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ABSTRACT

BACKGROUND: NEURO® is a 2-week program that combines low-frequency repetitive transcranial magnetic stimulation (rTMS) and intensive
occupational therapy (OT) to treat patients with chronic hemiparesis following stroke. The degree to which each element contributes to the im-
provement of upper limb function remains unclear. It has been suggested that low-frequency rTMS applied to a healthy cerebrum activates neural
activity in the contralateral hemispheric area surrounding the lesion. Intensive OT performed in parallel to rTMS promotes the functional remodeling
of the cerebrum to help with rehabilitation.

OBJECTIVES: However, this has not been demonstrated using NEURO®. Therefore, we aimed to compare the effects of the NEURO® and OT-only
protocols in patients with hemiparesis following stroke.

METHODS: Thirty-seven patients with upper limb paralysis following stroke were recruited and hospitalized for treatments and randomly divided
into two groups. Group A consisted of 16 patients who underwent NEURO® for the first 2 weeks, and Group B consisted of 21 patients who
underwent OT-only for the first 2 weeks. After 2 weeks of hospitalization, the treatments of Groups A and B were reversed for the subsequent 2 weeks
of treatment. Improvement in upper limb motor function in Groups A and B at 2 and 4 weeks after the start of treatment was evaluated using the Fugl-
Meyer Motor Assessment (FMA) and the Wolf Motor Function Test (WMFT).

RESULTS: Group A, who underwent NEURO® first during their initial 2-week hospitalization, showed significantly greater improvement than that in
Group B, who underwent OT-only first (P = .041 for FMA and P < .01 for WMFT). At 4 weeks following the reversal of treatments, Group A who
underwent NEURO® and then OT-only showed significantly greater improvement than that in Group B, who underwent OT-only followed by NEURO®
(P =.011 for FMA and P = .001 for WMFT).

CONCLUSION: Our findings indicate that rTMS facilitates neuromodulation when combined with OT, which leads to more effective rehabilitation
than with OT alone (Trial registration: JMACCT (http://www.jmacct.med.or.jp/); trial ID JMA-1A00215).
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Introduction

Over 65% of stroke survivors are unable to perform activities of
daily living (ADL) because of an affected upper limb." Even mild
motor impairments of the upper limb result in disability and
negatively impact patients’ quality of life. Intensive occupational
therapy (OT), such as constraint-induced movement therapy

(CIMT), has been reported to activate the lesional hemisphere in
post-stroke hemiparetic patients.3 Recent studies have confirmed
the clinical effectiveness of CIMT, in which patients are required
to undergo daily 6 h one-on-one (OTO) training with the un-
affected upper limb restrained during 90% of waking hours over
2 weeks of hospitalization.“_6 However, its clinical feasibility is
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questionable: some patients consider the therapy strenuous and
concerns have been raised regarding the intensive schedule of
treatment and the ability to carry out home duties and work during
their hospital stay.7 Therefore, there is a need for intensive OT
protocols that are more feasible than the original CIMT protocol.

Recently, a non-invasive method of low-frequency repet-
itive transcranial magnetic stimulation (fTMS) has been used
to promote functional recovery of stroke patients by sup-
pressing the contralesional intact motor cortex, which reduces
interhemispheric inhibition and leads to functional reorga-
nization of the lesional hemisphere.7'11 Moreover, random-
ized controlled trials of OT approaches, such as CIMT, have
been shown to significantly improve motor function of the
hemiparetic upper limb after stroke, which led to the develop-
ment of a 2-week intervention program (NEURO®) that
combines low-frequency rTMS and intensive OT.'>13 The
program consists of a 2-h OTO daily training session with the
unaffected upper limb restrained and 2 h of self-training to
improve the feasibility of the intervention, which is a more
feasible treatment schedule than that of traditional CIMT
protocols. Low-frequency rTMS to the contralesional hemi-
sphere was introduced to the OT protocol as an adjuvant therapy
to facilitate or consolidate the effects of OT.

