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The Role of Theta Burst Stimulation in Multiple Sclerosis Management
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Abstract

Objective: Current therapies for multiple
sclerosis (MS) often have limited efficacy
and side effects, necessitating alternative
approaches. Noninvasive brain
stimulation (NIBS), such as transcranial
direct current stimulation and transcranial
magnetic stimulation (TMS), offers
potential solutions. Among NIBS
techniques, theta burst stimulation (TBS) is
notable for its ability to modulate cortical
activity. The objective of this systematic
review is to assess the impact of TBS on
MS symptoms.

Data Sources: The study conducted
rigorous systematic searches in
PubMed, Google Scholar, and Scopus
databases up to June 2023, using
specific Medical Subject Headings
terms related to NIBS and MS, such as
TMS and TBS, in conjunction with terms
like MS or demyelinating disease.
Additionally, the bibliographic
references of included studies, book
chapters, and original articles were
manually reviewed.

Study Selection: The study selection
process involved a 2-tiered screening

mechanism, beginning with a scrutiny of
titles and abstracts, followed by a full-text
review for selected articles. Inclusion
criteria focused on qualitative studies
exploring the experiences of elderly
individuals with diabetes in self-
management, with participants aged

60 years and above. Exclusion criteria
included studies not aligned with
qualitative methodologies, those not
focusing on self-management in older
individuals with diabetes, and secondary
evidence. Risk of bias assessment was
conducted using the Cochrane Risk of
Bias 2 Scale for Randomized Controlled
Trials.

Data Extraction: Data extraction was
conducted by thoroughly reviewing each
research article and systematically
recording the relevant information using
a standardized data extraction form,
ensuring consistency and accuracy
throughout the process.

Results: In a systematic review
encompassing 5 randomized controlled
trials involving 117 individuals with
relapsing-remitting or secondary
progressive MS across Italy, France,
and Russia, various forms of TBS were

applied. These interventions ranged
from intermittent TBS (iTBS) to
continuous intermittent TBS (c-iTBS)
that demonstrated favorable outcomes.
Notably, TBS interventions led to
significant reductions in spasticity,
fatigue, and pain, with c-iTBS
combined with vestibular rehabilitation
showing additional improvements

in vestibular-ocular reflexes, gait,

and balance. While specific protocols
varied among the studies, collectively, the
results suggest promise for TBS
approaches in alleviating MS-related
symptoms.

Conclusions: The findings of this
review suggest that TBS may hold
promise in addressing specific MS
symptoms, notably fatigue and
spasticity. Future research should
include a more diverse participant pool
to explore TBS effects across different
MS subtypes and aim for larger sample
sizes to enhance statistical power and
result reliability.

Prim Care Companion CNS Disord
2024,26(2):23r03645

Author affiliations are listed at the end of this article.

ultiple sclerosis (MS) is a prevalent autoimmune

inflammatory disorder affecting the central

nervous system, characterized by the
involvement of multiple white matter tracts and
gray matter atrophy.! Its profound impact on young
adults, serving as the leading nontraumatic cause of
neurological disability, underscores its clinical
significance.? The diverse array of symptoms arising from
MS includes motor and sensory deficits, pain, vision
issues, cognitive impairment, fatigue, psychiatric

manifestations, and spasticity. These symptoms are
contingent upon the extent and localization of neural
damage.® In the quest for efficacious treatments with
minimal adverse effects, the challenge is substantial.!?

While current disease-modifying therapies often yield
unsatisfactory results with notable side effects in many
patients, the need for alternative treatments is apparent.
Consequently, a multidisciplinary approach and
nonpharmacologic interventions have been advocated
to manage MS symptoms.*> Within this context,
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Clinical Points

« Theta burst stimulation (TBS) interventions hold promise in
reducing fatigue, a common and debilitating symptom in
multiple sclerosis (MS).

. Specific TBS techniques have shown effectiveness in
reducing spasticity, especially in cases of relapsing-
remitting MS.

- A multidisciplinary approach, combining TBS with other
therapies, may offer comprehensive benefits in managing
various MS symptoms.

noninvasive brain stimulation (NIBS) has emerged

as a potential avenue for counteracting maladaptive
plasticity.® The therapeutic potential of NIBS extends
across various neurological and psychiatric conditions.”
Prominent among the NIBS techniques are transcranial
direct current stimulation (tDCS), transcranial magnetic
stimulation (TMS), transcranial random noise stimulation,
transcranial alternating current stimulation, and cranial
electrotherapy stimulation.®° While tDCS applies
weak electrical currents between scalp electrodes to
modulate neuronal transmembrane potential in a
polarity-dependent manner, TMS employs a magnetic
field to induce electrical changes in the brain. These
techniques exhibit distinct modes of action to influence
neural activity.®-1!

