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Effects of mirror therapy
combined with theta burst
stimulation on motor recovery of
upper limbs after stroke: a
randomized controlled study

Jing Zhou'?, Mo Chen?, LuJdie Dong!?, CaiXia Zheng?, Jiang Xu?,
YangPu Zhang?* and Yali Liu'*

!Department of Rehabilitation Medicine, Tongji Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China, 2Department of Rehabilitiation, Hubei Provincial Hospital
of Integrated Chinese & Western Medicine, Wuhan, China

Objective: This study aimed to explore the impacts of intermittent Theta burst
stimulation (iTBS) and mirror image therapy (MT), both used separately and in
combination with iTBS, on upper limb (UL) motor function, activities of daily
living (ADL), and cortical excitability during the subacute phase of stroke.

Design: Randomized controlled study.

Setting: Inpatient rehabilitation centers of Tongji Hospital and Hubei Provincial
Hospital of Integrated Chinese & Western Medicine.

Participants: Seventy-one patients with upper limb (UL) disability.

Interventions: Patients were randomly assigned to four groups. Three treatment
groups received intermittent theta burst stimulation (iTBS), mirror therapy (MT),
or a combination of both, in addition to routine rehabilitation. Therapy sessions
were conducted five days per week for two weeks (10 working days).

Main measures: The assessments encompassed the National Institutes of Health
Stroke Scale (NIHSS), upper limb Fugl-Meyer assessment (UL-FMA), modified
Barthel index (MBI), Stroke-specific quality of life scale (SS-QOL), resting motor
threshold (RMT), and motor evoked potential (MEP).

Results: The combined treatment group showed significant improvements in
UL-Fugl-Meyer Assessment (UL-FMA) scores compared with the control and
MT groups (p < 0.05). Significant differences in Modified Barthel Index (MBI) and
Stroke-Specific Quality of Life Scale (SS-QOL) scores were observed among the
four groups (p < 0.05). On the contralesional side, the iTBS group demonstrated
increased resting motor threshold (RMT), prolonged motor evoked potential
(MEP) latency, and reduced MEP amplitude. In contrast, the MT group showed
decreased RMT and MEP latency, along with increased MEP amplitude (p < 0.05).
Conclusion: The addition of iTBS or combined therapy to conventional
rehabilitation improved UL motor function and activities of daily living (ADL) in
patients with stroke. The iTBS group exhibited inhibitory effects on contralesional
hemisphere excitability, while the MT group showed facilitative effects. These
excitability changes were less pronounced in the combined treatment group.

Clinical trial registration: Identifier ChiCTR1800015528.
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Highlights

o The trial examines the effectiveness of iTBS and MT in stroke
patients, aiming to establish a well-developed method for
addressing upper limb disability.

« This marks one of the initial clinical trials to assess the impacts
of combining iTBS and MT on motor function among patients
with stroke.

« Diverse outcome measures were used, encompassing motor
function, daily activities, and cortical excitability.

Patients underwent a brief (2 weeks) treatment period and were
subsequently monitored for 3 months.

o The current sample volume is insufficient, and no imaging
evaluation is performed. This electrophysiological assessment in
the study only documented the changes prior to and following
treatment, without providing long-term follow-up results.

