane Library, 2017, issue 7),
CINAHL (1961 to July 2017), and Latin-American and
Caribbean Center on Health Sciences Information (LILACS)
(from 1982 to July 2017) without language restrictions. The
date of the most recent search was 26 July 2017. All searches
were conducted with the assistance of a trained medical
librarian. We also searched the reference lists of relevant arti-
cles and conference proceedings and contacted the authors of
included trials.

The search strategy was: (tDCS OR TDCS OR Cathodal
Stimulation Transcranial Direct Current Stimulation OR
Cathodal Stimulation tDCSs OR Cathodal Stimulation tDCS
OR Transcranial Random Noise Stimulation OR Transcra-
nial Alternating Current Stimulation OR Transcranial Elec-
trical Stimulation OR dual transcranial direct current
stimulation OR Transcranial Electrical Stimulations OR
Anodal Stimulation Transcranial Direct Current Stimulation
OR Anodal Stimulation Tdcs OR Anodal Tdcs OR Anodal
Stimulation TDCSs OR Repetitive Transcranial Electrical
Stimulation OR repetitive transcranial magnetic stimulation
OR RTMS OR rTMS OR High-frequency rTMS OR Trasn-
cranial Magnetic Stimulation OR Transcranial Magnetic
Stimulations OR Low-frequency transcranial magnetic stim-
ulation OR Stimulation Transcranial Magnetic OR Stimula-
tions Transcranial Magnetic OR Single Pulse Transcranial
Magnetic Stimulation OR Paired Pulse Transcranial Mag-
netic Stimulation OR Repetitive Transcranial Magnetic
Stimulation OR theta burst OR theta burst stimulation
OR theta-burst OR theta-burst stimulation OR burst stimu-
lation OR continuous theta burst stimulation OR continuous

TBS OR TBS) AND (cerebrovascular disorders OR basal
ganglia cerebrovascular disease OR hemispatial neglect OR
hemispatial neglect OR spatial attentional asymmetries OR
brain ischemia OR carotid artery diseases OR intracranial
arterial diseases OR intracranial embolism and thrombosis
OR intracranial hemorrhages OR stroke OR brain infarction
OR vertebral artery dissection OR post-stroke OR poststroke
OR hemineglect OR hemi-neglect OR unilateral visuospatial
neglect OR visuospatial neglect OR visual spatial neglect OR
spatial neglect OR unilateral neglect of acute stroke patients
OR unilateral spatial neglect OR patients with stroke OR
stroke patients with spatial neglect OR right hemisphere
strokes OR rehabilitation after stroke OR chronic spatial
neglect after stroke OR unilateral neglect OR spatial neglect
OR hemispatial neglect OR visual neglect OR inattention
OR hemi-inattention OR space perception OR visual percep-
tion OR perceptual disorders OR perceptual disorder OR
extinction OR functional laterality).

2.3. Selection of Studies. Two pairs of reviewers indepen-
dently screened all titles and abstracts identified by the liter-
ature search, obtained full-text articles of all potentially
eligible studies, and evaluated them for eligibility. Reviewers
resolved disagreement by discussion or, if necessary, with
third party adjudication. We also considered studies reported
only as conference abstracts.

2.4. Data Extraction. Reviewers underwent calibration
exercises and worked in pairs to independently extract
data from included studies. They resolved disagreement
by discussion or, if necessary, with third party adjudication.
They abstracted the following data using a pretested data
extraction form: study design, participants, interventions,
comparators, outcome assessed, and relevant statistical data.

2.5. Risk of Bias Assessment. Reviewers, working in pairs,
independently assessed the risk of bias of included RCTs
using a modified version of the Cochrane Collaboration’s
instrument (http:/distillercer.com/resources/) [39]. That ver-
sion includes nine domains: adequacy of sequence gener-
ation, allocation sequence concealment, blinding of participants
and caregivers, blinding of data collectors, blinding for
outcome assessment, blinding of data analysts, incom-
plete outcome data, selective outcome reporting, and the
presence of other potential sources of bias not accounted
for in the previously cited domains [40]. For incomplete
outcome data in individual studies, we stipulated as low
risk of bias for loss to follow-up as less than 10% and a
difference of less than 5% in missing data between inter-
vention/exposure and control groups.

When information regarding risk of bias or other aspects
of methods or results was unavailable, we attempted to con-
tact study authors for additional information.

2.6. Certainty of Evidence. We summarized the evidence and
assessed its certainty separately for bodies of evidence from
RCT and non-RCT studies. We used the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) methodology to rate certainty of the evidence for
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each outcome as high, moderate, low, or very low [41]. In the
GRADE approach, RCTs begin as high certainty and non-
RCT studies begin as moderate certainty. Detailed GRADE
guidance was used to assess overall risk of bias [42], impreci-
sion [43], inconsistency [44], indirectness [45], and publica-
tion bias [46] and to summarize the results in an evidence
profile (Table 1).

We planned to assess publication bias through visual
inspection of funnel plots for each outcome in which we
identified 10 or more eligible studies; however, we were not
able to do so because there were an insufficient number of
studies to allow for this assessment.

2.7. Data Synthesis and Statistical Analysis. We calculated
pooled inverse variance standardized mean difference
(SMD) and associated 95% CIs using random-effects models.
We addressed variability in results across studies by using I”
statistic and the P value obtained from the Cochran chi
square test. Our primary analyses were based on eligible
patients who had reported outcomes for each study (com-
plete case analysis). We used Review Manager (RevMan)
(version 5.3; Nordic Cochrane Centre, Cochrane) for all anal-
yses [47].

2.8. Subgroup and Sensitivity Analyses. We planned possible
subgroup analyses according to the following characteristics:

(i) Participants (stroke type: ischemic stroke versus
intracranial hemorrhage)

(ii) Interventions (type of stimulation: cathodal versus
anodal and position of electrodes; type of frequency:
high frequency versus low frequency)

(iii) Comparator (type of control intervention: phar-
macological therapy versus nonpharmacological
therapy)

(iv) Different tests for overall USN (star cancellation test
versus line bisection test)

We planned to conduct subgroup analyses only when five
or more studies were available, with at least two in each sub-
group. We planned to synthesize the evidence separately for
bodies of evidence from RCT and non-RCT studies by a sen-
sitivity analysis.

3. Results

3.1. Study Selection. We identified a total of 4129 citations
through database searches and a further four studies from
the reference lists of the Cochrane reviews [22, 48, 49]
(see Figure 1 for search results). After screening by title and
then by abstract, we obtained full-paper copies for 30 cita-
tions that were potentially eligible for inclusion in the review.
We excluded 15 studies for the following reasons: case report,
case series, self-controlled study, review, and off-topic. The
remaining 12 RCTs [14, 50-60] with a total of 273 partic-
ipants and four non-RCTs [61-64] with a total of 94 par-
ticipants met the minimum requirements, and we included
them in this review.
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3.2. Study Characteristics. Table 2 describes study charac-
teristics related to design of study, setting, number of par-
ticipants, mean age, gender, inclusion and exclusion
criteria, and follow-up. Eight studies [14, 54, 56, 59, 61-64]
were conducted largely in Europe and eight in Asia [50-53,
55, 57, 58, 60]. Randomized trials’ sample sizes ranged
from 10 [56] to 38 [55], and non-RCT studies ranged
from 12 [63] to 36 [62]. Typical participants were males
in their 40s, 50s, and 60s. Studies followed participants
immediately after treatment [50, 57, 58, 62] to one month
[51, 52, 54-56].

Table 3 describes study characteristics related to inter-
vention and comparators and assessed outcomes. Of the 16
included studies, nine trials [14, 50, 52, 54, 55, 59-62] evalu-
ated TBS:

(1) Eight trials compared cTBS versus

(i) sham cTBS (both groups received conventional
rehabilitation training [52, 60]);

(i) 1Hz rTMS, 10Hz rTMS, and sham rTMS (all
groups with addition of routine rehabilitation
(55]);

(iii) sham TBS [14];
(iv) sham cTBS [54, 59, 61, 62].

(2) One trial compared iTBS with 80% resting motor
threshold (RMT) versus iTBS 40% RMT [50].

Of the remaining seven studies, four trials [56-58, 64]
evaluated tDCS:

(1) Two trials compared tDCS over the left (cathodal)
and right (anodal) posterior parietal cortex, one ver-
sus placebo at an intensity of 2 mA [56] and the other
versus sham tDCS [64].

(2) One trial [57] compared tDCS dual versus either
tDCS single or tDCS sham.

(3) One trial [58] compared tDCS versus sham tDCS.

Three further trials [51, 53, 63] evaluated rTMS:

(1) One trial [51] compared rTMS with sham rTMS,
both plus conventional rehabilitation therapy (neu-
rodevelopmental facilitation techniques).

(2) Two trials compared 1Hz rTMS, one versus 10 Hz
rTMS and sham rTMS [53] (both groups received
conventional rehabilitation), and the other trial com-
pared 1 Hz rTMS versus sham rTMS [63].

None of the included studies evaluated noninvasive brain
stimulations as an adjunct to any type of conventional
stroke rehabilitation.

3.3. Risk of Bias. Figure 2 describes the risk of bias assessment
for the RCTs and non-RCTs, respectively. The major issue
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articles
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Case report: 1
Self-controlled: 1
Review: 1

Off-topic 1

F1GURE 1: Flow diagram of the systematic review.
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regardingrisk of bias in the RCTsand non-RCT's was problems
of random sequence generation [14, 50, 51, 54-59, 61-64] and
concealment of randomization [14, 50, 53-59, 61-64]. An
additional problem was blinding of the statistician in all
included studies.

