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ABSTRACT

Background: One of the most prominently apparent stroke consequences is spasticity. By preventing acetylcholine
release at the neuromuscular junction, intramuscular injection of botulinum toxin can reduce post-stroke stiffness.
Additionally, repetitive transcranial magnetic stimulation (rTMS), a type of noninvasive brain stimulation (NIBS), is
well recognised to impact neuroplastic changes and control the healing of injured brain areas. Objective: The aim of
the current study was to evaluate the combined effect of local botulinum toxin injection and ipsilesional high-
frequency rTMS (HF-rTMS) on spastic UL in post-stroke patients, and if this effect could add together to the other
treatment modalities available to these patients. Patients and Methods: 45 patients with post-stroke spastic upper
limb (UL) were injected with botulinum toxin type-A (BoNT-A), then randomly designated to treatment with 20 Hz
rTMS (Real rTMS group), N= 22 and SHAM rTMS group, N=23, applied over the ipsilesional cortex over 4 weeks.
Spasticity was assessed with Modified Ashworth scale (MAS), the motor function of the affected upper limb was
evaluated serially by Wolf Motor Function Tests (WMFT) and motor power was assessed by Medical Research
Council (MRC) just before administration, 1.5 months and 3 months after administration of BoONT-A. Results: The
real rTMS group showed significant improvement of spastic muscles as evident by reduction of their MAS score with
significant improvement of motor function and motor power as shown by WMFT and MRC. Conclusion: These
findings suggested that, the application of HF-rTMS over the ipsilesional cortex following local BoNT-A injection

contributes in reduction of spasticity and improves motor power and function in post-stroke patients.
Keywords: Spasticity, Botulinum toxin, Repetitive Transcranial Magnetic Stimulation, Post-Stroke.

INTRODUCTION

One of the most significant impairments linked to
upper motor neuron injuries is frequently thought to be
spasticity. In the chronic period following a stroke, 20%
of individuals experience limb spasticity .
Contractures may occur as a result of other issues such
as motor weakness, sluggish movement of the afflicted
limb, discomfort, and deformity brought on by
spasticity. As a result, post-stroke spasticity
significantly lowers quality of life @ ¥. Treatment
options for post-stroke spastic disorders include
intramuscular injections of botulinum toxin, selective
peripheral nerve block with phenol, and oral anti-spastic
medicines “ ®. The neuromuscular junction is inhibited
by the local injection of botulinum toxin type A (BoNT-
A), which also lessens the spasticity of the injected
muscle. However, not all spasticity patients or with all
grades may show improvement in active motor function
on the spastic limb after botulinum toxin injection ¢7.
In contrast, several studies demonstrated the therapeutic
efficacy of repetitive transcranial magnetic stimulation
(rTMS) administered to the ipsilesional or non-lesional
hemisphere for post-stroke patients with upper limb
spastic weakness ™2, In stroke patients with spasticity,
rTMS significantly reduced it, according to Wang et al.
@9, This practical outcome of rTMS may be accounted
for by increased neuronal activity in the lesional
hemisphere brought on by decreased interhemispheric
inhibition towards the lesional hemisphere ™. As a
result, numerous institutions safely employ the use of
rTMS and occupational therapy (OT) as a therapeutic
technique for the treatment of spastic upper limb (UL)
weakness **). The effectiveness of rTMS/OT appears to
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be impacted by the degree of the afflicted upper limb's
motor functional impairment, which is mostly
dependent on the presence or absence of spasticity ®©.
The aim of our current study was to evaluate the
combined effect of local botulinum toxin injection and
ipsilesional HF-rTMS on spastic UL in post-stroke
patients, and if this effect could add together to the other
treatment modalities available to these patients.

PATIENTS AND METHODS

Our study participants were 45 post-stroke patients
of both sexes. AIll patients were enlisted from
Neurology Outpatients Clinic of Minia University
Hospital with age ranged 18-90.

