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ABSTRACT
Introduction Balance impairments frequently occur 
after stroke. Achieving effective core trunk stability is the 
key to improving balance ability. However, there is still a 
lack of advanced well- defined rehabilitation protocols for 
balance improvement in patients with stroke. Intermittent 
theta- burst stimulation (iTBS) is a non- invasive brain 
activity modulation strategy that can produce long- term 
potentiation. The cerebellar vermis is a fundamental 
structure involved in balance and motor control. However, 
no study has demonstrated the therapeutic effect and 
potential mechanism of cerebellar vermis iTBS on balance 
after stroke.
Methods and analysis This study will be a prospective 
single- centre double- blind randomised controlled clinical 
trial with a 3- week intervention and 3- week follow- up. 
Eligible participants will be randomly allocated to the 
experimental group or the control group in a 1:1 ratio. 
After routine conventional physical therapy, patients in the 
experimental group will receive cerebellar vermis iTBS, 
whereas patients in the control group will receive sham 
stimulation. The overall intervention period will be 5 days 
a week for 3 consecutive weeks. The outcomes will be 
measured at baseline (T0), 3 weeks postintervention (T1) 
and at the 3- week follow- up (T2). The primary outcomes 
are Berg Balance Scale and Trunk Impairment Scale 
scores. The secondary outcomes are balance test scores 
via the Balance Master system, muscle activation of the 
trunk and lower limbs via the surface electromyography 
recordings, cerebral cortex oxygen concentrations 
measured via the resting- state functional near- infrared 
spectroscopy, Fugl- Meyer Assessment of Lower Extremity 
and Barthel index scores.
Ethics and dissemination This study was approved by 
the West China Hospital Clinical Trials and Biomedical 
Ethics Committee of Sichuan University. All participants will 
sign the informed consent form voluntarily. The results of 
this study will be published in peer- reviewed journals and 
disseminated at academic conferences.
Trial registration number ChiCTR2200065369.

INTRODUCTION
Stroke is the third most common cause of 
disability worldwide.1 The incidents, prev-
alence and disability- adjusted life- years of 
stroke have increased over the past two 
decades2 and are considered to place heavy 
economic burdens on society. Balance 
impairments frequently occur in patients with 
stroke, with a reported incidence ranging 
from 61% to 83%.3 The main manifestations 
are postural instability, weak trunk control 
and difficulty shifting weight,4which ulti-
mately result in falls, poor mobility, decreased 
physical activity and reduced quality of life in 
patients.5 Therefore, improvement of balance 
function is a cardinal requirement in patients 
with stroke.

The trunk plays a fundamental role in trunk 
control, balance and mobility during sitting 
and transferring.6 The synchronised activity 
of trunk muscles is necessary for maintaining 
dynamic balance. In addition, proper trunk 
muscle control is essential for stabilising 
distal limbs.7 Muscle weakness of the lower 
limbs is associated with decreased standing 
balance control.8 Impaired trunk control 
and core muscle weakness attenuate balance 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Our study comprehensively assesses the trunk con-
trol and balance function by clinical scales, balance 
tests via the Smart Equitest Balance Master System 
and surface electromyography measurements.

 ⇒ Resting- state functional near- infrared spectroscopy 
will be used to collect the concentration of oxygen-
ated haemoglobin in the cerebral cortex.

 ⇒ This study lacks a long- term follow- up assessment.
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and physical function in individuals after stroke.9 There-
fore, achieving effective core trunk stability is crucial to 
improving balance ability after stroke.

The cerebellum, a central brain structure located in the 
posterior cranial fossa, works in concert with the cerebral 
cortex, brainstem and spinal cord and is involved in motor 
control.10 11 It consists of two lateral hemispheres and the 
cerebellar vermis. The cerebellar vermis is a fundamental 
structure involved in balance and motor processing,12 13 
and is responsible for regulating the trunk, head, neck 
and proximal limb muscles to control posture and main-
tain balance.14 Balance dysfunction in cerebellar disor-
ders is most likely caused by lesions of the medial zone of 
the cerebellum.15 At present, the main clinical interven-
tions to improve the balance function in stroke rehabilita-
tion are muscle strength training or balance training. The 
activation of the cerebellar vermis in the central nervous 
system through neuromodulation with non- invasive brain 
stimulation has great potential for enhancing balance 
function in patients with stroke.

