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Effect of Repetitive Transcranial Magnetic Stimulation in 
Decreasing Muscle Tone of Spastic Hemiplegic Children: A 
Randomized Controlled Trial

Abstract
Background: Brain spastic paralysis (cp) is one of the most frequent neurologic turmoil due to immature cerebral injury or any other harm to the birth 
brain. Many therapies have been employed to make life meaningful for the CP patient, for example, medical, surgical, and rehabilitation treatment. 
More recently, Repetitive Transcranial Magnetic Stimulus (R-TMS) has developed as a new, established technique for treating distinct neurological 
and psychiatric issues.
Objective: investigate the efficacy of r-TMS on muscle spasticity in CP children by stimulating the brain's motor cortex area responsible for muscle 
movements. 
Methods: Thirty spastic hemiplegic paralytic cerebral children aged between 7-14 years were recruited randomly, assigned to two groups from an 
extensive rehabilitation institution (15 children each). Standard therapy 1 h duration for 4 weeks (5 days per week) was undertaken for the Control 
Group (CG), while the Study Group (SG) underwent Repetitive Transcranial Magnetic Stimulation (r-TMS). A frequency of 10 Hz was given, consisting 
of 1,500 pulses for 15 minutes daily for 20 days remedy blended with standard therapy. 
Main outcome measures: 3D kinematics gait evaluation was performed at the baseline and after the intervention to provide indicators for improving 
and reducing spasticity. 
Results: The study group has been improved statistically significantly as compared with the control group. 
Conclusion: r-TMS is a proper supplemental physical treatment method for hemiparetic CP children because it essentially contributes to reducing 
spasticity and enhancing patient walking patterns.
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Introduction

Several studies have shown r-TMS as a research and treatment tool for 
various neurological and psychiatric disorders since the debut of repeating 
Transcranial Magnetic Stimulation (TMS) in 1989 [1].

A new procedure is used to treat many "neurologic and psychiatric 
conditions, including depression, stroke, and Alzheimer's disease, namely 
Repetitive Transcranial Magnetic Stimulation (R-TMS), a non-invasive brain 
stimulation approach that can modify excitation in the motor cortex of the brain" 
[2].

"The Food and Drug Administration clinically approves this technology 
(Rockville, USA)." The electric current is turned into an electromagnetic 
field during r-TMS therapy by the mechanical system attached to the device 
transformed to the magnetic field further. This magnetic field is delivered to 
the target motor cortex brain region with a shape of eight and reveals the 
mechanism by stimulating the underlying neural areas [3]. 

R-TMS is a technique for non-invasive brain stimulation that regularly 
activates the cerebral cortex through a magnetic pulse train. The stimulus 
modifies cortical excitability that leads to physiological alterations in the motor 
threshold; "motor evoked potential and cortical plasticity" [4].

Spasticity is already a handicap, leading to muscle shortening, contracture, 
aberrant posture, poor bodily function, degenerative articulatory disease, 
and permanent malformations if left untreated. Supra spinal or Upper-Motor 
Neuronal (UMN) injuries may be spastic, and either muscular weakness or 
aberrant muscle hyperactivity in these patients may occur. [5].

The neurodevelopmental condition that affects a developing kid is 
Cerebral Paralysis (CP). CP arises in the fetal period or infancy due to brain 
injury, resulting in motor or sensory impairment to nerves, leading to failure in 
everyday life [6]. 

CP takes various kinds – "ataxic, spastic, and dyskinetic; spastic CP is the 
most prevalent among them." Spastic cerebral paralyzes are a neuromuscular 
disorder that affects body movement and posture because of elevated tones or 
exaggerated tendon reflexes in muscles [7].
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Hemiplegic spasticity is a unilateral paresis of the upper limbs more seriously 
affected than the lower limbs. The disease is multifactorial in 56% of term 
newborns and 17% of preterm infants. The hand function is primarily influenced 
when the voluntary movements are impeded. Dorsiflexion and foot eversion are 
particularly disrupted in the lower limb. Flexor tone with a hemiparetic posture, 
elbow flexion, wrist, knee, and equine foot position increase [8].

