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1. Introduction




Introduction

This chapter provides background information, introduce terms used throughout the
thesis, set objectives of the thesis, define open problems, and formulate research
questions that are to be answered by the thesis. Overall goal of this research was to
find the efficacy of Theta Burst Stimulation, Functional Electrical Stimulation and

Physiotherapy in the rehabilitation of stroke patients.

1.1 Extent of the problem

Siroke one of the major causes of death and a leading cause of adult long term
disability worldwide (Strong et al 2007; Murray and Lopez 1997) is caused by an
Jinterruption of blood supply to the brain either due to blood vessel blockage
(ischaemic stroke, approx. 82%) or blood vessel rupture (haemorrhagic stroke,
approx. 14%)(Feigin et al 2009) both which leads to a sudden break down in oxygen

and nutrition supply and may cause permanent brain tissue damage. The World

ankin score, I & 11), 44% had moderate disability (Rankin score, III &

% : .
° Were bedridden (Rankin score V), nearly two thirds of the survivors



were moderately or severely disabled at three weeks, highlighting the social burden.

Stroke survivors frequently exhibit persistent functional disability that impairs the
quality of life (Olsen 1990), although most patients regain their walking ability,
impairment of upper extremity functions is a major disability. While the lower
extremity functions improve in 89%, upper extremity functions improve in only 50%

of the post stroke patients. The recovery process of upper extremity functions is also

slower than that of lower extremity functions. The motor weakness, by compromising

the performance of activities of daily living (ADL) leads to disability and permanent

dependency on community (Olsen 1990; Lawrence et al 2001)

Hemiplegia after stroke is one of the most prevalent diagnoses treated by the
neurologists and the rehabilitation team (occurring in more than 80% of patients),
followed by sensory deficits (approximately 45%) and speech deficits (approximately
24%) (Rathore et al 2002). Treatment of hemiplegia after stroke continues to be a
challenging, and often frustrating experience for clinicians. The ability to live
‘independently after stroke largely depends on reconstitution of motor control (Rathore

‘et al 2002). Although stroke damage can be devastating, many patients survive the

Initiation : s ,
of voluntary movement. Rehabilitation encompasses various

Which )
are used to manipulate elements of the central and peripheral
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nervous system and includes traditional conventional motor therapy, constraint
induced movement therapy, mirror therapy, and electrical stimulation (Ward 2005b;
Ward and Cohen 2004; Homberg 2005; Krakauer 2006)

Functional Upper Limb (UL) recovery after stroke is typically poor, with 30 to 66%

of individuals failing to achieve functional recovery after six months and only 5-20%

(Wade et al 1983; Sunderland et al 1989) of individuals with stroke make full UL
recovery depending on initial severity (Nakayama et al 1994). Studies have shown
that individuals demonstrate difficulties with functional activities and dexterity that
persist into the chronic post-stroke phase (Heller et al 1987). Currently, physical and
occupational therapy and at times neurostimulation techniques are used for treatment
of stroke-induced hand motor deficits. However, additional therapeutic strategies are
needed since stroke is the most common cause for permanent disability in adults and

one of the most expensive diseases in world (Kolominsky-Rabas et al 2006).

. Rationale of the study -

Slearly, post stroke motor rehabilitation strategies to maximize contralateral UL
functio 1ing as soon after stroke onset as possible are of paramount importance,
Jiesent management strategies involving conventional physiotherapy have limited
y in facilitating the motor recovery following stroke (Murray and Lopez 1997).
2 an effective and functionally based intervention to improve motor control in
dHals with hemiplegia is very important for improving the functional outcome
& the independent living by improving the functional capacity of the

_" and 5 . . . .
thus, making them independent can have enormous implications for
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the family and the health care resources, which are often limited in developing
countries (Murray and Lopez 1997; Lawrence ef al 2001; Bhalla et al 2002).
Treatment approaches which can facilitate this reorganization process by enhancing

the cortical plasticity might have a very important role on improving the functional

outcome following neuronal injury. Previous studies have established that following
an acute stroke, the excitability of the affected cortex is decreased as demonstrated by
an increased Resting Motor Threshold (RMT) and a decrease in the amplitude of the
Motor Evoked Potential (MEP) (Liepert et al 2000b; Di Lazzaro et al 2008a).
Experimental studies suggest that brain hyper-excitability may influence the recovery
by facilitating neuronal plasticity (Di Lazzaro et al 2008a; Maeda et al 2000b; Talelli
et al 2007). Excitability of the human cortex can be modulated non-invasively by
using transcranial methods of cortical stimulation. Two types of approaches which
can be used are: (1) increasing the excitability of cortex in the affected hemisphere —
fizﬁﬁil’gﬁional hemisphere; and (2) suppression of the non-stroke hemisphere —
‘contralesional hemisphere to reduce its interference with the functions of the opposite
isphere (Liepert e al 2000b; Di Lazzaro et al 2008a; Maeda et al 2000b; Talelli
2007).

ial Magnetic Stimulation (TMS), a non-invasive means of electrically
wlating neurons in the human cerebral cortex, is able to modify neuronal activity
lly and at distant sites when delivered in series or trains of pulses. Data from
lulation of the motor cortex suggests that the type of effect on the excitability of
4l network depends on the frequency of stimulation (Wassermann and
HbY 2001). While the high frequency repetitive TMS (rTMS) is excitatory to the

the low .
"OW frequency rTMS has inhibitory effects. Focal high frequency rTMS to
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the motor cortex of the affected hemisphere in conjunction with motor practice
| intervention paradigm can enhance the corticomotor excitability, which would
improve the motor performance in stroke patients. Repetitive TMS is able to modulate

the corticospinal excitability and these effects appear to last beyond the duration of

the rTMS itself (Maeda et al 2000b). In preliminary studies, high frequency rTMS
have been shown to produce a increase in corticospinal excitability leading to
enhanced motor skill acquisition (Kim et al 2006; Talelli et al 2007, Nowak et al
2009), these studies suggest that TMS might be a suitable method to combine with
physiotherapy for improving the recovery of UL functions in stroke patients
(Pomeroy et al 2007).
Although rTMS has been proven to be very safe in human subjects, it has a theoretical
rI.i_Sk of inducing seizures in susceptible individuals especially with higher field
oths. Theta Burst Stimulation (TBS) is a novel method of delivering I”TMS at
safe in chronic and acute stroke patients (P Talelli, R J Greenwood and J C
vell 2007). In preliminary studies, intermittent (facilitatory) TBS (iTBS) to the
sional hemisphere and continuous (inhibitory) TBS (cTBS) to the contralesional
emisphere have been shown to transiently improve the motor behavior and
ticospinal output in the paretic hands (Di Lazzaro et al 2008a; Talelli ef al 2007).
Y, surface Neuromuscular electrical stimulation applied to wrist and fingers
B€En shown to improve the range of joint movements and volitional muscle
Etion in patients with acute/subacute stroke (Alon et al 2007; Cauraugh and
#34) which is also believed to work by enhancing the cortical plasticity. More

ati .. . .
ons have focused on regaining upper extremity function rather than
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simply minimizing impairments, in particular the recovery of the ability to grasp,

hold, and release objects (Alon et al 2007) Cauraugh and Kim 2003a; Popovic et al

2003).

Upper extremity task-oriented training that begins soon after stroke that incorporates
neuromuscular electrical stimulation with the addition of volitional, task-specific
functional training (Functional Electrical Stimulation, FES) may improve upper
extremity functional use in patients with mild/moderate paresis more than task-

oriented training without FES (G Alon, A F Levitt and P A McCarthy 2007,

Kimberley et al 2004; Duncan et al 2003).

Thus both the rTMS and FES has a potential of improving the motor functions and the
functional outcome following ischemic stroke. However, these strategies have not

been used in clinical setting and their usefulness in promoting motor recovery over

patients are cared at primary and secondary care health centers without
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any uniform guidelines, which can contribute to persisting disability. There is usually

a pihilistic view among the physicians regarding the rehabilitative treatment of stroke

patients. However, as the current researches have shown that, brain has significant

plasticity and reorganization capacity even in the old age. By enhancing this plasticity

by using noninvasive stimulation, there is a potential for improving the functional

outcome of stroke patients. Previous studies utilizing the noninvasive stimulation

have not been able to establish their clinical utility in improving the long-term motor

outcome in stroke subjects.
Efficacy of rTMS or FES, if proven by this study can help in developing the evidence-
based guidelines for rehabilitation of stroke patients particularly related to patient

population in india. Any intervention to improve the functional ability of these

legrative treatment approach. By this study the researcher will be able to formulate a

lion protocol for the stroke patients integrating different approaches. Once



1.4 Statement of the problem

As the goal of this research was to find the efficacy of different approaches like Theta
burst stimulation, Functional clectrical stimulation and Physiotherapy in the
rehabilitation of stroke patients, the problem can be stated as “Efficacy of Theta Burst

Stimulation and Functional Electrical Stimulation as Compared to Physiotherapy in

Stroke Rehabilitation: A Randomized Controlled Trial”.

1.5 Operational Definitions

Efficacy — By efficacy the researcher means the capacity for therapeutic effect of a

given intervention (TBS/FES/Physiotherapy).

Theta Burst Stimulation (TBS) - TBS is a novel method of delivering rTMS at

er intensities; by TMS here researcher means it is a technique for noninvasive

AUy

yulation of the human brain applied with magstim rapid’.

‘unctional Electrical Stimulation (FES) — Application of small electrical pulses to

ed muscles to restore or improve their function applied with mega XP,
r b
edic Corporation.

erapy (PT) — By physiotherapy here, researcher means conventional

rapy for the stroke patients.

abilitation — By stroke rehabilitation here, researcher means rehabilitation
SElimb functions of post stroke patients measured by primary outcome

fugl meyer assessment of motor performance.



| 1.6 Objectives

1. To find the efficacy of Theta Burst Stimulation along with Physiotherapy in
rehabilitation of stroke patients as assessed by fugl meyer assessment scale,

modified rankin scale, barthel index, NIHSS, resting motor threshold and
cortical silent period.

To find the efficacy of Functional Electrical Stimulation along with
Physiotherapy in rehabilitation of stroke patients as assessed by fugl meyer

assessment scale, modified rankin scale, barthel index, NIHSS, resting motor

threshold and cortical silent period

3. To find the efficacy of Physiotherapy alone in rehabilitation of stroke patients
as assessed by fugl meyer assessment scale, modified rankin scale, barthel
index, NIHSS, resting motor threshold and cortical silent period

i
To compare the efficacy of Theta Burst Stimulation along with Physiotherapy

and Functional Electrical Stimulation along with Physiotherapy as compared
10 Physiotherapy alone in rehabilitation of stroke patients as assessed by fugl
MEYEr assessment scale, modified rankin scale, barthel index, NIHSS, resting

threshold and cortical silent period

10
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1.7 Hypothesis

Null Hypothesis 1. There will be no significant improvement in rehabilitation of
stroke patients receiving Theta Burst Stimulation along with Physiotherapy.
Null Hypothesis 2: There will be no significant improvement in rehabilitation of

stroke patients receiving Functional Electrical Stimulation along with Physiotherapy.

Null Hypothesis 3: There will be no significant improvement in rehabilitation of
stroke patients receiving Physiotherapy alone.

Null Hypothesis 4: There will be no significant difference between the rehabilitation
stroke patients receiving Theta Burst Stimulation along with Physiotherapy,

Functional Electrical Stimulation along with Physiotherapy and Physiotherapy alone.

Methodology in Brief

s single blind randomized controlled trial included 60 patients, block randomized
three groups of 20 each to receive the designated interventions: TBS combined
FES combined with PT and PT alone. All the patients presenting within one
h after a diagnosis of acute stroke was screened for the eligibility, outcome were

baseline visit, after intervention at one month, and follow-up assessments

HOnins, six months and at one year.

11




1.9 Chapter Scheme
This study is divided into six chapters including the present introductory chapter. The

following chapter (chapter 2) provides a comprehensive review of literature on stroke

epidemiology and consequences available from different parts of the world. For ease
of exposition, this chapter is divided into eight broad sections. The first section
focuses on the introduction to stroke and consequences, followed by plasticity, motor

control, reorganization of brain, different approaches used in this study and the

outcome measures used.

Chapter 3 provides a detailed description on the methodology used in the study. The

study involves three interventions namely TBS, FES and PT and their effectiveness

on stroke rehabilitation.

[n chapter 4, the results of the study are described in 9 parts (4.1 to 4.9). Each part
describes the results of each outcome measures used to find the efficacy of the
atment interventions. The first part (4.1) is on the outcome of fugl meyer
essment scale on upper limb motor performance. The second part (4.2) gives the
erall picture of the disability by modified rankin scale. In the third part of the part
e results of assessment done by barthel index to find out the independence in
ities of daily. The next section (4.4) is on the global stroke outcome assessed by

Vational Institute for Health Stroke Scale (NIHSS) and the corresponding sections

12



2. Review of Literature
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12.1. Stroke

The World Health Organization (WHO) has used a standard criterion to define stroke
as: “rapidly developing clinical signs of focal (at times global) disturbance of cerebral
function, with symptoms lasting 24 hours or longer or leading to death, with no
apparent cause other than of vascular origin” (Anon 2002). Stroke is caused by an
interruption of blood supply to the brain either due to blood vessel blockage
(ischaemic stroke, approx. 82%) or blood vessel rupture (haemorrhagic stroke,
approx. 14%) (Feigin et al 2009a) both which leads to a sudden breakdown in oxygen

and nutrition supply and may cause permanent brain tissuc damage

In a population based study conducted in our institute by (Sridharan et al 2009) it was
found that the adjusted annual incidence rates per 100,000 were 135 for total, for
‘urban population it was 135 and for rural population it was 138. Among the survivors,
ee weeks of stroke onset, 39% had mild disability (Rankin score, I & II), 44%
ad moderate disability (Rankin score, III & IV), and 17 % were bedridden (Rankin

eore V), nearly two thirds of the survivors were moderately or severely disabled at

fee weeks, highlighting the social burden. Stroke survivors frequently exhibit

Wy functions improve in only 50% of the patients.
Major cause of impairment and functional disability in millions of people
Si et al 2003; Young and Forster 2007) it not only impairs the motor

at SO t 2 .. .
he emotional and cognitive functions seriously (de Vries and Mulder

14
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2007). Stroke leads to massive distortion of brains capacity to formulate neural

information, which may be due to heterogeneous consequences.

Sequelae of impairments after stroke include upper and lower limb motor and sensory
loss, language, communication and cognitive difficulties, perceptual difficulties,
powel and bladder dysfunction and dysphagia (Wolfe 2000). Stroke also leads to
Jimitations in activities like walking, feeding, dressing grooming and toileting (Wolfe

2000). Activities of daily living are adversely affected which impairs their quality of

life (Kauhanen et al 2000). In about 23% to 27% of stroke sufferers depression is a

p: tients), followed by reduced sensation (approximately 45%) and aphasia

roximately 24%) (Rathore et al 2002). Upper Limb (UL) hemiparesis is most

raction during physical activity which can lead to weakness in both UL and LL.
of UL compromises the hand functions and leads to dependency in
vilies of daily living, whereby the weakness of LL often affects mobility
I et al 1995a; Jgrgensen et al 1995c; Jorgensen et al 1995b; Wandel et al

‘ew studies have reported a reduction in muscle strength of non-paretic limb

ly stages following stroke (Harris ef al 2001; Carin-Levy et al 2006), which

S mobility and balance thereby increases the risk of falling (Anon

Smark er al 1993),

15




2.1.1. Consequences and recovery after stroke
About 20% patients who had hemiparesis after stroke regains at least part of their lost
motor functions in the subsequent months; thus the rest 50 — 60% patients are left
with a chronic motor disorders. These disorders may lead to problems with balance,
co-ordination, further loss of strength or may lead to increased tone in affected side
gﬂendricks et al 2002).

