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Abstract

We evaluated the effect of repetitive trans-spinal magnetic stimulation (TSMS) in patients with Parkinson’s disease (PD) in
arandomised, single-blind study. Participants were hospitalised and administered a single trial of rTSMS or sham treatment
2 days a week for 4 weeks. In addition, all participants underwent rehabilitation 5 days a week for 4 weeks. The primary
outcome was the difference between the two groups in the mean change from baseline to post-training in the total score on the
Unified Parkinson’s Disease Rating Scale (UPDRS). Secondary endpoints included the differences between the two groups
in the mean change on the UPDRS part III (motor) score and the Timed Up and Go (TUG) score. Eligible participants were
randomly assigned to either the rTSMS group (n=50) or sham group (n=50). The between-group difference in mean change
in the total UPDRS score was 10.28 (95% confidence interval (CI), 4.42 to 16.13; P=0.014) immediately after intervention
from baseline, 5.04 (95% CI, —5.41 to 15.50; P=0.024) 3 months after intervention from baseline and 2.38 (95% CI, 7.18 to
11.85; P=0.045) 6 months after intervention from baseline. Significant differences between groups in UPDRS part IIT and
TUG scores were maintained more strictly than those in the UPDRS total score. These results strongly indicate that rTSMS
promotes the effect of rehabilitation on motor function in patients with PD.

Keywords Parkinson’s disease - rTSMS - Repetitive trans-spinal magnetic stimulation - SCS - Spinal cord stimulation -
TUG - Timed up and Go - UPDRS

Abbreviations Introduction

FAB Frontal Assessment Battery

FM Functional mobility Parkinson’s disease (PD) is a progressive neurodegenera-
FOG Freezing of gait tive disorder caused by the loss of dopaminergic neurons
PD Parkinson’s disease in the nigrostriatal system [1]. Various pharmacological
rTSMS  Repetitive trans-spinal magnetic stimulation approaches, of which L-dopa administration is the most
SCS Spinal cord stimulation effective, have been used to improve the motor symptoms by
TUG Timed Up and Go supplementing the striatal dopamine deficiency [2]. Despite
UPDRS Unified Parkinson’s Disease Rating Scale its initial efficacy, long-term administration of L-dopa results

in a decrease or fluctuation in the clinical response and
causes several adverse effects [2]. Most patients with PD
B4 Takao Mitsui continue to experience a wide range of motor and non-motor
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initially respond to DBS, such improvements are usually
not sustained over the long term [10, 12].

A subset of patients shows a severe postural abnormality
called camptocormia that is a significant disability in daily
life, and the estimated prevalence varies widely from 3 to
17.6% in patients with PD [5]. Camptocormia, usually resist-
ant to antiparkinsonian drugs as well as other treatments, is
usually progressive and causes significant disability in these
patients, increasing the risk of fall and related injuries and
reducing the quality of life. Spinal cord stimulation (SCS)
has been used for several decades as a minimally invasive
neuromodulation strategy for the treatment of patients with
chronic pain [13]. SCS was recently shown to be particu-
larly effective in patients with Parkinson’s disease related
to pain and/or postural abnormalities [14—16]. In a previous
study, we focused on repetitive trans-spinal magnetic stimu-
lation (rTSMS), which demonstrated a significant reduction
in lumbago through antinociceptive effects similar to SCS
[17]. We reported short-term outcomes of rTSMS on camp-
tocormia in patients with PD [18]. During the study period,
we observed that rTSMS was also effective for improving
the motor symptoms as well as postural abnormalities for a
few days. In this study, we planned to investigate the long-
term effects of rTSMS on motor symptoms in a randomised,
single-blind, sham-controlled trial among patients with PD.