Repetitive transcranial magnetic stimulation (rTMS) 
is a safe, reliable and standardised non- invasive brain 
activity modulation strategy to regulate cortical excit-
ability and facilitate neural plasticity.16 Intermittent theta- 
burst stimulation (iTBS) is a novel form of rTMS that can 
produce long- term potentiation and is more rapid and 
efficacious than standard rTMS.17 Previously published 
studies revealed that iTBS over the cerebellar hemisphere 
could promote gait and balance recovery in patients 
with chronic ischaemic stroke.18 Similarly, our research 
group recently provided evidence that iTBS over the cere-
bellar hemisphere could promote upper limb spasticity, 
balance and walking performance recovery in patients 
with stroke.19–21 However, one of the results indicated 
that the difference in Berg Balance Scale (BBS) scores 
between the cerebellar iTBS group and the sham stim-
ulation group was 1.58 points, which did not reach the 
minimal clinically important difference.22 Therefore, the 
identification of a more effective stimulation target for 
improving balance function after stroke is necessary. No 
study has demonstrated the therapeutic effect and poten-
tial mechanism of cerebellar vermis iTBS on balance in 
individuals with stroke. Our preliminary pilot study found 
that cerebellar vermis iTBS contributed to increasing the 
excitability of the bilateral supplementary motor areas 
(SMAs) during balance tasks in healthy adults.23

OBJECTIVE
Since no clinical research verifying the effectiveness of 
cerebellar vermis iTBS stimulation has been reported, 
a randomised controlled double- blind trial will be 
conducted to determine the effects of cerebellar vermis 
iTBS on trunk control, muscle activation and balance 
function in patients with subacute ischaemic stroke. We 
hypothesise that cerebellar vermis iTBS can promote the 
activation of trunk and lower limb muscles and increase 
the excitability of SMAs to improve trunk control and 

balance function in patients with subacute ischaemic 
stroke.

METHODS
Study design and setting
This study will be a prospective single- centre double- 
blind randomised controlled clinical trial with a 3- week 
intervention and 3- week follow- up. The protocol strictly 
follows the Standard Protocol Items: Recommendations 
for Intervention Trials 2013 Statement.24 Eligible partic-
ipants will be randomly allocated to the experimental 
group or control group in a 1:1 ratio. After routine 
conventional physical therapy, patients assigned to the 
experimental group will receive cerebellar vermis iTBS, 
whereas patients assigned to the control group will receive 
sham stimulation. The overall intervention period will be 
5 days a week for 3 consecutive weeks. The outcomes will 
be measured at baseline (T0), 3 weeks postintervention 
(T1) and at the 3- week follow- up (T2). The whole study 
will be performed at the Department of Rehabilitation 
Medicine of Sichuan University, West China Hospital 
(Chengdu, Sichuan Province, China). Figure 1 shows the 
flow diagram of the study design. We plan to start subject 
recruitment on the first of December 2022 and complete 
the trial in December 2025. Figure 2 illustrates the study 
schedule.

Sample size calculation
The sample size calculation was conducted via G*power 
of 3.1.9.2 based on the result of the BBS score in our 
published study, which indicated an estimated effect 
size of f=0.380.20 Other parameters were set as follows: a 
significance level of α=0.05 (two tails), power (1–β)=90%, 
correlation among repeated measures=0.5, non- 
sphericity correction ε=1, number of measurements=3 
and number of groups=2. Therefore, a sample size of 
n=40 was obtained. After allowing for a 15% dropout rate, 
a minimum total of 46 participants is needed.

Participants
Recruitment
The participants will be recruited from the Department 
of Rehabilitation Medicine of Sichuan University West 
China Hospital in Chengdu, Sichuan Province, China. 
After carefully screening the inclusion and exclusion 
criteria, voluntary participants will be required to provide 
written informed consent before the experiment.

Inclusion criteria
Participants will be considered for inclusion if they meet 
the following criteria:
1. A diagnosis of ischaemic stroke according to the 

Diagnostic criteria of cerebrovascular diseases in China (V. 
2019).25

2. Aged between 18 and 65 years.
3. First- ever unilateral ischaemic stroke confirmed by im-

aging examination.
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4. Participants with subacute stroke, the stroke onset 
ranging from 2 weeks to 6 months.26–28

5. Having motor deficit and balance dysfunction, with a 
Fugl- Meyer Assessment for Lower Extremities (FMA- 
LE) score <34 points and BBS score <56 points.20

EXCLUSION CRITERIA
Participants will be excluded if they meet any of the 
following criteria:
1. Diagnosis of coexisting other neurological diseases.
2. Injury of cerebellum or brain stem.
3. Having contraindications for iTBS (eg, history of sei-

zures, intracranial metallic implants, microprocessor 
implants in the body, tumours and pregnancy).

