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Objective: To evaluate the effectiveness of repetitive transcranial magnetic stimulation (rTMS) combined with repetitive peripheral magnetic stimulation (rPMS) on upper limb motor dysfunction after stroke.

Methods: We systematically searched databases up to May 2024, including PubMed, Embase, Cochrane Library, Web of Science, CNKI, VIP, Wanfang, and CBM. Randomized controlled trials (RCTs) examining the application of rTMS combined rPMS on upper limb motor dysfunction after stroke were included based on predefined inclusion criteria. We used Cochrane Risk of Bias 2 tool to assess bias risk of the included RCTs. Meta-analysis was conducted using RevMan 5.4 and Stata 17.0 software.

Results: A total of 9 RCTs involving 483 participants were included in this study. Compared with the control groups that used either conventional therapy or rTMS alone, the experimental group that used rTMS combined rPMS showed significant improvements in stroke patients' upper limb motor function [MD = 3.65, 95% CI (2.75, 4.54), P < 0.05], ability of daily living [MD = 4.50, 95% CI (3.50, 5.50), P < 0.05], and spasticity [MD = –0.34, 95% CI (−0.48, −0.20), P < 0.05]. Meanwhile, in terms of neurophysiological indicators, significant differences were found both for motor evoked potential latency [MD = −1.77, 95% CI (−3.19, −0.35), P < 0.05] and motor evoked potential amplitude [MD = 0.25, 95% CI (0.01, 0.49), P < 0.05].

Conclusion: This study provides low-level evidence that the therapy of LF-rTMS or HF-rTMS combined with rPMS can improve the upper limb motor function and daily living ability of stroke patients. However, given that the low quality of the evidence for the evaluation results, further evidence from high-quality studies is needed to substantiate this conclusion.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42024539195, PROSPERO Platform [CRD42024539195].
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1 Introduction

Stroke often results in varying degrees and types of functional impairments. Over the past two decades, although advancements in medical science have reduced stroke mortality, the incidence and number of stroke survivors are still increasing, and stroke remains a leading cause of morbidity and disability worldwide (1–3). Despite the early application of interventions and treatments, 75% of stroke patients experience upper limb motor dysfunction (4), posing significant challenges for recovery. This dysfunction is closely associated with decreased daily living activities and a deteriorating quality of life (5, 6), imposing a substantial economic burden on families and society. Therefore, exploring effective methods to promote motor function recovery and improve prognosis post-stroke has become a primary focus of neurorehabilitation practitioners.

One key aspect of post-stroke motor recovery is neuroplasticity, which may occur spontaneously after stroke or be facilitated by appropriate rehabilitation interventions like non-invasive brain stimulation techniques (7–9). Repetitive transcranial magnetic stimulation (rTMS), as a non-invasive brain stimulation (NIBS) technique, can promote the recovery of motor function after stroke by directly acting on the cerebral hemisphere, modulating the excitability of the cerebral cortex, participating in and inducing the neuroplasticity changes after stroke (10–12).

Repetitive peripheral magnetic stimulation (rPMS) is another non-invasive technique that targets peripheral nerves and muscles outside the brain. By applying specific magnetic stimulation to peripheral tissues, rPMS painlessly excites nerves or muscles, causing contractions in paralyzed limbs, which can enhance proprioceptive input from the affected limbs and indirectly modulate the excitability of the cerebral cortex, thereby promoting limb function recovery (13–15), particularly in patients with severe upper limb dysfunction post-stroke (16).

Recent meta-analyses and reviews have confirmed the efficacy of rTMS or rPMS alone in improving upper limb motor function in stroke patients (12, 17–22). However, evidence supporting their combined synergistic effect is lacking. Therefore, the primary objective of this study is to conduct a systematic review and meta-analysis of recently published randomized controlled trials to evaluate the combined effect of rTMS and rPMS on upper limb motor function in post-stroke patients, in comparison with rTMS alone, rPMS alone, or conventional therapy.



2 Methods


2.1 Search strategy

This study is reported following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (23) and has been registered on the PROSPERO Platform (CRD42024539195). The databases PubMed, Embase, Cochrane Library, Web of Science, CNKI, VIP, Wanfang, and CBM were systematically searched for studies published up to May 2024, and the search language was limited to Chinese and English. The search strategies for this study includes keywords such as “stroke,” “cerebrovascular accident,” “upper extremity,” “repetitive transcranial magnetic stimulation,” and “repetitive peripheral magnetic stimulation.” For more detailed information of the search strategies, please refer to Supplementary material.



2.2 Inclusion criteria and study selection

Following the PICOS framework, the inclusion criteria were: I: Participants: patients experiencing their first stroke, including cerebral infarction or hemorrhage. II: Intervention: interventions using combined rTMS and rPMS treatments. III: Comparison: interventions using conventional therapy, and interventions using rTMS or rPMS isolated. IV: Outcome Measures: upper limb motor function outcomes. V: Study Design: randomized controlled trials.

Two authors (SL and ZW) independently screened the literature. The retrieved literature records were imported into Endnote 20. After removing duplicates, titles and abstracts were preliminarily assessed according to the inclusion criteria to identify relevant studies. Conference abstracts, case reports, non-randomized trials, reviews, conference papers, and dissertations were excluded. Full-text reading was conducted to confirm eligibility, and eligible randomized controlled trials were included in the systematic review.



2.3 Data extraction

Two researchers (SL and ZW) independently reviewed and extracted the following data from each study: author, publication year, sample size, gender, age, disease type, disease course, interventions, and outcome measures. Disagreements were resolved through discussion, and if there is a discrepancy, a third researcher (QY) is consulted.



2.4 Risk of bias assessment

The Cochrane RoB 2 tool was used to assess the risk of bias in the included studies. The overall risk of bias for each study was determined based on the following aspects such as randomization process, differences from the intended interventions, presence of missing outcome data, outcome measurement, and selective reporting of results. Each study was then classified as “high risk”, “some concerns”, or “low risk” based on the overall bias risk. A final cross-check was performed, and any discrepancies during the assessment were resolved by a third reviewer. To provide a more comprehensive evaluation of the methodological quality of the included studies, the Pedro scale was also used (24). The Pedro scale evaluates various aspects of each study, including the use of blinding, the randomization process, the reporting of baseline characteristics, point estimates, and variability measurements, as well as data analysis (intent-to-treat analysis) and the adequacy of follow-up. It serves as a supplement to the Cochrane RoB 2 tool.



2.5 Quality of evidence rating

The quality of evidence provided by this meta-analysis was evaluated using the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework (25). This evaluation considered the risk of bias, inconsistency of results, indirectness of evidence, imprecision, and publication bias.



