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ABSTRACT

Upper extremity motor deficit is a big issue in patients with stroke. Mindfulness
meditation may have potential to improve arm and hand function in stroke patients.
However, there is no mindfulness programme specifically concerned with motor
performance. Therefore, this thesis proposed a new protocol of a mindfulness
movement therapy programme ( MMTP) for improving arm and hand function in
patients with stroke.

There were 4 phases to this thesis, phase I; a systematic review of meditation
for motor function in patients with stroke, phase 11; a preliminary study in older adults,
phase I11; a randomised single-blind controlled trial in healthy older adults, and phase
IV; a preliminary study in patients with stroke. In phase I, 13 studies were included for
qualitative synthesis but no studies focused on the primary outcome of motor function.
In phase 1l, MMTP improved motor performance speed of the upper limbs for both
hands, especially in the trained upper limb (p=0.008) and affected mood (p=0.033)
accompanied by improved sensorimotor and attentional functioning in the brain. In
phase 111, MMTP increased nerve conduction velocity (p=0.018) with no changes in
the active control group. Moreover, motor performance speed improved in the trained
upper limb (p<0.0001). In the last phase, MMTP improved spasticity of the elbow
flexor (p=0.025) and finger flexors (p=0.034), mindfulness (p=0.027), and quality of
life (p=0.043).

It was concluded that MMTP might have the potential to add to the standard
rehabilitation programme for improving motor performance of the upper limb in people
with and without stroke. While this thesis provides promising evidence, larger clinical
trials are needed to confirm the effects of MMTP as a new intervention for improving

arm and hand function in patients with stroke.



ACKNOWLEDGMENTS

This thesis was accomplished with the guidance and support from many
generous people. 1 would like to express my sincere gratitude to all of them.

First and foremost, 1 would like to express my sincere gratitude to my
supervisor Professor Jo Jackson wholeheartedly, not only for her tremendous academic
support but also for giving me so many wonderful opportunities. Without her patience,
encouragement, and guidance this PhD would not have been achievable. Similar,
profound gratitude goes to my second supervisor Dr Helge Gillmeister, who has been
a tremendous mentor for me. | would like to thank you for her dedication and
encouraging my research with valuable comments and teach me for lab work. Besides
my supervisor, | would like to thank my thesis committee: Dr. Mark Francis- Wright
and Dr. Leanne Andrews for their insightful comments and encouragement, to widen
my research from various perspectives.

| gratefully acknowledge the funding received towards my PhD from the
Faculty of Medicine, Prince of Songkla University, Thailand. Thanks to Asst. Prof.
Kanyika Chamniprasas, M.D., Assoc. Prof. Boonsin Tangtrakulwanich, M.D., and
Pornnit Wattanapisitkul, P.T. for their inspiration and encouragement throughout my
career and study.

Special mention goes to Dr Caroline Barratt for her enthusiasm and kindness in
helping me to develop and record the guided meditation CD for participants. | am
grateful to Greg Cadge, the librarian who helped to create the specific search strategies
for the systematic review. My sincere thanks also go to Chanon Kongkamol, M.D. for
his enthusiasm and dedication with suggestions related to study design and data
analysis. | am grateful to Sittipong Tipchatyotin, M. D. for his support for TMS

measuring in Thailand. | would especially like to thank Phanprapa Rungrit, P.T. as a



research assistant in Thailand for acting as the blind assessor. Special mention goes to
Tussaneeporn Soison, P.T., Neeranuch Rattanamanee, P.T., and Auttapong Yotee, P.T.
who have been there to support me when | recruited patients and collected data for my
PhD thesis in Thailand. My sincere thanks also go to Dr Kosin Panyaatisin, Chen Guan,
and Keith Page for their support and generosity to comment on my English. My deep
appreciation goes out to all participants involving in my research; words cannot express
my gratitude for your sacrifices.

I would also like to thank all of my Essex Blades badminton team and PhD
friends especially P’ Nicky and N’Guang who supported me when | stressed out and
helped me to strive towards my goal.

A special thanks to my best friends Komes Keawphaluek, Thanaporn
Keawphaluek, and Professor Dr Ralf Ulrich Trappe, M.D. who are always beside me
when | am down and supported me in every possible way to see the completion of this
thesis.

Last but not the least, I would like to express my deepest gratitude to my family:
my parents and to my brothers and sisters for supporting and encouraging me at every
stage of my personal and academic life. They are the most important people in my
world.

Weeranan Yaemrattanakul
University of Essex

November 2018



CONTENTS

Page Number

1. CHAPTER ONE: INTRODUCTION......cotiiiiiiiiiiiic e e, 1
1.2 INtroduction tO theSIS. .......ouiuiti i e, 1

1.2 Aims and hypotheses of thisthesiS............cooiiiiiiiiii e, 2
1.2.1 Partone: asystematiC reVIEW.........cooiviiriiiiiiiiii s eeeeeieaanns 2
1.2.1.1 Background.........coouiriiii e e 2

1.2.1.2 Aim of @ SyStematiC reVIEW. ... ...coviriiiiiiiieieiiee e, 3

1.2.2 Parttwo: a preliminary study inolder adults..................  ................ 3

1.2.2.1 Background..........cooiiiiii e e 3

1.2.22 Aimofthestudy............oooiiii s 3

1.2.2.3 Hypotheses for the study.............coooiiiiiiiiiiiiiis i, 3

1.2.3 Part three: a randomized single-blind controlled trial in

healthy older adults................ooiii s 4
1.2.3.1Background..........c.oiiriiii e e 4
1.2.32 Aimofthe study............ooiiii s 4
1.2.3.3 Hypotheses forthe study..............oooiiiiiiiiiiiiis i, 4

1.2.4 Part four: a preliminary study in patients with stroke........ ................ 4
1.2.4.1Background.........cooiriiii e e 4
1.2.42 AIMOTStUY. ...t e 5
1.2.4.3 Hypotheses for the study............coviiiiiiiiiiiiiii e, 5

2. CHAPTER TWO: BACKGROUND AND LITERATURE
REVIEW ... 6
2.1 Chapter OVEIVIEW. ... .ttt et et eeeneaaeaans 6

2. S 0K . e 6



Page Number

2.2.1 Incidence Of StroKe..........ocveiiiiiiii i 6
2.2.2 Burden of Stroke..........c.ouiuiiii s 7
2.2.3 Signs and symptoms Of StroKe............ccooiiiiiiiiiiiiis i, 7
2.2.4 Middle cerebral artery syndrome.............cccooviiiiiiiiiis i, 8
2.2.5 Upper extremity problems in patients with stroke............ ................ 9
2.2.6 Intervention in upper extremity problems...................... 10

2.3 MEAITALION. ... et e 11
2.3.1 Definition of meditation.............c.coiiiiiiiiiiis 11
2.3.2 Type of meditation..........c.cooviiiii s e 11
2.3.3 Mindfulness meditation.............ooooiiiiiiiiiiiiii 12
2.3.3.1 Vipassana meditation...............ccoooiiiiiiiiiiiiiiiies e 13
2.3.3.2 Zen Meditation. ... ...ooviiiiiiiii e e 13

2.3.4 Mindfulness-based intervention...............cooooiiiiiiiiis i 14
2.3.4.1 Mindfulness-based stress reduction................c.oooe i 15
2.3.4.2 Mindfulness-based cognitive therapy...................... 15

2.4 Meditation and neural plastiCity.............c.cooiiiiiiiii 16
2.5 Meditation in patients With StroKe.............ocooiiiiiiiiiiiiiis e, 19
2.6 Mindfulness movement therapy programme.............ccccoevieiies evieienennnn. 20

. CHAPTER THREE: MEDITATION FOR MOTOR FUNCTION

IN PATIENTS WITH STROKE: A SYSTEMATIC REVIEW...... .............. 21
3.1 Chapter OVEIVIEW. ... .ttt e, 21
B2RaAtIONAIE. .....oeeee e e 21
.3 OB BCEIVES. .t e 22

B MBI NOAS. . oo 22



Page Number

3.4.1 Elgibility Criteria........coooviiii e e 23
3.4.2  INfOrmation SOUICES. .......uueieititet et e, 23
3.4.3  SearCh strategy........cooveiiiiiii i e 24
344 SHUAY FECOTUS. ...ttt e eeee et 24
3.4.4.1 Data management. ... ..oouiiniiieiii e e 24
3.4.4.2 SEleCtION PrOCESS. .. .ouviee et e e 24
3.4.4.3 Data colleCtion ProCess. .......ccoveiiiiiiiiiieieeiee e, 25
3.4.5 Outcomes and prioritization.............oooiiiiiiiiiiiiiiiiies e 25
3.4.6 Risk of bias in individual studies................c.cociiiiiis 25
3.4.7 DatasSynthesiS.......ccouieiiiii i e 26
B O RESUIS. . e 26
351 Trial FloOw. ... 26
3.5.2  Study CharaCteristiCs. .........c.ovviiiii e e, 27
3.5.3  INEIVENTIONS. ... ouetiie e e 34
3.5.4  OULCOME MEASUIES. ....euuetetent ettt et e 38
3.5.4. 1 Motor FUNCLION. ..o e 38
3.5.4.2 FUIrther OULCOMES. ... ...t ee e, 38
3.5.4.2.1 Physiological outcomes..............ccooviiiiiiiiins e, 38
3.5.4.2.2 Psychological outcOmes...........ccoceviviiiiiiiis e, 39
3.5.4.2.3 Psychosocial OUtCOMES..........coiviiiiiiiiiiiiee e, 40
3.5.4.2.4 Neuropsychological outcomes...............ccceee ceviiiiiinnnn 40