4. Cognitive impairment defined as a Mini- Mental State 
Examination (MMSE) score <27.

5. Treatment with benzodiazepines, baclofen, antiepilep-
tics and antidepressants.

Interventions
All enrolled participants will receive one session of cere-
bellar vermis iTBS or sham stimulation before routine 
conventional physical therapy from Monday to Friday, 
with a total of 15 sessions. Patients in the experimental 
group will receive cerebellar vermis iTBS coupled with 
conventional physical therapy, and those in the control 
group will receive sham stimulation coupled with conven-
tional physical therapy. The whole intervention period 
will last for a total of 3 consecutive weeks.

Cerebellar vermis iTBS stimulation
The stimulation protocol will strictly adhere to the 
safety guidelines and recommendations endorsed by 

Figure 1 The flow diagram of the study design. BBS, Berg Balance Scale; TIS, Trunk Impairment Scale; sEMG, surface 
electromyography; fNIRS, functional near- infrared spectroscopy; FMA- LE, Fugl- Meyer Assessment of Lower Extremity; BI, 
Barthel index.
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the International Federation for Clinical Neurophysi-
ology in 2021.29 We will use a Magstim Rapid2 stimulator 
(The Magstim Company Limited) connected to a 70 mm 
figure- of- 8 Double Rapid2 Air Cooled Coil (P/N 3910–
00) to stimulate the cerebellar vermis (figure 3). The 
centre of the coil will be placed tangentially to the target 
scalp area, and the coil current direction will point down-
wards. iTBS will be applied over the cerebellar vermis, 
1 cm inferior to the inion.30 We will use a neuronaviga-
tion system (BrainSightt, Rogue Research Inc.) coupled 
with a Polaris Vicra infrared camera to ensure that cere-
bellar vermis iTBS is applied over the same spot for the 
same participant across different sessions (figure 3). The 

pattern of iTBS consists of 600 pulses containing 3 pulses 
at 50 Hz repeated at a rate of 5 Hz, with 20 trains of 10 
bursts given at 8 s intervals.31 The standard stimulus inten-
sity will be set at 80% of the active motor threshold, which 
is the lowest intensity evoking at least 5 out of 10 motor- 
evoked potentials (MEPs) with a peak- to- peak amplitude 
>200 µV in the abductor pollicis brevis muscle during 
10% of the maximum voluntary contraction measured by 
a dynamometer.21 If the participant cannot elicit MEPs or 
cannot tolerate the preset standard stimulus intensity, the 
stimulator output intensity will be set to the participant’s 
maximum tolerated intensity.32

Figure 2 The schedule of enrolment, interventions and assessments.
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Sham stimulation
Participants in the control group will be treated iden-
tically to those in the experimental group, except the 
Magstim sham coil (P/N 3950–00) will be used to 
deliver the sham stimulation.33 The sham coil has the 
same external appearance, parameters and application 
methods for stimulating the sensation produced by the 
real coil without inducing a magnetic field. Therefore, it 
can sufficiently ensure that the patients remain blinded 
to the intervention.

Conventional physical therapy
After receiving cerebellar vermis iTBS or sham stimula-
tion, all participants will receive conventional physical 
therapy, including limb positioning, balance exercise, 
trunk control, and postural and transfer training, with 
each session lasting 50 min during the intervention phase.

Criteria for discontinuing the allocated interventions
Interventions will be discontinued for participants if any 
of the following events occur:
1. Serious adverse events, such as epilepsy, severe head-

ache, persistent tinnitus and syncope, occur during the 
stimulation.

2. Participants withdraw from the trial.
3. Participants are not compliant with the allocation and 

intervention plan.

4. Participants join in additional studies during the trial.
5. Group exposure for participants and outcome evalua-

tors lead to the failure of blindness.

Improving adherence strategies
To improve the participant compliance, the researcher in 
charge of the trial will contact the participants regularly 
to clarify their rehabilitation progress and discuss the 
subsequent physical therapy programme. Additionally, 
patients who complete the entire procedure in accor-
dance with the protocol will be provided with a subject 
fee and an additional free rehabilitation consultation. If a 
participant drops out, the specific reasons for withdrawal 
will be recorded.