2.6 Data synthesis and analysis

Statistical analysis was conducted using RevMan 5.4. Since the outcome measures of the included studies were continuous variables, the mean difference (MD) was used to represent the effect size and the 95% confidence interval (CI) was calculated, and the difference was considered statistically significant at P < 0.05. The I2 statistic was used to evaluate the degree of heterogeneity among the studies, and I2 statistical values between 25% and 50% may indicate low heterogeneity, I2 values between 50% and 75% may indicate moderate heterogeneity, and I2 values greater than 75% may indicate high heterogeneity (26). If I2 ≥ 50%, a random effects model was employed to assess the pooled effect size. Otherwise, a fixed effects model was employed. As the purpose of this study was to evaluate the synergistic effect of rTMS combined with rPMS, any group receiving combination therapy of rTMS and rPMS will be considered as the experimental group. If an article included multiple control groups (rTMS alone, rPMS alone, or conventional treatment), they were treated as separate trials to provide a more in-depth review of the combined effect. If the results of the included studies did not provide mean values and standard deviations but were reported as medians and interquartile ranges (IQR), appropriate statistical methods (27) were employed to convert the medians and IQRs to means and standard deviations.

Meta-regression analysis was performed using Stata 17.0 software to assess the impact of clinical characteristics (such as gender, age) on the meta-analysis results. Furthermore, sensitivity analysis and Egger's test were employed to evaluate the stability of the results and to check for publication bias.




3 Results


3.1 Search results

A total of 755 articles were retrieved from databases. After removing duplicates, the remaining 534 articles were preliminarily screened based on their titles and abstracts. The eligibility of 65 articles was thoroughly assessed by full-text reading, and finally, nine articles were included in the study. The screening process is shown in Figure 1.


[image: Figure 1]
FIGURE 1
 Flowchart of literature screening.




3.2 Characteristics of included studies

This study included nine articles (28–36) with a total of 483 participants. Among them, five studies (29, 30, 33, 34, 36) included two control groups, and one study (31) included three control groups, and were therefore divided into two or three independent trials. Consequently, a total of 16 trials were included in the meta-analysis. Tables 1, 2 presented the demographic characteristics of participants and the stimulation protocols used in each study. All participants were older than 18 years, and the course of disease in most patients was within 6 months of the onset. In terms of stroke type, ischemic (73.14%) was more common than hemorrhagic (26.86%). All studies used rTMS combined with rPMS as the intervention for the experimental group, among them, five articles (28–31, 34) mentioned the order of application of the two magnetic stimulations. Regarding rTMS protocols, three studies (30, 32, 35) used low-frequency rTMS (LF-rTMS), four studies (29, 31, 33, 34) used high-frequency rTMS (HF-rTMS), and two studies (28, 36) employed intermittent theta burst stimulation (iTBS). In terms of the magnetic stimulation devices, three studies (31, 34, 36) used the YRD CYY-I, two (29, 35) used the YRD CCY-II, two (28, 33) used the MagVenture-MagProX100, and the remaining two studies (30, 32) used Magstim and Magventure-MagPro30, respectively. For the magnetic coils, three studies (28, 30, 36) used figure-eight coils, one study (34) used a circular coil, one study (29) used a double-ended circular coil, and one study (31) used both a circular coil and a figure-eight coil. The remaining three studies (32, 33, 35) did not report the type of coil used. As for the rPMS protocols, most studies (29–35) used high-frequency stimulation (frequency range from 5 to 20 Hz), and two studies (28, 36) used peripheral iTBS. The stimulation points of rPMS included the Erb's point of the affected upper limb, cervical nerve root, radial nerve, and paralyzed muscle groups on the affected side. Regarding the number of treatment sessions, most studies conducted one session per day, 5 days per week. The total number of intervention sessions ranged from 10 to 40. Specific details of the characteristics of each study are shown in Tables 1, 2.


TABLE 1 Characteristics of studies included in the meta-analysis.
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TABLE 2 Details of the magnetic stimulation protocol in the included studies.

[image: Table 2]



3.3 Quality assessment of studies

The Cochrane RoB 2 tool was used to assess the risk of bias of the included studies. Due to the lack of mention of randomization methods during the randomization process or the possibility of potential selective reporting, six studies (29, 31, 33–36) were rated as “some concerns.” Due to missing outcome data, two studies (30, 32) were rated as “high risk,” and the remaining study (28) was rated as “low risk.” Meanwhile, in terms of the PEDro scale scores, the average PEDro score of the included studies was 7 points (range 5–10). The detailed information on the bias risk of each study is shown in Figures 2, 3 and Table 3.


[image: Figure 2]
FIGURE 2
 Risk of bias summary.



[image: Figure 3]
FIGURE 3
 Risk of bias graph.



TABLE 3 PEDro scale scores for the included studies.
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3.4 Meta-data analysis
 
3.4.1 Primary outcomes

Nine studies (28–36) used the Fugl-Meyer Assessment-Upper Extremity (FMA-UE) scale to assess upper limb motor function after stroke (Figure 4). Meta-analysis showed that the overall mean difference in upper limb Fugl-Meyer assessment was MD = 3.65, 95% CI (2.75, 4.54), P < 0.05. According to the fixed effects model, compared with the rTMS group, the upper limb motor function scores in the combined group were significantly improved [MD = 2.49, 95% CI (1.19, 3.80), P < 0.05, I2 = 0%]. Compared with the conventional treatment group, the upper limb motor function in the combined group also improved significantly, but the results showed mild heterogeneity [MD = 4.69, 95% CI (3.45, 5.93), P < 0.05, I2 = 43%].


[image: Figure 4]
FIGURE 4
 Forest plot of Fugl-Meyer Assessment-Upper Extremity.


Seven studies (30–36) used the Modified Barthel Index (MBI) scale to assess changes in daily living ability before and after treatmen (Figure 5). Meta-analysis showed that the overall mean difference was MD = 4.50, 95% CI (3.50, 5.50), P < 0.05. According to the fixed effects model, compared with the rTMS group, the daily living activity scores in the combined group were significantly improved [MD = 2.99, 95% CI (1.56, 4.42), P < 0.05, I2 = 0%]. Compared with the conventional treatment group, the upper limb daily living activity in the combined group also improved significantly [MD = 5.95, 95% CI (4.55, 7.34), P < 0.05, I2 = 0%].


[image: Figure 5]
FIGURE 5
 Forest plot of Modified Barthel Index.




3.4.2 Secondary outcomes

Two studies (30, 33) used the Modified Ashworth Scale to assess changes in spasticity before and after treatment (Figure 6). Meta-analysis showed that the overall mean difference was [MD = −0.34, 95% CI (−0.48, −0.20), P < 0.05]. Compared with the rTMS group or conventional treatment group, the MAS scores in the combined group were significantly reduced [MD = −0.27, 95% CI (−0.44, −0.09), P < 0.05, I2 = 39%]; [MD = −0.39, 95% CI (−0.44, −0.34), P < 0.05, I2 = 0%].


[image: Figure 6]
FIGURE 6
 Forest plot of Modified Ashworth Scale.


Three studies (29, 33, 36) evaluated changes in motor evoked potential latency (MEP) latency (Figure 7). Meta-analysis showed that the overall mean difference in MEP latency was MD= −1.77, 95% CI (−3.19, −0.35), P < 0.05. However, no significant difference was obtained between the subgroups. Two studies (29, 36) reported changes in MEP amplitude (Figure 8). Meta-analysis showed that the overall mean difference in MEP amplitude was MD = 0.25, 95% CI (0.01, 0.49), P < 0.05. No significant difference was obtained between the subgroups.


