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1. Title of the project:

Efficacy of theJheta burst stimulation and Functional electrical stimulation as

compared to conventional physiotherapy in stroke rehabilitation: A randomized

controlled trial

2. Principal Investigator(s) and Co-[nvestigator(s):

PRINCIPLE INVESTIOGATOR

Dr. Chaturbhuj Rathore,
Associate Professor,
Department of Neurology,
Sree Chitra Tirunal Institute for Medical

Sciences and Technology,
Trivandrum, Kerala - 695011

Co-PI

1. Dr. George Zachariah, Senior Lecturer,
Department of Physical Medicine and
Rehabilitation, Medical College,
Trivandrum, - 695011

2. Mr. Vincent P. 0., Physiotherapist D,
Department of Physiotherapy,
SCTIMST, Trivandrum, Kerala -
695011.

3. Implementing Institution(s) and other collaborating

Institution(s):

IMPLEMENTING INSTITUTE

Sree Chitra Tirunal Institute for Medical

^  Sciences and Technology,
Trivandrum. Kerala - 695011

COLLABORATING INSTITUTION

Department of Physical Medicine and
Rehabilitation, Medical College, Trivandrum,
695011

4. Date of commencement: August 1®\ 2012

5. Planned date of completion: July, 2015

6. Actual date of completion: May, 2014

7. Objectives as stated in the project proposal:

1. To study the effectiveness of Theta Burst Stimulation (TBS) and Functional

Electrical stimulation (FES) combined with conventional physiotherapy as



compared to the conventional physiotherapy alone in the rehabilitation of stroke

patients.

2. To develop a standard protocol integrating physiotherapy, FES and TBS for

the early rehabilitation of stroke patients and promote its use across the country

8. Deviation made from originai objectives if any, while

impiementing the project and reasons thereof:

None

9. Experimental work giving fuil details of experimental set up,

methods adopted, data collected supported by necessary table,

charts, diagrams & photographs:

9.1. study Design

This trial was to determine the efficacy of theta burst stimulation and functional electrical

stimulation as compared to physiotherapy in stroke Rehabilitation. The aim of the

present study was to find out an effective integrated rehabilitation program for stroke

patients incorporating the TBS, FES and PT. The study design was a randomized

controlled trial with concealed allocation, blinded assessment using six measures

repeated at baseline (T1), post-intervention assessment at 1 month (T2) and follow-up

assessments at 3 months (T3), 6 months (T4) and at 1 year (T5). The present study

included 60 patients randomly divided into 3 groups of 20 each by block randomization

method to receive the designated intervention. Participants were recruited from the

outpatient and inpatient clinics of neurology department of Sree Chitra Tirunal Institute



for Medical Sciences and Technology. Patients with a diagnosis of acute stroke in last

01 month were screened for the eligibility

9.2.1. Inclusion criteria

1. First episode of ischemic stroke in the internal carotid artery territory defined on
CT scan or MRI brain.

2. Presentation within 10 days to 1 month of stroke onset.

3. Age group between 15-70 years

4. FMA score less than 20.

9.2.2. Exclusion criteria

1. Brain stem stroke

2. Bilateral stroke

3. Hemorrhagic stroke

4. Significant joint deformity preventing effective physiotherapy

5. Severe Internal carotid artery stenosis requiring intervention

6. Unstable cardiopulmonary status and other diseases which are likely to hamper
the 1 year follow up

7. Intracranial metallic implants

8. History of seizure

9. Cardiac implants or pacemakers

10. Pregnancy or likely to become pregnant during study period

11. History of past neurological disease likely to interfere with assessment of
response

12.Taking regular medications likely to interfere with TMS assessment like

benzodiazepines.



9.3. Sample size calculation

Primary outcome measure for this study was the Fugl Meyer Assessment of physical

performance at 01 year. This is a 66 point scale to evaluate hand functions, a standard

tool used for this purpose. Previous studies have shown that in control patients this

score increases by 16.5 ± 9.4 at one year {Hemmen and Seelen 2007). For a clinically

meaningful outcome, the intervention should produce an increase of 10 points over and

above the control group. Thus to detect a significant difference of 10 points between

control and active groups, a sample size of 14 in each arm was required for achieving

80% power with alpha fixed at 5%.