The high effectiveness of NEURO® among patients in the
chronic phase of stroke has been reported in a randomized
comparative study that used CIMT as a control.'*

However, to date, the effectiveness of rTMS in the clinical
treatment package of NEURO® for improving upper limb
function has not been explored. Therefore, our aim was to
compare the effects of NEURO® (OT in combination with
rITMS) and OT alone in stroke patients to understand the
additional effects of combining rTMS with OT according to the
NEURO® program. CIMT restrains the non-paralyzed upper
limbs of stroke hemiplegic patients. Therefore, OT alone can be
more pure control without restraint.

Methods
Study participants

This open-label crossover study was approved by the Human
Ethics Review Committee of Jikei University School of
Medicine and Tokyo General Hospital (Institutional Com-
mittee number 15) and conforms to the provisions of the
Declaration of Helsinki. Written informed consent with sig-
nature was obtained from all participants. Consent was obtained
after the study was described in writing and verbally to the
subjects. Table 1 provides the characteristics of the 37 included
patients with upper limb paralysis following stroke. All patients
were right-handed. Inclusion criteria were based on the rTMS
guidelines of Wassermann et al®® and were as follows: (1) >
12 months since stroke onset; (2) Brunnstrom recover stage
(BRS) for fingers 3-5 of the affected upper limb (subjective
ability to flex the fingers with/without extension); (3) a plateau
state of motor functional recovery at study entry (confirmation

Table 1. Clinical characteristics of patients (n = 37).

AGE (YEARS, MEAN =+ SD) 63.0 + 8.1

Sex, n (%) Male: 23 (62)

Female: 14 (38)

Handedness, n (%) Right: 37 (100)

Left: 0 (0)

Type of stroke, n (%) Cerebral infarction: 10 (27)

Intracerebral hemorrhage: 27 (73)

Side of lesion, n (%) Left: 24 (65)

Right: 13 (35)

Time after stroke (months, 67.6 + 33.2

mean + SD)

Brunnstrom recovery stage,
n (%)

Upper extremity Stage 5: 9 (24)

Stage 4: 15 (41)
Stage 3: 13 (35)

Hand and Fingers Stage 5: 12 (32)

Stage 4: 8 (22)
Stage 3: 17 (46)

Values represent numbers (%) or means + standard deviations (SD).

of the plateau state of recovery was determined by an experi-
enced physician and occupational therapist); (4) history of a
single stroke (no bilateral cerebrovascular lesions); (5) no history
of seizures or documented epileptic discharge on the pre-
treatment electroencephalogram; (6) no cognitive impairment (ie,
pretreatment Mini Mental State Examination score of 26); (7) a
high level of motivation for rehabilitation; (8) sufficiently un-
derstanding of the theory and content of NEURO® and consent
to undergo the intervention; (9) ability to carry out ADL in-
dependently at home; and (10) no pathological conditions re-
ferred to as contraindications for rTIMS based on the guidelines
of Wasserman et al (eg, cardiac pacemakers, intracranial implants,
implanted medication pumps, epilepsy, and pregnancy).ls
Subjects were hospitalized for treatments, including
NEURO?®, at the Tokyo Integrated Hospital from April 3,
2015, to September 16, 2020, for 4 weeks. Patients were
randomized into two intervention groups by odd and even years:
16 patients (average age = 65.3 years, average post-onset period
= 64.1 months) underwent NEURO® treatment before OT-
only for 2 weeks (Group A), and 21 patients (average age =
62.3 years, average post-onset period = 71.2 months) underwent
NEURO®? after 2 weeks of OT-only (Group B). Sample size
calculation was performed using sample size calculator. The
result is 25 or more measurements/surveys are needed to have a
confidence level of 95% that the real value is within +20% of the
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Table 2. Baseline participant characteristics of Groups A and B.