Of note, among these techniques, theta burst
stimulation (TBS) has emerged as a compelling method
for cortical modulation. TBS, a form of high-frequency
repetitive TMS (rTMS), introduces an alternative to
conventional rTMS protocols, allowing more rapid
delivery of pulses with comparable outcomes. TBS
comprises 2 primary types: intermittent TBS (iTBS),
characterized by an interval pattern that facilitates
cortical activity, and continuous intermittent TBS
(c-iTBS), featuring a continuous pattern that suppresses
cortical excitability.'>!® Both tDCS and TMS exhibit
sensitivity to various parameters including stimulus
region, intensity, duration, and neural network state.'*!>
This state-dependent nature mandates a well-designed
therapeutic approach to drive neuroplasticity.'®

Several studies have delved into the various NIBS
techniques on MS including 3 systematic reviews.!”-?
Despite that, there have been no articles specifically
investigating TBS in MS patients. The existing literature
presents conflicting outcomes on distinct MS symptoms
such as pain, fatigue, cognitive impairment, motor
ability, and spasticity.® Discrepancies in methodologies
across studies and variations in sample sizes contribute
to this inconsistency. The resulting lack of consensus
impedes the establishment of TBS as a definitive
therapeutic strategy for MS symptoms. Addressing this
knowledge gap is imperative for advancing TBS use as a
viable approach in the management of MS symptoms.
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METHODS

This systematic review meticulously followed the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines; however, the
limited availability of clinical studies rendered the
execution of a meta-analysis impractical. The procedures
of this review were carried out in strict accordance with
the 2015 PRISMA recommendations.?’ This is depicted
in Figure 1.

Search Methodology

In a rigorous and comprehensive manner, we
conducted systematic searches across multiple databases,
including PubMed, Scopus, and Google Scholar. This
search encompassed the period until June 2023, and it
was guided by a meticulously crafted search strategy
featuring specific Medical Subject Headings (MeSH)
terms such as TMS and TBS, in conjunction with terms
like MS or demyelinating disease. For detailed insight into
the complete research strategy, refer to Table 1.

In addition to electronic database searches, we
extended our exploration by manually scrutinizing the
bibliographic references of the studies included, along
with perusing relevant book chapters and original
articles, as a supplementary effort following the primary
search. Prior to progressing to the selection phase, a
standardized approach was established through
consensus between 2 reviewers (D.F.L and M.P.). Moving
forward, the titles and abstracts of potential studies were
meticulously evaluated by these reviewers
independently. In the event of any disparities, resolutions
were achieved through comprehensive discussions or
consultation with a third author (A.G.). Subsequently,
primary reviewers independently evaluated the full texts
of the studies.

Study Selection

The process of study selection followed a
comprehensive 2-tiered screening approach. Initially, a
meticulous examination was conducted on the titles and
abstracts of relevant articles. Any inconsistencies were
rigorously reviewed and resolved through discussion. In
cases where disagreements persisted, the publications
in question advanced to the full-text review phase.
Subsequently, the full texts of articles that successfully
passed the initial screening were subjected to in-depth
analysis by 2 independent reviewers. Any remaining
disparities were thoroughly discussed, and if necessary, a
third reviewer was engaged to mediate and resolve any
lingering disagreements.

Inclusion Criteria

Our article selection criteria were designed to ensure
the quality and relevance of our chosen studies. We
prioritized randomized controlled trials (RCTs) for their
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Figure 1.

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Flowchart lllustrating the Systematic Review Process
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Table 1.

MeSH Search Term Strategy

PubMed ((“Transcranial Magnetic Stimulation”[Mesh] OR “transcranial magnetic
stimulation”[tiab] OR TMS[tiab] OR rTMS[tiab] OR “motor cortex stimulation”[tiab] OR
MCSJ[tiab] OR “cranial electrotherapy stimulation”[tiab] OR CES]tiab]) AND(Multiple
Sclerosis[Mesh] OR Demyelinating Disease[TIAB] MS*[TIAB])

Scopus TITLE-ABS-KEY (“transcranial stimulation” OR “Transcranial Magnetic Stimulation” OR

