

[image: image1]
Intermittent theta-burst stimulation with physical exercise improves poststroke motor function: A systemic review and meta-analysis












	
	TYPE Systematic Review
PUBLISHED 30 August 2022
DOI 10.3389/fneur.2022.964627






Intermittent theta-burst stimulation with physical exercise improves poststroke motor function: A systemic review and meta-analysis

Bixi Gao1,2†, Yunjiang Wang1,2,3†, Dingding Zhang4, Zongqi Wang1,2* and Zhong Wang1,2


1Department of Neurosurgery, The First Affiliated Hospital of Soochow University, Suzhou, China

2Institute of Stroke Research, Soochow University, Suzhou, China

3Department of Neurosurgery, Yancheng Third People's Hospital, Yancheng, China

4Department of Anesthesia, The First Affiliated Hospital of Soochow University, Suzhou, China

[image: image2]

OPEN ACCESS

EDITED BY
Rou-Shayn Chen, Chang Gung Memorial Hospital, Taiwan

REVIEWED BY
Ming-Kuei Lu, China Medical University, Taiwan
 Zhongfei Bai, Shanghai Yangzhi Rehabilitation Hospital, China

*CORRESPONDENCE
 Zongqi Wang, wangzongqi1992@suda.edu.cn

†These authors have contributed equally to this work

SPECIALTY SECTION
 This article was submitted to Stroke, a section of the journal Frontiers in Neurology

RECEIVED 08 June 2022
 ACCEPTED 11 August 2022
 PUBLISHED 30 August 2022

CITATION
 Gao B, Wang Y, Zhang D, Wang Z and Wang Z (2022) Intermittent theta-burst stimulation with physical exercise improves poststroke motor function: A systemic review and meta-analysis. Front. Neurol. 13:964627. doi: 10.3389/fneur.2022.964627

COPYRIGHT
 © 2022 Gao, Wang, Zhang, Wang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Intermittent theta-burst stimulation (iTBS) is an optimized rTMS modality that could modulate the excitability of neural structures. Several studies have been conducted to investigate the efficacy of iTBS in improving the motor function of stroke patients. However, the specific role of iTBS in motor function recovery after stroke is unclear. Hence, in our study, we performed a meta-analysis to investigate the efficacy of iTBS for the motor function improvement of stroke patients.

Methods: MEDLINE, Embase, and Cochrane Library were searched until May 2022 for randomized controlled trials (RCTs).

Results: Thirteen RCTs with 334 patients were finally included in our study. The primary endpoints were the Fugl-Meyer assessment scale (FMA) and Motor Assessment Scale (MAS) change from baseline. We found that iTBS led to a significant reduction in FMA score (P = 0.002) but not in MAS score (P = 0.24) compared with the sham group. Moreover, standard 600-pulse stimulation showed a better effect on motor function improvement than the sham group (P = 0.004), however, 1200-pulse iTBS showed no effect on motor function improvement after stroke (P = 0.23). The effect of iTBS for improving motor function only exists in chronic stroke patients (P = 0.02) but not in subacute patients (P = 0.27).

Conclusion: This study supports that iTBS has good efficacy for improving motor function in stroke patients. Therefore, standard 600-pulse stimulation iTBS therapy is proper management and treatment for chronic stroke.
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Introduction

Stroke has the characteristics of high morbidity, disability rate, and mortality rate on a global scale with the advent of an aging society. According to worldwide research, in 2019, there were 12.2 million new cases of stroke, and 6.55 million people died of stroke events. Stroke accounts for 11.6% of all deaths, which is the second-largest cause of death globally. Besides, stroke is also the third leading cause of disability worldwide (1). Stroke often leads to severe sequelae such as limb hemiplegia, aphasia, spasms, dysphagia, and mood disorders. Early recovery after stroke events is critical to reducing the disability rate (2). The traditional rehabilitation treatments, including physical therapy, speech therapy, hyperbaric oxygen, acupuncture, and massage, were proven to reduce disability after stroke. Besides, new rehabilitation treatments such as non-invasive brain stimulation (NIBS), virtual reality (VR), and rehabilitation robots have been gradually applied in the clinic (3). Among them, NIBS has been proven to affect stroke sequelae in many studies (4–6).