3.5.5 Timing of @SSESSMENT. .. ...ttt e 41
3.5.6  Study quality (risk of DIaS)........ccoviiiiii s 41

3.5.7 Quantitative SYNthesiS........c.oiiriiiiiii i e 42



Page Number

3B DISCUSSION. . ..ottt et e e e e e e 44
3.7 Summary Of @VIAENCE. ... e 45
B8 LIMItALIONS. ...t e 46
3.9 CONCIUSIONS. ...t e 46
3.10 Implications for clinical practice.............c.oooviiiiiiiiiiiiiiiiis e, 47

. CHAPTER FOUR: THE EFFECT OF A MINDFULNESS

MOVEMENT THERAPY PROGRAMME ON THE MOTOR

PERFORMANCE OF THE UPPER LIMBS IN OLDER

ADULTS: APRELIMINARY STUDY ...ttt e 48
4.1 Chapter OVEIVIEW. ... .ttt e, 48
42 Rationale. .. ... e 48
4.3 OB JECHIVES. ..ottt e e, 51
A4 MEENOUS. .. ... 52
441 Trial deSign. ..o e, 52
4.4.2 PartiCipants........cooouiirii i e 53
443 SaMPIe SIZE. ... e, 53
4.4.4 RandomiSation..........oooiiiiiiiiiii i e 53
445 INEEIVENTION. . ..ot e e 53
4.4.5.1 Mindfulness movement therapy programme group...... ............... 53
4.4.5.2 ACtive CONLrol groUP.......ovieiiii i e 55
4.4.5.3 CONrol groUP. ..o e e 55

4.4.6 OULCOME MEASUIES. . ....enettent ettt et eeeeiee eaeeeeeneas 56
4.4.6.1 Primary measure: The Jebsen Hand Function Test....... ............... 56

4.4.6.2 Secondary measures: Electroencephalography.............. . .............. 56



Page Number

4.4.6.3 Other OULCOMES: . ... eueniieeee et e 57
4.4.6.3.1 The short-form Freiburg Mindfulness Inventory ............... 58
4.4.6.3.2 The Profile of Mood States-Short Form........... .............. 58
4.4.6.3.3 The Perceived stressscale............ccooeviiiiiiins i 58

4.4.6.3.4 The Older People’s Quality of Life; Control,

Autonomy, Satisfaction, Pleasure-19 items...... ............... 59

4.4.7 Statistical analysiS...........ccoiiiiiiiii s e, 60
4.4.8 EEGrecordingand analysis............ccoooeiiiiiiiiiiiiiiiiee e, 60
A5 RESURS. ... e 62
45.1 Participant flow..........ocooiii s e, 62
452 Baseline data..........ouvuiniiiiiii e e 62
4.5.3 Outcomesand estimation............coovviiiiiiiiiiiiiie e, 63

4.5.3.1 Sensorimotor oscillations during the imagination of

upper limb movements..............oooiiiiiii 66

4.5.3.2 Attentional performance..............oooooiiiiiiiiiis 68

A5.4  HaM. ..o e 71
4.6 DISCUSSION. ... ..ttt e e e e e e 71
4.6.1 Feasibility of using MMTP inolderadults...................... .............. 71
4.6.2 Motor performance outcomes and sensorimotor oscillations ............... 73
4.6.3 Attentional performance..........ccovviiiiiiiiiiii e e, 77
4.6.4 Psychological OUtCOMES...........oiiiiiiii e e, 79
4.6.5 Mindfulness and Older People’s Quality of Life............... ............... 81
A7 LIMITALIONS. ..ot e 82



5. CHAPTER FIVE: THE EFFECT OF A MINDFULNESS
MOVEMENT THERAPY PROGRAMME ON THE MOTOR
PERFORMANCE OF THE UPPER LIMBS AND MOTOR
CORTICAL PLASTICITY IN HEALTHY OLDER ADULTS: A
RANDOMIZED SINGLE-BLIND CONTROLLED
5.1 Chapter OVEIVIEW. .......vitie i,

B2 RAtIONAIE. ...,

5.3 ODJECHIVES. .. et

B A MEINOAS. .o

54.1 Trial design.......cooeiiiii
5.4.2 PartiCipants........cccooiriiiii i
543 SampleSize.......cooiiiiiii i
5.4.4 Randomisation............ccoeuiuiuiiiiiiiiiiiiii e,
5.45 INtEIrVENTION. ... .ottt

5.4.5.1 Mindfulness movement therapy programme group......

5.4.5.2 Active control group...........ccooiiiiiii

5.4.6  OULCOME MEBASUIES. .. ettt et e et

5.4.6.2.1 The Philadelphia Mindfulness Scale Thai

VBISION. o e e

Page Number



5.4.6.2.2 The Thai Hospital Anxiety and Depression

5.4.6.2.3 The Thai Geriatric Depression Scale..............
5.4.6.2.4 The Thai Perceived Stress Scale-10................

5.4.6.2.5 The Thai abbreviated version of World Health
Organization Quality of Life........................
5.4.7 ProCeAUIE. ....cuini it
5.4.8 Statistical analysis..............coooiiiiiii
5O RESURS. ..o,
5.5.1 Participant flow...............ooiii

552 Baseline data.........c.coovemm

5.6 DISCUSSION. ... e ettt
5.6.1 Feasibility of using MMTP in healthy older adults............
5.6.2 Motorperformance.............ccoiiiiiiiiii
5.6.3 Central motor conduction time..................ooiiiiiinnn.
5.6.4 Other OULCOMES. .....ouiuininiiie e

BT LM At IONS. . .ot

. CHAPTER SIX: THE EFFECT OF A MINDFULNESS

MOVEMENT THERAPY PROGRAMME ON ARM AND

HAND FUNCTION IN PATIENTS WITH STROKE: A

PRELIMINARY STUDY ...

Page Number



Page Number

6.1 Chapter OVEIVIEW. ... .ottt e eeeaeaens 107
B.2 RAtIONAIE. ..o 107
6.3 ODJECHIVES. ...ttt e 111
B.4 MENODS. ..ot 112
6.4.1 Trial design. .. ..o e 112
6.4.2 PartiCiPants..........cooiiirii i e 113
6.4.3 SamMPIe SIzZe.....c.oiiii e e, 113
6.4.4 INtEIVENTION. ... .uitit i e 113
6.4.5 OULCOME MEASUIES. .. ..utintitet it e 114
6.4.5.1 Primary measure: The Action Research Arm Test........ ............. 114

6.4.5.2 Secondary MeasUIesS:.........ovrineiieiet et e, 114
6.4.5.2.1 The Fugl-Meyer Assessment Upper Extremity.. ............. 114

6.4.5.2.2 The Modified Ashworth Scale..................... ... 115

30 i 116

B.4.6 PrOCEUUIE. .. ..ttt e 116
6.4.7 Statistical analysis.............coooiiiiii s 117
B.5 RESUIS. ... e e 118
6.5.1 Trial flow. . ... e 118
6.5.2 RECIUIIMENt. . ...t e, 119
6.5.3 Participants charaCteristics.............coooviiiiiiiiiiiiiiiis v 119
6.5.4 Numbers analysed...........cooooiiiiiiii s e 120
6.5.5 Outcomesand estimation.............oooevuiiiiiiiiiiiiiiiiies e 121

6.5.5.1 Clinical OULCOMES. .. et i 121



Page Number

6.5.5.2 Motor cortical plasticity OUtCOMES.........cccoevevvevieiieiieis eeeienanns 122

6.6 DISCUSSION. . ...ttt e 126
6.6.1 Feasibility of MMTP in patients with stroke.................. ............. 126
6.6.2 Arm and hand function and impairment........................ . 127
6.6.3  SPASHICILY......oviiiii i e 130
6.6.4 Other OULCOMES. ... .ttt e, 132
6.6.5 Motor cortical plastiCity...........ccoooiiiiiiii 135
6.7 LIMIALIONS. ...ttt e 137
6.8 CONCIUSIONS. ... .t e 138