Contralateral UL dysfunction is common after stroke, impairments include paresis
(Kwakkel et al 2003) loss of muscle power (Canning et al 2004), reduced activity and
co-ordination on task performance (Canning et al. 2004) reduced sensation (Broeks et
1999), proprioceptive loss (Rand et al 1999) and spasticity (Pandyan et al 2005).
e impairments may lead to considerable limitations in daily function and
ely impacts quality of life (Nichols-Larsen et a/ 2005) and also secondary
ms such as pain (Dromerick et al 2008), loss of range of movement and muscle
which in turn cause functional limitations.
70% of stroke survivors who had an UL paresis, 32% of them were severely
‘which was defined as the inability to move the arm against gravity or to
fingertips to the palm (Nakayama ef al 1994). At 3 months, 17% had severe
the UL, 7% moderate, 50% mild, and 26% no detectable weakness
1986). About one third of stroke patients in a rehabilitation trial regained
*Xlerity at 6 months.

al | percentage of patients who were independent before onset but dependent

L at 3 months post stroke was 20.7%. This further resulted in increased

e
Cear

< u‘ui y g . . . . .
BIVErS, and increased incidents of depression, in stroke survivors

16




ity

asticity refers to the ability of the nervous system to change in structure or

response to a variety of internal and external pressures (Boroojerdi et al
s and Donoghue 2000). It was assumed that central nervous system has
icity to regenerate, but recent studies reveals that adult brain undergoes

. change throughout life (Ljubisavljevic 2006). These occur at synaptic,

iwork and systems level (Nudo et al 2001; Ward 2005a).

development is divided into two stages, an initial phase where connections

and a secondary phase where existing connections are refined. Both

nd extrinsic factors impact on these two phases and consequently on the

and function of cortex.

iechanisms include neurochemical, neuroreceptor and neuronal structural
= neuronal connections between the central and periphery, and also the
11 connections are physiologically silent because of inhibitory influences
. The role of gamma-amino butyric acid (GABA) which is an inhibitory
ansmitter (Jones 1993) is crucial in mediating short term plasticity (Chen et al
er mechanisms which make changes over longer time are axonal
n and sprouting (Carr and Shepherd 2010; Chen et al 2002; Murphy and
ot 2 09).

‘recovery is attributed to reorganization process in the damaged brain; self
zation may be possible, when damage to functional system is partial. When the
system is completely damaged it occurs by substitution (i.e.) neighboring

over the functions of damaged areas (de Vries and Mulder 2007).

17
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Repetitive stimulation or activation leads to increased excitability and neuro-
facilitation and leads to increased synaptic activity, which in turn leads to impaired
performance (Nudo et al 1996). In human beings prolonged immobilization (Liepert

et al 1995) has shown to decrease cortical representation, on contrary repeated

exercise or use of body part have shown to increase or shift in cortical representation
(Liepert et al 1995; Pascual-Leone ef al 1995; Liepert et al 2000a).

Availability of noninvasive neuroimaging and electrophysiological techniques allows
us to study the reorganization of the human brain. The Positron Emission
Tomography (PET) and functional Magnetic Resonance Imaging (fMRI) are used for
studying the reorganization of functional representations, while TMS gives additional
information on the human cortico-spinal motor output. More recently paired pulse
TMS has provided the opportunity in knowing the intracortical facilitation and
bition (Biitefisch et a/ 2000), The significance of all these techniques have been
reported in various studies which include increase in motor output areas (Traversa et
al 1997), decrease in motor threshold demonstrated by TMS (Di Lazzaro ef al 2008a)
ianges in regional blood flow demonstrated by PET (Nelles et al 1999) and
MRI (Cramer et al 1997) when patients underwent training programs of

s

"'I‘v ﬂitﬁtlon

Neuroplasticity in Stroke
1081 stroke patient’s, neuroplasticity occur through reorganization of spared
Wl tissue (Matthews et o/ 2004), it may occur spontancously or in response to
However their relationships remain unclear (Rossini and Dal Forno 2004).

blood . ..
00d flow around the lesion site is restored (Turton and Pomeroy 2002)
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followed by reduction in inhibitory transmitters such as GABA which enhances

Synaptic transmission, thus increases transient excitation.

The exact role and interactions between these mechanisms and motor recovery

remains debatable (Rossini et al 2003). These literatures provides the evidence that

training induced plasticity is possible, even after many months or years post stroke.

So the researchers developing and testing rehabilitation interventions must determine

optimal practice characteristics to stimulate and refine post stroke cortical

reorganization to drive motor and functional recovery.

2.3. Recovery of brain functions following stroke

.3.1. Cerebral hemispheres
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the affected hand:

contralesional ipsilateral

contralateral ipsilesional
hemisphere hemisphere

hemisphere hernisphere

—
- st

\[

fischemic™ ~
-lesign

unaffected affected
hand {paretic)

hand

2.1: Designation of cerebral hemispheres. The ipsilesional hemisphere is on the same
the stroke lesion, whereas the contralesional hemisphere is the hemisphere opposite
3 stroke lesion. During movements of the paretic (i.e. affected) hand the contralateral

ation of ipsilesional hemisphere.

al magnetic stimulation studies have revealed that in a post stroke brain
decrease in excitability in ipsilesional cortico-motor pathway and absence
0 at maximum stimulator output (100% MSO) (Traversa et al 1997) or
lly abnormal. A neurophysiological presentation of increased
olonged  latencies and decreased MEP amplitude are seen in the

N

output compared to contralesional hemisphere (Delvaux et al 2003;

Proverty normalizes with time in patients who showed good
S Who showed improvement in symmetry of corticomotor

80 Motor (M1) areas of both hemispheres showed some motor

N

During movements of , During movements of
the affected hand:
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recovery. In patients whose ipsilesional M1 excitability was not increased showed a

further increase in contralesional M1 excitability, which leads to further imbalance

and a moreover little improvement in motor functions. In a study conducted by
(Swayne ef al 2008) there was an increase in ipsilesional M1 in first 6 months post
oke. These results suggest that the return of ipsilesional M1 MEP is an instrumental

str

for good recovery and this was correlated with fMRI findings, showing that return of
ipsilesional control of paretic hand movement is associated with better UL recovery
(Ward et al 2003). Areas that have anatomical connections to the paretic limb may

contribute to recovery, like M1 pre motor cortex has pyramidal cells (from layer V)

with fibers that project via the posterior limb of the internal capsule, to the spinal cord

synapse onto alpha neurons (Zarei et al 2007). These connections may enable pre

motor cortex to take on some of the roles of ipsilesional M1.

‘Reorganization of the contralesional hemisphere

seranial magnetic stimulation studies have shown that there is an opposite trend

* in corticomotor excitability tends to improve over time in patients who

L good recovery (Swayne et al 2008). A reduction in contralesional M1
and normalization of intracortical inhibition may promote a return of
M1 control of the paretic hand. Functional MRI studies also provided
O continued abnormal activation in contralesional motor areas, mostly in

Patients (Grefkes er o/ 2008b).

21



r R

The recruitment of contralesional motor regions could provide a compensatory

mechanism for achieving some paretic UL movement, which leads to activation of

UL musculature via ipsilesional projections to the alpha motor neurons. The

ancrossed pathways from contralesional M1 (iMEP) may contribute to the control of
paretic UL, mostly the proximal musculature, indeed there is only a sparse projection
to the hand (Rothwell 1987). In post stroke patients iMEPs are most frequent in
-gmximal muscles and are seen in patients with poorer recovery (Misawa et al 2008;
Caramia et al 2000). Evidences from the recent studies show that there is a role of
propriospinal motor neurons which receive inputs from reticulospinal tract in the
inated movement of UL in healthy adults (Bradnam et al 2010). The role of

rsal pre-motor cortex is also important in the recovery of UL; this is supported by

studies done by (Johansen-Berg et al 2002; Nirkko et al 2001).

Interhemispheric inhibition

on TMS reveals that in normal subjects before the movement there is a
iced Inter-Hemispheric Inhibition (IHI) from ipsilateral M1 to the contralateral
and an increase in IHI from the contralateral to the ipsilateral M1(Grefkes et al
In post stroke patients there is an imbalance in the corticomotor excitability

ing with an reduction of IHI to contralesional M1 (Biitefisch ef al 2008).

‘of IHI leads to improved ipsilesional M1 activity (Murase et al 2004).
contralesional M1 to ipsilesional M1 is excessive in chronic stroke
¢ Contrary those patients with better clinical recovery had reduced IHI

Psilesi ;
10nal M1 when compared to patients who have poor recovery
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(Duque et al 2005). As to brief out, a rebalancing of IHI contributes to better motor

outcomes whereas a persistent imbalance can lead to impairment of UL functions (D1

Lazzaro et al 2010a).

2.4. Motor control.
Neurorehabilitation is based on different theories of motor control (Bobath 1978;
brunnstrom 1970a; Carr and Shepherd 2010). The reflex theory, hierarchal theory and
motor programming theory are most commonly discussed (Shumway-Cook and
Woollacott 2000). These theories have different view points on how brain controls
and programs the movements, inspite of their serious limitations (Shumway-Cook and
‘Waoollacott 2000). Systems theory is formulated from older theories and explains the
motor control in relation to cognitive, perceptual and sensori-motor processes and also
o complex relations. Systems theory is most commonly discussed compared to
theories in practical neurorehabilitation aspects, as it is also an successor of
conventional theories (Shumway-Cook and Woollacott 2000).
otor leamning is the study of acquisition or modification of movement in normal
ts (Shumway-Cook and Woollacott 2000). Normal human beings are born with
hild’s preprogrammed development of motor functions and activities. When the
Hd grows into an adult he can acquire new skills throughout their lives, like
iter proficiency, reading, bicycling, driving etc. When an adult is insulted with
Wi injury affecting the motor performance, the process of rehabilitation is purely
relearni g, which in turn is aimed at reacquisition of optimal movements (Carr
2010; Shumway-Cook and Woollacott 2000). Motor relearning aims to

€ relea it : i : .
med activities to daily activities, well in the treatment of neurological
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conditions it’s a relearning process where problem solving, programming and strategy
development are important, which can be achieved by training in the real time
environment and the interaction of individual, task and environment is necessary
(Carr and Shepherd 2010; Davies 2004).

Let us consider \.Nith an example of hand function, for the proper functioning of the
hand certain basic components should be considered (Shumway-Cook and Woollacott
2000). The basic components are (1) Locating a target, including eye, head and trunk
¢oordination (ii) Reaching in which the arm unit is in action towards the object
including the postural support (iii) Grasping and releasing (iv) In hand manipulation
s (Shumway-Cook and Woollacott 2000). There should be a serious interaction
seen the musculoskeletal and neural systems with planning and initiation for the
arm and hand to function as a single unit in co-ordination (Carr and Shepherd 2010).
the hand function includes a co-ordinated activity of different muscles which are
or various skilled actions. The key muscles of hand function are the wrist

cles, since they stabilize the wrist in optimal positions to keep the finger muscles

Mould be focused on patient involvement and individually designed goals

Hpherd 2010; Timmermans et al 2009).
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Rehabilitation of patients is fundamentally a process of relearning on how to move, to
carry out needs successfully (Gilmore and Spaulding 2007). There are four factors

that contribute to motor learning: (i) Stages of learning (ii) Types of tasks (ii) Practice

and (iv) Feedback. All four factors must be considered by clinicians when designing
treatment programs for patients who have experienced with stroke of that practice and

feedback are considered to be the two most important factors in skill acquisition

:,_'(Km.kauer 2006).

2.5. Physiotherapy

The aim of physiotherapy post stroke is to increase function through recovery of
ed side (Shumway-Cook and Woollacott 2000) and if recovery of the affected
side is not achieved then it may be done through the use of compensation strategies,
during both processes brain plasticity is active (Levin et al 2009).

Orthopedic approach emphasizes on strength training, joint mobility, bracing and




-5

1953; Voss et al 1985) who developed PNF, repetitive manual resistance to

h strengthen weak spastic muscles should be emphasized. Hence weak limbs should

come the manual resistance applied in specific movement patterns.

over

Brunstromm’s (Brunnstrom 1970) approach was developed over synergy patterns and
hypothesized that the synergies should be encouraged to hasten recovery of voluntary
control. Scientific evidence for these approaches were few and inadequate. Later on
Bobath approach was developed into a treatment concept (Davies 2004) that

‘dominated the physiotherapy practice for stroke patients (Davidson and Waters 2000;

Lennon et al 2001; Lennon 2003).

essing the ability to regain motor control and mobility. In a study conducted by
¥il et al 2006), the results suggest that PT aims mainly on training of selective
WHENIS and exercises for balance, sitting, standing and ambulation (De Wit et al

& study done by (Pollock et al 2007b) comparing the effect of different

PProaches concluded that none of the approaches are superior to the other.
Cently . .
Y updated reviews (20 trials, 1087 patients) concluded that the only

LCSI

sult . .
it Was found in the use of a mix of components from different
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approaCheS compared with no treatment (Pollock et al 2007a). Some other reviews
also found no difference in outcome between different physiotherapy approaches
(Brnst 1990; Moseley et al 2003).

Recently evidence based practice among physiotherapist has improved. In several
reviews the importance of good methodological quality of trials has been emphasized
(Maher et al 2003; Mortis et al 2004; Patten et al 2004; Taylor et al 2005).In a study
‘conducted in our institute on the knowledge and practice of physiotherapists in the
state of kerala, india we found that majority of the physiotherapists (76.1%) preferred
to use conventional approach. This study also revealed that evidence based practice
s the physiotherapists in our state was less compared to international standards
an et al 2012).

Intense and repetitive practice has been proposed as advantageous for people after
based on learning principle with in movement science (Langhorne et al 2009).
stresses the use of various training strategies that increase the repetitions. An

llensive systematic review of repetitive functional task practice (31 trials, 1078

nts) did not give a positive result for upper limb interventions (French et al

se therapy may be beneficial but was not supported by evidence. On contrary
kkel et gl 2004) showed a positive association between added therapy time and
activities of daily living (ADL).

e different techniques used for UL rehabilitation for post stroke patients,

ateral arm training, mirror therapy and bio-feedback therapy. In fact all

Nic

Ues showed a limited support for effectiveness (Van Peppen et al 2004).
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The only significant effect was found with respect to constrained induced movement

therapy.

Hence these reports might have enlightened the physiotherapists on their perspectives
in administering intensive training approaches. This makes it difficult and moreover

confusing for the physiotherapists in making a decision on effective management of

UL functions.

2.6. Functional Electrical Stimulation.

ation (NMES) is combined with voluntary activity it is called FES, it facilitates
¢ in post stroke patients in an additive and interactive way compared to
lional electrical stimulators (Popovic et al 2003; Popovic et al 2004). Recent
have stated a positive trend in FES when applied to acute and chronic
iplegia when compared to conventional treatment (Popovic et al 2004).

ical stimulation works on a mechanism of sensotimotor coupling (Cauraugh

). So an increase in proprioceptive signals from evoked movements due to

HProved function (Wu et al 2005). There by applying FES increases more of
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neural information to the brain and further leads to increased neural plasticity

(Popovic et al 2003)

Although positive studies are apparent about the effects of FES, the specific
mechanism is not yet described. A few studies have shown that motor training causes
cortical reorganization and somatosensory inputs lead to changes in cortical
excitability (Kaelin-Lang et al 2005).A good understanding of how FES interacts with
gentral nervous system is important to improve the treatment. Noninvasive techniques
like fMRI and TMS can be used to find the relationship between cortical
_;e_g:_rganization and recovery of motor function (Rossini et al 2003). Whether FES acts

via cumulative effects of cortical excitability or voluntary activation is still a matter of

In one of the earliest studies done by (Merletti et al 1975) on 8 stroke subjects with
1o the elbow and finger/wrist extensors, the results were positive towards FES.
observed a recovery of hand and elbow movements in 5 stroke subjects and in
g 3 the improvement was confined to the elbow joint alone. In another study
mducted by (Chae e al 1998) the treatment group received surface neuromuscular
iiblation to produce wrist and finger extension exercises and the controls received
ebo stimulation over the paretic forearm 1 hour per day for 15 sessions. The
0me measured by FMA assessment scale revealed a positive effect for the
tal group after 4 and 12 weeks of treatment.
*ecent literatures, a study done by (Chan et a/ 2009) on 20 chronic stroke

Which combined FES with bilateral arm training revealed gains in FMA

© €Xperimental group after 15 sessions of treatment.
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In another study conducted by (Alon et a/ 2007) in 15 acute stroke patients they
qupared FES protocol with a control intervention of task specific training for 12
weeks which revealed a positive effect towards the FES group when assessed with
pox and block test and jebson taylor light object lift test at 4 weeks, 8 weeks and 12
W Similarly, (Thrasher et al 2008) has used FES on 21 acute stroke patients; the
patients were randomly assigned to receive either FES treatment or conventional
| py for 5 days a week for 12 to 16 weeks. The outcome as measured by FMA
seale showed gains towards the FES group at the end of the treatment.