Introduction

Most individuals who have experienced a stroke suffer enduring
harm, with nearly 80 percent developing lasting, work-constraining
impairment in the upper limb (1, 2). Skillful control of the upper limb
(UL) is vital for daily self-sufficiency and overall life satisfaction (3).
Non-invasive brain stimulation (NIBS) is an approach used to activate
specific brain regions, thereby modulating cortical excitability and
function (4-6). Numerous inquiries have demonstrated positive
therapeutic effects and their potential clinical significance in
addressing the reestablishment of post-stroke interhemispheric
imbalances (7-9). Research indicates that theta-burst stimulation
(TBS) can activate the motor cortex by fostering long-term enhanced
plasticity (10, 11). Different patterns of stimulation can elicit either
stimulating [intermittent 6 bursts (iTBS)] or inhibiting [continuous 0
bursts (cTBS)] effects on brain excitability (12, 13). They observed that
iTBS heightens motor-evoked potential (MEP) amplitudes, thus
bolstering cerebral excitability, while ¢cTBS dampens MEPs (14).
Ackerley et al. identified that a 2-week application of iTBS to the
ipsilesional M1 could potentially enhance precision grip-lift
performance and Action Research Arm Test (ARAT) scores, which
correlate with superior regulation of M1 corticospinal excitability (15,
16). Mirror therapy (MT) has been the focus of numerous
investigations, with many studies highlighting its efficacy in enhancing
grip strength (17), range of motion (18), movement speed (19), and
manual dexterity (20) in stroke patients. Mirror visual feedback
stimulates activity in several brain regions, primarily the primary
motor cortex (M1) and the contralateral M1 (21). Prior research has
indicated that separate application of MT and iTBS can effectively
heighten cortical motor excitability in M1, contributing to the
recovery of UL function (22, 23). But there are fewer reports on the
effect of combination therapy for patients. In theory, the stimulating
effect of using iTBS may make the brain state more receptive to the
promoting effect of MT, thereby producing a stronger synergistic
effect. This study aimed to investigate the impact of MT combined
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with iTBS on enhancing upper limb motor function and activities of
daily living in patients with subacute stroke, and to further examine
the influence of other factors on the efficacy of combined treatment.
Neuroelectrophysiological techniques were employed to assess the
impact of the treatment on cortical excitability.

Methods and analysis
Subjects

Stroke patients with upper limb impairment were enrolled from
the Inpatient Rehabilitation Center of Tongji Hospital and Hubei
Provincial Hospital of Integrated Chinese & Western Medicine.
Enrollment followed the provision of informed consent for
participation in this randomized double-blind controlled trial.
Subjects were assigned randomly to one of four groups: control group
(N=17), MT group (N = 18), iTBS group (N = 18), and MT combined
with iTBS group (N=18). Measurements were taken on four
occasions: at study commencement (T1; baseline), immediately
following intervention (T2), 1 month post-intervention (T3), and
3 months post-intervention (T4). Assessments were conducted by two
investigators who were unaware of the participants’ group assignments
(refer to Table 1 for inclusion and exclusion criteria).

Patient and public involvement

In this study, a research consortium (comprising patient
associations, nurses, and professional therapists) contributed to
advising on study design, execution, and realization. A public
symposium was organized to elucidate the benefits of MT and iTBS,
stimulating active involvement among participants. The study
schedule was designed to accommodate potential time conflicts with
other therapies. Once subjects were randomized, every reasonable
effort was made by the research consortium to ensure their
participation for the entire study duration. Moreover, participants
who enrolled in the program exempt from all evaluation and
investigation costs associated with the study.

The risk of iTBS in patients with stroke include epilepsy, temporary
hearing changes, and transient headache discomfort. To ensure
treatment safety, patients with high-risk factors for epilepsy, such as a
history of seizures or large cerebral infarcts, should be excluded. Most
mild headaches are generally tolerable, while occasional persistent
headaches can be managed with oral medication. All adverse events
reported spontaneously by the subject to the investigator or his/her
staff recorded for the period of the treatment (2 weeks). If a patient is
unable to comply with the treatment protocol or experiences severe
adverse reactions, the trial will be immediately discontinued.

Randomization was performed using computer-generated
random numbers. After the blocks were numbered, a random number
generator was used to select numbers according to the assigned
subject sequence. Allocation information was sealed in opaque,

frontiersin.org


https://doi.org/10.3389/fneur.2025.1548703
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhou et al.

TABLE 1 Inclusion and exclusion criteria.

Criteria Description

All patients were diagnosed with stroke

Inclusion criteria Patient age>18 years;

The first stroke occurred between 2 weeks

and 6 month;

Hand weakness (Brunnstrom 1-4); Motor
evoked potential (MEP) can record from

the unaffected hand.

Cognitive clarity, Mini-mental State

Examination (MMSE) > 21 (41);

No visual perception disorder;

Exclusion criteria History of epilepsy;

Metallic implants in any part of body;

Severe skull fracture, history of brain or

spinal cord surgery (42);

Administration of drugs that potentially
lower seizure threshold (central nervous
system stimulant, aminophylline,

ephedrine);

Significantly spasmodic (Ashworth score

>2) (43);

Aphasia or partial neglect;

Malignant tumor, pregnancy;

Serious heart, lung, liver, kidney and other
diseases, inability to be followed up at

regular interval;

Enrolled otherclinical researches in

6 months before the trial.

numbered envelopes (24). In this double-blind trial, both participants
and assessors were blinded to the nature of the treatment.