Research has indicated that CP (spastic hemiplegics and diaplegic) 
children should take a step forward at lower platforms speeds than children of 
the same age, take an extended time to restore stability, and focus on pressure 
movement throughout the recuperation period [9].

The present study aimed to assess the efficiency of Transcranial Magnetic 
Stimulation (r-TMS) in controlling plantar flexors spasticity and consequently 
improving patient's gait patterns.

There is limited research studying the effect of repetitive Transcranial 
Magnetic Stimulation in decreasing muscular tone of Spastic Hemiplegic Child, 
and there is no research studying its intermediate effect.

 Did repetitive Transcranial Magnetic Stimulation improve patient gait 
patterns and decreasing spasticity in cerebral palsied hemiplegic children?

Materials and Methods

Study design

A pre-post-test randomized controlled trial. The procedures followed agreed 
with the "Institutional Ethical Committee Clearance," and a written consent form 
was taken from the legal guardians of the children. Pan African Clinical Trial 
Registry number is (PACTR202007625049282).

Participants 

This investigation was carried out in EDEN physical therapy center from 
August 2020 to February 2021 with a simple random sample. Thirty spastic 
hemiplegic CP children with ages ranged from 7 to 14 years old (14 left-sided 
and 16 right-sided) of both sexes (16 B -14G) were randomly selected from 
integrated rehabilitation center and assigned randomly into two equal groups 
(15 child each).

All subjects in this Study could recognize and apply the verbal orders 
and directions contained in the test. They had a Grade 1 or 1+ according to 
the modified Ashworth and Grade II or Grade III Manual Classification Scale 
(MACS), and they had no sensorial or other neurological issues other than mild 
perceptive errors or psychological disorders. All participants were excluded to 
this Study if children with any other neurological deficiencies like "convulsions, 
involuntary movements or receiving muscle relaxants, children with impairment 
of sensation (superficial, deep and cortical)", children with Any metallic implant 
such as a pacemaker or alien metallic body, children with any other diseases 
such as cardiac disease and with severe mental retardation (IQ not less than 
50), children with "Congenital disorders such as Down's syndrome, fragile- X 
syndrome or any congenital anomalies".

Randomization

Forty-six participants were assessed for eligibility. 30 spastic CP children 
were randomized as in the flowchart (Figure 1). Two groups were allocated 
randomly to participants. Simplified randomization was applied by generating 
random numbers from odd and even integers to allocate youngsters in two 
equal-number groups. A sheet of paper carrying a secret digit was asked to be 
drawn blindly from a case for each child; odd numbers were assigned to the 
control group while even numbers were given to the test group.

Figure 1. Flow Chart of the participants.
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Intervention

Standard treatment was received by children in the control group (A), 
consisting of 15 children (10 B and 5G). In addition to the standard treatment, 
repetitive Transcranial Magnetic Stimulation was received by children in study 
Group (B) comprised of 15 children (6 B and 9G). Single exercises were carried 
out in both groups to improve motor control, increase stability and build up 
walking skills. The SG patient r-TMS was administered for 15 minutes every 
day for 20 days, at a frequency of 10 Hz involve 1500 pulses (50 pulses each 
train with a combining 30 trains with a 20-second inter-train lag) [10]. Standard 
1-hours treatment of those patients for 5 days per week throughout 4 weeks 
(i.e., 20 days) was delivered simultaneously after the r-TMS therapy session 
[11]. The CG received only standard therapy of 1-h for 5 days a week for 4 
weeks (i.e., 20 days).

Procedures

Assessment procedures: The assessors were blinded folded to group 
allocation. 

Weight and height assessment: "The Hanson professional scale 
measured the weight and height of both groups before the intervention" [12].

Modified Ashworth scale: it was used for spasticity assessment before 
and after the intervention.

The pro-reflex system: This appliance utilised for the evaluation of gait 
characteristics (ankle joint angle at initial contact, stride length, cadence, and 
speed) comprises Q-Trac software consisting of a 3-cameras system, reflection 
points, a Wand Kit for calibration, an eight-meter-long walkway, a personal 
laptop with Q Trac software installed (Made in Sweden). 