Recent literatures on FES and voluntary movement to find out the cortico-motor
tability showed an increase in Motor Evoked Potential (MEP) magnitude

hroughout the stimulation range suggesting an increase in cortical excitability. In

st neither FES nor voluntary movement alone had such an effect (Barsi et al

iese results suggest that the combination of voluntary effort and FES has a greater
to induce plasticity in the motor cortex. Literature reveals that the effects of
Was not merely limited to the peripheral muscles but the cortical activity as well
ered as shown by transient changes in MEP with TMS (Barsi et al 2008), PET

& el al 1995), magnetoencephalography (Lin and Forss 2002) and fMRI

iSeranial Magnetic Stimulation
Aagnetic Stimulation (TMS) was introduced in 1985 by Barker et al.

then gained recognition as a safe technique to stimulate the human

=% Don-invasively and pain free (Barker et a/ 1985; Hallett 2007). It
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works with the Faraday’s principle of electromagnetic induction (Sadiku 2000). TMS
is most frequently used as a research tool to study brain physiology, but it has some
clinical utility and is also being developed as a therapeutic tool (Hallett 2007).

During the application of TMS, a copper stimulation coil is held tangentially to the
scalp. The electric current in the stimulation coil produces a strong magnetic pulse of
<hort duration (2 tesla and typically lasts for about 100us). This current passes

g
o L

the skull and produces an electric field (EF) in the underlying brain tissue

. _Synaptically via intracortical interneuron connections (Rothwell et al 1991).
is is produced when the stimulator coil is held tangentially against the scalp over
motor area (M1) at approximately 45° to the sagittal plane. Hence, TMS pulses may
inally result in MEP’s in contralateral peripheral muscles which can be recorded by
of electromyography (EMG) (Hallett 2007). The site of stimulation over the
galp that produces the largest MEP amplitude in the target muscle is referred to as
hot-spot’. The descending waves from M1 are rapidly transmitted (60-70 ms)
shronized action potentials in fast conducting axons of pyramidal cells, which
vate motor neurons in the spinal cord (Amassian e al 1987). The D waves or the

L waves, which are first of these is thought to be produced by direct excitation of

white matter due to its short latency (Amassian et al 1987). The D wave is

ad | Lo . .
ed by I wave or indirect wave, which has a duration of about 1.5 ms and
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re 2.2: Principles of Transcranial magnetic stimulation (TMS). A: The electric current in
'MS coil (solid black line; flowing in posterior-anterior direction) generates a transient

tic field (solid grey line), which induces an electric field (EF) in the brain (dashed white
in posterior-anterior direction). B: Motor cortex stimulation and trajectory of pyramidal
s. The induced EF runs in posterior-anterior direction and approximately paraliel to the
surface. C: Direct axonal excitation at the microscopic level. The induced EF causes
' epolarisation of the axon membrane at the position where the pyramidal axon bends

d ds.
fied from http//www.biomag hus.fi/tms/thesis/fig.1 Jjpg)

tion of motor neurons has been demonstrated to be maximal if the induced EF
approximately perpendicular to the central sulcus and in posterior-anterior (PA)
fection (Mills et al 1992).
ar coils induce strong electric fields whereas figure of eight TMS coils offer
e of increased focality since maximal current is induced in a relatively small
¢ intersection of the two round components (Lontis ez al 2000).
T A

¥0 major approaches of TMS:
ion of physiological properties of neural tissues by means of several
d at low frequencies (< 1 Hz)

‘ent subtypes are:

Pulse TMS (to assess e.g. corticospinal excitability)
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oaired pulse TMS (to assess intra-cortical or inter-cortical pathways)

ating corticospinal excitability beyond the period of stimulation by means
etitive TMS (GTMS) i.e., many pulses (usually > 500) applied at higher

frequencies (>1 Hz) (Ljubisavljevic 2006; Pascual-Leone et al 1999).

e pulse TMS

TMS provides information regarding the integrity and conduction of the

sorticomotor pathway from cortex through to the target muscle.

Motor evoked potential (MEP) and Motor Threshold (MT)
otor excitability can be assessed with measures of MT and MEP recorded
rget muscle. Mostly two small hand muscles serve as target muscles (i) the
erosseous muscle (FDI) (ii) abductor pollicis brevis (APB); particularly
s the advantage of having relatively large representation area in M1 and
itable for EMG recordings due to their superficial anatomical position.
10ld probably reflects properties of the neuronal membrane (i.e., resting
Mhen threshold membrane is hyperpolarized MT increases. In contrast,
‘membrane is depolarized MT decreases. MT is the minimum TMS
% maximum stimulator output) required to elicit an MEP in the target
hich can be recorded with the muscle at rest (Resting Motor Threshold-
g active contraction (Active Motor Threshold-AMT). RMT is defined

um stimulus intensity that produces a peak to peak amplitude of 50pv in

: II . - . . . .
€ taken when the subject is performing an isotonic contraction at the
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target muscle at around 10-20% of maximal voluntary contraction (Day et al 1987).
MT is frequently used to set TMS intensity in experimental paradigms. The RMT
Jeast 3 different independent factors: (i) excitability of cortico-spinal

depends on at
axons (i) excitability of intra-cortical synapses and (iii) excitability of synapses in the
spinal cord. The AMT is usually lower than the RMT of the same subject, since tonic
‘muscle contraction pre-activates synapses in the spinal cord to generate an MEP ifa
TMS pulse 1s simultaneously applied (Rdsler et al 2008). Since synapses in the spinal
cord are pre-activated, AMT is assumed to depend mostly on the excitability of

cortical axons and intra-cortical synapses. Hence, AMT is thought to be a measure of

cortical rather than cortico-spinal excitability (Talelli et al 2006).

2.7.1.1.2. MEP and MT early after stroke

) some post stroke patients TMS to the ipsilesional hemisphere fails to elicit any
EPs in acute phase (Foltys er al 2003), which states to be a predictor of poor motor
overy (Hendricks et al 1997). However if MEPs can be elicited from the
ilesional hemisphere of post stroke patients, the RMT is occasionally increased

€, cortico-spinal excitability is decreased) when compared to contralesional

Nisphere and to healthy subjects both in acute (Manganotti et al 2002) and sub-

_ fﬂw (Cicinelli ef al 1997).This excitability gradually increases over time (1.e.,

ase and MTs decrease) (Manganotti et al 2002).

3. Silent Period
% MEP is evoked by a single suprathreshold TMS pulse during voluntary

Period of EMG inhibition follows, termed as silent period (SP). The
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duration of EMG silence is typically 50-300 ms and it begins at 30 ms after the

stimulus. Longer SPs indicate increased inhibition whereas shorter SPs indicate

reduced inhibition (Chen et a/ 2008).

2.7.1.2. Repetitive Transcranial Magnetic Stimulation (fTMS)
The Key words used for search were rTMS, CVA, Stroke; 1922 studies were found
from a period of 1990 to 2012 and screened to 44. Repetitive transcranial magnetic

stimulation can be used to modulate cortico-spinal excitability beyond the stimulation

period, different techniques used are:

1. Conventional ¥rTMS

sentional, so called simple rTMS protocols are characterized by many (usually >
~ stimuli applied at one intra stimulus intervals (ISI). Their effects are
al depending on the frequency applied: low frequency rTMS (1 Hz)
aces inhibition whereas high frequency rTMS (5-25 Hz) produces facilitation of

citabi ity (Pascual-Leone et al 1994; Rossi et al 2009). High frequency
it sub-threshold stimulation intensities induces modulation of MEP amplitude
t al 2005), if large number of stimuli (> 1200 stimuli) are delivered
et al 2007, Ma¢da et al 2000a), for example 5 Hz TMS (90% RMT) with
not alter corticomotor excitability whereas protocols with 900 and
cased M1 excitability for 20 and for > 40 minutes respectively
m of rTMS action are assumed to be intra-cortical and involve Long

' (LTP) and Long term depression (LTD) like changes in synaptic
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officacy (Di Lazzaro et al 2010b). rTMS at 1 Hz (110% RMT) suppressed late 1
waves which was correlated with MEP reduction (Di Lazzaro et al 2008b). However
“hoth D wave and T wave components of the MEP are facilitated by 5 Hz rTMS (120%
) (Di Lazzaro et al 2002). Together these results indicate that rTMS modulates

tra-cortical circuitry. Pharmacological studies have shown that at least some rTMS

e i

ocols are influenced by drugs that act on the NMDA receptors suggesting that the

ffects may be due to altered efficacy of synaptic connections (Huang et al 2007; Teo

2007).

excitability non-invasively in humans. The basic element of TBS patterns are
(3 pulses given at 50 Hz) which are applied at 5 Hz (Huang ef al 2005). A 40
of continuous TBS (cTBS) significantly suppressed motor cortex excitability
nearly 60 minutes, whereas intermittent TBS (iTBS) in which a 2 seconds train of
nulation (10 bursts) is followed by 8 seconds pause, significantly increased motor

excitability for about 15 minutes (Figure.2.3)
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re 2.3: The basic elements of TBS patterns (3 pulses of stimulation are given at 50 Hz,
ated every 200 ms) , iTBS- intermittent TBS (a 2 s train of TBS is repeated every 10 s for
| of 190 s (600 pulses), imTBS intermediate TBS a 5 s train of TBS is repeated every 15
or a total of 110 s (600 pulses), cTBS- continuous TBS (40 s train of uninterrupted TBS is

I (600 pulses).
fodified Hoogendam et al 2010)

er than inhibitory effects. However during longer stimulation periods (as during
) inhibitory effects build up and dominate over facilitatory effects in the long
un since facilitatory effects saturate at lower levels. An alternative would be that
and ¢TBS act on different neuronal circuits. This hypothesis is supported by

igs from patients with electrodes implanted in the epidural space of the spinal

(Di Lazzaro et al 2010b). The reaction times of the contralateral hand were
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_olonged 10 minutes after cTBS whereas reaction times of the ipsilateral hand were

anificantly shorter 30 minutes after cTBS.

SigpH

g has several advantages over conventional rTMS protocols i.e., low stimulation
intensities reduce the risk of seizures (Bezard et al 1999) and also shown to have
robust and long lasting effects (Hoogendam et al 2010) with shorter stimulation
duration of only 1-3 minutes.

y

7.1.2.3. The neurophysiological basis of rTMS effects

mechanism underlying changes in cortico-motor excitability are poorly
erstood. But there are several lines of evidence supporting the hypothesis that
§ acts on small neurons in the outer layers of the cortex (intracortical neurons)
) qntly activating the pyramidal cells contributing to the cortico-spinal tract
t 2007). It is also explained that high frequency rTMS which is facilitatory
s a process like LTP and low frequency rTMS which is inhibitory/suppressive
a process similar to LTD (Ridding and Rothwell 2007). There are various
stics of rTMS induced effects which follow key features of synaptic
(i) effects outlast the period of stimulation (ii) direction and duration of

depend on temporal patterns of stimuli (iii) induced changes depend on

3 (Hoogendam et al 2010),

S0 some evidence that NMDA receptors which play a key role in synaptic

*F d@ntagonist memantine blocks both the facilitatory effect of iTBS and

effect of cTBS in humans (Huang et al 2007).
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271 2.4.. Interhemispheric Competition.

ren the brain is at rest there is a balanced reciprocal interhemispheric inhibition

11/
|\L.

() between both primary motor cortices via trans callosal fibre tracts. In healthy

« during unilateral hand movements the active primary motor cortex (M1)

_ntra-lateral to hand movements exerts increased IHI on to the M1 ipsilateral to hand

Iz

ements. Whereas in post stroke patients during movements of the paretic hand the

o s \

calesional hemisphere exerts increased IHI on to the ipsilesional M1.

F ‘,.-“hb h 4““1“; ?h . - “x .
| ipsilesionat 11 contraiesionat
\ r hemisphers W r hemisphere
affected
(paretic)
hand

2.4: The model of hemispheric competition. A: There is balanced reciprocal
ispheric inhibition (IHI) between both primary motor cortices via transcallosal fibre
the healthy human brain at rest. B: In healthy subjects, reciprocal IHl is modulated by
 of activation. During unilateral hand movements, the “active” primary motor cortex
itralateral to hand movements exerts increased IHI onto the M1 ipsilateral to hand
. C: Modulation of IHI is abnormal in stroke patients. During movements of the
d, t_he contralesional hemisphere (ipsilateral to paretic hand movements) exerts
I)Iy increased IH! onto the “active’ ipsilesional M1 (contralateral to paretic hand
ALLA=1 3

€ by applying the two rTMS/TBS strategies, this imbalance can be modulated:
fTeasing the cortical excitability of the ipsilesional hemisphere by means of
" FTMS protocols (Kim er a/ 2006) or applying iTBS to the ipsilesional

'6f€ (P Talelli, R J Greenwood and J C Rothwell 2007) (ii) decreasing the

SXCltability of the contra-lesional hemisphere by means of low frequency

-~




e rTMS protocols (Fregni et al 2006) or cTBS to the contralesional hemisphere

elli. R J Greenwood and J C Rothwell 2007) (Figure 2.4).

1 2.5, Therapeutic potential of rTMS

¢TMS induces long lasting changes in cortical excitability or activity, it has
aneutic potential for treatment of various neurological diseases in which the

ism is related to either decreased or increased cortical excitability.

Applying rTMS to the primary motor cortex of the ipsilesional hemisphere
ity and safe use of high frequency rTMS (3-20 Hz) and iTBS has been
in many studies (Ameli et al 2009; Khedr et al 2005; Kim et al 2006).
promising results from experimental studies with stroke patients which
at facilitatory rTMS/iTBS over ipsilesional M1 increases the excitability
gorticomotor pathway to the paretic hand (Kim ez al 2006; Talelli et al 2007). A
¢ by Nowak et al. showed a 25% to 125% improvement in paretic hand
tory rTMS to the ipsilesional M1 (Nowak et al 2009). Studies also have
a single session of rTMS/iTBS to the ipsilesional M1 has enhanced the
tY and range of motion of the paretic hand in mild to moderately
: vatients (Kim et al 2006; Talelli et al 2007). Studies also have suggested
aler the increase in excitability, the greater will be the improvement in hand
suggests that amount of improvement in motor behavior was correlated
in ipsilesional M1 excitability (Kim et al 2006). However changes in
function after rTMS of ipsilesional M1 are largely unexplored. A study by

@ 2005) has reported that patients who received high frequency rTMS to
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the ipsilesional M1 prior to their normal therapy sessions had a greater reduction in
disability. In an another study done by (Di Lazzaro et al 2008a) to explore the
officacy of iTBS to the ipsilesional M1 on 12 acute stroke patients showed increased

excitability of the lesioned M1 after the iTBS sessions.

2.7.1.2.7. Applying rTMS to the primary motor cortex of the contraleional

smisphere

Typically 1 Hz rTMS or cTBS to the contra-lesional M1 decreases the cortico-motor
xcitability to the nonparetic hand. This might be due to the reduction in the inhibition

from contralesional to ipsilesional M1 (Takeuchi et al 2005).

application of cTBS to the contra-lesional M1 has also been investigated by

P Talelli, R J Greenwood and J C Rothwell 2007) on 6 stroke patients, which showed

ient improvement in motor behavior and cortico-spinal output in paretic hand.

another study it was found that after the application of cTBS to the contralesional

bility of the lesioned cortico-motor pathway has been shown to increase.

Lazzaro et al 2008a) or remain unchanged (P Talelli, R J Greenwood and J C

idy done by Nowak et al where low frequency rTMS to the contra-lesional M1
neural activity of the overactive contra-lesional hemisphere and increased
Hl activity in the lesioned hemisphere thereby rebalancing the cortical
iy of both hemispheres, and this was supported by the fMRI (Nowak et al

the mechanisms of different rTMS protocols applied to contralesional M1

- Vestigation. Studies to date have shown modest improvements (10% to
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60%) in motor performance after inhibitory rTMS applied to the contralesional M1

(Nowak ef al 2008; Nowak et al 2009)

2.7.1.2.8. Priming therapy with rTMS

Research investigating rTMS primed therapy for stroke patients is in its infancy. Two
single session sham controlled studies have shown that the effect of motor training
vas enhanced by priming M1 with rTMS (Kim et a/ 2006; Takeuchi et al 2008).
Though they reported short term improvements, it is unclear whether these results can
‘be generalized.

