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Strengths and limitations of this study

►► This study will be the first randomised controlled 
trial to explore the effects of priming intermittent 
theta burst stimulation (iTBS) in regard to facilitat-
ing hemiparetic upper limb recovery in patients with 
stroke.

►► This study investigates sensorimotor desynchroni-
sation along with the improvement of upper limb 
functions, in association with priming iTBS.

►► The study attempts to potentiate the brain response 
to iTBS by using an inhibitory priming session.

►► This study contributes to the optimal use of TBS in 
poststroke upper limb rehabilitation.

►► This study has limited generalisability to stroke pa-
tients at the acute phase.

Abstract
Introduction  Intermittent theta burst stimulation (iTBS), 
a form of repetitive transcranial magnetic stimulation 
(rTMS), delivered to the ipsilesional primary motor 
cortex (M1), appears to enhance the brain’s response to 
rehabilitative training in patients with stroke. However, 
its clinical utility is highly subject to variability in different 
protocols. New evidence has reported that preceding 
iTBS, with continuous theta burst stimulation (cTBS) may 
stabilise and even boost the facilitatory effect of iTBS on 
the stimulated M1, via metaplasticity. The aim of this study 
is to investigate the effects of iTBS primed with cTBS 
(ie, priming iTBS), in addition to robot-assisted training 
(RAT), on the improvement of the hemiparetic upper 
limb functions of stroke patients and to explore potential 
sensorimotor neuroplasticity using electroencephalography 
(EEG).
Methods and analysis  A three-arm, subjects and 
assessors-blinded, randomised controlled trial will be 
performed with patients with chronic stroke. An estimated 
sample of 36 patients will be needed based on the prior 
sample size calculation. All participants will be randomly 
allocated to receive 10 sessions of rTMS with different 
TBS protocols (cTBS+iTBS, sham cTBS+iTBS and sham 
cTBS+sham iTBS), three to five sessions per week, for 
2–3 weeks. All participants will receive 60 min of RAT 
after each stimulation session. Primary outcomes will be 
assessed using Fugl-Meyer Assessment-Upper Extremity 
scores and Action Research Arm Test. Secondary outcomes 
will be assessed using kinematic outcomes generated 
during RAT and EEG.
Ethics and dissemination  Ethical approval has 
been obtained from The Human Subjects Ethics Sub-
committee, University Research Committee of The 
Hong Kong Polytechnic University (reference number: 
HSEARS20190718003). The results yielded from this study 
will be presented at international conferences and sent to 
a peer-review journal to be considered for publication.
Trial registration number  NCT04034069.

Introduction
Repetitive transcranial magnetic stimulation 
(rTMS) has been extensively investigated 
as an add-on form of therapy for stroke 

rehabilitation.1 rTMS is usually limited to 
frequencies of 20 Hz or less, due to safety 
concerns, in human studies.2 However, in 
animal studies, effects on synaptic plasticity 
are usually induced by repeated short bursts 
of high-frequency (50 Hz) stimulation, given 
at a frequency from 3 to 5 Hz and known 
as theta burst stimulation (TBS).3 Huang 
et al were the first to investigate the neuro-
physiological effects of TBS, delivered via a 
magnetic stimulator, in the human primary 
motor cortex (M1) and demonstrated that 
600-pulse intermittent theta burst stimulation 
(iTBS) enhanced corticomotor excitability in 
healthy human subjects, whereas 600-pulse 
continuous theta burst stimulation (cTBS) 
did the opposite.4 Serial TBS sessions deliv-
ered at a relatively low intensity were subse-
quently investigated in stroke survivors and 
safety concerns regarding TBS in this popula-
tion appear to be minor and rare.5–8 Various 
experiments with humans have also demon-
strated that TBS is able to induce neuro-
plastic changes of the stimulated M1 in a 
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relatively short conditioning period (ie, 40 s for standard 
600-pulse cTBS and 3 min for standard 600-pulse iTBS),9 
thus reducing the time spent receiving treatment.