. CHAPTER SEVEN: A SUMMARY OF THE MAIN FINDINGS,

IMPLICATIONS AND SUGGESTIONS FOR FUTURE
RESEARCH. ... e 139
7.1 Chapter OVEIVIEW. ... .ottt e 139

7.2 Meditation for motor function in patients with stroke: a systematic

FEVIBW . . o ettt e e e e e e e e 139
7.2.1 Summary of main findings..............cooiii i 140
7.2.2 Implications of theresearch..................oooiiiiiiiiiiin i 142
7.2.3 Future research suUggestions. ...........cooviiiiiiiiiiiiiiee e, 142

7.3 The effect of a mindfulness movement therapy programme on the

motor performance of the upper limbs in older adults: a

Preliminary StUAY. ... ..o e e 142
7.3.1  Summary of main findings.............ooiiiiiii i 143
7.3.2 Implications of theresearch...............ccoiiiiiiiiiiiiiir i, 144

7.3.3 Future research suggestions. .........cceoveiiiiiiiie i e, 144



7.4 The effect of a mindfulness movement therapy programme on the
motor performance of the upper limbs and motor cortical plasticity

in healthy older adults: a randomized single-blind controlled

7.4.1 Summary of main findings............coooviiiiiiiii i
7.4.2 Implications of the research.....................cooiini,
7.4.3 Future research suggestions...............ccooviviiiiiininnnnn,
7.5 The effect of a mindfulness movement therapy programme on arm
and hand function in patients with stroke: a preliminary study......
7.5.1 Summary of main findings............cocooiiiiiiiii i
7.5.2 Implications of the research.........................l.
7.5.3 Future research suggestions...............ccoovviiiiiiiinnenn,
7.6 Conclusions of this thesiS..............oovviiiiiiii e

.7 OVEIAI ENESIS. . ..o,

REFERENCES. ... .
APPENDIX I. The International Prospective Register of Systematic
Reviews (PROSPERO) registration number.................cocoiviiiiinnns.
APPENDIX I1. Ethical Approval by the University of Essex, Faculty of
Science and Health Ethics Committee ..o
APPENDIX I11. Full search strategy: search strategy example
(MEDLINE 1946 to June 2018)......uiiniiii e
APPENDIX IV. A logbook of the mindfulness movement therapy

PrOGraAMME GFOUD. ... cveeeteeieeeeeee e e et e e e e e

Page Number



Page Number

APPENDIX V. A logbook of the active control group...............cccooeee e, 204
APPENDIX VI. Research Ethics Committee number........................ .. 214
APPENDIX VII. A safety screening questionnaire for TMS.................  ............. 215

APPENDIX VIII. A logbook of the mindfulness movement therapy
programme group for Thai older adults...............cooiiiiiii 216

APPENDIX IX. A logbook of the active control group for Thai older



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

LIST OF TABLES

Study characteristics and results of individual studies............

Characteristics of the meditation used in the included studies...

Assessment of risk of bias............coooeviiiiiiiiiii
Baseline demographic and clinical characteristics................
Changes in outcomes measure over the eight weeks for each

SEUAY rOUP. ..ttt
Baseline demographic and clinical characteristics................
Changes in outcomes measure over the eight weeks for each

SEUAY OrOUP. ..ttt
Demographic and clinical characteristics...........................
Changes in clinical outcomes over time (TO0, T1, and T2).......
Changes in outcomes related to motor cortical plasticity over

time (TO, T2, and T2)...c..oovieiiiie e,

Page Number



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.
Figure 10.

Figure 11.

LIST OF FIGURES

The hypothesised of mindfulness meditation on arm and
hand function in patients with stroke .............................
Flowchart of the literature search (Search performed
17.06.2018) ..oovnieieitei i
Measures applied in studies: numerical proportions............
Flow diagram of participants: MMTP compared with active
control and control groups of older adults........................
A bar graph showing pre- and post-treatment mu alpha

activity for electrode over the hand/arm area of

somatosensory cortex (C5/6) ineach group......................

Pre- and post-treatment tactile oddball task performance in
BACK grOUP. ...ttt
Somatosensory ERP waveforms over C6 showing pre- and
post-test P300 to frequent (grey) and infrequent (black)
tactile stimuli in each group. Shaded areas indicates P300
analysis WINdOW. ..........oooiiiiii e
Flow diagram of participants: MMTP compared with active
control group of healthy older adults..............................
The procedure for the study..............cooooiiiiiiiiiiinnn.n.
Flow diagram of the study procedure.............................

The MAS of the elbow, wrist, and finger flexors .................

Page Number



Page Number
Figure 12.  The proposed mechanism of MMTP onarmand hand ~ ................ 148

function and other outcomes in patients with stroke.........



AC

ACC

ADP

AMMP

ANS

APT-I11

ARAT

BAI

BBS

BDAE

BDI

BDI-II

CASP-19

CAT

CBF

ACRONYMS AND ABBREVIATIONS

Active control

Anterior cingulate cortex

Aphasia Diagnostic Profiles

Aphasia Mindfulness Meditation Programme

Autonomic nervous system

Attention Process Training Il Questionnaire

Action Reseatch Arm Test

Beck Anxiety Inventory

Berg Balance Scale

Boston Diagnosis Aphasia Examination

Beck Depression Inventory

Beck Depression Inventory, Revised

Older People’s Quality of Life; Control, Autonomy,

Satisfaction, Pleasure-19 items

Comprehensive Aphasia Test

Cerebral blood flow



CBT

CD

CLQT

CMCT

CPRS

CPT-II

CRSD-ANT

D1F

D1E

D2F

D2E

DSR

EEG

ERP

FA

FAC

ACRONYMS AND ABBREVIATIONS

Cognitive Behavioural Therapy

Compact disc

Cognitive Linguistic Quick Test

Central motor conduction time

Comprehensive Psychopathological Rating Scale

Connor's Continuous Performance Task-I1

Centre for Research on Safe Driving-Attention Network Test

PNF pattern of shoulder flexion-abduction-external rotation

PNF pattern of shoulder extension-adduction-internal rotation

PNF pattern of shoulder flexion-adduction-external rotation

PNF pattern of shoulder extension-abduction-internal rotation

Distiller Sysematic Review

Electroencephalography

Event-related Potential

Focused attention meditation

Functional Ambulation Classification Scale



FDI

FFMQ

FMA-UE

FMI

fMRI

HADS

HRV

ICF

ICI

ICP

I-PANAS-SF

JHFT

M1

MAAS

MAS

ACRONYMS AND ABBREVIATIONS

First dorsal interosseous

Five Facet Mindfulness Questionnaire

Fugl-Meyer Assessment Upper Extremity

Freiburg Mindfulness Inventory

Functional magnetic resonance imaging

Hospital Anxiety and Depression Scale

Heart Rate Variability

Intracortical facilitation

Intracortical inhibition

Intracranial pressure

International Positive and Negative Affect Schedule Short

Form

Jebsen Hand Function Test

Primary motor cortex

Mindful Attention Awareness Scale

Modified Ashworth Scale



ACRONYMS AND ABBREVIATIONS

MBCT Mindfulness-based cognitive therapy
MBI Mindfulness-based intervention
MBSR Mindfulness-based stress reduction
MCA Middle cerebral artery

MCC Mid-cingulate cortex

MEP Motor-evoked potential

MeSH Medical subject headings

MFS Mental Fatigue Scale

MM Mindfulness meditation programme

MMSE-Thai 2002 Thai version of the Mini-Mental State Examination

MMTP Mindfulness movement therapy programme
MT Motor threshold

OANB Object and Action Naming Battery

oM Open monitoring meditation

PHLMS-TH Philadelphia Mindfulness Scale Thai version

PNF Proprioceptive neuromuscular facilitation



POMS-SF

PRISMA

PROSPERO

PSQI

PSS

RCT

RMT

RSAP

RTT

SCS

SF-36

SGCQ

SIS

SQfMF

SPSS

ACRONYMS AND ABBREVIATIONS

Profile of Mood States-Short Form

Preferred Reporting Items for Systematic Reviews and Meta-

analyses

International Prospective Register of Systematic Reviews

Pittsburgh Sleep Quality Index

Perceived Stress Scale

Randomized controlled trial

Resting motor threshold

Rating Scale for Attentional Problems

Revised Token Test

Self-Compassion Scale

Short-Form 36 General Health Survey

Shortened General Comfort Questionnaire

Stroke Impact Scale

Self-Assessment Questionnaire for Mental Fatigue

Statistical Package for the Social Sciences



SS-QOL

STAI

TBI

tDCS

TGDS

TIA

TMS

T™MT

WHOQoL-BREF

10MWT

ACRONYMS AND ABBREVIATIONS

Stroke Specific Quality of Life Scale

State-Trait Anxiety Inventory

Traumatic brain injury

Transcranial direct current stimulation

Thai Geriatric Depression Scale

Transient ischaemic attack

Transcranial magnetic stimulation

Trail Making Test

World Health Organization Quality of Life Instruments

10-Meter Walk Test






CHAPTER ONE

INTRODUCTION

1.1 Introduction to thesis

Stroke or cerebrovascular disease is the second most common cause of
mortality around the globe and leads to long-term disability (1-5). Upper limb motor
impairment is a large problem following a stroke caused as a result of poor hand
function leading to difficulty in performing activities of daily living such as self-care,
work, or leisure (6-9). Consequently, stroke survivors may also be anxious or
depressed, resulting in a lack of motivation to engage in physical activities and
rehabilitation. In addition, they might develop secondary complications in the upper
extremity, for instance, shoulder pain, shoulder subluxation, or shoulder- hand
syndrome (10-13). These problems also hinder the recovery of arm and hand function
and may result in a poor quality of life (10, 11). However, intervention approaches are
still controversial in respect of their effectiveness in the management of upper limb
problems following a stroke (14).