[image: Figure 7]
FIGURE 7
 Forest plot of MEP latency.



[image: Figure 8]
FIGURE 8
 Forest plot of MEP amplitude.





3.5 Subgroup analysis of different transcranial magnetic stimulation protocols

To assess whether different transcranial magnetic stimulation (TMS) protocols influence the combined efficacy differently, we conducted a subgroup analysis based on these rTMS protocols. The subgroup analysis revealed that when HF-rTMS and LF-rTMS were employed as central interventions, the combination therapy significantly improved upper limb motor function in stroke patients compared to the control group [MD = 3.34, 95% CI (2.44, 4.24), P < 0.05; MD = 7.92, 95% CI (3.99, 11.86), P < 0.05] (Figure 9). However, there was no significant difference in clinical outcomes between the combined group receiving iTBS and the control group [MD = 4.83, 95% CI (−3.36, 13.02), P = 0.25]. Regarding the ability of daily living, The combination group of patients using HF-rTMS and LF-rTMS as central interventions showed significant improvement in their daily living activities [MD = 4.52, 95% CI (3.51, 5.52), P < 0.05; MD = 5.99, 95% CI (0.14, 11.83), P < 0.05] (Figure 10). However, similar to results of motor function, the clinical outcomes of the combined group receiving iTBS showed no statistically significant difference from the control group [MD = 6.26, 95% CI (−5.63, 18.15), P = 0.3].


[image: Figure 9]
FIGURE 9
 Forest plot of subgroup analysis for Fugl-Meyer Assessment-Upper Extremity.



[image: Figure 10]
FIGURE 10
 Forest plot of subgroup analysis for Modified Barthel Index.




3.6 Quality of evidence evaluation

According to the GRADE method, the level of evidence for the FMA-UE and MBI assessment group was low. For secondary outcomes, the GRADE assessment showed a low quality of evidence for MEP latency and MEP amplitude, and a very low quality of evidence for MAS. See Supplementary material for more details.



3.7 Meta-regression analysis

A meta-regression analysis of clinical characteristics (gender, age) was conducted. The findings indicate that neither the gender nor the age of the subjects has a statistically significant effect on the effect size of the meta-analysis (p = 0.502, p = 0.333). More details of the meta-regression analysis are shown in Supplementary material.



3.8 Sensitivity analysis and publication bias

The stability of the meta-analysis results was evaluated through sensitivity analysis, and the result of sensitivity analysis showed that our meta-analysis results were relatively stable. The results of Egger's test indicated no significant publication bias in the included studies. Specific details of the results of the sensitivity analysis and Egger's test are shown in Supplementary material.




4 Discussion

To evaluate the effectiveness of combined rTMS and rPMS on upper limb motor function recovery in stroke patients, we conducted this meta-analysis. This study reviewednine articles involving 483 patients. Our findings indicate that the therapy of LF-rTMS or HF-rTMS combined with rPMS is more effective than conventional therapy or rTMS alone in promoting the recovery of upper limb motor function and activities of daily living in post-stroke patients. In terms of neurophysiological indicators, meta-analysis showed that the MEP latency and amplitude were improved, but no significant differences were obtained between subgroups, and there was significant heterogeneity in the results.

A classic central-peripheral combined stimulation model is paired associative stimulation (PAS), a specific stimulation form of combined peripheral electrical stimulation (usually median nerve stimulation) and central TMS (37). Similar to our conclusions, Baroni et al.'s review (38) of the current literature on PAS in post-stroke motor rehabilitation indicated that PAS appears to have a role in stroke recovery. However, due to the limited number of studies and their heterogeneity, further evidence is needed to conclusively determine the effectiveness of PAS in stroke rehabilitation. Research has shown that the effect of PAS may be related to excitatory changes in cerebral cortex (39). Based on the principle of spike timing-dependent plasticity (STDP) (40), the effects of PAS are time-dependent, that is, the order of the two stimulations and the interstimulus interval (ISI) are key parameters determining the direction of excitability changes induced by PAS (37, 41). By adjusting the ISI, different effects on cortical excitability can be achieved, such as long-term potentiation (LTP) or long-term depression (LTD) in the motor cortex (37, 41). For instance, Stefan et al. (37) found that when the ISI was 25 ms (PAS25), with peripheral nerve stimulation followed by TMS, LTP-like effects were induced, leading to increased excitability in the primary motor cortex (M1). However, high-frequency electrical stimulation may cause discomfort during the treatment (42), which may limit the widespread application of this technology. Another central-peripheral combined stimulation model is transcranial direct current stimulation (tDCS) combined with peripheral electrical stimulation (PES). Research has shown that tDCS combined with PES can induce LTP- or LTD-like plasticity in the cortical areas of healthy individuals, and this effect is primarily dependent on the polarity of the tDCS (43). However, studies investigating this combined stimulation in stroke rehabilitation are limited, and the therapeutic outcomes reported across different studies are inconsistent (44–46), making it difficult to draw definitive conclusions about its efficacy. The combined rTMS and rPMS stimulation reported in this review can be regarded as a methodological improvement of the combined central-peripheral stimulation technique described above. Compared to peripheral electrical stimulation, rPMS can painlessly stimulate deeper muscle tissue that are inaccessible to electrical stimulation (47–49), and it does not require the patient to remove clothing during treatment. In addition, compared to the classical PAS mode, rPMS offers more flexibility in selecting peripheral stimulation points, such as nerve roots, nerve plexuses, or paralyzed muscle groups (22). Consistent with our findings, rTMS combined with rPMS has showed promising application in other patients after stroke. For example, in Yang et al.'s study (50), The authors observed positive effects of rTMS combined with rPMS on stroke patients with arm paralysis following contralateral seventh cervical nerve transfer (CSCNTS).

Although the combined application of rPMS and rTMS appears to show some promise in the rehabilitation of motor function after stroke, the exact mechanisms of the two forms of stimulation remain unclear. The application of rTMS is primarily based on the concept of interhemispheric competition (51). According to this concept, rTMS modulates cortical activity by applying excitatory or inhibitory stimulation to specific brain regions, thereby promoting a balance of excitability between the hemispheres and inducing neuroplastic changes (10, 11). For instance, LF-rTMS has been shown to significantly reduce motor evoked potential (MEP) amplitude in the contralesional primary motor cortex (M1) (52), while HF-rTMS enhances excitability in the ipsilesional M1 (53). The effectiveness and safety of rTMS in the treatment of upper limb motor function after stroke are well-documented (12, 17–21), and it has been more and more widely applied in clinic. While rTMS targeting the affected or unaffected hemisphere is a common clinical treatment for post-stroke, magnetic stimulation therapy targeting peripheral nerves and muscles has often been overlooked for a long time. Similar to peripheral neuromuscular electrical stimulation, rPMS applies a magnetic field at certain frequencies and intensities to peripheral nerves or muscles via Specific coils (54), and has been used to alleviate pain, reduce post-stroke spasticity, and promote motor recovery (13, 15, 49, 55, 56). The possible mechanism of rPMS is to stimulate peripheral nerves and muscles, increase the proprioceptive input from peripheral limbs to the central nervous system, and thus regulate the excitability of specific motor cortex and activate the reorganization process of central nervous system (14, 15, 57, 58). For example, Beaulieu et al. (14) found that PMS can enhance plasticity in the M1 and improve sensorimotor function in patients with chronic stroke, and this improvement may be generated through a large amount of “pure” proprioceptive input. In a study using positron emission tomography (PET) (15), the authors observed that the improvements in motor performance and spasticity in stroke patients following rPMS treatment were associated with significantly increased neural activation in the superior posterior parietal lobe and the premotor cortex (PM) areas.