A substantial number of clinical trials with stroke 
patients have revealed that iTBS of the ipsilesional M1 
significantly improves hemiplegic arm5 6 10–12 and hand8 
motor functions, compared with sham stimulations. 
Similar effects have also been observed in studies using 
cTBS of the contralesional M1.13 14 However, some trials 
have not shown any additional benefits on upper limb 
motor outcomes from iTBS or cTBS in stroke survi-
vors, in contrast to sham TBS.7 13 A recent meta-analysis 
showed that a pooled standardised effect size of iTBS was 
0.60, while that of cTBS was 0.35 for upper limb motor 
outcomes in patients with stroke,15 indicating that the 
increment of the excitability of the affected M1 through 
iTBS is critical for improving the brain’s response to 
motor training in patients with stroke. However, substan-
tial response variability regarding iTBS among humans 
may contribute to the use of different protocols among 
current studies,16 17 which limits their clinical utility.

It has been shown that the history of neuronal activities 
is one of the major factors that could influence the brain’s 
response to TBS.18 Synaptic plasticity is regulated by 
previous neuronal activities via metaplasticity. Metaplas-
ticity is a neuroprotective mechanism that modulates the 
threshold of synaptic plasticity to ensure that the neural 
system cannot be predominated by long-term potentia-
tion or long-term depression.19 Excitatory rTMS over the 
M1 may be unable to facilitate corticomotor excitability 
when the neuronal activities have already been elevated 
before stimulation, which is likely happening when 
patients with stroke receive extensive training before non-
invasive brain stimulation.

Considering the mechanism of metaplasticity, several 
priming stimulation protocols, designed to incorporate 
a priming session followed by a stimulation session, have 
been investigated with healthy individuals.20 An inhibitory 
priming stimulation via cTBS may ensure or even boost 
the facilitatory effect of subsequent excitatory stimula-
tion sessions via iTBS. In healthy individuals, this priming 
protocol seems to amplify the facilitatory effect of excit-
atory stimulation, compared with iTBS alone, as reflected 
by the increased amplitude of motor evoked potential 
(MEP).21–23 Metaplasticity is also significantly involved 
in rTMS studies for patients with neuropsychiatric disor-
ders.24 25 However, to date no study has investigated the 
effects of priming iTBS protocols in patients with stroke.

Various neurological biomarkers of stroke motor 
recovery have been proposed.26 Electroencephalography 
(EEG), a non-invasive measure of cortical neuronal oscil-
lation, is of great interest, because it is a relatively conve-
nient and well-tolerated neurophysiological technique 
for patients with stroke. Sensorimotor event-related 
desynchronisation (ERD), a neurophysiological marker 
of sensorimotor activation, could be induced through 
either action observation or action execution.27 Previ-
ously, attention has been paid to movement-related 

sensorimotor ERD, which has been shown to be correlated 
with the severity of hemiplegia in patients with stroke.28 29 
Subsequently, researchers began to investigate sensorim-
otor ERD induced by observing mirror visual feedback 
(MVF) in healthy adults and patients with stroke.30 31 A 
pilot study has demonstrated that multiple sessions of 
iTBS appear to enhance MVF-induced sensorimotor ERD 
in healthy adults.32 So far, MVF-induced sensorimotor 
ERD has not been used as an outcome of neuroplasticity 
in any clinical stroke trial in order to examine its potential 
as a biomarker for stroke motor recovery. Sensorimotor 
ERD will be used to probe cortical oscillatory activities 
of large number of neurons in different rhythms, during 
a given task (movement or movement observation). A 
previous study comparing the effects of TBS on MEPs 
and movement-related rhythmic oscillations showed 
that the modulatory effect of TBS was more reliable on 
movement-related ERD than that on MEPs.33 The poten-
tial explanations may be that TMS-based metrics may not 
represent all cortical responses, reflecting exclusively 
those destined to the spinal cord,33 and the magnitude of 
TMS-based metrics is also contaminated by the neuronal 
responses at subcortical and spinal levels, as well as the 
peripheral MEP,34 when a suprathreshold stimulation 
intensity is used for the measurements. Hence, we decide 
to use sensorimotor desynchronisation in this study, 
which may provide new insight about the sensorimotor 
neuroplasticity in association with priming iTBS.