In the last 50 years, meditation has stimulated interest in researchers and health
professionals, and it is acknowledged that mindfulness meditation may have several
positive benefits in a variety of health conditions including stroke (15, 16). Evidence
confirms that mindfulness meditation programmes should be merged into standard
rehabilitation programmes for improving some problems in patients with stroke such
as anxiety, depression, and mental fatigue (17). Moreover, systematic reviews
demonstrate that both short- term and long- term meditation could induce both

functional and structural neuroplasticity within the brain areas linked to control of



movement, for instance, the prefrontal cortex, hippocampus, cerebellum, and
corticospinal tract (18-23).

However, no specific mindfulness-based approaches have been developed for
improving motor deficits. Therefore, a new protocol of mindfulness movement therapy
programme (MMTP) for improving arm and hand function in patients with stroke is
proposed in this thesis. The feasibility of using MMTP was investigated and the effects
on motor performance and cortical motor activities in older adults within different
contexts and cultures were explored. After that, the feasibility of a MMTP was
examined and the effects on arm and hand function in patients with stroke investigated.

Therefore, this thesis presents three experimental studies in people with and
without stroke. In addition a chapter on the background and literature relevant to this
thesis is included, consisting of four parts: 1) a systematic review of meditation on
motor function in patients with stroke, 2) a preliminary study of MMTP on the motor
performance of the upper limbs in an older United Kingdom-based population 3) a
randomized single-blind controlled trial of MMTP on the motor performance of the
upper limbs and motor cortical plasticity in healthy Asian older adults, and 4) a

preliminary study of MMTP on arm and hand function in patients with stroke.

1.2 Aims and hypotheses

1.2.1 Part one: asystematic review of meditation for motor function in patients
with stroke

1.2.1.1 Background
Prior to the do research about mindfulness meditation programme in stroke

patients, it was necessary to conduct a systematic review to explore the effects of



meditation on motor function in patients with stroke to acquire information for
developing and researching the effect of MMTP on stroke patients.
1.2.1.2 Aim of a systematic review

A systematic review explored the effects of meditation on motor function in

patients with stroke and how patients with stroke might benefit from meditation.

1.2.2 Part two: a preliminary study of the effect of a mindfulness movement
therapy programme on the motor performance of the upper limbs in older
adults

1.2.2.1 Background
We proposed a new protocol of MMTP for improving arm and hand function

in patients following a stroke. It was necessary to test this programme in healthy people
before applying it to patients with a stroke. An elderly population was selected to test
the protocol due to stroke having a high incidence in the elderly population (1) and the
histology of the brain should be the same allowing for comparison of any changes
noted.

1.2.2.2 Aim of the study
The study investigated the feasibility and the effects of a MMTP on the motor

performance of the upper limbs in the United Kingdom older population compared with

an active and a passive control group.

1.2.2.3 Hypotheses for the study
A MMTP would improve the motor performance of the upper limb, cortical

sensorimotor activities, attentional performance within the sensorimotor system,

mindfulness, mood, perceived stress, and quality of life in older individuals after

completing eight weeks of the programme.



1.2.3 Part three: a randomised single-blind controlled trial of the effect of a
mindfulness movement therapy programme on the motor performance of
the upper limbs and motor cortical plasticity in healthy older adults

1.2.3.1 Background
It was necessary to confirm the effects of MMTP on motor performance of the

upper limbs and cortical motor plasticity, this time as measured by transcranial
magnetic stimulation (TMS) in healthy older people, by improving the methodology
and increasing the sample size. A blind assessor was used in this study to eliminate
bias. Moreover, the MMTP was evaluated in a healthy Asian older population to
endorse that MMTP has positive effects in all context and culture.

1.2.3.2 Aim of the study
This study investigated the effects of a MMTP on the motor performance of the

upper limbs and motor cortical plasticity in a healthy Asian older population compared

with an active control group (AC).

1.2.3.3 Hypotheses for the study
A MMTP would improve the motor performance of the upper limbs, cortical

motor plasticity, mindfulness, anxiety and depression, perceived stress, and quality of

life in healthy older adults after completing eight weeks of the programme.

1.2.4 Part four: a preliminary study of the effect of a mindfulness movement
therapy programme on arm and hand function in patients with stroke
1.2.4.1 Background
Finally, a MMTP was applied to investigate the effects on arm and hand

function in patients with stroke. The MMTP was delivered to stroke patients in an



individual format and with face to face interaction for monitoring the safety and to
adjust the intensity of the programme to suit each patient during each visit.
1.2.4.2 Aim of the study

The study examined the feasibility and the effects of a MMTP on arm and hand
function in patients with stroke compared with the test-retest effects of a control period.
1.2.4.3 Hypotheses for the study

MMTP combined with the patients’ usual rehabilitation programme could
improve arm and hand function on the affected side, cortical motor plasticity,
impairment of the affected upper limb, spasticity, mindfulness, anxiety, depression and

quality of life in patients with stroke after completing eight weeks of the programme.



CHAPTER TWO

BACKGROUND AND LITERATURE REVIEW

2.1 Chapter overview

In this chapter, information and research related to mindfulness meditation and
stroke are presented. It commences with an overview of stroke - incidence, burden,
signs and symptoms, aspects of middle cerebral artery syndrome, upper extremity
problems, and intervention in upper limb problems. Then, definitions of meditation,
including Vipassana meditation, Zen meditation, and mindfulness-based intervention
(MBI) including mindfulness-based stress reduction (MBSR) and mindfulness-based
cognitive therapy (MBCT) are provided. Published data on the influence of meditation
on neural plasticity in patients with stroke are summarised, followed by an explanation

of the concept of MMTP.

2.2 Stroke
2.2.1 Incidence of stroke

Stroke is the second most common cause of mortality worldwide and is the
main cause of long-term neurological disability, especially during middle age and old
age (1-5, 24, 25). The yearly first-time incidence of stroke is 17 million globally, with
6.7 million resulting in deaths (26). The prevalence of stroke survivors worldwide was
approximately 62 million in 2005 and is expected to reach 77 million in 2030 (27). In
the European Union, more than 1 million people suffer from stroke every year, and in
Great Britain, approximately 150,000 people have a stroke each year (5, 25). In the

United States, an estimated 6.8 million people have had a stroke which accounts for



2.8 per cent of the total population. It affects approximately 795,000 people each year

including approximately 610,000 first time events, and 185,000 recurrent attacks (28).

2.2.2 Burden of stroke

The cost of care for patients with stroke is increasing worldwide for both direct
care cost such as health and social care and indirect care costs such as productivity
losses due to care, disability, and death. In the United States, the total care costs, both
directly and indirectly for stroke patients was approximately 53.6 billion US dollars in
2004 and increased to 65.5 billion US dollars in 2008 (29). In the United Kingdom, the
total cost of care for stroke patients is approximately 9 billion pounds per year. Direct
care costs are around 4.38 billion pounds per year. The costs of informal care are
estimated at 2.42 billion pounds. Indirect costs accounted for approximately 1.33
billion pounds. The average cost of care for stroke patients accounted for 23,315
pounds per capita. Inthe 27 European countries, the total estimated cost of caring for
stroke patients was around 27 billion euros with direct costs of 18.5 billion euros,
representing a 68.5 per cent of the total care cost and indirect costs of 8.5 billion euros,
representing 31.5 per cent of the total care cost. There was an additional of 11.1 billion

euros of informal costs (29, 30).

2.2.3 Signs and symptoms of stroke

Stroke is one of the largest causes of disability (12). More than the half of stroke
survivors have a residual impairment (12) which may turn into a long-term neurological
disability (2, 3, 5, 24, 25, 31). It has an influence on both physical and non-physical

functions depending on the site of lesion (12, 30).



Physical impairments are common in patients with stroke, including upper
extremity weakness, lower extremity weakness, facial weakness, sensory loss,
dysphagia, visual problems, reduced bladder control or reduced bowel control (12).
Stroke survivors usually suffer from impaired motor function of the face, upper limb,
lower limb and trunk on one side of the body, called hemiplegia or hemiparesis (31-
33). For these reasons, the patient is limited in functional activities such as hand
function, balance, walking, basic and instrumental activities of everyday living (12,
34).