In a study conducted at our institute, the post stroke mortality was 27.2 % at one year,

of these 72.1% died within 10 days after the stroke (Sridharan et al., 2009). We have

planned to Include patients between 10 to 30 days of stoke onset. Hence to account for

the mortality rate of 7.6% after 10 days, required sample size will be 16 in each group.

We had kept the sample size at 20 in each arm for rounding and to account for the drop

outs, if any.

9.4. Random allocation and sequence generation

The present study included 60 patients randomly allocated into 3 groups of 20 each by

block randomization method. Concealed allocation was done by a neurologist I who

blindly allocated the subjects into different groups according to the block randomization

table to receive the designated intervention. All the patients presenting to our institute

with a diagnosis of acute stroke in last 01 month was screened for the eligibility (Figure

1)
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Figure 1: The study protocol of randomization and assessment

9.5. Blinding

After providing the informed consent, a subject fulfilling the inclusion and exclusion

criteria was initially assessed by Neurologist II for all the outcome measures and

neurophysiological parameters. Patients who were eligible for the study were allocated

to different intervention groups by Neurologist I. Intervention were done by research

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

Neurologist II who was blinded to the allocation to intervention groups.



9.6. Ethical considerations

Patients were given verbal and written information about the study and their written

consent was obtained prior to inclusion. All participants provided voluntary, informed

consent before inclusion. The study was approved by the ethics committee of the Sree

Chitra Tirunal Institute for Medical Sciences and Technology (Institutional Ethics

Committee - SCT/IEC/223).

9.7. Dropout rate in each group

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

due intracranial stenting) and one subject from Physiotherapy group (due to intra cranial

space occupying lesion) did not complete the intervention. However these 3 subjects

were substituted in the corresponding groups.

9.8. Clinicai assessment

During the first visit, between 10-30 days after the stroke, all the patients unden/vent a

detailed neurological examination. Patients was assessed for global outcome rating by

modified rankin scale, stroke severity by National Institute of Health Stroke Scale

(NIHSS), upper limb motor functions with Fugi Meyer Assessment for motor

performance scale (FMA), activities of daily living by Barthel Index (Bl) and measure of

spasticity by modified Ashworth scale (MAS). The follow up assessment was done after

intervention at 1 month, 3 months, 6 months and at lyear with the same rating scales.
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9.9. TMS Protocol

All the patient underwent primary TMS neurophysiological assessment with Magstim

Rapid^ (Whitland, Wales, UK) stimulator using figure-of-eight coil, with external loop

diameter of 9 cm.

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

posterior-anterior plane over the M1 at the optimum scalp position to elicit MEP in the

contralateral first dorsal interosseous (FDI) muscle. The parameters were checked in

both the hemispheres, first ipsilesional hemisphere and then the contralesional

hemisphere. Surface electromyograms (EMGs) were recorded from the FDI muscles

bilaterally using Ag-AgCI 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, they were given audio-visual feedback of the EMG signal at high

gain and we discarded the trials contaminated by EMG activity. The following

parameters were studied:

9.9.1, Resting Motor Threshoid (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

every ten stimulus to get the appropriate response (Figure 2).

10
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Figure 2: Recruitment curve; Arrow Indicates the Resting Motor Threshold at a

magnetic stimulus intensity of 80.

9.9.2. Cortical Silent Period (GSR): This Is time Interval from the stimulus artifact to

the return of voluntary electromyographic activity while subjects maintained 30%

contraction of the contralateral first dorsal Interossel (FDI) muscle with the help of audio

visual feedback (Figure 3).

Patients were assessed with these basic neurophyslological parameters before and

Immediately after TBS study, to note the Immediate change brought by TBS. Patients

were reassessed with clinical and TMS neuro-physlologlcal parameters at one month,

and subsequently at 3 months, 6 months and at the end of 1year

11
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Figure 3: Arrow indicates the Cortical Silent Period

9.10. Intervention

Patients underwent one of the interventions as per the randomization group:

Physiotherapy combined with TBS as group A; Physiotherapy combined with FES as

group B and Physiotherapy alone as group C.

9.10.1. Theta Burst Stimulation

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

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

TBS given to unaffected hemisphere. TBS was delivered for 3 times in a week for 4

weeks. The order of the experiments (facilitatory and inhibitory TBS) was same in all

the patients. Investigator responsible for analyzing MEPs was blinded to the type of

stimulation (iTBS or cTBS).

