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Abstract
Transcranial magnetic stimulation (TMS) is a new interventional tool used in the study of neuronal activity and
treatment of psychiatric disorders. Repetitive TMS (rTMS) is a non-invasive technique of stimulating the brain
employing magnetic pulses. Recent research has demonstrated the efficacy of rTMS in facilitating motor functions.
Using these evidences, we studied the effectiveness of rTMS in improving motor activity in spastic cerebral palsy
(CP) children. CP is a neuro-developmental disorder of movement and posture that is caused by injury to the
developing brain that restrict activities of daily living. In the quest to treat CP, several interventions are used among
which physical therapy is the mainstay therapy. In this study, we selected 45 spastic CP children and divided them
randomly into three groups-the reference group (RG) that was provided only physical therapy (PT) for 30 minutes
daily for 20 days; the interventional group (IG) that was administered rTMS frequency of 5Hz (IG-A) and 10Hz (IG-B)
for 15 minutes (1500 pulses) daily followed by PT as in RG. Gross motor function measure (GMFM) was used as
assessment tool to evaluate the motor performance. Prior to start of therapy, pre-assessment of GMFM was
performed on all participants and post assessment after completion of 20 sessions. The result was statistically
significant in all three groups (p<0.001) and the mean change demonstrated 0.64%, 1.75% and 2.59% improvement
in motor activity among participants in RG, IG-A and IG-B respectively. The study demonstrated positive effect of
rTMS in improving motor activity when combined with PT.

Keywords: Cerebral palsy; Gross motor function measure; Physical
therapy; Transcranial magnetic stimulation

Introduction
Transcranial magnetic stimulation (TMS) is a unique investigational
tool used to study various neural processes and treat a variety of
neurological illnesses due to its ability to directly modulate
corticospinal and intracortical motor cortex [1]. Repetitive TMS
(rTMS) is a non-invasive brain stimulation technique through which a
focused magnetic field is delivered by a coil deep into the brain tissue.
The repetitive pulses of the magnetic field stimulate neuronal activity
in the target brain area by changing the pre-stimulus dynamics of
neuronal firing in the stimulated region [2]. Recent studies have
established that brain stimulation using rTMS can stimulate motor
neurons that facilitate motor function in animals [3,4] and humans [5].
Kirton demonstrated the use of TMS on stroke and cerebral palsy (CP)
patients that facilitated motor function after stimulating their motor
cortex [6]. He further added that TMS can be employed in CP to study
the activity and coordination of different parts of the brain by single or
paired (repetitive) TMS pulses and to improve brain function [7].
CP belongs to a group of neurodevelopmental disorder(s) related to
motor and posture impairment that develops in early childhood and
persists throughout lifespan of an individual [8]. CP is caused by
various etiological factors including prematurity, injury to developing
brain, perinatal stroke, hypoxia, neonatal inflammation or infections;
besides genetic variability [9]. Now-a-days, CP is regarded as a
heterogeneous condition with multiple-causes, clinical types,
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neuropathology patterns, associated developmental pathologies
(cognitive impairment, epilepsy, etc.) and rare genetic variations [10].
This heterogeneity gives rise to different forms of CP (spastic, ataxic,
dyskinetic, athetoid), among which spastic CP is quite common and
found in 70% to 80% of the cases. It is a neuromuscular impairment
that limits the movement and posture of the body due to increase in
the tonic stretch reflex or exaggerated tendon reflex in the muscles
[11]. These patients are not able to perform activities of daily living
(ADL) that involve movement and coordination of arm, leg and other
body parts and thus fail to achieve developmental activities such as
rolling, crawling, sitting, standing and walking. In order to improve the
motor performance of spastic CP patients, various interventions [12]
are combined with physical therapy such that motor function may be
enhanced. Physical therapy (PT) teaches day-to-day movement skills
such as sitting, walking, playing and dressing using cast’s orthotics and
provides muscle strengthening exercises [13]. In this study, we present
our brief finding that demonstrates the effectiveness of rTMS when
combined with PT in improving motor functions in spastic CP
children in limited number of sessions.