Non- physical impairments are also found in patients with stroke, including
alterations of mood, cognition, perception, mental fatigue, anxiety and depression (12,
34). Fatigue is a common symptom frequently reported following a stroke. The
percentage of stroke survivors that have reported post- stroke fatigue is in the range of
30 to 70 per cent (from mild to severe). The impact of stroke-related fatigue can
continue for years after a stroke. It can affect every domain of activities of daily living
and result in difficulty for the patient to return to work and to participate in community
activities (35, 36). When patients are faced with a life-changing crisis such as stroke,
negative thoughts are a frequent phenomenon. Negative thoughts combined with
physical impairments can cause depression (37). Empirical evidence indicates that one-
third of stroke survivors struggle with depression and anxiety, these symptoms can
continue for several years after the first stroke and are related to poor neurological

recovery and lower quality of life (3, 12, 34, 38).

2.2.4 Middle cerebral artery syndrome
The development and presentation of a stroke varies depending upon the cause;

the middle cerebral artery (MCA) is the affected pathological site of 87 per cent of all



stroke survivors (24, 39, 40). The MCA supplies the entire lateral aspect of a cerebral
hemisphere, including the primary motor and sensory areas of the face, throat, hand
and arm (24). As a result, those with hemiplegia have a more severe impairment of the
face and upper extremity, with relative sparing of the lower extremity (24, 41, 42) and
upper limb weakness is present in 77 per cent and lower limb weakness in 72 per cent

of all stroke survivors (12).

2.2.5 Upper extremity problems in patients with stroke

Upper limb motor deficits in patients with strokes are a major problem as
approximately 85 per cent of stroke survivors are faced with one sided paralysis with
an immediate impairment of an upper limb. Only 5 to 20 per cent of stroke survivors
with initial upper limb impairment obtain full recovery of their upper limb function and
55 to 75 per cent of stroke survivors still have problems with hand and arm function 3
to 6 months after the initial stroke (6-8). Furthermore, four in five stroke survivors are
discharged from rehabilitation centres with limited arm function (43). These patients
have more difficulties in daily activities such as personal hygiene, dressing, and eating
(9). This affects the psychological state of patients (10, 11) with about 33 per cent of
stroke survivors experiencing depression (12, 44) and 20 per cent experiencing anxiety
at some point after stroke (13). Thus, depression and anxiety are important sequelae of
stroke that can hinder recovery (38). Stroke survivors tend to avoid the use of the
affected upper limb wherever possible. For this reason, functional recovery of the
affected upper limb is often slow (45) and contributes to secondary complications like
inferior shoulder subluxation with an incidence of 7 to 81 per cent, shoulder pain with

an incidence of 16 to 72 per cent, and shoulder-hand syndrome with an incidence of 12
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to 27 per cent. These complications further hinder the recovery of the affected hand

and arm function (10, 11).

2.2.6 Intervention in upper extremity problems

Although stroke patients may receive immediate multidisciplinary
rehabilitation, only 5 to 20 per cent of patients recover completely (43). Thus, the upper
limb rehabilitation programme is a key component for improving arm and hand
function in patients with stroke (14, 46). Systematic reviews of optimisation techniques
to rehabilitate stroke patients for the recovery of the upper limb function identify that
upper limb rehabilitation in patients with stroke is related to several different
approaches including bilateral arm training, biofeedback, brain stimulation
(transcranial direct current stimulation; tDCS, transcranial magnetic stimulation;
TMS) , complementary interventions, electrical stimulation/ functional electrical
stimulation, mental practice, mirror therapy, music therapy, electromechanical and
robot assistance, repetitive task training, task- specific training, hands- on therapy
interventions (manual therapy techniques), Bobath approach, sensory intervention,
strength training, stretching and positioning, virtual reality training and constraint-
induced movement therapy (14, 46, 47). Although there are several upper limb
intervention approaches, the evidence is still insufficient to demonstrate which ones are
the most effective to improve arm and hand function and the therapist still needs to
select and provide these treatments based on individual assessment and personal

experience (14).
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2.3 Meditation
2.3.1 Definition of meditation

In the last 50 years, the practice of meditation has become widely popular
around the globe (15). There are hundreds of millions of practitioners around the world
and 18 million Americans regularly meditate (15, 48). Meditation is the first form of
mind-body therapy and has been adapted for complementary interventions in a variety
of health conditions. Both secular or traditional meditation has provoked interest and
acceptance from researchers, clinicians, and the general public, acknowledging that
meditation is very useful for promoting medical knowledge (15, 16).

Meditation is a cognitive, spiritual, and mind-body practice that also acts as
mental training for cultivating concentration and mindfulness (20, 49-52). The main
goal of mindfulness is to pay total attention to the present moment by accepting current
experience without reaction and judgement (18, 50, 51, 53, 54). Meditation has been
practised for more than 5,000 years in some countries of the world. “Samadhi” is the
term that is most often used for meditation in the original language of Buddhism. An
appropriate translation of this word from Sanskrit or Pali is “placing (dha) the mind
(sam) upon an object”. Thus, meditation is a practice to focus the mind to a single point
upon a particular object (55). In the past, the goal of spirituality or religion was
integrated into all forms of meditation, and the ultimate goal of meditation was to

develop spiritual enlightenment, awakening or transcendental experience (15).

2.3.2 Type of meditation
There are two main broad categories of meditation practices: Mantra meditation
and mindfulness meditation. Mantra meditation comprises the Transcendental

Meditation® technique, relaxation response and clinically standardised meditation.
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Mindfulness meditation consists of Vipassana, Zen Buddhist meditation and MBI
including MBSR and MBCT (15). Meditation techniques can further be categorised
into (1) focused attention meditation (FA) and (2) open monitoring meditation (OM)
or open observing. The central concept of FA is the concentration of mind, directing
and sustaining attention on a chosen object, such as mindfulness of breathing, scriptural
passage, mantra meditation or religious pictures. A typical example is Shamatha as a
single pointed, focusing, pacifying and calming meditation techniqgue. OM or open
observing does not have an explicit focus on objects but involves non- reactive
monitoring of the content of experience as time goes by. Typical examples of OM
techniques are Zen meditation and Theravada Vipassana. While Zen meditation is
characterised by meta-attention, Vipassana is a form of meditation that includes any
meditation technique that cultivates insight including contemplation, introspection,
analytic meditation and observations about the experience (18, 52, 54). Those of
meditation techniques involve mindfulness that is an essential tool for empowering the

ability for reflection (54).

2.3.3 Mindfulness meditation

Recently, mindfulness meditation has received increasing attention and stands
out in subgroups of meditative practices (51). Mindfulness is derived from Buddhism
and is based on the contemplative traditions of the East (3, 34). It is a translation of the
Pali Vipassana that “sees through” (passana) “various” aspects (vi) (56). Mindfulness
meditation provides a means to practise mindfulness. Awareness of the present
moment- by- moment experience as well as nonjudgmental awareness and to keep an
open mind towards all stimulations are the main characteristics (3, 34, 56). Therefore,

mindfulness meditation must be accompanied by attention, intention, acceptance,
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present awareness, and non-judgement. These elements must be present in the moment
in order to experience mindfulness (57). Mindfulness meditation practices are included
in the traditional Vipassana, Zen meditation and mindfulness-based techniques (15).
2.3.3.1 Vipassana meditation

Vipassana meditation originated in India more than 2500 years ago and is the
oldest of traditional Buddhist practice focusing on present-moment sensory awareness.
Vipassana meditation primarily uses the silent observation of the breath to focus
momentary awareness. Secondary points of awareness are mentally labelled as they
were recognised followed by a return to breath observation. A central aspect of
Vipassana meditation is to bring full attention to the present moment while the
experience is accepted as it is without any judgment. It is a moment- by- moment
experience with purposeful attention. Vipassana meditation tries to understand the
“three characteristics of nature”: impermanence (anicca), sufferings (dhuka) and non-
existence (anatta). Compared to Zen meditation it is reported to be easier to practise,
to be more enjoyable and more calming (15, 18, 53).
2.3.3.2 Zen meditation

Zen meditation originated in India several thousand years ago and spread to
China under the influence of Confucianism and Taoism, and China propagated it to
Japan in 1191. A specific characteristic of Zen is the understanding that a problem
cannot be solved by logic thinking but problem-solving needs intuitive powers (koan).
Its most important principle is the harmony of body, mind and breath, but posture also
is very important. In traditional forms of Zen meditation, practitioners sit on a cushion
in full-lotus or half- lotus position. While the upper and lower molar teeth contact
together gently, the tongue should touch the upper jaw. Practitioner should be half

blindfolded and stare at a point on the floor about three feet in front of them. There are
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many patterns of breathing in Zen meditation. For example, exhaling completely
through the mouth and relaxing the lower abdomen, then inhaling through the nose and
chest to the abdomen and repeating this breathing pattern about four to ten times. This
is followed by then inhaling and exhaling through the nose only, with smooth and long
breaths. The most advanced pattern of Zen meditation is “ shikantaza”, where
practitioners should breathe slowly about three to six breaths per minute. Practitioners
pay attention to breathing count in one of three ways: counting both inhalations and

exhalations, counting only inhalations, or counting only exhalations (15, 58).