12
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9.10.1.1. Intermittent TBS

Intermittent TBS was delivered over the affected motor cortex "hot spot" (site where the

maximum amplitude of MEP was generated). The magnetic stimulus had a biphasic

waveform with a pulse width of about 280 ps and maximum magnetic field strength of 2

Tesla. The stimulation was given with an intensity of 60% of RMT. The iTBS protocol of

10 bursts of high-frequency stimulation (3 pulses at 50 Hz) was applied at 5 Hz every 10

s for a total of 600 pulses.

%  When no MEP was elicited from the ipsilesional Ml (<0.05mV), 100% stimulator

intensity was applied at the mirror location of the contralesional Ml.

9.10.1.2. 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

total of 600 pluses.

9.10.2. Functional Electrical Stimulation.

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

(Cybermedic Corporation). The system is composed of 8 channels, 2 electrodes for

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

affected arm positioned over the pillow, electrodes were positioned according to pattern

3 [Grasp/Flexion/Extension, PATT (pattern movement)] of the FES (F) mode of the

instrument.

Channel 1 - Flexors of wrist

13
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Channel 2 - Biceps

Channels -Triceps

Channel 4 - Extensors of wrist

Channel 6 - Anterior deltoid

The electrodes were connected to a stimulator controller unit that delivers alternating

current at a frequency of 35 Hz and a pulse width of 200 ps, intensity 10-50 mA. The

stimulator was set to deliver interrupted trains of pulses with the contraction and

relaxation so that to simulate the lifting of upper limb in a functional position.

Channel 1 was stimulated for the first 3 out of 4 portions of the whole stimulation time

Channel 2 & Channel 6 was stimulated for the 2"^ portion

Channel 3 was stimulated for the 3^^ portion

Channel 4 was stimulated for the 4^ portion

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

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

physiotherapy.

9.10.3. Physiotherapy treatment protocoi

The following different physiotherapy regimens were followed for al the patients in the
study.

9.10.3.1. Passive/Active Range of Motion (ROM)

Passive ROM: wrist/elbow/shoulder

14
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Active/assistive ROM: wrist/elbow/shoulder bilaterally

Active ROM: wrist/elbow/shoulder in sitting and standing

Active ROM with resistance: wrist/elbow/shoulder in sitting and standing

9.10.3.2. Weight bearing and supportive reaction

Seated weight bearing (forearms on tabletop) with affected upper extremity

Extending arms, seated/standing with bilateral upper extremity weight bearing on table

Extended arms with transitional movements: side lying to sit, sit to stand, dips

Extended arms and wrist/hand on wall from anterior and lateral, progress to wall push

up

Extended arms and wrist/hand on wall with change in base of support; example: weight

shifting, single lower extremity support, lateral wall walking

9.10.3.3. Reaching activities

Forward supported reach bilaterally with cane on tabletop (elbow extension)

Forward supported reach with shoulder elevation, elbow/wrist extension

Reaching against gravity in frontal and sagittal planes

Reaching overhead with active wrist/hand movements

Dynamic reaching to a target; example: catch a ball

15
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9.10.3.4. Grasping, hoiding and release

Maintaining digit extension with weight bearing

Grasp, hold and release containers with gravity minimized on table

Pick up and move/release small object on table

Pick up and move/release large objects without proximal support

Incorporate key and pinch grips in hold and release including stacking, lifting and

overhead activity

9.10.3.5. Upper extremity activities of daily living (ADL)

Dressing, grooming

Carrying objects with bilateral upper extremities

Opening bottles, stabilizing with paretic extremity for reaching

Writing, drawing, manipulating small objects

Folding towels, sweeping, hanging towels, setting table

Self-feeding

Physiotherapy intervention was given to all the patients 5 days per week for 1 month.

The physiotherapy intervention was individually tailored to each patient and constructed

through a selection of exercises from the above mentioned protocol. The number and

complexity of the exercises were adjusted by the research therapist for each patient so

that he or she was able to practice independently or with assistance from a family

16
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member after the intervention and was instructed to practice 30 minutes twice a day. In

addition, all patients continued to receive in-home physiotherapy 1 to 2 times per week

by a home physiotherapist who was guided by the research physiotherapist. The

researchers monitored the standard therapy by reviewing the study patient once in a

month and modified the research-related exercise program based on patient progress.

