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Abstract

Repetitive Transcranial magnetic stimulation (rTMS) is emerging as a new investigation as well as treatment tool
for various neurological and psychiatric diseases. Recent studies showed its application as treatment tool in
movement disorders, where rTMS stimulation on primary motor cortex alters physiological patterns of motor
threshold; motor evoked potential and cortical plasticity which induces motor activity. Recent studies on rTMS
combined with rehabilitation therapy demonstrated functional improvement in motor activities of spastic cerebral
palsy (sCP) children. Thus, this study was designed to evaluate the effect of rTMS on hand function of sCP patients.

Forty-five children diagnosed as sCP participated in this study after written consent from their parents or
guardians. They were divided into three groups- control (CG) and interventional group (IG-A and IG-B). Participants
in CG were provided only physical therapy (PT) of 30 minutes duration daily for 20 days and those in IG were
administered rTMS frequency of 5Hz (IG-A) and 10Hz (IG-B) for 15 minutes consisting of 1500 pulses daily for 20
days; followed by PT as given to CG. Quality of upper extremity skill test (QUEST) scoring was used for evaluating
the improvement in hand function of sCP patients. The pre (before starting any therapy) versus post (after
completion of 20 sessions) mean QUEST score between different groups were statistically significant (p<0.01) and
the mean change was 0.61, 2.46 and 2.87 in CG, IG-A and IG-B respectively.

However, encouraging functional improvement in hand function was observed in diplegic patients in the age
group of 2-6 years employing 5Hz frequency and higher frequency (10Hz) induced better activity in hemiplegic and
quadriplegic patient of older age groups (7-16 years).

Keywords: Cerebral palsy; Physical therapy; Quality of upper
extremity skill test (QUEST); Transcranial magnetic stimulation

Introduction
Ever since the introduction of repetitive Transcranial magnetic

stimulation (rTMS) in 1989, several studies demonstrated rTMS as an
investigational as well as a treatment tool for a variety of neurological
and psychiatric disorders [1]. rTMS is a noninvasive brain stimulation
technique that repeatedly stimulates cerebral cortex by a train of
magnetic pulses. The stimulation modulates cortical excitability
producing physiological changes in motor threshold; motor evoked
potential and cortical plasticity [2]. These physiological changes can
induce motor activity and helps in the treatment of movement
disorders.

The application of rTMS in movement disorders was thoroughly
reviewed by Kamble et al., where diseases such as Parkinson’s and
Huntington’s disease, dystonia, progressive supranuclear palsy, etc.,
were discussed [3]. Additionally, recent publications reported positive
effect of rTMS in cerebral palsy [4] demonstrating improved motor
activity [5,6] along with reduction in muscle tightness [7].

Cerebral Palsy (CP) is a neurodevelopmental disorder that affects a
developing child. CP occurs due to brain damage occurring in the fetal
period or infancy which results in motor or sensory nerve damage

leading to inability to perform activities of daily living [8]. CP presents
itself in different forms - ataxic, spastic and dyskinetic; among which
spastic CP is most common. Spastic cerebral palsy is a neuromuscular
impairment that limits the movement and posture of the body due to
increased tonic stretch reflex or exaggerated tendon reflex in the
muscles [9]. These patients are not able to perform coordinated motor
activities of upper and lower extremities.

Besides having difficulty in performing hand function such as
grasping, lifting and weight bearing. In order to restore this motor
disorder, diverse therapeutic approaches [10] are being employed,
commonly known are task oriented training [11] and physical therapy
[12]. These physical approaches helps in functional organization by
repeatedly training on activity tasks associated with daily living based
on motor learning and promotes controlled movements that are
actually used when performing functional tasks [13]. Thus, in this
study, we aimed to evaluate the effect of rTMS on hand function of
spastic CP children combined with physical training (PT) exercises.