3.4. Outcomes
3.4.1. Synthesized Results from Randomized Controlled Trials

(1) Overall USN Measured by the Star Cancellation Test. The
results from six RCTs [51-55, 57] comparing noninvasive
brain stimulations with sham failed to show a benefit in over-
all USN measured by the star cancellation test (SMD -0.51,
95% CI —1.87, 0.85; p=0.46; I° =90%) (Figure 3). The
results were consistent regardless of the type of noninvasive
brain stimulations (TBS in three RCTs [52, 54, 55] (SMD
—1.61, 95% CI —4.28, 1.06; p=0.24; I =93%); dual-tDCS
in one RCT [57] (SMD -0.12, 95% CI —-0.99, 0.76; p =0.79;
I? =not applicable); and 1Hz rTMS in two RCTs [51, 53]
(SMD 0.57, 95% CI -2.95, 4.10; p=0.75 I* =95%))
(Figure 3). Certainty in evidence was rated as very low
because of imprecision, inconsistency, and risk of bias due to
the studies that were ranked as high risk of bias for both
allocation sequence and allocation concealment (Figure 2).
A sensitivity analysis from the same RCTs using TBS
[52, 54, 55], single-tDCS [57], and 10Hz rTMS [51, 53]
yielded results that were also consistent with the primary
analysis and failed to show a difference in the effects of
noninvasive brain stimulations compared to sham (SMD
~0.62, 95% CI —1.89, 0.65; p = 0.34; I> = 88%) (Figure 4).

(2) Overall USN Measured by the Line Bisection Test. Results
from five RCTs [51-53, 55, 57] comparing noninvasive
brain stimulations with sham suggested a benefit in overall
USN measured by the line bisection test (SMD -2.33, 95%
CI -3.54, —-1.12; p = 0.0002; I =81%) (Figure 5). The results
were inconsistent when the data were analyzed by type of
noninvasive brain stimulations: TBS in two RCTs [52, 55]
(SMD -3.08, 95% CI —6.54, 0.38; p=0.08; I =90%) and
dual-tDCS in one RCT [57] (SMD -0.66, 95% CI —1.56,
0.25; p=0.15; I’ =not applicable) except by 1Hz rTMS
in two RCTs [51, 53] that yielded results that were con-
sistent with the overall meta-analysis (SMD -2.33, 95%
CI —3.54, —1.12; p < 0.0002; I* = 81%) (Figure 5). Certainty
in evidence was rated as low because of inconsistency and
risk of bias due to the studies that were ranked as high risk
of bias for both allocation sequence and allocation conceal-
ment (Figure 2).

A sensitivity analysis from the same RCTs using TBS
[52, 55], tDCS [57], and 10Hz rTMS [53] yielded results
that were also consistent with the primary analysis and sug-
gested a difference in the effects of noninvasive brain stimula-
tions compared to sham (SMD -2.35, 95% CI -3.72, —0.98;
p =0.002; I* = 85%) (Figure 6).

(3) Overall USN Measured by Motor-Free Visual Perception
Test. The results from two RCTs [51, 53] comparing nonin-
vasive brain stimulations with sham suggested a benefit



Neural Plasticity

S$199°p PPy
[ens1a pue ‘siaxyewaded
oerpaed se yons syuerdur
[e3ow onouSewrerp ‘s3nip
onoydAsdnue 1o syuessardoprue
OTPADLI) JO ISN JOAD ‘SIINZIAS
Jo £10381Y AJrurey ‘sa[oe3sqo
uonedTuNUIIIod pue erseyde
STIOTAQO ‘9¥0I)S JUILINOAI
‘s1opI10SIp dLjerydAsd pue asnqe
[oyooTe pue Snip ‘ewner) peay
snoraaxd ‘Asdaids jo L0351
‘s1eaf (8 < 10 s1eak (¢ > a8y

I Sunuaaaxd
erqoydomsned 10 $201A9p [ejoW
M IO ©9INZ13$ JO A10)STY
Arurey 10 A103STY [BITPUT © )18
a8eyIIOWwaY 10 UOTDIBJUT MAU
© £q pajeqiooexo UONIpPUOD €
10 “BTUIDYDST S[QISIIAT Yoe)Je
OTWIAYDST JUDISULI] ‘STSOQUIOIT[}
SOUTS SNOUIA 9FRYILIOWAY
proutpereqns ‘erdoueruway
Pm syuaned a1om papnpxyg
*ASofoyjed ureiq 1930 10 sioum)
ureiq aaey jou pip syuened [y

UN

s359) [ouad-1oded
OM] JO JNO 2UO JSBI] & Ul
SyoYap uo pue juswadpn(
URDIUT WO Paseq 103[32u
[enedsonsia jo sisouSerp pue
Apmys a1y yo Suruuidaq oty
210Jaq $YPam 7 < Jurdewur
95UBUOSAT dTjauUde 10
AydesSowo) payndwod £q
PaULIJUOD (UOISI JIWAYDSI
Jo S13eyLIOWaY) OIS
aroydsturay Jydur ym
syuanjed papuey-1ySny
ULI0J JUSSUOD PAULIOJUT
ue paudis pue £pnjs a1}
puejszopun 03 L1Iqe
PeY PUE UOISIA PIJOILI0D
[EWLIOU IO UOTSTA [BULIOU
spapuey-1ySiI pro s1eak 08-81
{GT > 91008 3[IS BWOD
MmoSse[n) e pey (s1eys Jo
JoquInu AUe JO UOISSTUIO)
159) UOTIR[ODUED IB)S 1O
(%21 < serq premiy3ir) s1sa)
UOID3SIq dUT[ Aq PAaUTULIA}IP
NSA PeY {(1YIN) Surdewr
dUBUOSII dnduUdew 10
Ayderdowo) payndwos £4q
PAULIUOd U22q PRy YOIYM
Apnis a1y} 210J2q SHPoM 7
uey) 210w (d3eyLIoway Jo
UOIDIBJUT [BIGRID) INOX)S
aroydstway jydur 3s1yy e pey
UOISIA [BULIOU-0)-P3)091100
IO [eULIOU )M J09]39u
enedsonsta pue axoydsturey
JYSII oY) UT 3Y0I)S TOAI-ISIY B
pey oym syuanyed papuey-jydrg

008D
008 I

0090
¥9 1

€¢e8°0
LS8 1

5650
gI'ss T

€€¢9 0
L0791

079D
0651

BLIO)LID UOISN[IXF]

BLIOILID UOISN[OUT

(%) sarewr
JO 'ON

98e ueay

|35e) 10d [zs] st0T
®BIS X1 [0,
111 =V v nd [eIrered “Te 39 0y

ST 10d [1s] 910¢

®BIS X1 [N,

o1 BV rerind Plereq  wny pue e
9:D 10d [os] 9102
L0 vV Perind PIrered “Ie 32 0D

S[eLI) PI[OIIUOD PIZIWOPUERY
syuedonred uonesrqnd Apmys .
10 0N uoned0 Jo sy Jo uSisaq 1edf oyny

"BII9ILID UOISNOXd pue UoIsnul pue ‘Topuas e ueawr ‘sjuedonred jo roqumu Gumnas Apnis Jo uSisop 03 pajelar sonsLIaloeIeyd Apnig iz I19V],



10 “Aoupny “JoAl[ ‘Guny 9reay
9} UT 2IN[IE} IO UOTOUNJ
uegdio parredur Asdoprdo

Jo A103STY ATUrey sI9pIosIp
UOT}eITUNWWO0I-3ATTUS0D

919495 pue erseyde snoraqo
6T > 21008 §OHN) FeyrIoway 1o
UOMOIRJUT JOSUO-MIU pUL
uonIpPu0d SUTUISIOM SYOe)E
STWIAYDST JUSISULI} JO J[QISIIAI
pue ‘SISOQUIOIY} SNUIS SNOUIA
oSeyIoway prouyoereqng
peay oy} ut
syred udroroj 19130 10 [EIOUT
‘dress ay) o sadewrep 10 BWZOd
Asdoarda ‘vonorppe nip 10/pue

[0YOdTe ‘s19pIOSIp dLnjerydAsd

oSeurep [ed1)105 [eIe[Iq

‘SIOPIOSIP UOTIEITUNUIWOD pUe

oFengue] 21049s YIIM sjudnE]

Neural Plasticity

I Sunuaaaxd
eiqoydomnsnepd 10 sa01Ap
[eI0W M JO DINZISS JO
A1035TY ATTUurey 10 £103s1Y]
[edIpaw & )1 dFeyLIoWdY
10 UOT)DIRJUT MU B

£q pajeqIa0EXa UOTIPUOD

® IO “eIUAYDST A[qISIOAT
“oeIIE DTWAYDST JUITSUERT)
‘SISOQUIOITY) SNUIS SNOUIA
ofeyIIoway proutpereqns
cerdoueruoy M syuaneg

JUISUOD PIULIOJUT
a1} pousdis oue)sqns
snougdewrerp jo juerduur
SI[BJOW OU UOTJRUTUIEXD
[DTUI[D IO “)$9) UOTJB[[2OULD
Te)s 9sd) UOTOasIq aulf £q
pauLyuod NS ‘SAep 081-09
UIIIM owT) A19A0D31 UT pue
(s8eyrI0WAY 10 UOTIOIRJUT
[e1q2122) sjuarjed aox)s IsI1y
08 pue 8T U2aM1dq 28y

ayo1s I9)Je Syuou
oy uey) axour ‘gT jo afe ay)
uey) I9P[o ‘papuey-1y3iI ‘UOISI|
orraydstuay-1ydir 1oyye 1093au
[enedsruuay 1Jo] LM SJUSIE]