Inclusion criteria: Time after onset of stroke of 12
months or more, past history of a sole manifested stroke
only, no cognitive disability with a pre-treatment Mini
Mental State Examination score > 26, Modified
Ashworth scale (MAS) > 1 for finger flexor and/or wrist
flexor muscles and Medical Research Council (MRC)
>2.

Botulinum Toxin Injection:

All patients were injected by botulinum toxin type-A
(BOoNT-A) in the spastic UL muscles guided by
Ultrasonography (US) by using EUROMUSCULUS
spasticity approach. BoNT-A (BOTOX,
GlaxoSmithKline, Tokyo, Japan) is sold in vials that
include 100 units of the BoNT-A formulation that is
vacuum-dried powder, 0.5 mg of human serum albumin,
and 09 mg of sodium chloride that must be
reconstituted with sterile normal saline (0.9%) to a total
volume of 2 ml. The US equipment used was
(SAMSUNG ULTRASOUND SYSTEM HS60) to
assess the accurate site for spastic muscles injection.
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We have selected some of the proximal and distal
UL muscles for BoNT-A injection as (pronator teres
(PT), pronator quadratus (PQ), flexor carpi radialis
(FCR), flexor carpi ulnaris (FCU), flexor pollicis brevis
(FPB), flexor pollicis longus (FPL), flexor digitorum
superficialis (FDS), flexor digitorum brevis (FDB) and
biceps brachii). The dose of BoNT-A administered for
each patient was calculated according to degree of
spasticity and size of the targeted muscle. Then all
patients were simply randomized into 2 groups; one
received real high-frequency rTMS (N= 22 patients) on
the ipsilesional cortex and the other group was
subjected to SHAM-rTMS (N= 23 patients).

The number of received sessions were 3 sessions
weekly for 4 weeks. Full history was obtained from all
patients and they were subjected to full general
examination to exclude any contraindication for BoNT-
A injection or rTMS application. In addition, to assess
motor tone and power, so decide whether the patient is
suitable for the procedure or not. The Modified
Ashworth scale (MAS) was used to assess spasticity,
Wolf Motor Function Tests (WMFT), which is a
functional ability scale with 15 timed activities was
used for assessing the afflicted upper limb motor
function, the average performance time for 15 timed
tests was calculated and Medical Research Council
(MRC) was used to estimate the motor power. Patients
were subjected to complete neurological examination to
assess the degree of spasticity, motor power and motor
function by means of the previously mentioned scales
just before the injection day (1** visit), 1.5 months later
(2™ visit), 3 months later (3" visit) after injection with
BoNT-A.

Repetitive Transcranial Magnetic stimulation:

The magnetic stimulation was delivered through
8-figured shaped coil connected to Neuro-MS/D
magnetic stimulator (Neurosoft LLC, lvanovo, Russia).
The patients were randomly divided into 2 groups, real
rTMS group (A) and SHAM rTMS group (B). All
participants received 12 rTMS sessions over 4 weeks (3
sessions per week). We caught electromyogram (EMG)
from abductor pollicis brevis (APB) in the primary
motor area situated by moving the coil until we
obtained maximal amplitude motor evoked potentials
(MEPs). Once the best position was obtained, we have
detected the motor threshold. Motor threshold of the
hand was ascertained by providing single TMS pulse
over the optimal location and by minimizing the
stimulus intensity in steps of 1% stimulator output. The
lowest TMS stimulus strength used to induce small
motor evoked potential (usually 50 uV) while the
recorded muscle was at rest, is the resting motor
threshold (RMT).

The following HF-rTMS settings were employed
in this study: 20 Hz, 2-s stimulation, 1200 pulses, 110%
RMT intensity at the stimulation site, 28-s inter-train
interval, and 15 minutes each session. The ipsilesional
Table (1) Demographic Data
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hemisphere was used for all real rTMS sessions. The
magnetic coil was attached to the hotspot of the
Abductor Pollicis Brevis (APB) cortical representative
region in the afflicted side of the brain for the sham
group, but no magnetic stimulation was administered.
Following each rTMS session, all subjects were advised
to get 30 minutes of UL traditional physical therapy
(infrared rays, ultrasound rays, and active & passive
motor exercises).