Setup: This step included three main points: 

Preparation of patient

The patient was requested to remove his clothes to expose the two lower 
limbs to the pelvis. Seven reflective points were inserted by sticky substance 
on the designated bone points of reference (at hip, suprapatellar, knee, tibial 
tuberosity, ankle, heel, and toes). 

Hip: At the greater trochanter. 

Supra patellar: Along the central line of the patella at the rectus femoris 
tendon, 1 cm proximal to the superior border of patella when the knee was 
extended. The medial and lateral edges of the patella were palpated, then the 
superior border of the patella was determined, and the marker was applied 
halfway between its edges and approximately 1 cm superior to patella. 

Knee joint line: The lateral knee joint line was determined via the lateral 
tubercle of the tibia. The width of lateral aspect of the knee, when the patella 
was excluded was divided into two equal parts, and the marker was applied in 
the middle at the knee joint line". 

Tibial tuberosity: The marker was applied at tuberosity of the tibia. 

Ankle: At the lateral malleolus, 30 millimeters proximally to the lateral 
malleolus along the fibula. This marker was used as the camera had difficulties 
distinguishing the heel and ankle markers from each other. 

Heel: At the heel, on the posterior aspect of the calcaneus, at the same 
horizontal plane as the toe marker. 

Toe: 10-15 millimeters at the foot from the second to the third metatarsal 
head. Every patient had to stand near the edge of the measuring area, where 
the dots in the cameras were visible. The patient was then invited to stroll in the 
core of the chosen region where it was caught.

Camera placement: The 3 cameras used to record patient mobility were 
placed at the height of 1.5 to 2 meters on one side of the 8-meter-long corridor. 
The patient was on the way in the middle to ensure all cameras viewed the 
patient.

Measuring area is the segment of the patient's path: which requires 
three complete gait cycles around three meters. The measuring area was 

mainly marked on the wooden passageway, where four reflected dots were 
placed at four corners along the chosen length of the passage that was to be 
seen on camera during installation.

 Calibration

The camera scheme was calibrated to ensure the correctness of the values 
obtained prior to any three-dimensional (3-D) capturing performances. These 
tools were necessary for this calibration: A wand to supply the measuring points 
for calibration to the camera system. A remark structure for the calibrating 
system. In the measuring area covered by cameras, the remark structure is 
arranged horizontally along the floor. The four structure landmarks were 
visible by all cameras. Once all settings have been appropriately configured, 
the calibration is done by hitting the capture button while the measurement 
volume is retrieved and moving the stick around. The stick was located in 
three dimensions, starting with Z, X, and Y, respectively, during the calibration 
capture.

Capture

A recent patient file with the topic data was opened for every patient (name, 
age, weight, height). The patient was requested to go from the previously 
selected starting place. The Q Trac measuring began when the patient passed 
the measuring starting position. The patient was instructed to proceed on the 
end of the path to finish the Q-Trac analysis. By selecting capture from the 
menu bar, the collection was begun, and measurements should be recorded.

Export

The selected gait cycles are transferred to tabular form separate file (TSV). 
The data processing includes two basic processes (1) tracking the patient's 
mobility and identifying the skin spots on each location; (2) selecting and 
exporting to the analysis file of the three complete gait cycles.

Analysis

The spots utilised were then selected for calculations. Lastly, with the start 
button, the operations were started. The findings showed the computations in 
tables and graphs that showed the calculated whole gait variables. The above 
evaluation procedures were done for each patient before treatment and after 
3 months.

Training procedures

Group (A): Received standard treatment program (Stretching exercises, 
neurodevelopment technique (Bobath approach), strengthening exercises, 
balance and gait training exercises). This program was done in roughly one 
hour, three times per week, throughout 4 successive weeks [13,14].

Group (B): Received repetitive Transcranial Magnetic Stimulation in 
addition to standard treatment. 

Subject positioning

Before initiating the r-TMS therapy, the person should be in a relaxed 
position. On account of spasticity, these patients cannot be in the same status 
for a prolonged period, so it is essential to continuously inspect the status of 
the person during a therapy session in order to keep the close spiral contact 
with the skull of the person on the stimulation site, for the correct magnetic 
penetration and encouragement.