In a study done by (Khedr et al 2005) on acute stroke patients who received 3 Hz
‘TMS prior to 10 consecutive therapy sessions had an immediate and sustained
follow up at 20 days) improvement in barthel index and NIHSS. In a study by
\ckerley er al 2010) on 10 chronic stroke patients where iTBS was combined with
[ training showed improvement in performance of paretic hand on contrary cTBS
the contralesional hemisphere resulted in deterioration of UL functions when
d with action research arm test, MEP amplitude and grip lift kinetics. On

in a recent study done by (Talelli ez al 2012) on 41 chronic stroke patients

Palents to at least partial recovery of the UL when corticospinal tract

Significantly affected (Ward et al 2006). Which states that more research is

AN




__.ded to find out the potential benefit of rTMS primed therapy for UL rehabilitation

post stroke patients.

g. Outcome Measures

5 g.1. Fugl Meyer Assessment

e Fugl-Meyer Assessment (FMA) is a stroke-specific, performance-based
. ent index. It is designed to assess motor functioning, balance, sensation and
¢ functioning in patients with post-stroke hemiplegia (Fugl-Meyer et al 1975;
one et al 2002). Tt is applied clinically and in research to determine disease
ty, describe motor recovery, and to plan and assess treatment. The FMA has
been used as the gold standard against which the validity of other measures has been
ssessed. In this study we have used only the upper extremity component of fugl
peyer assessment scale

8.1 1. Reliability: (Lin et al 2004) examined the internal consistency of the FMA in
/6 patients with stroke from 14 to 180 days after stroke. Cronbach's alphas for the
at four time points post-stroke were excellent, ranging from alpha = 0.94 to
The inter-rater reliability of the total score of the FMA was also excellent, with
ntra-class correlation coefficient (ICC) of 0.93. (Duncan et al 1983) examined the

st reliability of the FMA in 18 patients with chronic stroke was found to be

2. Validity: Construct validity of the FMA upper extremity items (including
rom the Motor function, Sensation and passive joint motion/joint pain sub
the Action Research Arm Test (ARAT), and the Box and Block Test using

Man correlation coefficient, in patients with upper limb paresis either from
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ke (n=37) Was assessed by (Platz et al 2005). Excellent correlations were found

~en the FMA and the ARAT (r = 0.93), the Box and Block Test (r = 0.92), and
| ".._tricity Index (r = 0.86).

ergent validity of the FMA upper extremity item (motor domain), ARAT, the
J{H Stroke Scale , the Functional Independence Measure (FIM) total score, and FIM
es of daily living subscore was assessed by (Rabadi and Rabadi 2006) in 104 in
+s with acute stroke at a rehabilitation unit using the Spearman rank correlation
the ARAT and the Motor domain upper extremity subscore of the FMA
d excellently with one another, both at admission (r = 0.77) and at discharge
37). The Motor domain upper extremity subscore of the FMA and the FIM
s of daily living subscore at the time of admission were adequately correlated

).

.t validity was assessed by (Woodbury ez al 2008) for the upper extremity
o i(he FMA in 377 clients with stroke with a mean age of 60 years (SD 11.2).

alysis, showed an acceptable fit statistics, except for the item hook grasp.

suggests that all items reflect the same construct, except for the item hook

validity assessed by (Wood-Dauphinee et al 1990) compared the FMA to
Index in 167 patients with stroke at two time points: the acute stage (3 to 5
W0st-stroke), and 5 weeks post-stroke. Using Pearson correlation coefficients, the
between the FMA Motor domain upper extremity subscore and the Barthel

score was excellent at both the acute stage (r = 0.75) and at 5 weeks
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282, Modified Rankin Scale (MRS)

“The MRS is a single item, global outcomes rating scale for patients post-stroke. It is
o to categorize level of functional independence with reference to pre-stroke

ctivities rather than on observed performance of a specific task.

2.8.2.1. Reliability: (Wilson et al 2005) examined the test-retest reliability of the
in patients at least 6 months post-stroke, using two raters who performed repeat
sesessments with a mean test-retest interval of 7 days. Agreement was measured using

 kappa statistic. Comparison of Rankin grades showed that there was excellent

or reliability was examined by (Wolfe et al 1991) in a sample of 14 patients
ere assessed twice by the same observer within a 2-week period at least 3
post-stroke. Exact agreement was reported in 86% of observations

w = 0.95). The intra-rater reliability of the MRS as reported to be excellent.

r-rater reliability was examined by (Wilson ez a/ 2002) in 63 patients with stroke.
was administered by two raters. Inter-rater reliability was measured with
ppa statistic and was found to be excellent (kappa w = 0.78). However, overall
t between the 2 raters was only 57%, and one rater assigned significantly

grades than the other (p = 0.048).

dity: Concurrent validity of the MRS, Barthel Index (BI), and the motor
of the Functional Independence Measure (M-FIM) using Spearman

coefficients was examined by (Kwon et al 2004). Excellent correlations
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_ved between the MRS and the BI (r = -0.89) and between the M-FIM and

R ().89).

yalidity was examined by (Wolfe et al 1991) for the MRS and the Barthel

0 patients post-stroke showed an excellent correlation (kappa = 0.72;

i kappa = 0.91) between the two scales, which lends support to the assertion

§ is closer to 2 disability scale than a handicap scale.

. 0al Institute for Health Stroke Scale (NIHSS)

\ is a 15-item impairment scale, intended to evaluate neurologic outcome
sree of recovery for patients with stroke. The scale assesses level of
extra ocular movements, visual fields, facial muscle function,
strength, sensory function, coordination (ataxia), language (aphasia), speech
and hemi-inattention (neglect) (Lyden et al 1999; Lyden ez al 2001). The
designed to assess differences in interventions in clinical trials, although
easing in patient care as an initial assessment tool and in planning

are disposition (Schlegel et al 2003; Schlegel et al 2004).

Reliability: ~ Test-retest reliability was adequate to excellent
pa = 0.66 to 0.77). The correlation between the first examination scores and
“ond examination scores (within 24 hours) was excellent (r = 0.98). (Meyer ez
2) examined the inter-rater reliability of the NIHSS and the mNIHSS in 45
with a history of stroke. Two neurologists tested each patient, ten items were
* have excellent inter-rater reliability. Kappa scores ranged from 0.289 to

Kappa value for the total NTHSS score was excellent (kappa = 0.969).
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8222 Validity: Concurrent validity was examined by (Schiemanck et al 2005) of
.« volumes in 94 patients with stroke as assessed by magnetic resonance imaging
rity as measured by the NIHSS at 2 weeks post-stroke. A

MRI) with stroke seve

o correlation between lesion volume and NIHSS score was found (r = 0.61),

ing that the NIHSS has excellent concurrent validity with infarct volumes
ent validity examined by (Lyden et al 1999) used data from the National Institute
rological Disorders and Stroke recombinant tissue plasminogen activator Trial
letermine whether the NIHSS was valid in patients treated with tissue plasminogen

The results showed that NIHSS has a good content validity

thel-Index (BI)

ndex measures the extent to which somebody can function independently and
r

mobility in their activities of daily living (ADL) 1.e. feeding, bathing, grooming,

bowel control, bladder control, toileting, chair transfer, ambulation and stair

The index also indicates the need for assistance in care.

iability: (Hobart and Thompson 2001) compared the psychometrics of the
fied BI, the FIM and the 30-item FIM + Functional Assessment Measure

FAN ) in 149 patients with various neurological disorders. All measures were
' be psychometrically similar measures of physical disability. The internal
of the BI was excellent, with a Cronbach's alpha of 0.94 (Cronbach's

& Functional Independence Measure ranged from 0.89-0.96).
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0 4.2. Validity: Concurrent validity for BI was examined by (Wade and Hewer

where they showed excellent concurrent validity of the modified BI

0.73 - 0.77) with a measure of motor ability. Predictive validity examined for

\fodified Bl scores have been shown to predict hospital length of stay

MAS is considered the primary clinical measure of muscle spasticity in patients

. neurological conditions. However, some publications question its ability to

one or the resistance to passive movements, since there is no clinically direct method

ing spasticity (Gregson et al 1999).

.8.5.1. Reliability: Intra-rater reliability was examined by (Gregson ef al 1999) on 32
s with acute stroke and a median age of 74 years by measuring muscle tone at
e elbow. Participants were assessed by the same rater within a 1-day interval at the

same time of the day. Intra-rater reliability, as calculated using weighted kappa was

lent (weighted kappa = 0.83).

ler-rater reliability was examined by (Gregson ef al 1999) on 32 clients with acute
ke and a median age of 74 years by measuring muscle tone at the elbow.
pants were assessed by two different raters at approximately the same time of
® day. Inter-rater reliability as calculated using weighted kappa was excellent

ighted kappa = 0.84).
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r Validity: (Lin and Sabbahi 1999) measured the convergent validity of the

by comparing it o hyperactive stretch reflex measures such as

phy, torque response and velocity sensitivity of the stretch reflexes as

1 13

to motor performance measures such as the FMA (Fugl-Meyer et al 1975).

ns were calculated at two points in time using Spearman's rho. Correlations
{he MAS and motor performance measures for both day 1 and 2 were all

- FMA (thol = -0.83; tho2 =-0.76).

49




3. Methodology
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details the methods of the randomized controlled trial and the statistical
e conducted to answer the aims and research questions listed at the end of
| Section 3.2 details the study methodology including the study design,

sarticipants and recruitment methods, randomization and blinding followed
< of sample size calculations. The intervention is described next with a

each component and then a brief description of the statistical analyses to

Design

as to determine the efficacy of theta burst stimulation and functional
| stimulation as compared to physiotherapy in stroke Rehabilitation. The aim
study was to find out an effective integrated rehabilitation program for
s incorporating the TBS, FES and PT. The study design was a

ed controlled trial with concealed allocation, blinded assessment using six

method to receive the designated intervention. Participants were
i the outpatient and inpatient clinics of neurology department of sree
stitute for medical sciences and technology. Patients with a diagnosis

%€ in last 01 month were screened for the eligibility
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Inclusion criteria

First episode of ischemic stroke in the internal carotid artery territory defined

on CT scan ot MRI brain.

Presentation within 10 days to 1 month of stroke onset.

Age group between 15-70 years

FMA score less than 20.

Exclusion criteria
&

Brain stem stroke

Bilateral stroke

‘Hemorrhagic stroke

Significant joint deformity preventing effective physiotherapy
Severe internal carotid artery stenosis requiring intervention

Unstable cardiopulmonary status and other diseases which are likely to

"-amper the 1 year follow up

Intracranial metallic implants

History of seizure

Cardiac implants or pacemakers

Pregnancy or likely to become pregnant during study period

story of past neurological disease likely to interfere with assessment of

ng regular medications likely to interfere with TMS assessment like

enzodiazepines.
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3 Sample size calculation

ry putcome measure for this study is the Fugl Meyer Assessment of physical
wce at 01 year. This is a 66 point scale to evaluate hand functions, a standard
{ for this purpose. Previous studies have shown that in control patients this score
by 165 + 9.4 at one year (Hemmen and Seelen 2007), for a clinically
ingful outcome the intervention should produce an increase of 10 points. Thus to
. cant difference of 10 points between control and active groups, a sample

£14 in cach arm is required for achieving 80% power with alpha fixed at 5%. A few

which used same outcome measures in stroke rehabilitation had even lesser

iy conducted at our institute, the post stroke mortality was 27.2 % at one year, of
died within 10 days after the stroke. We have planned to include patients
2 10 to 30 days of stoke onset. Hence to account for the mortality rate of 7.6%
ys, required sample size will be 16 in each group. We have kept the sample

each arm for rounding and to account for the drop outs, if any.

allocation and sequence generation
study included 60 patients randomly allocated into 3 groups of 20 each by
ization method. Concealed allocation was be done by Neurologist I who

hﬂmﬁng the subjects to different groups according to the block
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fler providing the informed consent, a subject fulfilling the inclusion and exclusion
was initially assessed by Neurologist II for all the outcome measures and
whysiological parameters. Patients who were eligible for the study was allocated to
.t intervention groups by Neurologist 1. Intervention were done by research

herapist for all the subjects. Follow-up assessments were done by the Neurologist

ho was blinded to the allocation to intervention groups.

Cthical considerations

were given verbal and written information about the study and their written
sent was obtained prior to inclusion. All participants provided voluntary, informed
‘before inclusion. The ethical committee of the sree chitra tirunal institute for

sciences and technology approved the study protocol (Institutional Ethics

— SCT/IEC/223).
Dropout rate in each group

subjects from TBS group (due to Permanent pacemaker implantation and the other

cranial stenting) and one subject from Physiotherapy group (due to intra cranial
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. ocoupying lesion) did not complete the intervention. However these 3 subjects

. qubstituted in the corresponding groups.

Clinical assessment

the first visit, between 10-30 days after the stroke, patients underwent a detailed
-oal examination, patients was assessed for global outcome rating by modified

scale, stroke severity by National Institute of Health Stroke Scale (NIHSS), UL

jor functions with Fugl Meyer Assessment for motor performance scale (FMA),

of daily living by Barthel Index (BI) and measure of spasticity by modified

scale (MAS). The follow up assessment was done after intervention at 1 month,

]
6 months and at 1year with the same rating scales.

recruited for the study underwent baseline TMS neurophysiological

with protocol described below.
Protocol

went primary TMS neurophysiological assessment after assessing the

the patient seated comfortably in an armchair, the coil was held in a

plane over the M1 at the optimum scalp position to elicit MEP in the
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sontralateral first dorsal interosseous (FDI) muscle. The parameters were checked in both
the hemispheres, first ipsilesional hemisphere and then the contralesional hemisphere.
‘qurface electromyograms (EMGs) were recorded from the FDI muscles bilaterally using

‘Ag-AgCl electrodes with a gain of 1-2 mv. Signals were filtered (10Hz-10 KHz), and

then stored for off-line analysis. To assist subjects in maintaining complete relaxation,

{hey were given audio—visual feedback of the EMG signal at high gain and we discarded

¢ trials contaminated by EMG activity.

3.3.1.1. Resting Motor T hreshold (RMT): This is the minimum intensity of stimulator
output in percent required to elicit a MEP at least in five out of 10 stimuli given. The
output is usually started at 40% stimulator intensity and gradually increased by 5% after

ry ten stimulus to get the appropriate response (Figure 3.2).
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3.2: Recruitment curve; Armrow indicates the Resting Motor Threshold at a magnetic

:s intensity of 80.

.
. 1.2. Cortical Silent Period (CSP): This is time interval from the stimulus artifact to
voluntary electromyographic activity while subjects maintained 30%
graction of the contralateral first dorsal interossei (FDI) muscle with the help of audio-
. were assessed with these basic neurophysiological parameters before and
ately after TBS study, to note the immediate change brought by TBS. Patients
cassessed with clinical and TMS neuro-physiological parameters at one month, and

ently at 3 months, 6 months and at the end of lyear
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2 4. [ntervention
(s underwent one of the interventions as per the randomization group:
ined with TBS as group A; Physiotherapy combined with FES as

opysiotherapy comb

_un B and Physiotherapy alone as group C.

. Theta Burst Stimulation

will include two components: intermittent TBS (iTBS), also known as facilitatory

iven to the affected hemisphere; and continuous TBS (cTBS), also known as

1 in all the patients. Investigator responsible for analyzing MEPs was blinded to the

TBS was delivered over the affected motor cortex * ‘hot spot’’ (site where the

g-of-eight coil. The magnetic stimulus had a biphasic waveform with a pulse width
280 pus and maximum magnetic field strength of 2 Tesla. The stimulation was
an intensity of 60% of RMT. The iTBS protocol of 10 bursts of high-

€y stimulation (3 pulses at 50 Hz) was applied at 5 Hz every 10 s for a total of
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when no MEP was clicited from the ipsilesional M1(<0.05mV), 100% stimulator

\mtensity was applied at the mirror location of the contralesional M1.

3.4.1.2. Continuous TBS
continuous TBS (inhibitory) was delivered to the unaffected hemisphere at the “hot-

spot” with an intensity of 60% of RMT, 3 pulses at 50 Hz, repeated every 200 ms for a

D
fad

otal of 600 pluses.