Therefore, our study has two objectives. First, we investi-
gate the effects of 10 sessions of rTMS using different TBS 
protocols (ie, cTBS+iTBS, sham cTBS+iTBS and sham 
cTBS+sham iTBS), in addition to standard robot-assisted 
training (RAT) for both the proximal and distal joints of 
the hemiparetic upper limb, delivered across three to five 
sessions per week for 2–3 weeks, on improving the hemi-
paretic upper limb functions of stroke survivors. Fugl-
Meyer Assessment-Upper Extremity (FMA-UE) scores 
and Action Research Arm Test (ARAT) will be used as the 
primary outcome measures. Safety profiles will be system-
atically collected during each session of the intervention, 
using a standard questionnaire. Second, we investigate 
the effects of different TBS protocols, cTBS+iTBS, sham 
cTBS+iTBS and sham cTBS+sham iTBS, in addition to 
RAT, on upper limb kinematic outcomes yielded from 
each RAT session, and sensorimotor ERD induced by 
hemiparetic hand movement and observation of the MVF 
of non-paretic hand movement, in patients with stroke.

Methods
This study protocol has been written according to the Stan-
dard Protocol Items for Randomised Trials statement.35

Study design
This study is designed as a three-arm, parallel group, 
subjects-blinded and assessors-blinded, sham-controlled 
randomised controlled trial (RCT). Potential partici-
pants with stroke will be recruited through convenience 
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sampling from self-support groups in the community 
in Hong Kong. The study will be conducted in a local 
university laboratory.

Inclusion and exclusion criteria
Participants must meet all of the following criteria: (1) 
have a diagnosis of a unilateral ischaemic or haemorrhagic 
first-ever stroke; (2) time after stroke onset ≥6 months36; 
(3) between 18 and 64 years old; (4) reside in commu-
nity dwellings; (5) with residual upper limb impairment 
≥second level in the Functional Test for the Hemiplegic 
Upper Extremity (FTHUE).37 FTHUE is a fast screening 
tool for upper limb functional movement, which has been 
used as a screening in our previous RCTs.38 39 FTHUE 
levels two to four are defined as low upper limb func-
tioning poststroke, and levels five and seven are defined 
as high upper limb functioning poststroke38; (6) able to 
understand simple verbal instruction and follow one-step 
commands; (7) able to give informed written consent to 
participate in the study.

Although TBS is often regarded as safe for certain 
subjects, the greatest acute risk of TMS is the rare 
occurrence of induced seizures. Besides seizures, other 
risks include minor pain, such as a headache or local 
discomfort, minor cognitive changes and psychiatric 
symptoms. In this study, patients who meet any of the 
following rTMS contraindications will not be included: 
(1) unstable medical condition; (2) history of epileptic 
seizures, unconsciousness or intracranial hypertension; 
(3) serious heart disease; (4) pregnancy; (5) with metal 
implants in vivo, such as a pacemaker, artificial cochlear 
or implant brain stimulator; (6) history of receiving a 
craniotomy; (7) taking any centrally acting drugs in the 
recent 3 months.2 To ensure safety, the participants will be 
under the supervision of at least one investigator who has 
completed training in TMS. All participants will undergo 
a safety screening for the potential risks of TMS to ensure 
they are eligible to participate in this study.2

In addition to TMS contraindications, participants who 
meet any of the following criteria will be also excluded: (1) 
previous diagnosis of any neurological disease excluding 
stroke; (2) presence of any sign of cognitive problems 
(Abbreviated Mental Test, Hong Kong Cantonese version 
<6/10)40; (3) patients with extreme spasticity over the 
elbow or wrist in the hemiparetic upper limb (Modified 
Ashworth score >2),41 or severe pain that hinders upper 
limb movement; (4) other notable impairments of the 
upper limb not affected by stroke (eg, a recent frac-
ture, severe osteoarthritis, congenital upper limb defor-
mity); (5) significant aphasia or difficulty understanding 
the instructions given by the investigators; (6) any sign 
of anxiety and/or depression screened by the Hospital 
Anxiety and Depression Scale, using a cut-off value of 8 
in both subscales42; (7) concurrent participation in upper 
limb rehabilitation training in a hospital, university labo-
ratory or other rehabilitation settings, or active participa-
tion in another clinical trial.