Age (years, mean + SD)

Sex, n (%) Male
Female

Handedness, n (%) Right
Left

Type of stroke, n (%) Cerebral infarction:

Intracerebral hemorrhage:

Side of lesion, n (%) Left
Right
Time after stroke (months, mean + SD)
Brunnstrom recovery stage, n (%)
Upper extremity Stage 5
Stage 4
Stage 3
Hand and Fingers Stage 5
Stage 4
Stage 3
FMA score <19
20-47

247

GROUP A (N = 16) GROUP B (N = 21) P VALUE
65.3+9.5 62.3+7.5 0.780
10 (63) 13 (62) 0.985
6 (38) 8 (38)

16 (100) 21 (100)

0 (0) 0 (0)

4 (25) 6 (29)

12 (75) 15 (71) 0.827
11 (69) 13 (62) 0.675
5 (31) 8 (38)

64.1 + 38.2 71.2 + 30.1 0.540
3(18) 6 (38) 0.591
8 (50) 7 (24)

5 (32) 8 (38)

3(18) 6 (29) 0.945
7 (44) 4 (19)

6 (38) 11 (52)

3(19) 4 (19) 0.826
10 (62) 12 (57)

3(19) 5(24)

Values represent numbers (%) or means + standard deviations (SD). FMA, Fugl-Meyer Motor Assessment.

measured/surveyed value. Patient characteristics of each group
are provided in Table 2. After 2 weeks of hospitalization, the
treatments of each group were reversed (Figure 1).

NEURO® program and occupational therapy-only protocols

The NEURO® program comprised both rTMS and OT ses-
sions on days 2—4 and 6-13, with OT also provided on day 1.
For the OT-only protocol, patients received the same intensive
OT program as that of the NEURO program without the
rITMS sessions. For the delivery of low-frequency rTMS, we
used the MagPro R30 stimulator (MagVenture Company, Fa-
rum, Denmark) equipped with a figure-of-eight coil (70-mm
diameter). During each session, 2400 pulses at 1 Hz for 40 min
were applied to the skull of the patient’s non-lesional hemisphere
at a site that elicited the largest motor-evoked potentials in the
first dorsal interosseous (FDI) muscle of the unaffected upper
limb using surface electromyography. The stimulation intensity

was set at 90% of the motor threshold of the FDI muscle, which
was defined as the lowest stimulation intensity at which a motor-
evoked potential could be elicited in the FDI muscle.

The 240-min intensive OT program comprised 120 min of
OTO training (60 min each in the morning and afternoon)
and 120 min of self-exercise (60 min each in the morning and
afternoon), 6 days a week (excluding Sundays).13 Between the
OTO training and self-exercise sessions, patients were given 5
to 10 min of rest. The OTO training was provided by an
occupational therapist and mainly involved shaping techniques
(eg, wiping a table with a towel, writing letters with a pencil,
and moving a cup from one place to another) and repetitive
task practice (eg, gripping a small ball, picking up a small coin,
and squeezing clay). The detailed content of this training was
tailored to the motor function of the patients’ affected upper
limb and lifestyle (eg, occupation, interests, and household
chores). The program was modified to improve motor function
of the affected upper limb during hospitalization.
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A Randomized, Open-label, Crossover Clinical Trial Protocol
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Figure 1. Clinical trial protocol and treatment schedule for the NEURO program. Sixteen patients (Group A) underwent the NEURO (OT + rTMS) treatment before
OT-only for 2 weeks, and 21 patients (Group B) underwent NEURO (OT + rTMS) after OT-only for 2 weeks. LF, low frequency; OT, occupational therapy; rTMS,

repetitive transcranial magnetic stimulation; OTO, one-to-one.