Outcome measures
On the day of enrolment, the basic characteristics of the 
participants, including age, sex, type of stroke, lesion site, 
course of disease, degree of neurological deficit as assessed 
by the National Institutes of Health Stroke Scale and 
cognitive function as assessed by the MMSE, will be docu-
mented. The outcome assessments will be conducted at 
the treatment site at T0, T1 and T2. The primary outcomes 
are BBS and Trunk Impairment Scale (TIS) scores. The 
secondary outcomes are balance tests via the Balance 
Master system, muscle activation of the trunk and lower 
limbs via the surface electromyography (sEMG) record-
ings, cerebral cortex oxygen concentrations measured 
via the resting- state functional near- infrared spectroscopy 
(fNIRS), FMA- LE scores and Barthel Index scores. Each 
assessment will be performed by a professional clinician or 
by a qualified physical therapist who will be blinded to the 
experimental condition of the participant.

Primary outcomes
BBS
The BBS is a well- validated scale for assessing balance 
among individuals with neurological disease.34 It has high 
reliability and internal validity, with an intraclass correla-
tion coefficient for intermeasure reliability and intramea-
sure reliability of 0.97 and 0.98, respectively.35 This scale 
is a 14- item measure with a total score of 56, and the score 
of each item ranges from 0 (poor balance) to 4 (good 
balance).36

Trunk Impairment Scale
The TIS is a scale designed to assess motor impairment 
of the trunk after stroke, demonstrating the most prom-
ising performance in psychometric properties with satis-
factory reliability and validity.37 It is a 17- item scale used 
to evaluate static and dynamic sitting balance and trunk 
coordination for patients with stroke, with a total score 
ranging from 0 to 23 points.38 A higher score indicates 
better trunk control.

Secondary outcomes

Balance tests via the Balance Master system
The assessments of dynamic balance and postural control 
abilities will be performed by the Sensory Organisation 

Figure 3 The Magstim Rapid2 stimulator with a BrainSight 
neuronavigation system.
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Test (SOT), limits of stability (LOS) and rhythmic weight 
shift (RWS) via the Smart Equitest Balance Master System 
(NeuroCom Int., Clackamas, Oregon) (figure 4).

Sensory organisation test
The SOT evaluates postural control when participants 
undergo different somatosensory, visual and vestibular 
feedback perturbations. During testing, inaccurate inter-
ference information is delivered to the patient’s eyes, feet 
and joints and is controlled through calibrated sway refer-
encing of the support surface and/or visual surround-
ings. The participant is required to maintain balance to 
keep their centre of gravity (COG) as steady as possible. 
A composite equilibrium score is provided to characterise 
the participant’s overall level of performance through the 

six conditions described in table 1. During the SOT, each 
trial lasts for 20 s and is repeated three times.39 40

Limits of stability
The LOS quantifies the voluntary ability to shift the COG 
in eight different directions: forwards, forwards- right, 
right, backwards- right, backwards, backwards- left, left 
and forwards- left. When the test is performed, a real- time 
display of the participant’s COG position in relation to 
targets placed at the centre of the base of support and the 
stability limits is shown. Once the command is given, the 
participant must move their COG from a central position 
out towards one of the eight targets as quickly (up to 8 s) 
and accurately as possible.41

Rhythmic weight shift
The RWS evaluates a participant’s ability to perform 
rhythmic movements of their COG from left to right 
(lateral) and forwards to backwards (anterior/poste-
rior) between two targets at three different speeds (slow, 
medium and fast).42 Movement velocity and directional 
control are measured for each direction and speed.

Surface electromyography recordings
The sEMG recordings will be conducted in accordance 
with the Surface ElectroMyoGraphy for the Non- Invasive 
Assessment of Muscles guidelines.43 A 20- channel wireless 
BTS- FREEEMG 300 (BTS Biomechanics, Italy) will be 
used to collect the sEMG signals of the following muscles: 
bilateral rectus abdominis, external oblique muscle, 
erector spinae (longissimus), rectus femoris, biceps 
femoris, tibialis anterior and soleus (table 2 and figure 5 
illustrate the sensor locations on the individual muscles). 
Before starting, the skin will be cleaned using 75% alcohol 
and would be shaved if needed to ensure a maximum skin 
impedance below 5 kΩ. After skin preparation, the partic-
ipant will be put into the starting posture, depending on 
the muscle at which the electrodes will be placed. A pair 
of pregelled electrodes certified for medical use and in 
compliance with the directive 93/42/EEC (amended by 
2007/47/EC) will be placed on the belly of the target 
muscle with an interelectrode distance of 2 cm.44 When 
the electrodes are placed and fixed, a certified physical 
therapist will teach the patient to perform the maximum 
voluntary isometric contraction (MVIC) of the target 
muscle. For individual muscles, we will record three 3 s 
MVIC trials with a 2 min rest period between each trial.