ASoroyyed
ureiq Jay3o Jo SIOWN) urerq
aaey jou pip sjuaned [[e cuLoj
JUISUOD pourIojul ue UJIs pue
Apniys oy puejsiopun 0y L1[iqe
3} PEY pUE ‘UOISIA PIJIILIOD
[EULIOU JO UOTSIA [EWIOU
spapuey-1ydiI pio s1eak 0g-81
G > 2100S 3]s BUIOD
MOSse[D) © pey (s1eys Jo
Joqunu AUe JO UOISSTUIO)
153) UOIR[AOUED Ie)S 10
(%21 < se1q premjysr) s1sa)
uond3SIq AUT] £q PAUTULIRP
NSA Pey {(PdN) Surdewr
9oUBUOSII d1jdUdeW 10
AyderSouwroy payndwods £4q
PAWLIGUO0D U22q PBY [OIYM
Apnjs 9y 210J2q SOIM T
uey) 210w (d5eyLIOWAY IO
UOTOIRJUI [BIQIID) INOIIS
aroydsrway Jydu 351y € pey

[ss] stoz
“Ie 39 Suex

[9s] sT0T
“[e 32 31w

[09] 10T
“Te 10 ng

BLID)LID UOISN[IXF

BLID)LID UOISN[OU]

00¢D LLV D 01D
9'6G €1 V'ov €l 6 ¢l LOd
eIs 1%9)
007 <l 0°8¥ <1 0T 21 By i [PIreted
999 1 L9v 1 6°1
00 : o - : Apms
20 .oo U 28 .wo U 2% U adomyg 1x9) [N I9A0-SSOID
4009 11 L8791 K| 1w
SLD 9D 90 10
1S el
SL L1709 ‘1 91 By i [Prreted
(%) sorewr A syuedionred woneso uonesrqnd Apmys
Jo ,ON ‘ Jo smelg Jo udsag

3o 'oN

1ef oyiny

‘ponunuoy) g 414V ],



Neural Plasticity

syuowrrredwr aanugoo

919438 PUE ‘SUONIPUOD
[edTpawI pafjoryuodun L . . Apmys
QpO13OI[? JO BITR A} oxs BMMMMM MMM,M Sy WWWW ”w wm Nmoo W wmmm “w RISY 1x9) g I9A0-SSOID ﬁm uwo%vm
UI SUOISI] UD[S ‘WINLIBAJED ’ : 9 3 9 104
10 AJ1A®D [erURId 91}
ur [e)oW pey oym sjuaned
Aymoe [ensiA eurIou
-0)-P2)03110 JO [EULIOU JABY O}
pey syuoned [re quowaSpn(
SI9pI0SIp dLnerydAsd [e2TUID UO pue §)s3) [DUd
Jofewr pue @snqe [0Yod -1oded jo sassep va1p) Jo . . 104 $1] 210C
pue mw:v aEM_EM %8% jno ozzﬂmmﬂ HME EM@W@ ,8°0L 2085 ave >dong eI [oTrered “Ie HW :_ONNNU
touid ‘Asdaqida jo A103sTH JO SISeq 9Y) UO PaUTULId)P
109130u [eneds paprs-1391
pue axoydsrway JySir oy 03
UOTSI[ JIZRYIIOWY] IO OTWAYDST
juswaredwt aANTUS0d 219438 papuey-3y8L Ajsnoinaid aiam
. syuanyed e 9sa) uondasiq aul| € £4q
v%mowﬁ%“wwumﬂwﬁwzw PoULIUOd PUE UOTJBAIISQO 01D Apmys
[eruen oy ur syuedun . 3J9] pue xotmu [e3oLre mQﬁ 01 I 104
SEIOW ey OgM SIUTE] urAjoAur axoydsturay Jydir oy
ur uotsa[ YIm sjuaryed aoxg
SUONIPUOD
5130[0INJU 1O [EITPIW
a[qeIsun Jo ‘rayewaded 1o [ns papuey-1ysir a1om
a1} ur [ejour jo aouasaid pue syuaned [Te £(359) UONIasIq o o .
‘ewnes) peay Jofew InzIos aury oy} Sursn pawLIuod) n.oo ..U m.wc ..U 6 ..U 1D .
ondanids jo £103s1y ® se yons 109135u Tenedsonsia ym v ww ..NH [ wo ..NH 6 ..NH ki eI PIrered [es] e 3o wny
‘SIALL, 10J SUOTJBIIPUTEIIUOD S13RYIIOWY] JO OTWAYDST 9551 I8 61
SUOTJONIISUT ) pue)sIopun [21q2190 Y3 M Sjuane
03 9[qeun woy} Sunjewr
jusuLredwt 9ANIUZ0D 919495
ersdoueIuuay pue UOT)BUTUIEXD
Surmp aanerodoooun
pue eiqoydonsnep jo
A10381Y ‘sypuowr 9 > Loueydadxo
OJI] pue suesIo [ejIA IO
BLIDJLID UOISNOXE BLID)LID UOISN[OU] QMVM m.MﬂE ofe uealy SMM&MN& uored0] QM%MMMMMQ wo\mm” HD 1edf Toyny

‘ponunuoy) g 414V ],



Asdaqida jo ysur oy Supuenpyur
s1030¢j reuonippe pue ‘Asdoaqids
9SBASTP [EDTPIW [RUINUT JIIAS

Neural Plasticity

671 S $91008 YIIM £I19338q JS9 T,

Aue 9Feyrroway 10 oIS uonudjjeu] [eIoIARYRY Y} $¥FS D 049D 1D
Jo11d Jo £103S1Y € ‘SIOPIOSIP uo souewrojrad pue 103U SHS Tl 0'99 :ZI 12 adomyg 1x9) [N -%WW cre WMN_\, WZWN
smerypAsd (o7 > 2100s TenedsTuay yIm ao1s 00S I 0L 1 81 1send v P¥I
UOT RUTIIEXT] 918)S [BIUSIA] aroydsturey 1y yIm syusned
-TUT]A[) UOT}LIOLIdNOP [eJU
peaxdsapim Jo 2oudsaIg
Aymoe [ensia [euriou
-0)-Pa]23110D IO [EULIOU PEY
s300(qns [re ©yons orraydsruay o o . i
AN Y81 anoeqns aye ) o ' U 8 v o U 8l U adomyg RaIu! B .MMHU “le uﬁmwﬁw Woom
Burnsa) resrdooypAsdormau 20051 29791 S LOU-UON [? 3 PydoH
pue juawadpn( [eoturp
U0 Paseq 929[3U PapIs-1JoT
SI9pI0SIp dLerydAsd
Jofewr pue ‘9snqe [oyooe
pue Snip ‘ewner peay
sotad “Asdoqida jo £10351Y Aymoe rensia
[EWIOU-0)-P3]IILI0D 10
® 10J 3UTUL910s papnpur eurou pey syuaned (e 9o o . @\4_5@ [19]
PIyM ‘S jo uoneordde I ped hed I8 - AN 0°€s 0 890 adoang %9} [ I9A0-SSOID 9] 5102
suraydsturay-1ysur anoeqns e LOFS PUR 976 T 81 “Ie 19 T[0ZZe)
a2y 10y saurepms £joyes X IDY-UON
1933e 10913ou [enedsrwoy
pa1daooe Areuoneursur jo DIPIS-TI5] UIIM SIUTE
sueawr £q syuaryed passasse PIPISTYIL (M $HUoHed
QAR SIOYINE TOAIMOY]
‘parrodar Areapd JoN
SLOY-UON
Pa[3ou yrm pensqe LY [6S] 1107
N syuanjed axjoxs aynoeqng N N N >dong 2OUIIJUOD) Plrered “[e 32 Tuuog
UONRUTWEXD [eITUT[D
pue (YN 10 1D) Bojorper 4q
AN ﬁﬂEEﬁou 90913au [enedsruray k%m..mm U «m..ﬁ L U 01 U sdomg — 104 ) [¥s] z10T
q Pa129Je 3YOI)S JTUIAYDST LSS5 S99 01 1 Plrered ILRER'RIO]
anoeqns axaydsturay 3y
P syuanjed papuey-1ySrg
(%) sarewr syuedorred uoryeoriqnd Apmys .
BLIOILID UOTSN[IXY BLIAILID UOTSN[OUT 100N aSe ueay Jo oN uoned0T Jo s Jo uSisoq Tea TOyINY

10

"poNuUTIuO)) 7 A14V],



11

Neural Plasticity

1Dy & sem Apnys oy syuaned uay Sururewax
ayy 105 ‘syusned 93113 A[uo 10J 1940-55010 © sem Apnis Ay ‘dnoid yoes ur syusned 6 woy are vleq, ‘dnoid parpmys 1od 31 AJads Jou prp sroyine oty se 9dures sjoym Yy woly are eIe(, ‘(UOHEZIWOPUELI
193 papnpxa sem juanjed auo) syuaned 0T WoIj paje[noTed Sem BIR(],, "SUONUIAINUI [0XjU0D pue [ejuswiradxa yjoq pasradar jeyy syuaned 221y sasuduwod eye(y,, *dnoid parpmys 1ad azis adures oty Ajads jou
pip szoyne ay 1, ‘sdnoid yjoq ut papnput syuatyed 1oyiny 321y3 pue ‘uSIsap [a[rered ur paziwopues 19m sjusnied AL, ‘S[013U00 st Pan1ds os[e dnoid [eyuswrIadxs v jo syuedonied, Jo3[3au [eneds [exsreun (NSO
cuone[WNS d1oUFeW [BIURIOSURT) AT, [BLI} PI[[OIIUOD paZIwopuel ;1Y Jaquunu o Surdewr 20ueu0sa1 d1ouSew NN {UOTJUSAIIUI :] 9[eds Bw0d MoSselD) :gDD) LydeiSowo; pandwods :17) «dnoid jonuod

£)moe [eNSIA [BULIOU-0)-PIJOdLI0D
10 [eurIou pey pue ‘soyeads
UeIe}] dAT}RU ‘pIpURY-1YILI
a1om syuedronaed ‘saprsaq