NIBS is essential in neurological disease rehabilitation, promoting neuroplasticity and modulating the excitability of brain structures (7). NIBS include transcranial magnetic stimulation (TMS) and transcranial electrical stimulation (TES) (8). As one of the non-invasive brain stimulation techniques, repetitive transcranial magnetic stimulation (rTMS) offers the opportunity to modulate cortical excitability and correct abnormal cortical activity after stroke, which has been recognized as a promising stroke rehabilitation method (9, 10). Although the exact underlying mechanism remains unclear, it is generally believed that rTMS is effective in improving functional outcomes in patients by modulating motor cortex excitability and inducing neural network reorganization (11). The underlying mechanism of excitatory rTMS can be attributed in part to the removal of magnesium ion blockage in the N-methyl-D-aspartate glutamate receptors during depolarization, which leads to intracellular calcium entry that enhances synapses' post-behavioral learning responses (12). Due to the loss of motor function after stroke, this excitatory stimulation has important implications for relearning during motor rehabilitation (13). In recent years, rTMS has been widely used to treat neuropsychiatric disorders such as depression, epilepsy, pain, and Parkinson's disease (14–17). However, despite the therapeutic potential, many participants reported adverse effects of rTMS, including headache, muscle twitching, and residual hypersensitivity (18, 19).

Intermittent theta-burst stimulation (iTBS) was first used in the human motor cortex by Huang et al. (20) and developed by John Rothwell in his laboratory as an optimized rTMS modality (21). It was first used in the human motor cortex by Huang et al. (20). It presents consistent and durable therapeutic effects in modulating the excitability of neural structures but has many advantages such as low stimulation intensity, short stimulation cycles, and long-term benefits (16, 22). Compared to traditional rTMS methods, one session of iTBS was shorter. Traditional iTBS protocol was standard 600-pulse stimulation, besides, 1200-pulse iTBS were also used in previous studies (23). Briefly, 1200-pulse iTBS were two 600-pulse iTBS with a 15 min interval. A previous study showed that standard 600-pulse iTBS could increase the input-output curve of motor-evoked potentials (IO-MEP). However, 1200-pulse iTBS could attenuate the increase in excitability caused by 600-pulse iTBS (24). For clinical research, several RCTs have been used to evaluate the effects of iTBS on language function, cognitive function, and swallowing function after stroke (25–27). Previous studies have shown that iTBS can reduce aphasia and improve motor function in stroke patients (28, 29). A meta-analysis shows that iTBS has a better effect on the recovery of upper extremity function after stroke than cTBS (30). Compared with cTBS, iTBS exhibits excitatory effects on the cerebral cortex consistent with our need for relearning in post-stroke rehabilitation (13, 24). Besides, there were no pooled analyses of iTBS for post-stroke lower extremity function and balance function. Therefore, we performed a meta-analysis to further explore the effect of iTBS on upper/lower limb motor function and balance function after stroke.



Methods


Study protocol

The study was designed and performed following the Cochrane Collaboration format (31).



Information sources and search strategy

The original materials are systematically retrieved from MEDLINE, EMBASE, and Cochrane libraries. Collect relevant articles published before May 2022. The search terms included “stroke” and “iTBS.” In addition, the list of references included in the trial and meta-analysis was manually screened to avoid omissions. Two researchers (BXG and YJW) examined each article independently to determine whether it met the predetermined inclusion criteria. Any disagreement was settled through another researcher (ZQW) intervening to decide whether to include the study.



Inclusion and exclusion criteria

The inclusion criteria were: (A) study types: randomized controlled trials; (B) language limitations: English language studies; (C) participants: post-stroke patients; (D) intervention group:iTBS combined with physical exercise; (E) control group: sham iTBS combined with physical exercise; (F) outcome selection: studies aimed at improving motor function.

The exclusion criteria were as follows: (A) study type: protocol, review, comments, meta-analysis, retrospective analysis, case reports, and abstract of the meeting; (B) intervention: non-iTBS intervention; (C) control group: no sham iTBS control group; (D) full-text literature could not be obtained by various methods.