Patients and Methods
Patients

The study participants were recruited from patients with PD
attending the Tokushima National Hospital. They were initially
screened by a neurologist. Potentially eligible patients who met
the initial inclusion criteria were referred to our research labora-
tory, where they were re-evaluated. Eligibility criteria included
a clinical diagnosis of PD with a disease severity rating of
stages 3—4 on the Hoehn and Yahr scale [5] (age 5085 years),
with stable medication (antiparkinsonian drugs that have not
been changed in at least the last 6 months), medical clearance
for participation and willingness to participate in the treatment
and outcome testing. The patients fulfilled the established cri-
teria for the diagnosis of Parkinson’s disease according to the
Parkinson’s Disease Society of UK Brain Bank [19]. Patients
with the following characteristics were excluded from the study:
ongoing DBS therapy, implanted pacemakers, history of lum-
bar spine surgery and metal implants, current participation in
any other behavioural or pharmacologic studies or presence
of debilitating conditions that would hamper full participation.
Additionally, patients who received additional antiparkinsonian
drugs or switched therapy during the rTSMS/sham stimulation
were considered as dropouts.
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Randomisation and Masking

As shown in Fig. 1, we recruited 132 patients, and eligible
participants (n=100) were randomised to one of the two
intervention groups in a ratio of 1:1 through a permuted
block randomisation with implemented concealment of
allocation. Randomisation was computer generated (Stata
version 12) after obtaining informed consent and base-
line assessments for 100 participants. The baseline data
included age, sex and Hoehn and Yahr scale. This was
followed by assessments for motor disability, including
Unified Parkinson’s Disease Rating Scale (UPDRS) scores
[20]. The randomisation sequence was generated by a team
from the clinical trial centre, which was not associated
with the present study. The randomisation schedule was
maintained by a research assistant, who delivered it to the
operator in a sealed envelope. The assessors who were not
involved in the treatment program and were not informed
about the patient groups transmitted the data with names
of participants replaced by numbers to the data centre.
The study investigators, patients, physiotherapists, occupa-
tional therapists, nurses and caregivers, but not the opera-
tor of the magnetic stimulator, were blinded to the group
allocations. Blinding was strictly maintained by emphasis-
ing to the assessors the importance of minimising assess-
ment bias and regular checking of the blinding status. Par-
ticipants were instructed not to reveal their rehabilitation
program to the study assessors throughout the study. In
the data centre, the analysts worked with anonymised data.
Treatment allocation remained masked until the database
was locked.

Procedures

We assigned patients to either the sham group or the
rTSMS group as outlined schematically in Fig. 1. Mag-
netic stimulation was performed according to a previous
report with minor modifications [18]. Briefly, we used a
MagPr0® (Medtronic Inc., USA) generator connected to a
butterfly coil (MC-B70; MagVenture) or a placebo butterfly
coil (MC-P-B70; MagVenture). The coil was centred on the
skin over the spine. The target of magnetic stimulation was
focused on Th12-L1, aiming at lumbar spinal cord enlarge-
ment, which is a promising target of SCS for treatment of
PD [21]. The sham coil looks, acts and sounds like the
active coil but prevents the magnetic field from reaching
the target tissue through interception by a built-in shield
plate. Subjects were seated with upper limbs relaxed, and
rTSMS at 5 Hz was delivered in 10 trains of 1-s duration
with 10-s inter-train intervals (50 total stimuli delivered).
Patients were informed that rTSMS or sham stimulation
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Fig.1 Trial profile. rTSMS,
repetitive trans-spinal magnetic
stimulation
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would be applied to the centre of their lower back, but
which treatment was actually applied was not disclosed. To
minimise the inherent fluctuations in response, all partici-
pants received magnetic stimulation from 3:00 to 3:30 PM.
In our previous study, we observed that magnetic stimula-
tion had an effect on postural abnormalities for approxi-
mately 3 days. In addition, the patients appeared to have
improved gait during 3 days. Hence, we set the magnetic or
sham stimulation to twice a week (Monday and Thursday)
for 4 weeks in this study.

Rehabilitation

Participants were hospitalised and received rehabilitation by
a personal unit until they were discharged from the hospital
4 weeks later. Patients in the rTSMS and sham groups were
scheduled to undergo a total of 75 h of rehabilitation during
the 4-week hospital stay. All participants received a simi-
lar regimen involving the physical therapist, occupational

l—>| 5 patients lost to follow-up

l—.| 7 patients lost to follow-up

6-month follow up
assessment (n=32)

therapist and speech-language-hearing therapist. The pro-
gram included two categories of training: multidisciplinary
rehabilitation consisting of conventional training of passive
and active movements, as reported previously [22]. The
schedule for rehabilitation had a fixed daily routine. Speech-
language therapy, physical therapy and occupational therapy
were provided from 9:00 AM to 10:00 AM, 1:00 PM to 2:00
PM and 2:00 PM to 3:00 PM, respectively.