The actual amount of time that each patient exercised at home was monitored with a log

book given to the patient.

9.11. Outcome measures

Outcome was assessed using Fugl Meyer Assessment for physical performance,

Modified Rankin Scale, National Institute of Health Stroke Scale, Barthel Index ,

Modified Ashworth Scale and TMS neurophysiological parameters like Resting Motor

Threshold and Cortical Silent Period at baseline, at 1 month, and subsequently at 3

months, 6 months and 1 year. Fugl Meyer Assessment for physical performance at 01

year was the primary outcome measures while rest of the parameters including TMS

neurophysiologic parameters were used as secondary outcome measures.

9.12. Statistical Methods

Descriptive statistics were used to summarize the data. Baseline comparability of

groups, in terms of demographic data and baseline measurements were assessed with

chi-square test and ANOVA. Non-normal data was subjected to reciprocal, logarithmic

and exponential transformation and Komogrov-Smirnov and Shapiro-Wilks tests were

done to assess normality. Parametric measures were analyzed with ANOVA followed by

post-hoc analysis with bonferroni correction. Repeated measure ANOVA was done to

17
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find out between group and within group variability. Non parametric measures were

analyzed with Kruskal Wallis test followed by post hoc analysis with Mann Whitney U

test. Friedmans test and Kendalls W test was done to find the changes in three groups

over a period of one year. All analyses were done using SPSS version 17.0 and p value

of less than 0.05 was considered significant.

18
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10. Detailed analysis of results Indicating contributions made towards

increasing the state of knowledge in the subject:

There were no significant differences in the demographic characteristics of participants

between the three intervention groups (Table: 1).

Treatment Groups TBS (n=20) FES (n=20) PT (n=20) Total

Gender (male/female) 13/7 14/6 12/6 39/21 0.80

% 65/35 70/30 60/40 65/35

Age 63.55±12.67 62.25 ± 11.86 64.60 ±12.99 63.47 ± 12.34 0.84

( years; meant SD )

Side of lesion (R/L) 14/6 13/7 15/5 42/18 0.79

% 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)

FMA (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)

MRS (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 16.25 ± 11.45 15.5 ±9.30 0.78

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

Table 1: Characteristics of Study Participants at baseiineAbbreviations: TBS, Theta burst stimulation group;

FES, Functional electrical stimulation group; FT, Physiotherapy group; SD, Standard deviation; %, Percentage; FMA,

Fugl Meyer Assessment; MRS, modified Rankin Scale; Bl, Barthel Index; R/L, Right/Left.

Whilst the ratio of right to left sided stroke was fairly even in both groups, the TBS group

had more participants with right sided infarcts (n=14) than left (n=6), FES group had

more participants with right infarcts (n=13) than left (n=7) and PT group with right

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

significant (p= 0.79).

19
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10.1. Fugl Meyer Assessment of Motor Performance (FMA):

Fugl meyer assessment for motor performance scores at baseline for TBS group was

14.9 ± 2.10, FES group 15.5 ±1.99 and 14.3 ± 2.20 for PT group, a difference which

was not significant (p= 0.20) suggesting that the groups were comparable. At all time

points, the FMA scores were significantly better in the TBS and FES group as compared

to PT alone group (Table 2 and 3)

Treatment

Groups n Mean Median p value

TBS 20 14.9 ±2.1 15(11-19)

Pre FES 20 15.5 ±1.99 15.5(12-19)

Treatment PT 20 14.3 ±2.2 14(11-19) 0.2 (ANOVA)

TBS 20 32.65 ± 2.4 32.5 (28-38)

FES 20 32 ±1.97 32 (29-36)

1 Month PT 20 22.05 ±3.12 21.5(18-31) < 0.001 (KW)

TBS 20 40.2 ± 3.32 39 (37-50)

FES 20 39.15 ±3.81 38 (34-50)

3 Months 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)

6 Months 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)

1 Year PT 20 43.3 ± 4.22 44 (35-54) < 0.001 (ANOVA)

Table 2: Mean (SD) and Median (range) values of Fugl Meyer Assessment (FMA) at 1 month, 3 months,
6 months and 1 year.