Study selection and data collection

In this study, two reviewers (BXG and YJW) independently evaluated the literature from the reference list and electronic database according to the above criteria. After two reviewers made a strict selection and evaluation of the literature, the relevant information, including the necessary information of included trials, type of stroke, management of iTBS, adjuvant therapy, and efficacy outcomes, was extracted from the enrolled RCT and summarized in Table 1. The outcomes were the change after the final session from a baseline instead of a follow-up change. For some studies in which SD of change from baseline to endpoint is not given, we roughly estimate the SD value of the data through the following formula.
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TABLE 1 Characteristics of the included studies and outcome events.
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Outcome measures

The primary outcomes included the Fugl-Meyer assessment scale (FMA) and Motor Assessment Scale (MAS). The secondary outcomes included the Action Research Arm Test (ARAT), Wolf Motor Function Test (WMFT), Berg balance scale (BBS), and Barthel Index (BI). The most commonly used clinical evaluation of motor function is scale evaluation. FMA is now widely used in the clinical evaluation of motor function, which has good consistency, responsiveness, and accuracy, while MAS can better supplement the shortcomings of hemiplegic limb function scales such as the FMA scale. Besides, FMA is the most widely used in the assessment of spasticity and motor function, MAS is a functionally oriented assessment scale suitable for clinical use. Therefore, FMA and MAS were performed as primary outcomes. ARAT and WMFT were mainly used to evaluate the function of the upper limb and performed in our study to comprehensively evaluate the improvement of upper limb function. BBS was mainly used to evaluate the balance function. BI is mainly used to determine the activities of daily living. The ultimate goal of rehabilitation research is to enable patients to live partially independent lives, therefore we used the BI index in this study. We also performed subgroup analyses, including upper and lower extremities, stimulation intensity, and stroke stages.



Quality evaluation of included studies

The Cochrane bias risk assessment tool is used to assess the risk of bias in the included RCTs, including selection (including random sequence generation and allocation concealment), implementation (including blind evaluation of researchers and subjects), measurement (blind evaluation of study outcomes), follow-up (the integrity of outcome data), reporting (selective reporting of findings) and other (other sources of bias). The risk of bias can be divided into high, uncertain, or low. PEDro scale was also used in the quality assessment of included RCTs from the perspective of rehabilitation medicine (44).



Summary measures and synthesis of results

Revman (version 5.3) software was used to analyze the extracted data. Mean difference [MD]; 95% confidence interval [CI] were analyzed using continuous outcomes, respectively, and were calculated using a random-effect model. The random-effect model can effectively avoid bias due to the large differences in the results of the included studies, different population distributions, and different iTBS regimens. I2 analysis was used to assess the degree of heterogeneity between studies: I2 < 30% represents “low heterogeneity,” 30% < I2 < 50% means “moderate heterogeneity” and I2 > 50% means “substantial heterogeneity.” P < 0.05 was considered significant, and a two-tailed test was used in all analyses.




Results


Search results

We identified 259 titles and abstracts through MEDLINE, EMBASE, and 76 through Cochrane Library (Figure 1). After removing the duplicated records, 177 full-text articles were evaluated for eligibility. Among them, 83 studies were not directly relevant because of being related to the mechanism or other stimulation. In the remaining articles, 67 articles were excluded because of the restriction of publication types: protocols, reviews, comments, meta-analysis, case reports, retrospective analysis, and abstract of meeting. Besides, among the articles on qualitative synthesis, there were six studies without comparison with the negative group and eight studies without assessment of motor function. Eventually, 13 RCTs containing 334 patients (iTBS, n = 170; Sham, n = 164) were included in quantitative synthesis (28, 32–43). The main characteristics of 13 RCTs are listed in Table 1.
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FIGURE 1
 The study search, selection, and inclusion process.




Primary outcomes

Ten of thirteen RCTs enrolling 246 patients were pooled to analyze the FMA change from baseline in the iTBS and the sham iTBS group. Patients in the iTBS group had a significantly increased FMA score compared with the sham iTBS group (Study number = 10, Std.MD = 0.99 95% CI = 0.35–1.62, P = 0.002; Figure 2). The heterogeneity of analysis of the FMA score was 80% (Figure 2). Sensitive analysis and subgroup analysis were implemented to assess the source of heterogeneity and the effect of iTBS in different populations. Sensitivity analysis of overall FMA change from baseline showed that all of the consolidated results were stable (Figure 3). Besides, we divided the included studies into different subgroups according to the type of motor function, stroke, and stimulation (Table 2). When assessing the type of motor function, iTBS could significantly increased the FMA score no matter in upper extremity (Study number = 6, Std.MD = 0.97 95% CI = 0.07–1.97, P = 0.04; Table 2) and lower extremity (Study number = 4, Std.MD = 1.03 95% CI = 0.00–2.06, P = 0.05; Table 2). However, iTBS showed no benefit in FMA change in subacute stroke (Study number = 2, Std.MD = 0.85 95% CI = −0.66–2.35, P = 0.27; Table 2) compared with chronic stroke (Study number = 5, Std.MD = 1.12 95% CI = 0.18–2.06, P = 0.02; Table 2). Considering the different regimens of iTBS in the included studies, we performed a subgroup analysis on the type of stimulation. The results showed that standard 600-pulse stimulation had a better effect on increasing FMA score than the sham iTBS group (Study number = 6, Std.MD = 1.12 95% CI = 0.36–1.88, P = 0.004; Table 2). However, standard 1200-pulse stimulation showed no effect on the FMA score (Study number = 4, Std.MD = 0.79 95% CI = −0.49–2.07, P = 0.23; Table 2). Besides, 4 of 13 RCTs enrolling 91 patients were pooled to analyze the MAS change from baseline in the iTBS group and the sham group. ITBS could not significantly increase MAS score compared with the sham group (Study number = 4, Std.MD = −0.71 95% CI = −1.88–0.47, P = 0.24; Figure 4). Sensitivity analysis of overall MAS change from baseline showed that all consolidated results were stable (Supplementary Figure S1).