“tms” OR rtms OR “motor cortex stimulation” OR “mcs” OR “cranial electrotherapy
stimulation” OR “ces”) AND (“Multiple Sclerosis” OR MS OR “Demyelinating Disease”)

Google Scholar

((“transcranial magnetic stimulation” or “TMS” or “transcranial magnetic stimulation”
or “TBS” or “theta burst stimulation” or “theta-burst stimulation”)) AND((“multiple

sclerosis”))

rigorous methodology. Studies had to incorporate TBS
as an essential part of their research. Additionally,
participants were required to have a diagnosis of MS,
regardless of the subtype. This approach allowed us

to include a broad spectrum of MS cases. These strict
criteria aimed to guarantee methodological soundness
and direct relevance to MS in the selected research,
enhancing the quality and applicability of our analysis.
A restriction based on language led to the inclusion of
solely English studies.

Exclusion Criteria

Our exclusion criteria were employed to refine our
selection process further. We excluded studies that
deviated from qualitative methodologies, as our primary
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focus was on rigorous, evidence-based research.
Additionally, we eliminated studies that did not involve
participants diagnosed with MS, as our analysis was
geared towards understanding MS-related factors.
Studies that did not have a clear emphasis on TBS were
also excluded to maintain the specificity of our review.
Finally, non-RCTs were not included to ensure the
highest methodological quality in the selected articles.
These exclusion criteria were essential to maintain the
coherence and relevance of our study selection.

Assessment of Risk of Bias

Following the removal of duplicates, items were
assessed for relevance based on title and abstract. Full-
text appraisal and risk of bias were conducted by
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2 reviewers (D.F.L. and M.P.) on studies deemed
potentially eligible using the updated 2008 Cochrane Risk
of Bias 2 Scale for Randomized Controlled Trials.?! We
used specific criteria (low, some concerns, and high) to
classify the risk of bias shown in Table 2. In the event of
debate, a third reviewer (A.G.) made the final
determination; however, this was not necessary in the
case of this systematic review. Eligible studies were then
subjected to data extraction.

RESULTS

A total of 5 RCTs met the established inclusion
criteria and became part of the comprehensive systematic
review. Among these, 3 studies occurred in Italy with the
rest in France and Russia. The cumulative studies
encompassed 117 individuals, with individual study
samples ranging from 16 to 34 participants. The focal
demographic across all the included publications was
a specific population aged 33—-59 years, all of whom had
been diagnosed with relapsing-remitting MS (RR-MS)
or secondary progressive (SP) MS. A condensed
overview of the incorporated studies is shown in
Table 3.

In both 2010 and 2011, Mori et al*>?*® employed iTBS
targeting the leg area of the primary motor cortex
contralateral to the affected limb. This stimulation was
administered for 15 minutes daily over 10 days spanning
2 weeks, with an intensity set at 80% of the individual’s
active motor threshold. Both studies used a total of
600 pulses that included concomitant exercise therapy
(ET). Similarly, Boutiere et al** utilized iTBS, focusing on
the leg area of the primary motor cortex contralateral to
the affected limb. However, their stimulation protocol
spanned 13 days, maintaining the same intensity and pulse
count. Korzhova et al*® adopted iTBS targeting the right
and left primary motor cortex for 10 minutes daily over
10 days distributed across 2 weeks. Their stimulation
intensity was set at 80% of the motor threshold for
motor-evoked potentials, employing 1,200 pulses and
concomitant physical therapy. In contrast, Tramontano
et al?® implemented c-iTBS, targeting the right and left
cerebellum for 20 minutes daily over 10 days in 2 weeks,
without specifying intensity or pulse count. Their
concomitant therapy consisted of vestibular rehabilitation
(VR). This diversity in stimulation protocols reflects the
heterogeneity among the included studies, offering
valuable insights into the variations in approaches to TBS
interventions for MS. The characteristics of all the studies
are summarized in Table 4.

Mori et al?? utilized iTBS-ET and found a significant
reduction in spasticity scores, as assessed by the Modified
Ashworth Scale (MAS), compared to the sham
group. In 2011, the same authors? reported positive
outcomes with iTBS-ET, demonstrating significant
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decreases in both spasticity (MAS) and fatigue (Fatigue
Severity Scale) scores compared to sham. Similarly,
Boutiére et al** observed that the iTBS group exhibited
significant improvements or reductions in spasticity,
assessed by the visual analog scale (VAS), in comparison
with the sham iTBS group. Korzhova et al*® showed that
iTBS significantly reduced spasticity, fatigue, and pain
scores compared to sham. Lastly, Tramontano et al*®
implemented c-iTBS-VR and noted significant
enhancements in vestibular-ocular reflexes, gait, and
balance compared to those who received sham iTBS-VR
treatment. Table 5 summarizes the results of all the
included studies, providing insights into the impact of
different types of TBS on various assessments related to
MS symptoms.