Sample size estimation
Since the difference among the effects of priming iTBS in 
hemiparetic upper limb training has not been previously 
investigated, we have estimated the sample size based on 
current studies comparing iTBS and sham stimulation. A 
recent meta-analysis yields a pooled Cohen’s d of 0.60 for 
a two-group design in favour of iTBS improving upper 
limb motor outcomes, in contrast to sham stimulation.15 
An effect size (d) of 0.60 corresponds approximately 
to an effect size (f) of 0.30 for a study design of three-
group comparisons. An estimate of sample size for each 
group in a three-group design, given a power of 0.80 and 
a two-tailed alpha error probability of 0.05, is 27 patients 
in total. When considering the drop-out rate of 20%, we 
therefore plan to recruit 12 participants for each group 
(a total of 36) for this study.

Randomisation
Three parallel groups will be employed: (1) cTBS+iTBS; 
(2) sham cTBS+iTBS; (3) sham cTBS+sham iTBS. The 
collection of demographic characteristics (age, gender, 
education, side of hemiplegia, handedness, type of stroke, 
time from onset to treatment, lesion site(s)) and baseline 
assessments will be performed prior to randomisation. 
Participants’ medical information related to their stroke 
will be retrieved from the electronic clinical manage-
ment system in the hospital after receiving consent. All 
participants will be randomly allocated in a 1:1:1 ratio 
to each group after the screening and baseline assess-
ments have been carried out. A random sequence will be 
generated using Minimise software.43 Participants will be 
pre-stratified based on their hemiparetic upper limb func-
tioning (ie, FTHUE high functioning vs low functioning). 
The allocation sequence will be concealed from all inves-
tigators and assessors. Participants will receive 10 sessions 
of TBS intervention combined with RAT, 3–5 sessions per 
week, for 2–3 weeks. We decide to adopt a more flexible 
training schedule, because most community stroke survi-
vors are unable to visit our laboratory on a daily basis. 
Similar schedule for motor training has been used in 
previous studies for patients with chronic stroke.44 45

Intervention
TBS session
A total of 10 sessions of TBS will be delivered using 
MagPro magnetic stimulators (MagVenture, Denmark) 
connected with a figure-of-eight coil. Resting motor 
threshold (RMT) is defined as the minimum stimulation 
intensity over the hot spot that could elicit a MEP of no 
less than 50 μV in 5 out of 10 trials over the contralesional 
first dorsal interosseous muscle. The stimulation point is 
the hotspot mirrored over the midsagittal line (ie, ipsile-
sional M1), verified and maintained by a TMS-navigation 
system (Localite, Bonn, Germany).

We follow the standard 600-pulse TBS protocol 
proposed by Huang and Rothwell4: iTBS: 20 trains of 10 
bursts given with eight-second intervals, with a total of 600 
pulses, around 3 min per session; cTBS: 20 trains of 10 
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Figure 1  A demonstration of RAT. Note: the persons 
depicted are not patient and were taken with the participants 
knowledge. RAT, robot-assisted training.

bursts given with 0.2 s intervals, with a total of 600 pulses, 
around 40 s per session. All stimulations will be delivered 
over the ipsilesional M1. The intensity of the TBS will be 
set at 70% RMT. Sham cTBS will be delivered with the 
same coil, but the intensity will be reduced to 20% of 
the individual RMT. Intensity reduction has been used 
as sham stimulation in some previous clinical studies5 46 
and our pilot study.32 The interval between the priming 
session and the conditioning session will be 10 min.21 25 
All participants will be informed that TBS is delivered in 
a subthreshold intensity that cannot induce significant 
limb movement or somatosensory perception.

Robot-assisted training
Participants will be required to undergo two forms of 
RAT for the proximal and distal joints of the hemipa-
retic upper limb, respectively, after each TBS session. 
RAT will commence 5 min after the completion of the 
TBS session.11 A Fourier M2 robot (Fourier Intelligence 
Company, Shanghai, China) will be used for the upper 
limb proximal joint training. The Fourier M2 robot is 
an end-effector robot-assisted upper limb rehabilita-
tion device, supported by tailored interactive television 
games in the device. A HandyRehab hand robot (Zuno-
saki Company, Hong Kong SAR, China) will be used for 
upper limb distal joint training. The device provides 
power-driven extension and grasping force to the fingers 
and thumb in order to assist the patient with opening and 
closing the paretic hand by means of surface electromy-
ography (EMG) triggered from the signals through the 
forearm extensors and flexors. Active and passive modes 
are available in both robots. Whenever patients are unable 
to use the active modes due to the severity of the upper 
limb hemiplegia, passive modes will be used.