Method
In this study, neuro-MS/D variant-2 therapeutic (Neurosoft, Russia)
with angulated coil in the figure of eight (AFEC-02-100-C) and two
channels of Neuro-EMG–MS digital system (for determining the
motor threshold) were employed. The eight-shaped coil generates a
magnetic field of up to 4 Tesla at the center of the coil that easily
penetrates the cranium and enters the soft tissue of the brain. In this
study, the coil was placed on the primary motor cortex which is known
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to be the motor pathway. This study was conducted after approval from
the institutional ethics committee for human samples or participants
(IECHSP), of the host institution and written consent from the parents
or guardians of spastic CP children that met our inclusion criteria.
Inclusion criteria followed were-willingness to participate; age group
between 2 to 15 years; muscle tightness mild to moderate and cognitive
deficiency nil to moderate, no metallic implants, no uncontrolled
seizures or congenital diseases. Total forty-five children were selected
from the out-patient department of UDAAN-for the different abled,
Delhi, a non-profit organization that pioneered the rehabilitation of
CP children using various interventions. The recruited children were
randomly assigned into three groups in equal numbers– reference/
control group (RG), interventional group A (IG-A) and interventional
group B (IG-B). RG consisted of 12 participants (mean age: 7.49 SD
4.95; male: 7, female: 5), IG-A consisted of 15 participants (mean age:
7.93 SD 4.86; male: 9, female: 6) and IG-B consisted of 14 participants
(mean age: 8.06 SD 4.10; male: 10, female: 4 ). Three participants from
RG and one from IG-B did not continue the study due to some
unknown reasons; thus, their baseline data was not used for any
statistical analysis.
The assessment of gross motor function of recruited children were
performed using gross motor function measure (GMFM) which is an
internationally approved scale used by trained physiotherapists to
monitor motor development in spastic CP patients [14] and for
assessing efficacy of any treatment [15]. GMFM is a performance based
measure that reflects developmental milestones of a growing child
(rolling, crawling, sitting, standing, walking/running) referred to as
gross motor abilities of CP patients [16]. GMFM has total 88
assessment items which are grouped into five domains, namely A-lying
and rolling (17 items), B-sitting (20 items), C-crawling and kneeling
(14 items), D-standing (13 items), and E-walking, running and
jumping (24 items). Additionally, GMFCS for CP is a level based scale
that evaluates patient’s self-initiated movements, with emphasis on
sitting, moving and walking.
Group

Min

Max

In this study, prior to starting the therapies, GMFM pre-assessment
was performed on all participants of different groups namely, RG, IGA and IG-B. Participants of RG were provided only PT for 30 minutes
daily for 20 days (5 days per week for 4 weeks) whereas children in IGA was administered rTMS of 5Hz frequency and those in IG-B with
10Hz comprising of 1500 pulses (50 pulses per train with total 30
trains having inter-train delay of 20 seconds) for 15 minutes daily for
20 days. The rTMS session of both the groups were followed by PT of
30 minutes daily as given to RG. After completion of 20 sessions of
different therapies (only PT and rTMS+PT) administered to different
groups, post-assessment of GMFM was performed. It is to be noted
that PT and rTMS sessions were provided by trained professionals and
the assessment was done by a trained physiotherapist who was kept
blinded to the research protocols used in the study.

Statistical Analysis
The pre and post GMFM mean scores for each of the three groups
were analyzed with a paired-sample t-test, to determine whether any
significant differences existed. The variance and covariance analyses
were also performed. Additionally, mean and median GMFM scores
were used to evaluate the percentage of functional gain that was
brought about in different groups. All statistical analysis was
performed using SPSS 20.0 (Armonk, NY, IBM Corp., USA) and
Microsoft Excel 2010. The p-value of less that 0.001 was considered
statistically significant.

Results
The mean, standard deviation (SD), minimum and maximum
GMFM scores of pre and post treatment measures for different groups
are given in Table 1. The change between the two measurements for
different groups is shown in Figure 1.

Median

Mean ± SD

Pre

Post

Pre

Post

Pre

Post

Pre

Post

RG

5.28

6.27

91.94

92.46

66.54

67.11

52.87 ± 31.51

53.54 ± 31.61

IG-A

3.40

7.00

86.00

88.81

56.78

58.28

48.97 ± 29.74

50.72 ± 29.73

IG-B

3.53

6.27

96.94

98.46

61.45

63.59

48.57 ± 31.37

51.17 ± 31.01

Table 1: Descriptive statistics of reference and interventional groups.
The paired t-test between the pre and post assessment of GMFM
scores in reference (only physical therapy) group (RG) revealed
significant differences (t=-7.784, df=11, p=0.0001, confidence interval
(CI) -0.864 to -0.483). The mean change score was 0.64 (SD 0.29). The
paired t-test between pre and post assessment of GMFM scores in
interventional (r-TMS +PT) groups were also significant. In IG-A, t=
-7.382, df= 14, p<0.0001, CI-2.258 to -1.242 and in IG-B, t= -8.424, df=
13, p<0.0001, CI-3.257 to -1.927. The mean change score was 1.75 (SD
0.92) in IG-A and 2.59 (SD 1.15) in IG-B. Therefore, it can be stated
that physical therapy (in RG) and r-TMS followed by PT (in IG-A, IGB) had a significantly positive effect on the gross motor function in
spastic CP children.