Overall, in terms of TBS effects on fatigue, 80 patients
were evaluated through 3 studies.?®?>2¢ There was a
significant decrease in fatigue in favor of TBS
intervention compared with sham. There was only
1 study that used c-iTBS and 2 studies that used
iTBS.?325:26 For motor performance, there was only
1 study with 16 patients? that used iTBS and evaluated
the motor performance by T25FW (timed 25-foot walk)
and 9HPT (9-hole peg test). There was no strong
evidence showing iTBS effectiveness on motor
performance. On spasticity, 4 studies of 101 patients
investigated the TBS effects, and all 4 showed a
significant effect of TBS on spasticity improvement as
summarized in Figure 2.22-2°

DISCUSSION

In summary, the study’s findings indicate that TBS
holds promise for the reduction of fatigue and spasticity
in MS. Additionally, a multidisciplinary approach,
combining TBS with other therapeutic modalities, may
offer comprehensive benefits for MS patients, emphasizing
the importance of tailored treatment strategies. However,
these positive outcomes are primarily observed in the
context of RR-MS, and further research is needed to
understand TBS’s effects on other MS subtypes.

Clinical Care of Patients

The findings of this systematic review indicate a
significant reduction in fatigue among individuals
with MS following TBS interventions. Notably, the
evidence supporting the positive impact of TBS on
fatigue is primarily observed in patients with RR-MS.
The included studies demonstrated consistent and
favorable outcomes, emphasizing the potential clinical
implications of TBS in managing fatigue in this
specific subtype of MS. The effective TBS protocols for
addressing fatigue varied among the studies. Mori et al*
utilized iTBS targeting the leg area of the primary motor
cortex contralateral to the affected limb. The stimulation
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Table 2.
Risk of Bias Assessment’
Variable Mori et al* Mori et al® Boutiere et al* Korzhova et al® Tramontano et al*®
Bias arising from the randomization process ? ? - ? +
Bias due to intended intervention deviations + ? + + +
Bias due to missing outcome data ? + + ? +
Bias in measurement of the outcome + ? ? + ?
Bias in selection of the reported result + + + + ?
Overall risk of hias + ? + + +
2+ = low, — = high, ? = unclear risk of bias.
Table 3.
Sample Characteristics of the Studies

MS type Duration Age,
Author Country Year Subjects, n (active/sham) EDSS of MS, y Sex mean, y
Mori et al® Italy 2010 20 RR: 10/10 Not reported 8.6/9 7 female/6 female 44.4/44.3
Mori et al® Italy 20M 30 RR: 10/10/° 3.6/3.8 NR 3 female/4 female 39.1/31.7
Boutiére et al* France 2016 17 RR: 3/1; SP: 6/7 6/6 12.218.7 4 female/4 female 48.2/55.4
Korzhova et al® Russia 2019 34 SP:12/10 6.5 4-20 not reported 45
Tramontano et al*® Italy 2020 16 SP: 5/4; PP: 3/4 5.8/5.7 18.1/18.8 6 female/5 female 51.9/51.6

°Third group of 10 was unblinded.
Abbreviations: EDSS = Expanded Disability Status Scale, PP = primary progressive, RCT = randomized controlled trial, RR = relapsing-remitting, SP = secondary progressive.

Table 4.

Study Characteristics

Author Type of TBS Stimulation area Duration Intensity  No. of pulses Coil type

Mori et al® Intermittent Leg area of PMC-CL on affected limb 15 min for 10 d over 2wk~ 80% AMT 600 Not reported
Mori et al® Intermittent Leg area of PMC-CL on affected limb 15 min for 10 d over 2 wk ~ 80% AMT 600 Not reported
Boutiere et al* Intermittent Leg area of PMC-CL on affected limb 13d 80% AMT 600 Not reported
Korzhova et al® Intermittent Right and left M1 10 min for 10 d over 2wk ~ 80% MSP 1,200 Figure-8—shaped coil
Tramontano et al® Continuous intermittent  Right and left cerebellum 20 min for 10 d over 2 wk  Not reported  Not reported  Figure-8—shaped coil

Abbreviations: AMT = active motor threshold, M1= primary motor cortex, MEP = motor-evoked potentials, PMC-CL = primary motor cortex—contralateral, TBS = theta burst
stimulation.