Repetitive Transcranial Magnetic Stimulation (r-TMS) 
process

The TMS instrument for this trial supplied repetitive magnetic pulse trains 
utilizing "the therapeutic Neuro-MS/D variant 2 (Neurosoft, Russia)" with an 
angled 8-shaped helix (AFEC-02-100-C). The equipment had a digital Neuro-
EMG-MS channel to set the motor threshold. The 8-form spiral produces up 
to 4-tesla magnet fields in the middle of the spiral that penetrates the cranium 
in the skull and penetrates the soft brain tissue that stimulates the motor 
neurons. In this Study, the spiral was positioned on the main motor cortex of the 
hemisphere, known as the signaling center of the brain on the motor route [11].
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Qualified professionals applying both PT and rTMS sessions, and the 
evaluation were done by a trained physiotherapist who was kept blinded to the 
research techniques used in the Study.

Statistical analysis  

Statistical analysis was performed using SPSS software for Windows, 
version 21.0 (Chicago, IL,

United States). Descriptive statistics were calculated for both groups before 
and after 1 month. Shapiro–Wilk's test was used to check the normal distribution 
of data. Repeated measures

multivariate analyses of variance, a two-way mixed model with the time 
within-subject factor, were utilized to determine any differences between the 
mean change scores of each group regarding the degree of gait parameters 
(cadence, speed, step length, and stride length) and ankle joint angle at initial 
contact were measured using three-dimensional analysis system [15]. The F 
value was used based on Wilks' lambda, and when the Multivariate Analysis 
of Variance (MANOVA) demonstrated a significant effect (P<0.05), a follow-up 
univariate analysis of variance (ANOVA), a group-by-time two-way mixed model 
ANOVA with time as the repeated factor, was performed at P=0.01 to protect 
against the possibility of the type I error. 

Results

This study is concerned with determining the effectiveness of rTMS 
in modulating plantar flexors spasticity. Clinical, functional, and laboratory 
assessment data were collected from the control group (A) who received 
standard treatment program for hemiplegic cerebral palsy, and the study group 
(B) who received r TMS plus to standard treatment program given to the control 
group.

There was no significant difference between groups in age, height, and 
Weight (P>0.05), as illustrated in Table 1. There was no significant difference 

between both groups in gender distribution as the Chi-squared value was 0.53 
(P>0.05).

Table 1. Demographic characteristics of the subjects at the beginning of the 
Study.

Variables Control Group 
Mean ± SD

Study Group 
Mean ± SD  P-value

Age [year]    10.4 ± 3.5    10.7 ± 3.4 0.37

Height [cm]    139.8 ± 16    138.3 ± 18 0.64

Weight [kg]    46.8 ± 22     45.3 ± 21 0.75

Repeated measures multivariate analysis was conducted to assess the 
comparison between control group (A) and study group (B) also conducted 
before and after the treatment as regards the degree of stride length, cadence, 
speed, and ankle joint angle at initial contact. Significant multivariate effects 
were found for the main effects of treatment, Wilk’s A=0.287, F(4,27)=15.232, 
P<0.0001, η2=0.705 and time, Wilk’s A=0.037, F(4,27)= 183.768, P<0.0001, 
η2=0.976, as well as for the interaction between treatment and time, Wilk’s 
A=0.156, F(4,27)=31.749, P<0.0001, η2=0.875. Follow-up univariate ANOVAs 
reveal that significant changes for speed outcome variable, F (1,29)=2.964, 
P<0.098, η2=0.095, for cadence outcome variable, F (1,29)=1.737, P< 0.205, 
η2 0.061, for Stride length outcome variable, F(1,29)=33.846, P<0.0001, 
η2=0.573 and for ankle joint angle outcome variable, F(1,29)=17.175, P<0.0001, 
η2=0.391. This interaction effect indicates that the difference between the 
control group (A) and study group (B) on the linear combination of the four 
dependent variables is different at pretest than posttest. Examination of the 
means suggests that this is because groups do not differ on either dependent 
variable at the time of the pretest, but they do differ at the time of the posttest. 
Study group (B) showed superiority to control group (A) after three months 
of intervention on cadence, speed, stride length and ankle joint angle Index 
(P<0.0001) as shown in Table 2.

Table 2. Outcome data for speed, cadence, stride length, and ankle joint angle before and after intervention for control and study groups.