I9PIOSIP ILIFIY Ksd f(39suo 1sod syjuowr ﬁm Js®9] Je) o o . ~€Ew
1O 9SBASIP 2ATJRIAUIZIP u—cowxwhwwuoﬁ:ﬂu.@m ° Mwm 29 .oo O »£8 .mo U 92 U adomyg %9 [N I9A0-SSOID e ﬁwom_ WoMo 4
10 20UIPIAS 10 AIOWSIH] 1UoIYD 1913 Ul ‘(YN 10 1D) 5999 1 2€87L9 1 )91 IY-UON [e 32 BISO3Y

uoneuruexa [esrdoorpes
£q pawIgyuod ‘oyons
Je[NOSLAOI]IIdD B 0) NP
SUOISI [eso)erun a1oydsrway
S M syuaneq
BLISILID UOTSN[OXH BLID)LID UOISN[OU] (%) w.u?E a8e ueay wu:mm_.ufmm uoned0| uoyerqnd Apas Teaf TOyINy
Jo "'ON Jjo ,ON Jo snyeig Jo udisoq

"panunuoy) g 414V],



Neural Plasticity

12

SYoom ¥

SYoom ¥

UOTUIAIIUT
RYY

189} UOT)OISIq dUI|
£)$9) UOTJB[[2OURD TB}S

159} UOTJe[[20ULD Ie)S
53] 1I2q[V £159) UOTO3SIq
aur] 9s9], uonydodiog
[eNSTA 991]-I0JOIN

§1$9) UOTJB[[2OUED Ie)S
pue UOT)O9sIq oUTT

"SAep 9ATINOISUOD T JOJ “UIWI GT JO [EAISIUT
ue YIMm ‘Arep surer) § paAIddaI syudned (W /8
«dooy ap1sno jo 139werp) 105 JySe-jo-amdy e
PIM pagoautod “YISuans Play WNWIXLW B[S3],-('7 M
Sururery uone)IqeydI 0OIN ‘puepym wnsSey) 1ojenuns onoudew ¢ prdey
[BUOT)UDAUOD + S IO WEYS 12dng & Sursn paIoAIPp sem Sg.I2 PIOYSIY) Jojour
3ursa1 oY) Jo 9508 seM AJISUIUT YIIM S O 10J SUT (0T
A10A0 payeadar pue zE] 0¢ e PISAIRP Sem Isang asnd
2211} ‘GJ J9A0 135 Sem g 12 :Sururer} UOLeI[Iqeyar
[BUOTJUDAUOD + S I2 X9}10 [ejorred Joraysod 1397

"1$21 SULIMp PIOYSIY) J0JOW U} JO %06
M SoINUTW G J0J ZH T Jo Aouanbaij e Je woyshs
02/01 wexdoreydeduaor)da[d oY) UO paseq (seare
¥d pue ¢J) reorred toraysod 1ydir oy ur parjdde sem
dnoi$ reyuswrodxe uonemums ‘(NN SAeM “PIT 0D wmsde) gpidey
oy} uey) [od0301d dwres Y wrsSeIAl 03 POIOAUUOD W ()§ JO IAJOUWLIP © [JIM
Sursn Aderoyy woneyqeyax [100 Jy312-Jo-21n3y SUISn PIISAI[SP SEM UOIIB[NUINS
[BUOTIUSAUOD pue SIALLT Weys yoom Jod sfep ¢ sypam § 10§ “UOISsas A} YSnoIyy
Kemyrey porrad 3sa1 oynurwa-o7 € Yym Aep 1od (urwr ¢
“UOTRYIIqRYRI SUTW (T :SIALY) SIINUIW ()f JO [810) B JOJ
(sonbruypay uonyeyroey feyuswdopaspoinau) Aderoyy
UOTJL)I[IqRYa] [RUOTJUIAUOD + SIALLI 2AnINdday
'S @ JO [eATaul Ue Ym (sasind (¢ ‘sising QT [e301) S C
10§ suwr ()0 A10A2 UI Z[] (1§ Jo Aouanbaig e Je paIoArop
saspnd 2a117) Jo SunsISUOD suTeI} YOI BMWT)S
(¢ POPN[OUT UOISSIS [dey “ABp [0S UO [AIUT UTW G
e y)m parjdde a1om SUOISSas OM T, ‘PIOYSIY}
LAY JO %07 e PIISAI[2P 1030w SUMSAI JO 9408 Je /] PUE €] Y} Ud2MIaq ST
a1oM sas[nd ‘Toromoy oIyM D1oydsruray 1o Y3 JO [2qe] G Y} X2)100
«dno13 uonuaAINUT s dureg [eruo1zo1d TeIS)eR] [ESIOP 1JO] S} 0] PIISAI[IP dIom
(2d£y 3s1nq 321 Saspng "sv1 05z Jo YiSuay asnd
WNWIXew e pue 1, (¢ Jo Aysuajur yead yim
‘1N ‘PuEpIYM “0D wmsdeN) gpidey wmsSey
® 0] P23oouu0d 105 A[j10)Ing wwr /g ue Jursn pardde
sem uonjemuwns :dnoid ST oyl ul TINY %08 SA.LI

S[RLI} PI[[OIUOD PIZIIOPUERY

[zs] s10T
“Te 12 ng

[15] 910C
‘wry pue eyn

[0s] 910T
..ﬂm Jo oe)

dn-morog

SOWIO2INO PaINSLIN

sdno1d jonuos jo uondisag suonuaAIUI Jo uondrsaq

Teaf “TOTINY

“dn-mofjoj pue ‘saw0o)no passasse ‘sdnoid [0NUOD PUB UONUIAINUI 0] PIIB[2I SIISLIAIORIRYD APNIS i€ AT14V ],



13

Neural Plasticity

qjuow |

uowr |

skep 01

159) UOTIISIq U]
$)59) UOE[POUED I8)g

$1593 Sumerp
{5189} UONDISIq dUI|
{5189} UONE[[2OUR))

189) WOTISIq U]
€S2} UOTJE[2OULD TBIG

UONB)I[IqBYDI SUNNOI
+ syoom ¢ 10J Lep e
SowIr) 0M) SIALLT WEYS

pouiad jnoysem
Yoom-moj e £q pajeredas
9I0M SUOTIIPUOD JUUIIET)
SAep 9ATINDISUOD AT UO
YW g Jo AJISUSJUT Ue Je X110

[e3oured ror1aysod (fepoue)
131 pue ([epoyed) 1]

91} I9A0 $AINUTW ()7 I0]

pardde sem ogaoe[q

proysa1yy 1ojowr Jursax
%0¥ 03 paonpaz saspnd
uopneus ay) jo apnjidwe
a1} pue aoejms dess a3 03
renorpuadiad paoerd 1100 oy
m Inq ‘dnoid gg 1o
a1y} se uonisod aures
31} JB $2INJBIJ AWES )
JIM SUOTJR[NUIT}S PIAISII
dnoi3 jonuoo aanoe oy,

'S GG JO [eAIDIUT
uonjenwns pue oO1 Jo qunu asynd [e10)
B M ZH 0T Aouanbaig ‘TIAY JO %08 Aysuajur
‘(¢d) 21oydsrwoy [e19)e[BIIUO0D 3} JE ‘S )G JO uoneInp
asind pue T, 7 18 wonenums jo Aysuajur yead
105 JySre-yo-amdy e yym (Luedwon) wnsSeyy)
1oyenuuns onoudew prder e Sursn pardysturupe
Sem UOTB[NII)S :UOIRII[IqeYdT JUNNOI + SHOIM T
10§ Aep ® sown om) SILIA ZH 0T 7] dnoin [sg] s10T
‘s1oquuinu asind 969 Jo [e103 © y3m saduanbas “re 30 Suex
78 pareadar ‘s g sem oouanbas yoes 10 uoneINp SnWNS
pue ‘zH 1 jo Aouanbaiy pue ‘I JO %08 Aysusjur
‘(¢d) 21oydsrwoy [eI91e[BIIUOD 3} JE ‘S )GT JO UoneInp
asind pue <[, 7 ye uonenwuns jo Aysuajur yead oo
1yS1o-jo-a1ndy e yym (Auedwo) wnsdepy)
Joyemnums onouSew pider e uisn paisjsiurwupe
Sem UOTB[MUT)S :UONLII[IqeY2T SUNOI + SOM ¢
10y Aep ® sowry oM} SLLI ZH T ‘] dnoio
‘porrad Jnoysem Moom-Inoj e £q pojeredas
9IOM SUONIPUOD JUIWEAL], (9POIID3[2 [epoue)
¥d pue (9po1dapd [epoyied) ¢J yim Surpuodsarrod
2qo] re3arred 10119350d 9} JOAO PJRIOT dIOM SIPOIOA[T
'So¢ ut
umop Jurdures pue s g¢ ur dn Jurdures yym spog1 10y [9s] s102
pardde ‘wryOY 01> JO 90UEBISISAI B pUB YW 00T “Ie 32 1w
JO JUALIMD © Je 105 aIoM s1vjawrered wonenumg *(9600
IOqUINULLISS {10Je[NWNS-DJUUODOININ) I0Je[NUINS
JUILIND 102IIP USALIP-AI9)3eq © )M SLep SATNIISUOD
9ATJ U0 x23100 [ejarred omaysod (fepoue) JySur pue
(repoyyeo) o[ a3 JoA0 sanurw 07 J0j pardde sem §O (I

