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Abstract

Background: Post-surgical motor deficits are a frequent complication in neuro-oncologic patients and can significantly affect
functional recovery. Transcranial magnetic stimulation (TMS) has emerged as a potential therapeutic modality to facilitate motor
rehabilitation. This systematic review examined the effectiveness and safety of TMS in promoting motor recovery following
brain tumor surgery. Methods: A systematic review of four studies evaluating TMS for postoperative motor rehabilitation in
patients with brain tumors was performed. Outcome measures included motor function assessments using the British Medical
Research Council (BMRC) scale, Fugl-Meyer Assessment (FMA), and Karnofsky Performance Status (KPS), as well as the
incidence of adverse events. Results: The effects of TMS on motor recovery were inconsistent across studies, with some
demonstrating improvements in BMRC and FMA scores, while others reported limited therapeutic benefit. Overall, TMS was
generally well tolerated, with only minimal adverse events documented. Conclusions: TMS may represent a safe and promising
adjunctive intervention for postoperative motor recovery in brain tumor patients; however, the current evidence remains
insufficient to establish definitive clinical benefit. Further large-scale prospective studies using standardized treatment protocols
are necessary to clarify its therapeutic efficacy and long-term safety profile.
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1. Background

Transcranial magnetic stimulation is a non-invasive neuro-
modulation modality with a favorable safety profile that can
be administered without the need for general anesthesia or seda-
tion. It operates by passing rapidly alternating electrical currents
through a coil, producing magnetic fields that penetrate the scalp
and skull painlessly to stimulate targeted cortical regions. This

stimulation alters neuronal excitability and facilitates neuro-
plastic changes, thereby promoting functional reorganization of
disrupted neural networks [1, 2]. Three types of general TMS pro-
tocols exist, including single-pulse, paired pulse, and repetitive
TMS (rTMS). In particular, rTMS is used to facilitate excita-
tion or inhibition of cortical areas and is often used in clinical
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practice. In rTMS, multiple single-pulse stimuli are delivered
at a specified time duration, frequency, and intensity with ef-
fects varying according to stimulation parameters usually at 1-
20Hz [3].

TMS is already established in treating depression and ad-
dressing stroke rehabilitation but there is an increasing num-
ber of indications for its use. Recently, studies on its effect in
improving the quality of sleep, improving chemo-induced
cognitive impairment and Alzheimer’s disease are being pub-
lished [4]. Though the specific treatment parameters and exact
mechanism are not yet well established, TMS is also becom-
ing a promising treatment in neuro-oncologic patients espe-
cially now that the myth on its increased seizure risk has been
debunked as long as the recommended regimen is given [5, 6].

The treatment of patients with brain tumor usually involves
surgical intervention. With the complexity of the brain and the
multitude of symptomatic presentations of neuro-oncologic
patients, the risk of neurological damage is a concern, with
emphasis on lesions located in areas near typically motor re-
gions, such as primary motor areas or even subcortical struc-
tures in contact with the corticospinal tract, due to the possi-
bility of partial or structural damage to the motor pathway [7].
In the Glioma Outcomes Project in the United States, a data-
base of 800 patients who had undergone brain surgery for the
excision of tumor, showed that approximately 32% of patients
reported motor deficits [8]. Given the high risk for motor com-
plication and the evidence for using TMS for neurorehabilita-
tion for other neurologic diseases like stroke, there is reason
to believe that TMS could be beneficial post-operatively for
recovery in patients with brain tumors. In a case report by
Kakuda et al., a patient with a left subfrontal glioma who un-
derwent surgery with residual right upper extremity hemipare-
sis was already stable at five years after surgery. She was al-
ready considered to have reached a probable plateau state of
motor functional recovery of the affected upper limb in spite
of conventional occupational therapy. However, low fre-
quency 1Hz rTMS was used with each session consisting of
1200 pulses for 22 daily sessions and experienced immediate
improvement in right upper extremity function with further
improvement upon follow up four weeks the rTMS treatment
[9]. Because of this, several studies are now looking at TMS
as treatment for post-surgical motor dysfunction.

2. Objectives

This study aimed to identify available literature and to per-
form a systematic review of all available data on the use of
transcranial magnetic stimulation in the post-surgical motor
recovery in brain tumor patients.