20
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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)

Table 3: Post-hoc analysis of Fug! Meyer Assessment (FMA) scores comparing between three groups at
1 month, 3 months, 6 months and 1 year.

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

TBS intervention showed significant increase at 1 month (26.89%; p< 0.001), 3 months

(38.33%; p< 0.001), 6 months (52.05%; p^ 0.001) and further increased (61.59%; p<

0.001) at 1 year. Similarly FMA scores of subjects who underwent FES intervention also

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

6 months (50.15%; p< 0.001) and further increased (61.13%; p^ 0.001) at 1 year.

However the increase in FMA scores of subjects who underwent PT treatment showed

significant 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 year of follow-up (43.92%; p^ 0.001). (The percentage of change in FMA scores was

calculated keeping the total score of FMA at 66 points). (Figures 2 and 3)

21
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Figure 2: Median Fug! Meyer Scores (FMA) of different groups

A -TBS, B -FES, C- PI

The overall analysis of the FMA scores showed that TBS intervention group and FES

intervention group were significantly better than the PT intervention group at each point

of time. However, there was no difference between the TBS group and the FES group.
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Figure: 3: Mean Fug! Meyer Scores (FMA) of different groups at pre-test, 1 month, Smonths, 6
months and 1 year.

10.2. Modified Rankin Scaie (MRS)

The MRS scores were significantly better in the TBS and FES group as compared to PT

alone group 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 and 5).
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Treatment

Groups n Mean Range P Value

TBS 20 4.05 ± 0.68 4 (3-5)

Pre FES 20 4.20 ± 0.61 4 (3-5)

Treatment PT 20 4.20 ± 0.69 4(3-5) 0.718 (KW)

TBS 20 2.25 ± 0.55 2(1-3)

FES 20 2.40 ± 0.50 2(2-3)

1 Month PT 20 2.95 ± 0.68 3 (2-4) 0.003 (KW)

TBS 20 1.90 ±0.30 2(1-2)

FES 20 2.00 ± 0.45 2(1-3)

3 Months PT 20 2.40 ± 0.50 2(2-3) 0.002 (KW)

TBS 20 1.55 ±0.51 2(1-2)

FES 20 1.55 ±0.60 2 (0-2)

6 Months PT 20 1.70 ±0.55 2(1-3) 0.705 (KW)

TBS 20 1.30 ±0.57 1 (0-2)

FES 20 1.30 ±0.65 1 (0-2)

1 Year PT 20 1.50 ±0.51

1.5(1-
2) 0.509 (ANOVA)

Table 4. Mean (SD) and Median (range) values of modified rankin scale (MRS) at 1 month, 3 months, 6
months and 1 year. Abbreviations: KW, Kruskal Waliis test.

Between

groups p value

TBS & FES 0.5

TBS & PT 0.004

1 Month FES & PT 0.02 (Mann Whitney U Test)

3 Months

TBS & FES

TBS & PT

FES & PT

0.64

0.12

0.05 (Mann Whitney U Test)

Table 5: Post-hoc analysis of MRS scores at 1 month and 3 months follow-up.

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

TBS intervention showed significant change at 1 month (44.44%; p< 0.001), 3 months

(53.09%; p< 0.001), 6 months (61.73%; p< 0.001) and (67.9%; p< 0.001) at 1 year.
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Similarly MRS scores of subjects who underwent FES intervention also showed

significant change at 1 month (42.86%; 0.001), 3 months (52.38%; 0.001), 6

months (63.09%; p^ 0.001) and (69.04%; p^ 0.001) at 1 year respectively. MRS scores

of subjects who underwent PT treatment also showed significant change, less as

compared to other two groups at 1 month (29.76%; p< 0.001) and 3 months (42.86%;

p< 0.001) (Figure 4)

4.5

4

3.5

3

2.5

2

1.5

1

0.5

u

Pre Test 1 Month 3 Months 6 Months I lyear
4.05 2.25 1.9 1.55 1 1.3

4.2 2.4 2 1.55 1.3

4.2 2.95 2.4 1.7 1.5

Figure 4: Mean modified rankin scale scores (MRS) of different groups at pre-test, 1 month. Smonths, 6
months and 1 year.