Materials and Methods

Participants
Forty-five participants diagnosed as spastic CP by consultant

physician and pediatric neurologists participated in this study after
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written consent from their parents or guardians. These participants
were equally divided into three groups namely, control group (CG),
interventional group A (IG-A) and interventional group B (IG-B)
matching age, CP type and age group. The demographic characteristic
of participants is given in Table 1. Only participants that satisfied our
inclusion criteria were selected from the out-patient department of
UDAAN- for the differently abled, Delhi a non-profit organization that
pioneered the rehabilitation of CP children using various
interventions. The inclusion criteria followed was willingness to
participate; age group between 2 to 16 years; muscle tightness mild to
moderate, cognitive deficiency nil to moderate, limited hand function-
grasping or weight bearing, no metallic implants, no uncontrolled
seizures or congenital diseases. Data of some spastic CP children (3 in
RG and 2 each in IG-A and IG-B) that showed near to normal hand
function were not included for any analysis.

Variables CG IG-A IG-B

Age ± SD (Years) 8.59 ± 4.81 8.33 ± 4.33 7.24 ± 5.01

Height ± SD (cm) 107.00 ± 24.80 114.71 ± 26.93 118.17 ± 15.99

Weight + SD (kg) 21.58 ± 15.62 27.14 ± 10.50 25.67 ± 13.85

Sex

Male : Female 7 : 5 8 : 5 9 : 4

CP type

Hemiplegic 4 3 3

Diplegic 5 7 6

Quadriplegic 3 3 4

Age group

2-6 years 4 5 5

7-11 years 4 6 5

12-16 years 4 2 3

Table 1: Demographic characteristic of participants.

Stimulation device
TMS device used in this study delivered repetitive trains of magnetic

pulses using Neuro-MS/D Variant-2 therapeutic (Neurosoft, Russia)
with angulated figure of eight shaped coil (AFEC-02-100-C). The
device had two channel Neuro-EMG–MS digital system for
determining the motor threshold. The eight-shaped coil generated
magnetic field of up to 4 Tesla at the center of the coil that when placed
on the skull penetrates the cranium and enters into the soft tissue of
the brain which stimulates the motor neurons. In this study, the coil
was placed on the primary motor cortex which is known to be the
motor pathway signaling center of the brain.

Assessment tool
The assessment tool used in this study was quality of upper

extremity skill test (QUEST) which is a specially developed tool to
overcome the limitation of measures of hand function in children with

motor disabilities [14]. QUEST scoring is universally used to evaluate
the functions of upper extremity that demands fine motor skills
[15,16]. QUEST comprises of descriptive and impairment based
measures which is designed to evaluate the hand function in spastic
CP.

QUEST evaluates 36 items of upper extremity in four domains,
namely, A- dissociated movements, B- grasping, C- protective
extension and D- weight bearing. In order to calculate QUEST score,
total values of each domain are added and averaged, then converted to
percentage which was used for analysis.

Research design
The selection of participants and design of study protocol was

performed only after approval from the institutional ethics committee
for human samples or participants (IECHSP) of the host institution.
Immediately after selection of participants, pre assessment of QUEST
was performed on all participants of different groups namely, CG, IG-
A and IG-B. Participants of CG were provided only PT for 30 minutes
daily for 20 days (5 days per week for 4 weeks) whereas children in IG-
A 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 as provided to participants in RG. After completion of 20
sessions of different therapies administered to different groups, post-
assessment of QUEST was performed. Both PT and rTMS sessions
were administered 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 QUEST scores for each of the three groups were

analyzed with a paired-sample t-test to determine statistical
significance. The variance and covariance analyses were also
performed. The mean and median QUEST scores were used to
evaluate the percentage of functional gain that was induced by
different therapies in different groups. Moreover, the percent change in
QUEST scores were used to determine improvement in different
spastic CP types and age 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 0.01 was considered statistically
significant.