Outcomes

The primary endpoint was the difference between the
rTSMS and sham groups in the mean change in the total
score on the UPDRS from baseline to 0 months, 3 months
and 6 months after the last active/sham stimulation. The
UPDRS includes subscales of mental function, activi-
ties of daily living and motor function; total scores on the
scale range from O to 176, with higher scores indicating
more severe disease [20]. Secondary endpoints were the
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difference between the rTSMS and sham groups in the mean
change in the Timed Up and Go (TUG) score and UPDRS
motor (part IIT) score from baseline to month 0, month 3
and month 6. The TUG test, specifically designed to meas-
ure functional mobility including the three anchors of the
concept, i.e. gait, balance and postural transitions [23, 24],
measures in seconds the time that a patient takes to stand
up from a chair, walk 300 cm, make a 180° turn around a
traffic cone and return to his or her original sitting position.
Additional secondary endpoints included the difference in
the mean change from baseline to post-intervention in gait
speed, stride, the number of steps, the score of Simple Test
for Evaluating Hand Function [25] (STEF, a simple evalu-
ation method test for functional motor assessment of the
upper arm, comprises 10 subtests, and the time required to
complete each test is divided into 10 stages, scoring from 1
to 10 points), the score on flexion angle of the thoracolum-
bar spine in the standing position obtained by measuring the
angle between the vertical plane and a line passing through
the trochanter and the edge of the acromion, and the Frontal
Assessment Battery (FAB) (a brief battery of six neuropsy-
chological tasks designed to assess frontal lobe function at
bedside; scores range from 0 to 18, with lower scores indi-
cating greater frontal lobe dysfunction) [26]. For gait analy-
sis, we used a sheet-type loading force sensor (MW-1000;
Anima Inc., Tokyo, Japan). Patients walked for 10 m three
times on a flat force plate, and the average walking speed,
the stride length and the number of steps were measured.
All motor functions, including UPDRS, TUG and gait, were
assessed when the patients were in the ON state. Assess-
ment at the time of post-intervention “0 M” was performed
4 days after the last active/sham stimulation.

Statistical Analysis

We used linear mixed model analysis based on multiple
imputations to evaluate the robustness of the results and
address the missing data. Linear mixed model analyses for
repeated measures were performed for each of the outcome
measures, with group and time entered as fixed effects. Post
hoc analyses with the Bonferroni correction for multiple
comparisons were performed when statistical significance
was observed in the repeated measures analysis. Two-sided
P values less than 0.05 were considered statistically signifi-
cant. Analyses were performed using the Statistical Pack-
age for the Social Sciences (SPSS) software version 25. A
sample size was calculated to detect a between-group differ-
ence of 12 in the primary outcome, UPDRS with a standard
deviation of 16.3, a type I error of 5% and a power of 80%
[22]. At least 43 patients were needed in each group to allow
a dropout rate of 25%.
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Monitoring of Adverse Events

Safety during the intervention phase was monitored by (i)
recording of adverse events that occurred during stimulation,
(ii) daily records by rehabilitation therapists and nurses and
(iii) structured weekly screening by the intervention thera-
pists for any adverse events (AEs) lasting longer than 48 h
related to therapy. The study investigators monitored the
safety information and decided to continue or discontinue
the study depending on the severity of AEs. During the fol-
low-up phase, all participants were instructed to report any
AE:s to our coordinator, such as falls, pain or neuropsychiat-
ric symptoms. They were also questioned about the presence
of any AEs at every visit.

Retention and Adherence

Retention was defined by (i) the proportion of participants
who attended the first post-intervention assessment and (ii)
the proportion of participants who completed all follow-up
assessments compared to the number who completed base-
line assessments. Adherence considered the consistency of
participant attendance at the intervention sessions.

Data Availability

Appropriate anonymised data can be made available to qual-
ified investigators on reasonable request. For access, data
requestors will need to sign a data access agreement.