10.3. Barthel Index (81)

The MRS scores were significantly better in the TBS and FES group as compared to PT

alone group at 1 month (p<0.001) and 3 months (p<0.001) of follow-up. However no
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significant change was observed at the end of 6 months (p=0.14) and 1 year (p=0.90)

(Table: 6 and 7)

When compared to baseline status, mean MRS scores of the subjects in then three

groups showed significant improvement at all time points. The improvement was more

in the FES and TBS group as competed to PT group at 1 and 3 months.

Treatment

Groups n Mean Median p value

17.25 ±

TBS 20 12.19

16.25 ±

20(0-35)

Pre FES 20 11.45 17.5(0-30)

Treatment PT 20 15.5 ±9.30 17.5(0-30) 0.78 (KW)

TBS 20 52.5 ± 11.18

51.75 ±

52.5(35-70)

FES 20 10.54 52.5(35-70)
1 Month 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)

3 Months 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)

6 Months PT 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)

1 Year PT 20 88.75 ± 7.23 90(75-100) 0.90 (ANOVA)

Table 6: Mean (SD) and Median (range) values of Barthel Index (Bl) at 1 month, 3 months, 6 months and
1 year. AbbrevlatlonsiKW, Kruskal Wallis.
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Between

groups p value

TBS & FES 0.84

TBS & PT 0.001

1 Month FES & PT 0.001 (Bonferroni correction )

3 Months

TBS & FES

TBS & PT

FES & PT

0.99

0.001

0.001 (Mann Whitney U Test)

Table 7: Post-hoc analysis of Bi scores at 1 month and 3 months follow-up.

When compared to baseline status, mean BI scores of all the subjects showed

significant improvement at all time points, significantly more in TBS and ES group as

compated to PI group (Figure 5).

CD

Pre Test 1 Month 3 Months 6 Months lyear

17.25 52.5 72.25 87 89.5

16.25 51.75 72.25 87 89.75

15.5 40.25 62.25 82.5 88.75

Figure 5. Barthel Index scores (Bi) of different groups at pre-test, 1 month, Smonths, 6 months and 1
year.
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10.4. National Institute of Health Stroke Scale (NIHSS)

The changes in NIHSS were similar to changes in mRS and Bl in all parameters. All 3

groups showed significant change in NIHSS scores from baseline after 1 month

(p^O.001), 3 months (p^O.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).

10.5. Resting Motor Threshold

10.5.1. Resting Motor Threshold: Ipsilesional Hemisphere (RMT-IH)

RMT from the ipsilesional hemisphere was elicited only from 10 subjects of TBS

intervention group, 8 subjects of FES intervention group and 9 subjects of PT

Intervention group. There was no difference between the groups for the RMT-IH values

at all the time points. However, as compared to baseline, RMT-IH values decreased at

01 year for all the three groups indicating an increase in cortical excitability.

10.5.2. Resting Motor Threshold- Contralesional Hemisphere (RMT-CH)

Unlike ipsilesional hemisphere, RMT values could be elicited from contralesional

hemisphere for all the patients. There was no significant difference in mean RMT-CH

values between the groups at all time points. However, RMT-CH values significantly

increased at 01 year for all the groups compared to baseline values.

10.6. Cortical Silent Period

10.6.1. Cortical Silent Period-lpsilesional Hemisphere (CSP-IH)

CSP 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 difference in

mean CSP-IH values between the groups at each time point. However the CSP-IH
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values showed a significant difference (p<0.001) when repeated measure ANOVA was

done to find within group and between group differences over a period of 1 year (Table:

4.13). Mean values of CSP-IH at baseline were (278.50 ± 18.86) for TBS group, (282.50

± 20.87) for FES 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. (Table 8).

Tested variables p value

Between treatment Groups (1,2,3) .752

Within groups - between each round of follow up
(Spheracity assumed - Mauchly's test)

<0.001

Between treatment group and between each round of
follow up (Spheracity assumed - Mauchly's test)

<0.001

Table 8: 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

10.6.2. Cortical Silent Reriod-Gontralesional Hemisphere (CSP-CH)

Unlike ipsilesional hemisphere, for all 60 subjects contralesional hemisphere was

excitable for CSP. The mean CSP-CH values were similar between the groups at all

time points. However the CSP-CH values showed a significant difference (p<0.001)

when repeated measure ANOVA was done to find within group and between group

differences over a period of 1 year (Table: 4.15). Mean values of CSP-CH at baseline

were (162.72 ± 27.06) for TBS group, (172.65 ± 24.49) for FES group and (182.80 ±

38.79) for PT group, 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. (Table 9)
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Tested variables p value

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

Within groups - between each round of follow up
(Spheracity assumed - Mauchjy's test)

<0.001

Between treatment group and between each round of
follow up (Spheracity assumed - Mauchly's test)

<0.001

Table 9: Repeated measure ANOVA to find between group and within group differences for cortical silent
period - contralesional hemisphere (CSP-CH) from baseline to 1 year of follow-up.