sEMG signals will be sampled at 1000 Hz. Collected data 
will be synchronously transmitted to a BTS EMG- Analyzer 
(BTS Bioengineering) with the bandpass filtered from 
20 Hz to 500 Hz. We will rectify and filter the recorded 
signal and extract the data of averaged electromyog-
raphy (AEMG), root mean square (RMS), mean power 
frequency (MPF) and median frequency (MF) data for 
subsequent analyses.

Resting-state fNIRS
A multichannel fNIRS system with 24 sources and 24 
detectors (NirScan, HuiChuang, China) will be used to 

Figure 4 The Smart Equitest Balance Master System.

Table 1 Sensory organisation test

Condition Vision Surface Surround Interference

1 Eyes open Stable Fixed Null

2 Eyes closed Stable Fixed Vision

3 Eyes open Stable Unfixed Vision

4 Eyes open Unstable Fixed Somatosensation

5 Eyes closed Unstable Fixed Somatosensation 
and vision

6 Eyes open Unstable Unfixed Somatosensation 
and vision
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Table 2 The sensor locations on individual muscles for sEMG recordings*

Muscle Starting posture of participant

Electrode placement

Location Orientation

RA Supine or standing 2 cm superior and 2–4 cm 
lateral to the umbilicus

Vertical

EO Supine or standing At a 2- finger width above the 
anterior half of the iliac crest

In the direction of the line from 
the outside of the 5–12 ribs to 
the anterior half of the iliac crest

Longissimus Prone with the lumbar vertebral columns 
slightly flexed

At a 2- finger width lateral from 
the proc. spin. of L1.

Vertical

RF Sitting on a table with the knees in slight 
flexion and the upper body bend slightly 
backwards

At 50% on the line from the 
anterior spina iliaca superior to 
the superior part of the patella

In the direction of the line from 
the anterior spina iliaca superior 
to the superior part of the patella

BF Lying on the belly with the face down with 
the thigh down on the table, the knees flexed 
(to less than 90 degrees), the thigh in a slight 
lateral rotation and the leg in a slight lateral 
rotation with respect to the thigh

At 50% on the line between the 
ischial tuberosity and the lateral 
epicondyle of the tibia

In the direction of the line 
between the ischial tuberosity 
and the lateral epicondyle of the 
tibia

TA Supine or sitting At one- third on the line between 
the tip of the fibula and the tip of 
the medial malleolus

In the direction of the line 
between the tip of the fibula and 
the tip of the medial malleolus

Soleus Sitting with the knee flexed approximately 90 
degrees and the heel/foot of the investigated 
leg on the floor

At two- third of the line between 
the medial condyle of the femur 
to the medial malleolus

In the direction of the line 
between the medial condyle to 
the medial malleolus

*According to the SENIAM recommendations for sensor locations for muscles.
BF, biceps femoris; EO, external oblique muscle; RA, rectus abdominis; RF, rectus femoris; sEMG, surface electromyography; SENIAM, 
Surface ElectroMyoGraphy for the Non- Invasive Assessment of Muscles ; TA, tibialis anterior.

Figure 5 The sensor locations on individual muscles for sEMG recording (A. rectus abdominis, B. external oblique muscle, C. 
rector spinae (longissimus), D. rectus femoris, E. biceps femoris, F. tibialis anterior, G. soleus). sEMG, surface electromyography.
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record changes in oxygenated haemoglobin (HbO2), 
deoxygenated Hb and total Hb of the cerebral cortex 
when the participant is at rest. Relevant parameters will 
be set as follows: the wavelengths are between 730 nm 
and 850 nm, the source- detector distance is 3 cm, and 
the sampling frequency is over 11 Hz. The international 
10/20 system is referenced for identifying optodes on the 
bilateral prefrontal and parietal lobes.45 Collected fNIRS 
data will be analysed by the NirSpark software package 
with the bandpass filtering from 0.01 Hz to 0.1 Hz. The 
mean HbO2 value of each channel will be extracted for 
statistical analyses.