No patients with conditions known to be
contraindications for rTMS as implantation of cardiac
pacemaker, recent history of seizures, marked cognitive
impairment, pregnancy or patients with recognised
contraindications for intramuscular injection of BoONT-
A, such as preexisting neuromuscular illnesses, bleeding
disorders, allergy or hypersensitivity to the product, or
who had undergone BoNT-A injections in the previous 3
months, were included in our present study.

Ethical Approval: The Institutional Review Board of
the School of Medicine at Minia University gave the
present research its stamp of approval (No
10:1/2021). All participants provided signed
informed permissions after having the benefits,
risks, and potential consequences explained to them.
All procedures used in this research followed the
guidelines laid forth in the Helsinki Declaration by
the World Medical Association.

Statistical Analysis

The data were analysed using the IBM SPSS version
25 statistical package software. For quantitative data,
mean, SD and lowest and maximum range were used, as
well as number and percentage for qualitative data. The
Independent Samples t-test was used to analyse parametric
guantitative data between the two groups, while the Paired
Samples T-test was used to analyse temporal differences
within each group. The Chi-square test, on the other hand,
was employed to compare categorical variables. A P-value
of 0.05 or less was judged statistically significant.

RESULTS

Forty-Five (45) patients of both sexes were involved
in this prospective randomized double-blinded SHAM-
controlled study. Twenty-two (22) patients were subjected
to real HF-rTMS while twenty-three (23) patients were
subjected to SHAM rTMS. The procedures done were
tolerated by all patients without any reported
complications or side effects. In the real rTMS group, age
was 50.4 + 8.8, while in SHAM group, age was 50.4 + 8.2
without any significant statistical difference between the 2
groups. In the real rTMS group, 63.6% were males and
36.4% were females, while in SHAM group, 60.9% were
males and 39.1% were females. As regards handedness, in
the real rTMS group, all patients were right handed, while
in the SHAM group, 95.7% were right handed and 4.3%
were left handed without any statistically significant
difference. There was also no statistically significant
difference between the two mentioned groups regarding
risk factors or other values as shown in table (1).
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Real rTMS SHAM rTMS P value
N=22 N=23
Age Viean s SD 0,428 04252 0978
Sex l'l/(la?gle 184((3663.4%) 194(§3690.'1%Z? 0.848
Handedness E;[ 220((10%2;/0) 25853(%0) 0.323
Non-smoker 16(72.7%) 11(47.8%)
Smoking Current smoker 3(13.6%) 9(39.1%) 0.142
Ex-smoker 3(13.6%) 3(13%)
Diabetes g?;b_gtii?:betic 184((3663.ﬁ;s) 194(?696.1;33) 0.100
perersn |t e s o0 o
v s | ue | om
oppiemie | besmy | S
Previous stroke \N(g s 220((10%2;/0) 230((10%2?) 1
oo | Bee | oms
i S R ™
Complications \N(gs 220((10%2;/0) 230((109)2;/0) 1
Affected area EZ::EEZ: & Temporal 157((2727..7%%) 167((2763..1%23) 0.793
Total dose Ve s SD 3295042 476157 0234

CAD: Coronary Artery

Disease

As regard clinical assessment of motor function by WMFT, results showed statistically significant difference in
the real rTMS group in the 2" visit (after 1.5 months) and 3" visit (after 3 months) in comparison with assessment at
base-line. Meanwhile, there was no significant difference if we compared assessment between 2™ and 3" visit. While,
in SHAM rTMS group, there was significant difference at 2™ visit only in comparison with 1% visit with significant
difference between the 2 groups (real rTMS and SHAM rTMS group) at the 2™ and 3" visit in favor of the real rTMS

group (Table 2).