10.7. Modified Ashworth Scale: Elbow and wrist flexors.

Kendall's tau c test was performed to find out the significance in change of spasticity

between the study groups, the values were interpreted as concordant and discordant

and the significance mentioned as p value. Chi square test was not applicable as each

cell needs 5 expected values. The 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 1 year of follow-up

10.8. Correlation

Spearman's Rank correlation was done between (i) Fugl meyer assessment scale which

is an UL motor performance scale and Barthel index which is an measure for activities

of daily living (ii) Fugl meyer assessment scale and modified rankin scale to know the

relation between the UL motor performance and the disability, (ill) Fugl meyer

assessment scale and modified ashworth scale for elbow flexors and wrist flexors to

know the relation between the UL motor performance and spasticity.
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10.8.1. Correlation between Fug! Meyer Assessment and Barthel Index

Spearman's Rank correlation showed a positive correlation between UL motor

performance assessed by fug! 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: 10).

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 10. Correlation between FMA and Bl

10.8.2. Correlation between Fugl Meyer Assessment and Modified Rankin Scale

Spearman's Rank correlation showed a negative correlation between UL motor

performance 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: 11)

Pre 1 3 6

Treatment Month Months Months 1 year

Correlation Coefficient -0.076 -0.451 -0.426 -0.111 -0.117

Sig. (2-tailed) 0.565 <0.001 0.001 0.398 0.371

Table 11: Correlation between FMA and MRS

10.8.3. Correlation between Fugl Meyer Assessment and modified Ashworth

Scale (Elbow)
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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: 12).

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 12: Correlation between FMA and MAS (Elbow)

10.8.4. 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: 13).

Pre 1 3 6

Treatment Month Months Months 1 year

Correlation Coefficient -0.178 -0.052 -0.155 -0.80 0.047

Sig. (2-talled) 0.173 0.695 0.238 0.545 0.724

Table 13: Correlation between FMA and MAS (Wrist)
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10.9. DISCUSSION

The study results show that both TBS and FES Improves the hand functions when

combined with conventional physiotherapy as compared to the PT alone. Thus, this

study provides Class I evidence for the effectiveness of both TBS and FES in stroke

rehabilitation. This is the first randomized controlled trial to report the benefits of non-

invasive stimulation in stroke rehabilitation over and above the present standard of care

which focuses only on the physiotherapy alone.

Previous studies have shown that the impaired corticospinal excitability following an

ischemic stroke can be improved at least transiently by transcranial electrical or

magnetic stimulation (Fregni et a.l 2006; Khedr et at. 2005; Kim et al. 2006; Mansur et

al. 2005; Takeuchi et al. 2005; Talelli et al., 2007). This increase in the cortical

excitability induced by transcranial stimulation has been shown to correlate with

improvement in motor functions of paretic hand in experimental settings. Previous

observational studies have demonstrated short-term benefits of TBS under

experimental settings to assess the upper limb functions. We used various functional

scales to assess the upper limb functions over a period of one year, which are more

clinically relevant.

In the present study FES group also led to greater improvement in FMA scores. There

was 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 a previous study by Alon and colleagues (Alon et a!.,

2007) where FES was administered to 15 acute stroke patients for 12 weeks. In that

study, FES group had 52% increase in modified FMA scores when compared to the

control intervention which had shown only 34% increase. Similar study done by
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Mangold and colleagues (Mangold et a!., 2009) also showed an positive trend towards

the FES group when compared to the conventional physiotherapy, where 23 acute

stroke patients were given FES for 4 weeks (12 sessions) which was similar to our

protocol, showed Improvements In FES group assessed by chedoke McMaster stroke

assessment scales. Our study further extends these findings and provides class I

evidence that FES combined with PT produces greater Improvement In hand motor

functions as compared to PT alone.