Currently, the number of studies investigating the combined effects of rTMS and rPMS in improving upper limb motor impairment following stroke are limited, and the mechanisms underlying the combined therapeutic efficacy remain unclear. Previous research have shown that cortical reorganization may be one of the mechanisms underlying the recovery of motor function after stroke (15). Coincidentally, Stefan et al. (37) found that PAS can induce long-lasting cortical plasticity changes. Besides, in a study using the combination of rPMS and rTMS, Kumru et al. (42) found that the combination therapy induced an increase in MEP amplitude and a decrease in intracortical-inhibitory activity in the corresponding brain region, and that such changes were associated with combined central and peripheral stimulation. Therefore, we speculate that this neuroplasticity changes may be one of the underlying mechanisms for the combined effects observed in our study. Additionally, disruption of sensorimotor integration is prevalent in poststroke patient (59). Sensorimotor integration is the ability to process sensory input from the environment and integrate it with motor output to regulate movement (60), which plays a critical role in post-stroke motor learning (59, 61). However, in the study of the application of non-invasive neuroregulation techniques in the rehabilitation of motor function after stroke, most of the focus seems to have been on the direct regulation of neural activity in the motor cortex of the brain (62). The contribution of peripheral sensory feedback to motor control is often overlooked (59). Research has suggested that insufficient proprioceptive input may hinder post-stroke motor recovery (15). Therefore, increasing proprioceptive input from ascending sensory pathways may play an important role in motor recovery. Repetitive peripheral magnetic stimulation can enhance proprioceptive input to M1 from the limbs, facilitating motor output regulation and promoting sensorimotor integration (59). This sensorimotor integration fits with the rehabilitation concept proposed in recent studies (61, 63), that is, the central-peripheral closed-loop rehabilitation concept, an organic combination and synergistic therapy of top-down and bottom-up rehabilitation techniques, which can form a complete rehabilitation treatment loop and enhance the efficacy of a single intervention method. According to this concept, the combination of rTMS and rPMS, as a combination of central and peripheral therapies, is more effective in improving upper limb motor function after stroke than either therapy alone. The results of our study are consistent with this theory. As a non-invasive brain stimulation technique, rTMS promotes the restoration of bilateral cortical excitation balance and induces neuroplasticity changes by applying excitatory or inhibitory stimulation to specific regions of the brain (10, 11). Repetitive transcranial magnetic stimulation directly targets the cerebral hemisphere, providing top-down regulation of cortical activity, while repetitive peripheral magnetic stimulation targets peripheral tissue, providing bottom-up motor and sensory inputs to the cortex, thus completing a closed loop of magnetic stimulation (61).

It is worth noting that among the studies included in our analysis, only one study (29) utilized a paired repetitive magnetic stimulation protocol, in which the order of the two stimulations and the interstimulus interval (ISI) were clearly defined—factors that are critical in determining the type of PAS-induced cortical excitability modulation. Four studies (28, 30, 31, 34) employed unpaired magnetic stimulation, specifying only the sequence of the two interventions (rTMS first, followed by rPMS or vice versa) without providing specific ISI. The remaining four studies (32, 33, 35, 36) did not report the order or ISI between rPMS and rTMS. Unfortunately, none of the included studies explored the potential effects of the order and ISI of rPMS and rTMS in the intervention protocols. Consequently, it remains unclear how these factors may impact the combined therapeutic efficacy. Therefore, it is necessary to further investigate the sequential effects and ISI of rPMS and rTMS in future research to determine whether there are differences due to the different application sequences and ISI.

In addition, there was no standardized protocol for the optimal rTMS treatment parameters in the included studies. The rTMS parameters varied across studies included in our study, including LF-rTMS on the unaffected hemisphere, HF-rTMS or iTBS on the affected hemisphere, which might contribute to differences in therapeutic efficacy. Therefore, we conducted a subgroup analysis according to the various rTMS protocols. The results showed that the combined groups utilizing HF-rTMS and LF-rTMS as central interventions achieved significant improvements in Fugl-Meyer Assessment for Upper Extremity and Modified Barthel Index, whereas the clinical outcomes of the combined group utilizing iTBS showed no statistically significant difference from the control group. The results of subgroup analysis indicates that different rTMS protocols may yield varying impacts on the combined efficacy. However, it must be noted that subgroup analysis may compromise the randomization principle of the study, which may lead to a decrease in the accuracy of the results of the subgroup analysis. Therefore, we suggest that further research should consider evaluating the potential impact of different rTMS protocols combined with rPMS on improving functional impairment.

Our analysis has several limitations. Firstly, the number and sample size of studies included in this study are relatively small, and due to the deficiencies of randomization process and the missing of outcome data, there is a non-negligible risk of bias in the overall quality of the included studies, thus, our conclusions should be interpreted with caution. Secondly, most of the randomized controlled trials included in our study were conducted in Chinese mainland, which may limit the universal applicability of our research findings in other populations. Due to potential biases caused by geography and population, studies in western regions and populations are needed to confirm the efficacy of the combination therapy reported in this study. Additionally, based on the GRADE method for evidence quality assessment, most of the evidence quality ratings in this study were classified as “low,” with some rated as “very low.” Therefore, more high-quality evidence are needed to support our conclusion in the future. Finally, although this study carefully constructed search strategies and searched the database, there remains a possibility that relevant literature meeting our inclusion criteria was overlooked.