Intervention

All patients received a standard rehabilitation regimen, which
encompassed proper body positioning, active and passive activities for
the hemiplegic limbs, balance training, and routine daily activities. For
patients in the iTBS group, 600 pulses of excitatory head stimulation
were administered once daily, 5 days a week, over a two-week span. A
custom magnetic stimulator (YRD-CCI, Wuhan, China) and a figure-
of-eight coil (6 cm in diameter with 3.5 T peak magnetic intensity) were
used for delivering iTBS to the ipsilesional M1 by a trained investigator.
A total of 600 pulses were delivered following the iTBS protocol (12). The
stimulation site on the ipsilesional M1 was identified as the point of
maximum MEP amplitude in the paretic Abductor Pollicis Brevis (APB)
muscle, referred to as the “hotspot.” If MEP wasn't evoked in the paralytic
APB, iTBS was applied to the “hotspot” mirror site on the contralateral
M1. The active motor threshold (AMT) was determined as subjects
engaged in isometric contractions of the non-paralytic APB at around
20% of their maximum voluntary contraction, with more than 5
contractions in the contralateral APB muscle defined as indicative of a
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potential >200 pV in 10 trials. iTBS intensity was set at 80% of the AMT
for the non-paralytic APB (25). Patients in the MT group underwent
30 min of MT training, consisting of 15 min of upper limb exercises
(forearm pronation, wrist extension, finger extension, finger stretching,
and specific isolated thumb and finger movements), followed by 15 min
of task-oriented therapy (pouring water, drinking, writing, folding a
towel, wiping a desk), guided by an experienced neurological
physiotherapist. During the therapy, patients sat facing a mirror (60 x
90 cm) positioned perpendicular to their midline. The mirror obstructed
the view of the affected hand, allowing the patient to observe the
reflection of their healthy hand’s image. While moving the upper
extremity, patients simultaneously observed the reflection of their
unaffected limb in the mirror. With the assistance of an occupational
therapist, the affected hand replicated the motion of the healthy side as
closely as possible. In the combined group, iTBS was immediately
followed by a 30-min session of personalized upper limb MT for 2 weeks.

Locate the Cz point (geometric center) of the patient.
HotSpot Target (M1) Selection for Motor Cortex Stimulation.

Target Muscle = Standard Alternative
Location Landmark-Based
Method
4-5 cm right lateral +
Left Hand Contralateral C4 region
1-2 cm anterior to Cz
4-5 cm left lateral + 1-2 cm
Right Hand Contralateral C3 region
anterior to Cz

Position the coil tangentially to the scalp, with the handle angled
at 45 degrees to the sagittal plane. Place the electrodes over the
abductor pollicis brevis muscle, following standard EMG protocols for
motor evoked potential (MEP) recording. Electrode color coding
(yellow/blue/black) conformed to international electrophysiological
conventions (see Figure 1).

Evaluation of the hypothesis

We collected the following parameters from patients’ medical
records at the outset of the trial (please refer to Table 2 and Figure 2
for the designated testing times). Stroke-related attributes
encompassed stroke type (ischemic or hemorrhagic), disease duration,
spasticity level, and neurological impairments.

Primary outcome measures

We utilized the Fugl-Meyer Assessment (FMA), a 33-item
performance-based metric, to quantify upper limb motor function.
Each item was rated on a three-tier ordinal scale (0 = incapable,
1 = partial capability, 2 = full capability), culminating in a maximum
score of 66 points for upper limb motor performance (26, 27).

Secondary outcome measures

We appraised the thresholds and amplitudes of bilateral MEPs as
indicators of motor cortex excitability. We selected five waves with
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FIGURE 1

treatment and MEP measurement.

Study design and methods. (A) Methods for locating the M1 area of the head and its corresponding innervation regions; (B) Schematic diagrams of TBS

TABLE 2 The designated testing times.