Proximal joint training
The Fourier M2 robot targets: (1) flexion and extension 
of the shoulder joint; (2) flexion and extension of the 
elbow; (3) internal and external rotation of the shoulder 
joint; (4) abduction and adduction of the shoulder joint. 
Before each training session, the size of the maximal active 
range of motion (ROM) for the hemiplegic upper limb 
will be assessed for each participant. Two-minute warm-up 
sessions will be delivered before and after each training 
session, in which participants will receive passive-mode 
RAT to mobilise the paretic upper limb. The movement 
trajectory will be predefined as a square and its size will be 
calculated based on participants’ maximal active ROM. 
In the training session, the participants will be asked to 
move their hemiparetic upper limb to reach sequentially 
presented targets in an interactive game. Each proximal 
joint training session will last for around 30 min, with a 
break of 5–10 min (see figure 1A for a demonstration of 
proximal joint RAT). The assistive mode will be used to 
train the patients with limited voluntary shoulder and 
elbow movement (ie, the patient initiates the movement 
and the robot then produces assistive force according 
to the subject’s effort). For patients who cannot initiate 

movement by themselves, the passive mode will be used. 
The active mode and resistive mode will be used to train 
the patients with voluntary shoulder and elbow move-
ment. Each participant has to sit in front of the robot with 
a computer screen attached to the device. The partici-
pant will wear a trunk-fixed belt to minimise compensa-
tory movement of the trunk during training.

Distal joint training
The HandyRehab hand robot is lightweight, powered by 
lithium batteries and allows the subject to perform a full 
hand grasp/release movement in either the spherical grip 
or cylindrical grip mode. The EMG trigger threshold will 
be adjusted based on patients’ hemiplegic arm function. 
Participants will be instructed to perform the different 
types of hand movements to pick up an object (ie, a ball, 
sponge or a cup) on a table, move it vertically and/or 
horizontally to four predefined targets and release the 
object. The distance between the targets and participants 
will be adjusted based on their active ROM of proximal 
joints in the paretic upper limb. The EMG-triggered 
level will be adjusted based on patients’ ability (ie, active 
mode) and gradually increased as the training progresses. 
For patients without any detectable EMG signal from the 
paretic forearm, the passive mode will be used. Each 
distal joint training session will last for around 30 min, 
with a break of 5–10 min (see figure 1B for a demonstra-
tion of distal joint RAT). In total, each RAT session lasts 
for approximately 60 min (30 min for proximal joints and 
30 min for distal joints), with 10 sessions in total. An inves-
tigator with a background in physiotherapy or occupa-
tional therapy will supervise each participant during each 
robot training session to ensure the correct positioning is 
used and that and participants become familiar with the 
training.

Outcome measurements
Primary outcomes
The FMA-UE and ARAT will be used as the primary 
outcomes for this study.47 The FMA-UE is a clinical assess-
ment for upper limb motor impairment after stroke. It 
includes 33 items assessing the movement, coordination 
and reflex actions of the shoulder, elbow, forearm and 
wrist, and the hand joints of the paretic arm. Each item 
consists of a three-point scale (0, 1 and 2), with a total 
maximum score of 66. The minimal clinically important 
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difference (MCID) of the FMA-UE is 5.25 points.48 The 
FMA-UE will be conducted at four time points: baseline, 
mid-term (ie, after five sessions), post-training (ie, after 
10 sessions) and follow-up (ie, 2 weeks after the comple-
tion of all training sessions). An assessor who is unaware 
of the treatment allocation will carry out the assessment 
for each participant. The ARAT is a clinical assessment for 
upper limb functional activities for patients with stroke. 
The ARAT assesses proximal and distal components of 
upper limb function. It consists of four subscales: grasp, 
grip, pinch and gross movement. It has 19 movement 
tasks, each graded using a four-point scale (total scores 
range from 0 to 57). The MCID of ARAT is 5.70 points.49 
ARAT will be conducted at the same four time points as 
the FMA-UE. An assessor who is unaware of the treatment 
allocation will carry out the assessment for each partici-
pant. Assessors will be trained and tested by the principle 
investigator, before conducting clinical assessments.