5 Conclusion

To our knowledge, this meta-analysis is the first to examine the synergistic effect of combined rTMS and rPMS on upper limb motor function recovery after stroke. Our findings suggest that high or low frequency rTMS combined with rPMS can promote the recovery of upper limb motor function and ability of daily living.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

SL: Data curation, Writing – original draft, Writing – review & editing. ZW: Data curation, Writing – review & editing. YL: Visualization, Writing – review & editing. TS: Visualization, Writing – review & editing. LX: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft. QY: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by the Science and Technology Research Project of Sichuan Administration of Traditional Chinese Medicine (No. 2024MS033), the Key R&D Project of Science and Technology Department of Sichuan Province (No. 2021YFS0132), and the Cadres Health Committee of Sichuan Provincial (2022-201).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1472837/full#supplementary-material



References

 1. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, et al. Global, Regional, and National Burden of stroke and its risk factors, 1990–2019: a systematic analysis for the global burden of disease study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0

 2. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global, Regional, and National Burden of stroke, 1990–2016: a systematic analysis for the global burden of disease study 2016. Lancet Neurol. (2019) 18:439–58. doi: 10.1016/S1474-4422(19)30034-1

 3. Hankey GJ. Stroke. Lancet. (2017) 389:641–54. doi: 10.1016/S0140-6736(16)30962-X

 4. Enas SL, Catherine C, Ruth D, Judy S, Anthony G, Rudd RH, et al. Estimates of the prevalence of acute stroke impairments and disability in a multiethnic population. Stroke. (2001) 32:1279–84. doi: 10.1161/01.STR.32.6.1279

 5. Nichols-Larsen DS, Clark PC, Zeringue A, Greenspan A, Blanton S. Factors influencing stroke survivors' quality of life during subacute recovery. Stroke. (2005) 36:1480–4. doi: 10.1161/01.STR.0000170706.13595.4f

 6. De Wit L, Theuns P, Dejaeger E, Devos S, Gantenbein AR, Kerckhofs E, et al. Long-term impact of stroke on patients' health-related quality of life. Disabil Rehabil. (2016) 39:1435–40. doi: 10.1080/09638288.2016.1200676

 7. Li S. Spasticity, motor recovery, and neural plasticity after stroke. Front Neurol. (2017) 8:120. doi: 10.3389/fneur.2017.00120

 8. Guggisberg AG, Koch PJ, Hummel FC, Buetefisch CM. Brain networks and their relevance for stroke rehabilitation. Clin Neurophysiol. (2019) 130:1098–124. doi: 10.1016/j.clinph.2019.04.004

 9. Stinear CM, Byblow WD. Predicting and accelerating motor recovery after stroke. Curr Opin Neurol. (2014) 27:624–30. doi: 10.1097/WCO.0000000000000153

 10. Schambra HM. Repetitive transcranial magnetic stimulation for upper extremity motor recovery: does it help? Curr Neurol Neurosci Rep. (2018) 18:9138. doi: 10.1007/s11910-018-0913-8

 11. Hoogendam JM, Ramakers GMJ, Di Lazzaro V. Physiology of repetitive transcranial magnetic stimulation of the human brain. Brain Stimul. (2010) 3:95–118. doi: 10.1016/j.brs.2009.10.005

 12. Huang W, Chen J, Zheng Y, Zhang J, Li X, Su L, et al. The effectiveness of intermittent theta burst stimulation for stroke patients with upper limb impairments: a systematic review and meta-analysis. Front Neurol. (2022) 13:896651. doi: 10.3389/fneur.2022.896651

 13. Chen S, Li Y, Shu X, Wang C, Wang H, Ding L, et al. Electroencephalography mu rhythm changes and decreased spasticity after repetitive peripheral magnetic stimulation in patients following stroke. Front Neurol. (2020) 11:546599. doi: 10.3389/fneur.2020.546599

 14. Beaulieu L-D, Massé-Alarie H, Camiré-Bernier S, Ribot-Ciscar É, Schneider C. After-effects of peripheral neurostimulation on brain plasticity and ankle function in chronic stroke: the role of afferents recruited. Clin Neurophysiol. (2017) 47:275–91. doi: 10.1016/j.neucli.2017.02.003

 15. Struppler A, Binkofski F, Angerer B, Bernhardt M, Spiegel S, Drzezga A, et al. A fronto-parietal network is mediating improvement of motor function related to repetitive peripheral magnetic stimulation: a Pet-H2o15 study. Neuroimage. (2007) 36:T174–T86. doi: 10.1016/j.neuroimage.2007.03.033

 16. Jiang YF, Zhang D, Zhang J, Hai H, Zhao YY, Ma YW. A randomized controlled trial of repetitive peripheral magnetic stimulation applied in early subacute stroke: effects on severe upper-limb impairment. Clin Rehabil. (2022) 36:693–702. doi: 10.1177/02692155211072189

 17. Tang Z, Han K, Wang R, Zhang Y, Zhang H. Excitatory repetitive transcranial magnetic stimulation over the ipsilesional hemisphere for upper limb motor function after stroke: a systematic review and meta-analysis. Front Neurol. (2022) 13:918597. doi: 10.3389/fneur.2022.918597

 18. Ahmed, Mustafaoglu R, Rossi S, Cavdar FA, Agyenkwa SK, Pang MYC, et al. Non-invasive brain stimulation techniques for the improvement of upper limb motor function and performance in activities of daily living after stroke: a systematic review and network meta-analysis. Arch Phys Med Rehabil. (2023) 104:1683–97. doi: 10.1016/j.apmr.2023.04.027

 19. Li RY, Chen KY, Wang XR Yu Q, Xu L. Comparison of different rehabilitation techniques of traditional Chinese and western medicine in the treatment of motor dysfunction after stroke based on frequency method: a network meta-analysis. Am J Phys Med Rehabil. (2023) 102:504–12. doi: 10.1097/PHM.0000000000002130

 20. Zhang L, Xing G, Shuai S, Guo Z, Chen H, McClure MA, et al. Low-frequency repetitive transcranial magnetic stimulation for stroke-induced upper limb motor deficit: a meta-analysis. Neural Plast. (2017) 2017:2758097. doi: 10.1155/2017/2758097

 21. Zhang L, Xing G, Fan Y, Guo Z, Chen H, Mu Q. Short- and long-term effects of repetitive transcranial magnetic stimulation on upper limb motor function after stroke: a systematic review and meta-analysis. Clin Rehabil. (2017) 31:1137–53. doi: 10.1177/0269215517692386

 22. Chen ZJ Li YA, Xia N, Gu MH, Xu J, Huang XL. Effects of repetitive peripheral magnetic stimulation for the upper limb after stroke: meta-analysis of randomized controlled trials. Heliyon. (2023) 9:e15767. doi: 10.1016/j.heliyon.2023.e15767

 23. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. Prisma 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. Bmj. (2021) 372:n160. doi: 10.1136/bmj.n160

 24. Bhogal SK, Teasell RW, Foley NC, Speechley MR. The Pedro Scale provides a more comprehensive measure of methodological quality than the Jadad Scale in stroke rehabilitation literature. J Clin Epidemiol. (2005) 58:668–73. doi: 10.1016/j.jclinepi.2005.01.002

 25. Guyatt G, Oxman A, Akl E, Kunz R, Vist G, Brozek J, et al. Grade guidelines: 1. introduction—grade evidence profiles and summary of findings tables. J Clin Epidemiol. (2011) 64:383–94. doi: 10.1016/j.jclinepi.2010.04.026

 26. Higgins JP, Thompson SG, Deeks JJ. A measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 27. Wan X, Wang W, Liu JT. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol. (2014) 14:135. doi: 10.1186/1471-2288-14-135

 28. Chang CS, Chen CL, Chen RS, Chen HC, Chen CY, Chung CY, et al. Synergistic efficacy of repetitive peripheral magnetic stimulation on central intermittent theta burst stimulation for upper limb function in patients with stroke: a double-blinded, randomized controlled Trial. J Neuroeng Rehabil. (2024) 21:49. doi: 10.1186/s12984-024-01341-w