34.2. Functional Electrical Stimulation.

!
patients in the FES group received electrical stimulation by means of Mega XP

edic Corporation). The system is composed of 8 channels, 2 electrodes for each

channel. The patient received the electrical stimulation in sitting position with affected

‘ positioned over the pillow, electrodes were positioned according to pattern 3
I

exion/Extension, PATT (pattern movement)] of the FES (F) mode of the

hiannel 1 - Flexors of wrist
Channel 2 - Biceps
hannel 3 - Triceps

annel 4 - Extensors of wrist

“lannel 6 - Anterior deltoid

ividualized electrode positioning makes it very easy for the patient to obtain a

t level of contraction in each muscle group every day. The electrodes were
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rupted trains of pulses with the contraction and relaxation so that to simulate the

o of UL in a functional position.

nnel 4 was stimulated for the 4™ portion

‘group stimulation session was given for 30 minutes for each day 3 times in a

(altermate days) for 4 weeks and it was concurrently synchronized with the

siotherapy treatment protocol

ive/Active Range of Motion (ROM)

: wrist/elbow/shoulder

live ROM: wrist/elbow/shoulder bilaterally

f: wrist/elbow/shoulder in sitting and standing

OM with resistance: wrist/elbow/shoulder in sitting and standing

eight bearing and supportive reaction
*IEht bearing (forearms on tabletop) with affected upper extremity
1

S, seated or standing with bilateral upper extremity weight bearing on table
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3. Reaching activities

d supported reach bilaterally with cane on tabletop (elbow extension)
i supported reach with shoulder elevation, elbow/wrist extension

o against gravity in frontal and sagittal planes

o overhead with active wrist/hand movements

wamic reaching to a target; example: catch a ball

Grasping, holding and release

g digit extension with weight bearing

and release containers with gravity minimized on table
move/release small object on table

d move/release large objects without proximal support

‘key and pinch grips in hold and release including stacking, lifting and
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| ing objects with bilateral upper extremities

Opening bottles, stabilizing with paretic extremity for reaching
Wr tmg, drawing, manipulating small objects

| ng towels, sweeping, hanging towels, setting table

eeding

' i - range of motion; ADL = activity of daily living..

otherapy intervention was given for all the patients 5 days per week for 1 month.
hysiotherapy intervention was individually tailored to each patient and constructed
a selection of exercises from the above mentioned protocol. The number and

hrough
" exity of the exercises were adjusted by the research therapist for each patient so
; he or she was able to practice independently or with assistance from a family
or after the intervention and was instructed to practice 30 minutes twice a day. In
'on, all patients continued to receive in-home physiotherapy 1 to 2 times per week
home physiotherapist who was guided by the research physiotherapist. The
sarchers monitored the standard therapy by reviewing the study patient once in a
onth and modified the research-related exercise program based on patient progress. The
ial amount of time that each patient exercised at home was monitored with a log book
’ ':.’:'_;'W the patient.

- Outcome measures

OINe was assessed using Fugl Meyer Assessment for physical performance, Modified

S Scale, National Institute of Health Stroke Scale, Barthel Index , Modified
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shworth Scale and TMS neurophysiological parameters like Resting Motor Threshold

A
‘and Cortical Silent Period at baseline,

I
at 1 month, and subsequently at 3 months, 6

months and 1 year. Fugl Meyer Assessment for physical performance at 01 year will be

rimary outcome measurcs while rest of the parameters including TMS

the P

neurophysiologic parameters will be included as secondary outcome measures.

3.5.1. Fugl Meyer Assessment of Motor Performance:
The Fugl-Meyer Assessment (FMA) is a stroke-specific, performance-based impairment

index. In this study we have used only the UL motor component of the FMA, which is

divided into four sections like upper extremity, wrist, hand and coordination with a total

re of 66.

35.2. Modified Rankin Scale:

s MRS is a single item, global outcomes rating scale for patients post-stroke. It is used
to categorize level of functional independence with reference to pre-stroke activities

er than on observed performance of a specific task. The score ranges from 1 = no

Symptoms at all to 6 = dead.
3.5.3. National Institute for Health Stroke Scale

e NIHSS is a 15-item impairment scale, intended to evaluate neurologic outcome and

Iee of recovery for patients with stroke. The scale assesses level of consciousness,

fdocular movements, visual fields, facial muscle function, extremity strength, sensory
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- otion. coordination (ataxia), language (aphasia), speech (dysarthria), and hemi-

attention (neglect)

| }__}arthel Index

' dex measures the extent to which somebody can function independently and has
lity in their activities of daily living (ADL) i.e. feeding, bathing, grooming, dressing,
¢l control, bladder control, toileting, chair transfer, ambulation and stair climbing

y score ranging from 0-100.
. Modified Ashworth Scale

Modified Ashworth Scale is considered the primary clinical measure of muscle
ity in patients with neurological conditions and the score ranges from 0= no

muscle tone to 4 = affected part rigid in flexion or extension.

al Test Used:

tics were used to present summary of data, and analyzed with SPSS
Baseline comparability of groups was assessed with chi-square test and
me measures were analyzed using ANOVA followed by bonferroni

skal Wallis test followed by Mann Whitney U test.
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. mime schedule of activities giving milestones

gn and preparation for the

C Randomization and
nt of the patients with their

ion and analysis,

jon of final thesis and

taken for achieving the various milestones.
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4. Results
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il.; [ntroduction
Bascline comparability of - groups, in terms of demographic data and baseline
.ments were assessed with chi-square test and ANOVA. Non-normal data was

to reciprocal, logarithmic and exponential transformation and Komogrov-

ty. Non parametric measures were analyzed with Kruskal Wallis test followed by
hoc analysis with Mann Whitney U test. Friedmans test and Kendalls W test was

find the changes in three groups over a period of one year.

¢ no significant differences in the demographic characteristics of participants
the three intervention groups (Table: 4.1). Variables like gender and side of
1 of the participants which were categorical was assessed with chi-square test and

les like age and days after stroke which were continuous were assessed with

alysis of variance (ANOVA).
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Treatment Groups TBS (n=20) FES (n=20) PT (n=20) Total p?

Gender (male/female) 13/7 14/6 1216 39/21 0.80
ge 65/35 70/30 60/40 65/35

63.55+12.67 62.25+11.86 64.60+12.99 6347 +12.34 0.84

Side of lesion (R/L) 14/6 13/7 15/5 42/18 0.79
0 70/30 65/35 75/25 70/30

Days after stroke 17.10 £ 4.82 16.85+5.14 16.40 + 5.58 16.78 £ 5.12 0.91
(years; mean + SD)

MA (mean £ SD) 14,90 £ 2.10 15.50 = 1.99 14.30 £ 2.20 0.20
Median (range) 15 (11-19) 15.5(12-19) 14 (11-19)

S (mean  SD) 4,05+ 0.68 4.20 + 0.61 4.20 + 0.69 0.72

Median (range) 4 (3-5) 4 (3-5) 4 (3-5)

‘Bl (mean + SD) 17.25+12.19 16251145 1551930 0.78

Median (range) 20 (0-35) 17.5 (0-30) 17.5 (0-30)

Table 4.1: Characteristics of Study Participants at baseline

reviations: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group; PT,
.slptherapy group; SD, Standard deviation; %, Percentage; FMA, Fugl Meyer Assessment ; MRS,
ied Rankin Scale; B, Barthel Index; R/L, Right/Left.

sociated with % 2 test for categorical variables, one-way analysis of variance for continuous variables

mean age of study population was 63.55 + 12.67 years in the TBS group, 62.25 =



PT group) after stroke onset; a difference which was not significant (p=0.91)

P p=12) than female participants (TBS group n=7, FES group n=6 and PT group
| " ) Whilst the ratio of right to left sided stroke was fairly even in both groups, the TBS
, had more participants with right sided infarcts (n=14) than left (n=6), FES group
\ad more participants with right infarcts (n=13) than left (n=7) and PT group with right

farcts (n=15) and left (n=5) (Table. 4.1). None of these differences were statistically

ificant (p=0.79).

10, FES group 15.5 £1.99 and 14.3 + 2.20 for PT group, a difference which was not
sificant (p= 0.20) which states that the groups are comparable. All 3 groups had a
mificant change in FMA scores from baseline over a period of one year at each point of

_when reassessed at 1 month (p<0.001), 3 months (p<0.001), 6 months (p<0.001),

| year (p<0.001) (Table: 4.2) .
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Treatment

Groups n Mean Median p value
TBS 20 149+21 15 (11-19)
FES 20 155+1.99 15.5 (12-19)
satment  PT 20 143+2.2 14 (11-19) 0.2 (ANOVA)
= TBS 20 3265%24 32.5 (28-38)
FES 20 32%197 32 (29-36)
PT 20 22.05+3.12 21.5(18-31) < 0.001(KW)
TBS 20 402+£3.32 39 (37-50)
FES 20 39.15+3.81 38 (34-50)
PT 20 27.8+2.82 27 (24-36) < 0.001(KW)
TBS 20 49.25+2.36 50 (45-53)
FES 20 48.6£4.08 48 (42-62)
PT 20 35.30%3.45 36 (29-44) < 0.001(KW)
TBS 20 55.55%2.46 56 (50-60)
FES 20 55.85%4.5 55.5 (46-66)
PT 20 4334422 44 (35-54) <0.001 (ANOVA)

6 months and 1 year.

Mean (SD) and Median (range) values of Fugl Meyer Assessment (FMA) at 1 month, 3

ns: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
stherapy group; KW, Kruskal Wallis

loe analysis was done to find out the difference between the groups which revealed

3 compared to PT group the mean FMA scores of TBS group was significantly

at 1 month (22.05 £ 3.12 vs. 32.65 £ 2.4; p< 0.001), 3 months (27.8 + 2.82 vs.

3.32; p< 0.001), 6 months (35.30 £ 3.45 vs. 49.25 + 2.36; p< 0.001) and at 1 year

OW up (433 + 4.2 vs. 55.55 + 2.46; p< 0.001). (Table: 4.3 and Table 4.2).

itly, the mean FMA scores of FES group was significantly higher than the PT group

Anth (32 + 1.97 vs. 22.05 % 3.12; p< 0.001), 3 months (39.15 £ 3.81 vs. 27.8 &
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582: p< 0.001), 6 months (48.6 + 4.08 vs. 35.30 = 3.45; p<0.001) and at 1 year of follow

(5585 % 4.5 vs. 43.3 £4.22; p< 0.001). (Table: 4.3 and Table 4.2).

When compared to baseline status, mean FMA scores of the subjects who underwent
BS intervention showed significant increase at 1 month (26.89%; p< 0.001), 3 months
p< 0.001), 6 months (52.05%; p< 0.001) and further increased by (61.59%; p=
).001) at 1 year. Similarly FMA scores of subjects who underwent FES intervention also

significant increase at 1 month (25%; p< 0.001), 3 months (35.83%; p< 0.001), 6

ponths (50.15%; p< 0.001) and further increased by (61 .13%,; p<0.001) at 1 year.

Between
_groups p value
TBS& FES 0.42
TBS & PT <0.001
1 Month FES & PT <0.001 (Mann Whitney U Test)
TBS & FES 0.19
TBS & PT <0.001
3 Months FES & PT <0.001 (Mann Whitney U Test)
TBS & FES 0.22
TBS & PT <0.001
6 Months FES & PT <0.001 (Mann Whitney U Test)
TBS & FES 1.00
TBS & PT <0.001
1 Year FES & PT <0.001 (Bonferroni Correction)

: Post-hoc analysis of Fugl Meyer Assessment (FMA) at 1 month, 3 months, 6 months

S: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
Erapy group.
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.r the increase in FMA scores of subjects who underwent PT treatment showed
ficant increase but was not comparable to other two interventions at 1 month
(11.74%; p<0.001), 3 months (20.45%; p< 0.001), 6 months (31.82%; p< 0.001) and at 1
: ear of follow-up (43.92%; p< 0.001). (The percentage of change in FMA scores was

A lC |

Jeulated keeping the total score of FMA at 66 points)

Time
[ Pre-treatment
x [ 1 month
[CJ3 months
* [Cl6 months
(g year

A B C
Treatment group

4.1: Median Fugl Meyer Scores (FMA) of different groups
\B-FES, C-PT
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overall analysis of the FMA scores states that, TBS intervention group and FES
-ntion group was significantly better than the PT intervention group at each point of
ime during the follow-up at 1 month, 3 months, 6 months and at 1 year, however the

wsults showed no significant difference between the TBS group and the FES group.

60

50

40 I

30

20

| Pre Test | 1 Month | 3 Months - 6 Months ‘ 1year

+T8S 149 3265 402 4925 5555
»-FES 155 32 3915 486 5585

PT | 143 2205 278 | 353 . 433

L3

74



' 4.3. Modified Rankin Scale (MRS)

geores according to modified rankin scales at baseline for TBS group was 4.05 & 0.68,
FES group was 4.20 + 0.61 and for PT group was 4.20 + 0.69, a difference which was not
significant (p= 0.718) states that the groups are comparable at baseline. All 3 groups
showed significant change in MRS scores at 1 month (p=0.003) and 3 months (p=0.002)
of follow-up. There was no significant change observed at the end of 6 months (p=0.705)

and at 1 year (p=0.509). (Table: 4.4).

Treatment
Groups n Mean Range P Value
TBS 20 4.05+0.68  4(3-5
FES 20 420+0.61  4(3-5
Pre Treatment  PT 20  420+0.69  4(3-5) 0.718 (KW)
' TBS 20 225+055  2(1-3)
FES 20 240+050  2(2-3)
1 Month PT 20 295+0.68  3(2-4) 0.003 (KW)
TBS 20 1.90£030  2(1-2)
| FES 20 2.00+£0.45  2(1-3)
Months PT 20 240+050  2(2-3) 0.002 (KW)
TBS 20 155+051 2(1-2)
FES 20 155+0.60  2(0-2)
nths PT 20 1.70£0.55  2(1-3) 0.705 (KW)
TBS 20 130£0.57  1(0-2)
FES 20 1301065  1(0-2)
PT 20 1.50 +0.51 1.5(1-2)  0.509 (ANOVA)

® 4.4: Mean (SD) and Median (range) values of modified rankin scale (MRS) at 1 month, 3
WS, 6 months and 1 year.

ons: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
Siotherapy group; KW, Kruskal Wallis.
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As significant change was observed only at the end of 1 month and 3 months of follow-
up. post-hoc analysis was done to find out the difference between the groups for the
corresponding months which revealed that TBS and FES interventions produced greater
jmprovements in the MRS scores when compared to PT. The mean MRS scores of TBS
_}intervention group when compared to PT intervention was significant only at 1 month
(2.25 + 0.55 vs. 2.95 + 0.68; p= 0.004). Similarly, the mean MRS scores of FES
intervention group was significant than the PT intervention group at 1 month (2.40 = 0.50

vs. 2.95 + 0.68; p= 0.02) and 3 months (2.00 £ 0.45 vs. 2.40 + 0.50; p= 0.05). (Table: 4.4

and Table 4.5), which states that FES group has a better outcome compared to other two

groups.

Between
groups p value
TBS & FES 0.5
TBS & PT 0.004
__1 Month FES & PT 0.02 (Mann Whitney U Test)
TBS & FES 0.64
TBS & PT 0.12
_3 Months FES & PT 0.05 (Mann Whitney U Test)

lable 4.5: Post-hoc analysis of MRS scores at 1 month and 3 months follow-up.