The treatment strategy included the following: (1) incorpo-
ration of a fair amount of everyday physical activity in the training
tasks; (2) individualized functional training to aimed at acquiring
more movement and activity; (3) incorporation of elements in-
volved in gross and fine motor functions and multitasking; (4)
clear demonstration of the position of the upper limb during
training; (5) enabling a specific staged intervention; (6) incor-
poration of content that can be continued at home following
discharge in situations of ADLs and unsupervised training; (7)
not restraining the unparalyzed upper limb, such as CIMT; and
(8) provision of action feedback by passive intervention with
verbal instructions.

Following the OTO training, self-exercise was encouraged
in another quiet room without any supervision. Before each
session, patients received written instructions for self-training
that were prepared individually, which included tasks similar to
those carried out during the OTO training. After each session,
the performance of the tasks was checked and reviewed by the
therapists by interviews. If needed, the intensity and duration of
the self-exercise were modified after initiation of the protocol to
ensure that the exercises could be completed efficiently. At
discharge, patients were provided with instructions for daily
home exercise based on their functional recovery. The treatment
schedule of the NEURO program is illustrated in Figure 1.

(MACCT; JMA-I1A00215)

Serial evaluation of motor function in the affected upper limb

Upper limb movements were evaluated using the Wolf Motor
Function Test (WMFT) and the Fugl-Meyer Motor Assessment
(FMA). We assessed improvements in the performance of these
tests of the upper limbs in the two groups after 2 and 4 weeks.
The WMFT contains 15 timed tasks and two strength tasks.'®!”
Examples of the tasks include the following: 1. placing forearm
on the desk by abducting the shoulder; 2. placing forearm on a
box by abducting the shoulder; 3. extending the elbow to reach
toward the other side of the desk; 4. extending the elbow to move
a 450 g weight to the opposite side of the desk; 5. gripping and
raising a pencil; 6. gripping and lifting a clip; 7. folding a towel.
The performance time for each timed task was recorded for a
single trial. When the task was not completed within 120 s, the
performance time of the task was recorded as 120 s. The sum of
the performance times for all 15 tasks was the total time. For the
statistical analysis, the mean value of WMFT performance times
of the 15 tasks was transformed into a natural logarithm to
normalize the skewed distribution of the data, following the
method applied by the EXCITE trial® The FMA is a
performance-based tool for the quantitative assessment of im-
pairments in patients with hemiparesis following stroke. The
FMA section that is associated with motor function of the upper
limb consists of 33 items, and each item is rated on a 3-point
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ordinal scale (0—2) with a maximum motor performance score of
66 points."®'” FMA scores were classified into three categories of
severity according to the methods used by Woodbury et al*°: mild
(247 points), moderate (20-46 points), and severe (0-19 points).
The trial was an open-label design and participation after ex-
plaining the treatment contents for 4 weeks. Therefore, sham
stimulation was not used and blinding was not possible. How-
ever, the assessors were blinded to intervention to minimize bias.

Statistical analysis

We calculated WMEFT log performance time values for Groups
A and B at 2 weeks after admission and subtracted the cor-
responding values at admission to obtain AWMEFT log per-
formance times, which were used to evaluate the improvement
in upper limb motor function. Similarly, the degree of FMA
change (AFMA) between Groups A and B was also evaluated.
Fisher’s exact probability test was used to analyze categorical
variables (eg, severity based on FMA score and BRS for fingers).
The Wilcoxon signed-rank test and an ANOVA were used to
compare changes in FMA score and WMFT log performance
time from baseline between the two groups. Data are expressed as
means *+ standard deviations (SD). A P-value < .05 was con-
sidered statistically significant. All statistical analyses were per-
formed using the Statistical Package for Social Sciences, version
25.0 (SPSS Inc, Chicago, IL) and EZR (version 1.36; Saitama
Medical Center, Jichi Medical University, Saitama, Japan).