“ZH 0€
Je paIaAT[ap sasind ¢ papnpour 3sImq yoeq “(WyIAyx
€AY} ZH § Je $1SInq 00 Ul paIdATdp sasind 009
PaUTLIUOD PUE S O PIISE] UOISSIS Yok 'SUOISSIS 7 ATIAD
U29MJ2q UTW GT JO [eAIDIUT UR [JIM PIIGAT[AP dIoM
UOTIR[NTUT)S JO SUOISSIS F ‘SAeP 2ATINDISUOD (T I0f Aep
o2 UQ PIOYSAIY) Jojowr Junsar 9408 GE £10c
Je pourejurewr sem sasind a1} jo apnjtuSewr e
3y, "(gzuonenossy oryderdoreydeousonsarg
URDLISWY 2Y) JO Wa)sAs uonisod apor)dafd
02-0T 213 03 Surp1oooe) x2)100 [ejarred rorysod
1391 2y} 1240 ¢ Je deds oy 0y AJrenuadue) paoerd
[102 9T} YIIM ST, SONUTIUOD PaAtadal dnoid gq 1 ayf,

dn-morjog

SOWIOdINO PpaanseajN

sdnois jonuoo jo uondusa

suonuaAIul Jo uonduosa(g Ieaf royny

‘ponunuo)) ¢ 414V ]J,



Neural Plasticity

14

juouIjeaI) I9)je 159) UOTJE[ODUED TB)S
A[orerpawruuy £)$9) UOT)D2SIq U]

Xopur [pyireg
PAYIpOW-ULIIOY
‘oreos 03a319¢ suLIRYIE)
SYoaMm ¢ €53} UOTJe[[20ULd
€189} UOTIOISIq U]
9sa], uondaoiag
[BNSTA 93L,]-I0JOTAT

“UIW ()7 10J PIIDAIPP Sem YW [ JO
JUSLIND JUBISUOD Y "¢ Y] 1940 pade[d sem apoyjed oy
pue eare [eyiqioeidns Jysir o) 1040 paseld sem spoue

S G 190 Jo patade) uay) 2] 9MoI §H ) PU03s 3y} U “eare [eyqioeidns
SeM PUE ‘S G 10J PIseaIdul 339 91} ToA0 pade[d sem apoyIed ) pue FJ 12A0 paseld
Aqrenperd sem Arsuajur SeM 9pOUE A} NNII §O(I ISIY Y} UT 9I0J21aY ], (€d)
JUSLIND 9} pue UO PauIn) Ddd 131 94 19A0 JMIIID PUu0IdS 3} JO SHI [ePOYILd . [£s] €102
Sem J0JR[nNwWNS I, "SINOIID £q patuedwosoe sem (Fd) Ddd Y3 o) 1940 [¢ 35 oomuns
SO PU0das pue JsIy Y] Ul JMOID 18I ) JO SHI [BPOUY *(WD G X WD G) SIPOIIIID

o8uods payeos-aurfes aoeyns jo sired om) Jursn
(VSN ‘TIINOI ‘0SSINdIP-POIN 03y [] 1083101 )
$901A9p patomod-£12)3eq JO 5195 OM] £q PAISATIP
SEM JUSLIND J0211Ip ([enp SO}) 2powi-fenp :y dnoin
'y dnoiS se
SUONONIJSUT dWes Y} pamo[[oj [ooo3o1d a1y
Jo Zururewar Ay [, “(seynurur (g Jo porrad uone[nwIns
[®101 ® ur Sunnsar) spuodss 65 £q pajeredas yoea
UOT)BINP INUIW-G JO SUTEI} § U P[OYSIIY) J0JOW %06
® 1€ () X9)100 [ejorred Jor1a)sod JySir pauorsa] 9y 1240
SINLLI (zH 01) £ouanbaij-ydiy jo suorssas o1 :g dnoin
‘(sarderoy) aanTudod
pue ‘reuoriednooo ‘[esrsdyd Surpnpur) Jusunean) [es] €10C
UOTJB[IqRY2] [BUOIIUIAUOD PIAIII OS[e SJUSNEJ “Ie 39 wny
"$oam 7 103 Yoam 1ad sown) ¢ pawnrojrad sem SIALLI 10D
padeys-g pajo0d-Ire IAOWI[IW-()/ € YIIM I0JB[NWNS
onoudey prdey 1odng wmsepy e Suisn paIoArdp
sem SIALLI “(senurur (g Jo poriad uorye[nwuns [e3o}

e ur Sunnsar) aynurw | £q pajeredss yoes ‘uonemp
9INUIW-G JO SUTRI) § UI P[OYSAIY) J0JOW %06 B I8
(¢d) x91100 [ejorred 10119350d 3Jo] PAUOISI[UOU A} I9AO
SINLLI (zH 1) £ouanbaij-mof jo suorssas 01 1y dnoin
SW QT AToAd
pareadar ‘zif o¢ e saspnd ¢ jo sysanq ur ‘saspnd 108
‘LINY JO %08 Aysuajur (¢d) 2xoydsrway
[eI91e[RIUOD AU} JB ‘S 0GZ JO uoneinp asmnd
pue ‘1, 7 3 uonemums jo Aysuajur yead
100 1ySre-yo-am3y e ym (Auedwo)) wnsSen)
1oyenuuns onoudew pider e Sursn pardysturupe
Sem UOTJE[NUIT}S :UOIJRIIIEYT SULNOI + SHIOM
7 1oy Aep ® sown om) §GI2 :¢] dnoio

(wreys SO@3) apowr weys

UONBJI[IqBYDT [EUOT)UIAUOD
+SIALLY weys

dn-mofrog SOWI02INO PIINSEIIA

sdnoiS jonuoo jo uonduseq suonuaAI U Jo uonduosa(g 1ef Toyny

‘ponunuoy) ¢ 414V ]J,



15

Neural Plasticity

UOT}UAI)UT
1s0d Aayerpaurtug

Soam 7

159) UOTJR[[2OULD

PaINJoNI)S-19339]

£)53) UONB[[20ULd
parmjonnsun-adeys
€153 WOMDISIq dUTT

(po pauiny
Ud([) pue s ()] 10J PAISAIPP
SBM JUAILIND) §H(J) WeyS

Kep 1od Aderoyyorsfyd jo y 1
pue ‘Aderoy) reuoryednodo jo y 1
Sururen) reorSojoyoLsdoinau
Y 1 Surpnpur
Ade1at) uoneIqRYRIOMAU
paatadar syuaried
‘SapIsaq "7 YoM UO skep
159) 7 10J SqI, WIeys pue  Yoom uo
uornjeoued adeys skep 7 10 Sq.I, wreys :g [01U0D)
WOPUEI ‘W2)SAS Aep 10d AderarporsAyd jo
1S9, BUUDIA ‘O[edS 4 [ pue ‘Aderay reuonjednodo jo
03a310g surroyje) Yy 1 ‘ururen) esrdojoyoLsdornau
Y 1 Surpnpur £dexoyy
UOTIBI[IQRYRIOINU PIATIIAT
sjuanjed ‘SapIsag "y UOTIUSAIUT
10J PAqLIDSIP JWES A} SEM
[020301d §.12 " Yo9M UO skep
7 10J SEID Pue T Yoam Uo skep
7 10J ST, Weys 1y [01U0)D)

“eare ejiqroerdns
139 1040 paoe[d sem apotyed pue FJ I9A0 paoe[d
sem apoue YT, ‘(WD G X U G) $apox3da[d 28uods aoejms
payeos-aurfes Jo 1red e Suisn (ysN ‘AANOI ‘0S8N
[opow oy I J0S210YJ) 201A9p pazomod-£19)1eq
e £q A10A1[0p (uonyezirejod ureiq D(J [epoue yuw ¢)
uru (g 10§ x23100 [e3atred rorysod 1ySir oy) 03 SO

[85] 800T
“Te 39 oY

“Kep 10d Aderarporsdyd jo y 1 pue Aderor
Teuorjednooo jo y 1 ‘ururen [esrdojoyoLsdomau
q 1 Surpnpur AdeIoy) uone)Iqey210Imnau
paa1adax syuanjed ‘sapisaq ‘¢ 190 parjdde sem
Sq.12 'skep g 10a0 parjdde a1om suren §g 1o JySio pue
(s ¥ sem urer) g1 9[Surs auo jo uoneInp [e3o}) ZE 9
je pajeada Z[j o¢ Je sasynd 2211} PauUTEIU0D U0 [OLd
‘s351nq £97 JO SumSISUOD pue UTes) SNONUIIU0d
® Ul pasaarp ‘sasnd 108 pastidwod [ooojoxd
SA.I2 *(STI-DN 1oanpsuel], [l0) dH2USeN) SnIper
JI9INO WU ()9 M [I0D PUNOI € 0} PAJOdUU0D
(sonsouSer( reuonoun,y SIUONPIA) Iojenuuns OOTX
01gSeIA ® jo sueaws £q parjdde sem g1 7 Yoom
uo sAep ¢ 10 S, Weys pue ] Joom U0 sAep g 10 I

[¥1] C10T
“Te 19 1[0ZZeD)

'S G I2AO
o parade) UIY) Sem pue ‘s G 10J pasearour AJfenperd
sem AJISUL)UT JUDIIND ) PUB UO PAUIN} SEM JOJR[NUITIS
3} ‘UonB[NWNS WEYS 3Y) 10, ‘UTW ()7 10] PIISAI[P
Sem YU  JO JUDIIND JUBISUOD B ‘UOTJR[NUIT]S [€dI
3} JO,] "UOTIB[NIUT)S WBYS PIAIIIAI JINDID §O(J} PUOIS
3} seaIoyMm ‘papraoid sem UOTR[NWINS [BAI PUB (JINDOILD
SO 181 9Y)) BaTe [e3IqIoeIdns 1Jo] ) I9A0 POTIEd
oy} pue §J 1240 paoe[d sem opoue Ay, (WD G X WD G)
$apo13oa7d d8uods paxeos-aulles adeymns jo sired om)
Buisn (VSN ‘AIINOI ‘0S8INdIP-POIN 01 ] 10s210YJ)
$901AP paromod-£1913eq JO 5395 0M] Aq PIAT[OP
SeM JuaLIMDd 30211p (3uts §O () dpouwr-o[3urs :g dnoin

dn-morjog

SOUIOOJNO PIINSEIJA] sdnoig jonuoo jo uonduoseq

suonuaAI U Jo uonduosa(g 1ef oyiny

"paNuUTIu0)) ¢ ATAV],



s3031e) pafoued
Jo Tquinu 9a81e)