Table (2) WMFT
Real rTMS SHAM r TMS
WMFT N=22 N=23 P value
. Range (21-51) (21-40)
Baseline Mean + SD 32.6+7.6 30.946.3 0.412
Range (40-74) (35-53) *
After Lomonths | \eon s SD 52+7.1 43.9+5.9 <0.001
Range (31-57) (22-40) *
After 3 months Mean + SD 47.8+6.3 31.4+6.2 <0.001
P value between times
Baseline vs 1.5-months <0.001* <0.001*
Baseline vs 3-months <0.001* 0.178
1.5-months vs 3-months 0.003* <0.001*

WMFT: Wolf Motor Function Tests, N= 22: total No. of patients in the real rTMS group, N= 23: total No. of patients in the

SHAM rTMS group.
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Figure (1): WMFT: Wolf Motor Function Tests.

As regards assessment of motor power by MRC through the number of injected muscles in each group, in real
rTMS group, results showed statistically significant difference at 2™ (3.7 + 0.4) and 3" visit (3.5 + 0.6) in comparison
with the 1% visit (2.8 + 0.5). While, in the SHAM rTMS group, results showed significant difference only at 2™ visit
(3.5+0.5) in comparison to the 1% visit (2.8 + 0.8) with significant difference between the two compared group at 2™
and 3" visit in favor of the real rTMS group (Table 3).

Table (3) MRC

Real rTMS SHAM rTMS
MRC N=198 N=207 P value
. Range (2-4) (2-4)
Baseline Mean + SD 2.8+0.5 2.8+0.8 0.836
Range (3-5) (2-4) *
After L.5months | \ean '+ sD 3.7+0.4 3.5+0.5 <0.001
Range (2-4) (2-4) *
After 3 months Mean + SD 3.5+0.6 2.8+0.6 <0.001
P value between times
Baseline vs 1.5-months <0.001* <0.001*
Baseline vs 3-months <0.001* 0.447
1.5-months vs 3-months <0.001* <0.001*

MRC: Medical Research Council, N= 198: total No of assessed UL muscles in real rTMS group, N=207: total No of assessed UL
muscles in SHAM rTMS group.
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Figure (2): MRC: Medical Research Council.
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Concerning assessment of spasticity in the affected UL muscles by MAS, results showed in the real rTMS
group that, there was significant reduction of MAS score as regards comparison of 2™ visit (1.4 + 0.5) to 1% visit (3.4
+ 0.5) and also in comparison, of 3" visit (1.5 + 0.6) to 1% visit without any significant difference between 3 and 2"
visit. While, in the SHAM rTMS group, results showed significant reduction of MAS score in comparison of 2™ visit
(2.1 + 0.6) to 1" visit (3.4 + 0.5) with statistically significant difference between the two groups at the 2™ and 3" visit

https://ejhm.journals.ekb.eg/

in favor of the real rTMS group (Table 4).

Table (4) MAS

Real rTMS SHAM rTMS
MAS N=198 N=207 P value
. Range (2-4) (2-4)
Baseline Mean + SD 3.4+0.5 3.440.5 0.142
Range (1-3) (1-4) «
After L5months | \eon '+ sD 14205 2.1+0.6 <0.001
Range (1-3) (1-4) *
After 3 months Mean + SD 1.5+0.6 3.140.6 <0.001
P value between times
Baseline vs 1.5-months <0.001* <0.001*
Baseline vs 3-months <0.001* <0.001~*
1.5-months vs 3-months 0.037* <0.001~*

MAS: Modified Ashworth scale, N= 198 total No. of the assessed UL muscles in the real TMS group, N=207 total No.

of the assessed UL muscles in the SHAM group.
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Figure (3): MAS (Modified Ashworth scale).
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DISCUSSION

The purpose of our current prospective double-
blinded SHAM- controlled study was to evaluate the
combined effect of local botulinum toxin injection and
HF-rTMS on spastic UL in post-stroke patients. We
studied this effect in 45 post-stroke patients with
spastic UL after they were blindly divided into 2
groups, one subjected to HF-rTMS and the other to
SHAM-rTMS after local BONT-A injection. The use of
BoNT-A injection as a therapeutic tool for the upper
limb spasticity after stroke was evident by many
randomized controlled trials and has shown significant
effectiveness to diminish the resistance to passive limb
movement © &9 that effect was most evident for 4-8
weeks after the injection, and gradually subside after
that period as was shown in a previous study by Kaji
etal. @,