Standard Protocol Approvals, Registrations
and Patient Consents

We conducted the study in accordance with the Interna-
tional Conference on Harmonisation Guidelines on Good
Clinical Practice and the Declaration of Helsinki. The study
was approved by the Tokushima National Hospital Ethical
Review Board (No. 23-04), and all participants provided
written informed consent prior to the initiation of the trial.
This trial is registered with the UMIN Clinical Trials Reg-
istry (UMINO000014159).

Results
Patients

Potential study participants were recruited from June 2014
to December 2018. Individuals considered eligible after
screening were provided informed consent forms followed
by a baseline evaluation. Those who meet all the study cri-
teria were informed about the research procedures. After
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completing baseline assessments and providing informed
consent, 100 patients with PD were enrolled and randomised
to the rTSMS or sham groups (Fig. 1). Table 1 presents the
demographic and baseline clinical characteristics of the
study population. The treatment groups were similar with
respect to age (P=0.15), disease duration (P=0.06), levo-
dopa equivalent daily dose (LEDD) (P=0.63), UPDRS
score (total UPDRS, P=0.95; part 1, P=0.344; part 2,
P=0.52; part 3, P=0.17; part 4, P=0.34), TUG score
(P=0.34), STEF scores (right, 0.050 and left, 0.60), flex-
ion angle of the thoracolumbar spine (P=0.17) and FAB
(P=0.054).

Outcomes
The change in total UPDRS score, the primary endpoint,

from baseline to post-training (0 M) was 21.78 + 18.03
(mean =+ standard deviation) in the rTSMS group and

11.50+10.47 in the sham group (difference 10.28 points;
95% confidence interval (CI), 4.42 to 16.13; P=0.014)
(Table 2 and Fig. 2). The change in the scores from base-
line to month 3 (3 M) was 23.48 +19.78 in the rTSMS
group and 16.93 +42.23 in the sham group (difference
5.04 points; 95% CI,—5.41 to 15.50; P=0.024). The
change in the scores from baseline to month 6 (6 M) was
15.30+20.22 in the rTSMS group and 14.75 +45.49 in
the sham group (difference 2.38 points; 95% CI, —7.08
to 11.85; P=0.045). For secondary endpoints, the
change in the TUG score from baseline to post-training
was 2.36 +2.26 in the rTSMS group and 0.10+2.84 in
the sham group (difference 2.26 points; 95% CI, 1.24 to
3.28; P=0.001). The change in the scores from base-
line to month 3 was 1.83 +1.88 in the rTSMS group and
1.043 +6.41 in the sham group (difference 2.88 points;
95% CI, 0.34 to 5.4; P=0.001). The change in the scores
from baseline to month 6 was 1.77 +2.07 in the rTSMS

Table 1 Baseline characteristics

rTSMS group (n =50) Sham group (n =50) P value
of two groups

Age, years (SD) 68.66 (8.69) 70.98 (7.30) 0.15
Sex, male/female 24/26 23/27
Disease duration (SD) 7.68 (5.44) 5.74 (5.05) 0.06
Modified Hoehn and Yahr Scale

Score 2 1 0

Score 2.5 0 1

Score 3 19 16

Score 3.5 19 24

Score 4 10 9

Score 4.5 1 0
Use of drugs

Levodopa 45 46

Dopamine agonist 27 25

COMT inhibitor 9 4

MAO-f blockers 13 13

Amantadine 1 1
LEDD (SD) 557.7 (166.8) 532.0 (193.1) 0.63
UPDRS total (SD) 74.94 (24.33) 75.22 (23.23) 0.95
UPDRS I (0-16) (SD) 5.72 (3.35) 6.30 (2.68) 0.34
UPDRS 1II (0-52) (SD) 21.18 (7.81) 22.12 (6.81) 0.52
UPDRS III (0-108) (SD) 46.24 (14.57) 45.24 (15.03) 0.73
UPDRS 1V (0-23) (SD) 1.80 (2.32) 1.56 (2.20) 0.54
TUG (SD) 10.43 (4.29) 11.36 (5.51) 0.34
STEF, right (SD) 84.06 (19.02) 83.88 (13.018) 0.050
STEF, left (SD) 83.36 (20.82) 85.28 (15.07) 0.60
Flexion angle of spine (SD) 19.5 (12.1) 23.2(14.2) 0.17
FAB (SD) 14.80 (2.25) 13.63 (3.20) 0.054