Results

The age at treatment ranged from 37 to 65 years, and the types
of stroke among patients were cerebral cortical infarction (n =
12) and intracerebral hemorrhage (n = 25). The right upper
limb was affected in 13 patients and the left in 24 patients. The
severity of motor deficits in the fingers before treatment was BRS
3-5. There were no significant differences in baseline measures
between the two groups (Table 2). All patients completed the full
4-week protocol. None of the patients experienced any patho-
logical symptoms or deterioration of motor function in the upper
limb during hospitalization. After 4 weeks of therapy, none of the
patients exhibited any abnormal findings.

Efficacy of the protocol

The median AWMEFT log performance time values of Groups
A and B at 2 weeks were —.261 and —.0005, respectively.
There were significant differences in WMFT log performance
time values between Groups A and B from baseline to both 2
and 4 weeks (P < .01). The decrease in AWMFT log per-
formance time values from baseline to 2 weeks of Group A was
significantly larger than that of Group B (P = .034). The
median AWMFT log performance time values of Groups A
and B were —.293 and —.01, respectively The comparison of
the AWMEFT log performance time values from baseline to
4 weeks between Groups A and B showed that the decrease of

Comparison of WMFT changes between Groups A and B
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Figure 2. Comparison of WMFT changes between Groups A and B **P < .01. WMFT, Wolf Motor Function Test.
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Comparison of FMA changes between Groups A and B
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Figure 3. Comparison of FMA changes between Groups A and B *P < .05. FMA, Fugl-Meyer Motor Assessment.

Group A was significantly greater than that of Group B (P =
.011; Figure 2).

There were significant differences in AFMA between
Groups A and B from baseline to both 2 and 4 weeks. The
AFMA (median +SD) from baseline to week 2 for Groups A
and B were 4.63 + 3.26 and 2.19 = 3.27 (P < .001), respectively,
and that from baseline to week 4 for Groups A and B were 7.25
+ 3.84 and 4.00 = 3.37 (P = .005), respectively. The increases in
FMA from baseline to 2 and 4 weeks of Group A were sig-
nificantly greater than those of Group B (Figure 3).

Discussion
Based on data of more than 1700 post-stroke patients, a
combined protocol of low-frequency rTMS and intensive OT
(NEURO®) has been shown to safely improve the motor
tunction of the affected upper limb.%° Moreover, the therapeutic
efficacy of this treatment was shown to persist for at least
1 month.?’ In the current study, at 2 and 4 weeks following
admission, post-stroke patients in Group A showed signifi-
cantly greater improvements in FMA score and WMFT log
performance time than those in post-stroke patients in Group
B. This indicated that treatment of Group A was more effective
than that of Group B for recovery of upper limb motor function.

Studies using a stroke model in rats have revealed that
enhancing the activation of the motor cortex of the affected
crucial for