rTMS pulses was significantly greater than those in reference group.
The result confirmed that rTMS combined with PT could cause greater
progress in children’s motor activity. Additionally, from the mean
change scores it was observed that 0.64% progress was obtained
following only PT in one month but when rTMS pulses was
administered prior to PT, the improvement was appreciable i.e., 1.75%
and 2.59% with 5Hz and 10Hz frequency respectively in similar time
duration (Figure 2). Also, it was noted that 10Hz r-TMS frequency
brought greater improvement as compared to 5Hz as evident from the
mean change scores of IG-A and IG-B.

Statistical analysis reveal that the improvement in gross motor
function for children of interventional group that was administered
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groups in children and also to establish its consistency over a period of
time in maintaining the improvement it has induced.

Figure 1: Functional improvement in motor performance of
different groups. Shown are median (black center line) and range of
functional gain (green and pink).

Figure 2: Mean change in GMFM score of different groups between
pre-and post-assessment.

Discussion and Conclusion
Our study was based on the previous work done employing rTMS
by different research groups hat established the fact, if brain
stimulation is given repeatedly it can produce lasting changes in brain
function with potential therapeutic effects [17,18]. The high frequency
rTMS (above 5 Hz to 10 Hz) stimulates the motor cortex area of the
brain which facilitates motor function in animals and humans. Recent
studies on spinal cord injury (SCI), multiple sclerosis and stroke
patients provide good evidence to show the effectiveness of r-TMS on
motor function. Kumru et al. study on improvement of motor score
and gait pattern demonstrated that high-frequency rTMS combined
with rehabilitation therapy can be more effective in the management of
motor impairment and spasticity than rehabilitation therapy alone
[19]. A similar finding was reported by Elkholy et al. with improved
gait patterns in stroke patients [20]. Moreover, Mally and Dinya
reported improvement in paretic extremities with rTMS in stroke
patients when the traditional rehabilitation had failed [21]. Following
evidences from the reported literatures in improvement of motor
functions; we conducted this study in spastic CP children to evaluate
their motor development. Our findings in the study demonstrate the
effectiveness of rTMS in spastic CP cases. Thus, it can be concluded
that the administration of high frequency rTMS prior to PT can lead to
significant progress in motor function. The improved motor activity in
spastic CP children can be attributed to the significant reduction in
muscle tightness of both upper and lower extremities due to the
stimulating effects of rTMS [22].

Nevertheless, since CP is regarded as heterogeneous spectrum
disorder represented by different clinical types, co-morbidities,
pathways and genetic variants, it is of much concern that despite
different etiological factors contributing to CP causation; there has
been little change in the prevalence of this disorder (2-3 per 1000
births) around the world [10]. Thus, the recent research paradigm
shifts towards the genetic factor being responsible for CP. A study
conducted in 2005, with a four-generation family of nine (9) children
that suffered congenital CP, found that a 225 kb deletion on
chromosome 9p24.3 might be responsible for the initiation of CP [23].
In addition, ankyrin repeat domain 15 (ANKRD15), the only protein
coding gene within this region (chromosome 9p24.3), is interpreted as
a maternal imprinted gene, since the healthy fathers of the sick child,
who harbor the same deletion, expresses the normal level of this gene.
However, no correlation was found between the expression of the
ANKRD15 and the pattern of DNA methylation. Traditionally, it is
known that DNA methyltransferases (DNMTs) play a key role in the
maintenance of imprinted DNA methylation [24]. Interestingly, recent
observation indicated that some histone modifiers, such as G9a and
GLP, are also involved in the maintenance of genomic imprinting [25].
Therefore, aberrantly established H3K9me2, the G9a/GLP-associated
heterochromatin mark, might directly cause abnormal expression of
ANKRD15 and lead to initiation of CP in humans. Thus, investigation
of the levels of G9a and GLP in patients might shed light towards new
direction for the treatment of this neurological disorder.

Furthermore, the benefit of rTMS demonstrated in our study,
provide encouraging results for those who advocate this approach, but
we do not consider that the results of this one study should be
interpreted as the final answer to the above important question, given
that some of the earlier studies have reported weak responses to the
TMS therapy. Our research team is working to further evaluate the
effectiveness of rTMS using different parameters for different diseased
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