(Feviations: TBS, Theta burst stimulation group; FES, Functional Electrical Stimulation group;
 Physiotherapy group;

When compared to baseline status, mean MRS scores of the subjects who underwent TBS

Wervention showed significant change at 1 month (44.44%; p< 0.001), 3 months
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as not similar to other two interventions at 1 month (29.76%; p< 0.001) and 3 months

1) 86%; p< 0.001), however at 6 months (59.52%; p< 0.001) and at 1 year (64.29%; p=<

Pre Test 1 Month 3 Months 6 Months 1year

405 . | 225 1.9 1.55 1.3
4.2 2.4 2 1.55 1.3 |
4.2 , 2.95 24 1.7 1.5 '

b Mean modified rankin scale scores (MRS) of different groups at pre-test, 1 month,
8 months and 1 year.
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4.4. Barthel Index (BI)

Activities of daily living assessed by BI at baseline for TBS intervention group was
i__{l'?.?.s + 12.19), FES group was (16.25 + 11.45) and for PT group was (15.5 + 9.30), a
: ifference which was not significant (p= 0.78) indicates that the groups are comparable.
;"3-’ 3 groups showed significant change in BI scores from baseline after 1 month
(p<0.001) and 3 months (p<0.001) of follow-up. However no significant change was

served at the end of 6 months (p=0.14) and 1 year (p=0.90). (Table: 4.6)

Treatment

Groups n Mean Median p value

TBS 20 17.25+12.19 20(0-35)

FES 20 16.25+11.45 17.5(0-30)

PT 20 15.5+9.30 17.5(0-30) 0.78 (KW)
TBS 20 525+ 11.18  52.5(35-70)

FES 20 51.75 £ 10.54 52.5(35-70)

PT 20 40.25 £ 8.80  40(25-55) <0.001(ANOVA)
TBS 20 72.25+9.52  72.5(55-85)

FES 20 72.25+9.24  70(60-90)

PT 20 62.25£8.50  60(45-85) <0.001 (KW)
TBS 20 87.00£9.23  87.5(70-100)

FES 20 87.00£ 7.67  85(75-100)

T 20 82.50+7.34  82.5(70-100) 0.14 (ANOVA)
TBS 20 89.50£7.76  90(75-100)

FES 20 89.75+6.17  90(80-100)
PT 20  88.75+7.23  90(75-100)  0.90 (ANOVA)

(SD) and Median (range) values of Barthel Index (Bl) at 1 month, 3 months, 6

! S, Theta burst stimulation group; FES, Functional electrical stimulation group;
g,gm_up: KW, Kruskal Wallis
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Post-hoc analysis results shows that the mean BI scores of TBS intervention group was
significantly higher at 1 month when compared to PT intervention group (52.5 + 11.18
vs. 40.25 £ 8.80; p= 0.001) and at 3 months (72.25 + 9.52 vs. 62.25 + 8.50; p= 0.001)
(Table: 4.6 and Table 4.7). Similarly, the mean BI scores of FES group was significantly
higher than the PT group at 1 month (51.75 + 10.54 vs. 40.25 + 8.80; p=0.001), and 3
months (72.25 £ 9.24 vs. 62.25 £ 8.50; p= 0.001). (Table: 4.6 and Table 4.7). The results
reveal that TBS intervention and FES intervention produced greater improvements in the
:J scores when compared to PT intervention, it also suggest that there is no significant
difference between the TBS intervention groups and the FES intervention groups at 1

wonth (52.5 £ 11.18 vs. 51.75 + 10.54; p=0.84) and at 3 months (72.25 £ 9.52 vs. 72.25 +

p=0.99). (Table: 4.6 and Table 4.7).

Between
groups p value
TBS & FES 0.84
TBS & PT 0.001
e | Month FES & PT 0.001 (Bonferroni correction )
TBS & FES 0.99
TBS & PT 0.001
3 Months FES & PT 0.001 (Mann Whitney U Test)

loc analysis of Bl scores at 1 month and 3 months follow-up.

. "ys Theta burst stimulation group; FES, Functional electrical stimulation group;
Y group.

* 0 10 baseline status, mean BI scores of the subjects who underwent TBS

Sowed sionificant change at 1 month (35.25%; p< 0.001), 3 months
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!
. ‘ 165%: p< 0.001), 6 months (69.75%; p< 0.001) and further increased by (72.25%; p<

(,001) at 1 year. Similarly BI scores of subjects who underwent FES intervention showed
genificant change at 1 month (35.5%; p< 0.001), 3 months (56%; p< 0.001), 6 months
-'?Z;f._ 5%; p< 0.001) and further increased by (73.5%; p< 0.001) at 1 year. However the
rease in BI scores of subjects who underwent PT intervention also showed significant
ang c but was not similar to other two interventions at 1 month (24.75%; p< 0.001) and
onths (46.75%; p< 0.001), but at 6 months (67%; p<0.001) and at 1 year (73.25%; p<

1) the difference was almost similar to other two intervention groups (The percentage

nge in BI scores was calculated keeping the total score of BI at 100 points).

1 Month 3Months | 6 Months ‘ 1year

. s25 72.25 87 . 895
51.75 7225 | 87 | 89.75 |
40.25 6225 825 88.75

Index scores (BI) of different groups at pre-test, 1 month, 3months, 6
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4.5. National Institute of Health Stroke Scale (NIHSS)

Global stroke outcome was assessed by NIHSS, there was no significant difference (p=
0.131) between the 3 groups at baseline (14.10 + 1.92; TBS), (15.30 * 1.46; FES) and
(14.95 + 2.42; PT) which indicates that the groups are comparable. All 3 groups showed
significant change in NIHSS scores from baseline after 1 month (p<0.001), 3 months
(p<0.001) and at 6 months (p=0.029) of follow-up. However there was no significant

change observed at the end of 1 year (p=0.169). (Table: 4.8)

Treatment
Groups n Mean Median p value
TBS 20 14.101.92 14(10-18)
FES 20 1530+1.46 15(13-18)

- Pre Treatment PT 20 1495+2.42 15(10-19)  0.131 (KW)
TBS 20 8.05%x1.85 8(4-11)
FES 20 8.10+1.59 8(6-12)

-1 Month PT 20 10.85+1.98 11(8-14) <0.001(KW)
TBS 20 4.20%1.36 4(2-6)
FES 20 4.10%x1.37 4(2-7)

3 Months PT 20 6.05%1.67 6(4-9) <0.001(KW)

TBS 20 2.55+0.69 2(2-4)
FES 20 2.25%0.79 2(1-4)
PT 20 3.15%1.14 3(2-5) 0.029 (KW)
TBS 20 2.05%0.61 2(1-3)
FES: 20 2.05%0.61 2(1-3)
PT 20 2.40£0.68 2(1-4) 0.169 (KW)

1able 4.8: Mean (SD) and Median (range) values of National institute for health stroke scale
WNIHSS) at 1 month, 3 months, 6 months and 1 year.

A

t?'Ji)'reviat.ions: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
» Physiotherapy group; KW, Kruskal Wallis.
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post-hoc analysis was done to find out the difference between the groups at 1 month, 3
months and 6 months. The mean NIHSS scores of TBS intervention group when
compared to PT intervention group were significant at 1 month (8.05 + 1.85 vs. 10.85 +
1.98; p< 0.001) and 3 months (4.20 £ 1.36 vs. 6.05 + 1.67; p= 0.002), the results did not
show significant difference between the TBS group and PT group at 6 months (2.55 +
0.69 vs. 3.15 £ 1.14; p= 0.12), (Table: 4.8 and Table 4.9). Similarly, the mean NIHSS
scores of FES group were significant than the PT group at 1 month (8.10 + 1.59 vs. 10.85
+1.98; p<0.001), 3 months (4.10 = 1.37 vs. 6.05 = 1.67; p= 0.001) and 6 months (2.25 +

0.79 vs. 3.15 + 1.14; p= 0.018), (Table: 4.8 and Table 4.9).

Between
groups p value
TBS & FES 0.93
TBS & PT <0.001
1 Month FES & PT <0.001 (Mann Whitney U Test)
TBS & FES 0.74
TBS & PT 0.002
3 Months FES & PT 0.001 (Mann Whitney U Test)
TBS & FES 0.3
TBS & PT 0.12
6 Months, FES & PT 0.018 (Mann Whitney U Test)

able 4.9: Post-hoc analysis of NIHSS scores at 1 month, 3 months and 6 months of follow-up.

Abbreviations: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
~ 1, Physiotherapy group.
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| The results reveal that TBS intervention and FES intervention prog
broduced greater

improvements in the NIHSS scores when compared to PT intervention, it glsq suggest

that there is no significant difference between the TBS intervention groups and the FES
intervention groups at 1 month (8.05 % 1.85 vs. 8.10 + 1.59; p=0.93), 3 months (4.20 +
1.36 vs. 4.10 £ 1.37; p= 0.74) and at 6 months (2.55 + 0.69 vs. 2.25 0.79; p=0.30).

(Table: 4.8 and Table 4.9).

When compared to baseline status, mean NIHSS scores of the subjects who underwent
TBS intervention showed significant change at 1 month (42.9%; p< 0.001), 3 months

70.21%:; p< 0.001), 6 months (81.91%; p< 0.001) and further decreased by (85.46%; p<

42%; p< 0.001) and 3 months (59.53%:; p< 0.001), but at 6 months (78.93%; p<
01) and at 1 year (83.95%; p< 0.001) the difference was almost similar to other two

Ention groups.
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16

14

12

10

o — .. : N Se———
Pre Test 1 Month 3 Months 6 Months 1vyear

——T8S 141 ' 8.05 a2 | 255 2.05

~@~FES 153 | 8.1 a1 2.25 2.0

PT  14.95 10.85 605 315 2.4

2 4.5: Mean NIHSS of different groups at pre-test, 1 month, 3 months, 6 months and 1

4.6. Resting Motor Threshold.

4.6.1. Resting Motor Threshold- Ipsilesional Hemisphere (RMT-IH)

from the ipsilesional hemisphere was elicited only from 10 subjects of TBS
ention group, 8 subjects of FES intervention group and 9 subjects of PT
ervention group. There was no significant change when the RMT-IH values were
zed at each point of time at 1 month, 3 months, 6 months and at 1 year post stroke
able: 4.10). So the post hoc analysis was not warranted for finding out the between

#0up differences. However the RMT-TH values showed a significant difference

"0.001) when Friedmans test and Kendalls W was done to find the difference over
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period of 1 year, mean values of RMT-IH at baseline were 90 & 7.07 for TBS group, 92.5
+ 6.54 for FES group and 90.56 £ 7.26 for PT group, which reduced to 81.33 + 11.87 for
TBS group, 85.38 + 11.80 for FES group and 88.08 + 9.47 for PT group respectively at

the end of 1 year of follow-up.

Treatment
Groups n Mean Range p value
TBS 10 90.00 + 7.07 (80-100)
FES 8 92.50 + 6.54 (85-100)

Pre Treatment PT 9 90.56 £ 7.26 {80-100) 0.67 (KW)
TBS 10 81.00 + 8.43 (70-95)
FES 8 84.38 £10.15 (70-100)

1 Month PT 9 87.22 +7.12 (80-100) 0.27 (KW)
TBS 10 78.64 £9.24 (65-95)
FES 8 81.88 £ 11.63 (70-100)

3 Months PT 9 85.56 + 5.83 (80-95) 0.21 (KW)
TBS 10 80.00 £ 11.18 (65-100)
FES 8 83.64 £+ 11.85 (65-100)

6 Months PT 9 87.92 +8.10 (75-100) 0.19 (KW)
TBS 10 81.33+11.87 (60-100)
FES g 85.38 +11.80 (65-100)

1 Year PT 9 88.08 + 9.47 (75-100) 0.30 (KW)

Table 4.10: Mean (SD) and range values of resting motor threshold — ipsilesional hemisphere
(RMT-IH) at 1 month, 3 months, 6 months and 1 year.

Abbreviations: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
PT, Physiotherapy group; KW, Kruskal Wallis.

When compared to baseline status, mean RMT-IH scores of the subjects who underwent
TBS intervention showed significant decrease at 1 month (10%; p< 0.001), 3 months

(12.6%: p< 0.001), 6 months (11.11%; p< 0.001) and (9.63%; p< 0.001) at 1 year.
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arly RMT-IH scores of subjects who underwent FES intervention showed
;gnjﬁcant decrease at 1 month (8.78%; p=0.002), 3 months (11.4%; p=0.001), 6 months
9.58%; p= 0.001) and (9.63%; p< 0.001) at 1 year. However the change in RMT-IH
ores of subjects who underwent PT intervention also showed significant change but

. not similar to other two interventions at 1 month (3.69%; p=0.004), 3 months

. was a decrease in motor threshold after the 1 month and 3 months of follow-up and

this decrease was not consistent after the 6 months and at 1 year of follow-up.

94

92

20

88

86

82

78 | —e A ——
Pre Test 1 Month 3 Months 6 Months 1 year

8BS 90 81 78.64 80.06 81.33
FES 92.5 84.38 81.88 83.64 85.38
PT | 90.56 87.22 85.56 87.92 88.08
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4.6.2. Resting Motor Threshold- Contralesional Hemisphere (RMT-CH)

Unlike ipsilesional hemisphere all the 60 subjects contralesional hemisphere was
excitable for RMT. There was no significant change when the RMT-CH values were
analyzed at each point of time at 1 month, 3 months, 6 months and at 1 year post stroke
(Table: 4.11). So the post hoc analysis was not warranted for finding out the between
group differences. However the RMT-CH values showed a significant difference
(p<0.001) when Friedmans test and Kendalls W was done to find the difference over

_period of 1 year.

Treatment
Groups n Mean Range P Value
TBS 20 58.75+9.44  (45-75)
FES 20 58.25+9.07 (40-75)
_Pre Treatment PT 20 60.75 +8.30 (45-75) 0.64 (KW
TBS 20 68.00+£9.37 (55-80) :
FES 20 67.50 +8.81 (55-85)
i Month PT 20 66.25 +8.09 (50-80) 0.82 (KW)
TBS 20 69.25+8.32 (55-80)
FES 20 69.25 +8.32 (55-85)
Months PT 20 66.75+7.48  (55-80) 0.51 (KW)
TBS 20 69.75 +8.35 (55-80)
1 FES 20 70.00£7.95 (60-85)
r-"';'s 1ths PT | 20 67.00+7.51 (50-80) 0.52(KW)
TBS 20 69.00 + 7.88  (55-85)
FES 20 69.25+6.74 (55-85)
PT 20 65.75£7.30  (50-75) 0.29 (KW)

-11: Mean (SD) and range values of resting motor threshold — contralesional hemisphere
H) at 1 month, 3 months, 6 months and 1 year.

‘ lons: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
JSiotherapy group; KW, Kruskal Wallis.
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Mean values of RMT-CH at baseline were (58.75 + 9.44) for TBS group, (58.25 + 9.07)
for FES group and (60.75 £ 8.30) for PT group, which increased to (69.00 + 7.88) for

TBS group, (69.25 + 6.74) for FES group and (65.75 = 7.30) for PT group respectively at

the end of 1 year of follow-up.

When compared to baseline status, mean RMT-CH scores of the subjects who underwent
TBS intervention showed significant increase at 1 month (15.74%; p< 0.001), 3 months
(17.87%; p= 0.001), 6 months (18.72%; p= 0.001) and (17.44%; p< 0.001) at 1 year.
Similarly RMT-CH scores of subjects who underwent FES intervention showed
significant increase at 1 month (15.87%; p p<=0.001), 3 months (18.88%; p<0.001), 6
months (20.17%; p< 0.001) and (18.88%; p< 0.001) at 1 year. However the change in
RMT-CH scores of subjects who underwent PT intervention also showed significant
‘change but was not similar to other two interventions at 1 month (9.05%; p= p< 0.001), 3
‘months (9.88%; p< 0.001), 6 months (10.29%; p< 0.001) and at 1 year (8.23%; p=
0.001). The percentage change in all the 3 groups in their mean values in RMT-CH
scores showed that there was an increase in motor threshold after the 1 month, 3 months

and 6 months of follow-up and this increase was not consistent at 1 year of follow-up.
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PreTest ~ 1Month  3Months | 6Months  1year
——TBS 5875 68 6925 69.75 69

~m-FES 5825 675 6925 70 69.25
—PT 6075 6625  66.75 67 65.75

3 4.7: Mean RMT-CH values of different groups at pre-test, 1 month, 3 months, 6 months

USP from the ipsilesional hemisphere was elicited only from 10 patients of TBS group, 8
patients of FES group and 9 patients of PT group. There was no significant change when
'-_CSP-IH values were analyzed at each point of time at 1 month, 3 months, 6 months
0 at 1 year post stroke (Table: 4.12 ). So the post hoc analysis was not warranted for
indi g out the between group differences. However the CSP-IH values showed a
Significant difference (p<0.001) when repeated measure ANOVA was done to find within

&10up and between group differences over a period of 1 year (Table: 4.13). Mean values

#CSP-TH at baseline were (278.50 + 18.86) for TBS group, (282.50 + 20.87) for FES
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group and (260.00 + 10.00) for PT group, which reduced to (226.79 + 73.27) for TBS
group, (224.23 £ 62.84) for FES group and (232.31 + 52.74) for PT group respectively at
the end of 1 year of follow-up.