 29. Liang S, Wang W, Yu F, Pan L, Xu D, Hu R, et al. Repetitive peripheral magnetic stimulation combined with transcranial magnetic stimulation in rehabilitation of upper extremity hemiparesis following stroke: a pilot study. J Rehabil Med. (2024) 56:jrm19449. doi: 10.2340/jrm.v56.19449

 30. Qin Y, Liu X, Zhang Y, Wu J, Wang X. Effects of transcranial combined with peripheral repetitive magnetic stimulation on limb spasticity and resting-state brain activity in stroke patients. Front Hum Neurosci. (2023) 17:992424. doi: 10.3389/fnhum.2023.992424

 31. Wu X, Wang R, Wu Q, Liao C, Zhang J, Jiao H, et al. The effects of combined high-frequency repetitive transcranial magnetic stimulation and cervical nerve root magnetic stimulation on upper extremity motor recovery following stroke. Front Neurosci. (2023) 17:1100464. doi: 10.3389/fnins.2023.1100464

 32. Yan J, Yuan H, Zhang N, Zhang H, Fu J, Xu T, et al. Effect of transcranial combined with peripheral repetitive magnetic stimulation on motor function after stroke. West China Med J. (2021) 36:588–94. doi: 10.7507/1002-0179.202103206

 33. Xia J, Hao Y, Chen M, Shao Y. Clinical study of high-frequency repetitive transcranial magnetic stimulation combined with peripheral magnetic stimulation in the treatment of muscle spasticity after stroke. Neural Inj Funct Reconstruct. (2022) 17:478–81. doi: 10.16780/j.cnki.sjssgncj.20210054

 34. Zhang Y, Yang C, Li X, Tong X, Lu Y, Wang M. Effect of transcranial combined with peripheral magnetic stimulation on upper limb motor function of patients with stroke. Mod J Integr Trad Chin West Med. (2022) 31:2793–802. doi: 10.3969/j.issn.1008-8849.2022.20.004

 35. Chen Y, Li S, Cui J, Hu Y, Liu B, Wu R. Effects of peripheral magnetic stimulation and transcranial magnetic stimulation on upper extremity motor function in patients with cerebralinfarction. Chin J Gen Pract. (2023) 21:309–12. doi: 10.16766/j.cnki.issn.1674-4152.002870

 36. Meng Y, Zhang C, Wang H, Liang J, Han J, Ma Q. Effects of central intermittent theta-burst stimulation combined with peripheral magnetic stimulation on upper limb motor dysfunction in stroke patients. Chin J Phys Med Rehabil. (2023) 45:702–6. doi: 10.3760/cma.j.issn.0254-1424.2023.08.006

 37. Stefan K, Kunesch E, Cohen L G, Benecke R, Classen J. Induction of plasticity in the human motor cortex by paired associative stimulation. Brain. (2000) 123:572–84. doi: 10.1093/brain/123.3.572

 38. Baroni A, Antonioni A, Fregna G, Lamberti N, Manfredini F, Koch G, et al. The effectiveness of paired associative stimulation on motor recovery after stroke: a scoping review. Neurol Int. (2024) 16:567–89. doi: 10.3390/neurolint16030043

 39. Evelyne C-L, Philippe M, Jean T, de Boissezon X, Vincent G, François C, et al. Induction of cortical plastic changes in wrist muscles by paired associative stimulation in the recovery phase of stroke patients. Neurorehabil Neural Repair. (2009) 23:366–72. doi: 10.1177/1545968308322841

 40. Dan Y, Poo M-m. Spike timing-dependent plasticity of neural circuits. Neuron. (2004) 44:23–30. doi: 10.1016/j.neuron.2004.09.007

 41. Wolters A, Sandbrink F, Schlottmann A, Kunesch E, Stefan K, Cohen LG, et al. A temporally asymmetric hebbian rule governing plasticity in the human motor cortex. J Neurophysiol. (2003) 89:2339–45. doi: 10.1152/jn.00900.2002

 42. Kumru H, Albu S, Rothwell J, Leon D, Flores C, Opisso E, et al. Modulation of motor cortex excitability by paired peripheral and transcranial magnetic stimulation. Clin Neurophysiol. (2017) 128:2043–7. doi: 10.1016/j.clinph.2017.06.041

 43. Rizzo V, Terranova C, Crupi D, Sant'angelo A, Girlanda P, Quartarone A. Increased transcranial direct current stimulation after effects during concurrent peripheral electrical nerve stimulation. Brain Stimul. (2014) 7:113–21. doi: 10.1016/j.brs.2013.10.002

 44. Celnik P, Paik N-J, Vandermeeren Y, Dimyan M, Cohen LG. Effects of combined peripheral nerve stimulation and brain polarization on performance of a motor sequence task after chronic stroke. Stroke. (2009) 40:1764–71. doi: 10.1161/STROKEAHA.108.540500

 45. Menezes IS, Cohen LG, Mello EA, Machado AG, Peckham PH, Anjos SM, et al. Combined brain and peripheral nerve stimulation in chronic stroke patients with moderate to severe motor impairment. Neuromodulation. (2018) 21:176–83. doi: 10.1111/ner.12717

 46. Yagüe S, Veciana M, Martínez-Yélamos A, Pedro J, Cardona P, Quesada H, et al. Effects of bihemispheric transcranial direct current stimulation combined with repetitive peripheral nerve stimulation in acute stroke patients. J Clin Neurophysiol. (2023) 40:63–70. doi: 10.1097/WNP.0000000000000840

 47. Beaulieu LD, Schneider C. Repetitive peripheral magnetic stimulation to reduce pain or improve sensorimotor impairments: a literature review on parameters of application and afferents recruitment. Clin Neurophysiol. (2015) 45:223–37. doi: 10.1016/j.neucli.2015.08.002

 48. Rossini PM, Burke D, Chen R, Cohen LG, Daskalakis Z, Di Iorio R, et al. Non-invasive electrical and magnetic stimulation of the brain, spinal cord, roots and peripheral nerves: basic principles and procedures for routine clinical and research application. An Updated Report from an IFCN Committee. Clin Neurophysiol. (2015) 126:1071–107. doi: 10.1016/j.clinph.2015.02.001

 49. Obayashia S, Takahashi R. Repetitive peripheral magnetic stimulation improves severe upper limb paresis in early acute phase stroke survivors. NeuroRehabilitation. (2020) 46:569–75. doi: 10.3233/NRE-203085

 50. Yang T, Li X, Xia P, Wang X, Lu J, Wang L. Effects of Rtms combined with Rpms on stroke patients with arm paralysis after contralateral seventh cervical nerve transfer: a case-series. Int J Neurosci. (2022) 133:999–1007. doi: 10.1080/00207454.2022.2032044

 51. Nagako Murase, Julie Duque, Riccardo Mazzocchio, Cohen LG. Influence of interhemispheric interactions on motor function in chronic stroke. Ann Neurol. (2005) 55:400–9. doi: 10.1002/ana.10848