rTSMS repetitive trans-spinal magnetic stimulation, COMT catechol-O-methyltransferase, MAO monoamine
oxidases, LEDD levodopa equivalent daily dose, UPDRS Unified Parkinson’s Disease Rating Scale, TUG
Timed Up and Go test, STEF simple test for evaluating hand function, FAB Frontal Assessment Battery
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Table2 Primary and secondary Outcome rTSMS group* Sham group* Difference between the P value
outcomes groups (95% CI)
Primary endpoints
Change from baseline to post-intervention in total UPDRS score
Baseline 74.94 (24.33) 75.22 (23.23)
Post-intervention 53.16 (21.43) 63.72 (20.96)
Difference 21.78 (18.03) 11.50 (10.47) 10.28 (4.42 t0 16.13) 0.014
Change from baseline to month 3 in total UPDRS score
Month 3 51.61 (21.34) 56.81 (16.18)
Difference 23.48 (19.78) 16.93 (42.23) 5.04 (=5.41 to 15.50) 0.024
Change from baseline to month 6 in total UPDRS score
Month 6 59.17 (20.95) 61.18 (17.38)
Difference 15.30 (20.22) 14.75 (45.49) 2.38 (—7.08 to 11.85) 0.045
Secondary endpoints
Change from baseline to post-intervention in TUG score
Baseline 10.43 (4.29) 11.36 (5.51)
Post-intervention 8.06 (2.86) 11.26 (5.28)
Difference 2.36 (2.26) 0.10 (2.84) 2.26 (1.24 t0 3.28) 0.001
Change from baseline to month 3 in total TUG score
Month 3 9.59 (5.35) 12.12 (8.58)
Difference 1.83 (1.88) 1.043 (6.41) 2.88 (0.34 t0 5.40) 0.001
Change from baseline to month 6 in total TUG core
Month 6 9.63 (3.95) 10.70 (6.19)
Difference 1.77 (2.07) 0.17 (2.66) 1.60 (0.04 to 3.15) 0.028
Change from baseline to post-intervention in UPDRS part III score
Baseline 46.24 (14.58) 45.24 (15.01)
Post-intervention 31.71 (13.73) 39.1 (12.84)
Difference 15.16 (14.02) 6.14 (6.86) 9.02 (4.64 to 13.40) 0.016
Change from baseline to month 3 in UPDRS part III score
Month 3 30.56 (11.24) 33.52 (8.11)
Difference 13.93 (14.99) 8.33 (10.28) 5.60 (= 1.30 to 12.50) 0.015
Change from baseline to month 6 in UPDRS part III score
Month 6 32.60 (13.77) 34.90 (10.22)
Difference 14.36 (16.60) 7.43 (6.93) 6.93 (—0.89 to 14.76) 0.017

rTSMS repetitive trans-spinal magnetic stimulation, UPDRS Unified Parkinson’s Disease Rating Scale,

TUG Timed Up and Go test

“Data are represented as mean (standard deviation)

group and 0.17 +2.66 in the sham group (difference 1.60
points; 95% CI, 0.04 to 3.15; P =0.028). The differences in
the UPDRS part III score between the groups from base-
line to post-training (9.02 points; 95% CI, 4.64 to 13.4),
month 3 (5.60 points; 95% CI, — 1.30 to 12.50) and month
6 (6.93 points; 95% CI, —0.89 to 14.76) were also signifi-
cant (P=0.016, 0.015 and 0.017, respectively) (Table 2).
The difference between the groups in the mean change of
gait speed and stride from baseline to post-training was
significant (P =0.014 and 0.014, respectively); however,
the difference in the number of steps was not significant
(Table S1). The difference between the groups in the mean
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change in STEF, the flexion angle of the spine or FAB
score from baseline to post-training was not significant
(Table S1).

Safety Outcomes

AEs occurred during or as a direct result of exercise.
Over the course of the study, 21 AEs were reported by
11 subjects (6, rTSMS group; 5, sham group). AEs were
included: falls/injuries (n=2; n=35), back pain (n=2;
n=3), arm pain (n=2; n=1), worsening of insomnia
(n=0; n=1) and dizziness (n=2: n=1), respectively.
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All AEs were easily managed by short rest or symptom-
specific drugs.