Instrument TO T1 T2 T3 T4

Inclusion/exclusion

Demographics

Stroke characteristics

Sign informed

consents

Symptom assessment X

NIHSS

FMA

MBI

S T R B
e T R ]

SS-QOL

T I A I
T T A A

RMT. MEP

Assessment of

efficacy X X X

Compliance

evaluation X X

(T1) occurred 1-7 days before intervention. Follow-up assessment was 1 day after treatment
(T2), 1 month (T3) and 3 months after intervention (T4).

notable repeatability and significant amplitude (excluding the highest
and lowest values) for calculating MEP latency and amplitude. RMT
was defined as the minimum stimulus intensity needed to elicit a
threshold MEP while at rest (50% uV of approximately 50 in 10 trials).
All these assessments were conducted by a trained professional therapist.
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The National Institutes of Health Stroke Scale (NIHSS) was
employed to gauge stroke severity and disability at baseline (28). The
Barthel Index (BI) measured activities of daily living (ADL) (29). The
Stroke Specific Quality of Life Scale (SS-QOL) was administered to
evaluate health status and overall quality of life (30).

Data management

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS), v27.0. Descriptive analysis in SPSS
depicted participant characteristics as mean and standard deviation.
Changes before and after the two-week intervention were scrutinized
for statistical significance through an ANOVA mixed model design,
with Time (Baseline, Post, 1 Month, 3 Months) as a within-subject
factor and Group (Basic, MT, iTBS, combined MT and iTBS) as a
between-subject factor, encompassing FMS, NIHSS, BI, SS-QOL,
RMT, and MEP. Paired t-tests with correction for multiple comparisons
and LSD method were used for post hoc analysis. Normal distribution
was verified with the Kolmogorov-Smirnov test prior to ANOVA data
input. A significance level of p< 0.05 was employed for all tests.

Results

A total of 80 patients were randomly allocated into 4 groups, with
20 patients in each group. There were no significant statistical
differences in baseline characteristics (including age, disease duration,
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Baseline assessment (T1)
Clinical Scales
MEP

Random allocation

!

Group 1 Group 2
control group iTBS group
(n=20) post n=17 (n=20) post n=18

Group 3 Group 4
mirror group iTBS group
(n=20) post n=18 (n=20) post n=18

I

10 working days treatment

Posttreatment assessment (T2)
Clinical Scales
MEP

Follow—up
(one month

Clinica

three months follow-up T4)

assessment
follow—up T3

Scales

statistic

al result

concl

usion

FIGURE 2
Schematic presentation of the experimental design.

gender ratio, and type of hemorrhage/infarction) among the groups.
Furthermore, 9 patients were excluded from the study due to
incomplete treatment cycles (two patients experienced headaches and
insomnia following TBS treatment) or missing follow-up data (see
Figure 3 and Table 3).

Clinical evaluation results

Before treatment, FMA scores showed no statistically significant
differences among the four groups. However, intergroup comparisons
revealed significant differences at treatment completion, 1 month post-
treatment, and 3 months post-treatment. At the T2 time point, the
combined treatment group showed a significant difference compared
with the control group. At T3 and T4, the combined treatment group
demonstrated significant differences relative to both the control and
MT groups. Additionally, at T4, the iTBS group also showed significant
differences compared with the control and MT groups (see Figure 4).

Before treatment, MBI scores showed no statistically significant
differences among the four groups. Intergroup comparisons revealed

significant differences in MBI scores at 1 month and 3 months post-
treatment. Further analysis showed that, at T3 and T4, the combined
treatment group demonstrated significant differences compared with
the control group. Additionally, the iTBS group exhibited a significant
difference relative to the control group (see Figure 5).

Before the intervention, SS-QOL scores showed no statistically
significant differences among the four groups. Intergroup comparisons
revealed significant differences at 1 month and 3 months post-
treatment. Further analysis indicated that, at T3 and T4, the combined
treatment group demonstrated significant differences compared with
both the control and MT groups. Additionally, the iTBS group showed
significant differences relative to the control group (see Figure 6).

The RMT and MEP

Intra-group comparison of RMT, iTBS group increased, mirror
treatment group decreased, there was statistical difference (p < 0.05).
After 2 weeks of treatment, there was statistically significant difference
between the four groups (p = 0.024). Further pairwise comparison,
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NIHSS
Hm control group
159 =3 iTBS group
B MT group
10 =3 combined group
3
I
=z
54
0
AR AU AW AR
GROUP
. control group
= iTBS group
= MT group
=3 combined group
o
=

AR I Q> AR
GROUP

FIGURE 3

effects were statistically significant relative to baseline.