 52. Takeuchi N, Chuma T, Matsuo Y, Watanabe I, Ikoma K. Repetitive transcranial magnetic stimulation of contralesional primary motor cortex improves hand function after stroke. Stroke. (2005) 36:2681–6. doi: 10.1161/01.STR.0000189658.51972.34

 53. Kim YH, You SH, Ko MH, Park JW, Lee KH, Jang SH, et al. Repetitive transcranial magnetic stimulation-induced corticomotor excitability and associated motor skill acquisition in chronic stroke. Stroke. (2006) 37:1471–6. doi: 10.1161/01.STR.0000221233.55497.51

 54. Momosaki R, Yamada N, Ota E, Abo M. Repetitive peripheral magnetic stimulation for activities of daily living and functional ability in people after stroke. Cochr Database Syst Rev. (2017) 6:CD011968. doi: 10.1002/14651858.CD011968.pub2

 55. Savulescu SE, Berteanu M, Filipescu I, Beiu C, Mihai M-M, Popa LG, et al. Repetitive peripheral magnetic stimulation (Rpms) in subjects with lumbar radiculopathy: an electromyography-guided prospective, randomized study. In Vivo. (2021) 35:623–7. doi: 10.21873/invivo.12300

 56. Panathoop A, Saengsuwan J, Vichiansiri R. Effects of repetitive peripheral magnetic stimulation vs. conventional therapy in the management of carpal tunnel syndrome: a pilot randomized controlled trial. PeerJ. (2023) 11:15398. doi: 10.7717/peerj.15398

 57. Krause P, Straube A. Peripheral repetitive magnetic stimulation induces intracortical inhibition in healthy subjects. Neurol Res. (2013) 30:690–4. doi: 10.1179/174313208X29795

 58. Struppler A, Havel P, Müller-Barna P. Facilitation of skilled finger movements by repetitive peripheral magnetic stimulation (Rpms) - a new approach in Central Paresis. NeuroRehabilitation. (2003) 18:69–82. doi: 10.3233/NRE-2003-18108

 59. Edwards LL, King EM, Buetefisch CM, Borich MR. Putting the “sensory” into sensorimotor control: the role of sensorimotor integration in goal-directed hand movements after stroke. Front Integr Neurosci. (2019) 13:16. doi: 10.3389/fnint.2019.00016

 60. Wolpert DM, Goodbody SJ, Husain M. Maintaining internal representations: the role of the human superior parietal lobe. Nat Neurosci. (1998) 1:529–33. doi: 10.1038/2245

 61. Qi F, Nitsche MA, Ren X, Wang D, Wang L. Top-down and bottom-up stimulation techniques combined with action observation treatment in stroke rehabilitation: a perspective. Front Neurol. (2023) 14:1156987. doi: 10.3389/fneur.2023.1156987

 62. Motolese F, Capone F, Di Lazzaro V. New tools for shaping plasticity to enhance recovery after stroke. Handb. Clin. Neurol. (2022) 184:299–315. doi: 10.1016/B978-0-12-819410-2.00016-3

 63. Jia J. “Central-peripheral-central” closed-loop rehabilitation–a new idea of hand function rehabilitation after stroke. Chin J Rehabil Med. (2016) 31:1180–2. doi: 10.3969/j.issn.1001-1242.2016.11.001

Copyright
 © 2024 Luo, Wen, Liu, Sun, Xu and Yu. 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.



OPS/images/fneur-15-1472837-t003.jpg
Chang etal.
(28)

Chen etal. (35)

Liang et al. (29)

Meng et al. (36)

Qin et al. (30)

Wuetal. (31)

Xiaetal. (33)

Yan et al. (32)

Zhang etal.
(34)

Lo - T - A B A






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of repetitive transcranial magnetic stimulation combined with repetitive peripheral magnetic stimulation on upper limb motor function after stroke: a systematic review and meta-analysis



		1 Introduction



		2 Methods



		2.1 Search strategy



		2.2 Inclusion criteria and study selection



		2.3 Data extraction



		2.4 Risk of bias assessment



		2.5 Quality of evidence rating



		2.6 Data synthesis and analysis







		3 Results



		3.1 Search results



		3.2 Characteristics of included studies



		3.3 Quality assessment of studies



		3.4 Meta-data analysis



		3.4.1 Primary outcomes



		3.4.2 Secondary outcomes









		3.5 Subgroup analysis of different transcranial magnetic stimulation protocols



		3.6 Quality of evidence evaluation



		3.7 Meta-regression analysis



		3.8 Sensitivity analysis and publication bias







		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/fneur-15-1472837-t002.jpg
References Type of Intervention  Application Stimulation Intensity, Fre (Hz); Duration

machine of order; ISI site %RMT pulses per per
experimental session treatment;
group total
treatment
course
Changetal. MagVenture- | Figure-of- iTBS + rPMS First tPMS, then | rTMS: M1 of the | rTMS: 70 1TMS:2;600 | rTMS:200s;2/d,
(28) MagProX100 eight rTMS; NR affected side rPMS: NA rPMS: a; 600 5diw, 2w
coil rPMS: the radial rPMS: 200s; 2/
nerve of the d,5d/w, 2w
affected limb
Chenetal. (35 | YRDCCY-II | NR LE-ITMS +tPMS | NR; NR TMS: M1 of the | rTMS: 110 rTMS: 1; 1,200 | rTMS: NR; daily,
unaffected side rPMS: NA rPMS: 20;400 | 4w
PMS: D@ rPMS: NR; daily,
4w
Liangetal. (29) | YRDCCY-Il | Double-ended | HF-rTMS+ rPMS | Each peripheral | rTMS: Ml ofthe | rTMS: 80 rTMS: 5, 1,200 | rTMS: 20 min;
circular coil stimulation was | affected side rPMS: NR rPMS: 55 1,200 | daily, 5 d/w, 4w
delivered 20 ms rPMS: the rPMS: 20 min;
after rTMS@; seventh cervical daily, 5 d/w, 4w
20ms nerve root
Mengetal. (36) | YRD CCY-1 Figure-of- iTBS + rPMS NR; NR TMS: M1 of the | rTMS: NR 1TMS:2;600 | rTMS: 3 min;
eight affected side rPMS: NR PMS:2;600 | daily, 5d/w, 2w
coil rPMS: ® rPMS: 3 min;
daily, 5 d/w, 2w
Qinetal. (30) Magstim Figure-of- LE-rTMS + rPMS | First :TMS, then | rTMS: M1 of the | rTMS: 90 rTMS: 151,200 | rTMS: NR; daily,
eight PMS; NR unaffected side | rPMS: NR rPMS: 10; 5d/w, 8w
coil rPMS: ® 1,200 rPMS: NR; daily,
5d/w, 8w
Wuetal. (31) YRD CCY-I rTMS: Figure- | HF-r'TMS + rPMS | First :TMS, then | rTMS: M1 of the | rTMS: 80 rTMS: 10; rTMS: NR; daily,
of-eight rPMS$; NR affected side rPMS: NA 1,000 5diw, 3w
coil tPMS: the PMS: 10; rPMS: NR; daily,
rPMS: Circular cervical nerve 1,000 5diw, 3w
coil root
Xiaetal. (33) MagVenture- NR HF-rTMS 4+ rPMS | NR; NR rTMS: M1 of the | rTMS: 90 rTMS: 20; 140 | rTMS: NR; daily,
MagProX100 affected side rPMS: +5 rPMS: 8; 300 5diw, 4w
tPMS: Nerves of rPMS: NR; daily,
the affected limb 5diw, 4w
Yanetal.(32) | MagVenture- | NR LE-TMS + tPMS | NR;NR TMS: M1 of the | rTMS: 80 ©TMS: 1; 1,200 | rTMS: 20 min;
MagPro30 unaffected side rPMS: NA rPMS: 10; daily, 5 d/w, 2w
PMS: muscles 1,200 rPMS:NR; daily,
of the affected 5diw, 2w
limb
Zhang etal. YRD CYY-I Circular coil HF-rTMS + rPMS | First ’TMS, then | rTMS: M1 of the | rTMS: 80 rTMS: 1, NR | r'TMS:
(34) rPMS; NR affected side rPMS:150 rPMS: 10; NR | 17.15 min;
PMS: ® daily, 5 d/w, 2w