Neural Plasticity

jounean Pa[[eoued Js0UnI[
oye 1R 30 uonsod-x ©100s
UOIB[[9DUED JO I2JUI))
S$Y[S®) UOLB[[ooUED
[puad-1oded Surpiooax
sInoy g JuaWRAOW 243

JIM 1$3) UOO[[Bq
pasuanduro)

Sururen jusawasow
245 ymsind yjoowrg
Ppaa1aoa1 osfe sjuaned
(8T woIy) 7T ‘saprsag
(0Ld-d-DIN Teonpsuel,
110D onaudey) 100 ogaoeld e
0 P2302UU0D S ]2 Weys

(sonsouder( feuonoun,j
STUONPIIN 0£d-d-DIN)
10> ureys e Sursn pardde
SEM D [BUOISI[BI)U0D
939 oY) T9A0 ST WEYS

SLOY-UON

‘Sururen) juswaaow
245 ymsind yjoows paaradar osye syusnyed (8T woIj)

71 ‘sopisog "saspnd onouSew aannedai Orseydiq 1A1op
0) pasn sem (GZT-DIA Joonpsuel], [1oD) dnoude]y) 102
PUNOIE 0} PAjOAUU0D ‘(SILWU(] ‘WNIe] ‘SOnSouSerJ

[euonoun,y STUONPIJA) Jojenuins 001X
OIJSeIA V "UTW GT JO [BAIJUI UTRIJIDJUL UB M ‘€ JI0A0
pardde a1om suren) S0 OM], 'S FF Sem urer} Sq 1o
o[3urs e jo uonjep 18303 oy, ‘(zH 9 e pajeadar
ZH 0¢ e sospnd ¢ Surpnpur yoea) sysang £9g Jo urer)
SNONUNUO0D B Ul PaIAIp ‘sasind 108 pastdwod §q 12
‘[eAIJUT UTW G T
® £q pajeredass surer) om) uo pajsisuod uonjedrddy
STy

JO uonjeINp [eJ0) B peY puE ‘ZH 9 Je pajeadar Zi o¢ e
sosynd o[3urs 2211} pauTEIU0D OB IYM ‘S)SINg 9 JO

pasuduwod sem urer) 9y, “Ures) SNONUIIUOD B UL PAISAIDP

sasind 108 Jo pajsisuod [0203o1d S 12 YT,

‘(sonsouSer(] [eUONOUN,] JTUOTIPIA SZT-DIA) [I0D PUNoOI
© IOUJI9 0] Pajoduuod ‘Iojenuuns Q1Y oIJSeq e Suisn

pardde sem ‘(¢d) Ddd [BUOISA[RIIUOD Y] 3} 19A0 SFID

[c9] s10T
“Ie 30 1ouydoy

[19] S10T
“Te 19 1[0ZZeD)

SUOIIUUO0D [RUOTOUN
[euo1j-0joLred
AN ay Jo AyIqesoxe
£1$9) UoTIUd}JeUL
[eINOIARYDQq PIZIpIepuelS

159} Sutmerp
aaneyuasardax
9593 Surddoo
adeys pue a3y

SA.I> Weys

wrerSoxd uoneIqeyaI
P2AT2D2I Os[e sjudne
S4.I, [e21 10J SE UOTJLSUIS JIISNOJE
sures o) Suronpur proysaIy
JI0JOW 2ATIOR AU} JO %08
je 305 sem 9ndino Jojenuuns
wnuwixew oy} Jo adejuadiad e se
passaxdxa “Ayrsuajur snnumg
deos a1y wo Sunsar
[100 93 Jo 23pa oy} A[UO YIIM
¢ 06 1 pa[Sue [100 A PIM
PAIOAT[OP Sem ST WEYS

"S{9am 0M) 10J Ddd YOI oY) 1oA0 SF I

*AI8SS900U UM UOTIBII[IqRYDI I0}0U
pue (Sururen Suruuess [eryedsonsia pazroindwod uo
paseq) yoom 1od sAep ¢ p[oY Yoea SAINUIU G JO SUOISSIS
02 Jo pasisuod wrerdord UOIeIIqeyaT PIATIIAT OS[e
syuanjed “(Aeprry 03 Lepuoly “joom 1ad skep g) skep 01
10 P3)SE[ pUB SaINUIW G JO [eAlajul ue ym parjdde
1M S.12 Ddd 1o Jo suotssas ¢ ‘Aep A1oaqg “(sasynd
009) Ddd J2[ oY} J2A0 PIOYSIY) JI0JOW ATIE 3} JO %08
Je PAIDAT[IP 2IaM S ()f 10J SW ()0 41943 payeadar zf] 0§
Je s3sanq asynd-¢ “UOIssas Yoed U "W ()/ JO IJOWRIp
e )M [100 JyS1o-Jo-21nSy & [IImM Pajoauuod ‘(M) S
‘puepiyp ‘Auedwo)) wmsSeyy) Jojenumns orouSewr
pidey 1odng wngdey e Suisn paIsAIdp sem Sg.I2

[6S] 1102
“Ie 39 Tuuog

[¥s] 2102
“Te 32 Yoo

qjuowr |
159} UOT)B[[oOULD TB)S
€53} UOTJB[[2OUED 12)39]
9s9) SurssoId aury
dn-morog SIUWI0DINO PIINSELIA

sdnoid jonuoo yo uonduosaq

suonjuaAIur Jo uonduosa(g

Teaf TOyINY

16

"panuUnuoy) i¢ HI4V],



17

Neural Plasticity

"109[8au [enjeds [e1d)e[IUN (NS ‘UOHB[NWIS }SING LAY} S ], SUONR[NUII}S JUILIND JOITP [IUBIISUERI) :SD) (]} ‘UOTIR[NWT)S

onoudewr [eruedsuer) aAnNAdaI (SIALLI ProysaIy) 10jowr unsar (A x23100 [ejatred 1o11a)sod (D 9SING ©I2Y) JUSNIWIANUT (ST UOTJUIAIUT ;] ‘UOIR[NUINS JSING I2Y) snonunuod :§g 12 ‘dnoid jonuod D

'J$21 J& SoSU0dsaT 10J0UW YOAD
03 PIOYSAIY} Y3 JO %06 O3 39S sem yiSuars uonenUIg
syse} xou05 [eoued | ey ‘(3IN “0D wmsepy) gpidey wnsSey e 03 pajoauU0d
SOINUIW ()¢ [eIo1e[Iq pUe [eI)E[TUN 1105 1yS1a-Jo-am3y ww (£ & SUISN PAIIAIP Sem
oyse) Sunper) [ensip Ot} 140 SIN.LT teds snwmns Y], “WaisAs JuswaImsedw HIY 07/01 Y3
Sursn paynuapr (931s ¢J) 2qo7 [eiatred 1397 U} 1940 SIALLI
(zH 1) £ouanbaxg-mof aannadar jo uren anuIw-O1 y
"y dnoi3 ur pasn sures 9y sem [000301d Fururewar
oy, "(9d) 23oydstwray pagewrep ay3 Jo DJJ Y} JoA0
paoerd sem §O I [epoue o], Yoam 1ad skep G p[oy
pue yoea sapnurw o¢ unse] SO [EPOUL JO SUOISSIS
01 Jo passisuod werdord uoneyiqeyar yoam-g g dnoin

UOTSSIs ISB[ oY) JoYje (sdnoid sanoe om3 oy "(Sd 19A0) Ddd BIUL Y[ Y] JO SO [ePOYIed JO
: 1597, Ul pasn Jey) paydrwiru sonuIw (7 Sunse] PoISAIPP SEM (ZWD/YW G () A)ISUSp
xows 18I 9} UIIIM UONUANBU] [EIOTABYDY dnoi$ wreys oy ur pasn JUL1IND) AJISUSIUT YW ¢ JO JUILIND JUBISUOD B ‘UOISSIS
N-MO[[0] Teul] a8eyuowr) §HI weys oe2 U 'sopox3odfe aguods payeos-aulfes a0eIns Jo

ared B JIM I0JB[NWINS JUSIIND) 1D9II(J d[qeururerorg
(Aueurion Neusw[] ‘U UUODOINIU) YIP[ USALIP
-£1on1eq ® Sursn pardde sem §O 3 Yeam 1ad shep § poy
pue yoea sanurw (¢ Sunse] §OI [EPOYILD JO SUOISSIS
0T Jo paistsuod urerdord uonelIqeyar Yoam-z iy dnoin

[€9] ¥10C
“Te 12 eys03y

[#9] s10T
“Te 12 seaepe]

dn-morjog SOUIODJNO PIINSBIIA] sdnoiS jonuoo jo uonduosaq suonuaAI Ul Jo uonduosa(g

1ef Toyiny

‘ponunuo)) ¢ 414V ]J,



18 Neural Plasticity

B

;E —~

g .8 B

v 0 —~

R g 3

£ = = o

g 3 2 B w

g T g = E

g g -

= = 5 0 2 3 8

[3) Q 2 [ =

maw;:.~omV

sy § & £ s = E £ =

8%.2?&%83?‘

p= g 5 2

& & & § < % g 2 g

O L T L T T )

o @ @ ©o © OOO*&&- g

£ g = e o w2 0w =

s & £ £ g g s & = 2

< 8§ =5 = = =5 =5 £ 3 5)

s & E g £ £ £ 8 2 =

Z < = = = ®=m @™ & & 0
wus | @) @ @@ O OO 00O
il @) | @) @@ OO OO @@
wns @)@ @ @ @O OO O @
~ @ @000 e e eee
wan: @ @0 0@ 000 ee
w00 @) @ @@ O OO O OO
s @) @@ 000006 e
0 | @) @ @O 0000 OO
o5 | @) | @) | @) @ O O O O O @
o | @) @) @ OO OO OO O
w0 @) @ @ @O OO0 O O
w0z | @) | @) @ @ @ @ OO OO
i | Q) Q0| 000 000 ®
w05 @) | @) @ @ @ @@ OO @
s @) | @) | @)@ @ O O OO @
s | @) @)@ @O OO O OO