S§S-QOL

mm control group
UL-FMA =3 iTBS group

50— = MT group

=3 combined group
40+ x
30 * * *
20+ =
10

A>T AR AR

GROUP
mm control group
= iTBS group
Ss-qoL =1 MT group

200 =3 combined group

-
—

150

100

QAU A S AN
GROUP

Clinical functional assessment. “*" indicates a statistically significant difference compared with the pre-treatment condition (p < 0.05). Post-treatment

TABLE 3 General characteristics of the participants.

Characteristics control group iTBS group combined group

of participants (n=17) (n =18) (n =18)

Age (year) 52.70 + 14.71 53.38 £10.22 54.05 £ 9.61 50.33 + 11.21 0.35 0.76
Sex (male/female) 11/6 11/7 12/6 10/8 - 0.909
Time since stroke (days) 59.52 + 31.99 43.38 £ 16.96 51.50 + 25.03 48.72 £27.05 1.19 0.31
Hemorrhagic/Ischemic 7/10 8/10 7/11 7/11 - 0.985
Paretic side (left/Right) 9/8 11/7 9/9 5/13 - 0.223
Sitting balance 2(1,3) 2(1,3) 2(1,3) 2(1,3) - 0.994
Ashworth score 0(0,1) 0(0,1) 0(0,1) 0(0,2) - 0.990

there was statistically significant difference between the iTBS group Discussion

and the mirror treatment group after treatment (p = 0.014).

Intra-group comparison of LATENT MEP showed significant
increase in iTBS group and decrease in mirror treatment group
(p < 0.05). After 2 weeks of treatment, there was a statistical difference
between the four groups (p = 0.005). Further pairwise comparison
showed that there was a statistical difference between the iTBS group
and the MT group after treatment (p = 0.002) (see Figures 7, 8).

There was statistical difference in MEP amplitude between iTBS
and mirror group (p < 0.05). There was no significant difference
between the four groups at each time point (p > 0.05).
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This study demonstrated that combining iTBS with MT
enhanced upper limb motor function and activities of daily living
in patients with stroke. During the acute phase, motor cortex
excitability on the affected side typically declined. As recovery
progressed, neural activity in neighboring neurons near the lesion
compensated for the damaged regions, reflecting the brain’s
capacity for plasticity. Functional imaging and electrophysiological
studies have supported the existence of this neuroplasticity. iTBS
may promote cortical reorganization by enhancing cortical
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UL-FMA
UL-FMA
50+
. 50 *
" * Hm control group
"8 Control 40 | [_"I! L[] mm iTBS group
= iTBS . . =
g 30+ - MT <=t 304 — , = MT group
™ o 111 mm combined group
- ' | :
51 20- iTBS+MT 5, 204 ‘
10+ 10
0 Ll T T L]
Pre Post 1 month 3 month m 2 ™ I
TIME TIME
FIGURE 4

Effects of FMA score of upper limbs among groups at different time points. Symbol indicate mean values and error bars represent standard errors of
the mean (Mean + SD), * means compared with control group, *p < 0.05.

MBI
90+ .

80+ -

60

50

30+

20 T T T T
Pre Post 1 month 3 month

TIME

FIGURE 5

-~ Control
& iTBS
- MT

¥ iTBS+MT

MBI
100+
mm control group
80 . iTBS group
- B MT group
Bl combined group
40
20
0-

TIME

Effects of MBI score among groups at different time points; symbol indicate mean values and error bars represent standard errors of the mean (Mean +
SD), * means compared with control group, *p < 0.05.

S$S-QOL

Ll T T L]
Pre Post  1month 3 month
TIME

FIGURE 6

-e- Control
= iTBS

-+ MT

¥ iTBS+MT

Bl control group
mm iTBS group

B MT group

Em combined group

TIME

Effects of Stroke-specific quality of life scale (SS-QOL) among groups at different time points; symbol indicate mean values and error bars represent
standard errors of the mean (Mean +/ - SD), * means compared with control group, *p < 0.05.

excitability, facilitating LTP-like plasticity (11), and modulating  of the ipsilesional premotor cortex during grip tasks of the paretic

the responsiveness of M1 to input from other cortical areas.  hand. These effects likely contributed to improved planning,

Notably, improvements in FMA scores at 1 month were associated ~ segmentation, and coordination of movements in the affected

with balanced corticomotor excitability and increased activation  upper limb.
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Intra-group and inter-group comparisons of RMT.