When compared to baseline status, mean CSP-IH scores of the subjects who underwent
TBS intervention showed significant decrease at 1 month (26%; p< 0.001), 3 months
(26.39%; p< 0.001), 6 months (26.69%; p= 0.001) and (18.56%; p< 0.001) at 1 year.
Similarly CSP-IH scores of subjects who underwent FES intervention showed significant
decrease at 1 month (24.78%; p p<=0.001), 3 months (24.6%; p<0.001), 6 months

(23.25%; p< 0.001) and (20.60%; p< 0.001) at 1 year.

Treatment
Groups n Mean Range p value
TBS 10 27850 £18.86 (250-310)
Pre FES 8 282.50 £20.87 (245-310)
Treatment  PT 9 260.00 £ 10.00 (245-275) 0.03 (ANOVA)
TBS 10 206.00 £ 23.31 (175-250)
FES 8 212.50 £32.40 (170-250)
1 Month PT 9 220.56 + 13.79  (200-240) 0.43 (ANOVA)
TBS 10 205.00+ 38.92  (160-300)
FES 8 213.00 £32.34 (170-270)
3 Months  PT 9 213.89 +10.54  (200-230) 0.77 (ANOVA)
TBS 10 204.17 £35.47 (150-275)
FES 8 216.82 £55.51  (160-360)
___6 Months PT = 9 222.73 £42.45 (190-320) 0.60 (ANOVA)
TBS 10 226.79 £73.27 (150-425)
FES 8 224.23 +62.84 (160-370)
1 Year PT 9 232.31 £52.74 (190-340) 0.95(ANOVA)

E”I 4.12: Mean (SD) and range values of cortical silent period — ipsilesional hemisphere (CSP-
H)at 1 month, 3 months, 6 months and 1 year.

"-‘-Dr:breViations: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;

P

= Physiotherapy group.
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However the change in CSP-TH scores of subjects who underwent PT intervention also
showed significant change but was not similar to other two interventions at 1 month
(15.17%; p= p< 0.001), 3 months (17.75%; p< 0.001), 6 months (14.33%; p= 0.001) and
at 1 year (10.65%; p< 0.001). The mean change in CSP-IH values of all the 3 intervention
groups showed that after the sudden decrease of CSP-IH values at 1 month i.e.
immediately after the intervention, there was moreover no change in the cortical silent

period until the end of follow-up at 1 year.

Tested variables p value

Between treatment Groups (1,2,3) 752

Within groups - between each round of follow up (Spheracity <0.001
assumed — Mauchly’s test)

Between treatment group and between each round of follow up | <0.001
(Spheracity assumed — Mauchly’s test)

Table 4.13: Repeated measure ANOVA to find between group and within group differences for
cortical silent period — ipsilesional hemisphere (CSP-IH) from baseline to 1 year of follow-up
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300
290
280
270
260
X
a 250
g 240
230
220
210
200

x Pre Test 1 Month 3 Months 6 Months 1year
3 278.5 206 205 204.17 226.79
282.5 2125 213 216.82 224.23

260 220.56 213.89 222.73

Cortical Silent Period-Contralesional Hemisphere (CSP-CH)
psilesional hemisphere all 60 subjects contralesional hemisphere was excitable
there was no significant change when the CSP-CH values were analyzed at
BLof time at 1 month, 3 months, 6 months and at 1 year post stroke (Table: 4.14).
hoc analysis was not warranted for finding out the between group differences.
lie CSP.CH values showed a significant difference (p<0.001) when repeated
YOVA was done to find within group and between group differences over a
i (Table: 4.15). Mean values of CSP-CH at baseline were (162.72 + 27.06)

% (172.65 + 24.49) for FES group and (182.80 + 38.79) for PT group,

92




which increased to (208.00 + 40.44) for TBS group, (210.40 + 28.68) for FES group and
(195.90 + 41.46) for PT group respectively at the end of 1 year of follow-up.

When compared to baseline status, mean CSP-CH scores of the subjects who underwent
TBS intervention showed significant increase at 1 month (24.12%; p< 0.001), 3 months
(29.67%; p< 0.001), 6 months (31.73%; p=< 0.001) and at 1 year (27.83%; p< 0.001).
Similarly CSP-CH scores of subjects who underwent FES intervention showed
significant increase at 1 month (18.47%; p<=0.001), 3 months (21.72%; p<0.001), 6
months (22.59%; p< 0.001) and (21.86%; p< 0.001) at 1 year. However the change in
CSP-CH scores of subjects who underwent PT intervention also showed significant
change but was not similar to other two interventions at 1 month (6.94%; p= p= 0.001), 3
months (7.90%; p< 0.001), 6 months (5.82%; p< 0.001) and at 1 year (7.16%; p=< 0.001).
'The mean change in CSP-CH values of all the 3 intervention groups indicates that, after
the sudden increase of the cortical silent period at 1 month i.e. immediately after the
intervention, there was moreover no change in the cortical silent period until the end of

follow-up at 1 year.
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Treatment T
Groups n Mean Range P valye
TBS 20 162.72 £27.06  (123-224)
Pre FES 20 172.65 £24.49  (129-225)
_ Treatment  PT 20 182.80 £38.79  (113-286) 0.13 (ANOVA)
TBS 20 201.95+31.62  (167-268)
FES 20 204.55 £28.68  (156-267)
1 Month PT 20 19550 £37.60  (132-288) 0.67 (ANOVA)
TBS 20 211.00+£29.79  (175-275)
FES 20 210.15+£2831 (161-270)
- 3Meonths  PT 20 197.25+37.28  (131-290) 0.32 (ANOVA)
- TBS 20 214.35+31.90 (175-285)
FES 20 211.65+2839 (161-270)
6 Months  PT 20 193.45 £38.83  (132-298) 0.11 (ANOVA)
TBS 20 208.00 £40.44  (95-280)
FES 20 210.40 £28.68  (160-270)
1 Year PT 20 195.90 £41.46  (123-312) 0.43(ANOVA)

4.14: Mean (SD) and range values of cortical silent period — contralesional hemisphere
CH) at 1 month, 3 months, 6 months and 1 year.

Bbreviations: TBS, Theta burst stimulation group; FES, Functional electrical stimulation group;
I, Physiotherapy group.

Tested variables p value

| Between treatment Groups (1,2,3) .665

ithin groups - between each round of follow up (Spheracity <0.001
med — Mauchly’s test)
ween .treatment group and between each round of follow up <0.001
SPEracity assumed — Mauchly’s test)

R“"p‘eated measure ANOVA to find between group and within group differences for
Period — contralesional hemisphere (CSP-CH) from baseline to 1 year of follow-up.
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250
240
230 —

220 —
210
200

CSP-CH

190
180
170

160

150 ,_
Pre Test 1 Month 3 Months 6 Months 1 year

'—e—TBS 16272  201.95 211 21435 208
—8-FES  172.65 204.55 210.15 211.65 210.4
‘—r—-PT 182.8 195.5 197.25 193.45 195.9

igure 4.9: Mean CSP-CH values of different groups at pre-test, 1 month, 3 months, 6 months
nd 1 year.

8. Modified Ashworth Scale.

e

8.1. Modified Ashworth Scale — Elbow flexors.

Sendall’s tau ¢ test was performed to find out the significance in change of spasticity
Ween the study groups, the values were interpreted as concordant and discordant and
& significance menﬁ(;ned as p value. Chi square test was not applicable as each cell
ods 5 expected values. The results states that there was no significant difference

Ween the 3 groups in ashworth scores at different point of time at 1 month, 3 months,
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6 months and after 1year of follow-up (Table: 4.16 ). There showed a slight discordance

between the study groups at 6 months post stroke, but the p value was not significant.

Treatment
Groups Ashworth scores Significance
0 1 1+ 2 3 4

TBS 90% 10% - - - - Kendall’s tau c=+0.071

: FES 85% 15% - - - - P=0.076

siment  PT 80% 15% 5% - - - Concordant-not significant

[ TBS 85% 10% - 5% - - Kendall’s tau ¢c=+0.070
FES 85% 10% 5% - - - P=0.086
PT 75% 10% 15% - - - Concordant-not significant
TBS 70%  20% 5% 5% - - Kendall’s tau c=+0.098
FES 60% 15% 15% 10% - - P=0.102
PT 60% 10%  20% 10% - - Concordant-not significant
TBS 30%  35% 10%  20% 5% - Kendall’s tau ¢=-0.009
FES 35%  40% - 20% 5% - P=0.117
PT 35%  25% 15%  20% 5% - Discordant-not significant
TBS 20%  25% - 45% 10% - Kendall’s tau c=+0.011
FES 25% 15% 15%  35% 10% - P=0.117
PT 15% 15% 30% 25% 15% - Concordant-not significant

._'able 4.16: Kendall's tau c test for modified ashworth scale (elbow flexors) at Pre treatment, 1
“month, 3 months, 6 months and 1 year.

4.8.2. Modified Ashworth Scale — Wrist flexors.

e results states that there was no significant difference between the 3 groups in
ashworth scores at different point of time at 1 month, 3 months, 6 months and after 1year
of follow-up (Table: 4.17). There showed a slight discordance between the study groups

1 year post stroke, but the p value was not significant.
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Treatment

Groups Ashworth scores Significance
0 1 1+ 2 3 4
A 80%  20% - - - - Kendall’s tau c=+0.108
B 70%  30% - - - - P=0.094
C 65% 30% 5% - - - Concordant-not significant
A 70% 20% - 5% - - Kendall’s tau c=+0.06
B 75% 10%  15% - - - P=0.100
C 65% 10%  25% - - - Concordant-not significant
A 60% 20% 15% 5% - - Kendall’s tau c=+0.11
B 55% 10% 20% 15% - - P=0.105
N C 50% 10%  25% 15% - - Concordant-not significant
A 30%% 35% 10% 20% 5% - Kendall’s tau c=+0.087
B 30% 35% 10% 20% 5% - P=0.118
e 25%  25% 15% 30% 5% - Concordant-not significant
A 15% 25% 5% 45%  10% - Kendall’s tau c=-0.056
B 25% 20% 15% 30% 10% - P=0.115
( 20% 10% 35% 25% 10% - Discordant-not significant

; 7: Kendail's tau ¢ test for modified ashworth scale at Pre treatment, 1 month, 3 months,

15 and 1 year.
arrelation

Rank correlation was done between (i) Fugl meyer assessment scale which is

Ot performance scale and Barthel index which is an measure for activities of

- ,’ ) Fugl meyer assessment scale and modified rankin scale to know the

Ween the UL motor performance and the disability, (iii) Fugl meyer

W€ and modified ashworth scale for elbow flexors and wrist flexors to

on

* Petween the UL motor performance and spasticity.
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4.9.1. Correlation between Fugl Meyer Assessment and Barthel Index

Spearman's Rank correlation showed a positive correlation between UL, motor
performance assessed by fugl meyer assessment scale and activities of daily living by
barthel index with a significant correlation at 1 month (r = 0.327; p = 0.011) and 3

months (r=0.312; p = 0.015) of follow-up (Table: 4.18).

Pre 1 3 6

Treatment Month Months Months 1 year
_ Correlation Coefficient  -0.008 0.327 0.312 0.084 -0.41
_Sig. (2-tailed) 0.954 0.011 0.015 0.523 0.758

Table 4.18: Correlation between FMA and Bl

4.9.2. Correlation between Fugl Meyer Assessment and Modified Rankin Scale

Spearman's Rank correlation showed a negative correlation between UL motor
pertormance assessed by fugl meyer assessment scale and post stroke disability assessed
by modified rankin scale with a significant correlation at 1 month (r = -0.451.; p<0.001)

and 3 months (r = -0.426; p = 0.001) of follow-up (Table: 4.19).

Pre 1 3 6

Treatment Month Months Months 1 year
Correlation Coefficient  -0.076 -0.451 -0426 -0.111 -0.117
2. (2-tailed) 0.565 <0.001 0.001 0.398 0.371

Bble 4.19: Correlation between FMA and MRS
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4.9.3. Correlation between Fugl Meyer Assessment and modified Ashworth Scale
(Elbow)

Spearman's Rank correlation showed a negative correlation between UL motor
performance assessed by fugl meyer assessment scale and spasticity of flexors of elbow
assessed by modified ashworth scale with no significant correlation noted during the 1

year follow-up. (Table: 4.20).

Pre 1 3 6

Treatment Month Months Months 1 year
Correlation Coefficient  -0.186 -0.127 -0.218 -0.008  0.002
Sig. (2-tailed) 0.155 0.333 0.095 0.95 0.987

Table 4.20: Correlation between FMA and MAS (Elbow)

4.9.4. Correlation between FMA and mAS (Wrist)

Spearman's Rank correlation showed a negative correlation between UL motor
performance assessed by fugl meyer assessment scale and spasticity of the flexors of
wrist assessed by modified ashworth scale with no significant correlation noted during

the 1 year follow-up. (Table: 4.21).

Pre 1 3 6

Treatment Month Months Months 1 year
_Correlation Coefficient  -0.178 -0.052 -0.155 -0.80 0.047
Sig. (2-tailed) 0.173 0.695 0.238 0.545 0.724

Table 4.21: Correlation between FMA and MAS (Wrist)
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5. Discussion
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The present study was done to find the efficacy of TBS and FES as compared to
Physiotherapy in stroke rehabilitation, and it is one of its first kind where TBS and FES
are compared head to head for the rehabilitation of upper limb in post stroke patients, in

which TBS was used for 12 sessions over a period of one month. FES which is used to

stimulate the paralyzed muscle in post stroke patients was applied in a different pattern

compared to the previous studies; the researcher had applied FES for the whole upper

limb muscles with six channels to stimulate the upper extremity in a functional pattern.

Both TBS and FES interventions showed a greater improvement in the UL scores to a
greater extent than the PT intervention. The TBS and FES interventions demonstrated
unique benefits in reducing UL deficits. Even though the PT group showed significant

improvement in UL functions but it was not as comparable to the TBS and FES groups.

Various studies have shown that the impaired coticospinal excitability following an
ischemic stroke can be increased at least transiently by transcranial electrical or magnetic
stimulation (Khedr et a/ 2005; Mansur et al 2005; Takeuchi et al 2005; Fregni et al 2006;
P Talelli, R J Greenwood and J C Rothwell 2007; Kim et al 2006) This increase in the
cortical excitability induced by transcranial stimulation has been shown to correlate with
improvement in motor functions of paretic hand. TBS with its low intensity of
Stimulation has been found to be safe and effective way of increasing the cortical
©xcitability which can last beyond the duration of stimulation (Huang et al 2005; P

f'Talel]i_. R J Greenwood and J C Rothwell 2007; Di Lazzaro et al 2008a)
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In agreement with the previous studies done by (Mansur et al 2005; Khedr et a/ 2005;
Kim et al 2006; P Talelli, R J Greenwood and J C Rothwell 2007; Ackerley et al 2010)
TBS intervention group demonstrated greater improvement in the performance of the
overall UL functions than the PT intervention group in post stroke patients. Beneficial
effects of TBS intervention does not corroborate with some previous studies (Ackerley et
al 2010; Talelli et al 2012).

In the present study TBS led to greater improvements in FMA scores, there reported a
27% increase in FMA scores at 1 month, followed by 38% at 3 months, 52% at 6 months
and 62% at 1 year of follow-up respectively when compared to the baseline. Similar
results were reported from studies done by (Khedr et al 2005) where 52 acute stroke
patients underwent high frequency rTMS to the ipsilesional hemisphere showed
improvements in the scandinavian stroke scale scores when compared with the sham
rTMS. In a similar study done by (Mansur et al 2005) ten chronic stroke were
administered with 1 Hz low frequency rTMS to the contralesional hemisphere showed
reduction in simple reaction time and four choice reaction time which was correlated with
the functional performance of upper extremity by purdue peg board which showed

increase in number of correctly placed pegs after the real rTMS.