Secondary outcomes
Kinematic metrics generated during each session of RAT 
will be used as secondary outcomes for the participants’ 
upper limb function. The following kinematic metrics 
retrieved from the M2 robot will be used as the upper 
limb motor outcomes in a further analysis: (1) the size 
of the maximal active ROM; (2) the mean velocity of 
movement during the training session; (3) the move-
ment trajectory during the training session. Movement 
trajectory will be further calculated as the hand-path 
ratio, which is defined as the real distance divided by the 
shortest distance between object targets.50

In order to investigate the potential neuroplasticity elic-
ited by the training, we will invite patients to participate 
in EEG examinations. We expect that around five patients 
from each group will take part in the EEG examinations 
before and after the intervention. Kinematic and EEG 
outcomes will be assessed in a non-blinded manner (see 
figure 2 for a flowchart).

EEG acquisition
EEG will be captured with a 64-channel cap using a digital 
DC EEG amplifier. Electrode impedance will be kept 
below 10 kΩ and the signal will be sampled at 1000 Hz. 
Movement-related ERD and MVF-induced ERD will be 
evaluated in this study. For movement-related ERD, partic-
ipants will be asked to perform finger taps three times 
(or attempt to move their finger if they cannot perform 
the movement fluently) on a computer keyboard with the 
index finger of their unaffected side, in response to audi-
tory cues (ie, a 300 ms beep sound) delivered at random 
intervals (from 7 s to 10 s), and to relax their hand after 
the completion of the movement.

For MVF-induced ERD, participants will be asked to 
perform finger taps three times on a computer keyboard 
with the index finger of their unaffected side, in response 
to auditory cues delivered at random intervals (from 7 
s to 10 s),51 and to relax their hand after the comple-
tion of the movement. A widely used EEG paradigm 

exploring the effects of MVF will be utilised in the present 
study30–32 51 52; movements will be performed under two 
conditions. (1) MVF of the hand movement: participants 
will be required to perform unilateral finger tapping 
while viewing MVF. MVF will be created using a phys-
ical mirror (406×432 mm) placed over their midsagittal 
plane, between both arms. (2) Direct visual feedback 
of the hand movement: participants will be required to 
perform unilateral finger tapping while directly looking 
at their moving finger. The affected hand will be hidden 
by a non-reflective board.

The order of conditions will be allocated randomly by 
drawing lots. A total of 60 movements will be collected 
for each condition (affected index movement, unaffected 
index with mirror view and unaffected index with direct 
view), with 180 movements in total.

EEG preprocessing
Raw EEG signals will be band-pass filtered between 1 and 
80 Hz and then down-sampled at 250 Hz. Additionally, 
a 50 Hz notch filter will be applied. Data will be offline 
rereferenced to bilateral mastoid electrodes. Signals with 
significant movement artefacts and long-term eye closure 
will be rejected during a visual inspection. Subsequently, 
EEG will be segmented in 7000 ms epochs (prestimulus 
−3000 ms and poststimulus 4000 ms, with 0 as the first 
finger tap). Eye movement artefacts will be corrected 
using an independent component analysis algorithm.53 
Typical components reflecting the eye blinks and hori-
zontal movements will then be rejected.

EEG time-frequency analysis
Clean epochs will be analysed in a time-frequency 
domain. The event-related spectral perturbation method 
using the newtimef function of EEGLAB54 will be used to 
compute the ERD power. The ERD power will be base-
line corrected. Subsequently, the power will be averaged 
across all trials and converted to log power. Averaged 
ERD powers at electrode sites C3 (ipsilesional hemi-
sphere, IH) and C4 (contralesional hemisphere, CH) will 
be extracted. Data from patients with right brain lesions 
will be flipped to ensure that C3 channels stand for IHs 
and C4 channels stand for CHs.