2.3.4 Mindfulness-based intervention

This has been designed and adapted from the original principles of mindfulness
into standardised programmes for improving physical and mental health, including
MBSR and MBCT (51). It should be emphasised that MBI is fundamentally different
from relaxation techniques in which reaching a meditative state is the explicit goal.
Instead, the aim of the mindfulness programme is the awareness of what is happening
in the present moment, whether it is emotion, feeling, thought or maybe a deep
relaxation that can happen through this process. Therefore, a mindfulness programme
is for improving the "being mode" by providing a basic understanding of "non-striving"
and "non-doing" (34). The standard mindfulness practice is a group-based programme
that takes about 8 to 10 weeks, 2 hours per week with daily homework and a one-day
retreat. The evidence confirms that MBSR and MBCT programmes are effective in
treating anxiety and depression in both patient populations and the general population
(59) . After completion of the 8- week programme, practitioners can practice
continuously on their own or in the form of community- based locations with support

of a peer or rehabilitation team. In addition, MBI programmes are not expensive,
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require a minimal number of tools or other resources, and can take place in any location
which can hold approximately ten people (27).
2.3.4.1 Mindfulness-based stress reduction

MBSR is a standardised meditation programme created by Jon Kabat- Zinn at
the University of Massachusetts Medical Center in 1979, which combines Buddhist
mindfulness meditation with clinical practice and ideas from modern psychology. The
main characteristic of MBSR is the cultivation of mindfulness, a principle that is the
foundation of Buddhism. It consists of the development of attention, of awareness
without judgment, openness, curiosity, and the adoption of the present experience both
internal and external. MBSR consists of three components: a body scan, sitting
meditation, and Hatha yoga. Body scan is gradually sweeping attention through the
entire body from the feet to the head, paying attention to every sensation or feeling in
each body part and using periodic breathing awareness in between periods of body
scan. Sitting meditation is mindful attention to breathing, on the rising and falling of
the abdomen or other bodily perceptions, and of constant awareness without judgment
of cognition and the flows of ideas and disturbances that constantly enter the mind.
Hatha yoga is designed for strengthening and relaxing the musculoskeletal system by
breathing exercise, simple stretching and posture. The MBSR programme consists of a
range of treatments and requires practising at home for minimum 45 minutes a day, Six
days a week for eight weeks. This programme has been used to treat many patients with
chronic pain, stress and anxiety, sleep disorders, cancer, heart disease, hypertension,
and stroke (57, 60, 61).
2.3.4.2 Mindfulness-based cognitive therapy

MBCT was developed from MBSR by Zindel Segal, Mark Williams and John

Teasdale in the 1990s. This programme consists of the body scan, sitting meditation
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and integrated cognitive behavioural therapy (CBT). It was designed specifically for
the treatment of recurrent depressive disorders (57, 62, 63). The main principle of the
MBCT programme is awareness, acceptance, and letting go (34). The original purpose
of the MBCT programme was to help people with depression modify the relationship
of thoughts, feelings and body sensations that are leading to the occurrence of relapse;
and causing a change in the depressed person’s understanding at a deep level (15). The
core skills that are developed through the MBCT programme are to recognise and let
go of the obsession with negative thoughts or ideas that are wrong. The MBCT guides
practitioners to realise the thoughts, positive or negative, and to identify that it is
associated with emotional or physical responses. As a result, individuals become
mindful of "being" and "accepting", which produces the opportunity for the individuals
to break the habit of thought rumination patterns (34). The programme is taught in an
8-week class format with one 2-hour session per week plus a retreat day held at week

6 or 7 (15, 57, 62).

2.4 Meditation and neural plasticity

At present, clinical research includes a number of studies investigating the
effectiveness of meditation on neurological changes (64). Based on empirical evidence,
it has been found that meditation affects the structure and function of the brain (18, 19).
Within the cerebral cortex, subcortical white and grey matter, cerebellum and brain
stem neuroimaging studies have shown that meditation stimulates lasting changes in
brain activity, which indicates that meditation is able to affect brain networks on a large
scale (19, 20, 52, 53, 65). Moreover, some researchers reported that meditators have a
higher thickness of corpus callosum, enhance the networking inside the brain and the

connection of nerve fibre tracts to the brain (20, 52, 53, 65).
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Neural plasticity depends on the duration of meditation practice, divided into
short and long-term meditation (21). Short-term meditation ranges between 5 and 60
hours of actual meditation practice, while long-term training lasts several years (19). A
recent meta-analysis confirmed that long-term meditators show structural alterations in
eight brain areas including the frontopolar cortex, which may improve meta-awareness
after meditation; the sensory cortices and the insula, regions that are related to
exteroceptive and interoceptive body awareness; the hippocampus, which processes
memory to consolidate and to reconsolidate; the anterior cingulate cortex (ACC), the
mid- cingulate cortex and the orbitofrontal cortex, areas involved in the regulation of
self-awareness and emotions; and the superior longitudinal fasciculus and the corpus
callosum, regions related to intra- and interhemispheric communication (21). Short-
term meditation can induce similar brain changes as long-term practice (21). Gotink et
al. (2016) demonstrated that short-term meditation programmes, such as MBSR and
MBCT, induced functional and structural changes similar to long-term mediation in
the prefrontal cortex, the cingulate cortex, the insula cortex and the hippocampus. A
meta-analysis by Fox et al. (2014) found similar changes in meditation-naive subjects
affecting the anterior and posterior cingulate cortices, the insular cortex, the
temporoparietal junction, the hippocampus, the caudate nucleus, and the cerebellum
(21).

Functional and structural changes resulting from mindfulness meditation
training thus affect several brain areas involved in and controlling movement including
the prefrontal cortex, the basal ganglia, the cerebellum, and the hippocampus. An
improved planning of movement in the prefrontal cortex, a better organization of
complex movement sequences in the premotor cortex (66), an accelerated planning and

control of voluntary movement in the basal ganglia including self-initiated movements
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through outputs to the premotor and supplementary motor areas might correlate to these
changes (67), while the cerebellum might be enhanced in its function to act as a
comparator to modulate muscle tone, participate in the programming of the motor
cortex for movement execution, and contribute to the spatial timing of movement (67,
68). Another aspect of improving motor performance is linked to memory and motor
learning in the hippocampus. This region plays a key role in encoding relevant
associations between new stimuli and motor responses (69).

We believe that this neural plasticity observed in meditators is reasonable
evidence to assume that arm and hand function in patients with stroke might be

improved by meditation (Figure 1).

Mindfulness meditation

Long-term meditation; Short-term meditation;
Frontopolar cortex, sensory cortices, insula, Prefrontal cortex, cingulate cortex, insula,
hippocampus, anterior cingulate cortex and mid-cingulate hippocampus, temporoparietal junction,
cortex, orbitofrontal cortex, superior longitudinal caudate nucleus, and cerebellum
fasciculus, and corpus callosum

I

Changing ofthe functional and structural of
the brain areas related to motor control;
Prefrontal cortex, basal ganglia, cerebellum,
and hippocampus

!

t Arm and hand function

!

T Quality of life

Figure 1. The hypothesised of mindfulness meditation on arm and hand function

in patients with stroke.
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2.5 Meditation in patients with stroke

The empirical evidence demonstrated that meditation could be applied with
significant benefits in a variety of health conditions such as anxiety, depression, chronic
pain, cancer, dermatological conditions, cardiovascular disease, and stroke (15, 37, 70).
In the last ten years, numerous researchers investigated the effects of meditation in
patients with stroke (3, 27).

Two systematic reviews were found that examined the effects of mindfulness
meditation in patients with stroke including the effects of yoga and meditation (3) and
the effects of MBI (27) in 2013. Lazaridou et al. (2013) collected articles about yoga
and meditation in patients with stroke from 1990 to 2013. There were ten articles that
met the specified criteria. The results showed positive effects on cognition, mood, stress
and balance. Yoga and meditation probably affected a change in patients' mindsets and
resulted in behaviour change, which ultimately improved their health. Therefore, yoga
and mindfulness could become the main form of alternative medicine and treatment
may be a valuable clinical option for patients with stroke. Moreover, Lawrence et al.
(2013) collected studies about the effects of MBI programmes including MBSR and
MBCT on patients with transient ischemic attack (TIA) or stroke from 1980 to 2012.
There were four articles that met the inclusion criteria and in total 160 participants.
Three studies used MBI in the group format, and one study used a one to one approach.
There were three studies investigating the effects of MBSR and one study evaluating
the effect of MBCT. The results demonstrated that the MBI has positive effects on
anxiety, depression, mental fatigue, blood pressure, perceived health, and quality of life
in patients with stroke. Furthermore, there was no evidence for any harmful side effects
of the MBI programmes. However, this systematic review includes a small number of

articles using poor methodologies.
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Most studies of meditation in patients with stroke focused on psychological,
physiological, and neuropsychological outcomes. These studies have found that
mindfulness meditation can reduce anxiety, depression and mental fatigue, resulting in
reduced levels of disability and improved quality of life in patients with stroke (3, 27).
Therefore, it has been argued that meditation should be integrated into the management

of stroke patients (17).