FiGure 2: Risk of bias assessment for RCTs and non-RCTs.

in overall USN measured by the Motor-Free Visual Perception ~ Certainty in evidence was rated as moderate because of
Testat1 Hz (SMD 1.46,95% CI10.73,2.20;p < 0.0001;I*=0%), risk of bias due to the studies that were ranked as high
and the difference was not observed using 10 Hz (SMD 0.97,  risk of bias for both allocation sequence and allocation
95% CI —0.02, 1.96; p = 0.06; I? =not applicable) (Figure 7). concealment (Figure 2).
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Stud b Noninvasive brain stimulations Sham Weight Std. mean difference Std. mean difference
tudy or subgroup Mean SD Total Mean SD Total clg 1V, random, 95% CI 1V, random, 95% CI
1.4.1TBS
Fu 2015 6.25 5.94 10 4529 594 10 12.2% —6.29 (-8.64, -3.95) e —
Koch 2012 46.89 7.96 10 48 572 10 17.8%  —0.15(-1.03,0.72) e
Yang 2015 18.46 491 9 1479 459 9 17.6% 0.74 (-0.23, 1.70) b
Subtotal (95% CI) 29 29 47.6% —1.61 (—4.28,1.06) ———
Heterogeneity: Tau® = 5.01; Chi’ = 29.54, df = 2 (P = 0.00001); I* = 93%
Test for overall effect: Z = 1.18 (P = 0.24)
1.4.2tDCS
Sunwoo 2013 16.61 36.31 10 21.37 41.52 10 17.8%  —0.12 (-0.98, 0.76) —
Subtotal (95% CI) 10 10 17.8%  -0.12(-0.99,0.76) >
Heterogeneity: not applicable
Test for overall effect: Z = 0.26 (P =0.79)
1.1.3 rTMS
Cha 2016 16.3 53 15 234 63 15 18.1% —1.19 (-1.97,-0.40) —
Kim 2013 16.4 54 9 3.6 4.7 9 16.4% 2.41(1.13, 3.69) —
Subtotal (95% CI) 24 24 345%  0.57(-2.95,4.10) ——e
Heterogeneity: Tau’ = 6.17; Chi® = 21.95, df = 1 (P = 0.00001); I* = 95%
Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% CI) 63 63 100.0% —0.51 (-1.87,0.85)
Heterogeneity: Tau® = 2.50; Chi® = 51.53, df = 5 (P = 0.00001); I* = 90% " T T T !
Test for overall effect: Z = 0.73 (P = 0.46) -10 -5 0 5 10
. .2 2
Test for subgroup differences: Chi® = 1.29, df = 2 (P = 0.52), I" = 0% Favours noninvasive brain stimulations Favours sham
FIGURE 3: Meta-analysis of overall USN measured by the star cancellation test.
Study or subarou Noninvasive brain stimulations Sham Weight Std. mean difference Std. mean difference
Y group Mean SD Total Mean SD Total 8 1V, random, 95% CI 1V, random, 95% CI

1.2.1 TBS

Fu 2015 6.25 5.94 10 4529 594 10 11.7%  —6.29 (-8.64, —3.95) I —

Hoch 2012 46.89 7.96 10 48 572 10 17.9% —-0.15 (-1.03,0.72) e

Yang 2015 18.46 491 9 1479 459 9 17.6% 0.74 (-0.23,1.70) T

Subtotal (95% CI) 29 29 473%  —1.61(-4.28, 1.06) e

Heterogeneity: Tau® = 5.01; Chi® = 29.54, df = 2 (P < 0.00001); I* = 93%

Test for overall effect: Z =1.18 (P = 0.24)

1.2.2tDCS

Sunwoo 2013 12.2 31.37 10 21.37 41.52 10 17.9% —0.24 (-1.12,0.64) -

Subtotal (95% CI) 10 10 17.9%  —0.24 (-1.12, 0.64) b =

Heterogeneity: not applicable

Test for overall effect: Z = 0.53 (P = 0.60)

1.2.3 rTMS

Cha 2016 16.3 5.3 10 234 63 10 17.6% —1.17 (-2.13,-0.20) —

Kim 2013 10.4 3.6 9 3.6 47 9 17.2% 1.55 (0.46, 2.63) —_—

Subtotal (95% CI) 19 19 34.8% 0.18 (-2.48, 2.84) ‘

Heterogeneity: Tau® = 3.41; Chi* = 13.41, df = 1 (P < 0.00003); I* = 93%

Test for overall effect: Z = 0.13 (P = 0.90)

Total (96% CI) 58 58  100.0% —0.62 (—1.89,0.65)

Heterogeneity: Tau® = 2.14; Chi? = 43.27, df=5 (P < 0.00001); I* = 88% " T t T ]
Test for overall effect: Z = 0.96 (P = 0.34) -10 =5 0 5 10

Test for subqroup differences: Chi® = 1.06, df = 2 (P = 0.59), I* = 0%

Favours noninvasive brain stimulations Favours sham

FIGURE 4: Sensitivity analysis of overall USN measured by the star cancellation test using TBS, single-mode tDCS, and 10 Hz rTMS.

(4) Overall USN Measured by Albert’s Test and the Line
Crossing Test. The results from two RCTs [51, 54] com-
paring noninvasive brain stimulations with sham failed
to show a benefit in overall USN measured by Albert’s test
and the line crossing test (SMD 1.01, 95% CI -1.0, 3.02;
p=0.32; I =90.2%) (Figure 8). However, in the subgroup
analysis with the use of 1Hz rTMS, we found a statisti-
cally significant difference compared to sham (SMD 2.04,
95% CI 1.14, 2.95; p < 0.00001; I* = not applicable). Regard-
ing the use of TBS, there was no benefit compared to sham
(SMD -0.01, 95% CI —0.89, 0.87; p =0.98; I =not applica-
ble). Certainty in evidence was rated as low because of incon-
sistency and risk of bias due to the studies that were ranked as
high risk of bias for both allocation sequence and allocation
concealment (Figure 2).

(5) Other Outcomes: Daily Life Functions and Adverse
Events. Only Kim et al. [53] reported on daily life func-
tions with a higher mean in the 10Hz rTMS group than
in the sham and 1Hz rMTS groups; however, there was
only a statistically significant difference favoring the
10Hz rTMS group compared to the sham group (SMD
1.83, 95% CI 0.68, 2.97; p=0.002; I’ =not applicable).
Ladavas et al’s study [64] was the only study that reported
on adverse events; no significant adverse effect of tDCS was
reported, except only a few cases of minimal irritation of
the skin beneath the electrodes.

None of the included studies reported on the following
outcomes: neurological and functional disabilities, loss of
balance, depression or anxiety and evaluation of poststroke
fatigue, quality of life, and death.
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Study or subarou Noninvasive brain stimulations Sham Weight Std. mean difference Std. mean difference
Y group Mean SD Total Mean SD Total 8 1V, random, 95% CI 1V, random, 95% CI

1.4.1 TBS

Fu 2015 11.17 14.27 10 3579 18.65 10 21.8% —1.42(-2.42,-0.42) —

Yang 2015 22.36 5.31 9 5412 6.76 10 152%  -4.96 (-6.94, -2.97) e

Subtotal (95% CI) 19 20 36.9%  —3.08(=6.54,0.38) e

Heterogeneity: Tau® = 5.61; Chi® = 9.70, df = 1 (P = 0.002); I* = 90%

Test for overall effect: Z = 1.75 (P = 0.08)

1.3.2tDCS

Sunwoo 2013 7.05 7.45 10 14.27 12.85 10 22.4% —-0.66 (—1.56, 0.25) —

Subtotal (95% CI) 10 10 224%  -0.66 (~1.56,0.25) -

Heterogeneity: not applicable

Test for overall effect: Z = 1.42 (P = 0.15)

1.3.3rTMS

Cha 2016 19.33 6.87 15 34.6 4 15 21.7%  —2.64 (-3.66, —1.63) —

Kim 2013 -30 9.2 9 -83 42 9 19.0%  —2.89 (—4.30, —1.48) I

Subtotal (95% CI) 24 24 40.7%  —2.73 (-3.55,-1.90) L 2

Heterogeneity: Tau* = 0.00; Chi® = 0.08, df = 1 (P = 0.78); I* = 0%

Test for overall effect: Z = 6.49 (P < 0.00001)

Total (95% CI) 53 54 100.0% -2.33 (-3.54,-1.12) -

Heterogeneity: Tau® = 1.49; Chi* = 21.15, df = 4 (P = 0.0003); I* = 81% r : : ,
Test for overall effect: Z = 3.77 (P = 0.0002) -10 =5 0 5 10

Test for subgroup differences: Chi® = 11.49, df = 2 (P = 0.003), I* = 82.6%

Favours noninvasive brain stimulations

Favours sham

FIGURE 5: Meta-analysis of overall USN measured by the line bisection test.