3. Methodology

This is a systematic review of randomized controlled trials
and prospective cohorts. Systematic scoping review was done
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following the Preferred Reporting Items for Systematic Re-
views (PRISMA) recommendations [10]. The article was not
registered in any systematic review protocol database.

3.1. Inclusion and Exclusion Criteria

Studies eligible for inclusion were studies presenting con-
firmed diagnosis of brain tumor (primary or metastatic), pa-
tients >18 y/o, using TMS for post-surgical motor rehabilita-
tion. Also, articles published in peer- reviewed journals, and
written only in English were included. Articles that could not
be retrieved as full articles through institutional database ac-
cess or by asking the involved authors were excluded.

3.2. Search Strategy

All authors searched the PubMed, Embase, Cochrane Li-
brary, Web of Science and Clinicaltrials.gov databases from
inception through December 2025. The literature search strat-
egy was developed using Medical Subject Headings (MeSH)
and relevant keyword combinations, including terms related
to “transcranial magnetic stimulation”, “brain tumors”,
lignancy”, “cancer”, “postsurgical recovery”, “motor deficits”,
and “hemiparesis”. These terms were systematically com-
bined using the Boolean operators “OR” and “AND” to
broaden or refine the search by linking related and distinct
concepts. Study selection was performed in two stages: an in-
itial screening of titles, abstracts, and keywords, followed by

full-text evaluation of potentially eligible articles.

ma-

3.3. Data Extraction

Data from each eligible study were extracted by one author (R.
De Roxas) and confirmed by another author (M. dela VVega). The
required information included the author’s name, publication year,
number of patients, TMS regimen received, efficacy in the im-
provement of post-surgical motor strength and adverse effects.

3.4. Risk of Bias Assessment

The methodological rigor of the included studies was inde-
pendently evaluated by two reviewers (R. De Roxas and A.
Cabungcal) using the revised Cochrane Risk of Bias Tool 2
(RoB 2) [11]. This structured instrument assesses potential
sources of bias across key methodological domains, including
study design, randomization procedures, and blinding. Based
on these domain-level assessments, an overall risk-of-bias judg-
ment was assigned through the RoB 2 algorithm and categorized
as low risk, some concerns, or high risk of bias (Table 1).

4. Results

4.1. Study Identification and Selection

A total of 369 studies were identified from the PubMed
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(n=177), EMBASE (n=113), Cochrane Library (n=41), Web
of Science (n=22) and clinicaltrials.gov (n=16) databases. Af-
ter removing duplicates, the remaining studies were screened
for eligibility. A total of 124 records were excluded due to du-
plicate titles and another 176 records were removed as deter-
mined by screening titles and abstracts. Therefore, 69 studies

were assessed with a full-text review. Sixty-five studies were
excluded as they were deemed irrelevant, had no full-text
available or had inadequate data relevant to the outcomes of
interest. Finally, four studies involving 199 patients were in-
cluded. The detailed PRISMA flow diagram is presented in
Figure 1.

Pubmed (n = 177)
Embase (n = 113)
Cochrane (n = 41)

Web of Science (n = 22)
Clinicaltrials.gov (n = 16)

Identification

Records Identified through databases (n =

369)
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Records screened (n = 245)

Records excluded after screening

Full-text articles assessed
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(n=176)

Full-text articles excluded with reasons (n = 66):

Irrelevant studies (n = 32)
Case report (n = 25)
No outcome of interest (n = 4)
Full text unavailable (n = 3)

analysis
(n=4)

G =D oo

Studies included for qualitative

Insufficient data (n = 1)

Figure 1. PRISMA Flow Diagram.

4.2. Study Characteristics and ROB Assessment

The characteristics and outcomes of interest at baseline of
the three included studies are listed. Three of the studies were

double-blind, parallel, sham-controlled RCTs while the 4
study is a prospective cohort. The included studies enrolled a
total of 199 patients diagnosed with brain tumor who had a
motor deficit after surgery and eventually underwent TMS.

Table 1. Risk of Bias Assessment.