[image: Figure 2]
FIGURE 2
 The pooled Std.MD of FMA change from baseline. The green square indicates the estimated Std.MD for each RCT. The size of the green square indicates the estimated weight of each RCT, and the extending lines indicate the estimated 95% CI of Std.MD for each RCT. The black diamond indicates the estimated Std.MD (95% CI) for all patients.
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FIGURE 3
 The sensitive analysis of FMA change from baseline. The white circle indicates the pooled Std.MD for excluding each RCT. The extending lines indicated the pooled 95% CI of Std.MD for excluding each RCT.



TABLE 2 Subgroup Analysis of iTBS for FMA change from baseline.
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FIGURE 4
 The pooled Std.MD of MAS change from baseline. The green square indicates the estimated Std.MD for each RCT. The size of the green square indicates the estimated weight of each RCT, and the extending lines indicate the estimated 95% CI of Std.MD for each RCT. The black diamond indicates the estimated Std.MD (95% CI) for all patients.




Secondary outcomes

The secondary outcomes are divided into two types: further assessment of motor function and the improvement of life quality. We assessed the ARAT, WMFT, and BBS in the first type. The results showed that iTBS could increase the ARAT score compared with the sham group (Study number = 5, Std.MD = 2.28 95% CI = 0.83–3.73, P = 0.002; Table 3). Nonetheless, iTBS showed no benefit in balance improvement compared with the sham group (Study number = 2, Std.MD = 0.32 95% CI = −0.24–0.88, P = 0.26; Table 3). When assessing the WMFT change from baseline, iTBS showed no significant benefit in improving upper limb motor function (Study number = 2, Std.MD = 2.11 95% CI = −0.59–4.80, P = 0.13; Table 3). However, there was considerable heterogeneity between the two included studies. The results showed a trend of increased WMFT score, which could seem like a generation of a hypothesis. In another type, though iTBS could improve motor function, its effect on improving life quality was not significant (Study number = 3, Std.MD = −0.04 95% CI = −0.39–0.48, P = 0.84; Table 3). The forest plots and sensitive analyses of secondary outcomes were performed in Supplementary Figures S2–S11.


TABLE 3 Secondary outcomes of iTBS for stroke.
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Risk of bias in included studies

Figure 5 shows the details of the risk bias for all studies. Four trials had an unclear risk of bias in random sequence generation. For allocation concealment, the risk of bias was unclear in seven studies. For selective reporting, the risk of bias was unclear in two studies. Apart from these items, one trial had high other biases.


[image: Figure 5]
FIGURE 5
 Risk of bias: a summary table for each risk of bias item for each study.




PEDro scale of included studies

Figure 6 shows the details of the Pedro scale of included studies. The allocation of eight studies was not concealed. One study was not blinding of all subjects. Twelve studies were not blinding of all therapists who administered the therapy.


[image: Figure 6]
FIGURE 6
 PEDro scale of included studies. The horizontal axis represents the percentage of studies.





Discussion

Our meta-analysis included 13 RCTs containing 334 patients (iTBS = 170, Sham = 164), which provided high levels of clinical reliability in assessing the effect of iTBS on improving poststroke motor function. According to the results of our meta-analysis, iTBS could significantly improve the FMA score but not in MAS score. Moreover, it seems that standard 600-pulse stimulation of iTBS is more beneficial for motor function improvement than standard 1200-pulse stimulation. Nonetheless, the effect of iTBS for improving motor function only exists in chronic stroke patients but not in subacute patients. Besides, we also assessed other outcomes such as ARAT, WMFT, BBS, and BI. The results showed that iTBS could only improve motor function but not enough to improve balance and life quality after stroke.