cerebral hemisphere is

paralysis.21’22 Several randomized controlled trials have recently

improving motor

confirmed that low-frequency rTMS applied to the non-
lesional hemisphere of post-stroke patients can significantly
improve motor function of the affected upper limb.5° The
underlying mechanism of the beneficial effects of rTMS is
thought to be the reduction in interhemispheric inhibition of
the non-lesional hemisphere to the lesional hemisphere fol-
lowing low-frequency rTMS, which facilitates beneficial
functional reorganization of the lesional hemisphere.m’25
Subsequent intensive OT may promote functional remodel-
ing of the cerebrum when the peri-lesional area is released from
neural inhibition by rTMS. Patients who received intensive OT
first were able to move both their paralyzed and non-paralyzed
upper limbs, which may have affected the interhemispheric
inhibition of the cerebral hemispheres, where suppression of the
hyperexcitability of the non-affected cerebrum by rTMS may not
have been sufficiently exerted. As a result, the effect of improving
motor function of the paralyzed upper limb may have been
weakened. In non-severely paralyzed patients, greater inter-
hemispheric inhibition results in poor improvement of upper
limb motor function on the paralyzed side, whereas, in patients
with severe paralysis, a compensatory improvement in motor
function occurs because of the nerve fibers in the injured cerebral
hemisphere.26’27 We presumed that the patients in our study
were not severely paralyzed because of the therapeutic effect
observed following rTMS. By first examining the degree of post-
stroke hemiplegia, whether rTIMS should be used first or later in
combination with OT may be determined.
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WMFT quantifies upper-extremity movement ability using
timed single- or multiple-joint motions and functional tasks.
The tasks are arranged in order of complexity, with progression
from proximal to distal joint involvement, and tests total ex-
tremity movement and movement speed; moreover, the test
requires few tools and minimal training to implement.16’17 In
Group A, but not in Group B, WMFT log performance time
values decreased significantly from baseline to 2 and 4 weeks,
which indicated an improvement in upper limb motor function.
This reflected a significant reduction in the WMFT log per-
formance time value in patients with a BRS of 3 or 4 for fingers
(the subjective ability to flex all fingers of the affected upper limb
in the full range of motion). In hemiplegic patients with a BRS of
3 or 4 for fingers, spasticity strongly affects peripheral voluntary
movements during the recovery process.28 Kakuda et al evaluated
the degree of upper limb spasticity before and after NEURO® in
patients who had a stroke resulting in upper limb paralysis and
spasticity and reported an improvement in the modified Ash-
worth scale and a decrease in the muscle tone of the paralyzed
upper limb flexor muscle group.”* In addition, Kondo et al
performed a nerve conduction velocity test before and after
NEURO® and showed that the improvement in upper limb
function was accompanied by a decrease in spasticity.31 RTMS
decreases the excitability of the anterior horn cells on the affected
side of the brain to relieve spasticity, which is consistent with the
improvement in spasticity of the paralyzed upper limbs and
restoration of voluntary movement in patients with BRS 3 (almost
4) or 4 that we observed following the NEURO? intervention.

In this study, the FIMA score showed a statistically significant
improvement in either Group A or B. This may be because of the
difference in evaluation factors. In the field of stroke rehabili-
tation, FMA is considered one of the most comprehensive
quantitative measures of motor impairment following stroke.!”
Unlike FMA, WMEFT includes numerous items for evaluating
peripheral voluntary movements, such as article operation tasks.
In contrast to Group B, many patients in Group A showed
improvements in upper limb motor function, such as article
manipulation, which appeared to be due to rTMS treatment.

There are several limitations to the present study. First, this
study did not explore the functional changes in the brain fol-
lowing the NEURO® intervention. However, previous reports
have shown that the reduction of spasticity on the paralyzed side
and improvement in limb dysfunction following TMS3%3! are
reflected in neuromodulation in predominantly the disabled side
based on functional magnetic resonance imaging32 and single-
photon emission computed tomography.33 Moreover, changes
in brain-derived neurotrophic factor have also been demon-
strated following TMS.>* Thus, we speculate that in the
current study, the functional changes in the brain were caused by
the rTMS treatment. Second, it has been reported that long-
term motor function improvement following NEURO® lasts for
at least 1 month; however, establishing longer-term effects at
6 months and later is required in the future. Third, as suggested
by this study, the function and degree of improvement in upper

limb paralysis after stroke vary depending on the intensity of
spasticity. Therefore, it is necessary to conduct large-scale
clinical trials in patients with different levels of motor dys-
function severity to gain a complete understanding of the degree
of paralysis and characteristics of each patient. Fourth, we
should consider OT contents. Occupational therapists use a
wide variety of intervention methods, and effects likely difter
depending on the intervention method. Finally, the crossover
design may have introduced carryover effects. However, the
main purpose of the study was to compare the effects of the
intervention at 2 weeks, for which we observed a significant
difference. In future studies, further factors should be consid-
ered, such as intervention frequency, method, trial design, and
evaluation of functional improvement by incorporating neu-
roimaging, to develop more effective intervention methods for
occupational therapists to treat post-stroke hemiplegic patients.
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