2.6 Mindfulness movement therapy programme

As shown by the above literature review, mindfulness meditation has been
adapted and integrated into standardised mindfulness-based intervention programmes
for improving physiological and psychological well-being such as MBSR and MBCT
(51). However, none of these programmes have been developed to help patients
following stroke with their associated motor deficits. Therefore, this thesis proposes a
new concept of a MMTP for patients with motor impairments following stroke. The
programme is based on MBSR and MBCT and consists of body scan, sitting meditation
and, in particular, mindful-movement. Body scan was integrated to produce detailed
awareness to each part of the body. Participants start with a training to keep their
attention focused over a certain period of time that nurtures and develops greater
stability of mind, calmness, and mindfulness. Sitting meditation then focuses
participants on the sensation of the breath and thus cultivates an attitude of patience
and gentleness. Mindful-movement is based on a passive or active range of motion and
proprioceptive neuromuscular facilitation (PNF) patterns of the upper extremities. It
cultivates greater mindfulness of the body in movement with a focus on the sensations

arising from movement.
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CHAPTER THREE
MEDITATION FOR MOTOR FUNCTION IN PATIENTS WITH STROKE:

A SYSTEMATIC REVIEW

3.1 Chapter overview

This chapter presents a systematic review following the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines. This chapter
has been registered with the International Prospective Register of Systematic Reviews
(PROSPERO) database and is being submitted for publication in the journal of
“Mindfulness”. | illustrate the search strategy for the included studies involving the
effects of meditation on motor function and other outcomes in patients with stroke.
After that, | demonstrate qualitative synthesis including assessing the risk of bias and
quality of the 13 included studies. Finally, discussion and a summary of the evidence
are presented. The results from this systematic review were adapted to develop a

meditation programme for improving arm and hand function following a stroke.

3.2 Rationale

Numerous researchers have investigated the effects of meditation in patients
with stroke in recent years (3, 27). It has been suggested that mindfulness meditation
has potential benefits for treating anxiety, depression, chronic pain, impairment of
working memory and attention (71). In 2013, there were two systematic reviews about
mindfulness in patients with stroke (3, 27). Lazaridou et al. (2013) conducted a
systematic review to analyse the effectiveness of yoga and mindfulness practices for
stroke rehabilitation. Ten studies were included, which were conducted between 1990

and 2013 and included five randomised control trials (RCTs), four single case studies,
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and one qualitative study. The results showed that yoga and mindfulness could improve
mood, cognition, balance, and reduce stress in patients with stroke. The review focused
only on mindfulness along with yoga, which meant that the authors limited their search
terms and did not include other meditation types where yoga was not present in the
programmes such as MBCT. Lawrence et al. (2013) conducted a systematic review to
evaluate the effect of MBIs on the outcome of TIA and stroke. Four eligible studies
were included, conducted between 1980 and 2012 with 160 participants. They included
articles that investigated only MBIs consisting of MBSR and MBCT. The primary
outcome was perceived stress, and no studies have reported on this outcome. They also
reported a positive effect on depression, anxiety and mental fatigue as well as on blood
pressure and quality of life. However, the review contained a small number of studies
with weak methodologies. Moreover, the results did not explore motor function.

In sum, our understanding of the potential benefits of meditation for stroke
rehabilitation, particularly for recovering motor function, is still limited. For this
reason, | conducted a systematic review to investigate the effectiveness of meditation

on motor function in patients with stroke.

3.3 Objectives
This systematic review assessed the effects of meditation on motor function and

explored the potential benefits of meditation in patients with stroke.

3.4 Methods
This systematic review followed the guidelines of the PRISMA Statement (72,

73) and the recommendations of the Cochrane Collaboration (74). The review protocol
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was registered with the PROSPERO database on 06 June 2018. The registration

number was CRD42018098989 (Appendix I.).

3.4.1 Eligibility criteria

We included any available full-text quantitative study on patients with stroke
aged 18 years or above but excluded systematic reviews and meta-analyses. To avoid
exercise as a confounding variable, only interventions focused on formal meditation or
interventions describing formal meditation as part of their curricula ( MBSR and
MBCT) were included, while interventions with substantial exercise components were
excluded. Thus, studies focusing on yoga and tai chi were not considered eligible, even
though yoga clearly involves meditation ( 75). For a broader perspective, all
comparisons and all outcome measures were included with the primary outcome
measure, which was motor function. The search included papers published up to June

2018 reported in the English language. The type of setting was not restricted.

3.4.2 Information sources

Literature search strategies used medical subject headings (MeSH) and text
words related to meditation in patients with stroke. A literature search was undertaken
using 1) health sciences databases; MEDLINE, Cochrane Library, CINAHL,
PsycINFO, EMBASE; 2) databases outside health sciences especially
multidisciplinary; Scopus, Web of Science, ProQuest, and ScienceDirect; 3)
unpublished studies databases; ClinicalTrials.gov, WHO ICTRP, Conference websites,
ProQuest Dissertation and Theses Global, BASE, British Library and Google Scholar.
Databases were searched for matching articles in English language up to June 2018.

Pilot directed searches combining the terms “stroke” and “meditation” and “motor



24

outcome” missed to identify important studies. Therefore, databases were searched
more broadly using the following terms: “stroke” or “post-stroke” or “cerebrovascular
disease” or “CVA” or “hemiplegia” or “hemiparesis”, in combination with
“meditation” or “mindfulness” or “mindfulness meditation” or “Vipassana meditation”
or “Zen meditation” or “mindfulness-based intervention” or “MBI” or “mindfulness-
based stress reduction” or “MBSR” or “mindfulness- based cognitive therapy” or
“MBCT”. Additionally, reference lists of selected articles and other reviews were

screened for additional eligible studies.

3.4.3 Search strategy

All databases mentioned above were searched. A librarian with specific
knowledge in performing systematic review searches helped to create different search
strategies. The finalised MEDLINE strategy was adapted to the syntax and subject
headings for each database. A MEDLINE full search strategy example is shown in

Appendix 1.

3.4.4 Study records
3.4.4.1 Data management

Results of the database searches were stored and managed using Distiller
Systematic Review (DSR) Software and Endnote X7.
3.4.4.2 Selection process

WY screened titles and abstracts. Study duplicates were removed, and any
citation considered potentially relevant was retrieved in its full-text form to determine
whether it met the selection criteria. Where necessary, first authors were contacted for

additional information to resolve questions about eligibility. All selected articles were
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rechecked by JJ and disagreement on inclusion was resolved through discussion with
HG. All decisions were made by consensus, and the reasons for excluding trials were
recorded.
3.4.4.3 Data collection process

A data extraction form was developed, and the following data were extracted:
authors, year of publication, trial objective, study design, sample size, population,
intervention length, primary outcome, others outcomes, main findings. Retrieved data
were checked by JJ for accuracy. If extracted data were discrepant, WY returned to the
original article and clarified the correct information or contacted the study authors to

resolve any uncertainties. Disagreements were resolved by discussion with HG.

3.4.5 Outcomes and prioritisation

The primary outcome was motor function provided it was measured with a
standardised test such as Fugl- Meyer Assessment Upper Extremity (FMA-UE) and
Lower Extremity scales, Wolf Motor Function Test, Action Research Arm Test
(ARAT), Ten-Metre and Six-Minute Walk Tests (LOMWT), or the Stroke Impact Scale

(SIS). Secondary outcomes were any other reported measures.

3.4.6 Risk of bias in individual studies

The revised Cochrane risk of bias tool was used to evaluate the risk of bias (76),
and the individual studies were rated according to the five domains of selection bias,
performance bias, detection bias, attrition bias and reporting bias. Present bias was
coded “1”, while absence or unclear bias was coded “0”. Not applicable was coded
“N/A”. If the study design was not a randomised controlled trial, the selection bias

domain was considered as not applicable. The total available score was 10 with higher
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scores indicating a lower risk of bias. Judgments were made by WY, re-checked by JJ
to confirm accuracy and discussed in case of disagreement if no consensus could be

reached by consulting HG for arbitration.