MEP latency(ms)

30
. control group
m T T [ iTBS group
E
= 20 I MT group
s combined group
s
a 10
w
=
04
N R
(o\) ‘o‘)Q ‘o"Q ‘0\)
A& o) ) 39
) ) N &
(\\S «0 A\ &
o N N
5 &
<
GROUP
MEP amplitude(mV)
34
Il control group
E % iTBS group
;;— 2 I Bl MT group
= combined group
[
E
< 1
o
w
=
04
\°°Q «°°Q &°°Q (°°Q
O ,OQ «Q >
& L N «°
o N O
[ &
5
GROUP
FIGURE 8

Intra-group and inter-group comparisons of MEP amplitude and
MEP latency.

Imaging studies have shown increased activity in the perimotor
cortex of the affected hemisphere during early stages of stroke recovery
(31). Nojima et al. (32) confirmed, using transcranial magnetic
stimulation, that motor function improvement following MT is more
closely linked to remodeling within the primary motor cortex. During
MT, consistent visual and somatosensory stimuli activate the mirror
neuron system (MNS), induce neural remodeling (33), and facilitate
recovery of upper motor function. In addition, MT involves bilateral
upper limb training, performed either independently or with
assistance. Symmetrical movements of both limbs result in widespread
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activation of motor cortical areas (34). It is hypothesized that mirror
visual feedback may alleviate deficits in motor pathways on the affected
side and promote upper limb motor recovery.

Facilitative TBS appeared to enhance the excitability of
compensatory neurons on the affected side (35). Initiating iTBS
demonstrated superior efficacy compared with sham stimulation in
improving the therapeutic effects of robot-assisted training. Patients
with relatively better upper limb function were more likely to benefit
significantly from iTBS. This protocol was effectively used to enhance
motor learning post-stroke (36). However, a study investigating the
combined effects of iTBS (targeting the right dorsal premotor cortex,
dPMC) and MT in healthy individuals over 4 days reported negative
results (37). The findings suggested that iTBS increased excitability in
left M1, which counteracted the effects of MT due to inhibitory
interconnections between neural regions. Thus, applying iTBS to the
right M1 in our study may have enhanced its responsiveness to
stimulation, thereby improving function of the left upper limb compared
with MT alone. TBS, a novel form of high-frequency repetitive rTMS
delivered in bursts at low intensity, appeared safe and well tolerated.

Our results suggested that iTBS exerted an inhibitory effect on
healthy cortex excitability in subacute stroke patients, implying
facilitation of the affected cortex. Conversely, the MT group exhibited
increased excitability in the healthy cortex, associated with bilateral
M1 internal inhibition and reduced motor threshold (32, 38).
Mechanistic studies of MT have shown that mirror visual feedback
(MVEF) reduces asymmetric hemispheric activation and supports
cortical modifications in both ipsilateral and contralateral primary
motor cortices (M1). Although MEPs from the affected side were
elicited in only a few cases, an upward trend in cortical excitability was
observed on the affected side. Studies indicate that during movement
of the affected hand, activation shifts toward the affected hemisphere’s
M1, reflecting enhanced activation on the affected side (39, 40). In the
combined treatment group, no significant change in healthy cortex
excitability was observed, possibly due to counteracting excitability
interactions between the two hemispheres.

This study focused on refining strategies to address upper limb
disability. However, the sample size was limited, and no imaging
evaluation was conducted. The electrophysiological assessments
documented changes only before and after treatment without long-
term follow-up. Future multi-center studies with larger samples are
needed to determine the optimal stimulation protocol to maximize
therapeutic effects.

Conclusion

To conclude, TBS exhibited a favorable inclination towards the
enhancement of upper limb motor recovery in post-stroke patients.
Moreover, the integration of iTBS and MT demonstrates a significant
facilitatory effect on the recovery of upper limb motor function in
stroke patients. The combined treatment approach exhibits superior
efficacy compared to the use of either method in isolation. The
underlying mechanism may involve the dual regulatory influence
resulting from the interaction between the mirror neuron system and
the cerebral cortex. Notwithstanding, limitations in this study include
a limited sample size and the absence of neuroelectrophysiological
findings 3 months after treatment. It is imperative that larger-scale,
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multicenter investigations be conducted to validate the effects of TBS
on upper limb motor outcomes and cortical plasticity in stroke patients.
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