Outcomes Control group 
(n=15) Study group Mean difference 99% CI P-value

Speed pre 0.4877 ± 0.0879 0.4665 ± 0.0943 0.029 (-0.062, 0.115) 0.407

Speed post 0.5887 ± 0.0933 0.7309 ± 0.1212 -0.153 (-0.246, -0.031) 0.001

P-value 0.0001 0.0001

Cadence pre 131.00 ± 3.874 130.93 ± 5.730 -0.757 (-5.647, 4.168) 0.693

Cadence Post 125.02 ± 4.255 120.63 ± 5.148 5.087 (0.340, 9.866) 0.007

P-value 0.0001 0.0001

Stride Pre 0.3902 ± 0.0864 0.4003 ± 0.0855 -0.030 (-0.103, 0.068) 0.508

Stride Post 0.5087 ± 0.0707 0.7402 ± 0.0991 -0.243 (-0.327, -0.149) 0.0001

P-value 0.0001 0.0001 -0.243 (-0.327, -0.149) 0.0001

Ankle angle pre -2.7369 ± 1.093 -2.7193 ± 0.9085 -0.009 (-1.020, 0.995) 0.983

Ankleangle post -1.3500 ± 0.6869 1.5460 ± 2.391 -2.936 (-4.633, -1.316) 0.0001

P-value 0.012 0.0001

Mean difference scores (99% Confidence Interval (CI)) on cadence, speed, 
stride length, and ankle joint angle are indicative of improvement.

Data are mean ± SD; P-value<0.01 indicates statistical significance.

Discussion

Throughout this study, the efficacy of r TMS on spasticity modulation 
for hemiplegic cerebral palsy children was investigated after two months of 

treatment. The outcomes of this investigation have been clearly shown the 
positive effects of using r TMS plus the physical therapy program in decreasing 
spasticity of the calf muscle and thus improving gait pattern in hemiplegic 
cerebral palsied children more than the physical therapy program alone.

Selecting the study sample from hemiplegic children agrees with Wildson, 
who stated that hemiplegia represents the main manifestation amid spastic type 
of cerebral palsy. It accounted for approximately around one-third of all brain 
paralysis cases due to unilateral brain injury [16]. This also agrees with Gromly, 
who reported that hypertonia, in hemiplegia, contributes to muscle weakness, 
incoordination, and limitation in range of motion [17].
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Usually, "children walk with a rapid cadence. It has been reported that the 
mean value of cadence at the age of one year is about 170 steps/minute. It 
decreases with age but still around 140 steps/minute at the age of seven. The 
higher cadence partly compensates for the short stride length, and the velocity 
ranges from 0.64 meters/second at the age of one year to 1.14 meters/second 
at the age of seven years" [18].

This observation comes in agreement with Sheridan 1982 who states that 
during walking, undoubtedly, the unaffected side of the hemiparetic child takes 
up all or the majority of the child weight. The hemiplegic lower limb may be 
adducted, internally rotated, knee extended, foot flat or in equines, and toes 
may claw the ground [19].

As physical therapy deals with function precision, assessing functional 
development is vital, although challenging, by examining clinical motor functional 
changes in children with cerebral paralysis. The reliable detection of functional 
changes is the main objective of an assessment results measurement [20].

The post-treatment results of this study revealed significant improvement 
in the mean value of all measuring variables of control group receiving standard 
exercise program. This significant improvement may be owing to the effect of 
traditional exercise programs, especially the neurodevelopmental approach, 
which was directed toward "inhibiting the abnormal muscle tone and abnormal 
postural reflexes, facilitating normal pattern of postural control (righting and 
equilibrium reaction), developing a greater variety of normal movement patterns 
particularly in the trunk and lower extremities". Also, developing weight shift 
and reciprocal coordinated movement of the lower limbs, providing postural 
adapting, and finally, using these adaptable motor patterns as a basis for 
developing skilled functional abilities [21].