Std. mean difference
1V, random, 95% CI

Std. mean difference
1V, random, 95% CI

Study or subgroup Noninvasive brain stimulations Sham Weight
Mean SD Total Mean SD Total

1.4.1TBS

Fu 2015 11.17 14.27 10 3579 18.65 10 21.5%

Yang 2015 22.36 531 9 54.12 6.76 10 16.1%

Subtotal (95% CI) 19 20 37,6%

Heterogeneity: Tau® = 5.61; Chi’ = 9.70, df = 1 (P = 0.002); I* = 90%

Test for overall effect: Z =1.75 (P = 0.08)

1.4.2 tDCS

Sunwoo 2013 10.4 9.64 10 1427 1285 10 22.1%

Subtotal (95% CI) 10 10 22.1%

Heterogeneity: not applicable

Test for overall effect: Z = 0.72 (P = 0.47)

1.43 rTMS

Cha 2016 19.33 6.87 15 34.6 4 15 21.5%

Kim 2013 -36,9 112 9 -83 42 9 18.8%

Subtotal (95% CI) 24 24 40.3%

Heterogeneity: Tau” = 0.00; Chi® = 0.39, df = 1 (P = 0.53); I* = 0%

Test for overall effect: Z = 6,58 (P < 0.00001)

Total (95% CI) 58 58 100.0%

Heterogeneity: Tau® = 2.02; Chi’ = 27.01, df = 4 (P < 0.0001); I* = 85%
Test for overall effect: Z = 3.35 (P < 0.0008)
Test for subqroup differences: Chi’ = 16.74, df = 2 (P = 0.0002), I* = 88.1%

~1.42 (-2.42, -0.42)
~4.96 (~6.94, =2.97)
~3.08 (—6.54, 0.38)

-0.33 (-1.21, 0.56)
-0.33 (-1.21, 0.56)

-2.64 (-3.66, -1.63)
-3.22(-4.73,-1.71)
-2.82 (-3.66, -1.98)

-2.35(-3.72,-0.98)

-10 -5 0 5 10

Favours noninvasive brain stimulations Favours sham

FIGURE 6: Sensitivity analysis of overall USN measured by the line bisection test using TBS, single-mode tDCS, and 10 Hz rTMS.

3.4.2. Synthesized Results from Non-RCTs. The non-RCTs
did not report data in a usable way to allow for any statis-
tical analysis.

4. Discussion

4.1. Main Findings. Based on pooled data from six random-
ized trials with 116 participants, we found evidence for a ben-
efit in overall USN with noninvasive brain stimulation,
especially with the use of rTMS in comparison to the sham
(Figures 5, 7, and 8). The evidence is from moderate-
quality evidence because of risk of bias due to the studies that
were ranked as high risk of bias for both allocation sequence
and allocation concealment (Figure 2). Non-RCT studies
provided no evidence, suggesting that future trials should

adhere to CONSORT guidelines to ensure clarity and repro-
ducibility in the reporting of methods.

We presented the results of overall USN in a forest plot,
which showed a statistically significant difference between
the noninvasive brain stimulations and sham in the following
tests: line bisection test, Motor-Free Visual Perception Test,
and Albert’s test and line crossing test. Nevertheless, the
study also showed a nonsignificant difference between the
noninvasive brain stimulations and sham on the star cancel-
lation test.

Several noninvasive brain stimulations have been
explored to determine whether some of these techniques
might be useful in promoting recovery from USN after
stroke. The lesion of the right parietal cortex after stroke
causes disinhibition of the left hemisphere and thus a
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Study or subarou Noninvasive brain stimulations Sham Weight Std. mean difference Std. mean difference

2 group Mean SD Total Mean SD Total g 1V, random, 95% CI 1V, random, 95% CI
1.5.1 IHz rTMS
Cha 2016 21.6 4 10 169 2.1 10 53.8% 1.41 (041, 2.41) ——
Kim 2013 6.6 1.8 9 33 23 9 46.2% 1.52 (0.44, 2.60) —a—
Subtotal (95% CI) 19 19 100.0%  1.46(0.73,2.20) o
Heterogeneity: Tau® = 0.00; Chi* = 0.02, df = 1 (P = 0.88); I = 0%
Test for overall effect: Z = 3.89 (P = 0.0001)
1.52 10Hz r'TMS
Cha 2016 21.6 4 10 169 2.1 10 49.4% 1.41 (041, 2.41) ——
Kim 2013 5.4 1.8 9 33 23 9 50.6% 0.97 (-0.02, 1.96) —
Subtotal (95% CI) 19 19 100.0% 1.19 (0.48, 1.89) <o
Heterogeneity: Tau” = 0.00; Chi® = 0.38, df = 1 (P = 0.54); I* = 0%
Test for overall effect: Z = 3.30 (P = 0.0010)

-10 -5 0 5 10

Test for subgroup differences: Chi® = 0.28, df = 1 (P = 0.60), I> = 0%

Favours sham Favours noninvasive brain stimulation

FIGURE 7: Meta-analysis of overall USN measured by the Motor-Free Visual Perception Test.

Study or suberou Noninvasive brain stimulations Sham Weight Std. mean difference Std. mean difference
Y group Mean SD Total Mean SD Total g 1V, random, 95% CI 1V, random, 95% CI

1.6.1 TBS

Koch 2012 35.44 1.01 10 3545 0.65 10 50.2%  —0.01 (-0.89, 0.87)

Subtotal (95% CI) 10 10 50.2%  —0.01 (-0.89,0.87)

Heterogeneity: not applicable
Test for overall effect: Z = 0.03 (P = 0.98)

1.6.2 r'TMS
Cha 2016 35.33 2.9 15 27.33 455 15 49.8%
Subtotal (95% CI) 15 15 49.8%

Heterogeneity: not applicable
Test for overall effect: Z = 4.42 (P < 0.00001)

Total (95% CI) 25 25
Heterogeneity: Tau? = 1.90; Chi® = 10.19, df = 1 (P = 0.001); I* = 90%
Test for overall effect: Z = 0.99 (P = 0.32)

Test for subgroup differences: Chi? =10.19, df = 1 (P = 0.001), I” = 90.2%

100.0%

¢

1.01 (-1.00, 3.02)

-10 =5 0 5 10
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FIGURE 8: Meta-analysis of overall USN measured by Albert’s test and the line crossing test.

pathological overactivation of the latter. This overactivation
in the left depresses the neural activity by an increased inhi-
bition on the right hemisphere, aggravating the perception.
The rTMS can generate currents capable of depolarizing cor-
tical neurons, and tDCS changes cortical activity by means of
small electric currents and does not evoke action potentials.
The tDCS has the advantage that the device is inexpensive,
portable, and easy to use, but rTMS presented more activa-
tion of the neural network and induced a neuroplastic
response for a long-term potentiation [65].

In three of four meta-analyses, rTMS was responsible
for the improvement of overall USN, revealing that an
electric current is an effective strategy for generating last-
ing promising effects in the brain. Unfortunately, we did
not find any significant TBS or tDCS effects compared to
sham procedures.

4.2. Strengths and Limitation. Strengths of our review include
a comprehensive search; assessment of eligibility, risk of bias,
and data abstraction independently and in duplicate; assess-
ment of risk of bias that included a sensitivity analysis
addressing loss to follow-up; and use of the GRADE
approach for rating the certainty of evidence for each out-
come (Table 3). Furthermore, there were no language

restrictions, and translations of non-English trials were
obtained whenever possible.

The primary limitation of our review is the low certainty
consequent to study limitations. We identified a small
number of RCTs with a modest number of participants
resulting in wide confidence intervals. The total number
of participants was relatively very low (RCTs n =278,
non-RCTs n = 94) due to the small sample sizes of individual
trials, which led to downgrading the quality of evidence in
some instances because underpowered trials are likely to
have a greater degree of imprecision.

Moreover, selection bias and unblinding were substantial.
Another limitation of this review was having an insufficient
number of included studies to allow for the complete statisti-
cal analysis that we had planned. We were not able to assess
publication bias because there were fewer than 10 eligible
studies addressing the same outcome in a meta-analysis. We
also planned to perform subgroup analyses according to the
characteristics of stroke type, type of stimulation, type of fre-
quency, and comparators (type of control intervention, i.e.,
pharmacological therapy versus nonpharmacological). How-
ever, we also were not able to conduct these analyses because
they did not meet our minimal criteria, which was at least five
studies available with at least two in each subgroup.
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Although this review presents several limitations, the
issue is whether one should dismiss these results entirely or
consider them bearing in mind the limitations. The latter
represents our view of the matter.

4.3. Relation to Prior Work. The research question we inves-
tigated in our review has been addressed before from differ-
ent perspectives using our population of interest but with a
different intervention (i.e., pharmacological intervention)
[7] or investigating either the intervention or the control
arms explored in this review but with a different population
(e.g., idiopathic Parkinson’s disease (IPD) [48], panic disor-
der in adults [66], or amyotrophic lateral sclerosis or motor
neuron disease) [13].

Two Cochrane reviews [21, 49] evaluated the effect of
tDCS in people after stroke but not in comparison with
r'TMS; instead, the authors compared tDCS with placebo,
sham tDCS, no intervention, or conventional motor rehabil-
itation. The first review’s [49] authors found evidence of
effect regarding activities of daily living performance at the
end of the intervention period and at the end of follow-up.
However, the results did not persist in a sensitivity analysis
including only trials of good methodological quality. In the
second review [21], the authors found that there were no
studies examining the effect of tDCS on cognition in stroke
patients with aphasia.

Another Cochrane review [22] that addressed the use of
'TMS compared to sham treatment or other conventional
treatment for improving function after stroke revealed that
r'TMS treatment was not associated with improved activities
of daily living, nor did it have a statistically significant effect
on motor function.

Three additional Cochrane reviews also discussed the
effects of both tDCS [48] and rTMS [13, 66] but in different
populations—in Parkinsonism [48], in patients with amyo-
trophic lateral sclerosis or motor neuron disease [13], and in
adults with panic disorder [66]. All reviews suffered from poor
methodological quality, imprecision, and hence low confi-
dence in the estimate of the true effect to draw a consistent
conclusion on the effects of noninvasive brain stimulations.

4.4. Implications. Moderate-quality evidence shows that
r'TMS, at 1 Hz, is more efficacious than sham for unilateral
spatial neglect after stroke measured by Motor-Free Visual
Perception Test. Furthermore, low-quality evidence also sug-
gests a benefit of noninvasive brain stimulation, particularly
with the use of rTMS, for overall USN measured by the line
bisection test, Albert’s test, and the line crossing test. Future
trials should adhere to CONSORT guidelines to ensure clarity
and reproducibility in the reporting of methods [67].
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