In the present study FMA was the primary outcome measure used for assessing the UL

functions. The greater Improvement in FMA scores In TBS and FES groups might be

due to the additive effects of TBS and FES on physiotherapy, where the ITBS might

have produced a facilltatory effect on the Ipsilesional cortex and the cTBS a inhibitory

effect on the contraleslonal cortex which In turn might have reduced the intracortlcal

Inhibition and facilitated the Ipsilesional cortico-splnal outflow (Duque et a!., 2005; Hallet

et a!., 2007; Hoogendam et a!., 2010; Huang et a!., 2005). FES when applied to the

muscles of UL, would have increased the afferent Input from the peripheral muscles and

might have Influenced the excitability of the corresponding motor areas on the

contralateral hemispheres through feedback mechanisms (Popovic et al. 2003;

Rosenkranz and Rothwell 2006). The other postulates for the Improvement might be

due to the Long Term Potentlatlon (LTP) of the ipsilesional hemisphere and Long Term

Depression (LTD) of the contraleslonal hemisphere by the non-Invasive stimulation,

both by central (TBS) and peripheral (FES) stimulation (Hoogendam eta!., 2010; Huang

et a!., 2005, 2007 & 2011; Ridding and Rothwell 2007).
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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. Thus the

RMT-IH decreased and RMT-CH increased after TBS and FES, indicating an increase

in the excitability of ipsilesional hemisphere and decreased excitability of contralateral

hemisphere. The decrease in RMT and CSP of the ipsilesional hemisphere was

maximum at 3 months of follow-up, but was not consistent after 6 months. Similarly the

inhibition of contralesional hemisphere was greatest at 6 months of follow-up. This

indicates that the inhibitory stimulation to the contralesional hemisphere was long

lasting as rather compared to the facilitatory stimulation to the ipsilesional hemisphere

{Huang et al. 2011). The results indicate that the excitability of the ipsilesional

hemisphere was significantly depressed as compared to contralesional hemisphere and

this reduced excitability could be improved with iTBS-IH and cTBS-CH {Di Lazzaro et al

2008). On the other hand Talelli and colleagues (Talleli et al., 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. 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 secondary outcome measures were modified rankin scale, NIHSS and Barthel

index. These measures showed short-term improvement, up to 3 months, in TBS and

FES groups, as compared to PT group. There was no difference in these outcome

measures at 01 year between the three groups. The major reason is that all these
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scales measure the global outcome of the patient, which is dependent on many other

functions and not the hand functions alone {Duncan et al., 1983; Hobart et ai, 2001;

Meyer et al., 2002). Our both TBS and FES interventions were primarily aimed at

improving hand functions and not leg or speech functions. This is likely to be the reason

that there was significant improvement in hand functions as measures by FMA and not

global functions as measures by other indices. The smaller values in some of the scales

like mRS which is a 6 point scale, also might have hidden the minor changes. The

further studies need to be conducted for the rehabilitation of lower limb as well as for the

combined effects of TBS and FES. This has a potential to improve the overall outcome

of stroke patients, worldwide.

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) and FES

with PT (Alon et al 2007; Thrasher et al 2008; Mangold et al 2009) but not in a

randomized study in a clinical setting.
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11. CONCLUSIONS

The study results show that both TBS and FES improves the hand functions when

combined with conventional physiotherapy as compared to the PT alone. Thus, this

study provides Class I evidence for the effectiveness of both TBS and FES in stroke

rehabilitation. This is the first randomized controlled trial to report the benefits of non-

invasive stimulation in stroke rehabilitation over and above the present standard of care

which focuses only on the physiotherapy alone.

Present standard of care in the rehabilitation of patients with stroke involves

physiotherapy alone (Khan et a!., 2012). The results of this study provide class I

evidence for the effectiveness of central and peripheral stimulation in improving the

functional outcome in stroke patients. This is a simple technique and can be integrated

as a protocol for stroke rehabilitation across all the centers in India which is likely to

benefit millions of patients with stroke. The further studies need to be conducted for the

rehabilitation of lower limb as well as for the combined effects of TBS and FES. This

has a potential to improve the overall outcome of stroke patients, worldwide.
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