This comes in agreement with Cramer and Riley, who reported that stroke 
and injury to the brain or spinal cord lead to neurological problems linked to 
impaired or total locomotor loss, as signs of flabby paralysis or spasticity in 
one or both legs. Fundamental animal model studies, including the cat, have 
demonstrated that repeated performance of defective movement (supported 
by external aid) can enhance the motor function of afflicted limbs. Research 
shows that these gains are based on several levels of central nervous system 
remodeling (neuroplasticity) and compensate for the loss of injured brain or 
spinal cord areas [22].

These findings are in line with the findings of recent research work done 
by Fernandes et al. who stated that Cerebral palsy children suffer from spastic 
diaplegia enhance their ability to create strength not just in the lower limbs but 
also on the upper limbs when exposed to resisted training. Moreover, several 
studies have demonstrated that diaplegic CP children enhance their motor skills 
with strength training, although it has been shown that strength training results 
in significant changes to increase their functional capacity [23].

In addition, it agrees with Gharlene and Johnna who reported that 
according to Bobath, CP motor issues are primarily caused by CNS dysfunction, 
which impairs the progression of normal postural controlling versus gravity and 
prevents normal motor growth. Approaches used to manage diverse sensory 
stimuli utilized to restrict spasticity, aberrant reflexes, and incorrect movement 
patterns and to encourage normal muscle tone, balance, and patterns of 
movement [24].

Numerous researches have demonstrated favorable therapeutic efficacy 
on spasticity by rTMS. For instance, Abdelkader have shown that rTMS has 
enhanced the H/M amplitude ratio, significantly improving lower limb spasticity, 
which has helped reduce multiple sclerosis spasticity in 21 patients [25].

 Concerning the results of the physical therapy program group, the results 
of our Study come in agreement with Maria W who stated that daily intense 
gait training boosts the central beta and gamma drive towards ankle dorsiflexor 
motor neurons and improves the lifting of toes and heel striking in children with 
cerebral paralysis. The findings suggest that extensive gait training induces 
plastic changes in the corticospinal tract and that improving the gait function will 
be caused by the consequent increase in central pull [26].

On the other hand, the application of "high frequency (10 Hz) rTMS is 
beneficial in spastic CP cases to enhance their functional hand activity; but the 

effect of rTMS frequency differed accordingly between different CP types and 
age groups of patients" [11]. 

Furthermore, Leo et al. reported that TMS stimulation of prefrontal and 
motor cortical areas gave rise to trans-synaptic activation of subcortical circuits 
which is responsible for motor activity and in the management of spasticity [27].

In addition, it agrees with Koman, et al., who reported that CP spasticity 
can be treated in a number of ways, including BTX, oral medications, 
neuromuscular blockants, orthotics, and physiotherapy. While some of these 
procedures succeed, they also involve undesirable effects and local discomfort, 
for example, BTX. In this case, the advantage of rTMS is that this treatment is 
non-invasive, virtually painless, and well tolerated by youngsters, as our Study 
demonstrates [28].

 Hemmy et al. stated that Spasticity pathogenesis was widely investigated 
in CP. The inhibitory input of the reticulospinal and corticospinal tract lessens 
the damage to cortical motoneurons, leading to a rise of gamma and alpha 
neurons excitability. The use of cortical stimulation attempts to enhance motor 
cortical neuron inhibition. This patient population is highly appropriate for 
this technique since the loss of cortical motoneurons is not total; hence the 
corticospinal system may be modulated [29].

Our results come in agreement with Bablu who reported that though rTMS 
induces significant functional gains in hand function in comparison with the 
traditionally employed physical exercise, lower frequency (5 Hz) result in more 
improvement in diplegic CP patients who have 2-6 years of age and higher 
frequency (10 Hz) caused more functional improvement in hemiplegic and 
quadriplegic patients of older age group in a restricted number of sessions [11].

At last, results of the present study supported by Elkholy who stated that 
Studies on Spinal Cord Injury (SCI), multiple sclerosis, and stroke patients 
provide reasonable evidence to show the effectiveness of rTMS combined with 
rehabilitation therapy on motor function [30]. The Study was limited for the high 
cost of TMS device and limited number of cases for the Study

Conclusion

Repetitive Transcranial Magnetic Stimulation is a valuable supplementary 
tool to physical therapy programs in treating hemiparetic CP children than the 
physical therapy programme alone because it plays a key part in reducing 
spasticity and improving patient gait pattern.
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