When assessing the motor function improvement, we found that iTBS could only improve the FMA score but not the MAS score. This may be related to the fact that the FMA assessment focuses on coordinated and dissociative movements, while the MAS assessment focuses on items related to activities of daily living. This finding seems to indicate that the role of iTBS is mainly reflected in the coordinated and dissociative movements of the patient's limbs, and it has little effect on the improvement of life-related functions, which is also consistent with our analysis of the BI index that iTBS did not improve patients' quality of life. This interpretation may also help us understand why iTBS improves ARAT but not WMFT scores. Compared with ARAT, many complex actions involved in WMFT, such as stacking towels, and turning a key in the lock, are more akin to daily activities. However, there is no possible evidence to support that iTBS cannot improve balance function. The result may be due to the lack of included literature, and the effect of iTBS on balance function can be further studied in the future.

The results of our meta-analysis showed that the included studies were highly heterogeneous. We first suspected that the heterogeneity might be due to differences in the populations and methodologies of the included studies. Among the included studies, stroke progression and the iTBS regimen used varied, which may have affected the effect of iTBS on motor recovery after stroke. Therefore, sensitive and subgroup analyses were performed to explore the origin of heterogeneity from a statistical and methodological perspective. Sensitive analysis showed the pooled results were stabled when assessing the FMA, MAS, and ARAT. Moreover, the results of BBS and BI were not changed after excluding highly sensitive trials. The sensitive analysis revealed that the heterogeneity was not sourced from a single study. However, the effect of iTBS in improving FMA scores was unstable in different subgroups. Though iTBS could benefit both upper and lower extremity motor function, it could only benefit chronic stroke patients rather than subacute ones. Tscherpel's study showed that the resting motor threshold (RMT) of the cerebral cortex decreased 1 week to 3 months after stroke and then increased in the chronic phase (45). This result revealed that the excitability of the cerebral cortex was elevated in the acute and subacute phases and subsequently suppressed in the chronic phase. Another study showed that non-primed iTBS could increase the input-output curve of motor-evoked potentials (IO-MEP), which revealed that iTBS could increase cortical excitability (46). For the recovery-promoting effect of iTBS, increasing the excitability of suppressed cortex is the primary therapeutic mechanism. Therefore, the effect of iTBS on promoting motor function recovery in post-stroke patients only exists in the chronic phase. Nonetheless, this possibility still needs to be confirmed by related mechanism studies. The management of iTBS in most studies was standard 600-pulse stimulation, while in several trials, 1200-pulse stimulation was also used in post-stroke treatment. Briefly, 1200-pulse stimulation can seem like two sessions of standard 600-pulse stimulation with a 10–15 min break (42). However, 1200-pulse stimulation of iTBS could not benefit patients' recovery. Murakami's study showed that the pairing of identical protocols (iTBS → iTBS) resulted in the suppression of the non-primed TBS effects on IO-MEP. This result revealed that 1200-pulse iTBS produces less cortical excitatory than 600-pulse (24). Therefore, 1200-pulse iTBS or cTBS might be more suitable for acute or subacute stroke patients. However, due to the lack of monitoring of cortical excitability, related mechanism studies are still needed to confirm.

There are still several limitations in our studies except for those mentioned above. First, there is no subclassification of hemorrhagic and ischemic stroke patients. Therefore, results may vary due to different pathologic mechanisms in hemorrhagic and ischemic stroke patients. Second, although 13 RCTs were included, the sample size of patients included was still small, and larger RCTs are needed to further explain the role of iTBS. Third, as most of the adjuvant treatments in the included studies were routine physical therapy, it was difficult to compare the effects of different physical therapy on iTBS in promoting motor function recovery after stroke. Finally, we did not compare the therapeutic effect of iTBS and rTMS, so more studies are needed to elucidate further the therapeutic difference between the two non-invasive brain stimulation methods.



Conclusion

This study supports that iTBS has good efficacy for improving motor function in stroke patients even though iTBS could not lead to a reduced MAS score. Standard 600-pulse stimulation is suitable for iTBS therapy, however, 1200-pulse iTBS showed no effect on motor function improvement after stroke. Besides, iTBS has a better effect on motor function improvement in chronic stroke patients than in subacute ones.
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