Results
The paired t-test between the pre and post QUEST scores in control

(only physical therapy) group (CG) revealed significant differences (t =
‒3.368, df = 11, p = 0.006, confidence interval [CI] ‒1.0003 to ‒0.2097)
with mean change of 0.61%. The t-test between pre-post assessments of
QUEST scores in interventional (rTMS+PT) groups was also
significant. In IG-A, t = ‒4.036, df = 12, p=0.002, CI -3.789 to ‒1.133
and in IG-B, t = ‒3.768, df = 12, p=0.003, CI ‒4.439 to ‒1.186. The
mean change score was 2.46% in IG-A and 2.82% in IG-B. The QUEST
scores between different groups are represented in Table 2.
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Groups Min Max Median Mean ± SD

Pre Post Pre Post Pre Post Pre Post

CG 39.76 40.97 88.75 90.23 63.84 64.68 62.79 ± 15.40 63.40 ± 15.42

IG-A 50.93 50.93 98.21 100 76.44 82.93 75.61 ± 15.89 78.07 ± 16.24

IG-B 49.29 51.61 91.67 98.15 80.22 81.71 74.28 ± 15.22 77.10 ± 14.87

Table 2: Descriptive statistics of control and interventional groups.

The improvement (mean change) in different groups was 0.61, 2.46
and 2.82 percent in CG, IG-A and IG-B respectively (Figure 1). This
clearly demonstrated positive effect of rTMS over PT. But it was
observed that mean change in both the interventional groups differed
slightly; IG-B with 10Hz rTMS frequency revealed better improvement
than IG-A (5Hz). However, considering the change in the median
score (Figure 2), 5Hz seemed better that 10Hz frequency. This lead to
ambiguity in the interpretation of result, thus in order to overcome this
ambiguity, percentage functional gain according to CP type and age
group was analyzed.

Figure 1: Functional improvement percentage in range of functional
gain in QUEST score between QUEST scores between different
groups.

The mean change between different spastic CP types (hemiplegic,
diplegic and quadriplegic) in various groups showed minimal
improvement by only PT (CG) compared to rTMS therapy group (IG-
A and IG-B). Between IG-A and IG-B, 10Hz frequency showed
appreciable functional gain in hand function in hemiplegic (4.04%)
and quadriplegic (3.87%) patients as compared to diplegic (2.31%)
patients. On the contrary, 5Hz rTMS frequency was more beneficial in
diplegic (2.31%) patients compared to hemiplegics or quadriplegics in
the same group (Figure 3).

Figure 2: Box-plot showing change in median.

Figure 3: Improvement percentage between different spastic CP
types following different therapy regime.

Comparing the effect of different therapies between different age
groups, it was observed that combined rTMS and PT (IG) group
demonstrated better functional hand activity compared to only PT
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(CG). rTMS frequency of 10Hz induced better improvement (4.14%)
in older children (12-16 y) compared to lower age group (2-11 y)
children but 5Hz frequency was more beneficial (3.7%) in younger
children (2-6 y) compared to older spastic CP patients (Figure 4).

Figure 4: Improvement percentage between different age groups
following different therapy regime.

The result demonstrated that though rTMS induces appreciable
functional gain in hand function when compared to the traditionally
employed physical training, lower frequency (5Hz) lead to better
improvement in diplegic CP patients that are in the age group of 2-6
years and higher frequency (10Hz) induced better functional
improvement in hemiplegic and quadriplegic patients of older age
group in limited number of sessions.

Discussion and Conclusion
The interventions employed in the restoration of functional abilities

in CP patients to make them perform activities of daily living are
diverse and emerging. This diversity in interventions existed since
there is no specific diagnostic protocol, nor is there a clear singular
etiology and pathology for CP. Now-a-days rehabilitation of these
patients is performed employing technology such as robotics, virtual
reality and brain stimulations [17]. All these interventions are known
to induce neural plasticity which traditional approaches fail to meet.
rTMS too, induces brain plasticity [18] and produces lasting changes in
brain function with potential therapeutic effects [19,20]. Studies on
spinal cord injury (SCI), multiple sclerosis and stroke patients provide
good evidence to show the effectiveness of rTMS combined with
rehabilitation therapy on motor function [21-23]. Similarly, our
findings in this study demonstrated that high frequency 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 group of patients.
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