Retention, Attendance and Adherence

All patients received a total of eight sessions of magnetic or
sham stimulation over a 4-week period, and we obtained the
pre- and post-intervention assessment data for each patient.
According to the rehabilitation management system used
at our facility, the records of rehabilitation performed by
speech-language therapists, physical therapists and occupa-
tional therapists revealed excellent compliance rates (98% in
the rTSMS group and 99.3% in the sham group). Of the 100
subjects randomised, 66% (33/50) in the rTSMS group ver-
sus 64% (32/50) in the sham group completed the primary
6-month follow-up assessment. Seventeen subjects were
lost to follow-up in the rTSMS group (2, medical unrelated
reasons; 15, personal reasons) and 18 subjects in the sham
group (1, unrelated medical reasons; 17, personal reasons).
Antiparkinsonian medications were not changed for patients
in both groups during the stimulation period. Three patients
in the rTSMS group and five patients in the sham group
had their antiparkinsonian medication changed or additional
drugs added during the follow-up period.

Discussion

In the present study, rTSMS/sham stimulation was per-
formed twice a week for 4 weeks in addition to daily multi-
disciplinary rehabilitation for PD patients. The intervention
reduced the total UPDRS in the rTSMS group by about 21.8
points, compared with 11.5 points in the sham group. The
improvement in the sham group seems to mostly reflect the
effect of the rehabilitation, since our 4-week multidiscipli-
nary rehabilitation improved the total UPDRS by 10.9 points
[22]. The rTSMS group had significantly improved total
UPDRS score and UPDRS part III score for 6 months after
the intervention compared to the sham group. The change in
total UPDRS score from baseline to post-intervention was
10.28 points between groups, which is assessed as a moder-
ate clinical important difference [27]. However, the differ-
ence decreased during the follow-up period and was lost
after 6 months. In contrast, the moderate clinically important
difference in UPDRS part III was maintained throughout
the 6-month period, indicating that rTSMS preferentially
improved the motor function of PD. Since about half of the
improvement in UPDRS scores was attributed to the effects
of rehabilitation, it would be preferable to conclude that
rTSMS significantly enhances the effect of rehabilitation
on the motor function of PD.

During the previous study that examined the effect of
rTSMS on posture in patients with PD complicated with

camptocormia [ 18], we noticed that some patients with gait
freezing walked well immediately after receiving rTSMS
(Video Files 1 and 2). These patients were able to perform
their daily activities with ease for a few days. In recent times,
functional mobility (FM) has been emphasised as an indi-
cator of the quality of daily life in PD. FM incorporates a
person’s physiological ability to move independently and
safely in various environments to accomplish functional
activities or tasks and to participate in the activities of daily
living at home, at work and in the community [23]. In this
study, we adopted TUG, specifically designed to measure
FM including gait, balance and postural transitions, as a
secondary endpoint [23, 28, 29]. We found that a 4-week
rTSMS protocol significantly decreased the TUG score and
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Fig.2 The transition of total scores on the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) (A) and the Timed Up and Go (TUG)
(B) during the entire study period. Columns represent the difference
between groups. Vertical bars denote 95% confidence intervals
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UPDRS part III score for 6 months. The decrease in stride
length and walking speed, which are characteristic of gait
impairment in PD [28], improved following rTSMS; how-
ever, the number of steps, STEF, flexion angle of the spine
or FAB did not improve. We previously reported that rTSMS
significantly reduced the thoracolumbar spine flexion angle
in patients with PD and camptocormia [18]. In this study,
camptocormia was observed only in 3 patients in the rTSMS
group and 4 patients in the sham group, and the difference
in flexion angle was not significant between the two groups.
This suggests that rTSMS has no apparent effect on flexion
angle in patients without abnormal bending posture.