rPMS: 7.15 min;
daily, 5 d/w, 2w

ISI, interstimulus interval; Fre, frequency; RMT, resting motor threshold; @, around the acromial end of the clavicle; @, around the abdominal muscles of the triceps; ®, around the dorsal
extensor muscles of the wrist; @, each peripheral stimulation was delivered 20 ms after rTMS; ®, the Erbs point of the affected upper limb; min, minute(s); a, 50 Hz within the plexus, 5 Hz
between the plexus; d, day(s); s, second; w, week(s); M1, the primary motor cortex; NR, not reported; NA, not applicable.





OPS/images/fneur-15-1472837-t001.jpg
References Intervention Sex (M/F) Age [(x £+ Type of Course of  Outcome

s), years] stroke disease (x measures
(ischemic/ +5s)
hemorrhagic)
Changetal. (28) I 14 I:iTBS + rPMS 1:4/10 I:514 £ 121 1:6/8 Not Reported | EMA-UE, ARAT,
C: 14 C:iTBS + shamp rPMS | C:11/3 C:55.6£103 | C:4/10 Not Reported | FIM-selfcare, SIS
Chen etal. (35) 122 I: LE-rTMS + rPMS 1: 16/6 16218+ 1:22/0 1:7.23£0.66d | EMA-UE, MBI
C:20 C: LE-rTMS C:14/6 10.24 €:20/0 C:8.93 401
C:59.55+ d
8.86
Liang et al. (29) I:15 I: HE-rTMS + rPMS 1:10/5 1:56.6 £9.1 1:5/10 EMA-UE, BI, FCA,
Cp:15 Cy: HE-'TMS Ci:11/4 Cpi:541£96 | Cp:8/7 RMT, MEP
Cy:15 Cy: Conventional Cy:10/5 Cy:543£76 | Cy8/7 C:25+14m | amplitude, MEP
Therapy + sham rTMS latency SICI
Meng et al. (36) I:15 1:iTBS + rPMS 1:8/7 1:553 %75 1:6/9 1:36.14£82d | EMA-UE, MBI,
Cy:iTBS + shamp rPMS | Cy:7/8 Ci:525£135 | Cp:7/8 Ci:3474£79 | MEP amplitude,
[OBH] Cy: Conventional Cy:8/7 Cy:5394£107 | Cy:8/7 d MEP latency
therapy C:33.6£68
d
Qin etal. (30) 120 I: LE-rTMS + rPMS 1:11/9 1:60.05£9.97 | 1:20/0 1:345+ EMA-UE, MBI,
Cp:15 Cy: LE-ATMS C1:9/6 Cp:55.87 & Cy:15/0 1.76m MAS, ALFF
Cyl4 Cy: Conventional Co: 1173 105 Cy: 14/0 Ci:320%
Therapy Cy:59.43 % 1.93m
9.12 Cy:285%
1.74m
Wuetal. (31) I: HE-rTMS + rPMS 1:10/5 1:54.60 = 1:8/7 1: 38 (28, 50)° EMA-UE, MBI,
Cy: HF-1TMS + shamp Cp:12/3 11.16 C,:5/10 d WMET
tPMS Co: 11/4 Ci:57.00 & C:6/9 C1:34 (20,
Cy: shamp 1TMS + Cs:15/0 10.76 Cs:8/7 46 d
tPMS C,:54.87 & C:26(21,
Cs: Conventional 116 59)* d
Therapy 4 sham rTMS C3:55.33 + C3:32 (21,
+ shamp rPMS 103 72 d
Xia et al. (33) 1:40 I: HE-rTMS + rPMS 1:24/16 1:70.1 £ 1.7 1: 40/0 1:79.1£37.6d | EMA-UE, MBI,
Ci:40 Cy: HE-1TMS C1:25/15 Ci:693£19 | Cp:40/0 C1:766+39.3 | MAS, CSI, CMCT
Cy:40 C,: Conventional C,:22/18 C:69.9+18 | Cp:40/0 d MEP latency
therapy Cp:723£348
d
Yan etal. (32) 118 I: LE-rTMS + rPMS I: 14/4 1:60.56 +875 | I:14/4 1:20.0 (16.0, EMA-UE, MBI,
C:17 C: LE-rTMS + shamp C:12/5 C:58.29+ C:10/7 75.0)° d NIHSS
PMS 17.25 €:30.0 (16.0,
97.5)* d
Zhang et al. (34) 1:20 I: HE-rTMS + rPMS 1:17/3 1:555 107 I:15/5 1:5524469d | EMA-UE, MBI,
Ci: HE-'TMS Ci:16/4 Ci:57.9493 | Cp:15/5 C1:5554£42.6 | RMT,RMS
Cy: Conventional Cy:16/4 Cy:556 124 | Cp:10/10 d
therapy Cp:5294353
d

1, intervention group; C, control group; M, male; F, female; x = 5, mean < SD; m, month; d, day.

*Mean (Q25, Q75).

bMean (Xmin, Xmax).

ARAT, Action Research Arm Test; FCA, Comprehensive Functional Assessment; EMA-UE, Fugl-Meyer Assessment-Upper Extremity; FIM-Selfcare, self-care domain of the Functional
Independence Measure; SIS, Stroke impact Scale; HE-rTMS, High Frequency-repetitive Transcranial Magnetic Stimulation; LF-rTMS, Low Frequency-repetitive Transcranial Magnetic
Stimulation; iTBS, intermittent theta-burst stimulation; MAS, Modified Ashworth scale; BI, Barthel Index; MBI, Modified Barthel Index; NIHSS, National Institutes of Health Stroke
Scale; WMFT, Wolf Motor Function Test; CSI, clinic spasticit index; CMCT, central motion conduction time; RMS, root mean square; RMT, resting motor threshold; SICI, short-interval
intracortical inhibition.
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