Fugl-Meyer Assessment of Lower Extremity
The lower extremity function of patients with stroke will 
be assessed by FMA- LE, which has good inter- rater reli-
ability and concurrent validity.46 The maximum score of 
this 17- item scale is 34 points. Each item is scored on a 
3- point ordinal scale, with 0 points for inability, 1 point 
for partial ability and 2 points for full ability to perform 
the required movement.47

Barthel index
The Barthel index is a self- reported scale comprising of 
10 items, including bathing, grooming, bladder manage-
ment, bowel management, dressing, feeding, toilet use, 
transfers, ascending and descending stairs, and walking, 
to measure basic activities of daily living.48 The total scores 
vary from 0 (totally dependent) to 100 (independent). 
This scale has good clinimetric properties and excellent 
interrater reliability with standardised administration for 
patients with stroke.19 49

Safety measurements
Possible stimulation- related adverse events, such as head-
ache, nausea, neck pain, seizure, mood changes, fatigue, 
tinnitus, dizziness, sleepiness and syncope, are listed in 
the informed consent form. An adverse reaction record 
will be used to monitor and provide detailed reports after 
each stimulation. In addition, any adverse events related 
to conventional physical therapy will also be recorded 
using the adverse event case report form (CRF).

Randomisation and blinding
The study will be a randomised, double- blind, sham- 
controlled trial. Enrolled participants will be randomly 
assigned based on the computer- generated random 
numbers that are concealed in opaque numbered enve-
lopes and opened in numerical order by a neutral non- 
involved researcher. We plan to blind the participants 
and evaluators. If blinding fails, the participants will be 
removed. A sham coil will be used to ensure that the 
patients are blinded to the intervention. Outcome eval-
uations will be conducted by a professional clinician or 
by a qualified physical therapist who is blinded to the 
group assignment. An independent researcher will be 
designated to complete data analysis. Unblinding will be 
carried out after the data analysis is completed. In the 

case of serious adverse events occurring during interven-
tions, emergency unblinding will also be implemented.

Data management and analysis
Data management
Data will be recorded on CRFs in a timely, complete and 
accurate manner. Two researchers will independently 
input data into Excel software and cross- check each other. 
Thus, electronic data will be stored and available to the 
relevant researcher only. The West China Hospital Clin-
ical Trials and Biomedical Ethics Committee of Sichuan 
University are responsible for monitoring the safety and 
process of the study and have the right to terminate the 
trial if serious advent events occur. All procedures will 
comply with the confidentiality standards for medical 
data.

Statistical analysis
Statistical analyses will be performed using GraphPad 
Prism V.8.4.3 (GraphPad Software, La Jolla, California) 
based on the intention- to- treat principle. Missing data will 
be imputed using the last observation carried forwards 
approach. The Shapiro- Wilk test will be conducted to 
evaluate the normal distribution of the data. The level of 
significance is set at α=0.05. Continuous variables, ordinal 
variables and categorical variables will be presented as 
mean (±SD), medians (IQR) and number (percentage, 
%), respectively. Based on different types of data, the 
independent- samples t test, Mann- Whitney U test and χ2 
test will be used to compare demographic and baseline 
data between groups. Two- way mixed measures analysis of 
variance with group as the between- individual factor and 
time as the within- individual factor will be performed for 
outcome measures analyses. Non- sphericity correction 
will be conducted using the Greenhouse- Geisser correc-
tion if necessary, and Tukey’s post hoc multiple compar-
ison test will be applied.

Patient and public involvement
Patients and the public will not be involved in the study 
design, recruitment, implementation or reporting. 
However, the study results will be disseminated to the 
public through academic papers and conferences.

Ethical approval, trial registration and dissemination
The study was approved by the West China Hospital Clin-
ical Trials and Biomedical Ethics Committee of Sichuan 
University on 19 May 2022 (ethics reference: 2022 (573)) 
and will be conducted in accordance with the Declaration 
of Helsinki.

This protocol was registered on 3 November 2022, in the 
Chinese Clinical Trial Registry. This trial is a subproject of 
the National Natural Science Foundation of China with 
the registration number ChiCTR2200061225. All partici-
pants will be fully informed of the study procedures and 
sign the informed consent form voluntarily before inclu-
sion (see the online supplemental appendix). The private 
information of all participants will be kept confidential 
and securely placed in a locked cabinet and will only be 

https://dx.doi.org/10.1136/bmjopen-2022-066356
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accessible to researchers of the study. However, the results 
of this study will be published in peer- reviewed journals 
and disseminated at academic conferences.