For movement-related ERD, the power at C3 will be 
used for further analysis. For MVF-induced ERD, the 
powers at IH and CH during the movement phase will be 
extracted and an asymmetric index will be calculated with 
the following formula55:

	﻿‍ Asymmetric index =
(
IH ERD power

)
−

(
CH ERD power

)
‍�

The difference of asymmetric indices under the mirror 
view and direct view will be used to evaluate MVF-induced 
sensorimotor ERD and used in a further analysis. A more 
negative value indicates more activation toward the ipsile-
sional sensorimotor area, during the mirror view condi-
tion, compared with the direct view condition. Mu-1 
(8–10 Hz), mu-2 (10–12 Hz), beta-1 (12–16 Hz) and beta-2 
(16–30 Hz) will be investigated separately.32
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Figure 2  Flowchart of the proposed randomised controlled trial.

Safety profile investigation
A side-effects survey will be distributed on completion 
of each TBS session. See figure 3 for an overview of the 
proposed trial.

Statistical analysis
Statistical analysis will be performed using SPSS V.23.0. 
Demographic and baseline characteristics will be 
compared using analysis of variance (continuous and 
ordinal data) or χ2 tests (categorical data). A mixed-effects 
model with random intercepts and slopes will be used to 
detect any significant differences in the rate of change in 

motor outcomes and sensorimotor ERD among the three 
groups, because of its superiority in analysing repeated 
measures data and dataset with missing values. Any factor 
with significant between-group difference in the baseline 
will be included in the mixed-effects model as covariates. 
Group effects, time effects and group-by-time interaction 
effects will be included as fixed effects, and the random 
intercept and random slope of change in the dependent 
variables over time will be included as random effects. 
Between-group differences will be investigated using the 
interaction effects. Maximum likelihood estimation will 
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Figure 3  Schedule of participant recruitment, assessments and intervention. ARAT, Action Research Arm Test; cTBS, 
continuous theta burst stimulation; EEG, electroencephalography; FMA-UE, Fugl-Meyer Assessment-Upper Extremity scores; 
iTBS, intermittent theta burst stimulation; RAT, robot-assisted training.

be chosen as the estimation method. The covariance 
structure is assumed to be unstructured. The level of 
significance will be set at p<0.05. For post-hoc compari-
sons, the level of significance will be set at p<0.017 after 
Bonferroni adjustment (0.05/3; n=number of compari-
sons), for the comparison of interaction effects. Cohen’s 
d will be calculated to determine the effect size of the 
change scores for the behavioural motor outcomes 
between groups. Immediate training effects (data from 
baseline to post-training) and the durability of training 
effects (data from post-training to follow-up) will be sepa-
rately investigated with mixed-effect models. Frequency 

scores for each reported side effect and the percentage 
of participants who pass the MCID of the FMA-UE and 
ARAT will be compared using χ2 tests between the three 
groups.

Patient and public involvement
Patients will be invited to participate in this study via 
advertisements. Several self-help stroke organisations 
will be notified in order to promote the enrolment. The 
results of the evaluation can be released to participants 
on request.
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Ethics and dissemination
This RCT was registered on 24 July 2019 (https://​clinical-
trials.​gov, see online supplementary section for trial regis-
tration data). The study has launched on 9 September 
2019 and will continue for around a year. The study 
will be conducted in accordance with the principles of 
the Declaration of Helsinki. Written informed consent 
forms will be collected from each participant before the 
study begins (see a template of written consent form in 
online supplementary section). Any modifications to 
this study protocol will also be reviewed by the subcom-
mittee. This study will only include participants who have 
given informed written consent and the confidentiality is 
assured. All original data will be kept in strictly private. 
During the study, written data will be stored in a safe 
place; after the study, all data will be input to a computer 
by the principle investigator and a backup of the data will 
be kept on a hard drive, which will be stored in a safe 
place. The input data will be double checked by another 
research assistant. Personal data will be discarded after 
3 years. Due to the small expected sample size of this 
proof-of-concept study, a data monitoring committee was 
not deemed to be required and we will perform interim 
analyses when 50% of patients have been included and 
have completed the follow-up assessment. The results of 
this study will be presented at international conferences 
and sent to a peer-reviewed journal to be considered for 
publication.
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