The study results does not corroborate with the study done by (Ackerley et al 2010),

Where 10 chronic sub-cortical stoke patients were given iTBS to ipsilesional hemisphere

and c¢TBS to contralesional hemisphere and was compared with sham stimulation

assessed by action research arm test which showed a deterioration of the median scores

(46 vs. 41) after ¢cTBS and was unchanged after iTBS and sham stimulation. Similar
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results were also shown by (Talelli ez a/ 2012), where 41 chronic stroke patients
underwent iTBS to ipsilesional hemisphere and ¢TBS to the contralesional hemisphere
combined with conventional physiotherapy and assessed with nine hole peg test, jebson

taylor test and grip dynamometry at 4 days, 30 days and 90 days after the treatment

showed no significant change in any of the outcome measures.

In the present study FES group also led to greater improvement in FMA scores, there
reported a 25% increase in FMA scores at 1 month, followed by 36% at 3 months, 50% at
6 months and 61% at 1 year of follow-up respectively when compared to the baseline
scores. The results were similar to the studies done by (Alon ez al 2007) where FES was
‘administered to 15 acute stroke patients for 12 weeks which showed an 52% increase in
‘modified FMA scores when compared to the control intervention which had shown only
34% increase, the box and block test for hand function also showed an greater
h="'3Tprovement in the FES groups supported by the jebsen taylor light object lift test which
showed a 91% increase in FES group compared to the 83% increase in the control group.
'.'.il-_i“r study done by (Mangold et al 2009) also showed an positive trend towards the
ES proup when compared to the conventional physiotherapy, where 23 acute stroke

alients were given FES for 4 weeks (12 sessions) which was similar to our protocol,

OWed improvements in FES group assessed by chedoke McMaster stroke assessment
#algh and colleagues published several studies in which electromyographic-triggered
"% Was used in combination with task-specific exercises to train chronic stroke

915 (Cauraugh et al 2000; Cauraugh and Kim 2003b; Cauraugh and Kim 2003a).
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The authors used the Box & Block test as a main outcome measure. Taken together, these

studies showed that 2 weeks of training resulted in an increase in the number of blocks

transferred in 60 seconds, from as little as 1 block in one study to 8 blocks in another
study.

Similar results were documented by (Kimberley et al 2004) who investigated home-based
NMES training over a 3-week period. Whereas the increase in blocks transferred after
training was statistically significant, transferring a few additional blocks may not
represent clinically meaningful improvement in upper extremity function. Two groups of
investigators initiated NMES in the acute/subacute phase of rehabilitation to promote
recovery of the paretic upper extremity following ischemic stroke. (Chae et al 1998)
stimulated the wrist-finger extensors for only 3 weeks, whereas (Powell et al 1999)
stimulated the same muscle groups for 8 weeks in a randomized controlled trial. Chae
and colleagues reported gains of 13.1 (NMES) versus 6.5 (control) points in upper
extremity FMA score, reflecting significant recovery of motor control but not actual
functional use of the upper extremity. Powell and coauthors showed significant effects of
their NMES program on hand function (measured by ARAT); however, these benefits
were no longer evident at the 24- week follow-up.

Physiotherapy intervention group also showed significant difference but not similar to the
other two groups, the FMA scores increased by 12% at one month, 20% at 3 months,
32% at 6 months and 44% at 1 year of follow-up which was similar to the results of the

Studies done by (Alon et al 2007), 34% increase in the FMA scores after 12 weeks of
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conventional physiotherapy intervention, and (Lin et a/ 2009) showed a 3% increase in
FMA scores after 3 weeks of intervention.

In the present study FMA was the primary outcome measure used for assessing the UL
functions. FMA scores in the present study were significantly improved for all the three

intervention groups notably there was a greater improvement in the TBS and FES groups

compared to the PT group throughout the 1 year of follow-up. This difference might be

due to the additive effects of TBS and FES on physiotherapy, where the iTBS might have
Iproduced a facilitatory effect on the ipsilesional cortex and the cTBS a inhibitory effect
on the contralesional cortex which inturn might have reduced the intracortical inhibition
and facilitated the cortico spinal outflow. However when FES is applied to the muscles
of UL, it would have increased the afferent input from the peripheral muscles and might

have influenced the excitability of the corresponding motor areas on the contralateral

'P. On contrary when there is moderate levels of Ca2+ influx which leads to

P¥lation of cyclic AMP dependent protein kinase (PKA) which leads to LTD.
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The neurophysiological assessments with RMT and CSP also showed a greater

improvement in the TBS and FES groups when compared to the PT group. The RMT-IH
of TBS group after iTBS decreased by 10% at one month, 13% at 3 months, 11% at 6

months and 10% at 1 year of follow-up, rather the RMT-CH of TBS group after cTBS

increased by 16% at one month, 18% at 3 months, 19% at 6 months and 17% at the end

of 1 year of follow-up. Whereas the CSP-IH of TBS group after the iTBS decreased by
26% at one month, 27% at 3 months and 6 months, and 19% at the end of 1 year of
follow-up. The CSP-CH after cTBS increased by 24% at one month, 30% at 3 months,
32% at 6 months and 29% at the end of 1 year of follow-up. The decrease in RMT and
CSP of the ipsilesional hemisphere was at the maximum at 3 months of follow-up,
‘however the excitability was not maintained and the decrease was not consistent after 6
‘months. Similarly the RMT and CSP of the contralesional hemisphere where the
inhibitory stimulation (cTBS) was applied, the effect was greatest at 6 months of follow-
Up. Though the TBS intervention was given only for 1 month the neurophysiological
5_;1. lasted consistently till 3 months at ipsilesional hemisphere where facilitatory
i ulation (iTBS) was applied and till 6 months at the contralesional hemisphere where
Wlibitory stimulation (cTBS) was applied, which states that the inhibitory stimulation to
€ contralesional hemisphere was long lasting rather compared to the facilitatory
Milation to the ipsilesional hemisphere supported by (Huang et a/ 2011). The results of
Sent study was similar in accordance with the previous studies where it was found

S EXcitability of the ipsilesional hemisphere was significantly depressed as

S0 10 contralesional hemisphere and this reduced excitability could be improved
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with iTBS-IH and cTBS-CH. There was significant decrease in RMT and CSP values of
ipsilesional hemisphere following iTBS-IH and ¢TBS-CH. Our results are similar to
those reported by (Di Lazzaro et al 2008a) who found significant increases in MEP

amplitudes and decreases in RMT of ipsilesional hemisphere following iTBS-IH and

¢TBS-CH in 12 patients with acute stroke. On the other hand, (P Talelli, R J Greenwood
and J C Rothwell 2007) studied six patients with chronic stroke and found that excitatory
TBS of the ipsilesional hemisphere resulted in improvement in motor parameters and
simple reaction time of paretic hand while inhibitory TBS of contralesional hemisphere
was ineffective. Similarly, (Ackerley et al 2010) reported decrease in MEP amplitudes of
ipsilesional hemisphere following cTBS of contralesional hemisphere in chronic stroke
patients which correlated with deterioration of paretic UL functions. Various
methodological differences in previous studies especially with regard to the number of
‘patients, duration and type of stroke, variable stimulation parameters and use of training
program in conjunction with TBS may explain the differences in the results.

The RMT-IH of FES group decreased by 9% at one month, 11% at 3 months, 10% at 6
Wonths and 10% at 1 year of follow-up, rather the RMT-CH of FES increased by 16% at
e month, 19% at 3 months, 20% at 6 months and 19% at the end of 1 year of follow-up.
lie CSP-TH of FES group decreased by 25% at one month and 3 months, 23% at 6
Wonths, and 21% at the end of 1 year of follow-up. The CSP-CH increased by 19% at
% month, 22% at 3 months, 23% at 6 months and 22% at the end of 1 year of follow-up.
;@hange in the neurophysiological parameters of FES group was greater till the end of

Vention at 1 month, later on the RMT and CSP values does not show a consistent
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change. This effect might be due to the effect of FES on the cortical excitability and later
on when the intervention was stopped the cortical excitability was not consistent because,
thereafter the therapy does not include a FES program rather conventional physiotherapy
was followed till the entire follow-up period of 1 year. The change in the RMT at
contralesional hemisphere was more compared to the ipsilesional hemisphere; this proves
that the inhibitory effect at the contralesional hemisphere dominated the facilitatory effect
at the ipsilesional hemisphere. The inhibitory effect which was shown might be due to the
repeated and overuse of the contralateral upper limb which might have resulted in the
reduction of intracortical inhibition and increase in intracortical facilitation.

Few patients from all the three intervention groups were not excitable for MEP, the
probable reasons might be due to tissue loss in the descending cotico-spinal tract or the
associated cortical and subcortical structures. Not always that MEP is a good prognostic
indicator, because motor activity is generated by a plastically altered motor system
including alternative pathways. Other probable mechanism might be that stroke patients
might recruit an extended network comprising premotor and sensory motor structures
normally reserved for the performance of complex movements for even the simplest of
gestures this is likely to have indirectly increased the threshold of the excitatory
interneurons and cortico-spinal neurons in the affected hemisphere needed to induce

MEP activity after single pulse TMS stimulation.

Hiere are only a few studies which have assessed the neurophysiological parameters after

MEFES intervention, the results of the present study is in agreement with the study done
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by (Barsi e al 2008) which has showed an 15% increase in mean MEP area of flexor
muscles and 19% increase in the mean MEP of flexor digiti profundus muscle after

applying FES combined with voluntary activity in 25 healthy volunteers, this intervention

also showed shortening of silent period when compared with voluntary muscle

contraction and FES given alone.

Physiotherapy intervention group which was assumed to be the control intervention also
showed improvements in the motor cortex excitability when assessed with single pulse
TMS. In the present study the RMT-IH decreased by 4% at one month, 6% at 3 months,
3% at 6 months and at 1 year of follow-up, rather the RMT-CH increased by 9% at one
month, 10% at 3 months and 6 months and 8% at the end of 1 year of follow-up. In the
present study the CSP-TH of PT group decreased by 15% at one month, 18% at 3 months,
14% at 6 months, and 11% at the end of 1 year of follow-up, on contrary the CSP-CH
eased by 7% at one month, 8% at 3 months, 6% at 6 months and 7% at the end of 1
ear of follow-up. The change in the neurophysiological parameters was not similar to
£ TBS and FES intervention groups. However the summary of results of the RMT and
P values shows that the TBS group has slightly greater advantage on these scores even
Ugh not significant statistically, this difference might be due to the reason that the TBS
llates the corrésponding motor cortex directly which would have influenced the
F cortex excitability. The results of RMT values have shown a greater increase in
W0lor threshold and thereby reduced excitability of the contralesional hemisphere in
three intervention groups stating a reduction in the trans callosal inhibition from

“éiesional to the ipsilesional hemisphere.
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The secondary outcome measures were modified rankin scale, NIHSS and Barthel index.
The median MRS scores of all the groups at baseline were 4, however it decreased
significantly to 2 in TBS, 2 in FES and 3 in PT groups respectively after the intervention

at one month, even though the median scores were 2 for all the three intervention groups

at 3 months it had shown a significant difference between the FES and the PT groups,

rather there showed no significance when MRS scores were compared between the TBS
vs. PT and between TBS vs. FES. This signifies a slight advantage of FES group over the
TBS and PT groups in the global outcome at 3 months of follow-up. The median scores
were similar for all the three groups thereafter till the end of one year follow-up and did
not show any significance, stating that there is no much difference in global outcome of
post stroke patients between the three interventions in long term follow-up.
The barthel index scores of the TBS group increased by 35% at one month, followed by
35% at 3 months, 70% at 6 months and 72% at 1 year. The results of the present study
ere similar to the study done by (Khedr et al 2005) on 52 acute stroke patients who
¥ere administered with 3 Hz high frequency rTMS for 10 consecutive days which
howed improvements in the BI scores after intervention and 10 days thereafter at follow-
P when compared to sham stimulation. The FES group BI scores of the present study
Creased by 36% at’one month, 56% at 3 months, 71% at 6 months and 74% at 1 year of
How-up, the present study results were in agreement with the study done by (Mangold
a 2009) in 23 acute and sub acute stroke patients where FES was given for 4 weeks
Sessions) and was compared with physiotherapy which showed significant

SVement in FES group with a moderate effect size of 0.53 on extended barthel index
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sub score. Similar results were also shown by (Thrasher et al 2008) on 21 acute stroke
patients who were administered with FES for 12 weeks and compared with conventional

physiotherapy exercises also had shown significant difference between the groups

(p<0.05) when assessed with BI scores after 12 weeks of intervention. In the present
study PT group also showed significant change in BI scores throughout the 1 year of
follow-up with a change of 25% at one month, 47% at 3 months, 67% at 6 months and
73% at 1 year. The significant change was evident between the groups only till 3 months,
and later on the changes were not significant and this might be due to the reason that
some aspects such as bowel, bladder-and transfers representing some part of the BI total
score are possibly not expected to change as a result of physical rehabilitation of the UL.

'NIHSS also had a corresponding change in all the three intervention groups, were TBS

group had a change of 43% at one month, 70% at 3 months, 82% at 6 months and 73% at

o
Atlmonth and 3 months, however at 6 months of follow-up the FES group showed

ficant improvement compared to the TBS and PT groups.
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This comparative trial extended prior research on stroke motor rehabilitation by
studying TBS, FES and PT intervention with intensive treatment schedule for 1 hour/day

for 1 month. To our knowledge no prior studies have used similar protocols with similar

treatment intensity for comparison among these rehabilitation therapies. Some previous

studies have compared TBS with PT (Ackerley et al 2010; Talelli et al 2012), but with
different treatment intensity and protocols. In the present study the researcher has used
TBS for 1 month (12 sessions) which has been not yet used in any of the previous studies
and also it was combined and compared with physiotherapy for a period of 1 month.
Some previous studies have compared FES with physiotherapy (Alon et al 2007;
hrasher et al 2008; Mangold et al 2009) with the same treatment intensity but did not
contrast TBS with FES. Furthermore, these studies on TBS employed less treatment
intensity, or adopted a combination with physiotherapy which was not aimed in
functional training, which were different from the present study. With respect to study
lesi gn and sample size, previous studies (P Talelli, R J Greenwood and J C Rothwell
W07; Di Lazzaro et al 2008a; Ackerley et al 2010) used either nonrandomized controlled
il or a randomized controlled trial with less participant number. The present study

yed 20 participants for each group well more than the participant number in most

€ Previous studies.
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6. Conclusion
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Thus the results of present study rejects the Hypothesis 1, Hypothesis 2 and Hypothesis 3

and states that there is significant improvement in rehabilitation of stroke patients

receiving Theta Burst Stimulation along with Physiotherapy, Functional Electrical

Stimulation along with Physiotherapy and Physiotherapy alone. On contrary the results
of present study partially accepts the hypothesis 4 and states that there is no significant
difference between stroke patients receiving Functional Electrical Stimulation along with
Physiotherapy compared to those patients receiving Theta Burst Stimulation along with
Physiotherapy, However there is a significant difference between stroke patients
receiving Theta Burst Stimulation along with Physiotherapy compared to those patients
receiving Physiotherapy alone and  Functional Electrical Stimulation along with

Physiotherapy compared to those patients receiving Physiotherapy alone

The overall findings of this study suggest that both TBS and FES might be a more
‘compelling approach for improving the UL motor functions than the PT alone. However
the FES could be an optimal approach if improving the global outcome following stroke,
‘moreover if the concern is activities of daily living then all the three groups have
performed equally. Even though the nuerophysiological outcome was slightly better in
lhe TBS group, it did not transfer into functional performance. So to brief out, both TBS

0 FES can be used as to facilitate neuroplasticity and thereby improving the UL

S0rmance in post stroke patients when combined with physiotherapy.
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A few limitations to this study warrant consideration. First the study findings were based

on a small percentage of all eligible patients. Caution should be exercised when

generalizing the results beyond the study. Further research should recruit a larger sample
to validate the findings of the present study. Second the neurophysiological parameters
were not excitable from the ipsilesional hemisphere of around 50% of the patients, future
research should include only those patients whose motor cortex is excitable with single
pulse TMS. Neurophysiological parameters should also include the intracortical
facilitation and intracortical inhibition. Third, there should have been one more group
combining FES and TBS to know the combined or additive effects of both interventions.
The major delimitation which should be mentioned is that the sub scores of FMA were
ot included in the performa so the researcher was not able to analyze hand, wrist and

pper extremity components separately.
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