DISCUSSION
At present, no research has revealed the effect and poten-
tial mechanism of cerebellar vermis iTBS on balance in 
patients with subacute stroke. This prospective single- 
centre double- blind randomised controlled clinical 
trial with a 3- week intervention and 3- week follow- up is 
designed to confirm its effectiveness.

Our study will comprehensively assess trunk control 
and balance function by clinical scales, balance tests via 
the Smart Equitest Balance Master System and sEMG 
measurements. Additionally, we will also collect the 
concentration of HbO2 in the cerebral cortex via resting- 
state fNIRS. The integrated data results will sufficiently 
verify the research hypothesis.

For trunk control, the TIS scores can reveal motor 
impairment of the trunk in patients with stroke. The 
sEMG signal reflects the activation of muscles directly 
and contains information about movement intentions 
generated by the brain.50 AEMG represents the degree 
of muscle activation and the synchronisation of activated 
motor units. RMS quantifies the effort of the muscle. 
MPF and MF are frequency domain features and indicate 
muscle fatigue.51 52

For balance function, the BBS score reflects the overall 
performance of static and dynamic balance. Accurate 
integration of sensory information is critical to main-
taining balance. The composite equilibrium score of the 
SOT characterises the impairments of individual sensory 
systems.53 The ability to voluntarily move the COG within 
the LOS is fundamental to mobility tasks. By the LOS 
test, reaction time, movement velocities and excursions 
are recorded to measure the voluntary ability to shift the 
COG without losing balance. Reaction time reflects the 
cognitive processing ability. Movement velocities indicate 
high- level central nervous system function. Excursions 
can be restricted by biomechanical deficits.54 Overall, 
limitations in the LOS are associated with instability 
during weight- shifting activities. RWS measures move-
ment velocity and directional control during rhythmic 
movements. Patients with disrupted normal rhythmic 
movement control exhibit reduced velocities and/or 
poor directional control ability.55

For cortical activation, fNIRS is a widespread non- 
invasive measurement that provides real- time monitoring 
of haemodynamic signals to reflect changes in brain acti-
vation.56 Increased HbO2 is positively correlated with 
cortical excitability. In addition, balance function and 
postural stability are positively related to the changes 
in HbO2 signals in the bilateral SMAs in patients with 
stroke.57 Additionally, our previous work revealed that 
single- session cerebellar vermis iTBS can increase bilat-
eral SMAs excitability during balance tasks in healthy 
adults.23

We hypothesise that cerebellar vermis iTBS can promote 
the activation of muscles in the trunk and lower limbs and 
increase the excitability of the SMAs to improve trunk 
control and balance function in patients after stroke. 
The cerebellar vermis plays an important role in postural 
tone, balance and locomotion through descending spinal 
pathways since the vermis receives vestibulocerebellar 
and proprioceptive spinocerebellar afferents.58 SMA 
contributes to anticipatory postural adjustments and 
postural stability during gait initiation.59 iTBS consists of 
high- frequency stimulation bursts that strongly modulate 
the neural activity of the cerebellar vermis. Studies with 
humans have shown that iTBS drives acute changes to 
motor behaviour and neuronal excitability.60 A possible 
mechanism has been reported by an animal study showing 
that iTBS can promote neural structural remodelling 
and functional recovery by enhancing neurogenesis and 
migration via the miR- 551b- 5p/BDNF/TrkB pathway.61 
The first study of cerebellar vermis stimulation was 
reported in 1995, which investigated its effects on saccade 
metrics in a man via TMS.62 At present, researchers have 
reported that cerebellar vermis stimulation is a safe and 
well- tolerated brain stimulation technology with a poten-
tial therapeutic effect on schizophrenia.63 In addition, 
cerebellar vermis rTMS can induce a suppressive effect 
on pharyngeal motor cortical activity and swallowing 
behaviour.64 However, limited studies have reported that 
the cerebellar vermis plays an important role in postural 
response and balance stability.13 65 Therefore, we hope 
to identify the effectiveness of cerebellar vermis iTBS 
in trunk control and balance function for patients with 
subacute ischaemic stroke. Our results may provide 
valuable information for developing a novel treatment 
method for the rehabilitation of balance dysfunction 
after stroke.
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