Table 5.

Study Results

Author Type of TBS Concomitant therapy Assessment Results

Mori et al? Intermittent ET MAS iTBS-ET significantly decreased spasticity compared to sham

Mori et al® Intermittent ET MAS, FSS, iTBS-ET significantly decreased spasticity and fatigue compared to sham
MSSS-88

Boutiére et al* Intermittent ET MAS, VAS iTBS-ET significantly decreased spasticity compared to sham in VAS but not

significantly in MAS

Korzhova et al® Intermittent PT MAS, SESS, iTBS significantly reduced pain, fatigue, and spasticity scores following the
MFIS, Pain stimulation course

Tramontano et al® Continuous VR TBG, BBS, c-iTBS-VR significantly reduced fatigue and enhanced vestibular-ocular reflexes; it

intermittent FSS, 2MWT, significantly improved gait and balance compared to sham

T25FW

Abbreviations: BBS = Berg Balance Scale, c-iTBS = continuous intermittent theta burst stimulation, ET = exercise therapy, FSS = Fatigue Severity Scale, iTBS = intermittent
theta burst stimulation, MAS = Modified Ashworth (spasticity) Scale, MFIS = Modified Fatigue Impact Scale, MSSS-88 = Multiple Sclerosis Spasticity Scale, PT = physical
therapy, SESS = Subjective Evaluating Spasticity Scale, T25FW =timed 25-foot walk, TBG = Tinetti Balance and Gait Scale, TBS =theta burst stimulation, VAS = visual analog
(spasticity) scale, VR = vestibular rehabilitation, 2MWT = 2-minute walking test.
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Abbreviations: MS=multiple sclerosis, TBS=theta burst stimulation.

was administered for 15 minutes daily over 10 days, with
an intensity set at 80% of the individual’s active motor
threshold. This protocol, combined with concomitant ET,
resulted in significant decreases in both spasticity and
fatigue scores compared to sham interventions. The positive
outcomes highlight the potential of iTBS as a promising
approach for managing fatigue in RR-MS patients.

The findings of this systematic review also revealed a
significant reduction in spasticity among individuals with
MS, particularly in the context of RR-MS. The evidence
suggests that RR-MS patients experienced notable
improvements in muscle spasticity following TBS
interventions. The effective TBS protocols for addressing
spasticity were heterogeneous across the studies. Mori
et al,>>% Boutiére et al,>* and Korzhova et al* all employed
iTBS targeting various areas such as the leg area of the
primary motor cortex contralateral to the affected limb
or the right and left primary motor cortex. The
stimulation durations varied from 10 to 15 minutes daily
over 10 to 13 days. The intensity was set at 80% of the
motor threshold, with pulse counts ranging from 600 to
1,200. These iTBS protocols consistently led to
significant reductions in spasticity scores, emphasizing
the potential efficacy of iTBS in addressing spasticity in
RR-MS patients. It is noteworthy that c-iTBS applied to
the cerebellum in the study by Tramontano et al*® did
not show significant improvements in spasticity but
demonstrated enhancements in motor functioning,
suggesting potential protocol-specific effects.

Limitations

This review possesses several strengths, such as the
consistent and positive outcomes observed in managing
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fatigue and spasticity using TBS interventions among
MS patients. However, it is not without its limitations.
The review primarily focused on the RR-MS subtype,
limiting our understanding of TBS’s effects on other MS
subtypes. The influence of disease-modifying therapies
on TBS effects remains challenging to estimate,
highlighting the need for future studies to control for
these therapies. Additionally, inclusion of only English-
language studies may limit the generalizability of the
findings to non—English-speaking populations. The
small sample sizes in most studies may also restrict the
generalizability of the results. To enhance the
statistical power and reliability of future investigations,
researchers should aim for larger sample sizes.

CONCLUSION

While TBS has gained attention as a promising
therapeutic approach for individuals with MS, this
review underscores the need for further research to
harness its full clinical potential. The findings of this
review suggest that TBS may hold promise in addressing
specific MS symptoms, notably fatigue and spasticity.
The observed reduction in fatigue levels and
improvements in spasticity following TBS interventions
are encouraging developments. However, it is crucial to
recognize that the existing evidence is primarily derived
from studies focusing on RR-MS and involves relatively
small sample sizes. This limitation emphasizes the
necessity for broader investigations encompassing
different MS subtypes and larger, more diverse patient
populations.
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