The main basis for the theory supporting the
use of rTMS in post-stroke rehabilitation is the
neuroplastic ~ effects it has on altered
electrophysiological mechanisms involving increased
transcallosal inhibition and decreased intracortical
inhibition of the healthy hemisphere over the impaired
side ™. The therapeutic perspective of rTMS is
therefore consistent with the interhemispheric
competition concept and aims to regulate the
imbalance between the healthy and damaged
hemispheres ** 2 As was done in the current study,
this can be targeted either by applying high-frequency
rTMS to the ipsilesional hemisphere to increase
cortical excitability or by applying low-frequency
rTMS to the contra-lesional hemisphere to lessen the
effects on the ipsilesional cortex “. Consequently, a
broader effect produced by rTMS, involving the
stimulation of certain structural changes within the
cortex, in addition to changing functional connections
between various and distant parts of the brain, network
oscillations are eventually adjusted ®* 2. In addition,
the discharge of different neuromodulators (such as
acetylcholine,  dopamine,  norepinephrine, and
serotonin) can be activated by rTMS @ % Thus,
contributing to the production of certain neurotrophic
factors that may contribute to accelerate the recovery
process (%2728

In our current study significant reduction of
spasticity (reduction of MAS score) was noted in the
group that received real rTMS combined with intra-
muscular BoNT-A injection as compared to the group
that was injected with BoNT-A but received SHAM
rTMS only and this may reflect the possible
therapeutic role of HF-rTMS in reduction of spasticity
and consequently improving of the motor function as
was assessed by WMFT. In a previous study by Mally
and Dinya ® that used low frequency consecutive
rTMS (1 HZ) for 1 week on the non-lesional
hemisphere, proved to significantly diminish limb
spasticity in post-stroke patients. On the other hand,
Centonze et al. @ have shown that with the use of
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HF-rTMS (5HZ) spasticity is dramatically reduced in
spastic limbs of multiple sclerosis patients when
administered to the lesional hemisphere for two weeks
in a row.

Because using both excitatory 5 Hz rTMS over
the lesional hemisphere and inhibitory 1 Hz rTMS
over the non-lesional hemisphere can help the lesional
hemisphere's neuronal activity ©- % it can be
theorized that, alleviation of spasticity in the affected
limb could be explained by increase of the neural
activation in the lesional hemisphere. Following that,
an increase in descending inhibitory input through the
corticospinal tracts due to increased neuronal activity
in the motor cortex in the lesional hemisphere leading
to decreased excitability of gamma and alpha neurons
3339 This also is in agreement with Naro et al.
who has proved that, high-frequency stimulation of the
cortex can exacerbate spasticity in patients. In a word,
reduction of the contra-lesional brain activity has no
apparent impact on  spasticity management.
Consequently, the treatable effect of low- versus high-
frequency stimulation and the means by which TMS
alleviates spasticity stand to be clarified in the future
work.

STUDY LIMITATIONS

This study has some limitations, attributable to
limitations of the hospital’s practical conditions and
financial factors, follow-up done for 3 months duration
is proportionally short and could not assess the long-
term effects so, it is better to maintain follow-up for a
longer period to study the long-lasting effects in the
future. Moreover, the used tools are almost entirely
functional scoring indicators that depend mainly on
clinical assessment only and there is a paucity of
electrophysiological indicators such as MEPs or
imaging as functional magnetic resonance imaging
(fMRI). All of these limitations should be taken into
consideration in the future work up.

CONCLUSION

In conclusion, the use of high-frequency
repetitive transcranial magnetic stimulation (HF-
rTMS) applied over the ipsilesional hemisphere
associated with local BONT-A injection in the affected
UL muscles could reduce spasticity and improve motor
function in patients with post-stroke spastic UL
muscles.
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