SCS is one of the most common neuromodulation tech-
niques for refractory neuropathic pain. This antinociceptive
effect of electrical stimulation might result from inhibition
of pain transmission by concomitant afferent inputs, termed
gate control [30]. The therapeutic effects of SCS on PD have
received much attention in recent years. The restoration of
locomotor function in rodent models of PD has been vali-
dated in a number of studies since it was first reported in
2009 [31]. In those models, dopaminergic neuronal cell count
[32], tissue dopamine level [33] and expression of tyrosine
hydroxylase (TH) [34] in the striatum and substantia nigra
increased in the SCS group compared to that in the control
group, indicating that SCS promotes neurogenesis. Several
studies have also shown the effectiveness of SCS in PD; SCS
has shown therapeutic effects on parkinsonism [35], gait dys-
function [36-39] and abnormal postures [14, 16]. It should
be noted that SCS is effective in treating gait abnormalities in
patients who are at an advanced stage [36] or who have previ-
ously been treated with DBS [39], due to its unique ability to
improve anticipatory postural adjustment and FOG [37, 38].
SCS stimulates the sensory ascending pathway and disrupts
pathological neuronal hyper-oscillations in the basal ganglia
via activation of the reticular formation in the brainstem in
a manner that mimics the effects caused by pharmacologi-
cal dopamine replacement therapy or deep brain stimulation
[16, 30, 40].

While the SCS can stimulate the conduction pathways
of the dorsal columns through the dura mater of the spinal
cord [35], the conventional magnetic stimulator stimulates
mainly the motor axons of the nerve roots at the level of
the exit from the spinal column [41, 42]. However, rTSMS
affects not only peripheral motor nerves, but also synaptic
transmission at least at the level of the spinal cord. Lumbar
repetitive magnetic stimulation reduces spastic tone as well
as electrical stimulation [43] and may reduce corticocortical
inputs onto corticospinal neurons and promotes a surround
inhibition in the spinal cord and nerve axons [44]. So far,
little is known about the effects of rTSMS on the ascending
sensory pathway, but the fact that rTSMS is as effective as
SCS in the treatment of neuropathic pain [45] suggests that
rTSMS stimulates the ascending pathway in the spinal cord

@ Springer

via the nerve roots. The mechanism of action of rTSMS is
currently unknown, but by analogy to SCS, disruption of
akinetic corticostriatal activity might be involved.

The present study has several limitations. First, we were
not able to mask our intervention methods because we could
not use true sham stimulation. Most participants feel a twitch-
ing sensation in the paraspinal muscles around the target site.
Furthermore, they feel the contraction of the leg muscles
caused by the excitation of the motor axons by rTSMS but
not by sham stimulation. Although it was not explained to the
patients that rTSMS produced twitching sensation, we could
not completely rule out the possibility that the participants
were aware of the assigned intervention. This means that a
placebo effect cannot be ruled out, and we consider this study
to be a single blind study. Second, patients who received
rTSMS improved not only FM but also FOG, which is char-
acteristic of PD; however, this study failed to focus on FOG.
The most prominent effect of rTSMS on PD is the improve-
ment in gait disturbance; hence, evaluation from various
aspects of gait function was desirable. Third, no participants
dropped out before or after the intervention period, but the
dropout rate during the follow-up period (34-36%) was much
higher than expected. This may have obscured the statisti-
cal difference between the two groups during the follow-up
period. Fourth, this study was conducted at a single centre.
This may limit the interpretation of the effect of rTSMS.
Finally, the 10.28 points of intergroup differences obtained
in this study were below the expected 12 points, suggesting
that the study was overpowering or that the initial settings
might not have been appropriate. This discrepancy may be
related to the lack of similar clinical studies published and the
characteristics of the controls set up in the present study. We
performed sham stimulation in the control group and rTSMS
in the test group 2 days a week and rehabilitation 5 days a
week in both groups, so the marked rehabilitation effect may
have reduced the differences between the groups. As already
reported in some rotigotine studies [46, 47], the potential for
suppression of intergroup differences should be considered
when active effects other than placebo are expected in the
control group.

Because of the preliminary nature of this study and its
various limitations, the results cannot directly indicate safety
and efficacy for clinical application. However, rTSMS is
a simple, non-invasive, and safe intervention that might
improve the motor symptoms, especially gait disturbance.
Further vigorous studies are needed to prove whether rTSMS
is an additional treatment option for PD.
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