Random

Blinding of

Deviations from

RISK Domain sequence Allocation participants and intended Missing Measurement of
R concealment . . outcome data the outcome
generation personnel interventions
Rosenstock et al./2024 UNCLEAR  UNCLEAR LOW LOW UNCLEAR LOW
Engelhardt et al., 2024 LOW LOW LOW UNCLEAR LOW LOW
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Random . Blinding of Deviations from . .
. Allocation . . . Missing
RISK Domain sequence participants and intended
. concealment . .
generation personnel interventions
Ille et al., 2021 LOW LOW LOW LOW LOW
Tang et al./2022 HIGH HIGH HIGH UNCLEAR LOW
Table 2. Study Characteristics.
Number of . . Efficacy measure on
Author, Year Study Type s TMS regimen received e
Low-frequency rTMS
. . treatment to the .
Multicentric Functional motor status
Rosenstock et al. . contralateral .
(2025) randomized 135 hemisphere accordin was assessed using BMRC
controlled trial P . & score, FMA and KPS score
to center-specific
protocols for 7-10 days
Randomized, . .
Engelhardt et al.  double-blind, 7 sessions Qally 1TMS BMRC and FMA scores
30 (1Hz, 15 minutes, 900
(2024) sham-con- Ises, 110% RMT) were assessed
trolled trial PUlses, ’
Randomized, 7 sessions daily rTMS
sham-con- (1Hz, 15 minutes, 900
lleetal. (2021)  trolled, dou- 22 pulses, 110% RMT) zr::szzd KPS score were
ble-blinded combined with conven-
trial tional physical therapy
Accelerated Theta burst . .
. . . Lower extremity functional
stimulation sessions
.. scales (LEFS) and upper
. were administered per . .
Tang et al. Retrospective 12 dav for a maximum pe- extremity functional scales
(2022) cohort Y Pe" (UEFS) were administered

riod of 2 weeks with an

outcome data

either together or individu-

Measurement of
the outcome

LOW
LOW

Adverse events

No patient experienced
adverse events

The most common ad-
verse events were head-
aches, followed my mild
nausea and dizziness.

None mentioned on ad-
verse events

No patients reported any
seizures following rTMS
treatment. The adverse
events noted are fatigue,
headache and scalp dis-

hour gap between ses-

sions

In the study of Rosenstock et al., patients in the treatment
group had a higher probability of a better postoperative
BMRC score immediately after treatment (3.28, 95%CI: 1.08—
9.99) and after 3 months (2.03, 95%CI: 0.65 to 6.39) com-
pared to the sham group. This finding is also the same with the
improvement in the KPS score where patients in the treatment
group had a substantially higher postoperative KPS score im-
mediately after treatment (11, 95% CI: 2-19) and after 3
months (11, 95% CI: 2-20) compared to patients in the sham
group. However, patients in the treatment group had a similar
postoperative FMA score immediately after treatment (0.28,
95% CI: -0.34-0.90) and after 3 months (0.14, 95% CI: -0.52
to 0.81) compared to patients in the sham group [12].

In the study by Engelhardt et al., patients in the rTMS group
presented with slightly better Fugl Meyer Scores compared to
the control group (5.1, 95% CI-16.0-26.1; p=0.631) three
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ally comfort.

months postoperatively although the difference is not signifi-
cant. Additionally, the BMRC score for distal upper extremity
muscles was better at month 1 (23.20, 95%CI 1.02-527.30;
p=0.049) compared to the sham group. As for the adverse
events, all patients tolerated the intervention well and com-
pleted stimulation at the designed intensity. The most common
adverse events were headaches, followed my mild nausea and
dizziness [13].

In the study by Ille et al., the change in FMA score on fol-
low-up was statistically significant showing mean improve-
ment from 31.93 (95%CI 22.6-41.25) points in the rTMS
group while it was 4.2 (95%CI -4.14-12.54) points in the sham
group. No change in the KPS score was noted [14].

In the study by Tang et al., seven out of the nine patients
who were administered the LEFS showed at least a 9-point
improvement between post- treatment and baseline. On the
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other hand, eight out of the eight patients who were adminis-
tered the UEFS also had at least a 9-point improvement be-
tween post- treatment and baseline. Reported adverse events
of TMS were fatigue (58.3%), headache (25%) scalp discom-
fort at the stimulation site (33.3%), and facial twitching due to
stimulation (8.3%) [15].

5. Discussion

Overall, the data demonstrate a variable degree of improve-
ment in the post-surgical motor strength function across dif-
ferent scores. Both studies by Rosenstock et al. and Engel-
hardt et al. showed improvement in BMRC scores but fail to
show significant improvement in the FMA scores. The study
of Ille et al. interestingly showed a significant improvement in
the FMA scores. The BMRC score is a widely used grading
system that assessed contractile muscle strength on a scale
from 0 — 5 with high scores indicating greater strength [16].
On the other hand, the FMA score is a more detailed scoring
system designed to evaluate motor functioning, sensation, bal-
ance and joint range of motion with a maximum score of 100
points [17]. The study of Tang et al. uses LEFS and UEFS
which are questionnaires containing 20 questions about the
patient’s ability to perform everyday tasks in the lower and
upper extremities respectively [18]. The lack of a standardized
scale to measure the improvement of motor strength after
TMS makes it difficult to really make a more generalizable
conclusion. Moreso, a specific neuro-oncologic tool to assess
patients might be helpful. Although the study by Rosenstock
et al. and Ille et al. used the KPS score, which is a widely used
tool to measure the functional performance of cancer patients,
it is not really a direct measure of motor function [19].

Heterogeneity in study populations across studies also
likely contributed to variability in results. Only the study by
Ille et al. showed significant improvement in FMA scores in
the rTMS group compared to the sham group. The study has
more rigorous inclusion criteria, enrolling only patients with
documented subcortical ischemia on post-operative imaging
and preserved motor evoked potentials (MEPs). A drop or loss
of MEPs during intraoperative monitoring in brain tumor sur-
gery is a neurophysiological marker of a permanent motor def-
icit [20]. Conversely, preserved MEPs is indicative of less se-
vere injury and can be predictive of a potential for motor re-
covery. In the subgroup analyses done in the studies by
Rosenstock et al. and Engelhardt et al., treatment effects are
more pronounced in patients with weakness due to subcortical
ischemia rather than direct injury to the motor cortex. This is
similar to what is observed in stroke patients with subcortical
infarcts treated with rTMS [21, 22], indicating that rTMS can
better induce neuroplasticity and motor recovery in this sub-
group of patients.

Both the studies of Engelhardt et al. and Ille et al. used TMS
protocol with a stimulation of 1 Hz for 15 min (900 pulses) at
an intensity of 110% resting motor threshold applied to the
contralateral hemisphere handled perpendicular to the gyrus

of the brain. However, in the studies of Rosenstock et al. and
Ille et al., there are a number of TMS protocol used based on
the institutional practice. The lack of a standard protocol, spe-
cifically for brain tumor patients, makes it also difficult to
make a conclusion based on this review.

As to the safety of TMS, all the studies included reported
no serious adverse events in the duration of the study. Head-
ache, nausea, dizziness, fatigue and scalp discomfort were the
adverse events reported. The lack of seizures after TMS use in
the 199 brain tumor patients included in this review is further
reassuring that it can be used safely in neuro-oncologic pa-
tients, given that these patients are seen to be at higher risk for
seizures. However, the overall risk must be evaluated on a
case-by-case basis.

6. Conclusion

TMS might be a promising tolerable therapy for acute post-
surgical paresis after brain tumor resection to improve motor
recovery, especially in a select cases related to subcortical is-
chemia. However, it should be noted that more research is
needed to adequately account for confounding variables and
the standardization of TMS protocol administered to patients.
Once this is achieved, a facilitation of motor recovery using
TMS could potentially reduce the disease burden in patients,
leading to a better tolerability of adjuvant treatments, faster
return to work and higher quality of life.

7. Limitations

The findings of this systematic review should be interpreted
in light of several limitations. First, the available evidence is
characterized by substantial heterogeneity across studies, in-
cluding differences in patient populations, stimulation targets,
TMS protocols used, outcome measures, and follow-up peri-
ods. This variability limits the comparability of studies and re-
duces the ability to draw definitive conclusions regarding ef-
ficacy and safety. Second, although numerous therapeutic pro-
tocols have been explored and varying degrees of clinical suc-
cess have been reported, the current evidence base remains
largely constrained by methodological inconsistencies. These
factors may contribute to variability in treatment response and
limit the generalizability of findings and scores received by
the patients. Lastly, the mechanisms underlying differential re-
sponsiveness to TMS in brain tumor patients remain insuffi-
ciently understood. Accordingly, larger prospective studies
with robust methodological design, standardized protocols,
and well-defined outcome measures are warranted to better
delineate the therapeutic efficacy of TMS and to identify reli-
able predictors of motor strength recovery.
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