3.4.7 Data synthesis
A descriptive qualitative synthesis of the findings from the included studies was
put together and contained the type of intervention, target population characteristics,

type of outcome and intervention details.

3.5 Results
3.5.1 Trial flow

The study selection process from identification to inclusion of studies is shown
in Figure 2. Reasons for study exclusion are indicated. The flow diagram was produced
using PRISMA (77). The literature search identified a total of 3034 articles. 3032 were
identified through the databases, and two were identified via references. Duplicates
were removed, and of the remaining 1216 articles, 1191 were excluded based on the
title or abstract. Twenty- five full- text articles were retrieved and assessed for
eligibility. Three articles were excluded because full-text was not available, two
because of Chinese language, two were qualitative studies, one was a thesis that had
used the same sample as the corresponding article, two did not include a mindfulness
meditation component, and in two articles mindfulness meditation was combined with
exercise. Finally, 13 articles met the inclusion criteria and were selected for qualitative

synthesis.
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Figure 2. Flowchart of the literature search (Search performed 17.06.2018).

3.5.2 Study characteristics

Study characteristics and the results of each study are summarised in Table 1.

Of the included studies, one study was a RCT (35), three studies were non-RCTs (78-

80), six studies were uncontrolled trials (36, 37, 56, 71, 81, 82), and three studies were

case reports (83-85). Of the four included controlled trials, one trial was a wait- list

control design (35), two an active control design with either walking (78) or mind

wandering (79), and one trial compared with treatment as usual (80). Only one study

used a blind assessor design (80). Of the thirteen studies, four studies were conducted
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in the USA (79, 81, 83, 84), three in Sweden (35, 78, 82), and one each in Canada (37),
Switzerland (36), UK (71), New Zealand (85), Korea (56), and China (80). Studies
were conducted between 2007 and 2018. Of the four studies that had mixed of
participants conditions, three studies included stroke patients and patients after
traumatic brain injury (TBI) (35, 78, 82) while one study included seven patients with
severe speech and physical impairment but only one patient with stroke (81). Only the
data from patients with stroke were retrieved from these studies. The study sample sizes
varied from 1 to 50, with a total of 183 patients with stroke. A total of 31 cases dropped
out. Of the remaining 152 patients, 109 patients were instructed in meditation, and 43
served as a control group. The mean age of participants was 54.98 years ranging from

20 to 79 years. 72.03 per cent were men.



Table 1. Study characteristics and results of individual studies.
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(n=18) and TBI (n=11). 26
participants completed the
programme: 16 stroke and 10
TBI. The 16 stroke participants
were divided into an
experimental group (n=7) and a

scale (MFS).

(2) Depression and Anxiety -
Comprehensive Psychopathological
Rating Scale (CPRS).

Neuropsychological outcomes;

Study (author, Study design Participants Intervention (s) Length of Control Follow- Outcome measure Main findings
year, country) (Total/ analysed sample size, intervention group up
experimental/control group) period
Moustgaard et al. Uncontrolled 32/23, 23/- MBCT 9 weeks - 3 months Psychological outcomes; BAI total, BDI-II, HADS, SF-36,
2007, trial 17 males, 6 females (1) Anxiety - Beck Anxiety and SSQoL total were statistically
Canada 63.6 years Inventory (BAI). and clinically significant that
(2) Depression - Beck Depression reflected improvement after
Inventory, Revised (BDI-I). completlon of the programme and
. . . maintenance at the 3-month
(3) Anxiety and depression - Hospital follow-up
Anxiety and Depression Scale ’
(HADS).
Psychosocial outcomes;
(1) Health status - 36-Item Short-
Form General Health Survey (SF-
36).
(2) Quality of life - Stroke Specific
Quality of Life Scale (SS-QOL).
Jooetal. Uncontrolled 28/11, 11/- MBSR 8 weeks - - Psychological outcomes; BDI was decreased statistically
2010, trial 5 males, 6 females (1) Depression - Beck Depression significant (p=0.013). In the HRV,
Korea 52.64 years (38-65) Inventory, Korean version (BDI). there were increased statistically
(2) Anxiety - State-Trait Anxiety significant in standard deviation
Inventory (STAI) normal to normal (SDNN)
Physiological outcome; (p=0.013), square root of the mean
(1) Autonomic nervous system (ANS) | sum of squared differences between
- Heart Rate Variability (HRV) adjacent normal to normal intervals
(RMSSD) (p=0.021), total power
(TP) (p=0.026), lower frequency
(LF) (p=0.008), and decreased
statistically significant in mean
heart rate (MHR) (p=0.007) and
Physical Stress Index (PSI)
(p=0.037).
Orenstein et al. Case report 4/3,3/- MM 8 - 10 days - 5 days Neuropsychological outcomes; There were no changes in the
2012, (ABA design) | 2 males, 1 female (1) Divided attention - Non-linguistic performance on the sense of effort
USA 53 years (49-59) dual-task procedure, sense of effort or language detected. Reaction time
(SOE), reaction time (RT), accuracy. may indicate that mindfulness
(2) Language; Correct information meditation improved the efficiency
units (CIU), Boston Diagnostic of task completion.
Aphasia Examination (BDAE).
Johansson et al. Randomised 18/16, 7/9 MBSR 8 weeks Waitlist - Psychological outcomes; The result combined the data of
2012, controlled 55.4 years control e ; TBI and stroke, MFS was
Sweden trials This study included both stroke (1) Mental fatigue - Mental fatigue

statistically significant between
groups (p=0.008) and within
MBSR group 1 (p=0.004) and
MBSR group 2 (p=0.002).
Depression was statistically
significant within MBSR group 1
and 2 (p=0.006, p=0.002) and
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Study (author, Study design Participants Intervention (s) Length of Control Follow- Outcome measure Main findings
year, country) (Total/ analysed sample size, intervention group up
experimental/control group) period

waitlist control group (n=9). 10
TBI participants were divided
into an experimental group
(n=5) and a waitlist control
group (n=5).

(1) Information processing speed -
Digit Symbol-Coding, Digit Span
from the WAIS-II1 scale.

(2) Attention - Trail Making Test
(TMT).

(3) Working memory - F-A-S verbal
fluency test.

anxiety within group 1 and 2
(p=0.004, p=0.02). TMT A was
statistically significant between
groups (p=0.032). TMT B and C
were statistically significant
between group 1 and control
(p=0.013, p=0.039). MBSR
significantly improved both, TMT
C and Digit Symbol-Coding for
both groups (TMT C; group 1:
p=0.001, group 2: p=0.007, digit
coding; group 1: p=0.026, group
2: p=0.028). There was a
significant increase in verbal
fluency in MBSR group 1
(p=0.050) and group 2 (p=0.044)
and a significant correlation of
improvement in mental fatigue
and information processing speed
(p=0.023).

Hoferet al. U_ncontrolled 8/8, 8/- Mindfulness- 1 year - - Psychological outcome; SQfMF was a significant
2014, trial 5 males, 3 females _ enhanced, (14-25 (1) Mental fatigue - Self-assessment difference from pre- to post-
Switzerland 48 years (20-61) integrative neuro- sessions) questionnaire for mental fatigue and treatment (p<0.017).

psychotherapy related symptoms after neurological

programme disorders and injuries (SQfMF)

Merriman et al. Uncontrolled 4/4, 4/- MBCT 9 weeks - - Psychosocial outcomes; There were no statistically
2015, trial 3 males, 1 female (1) Quality of life - WHO Quality of significant in all outcomes between
UK 47 — 62 years Life-BREF (WHOQoL-BREF). pre and post-intervention. FFMQ

Psychological outcomes;

(1) Mindfulness - Five Facet
Mindfulness Questionnaire (FFMQ).
(2) Anxiety and Depression - Hospital
Anxiety and Depression Scale
(HADS).

Neuropsychological outcome;

(1) Attention - Rating Scale for
Attentional Problems (RSAP)

improved 3/4 from 127 to 136,
RSAP decreased 4/4 from 45 to 34,
HADS Anxiety decreased 3/4 from
9to 6, the HADS Depression
decreased 2/4 from 7 to 6,
WHOQoL-BREF not change
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Study (author, Study design Participants Intervention (s) Length of Control Follow- Outcome measure Main findings
year, country) (Total/ analysed sample size, intervention group up
experimental/control group) period
Johansson et al. Non- 20/18, 5/7/6 MBSR 8 weeks MBSR (face- - Psychological outcomes; Data of TBI and stroke were
g(\jvlesdzn Lir:ti:)omﬂlezde ‘ flI'?uss é/fuac;; included an acquired (fve onintemed) t/f\)/aflak(i:ﬁ)g; (1) Mental fatigue - Mental fatigue (f:ombtl ne%d. Congjpare? V\|lIth he
trial brain injury comprising stroke scale (MFS). n;?s gécﬁ;ﬂd s?orr: n?:ﬁ?u?r? the
(n=20) and TBI (n=18). 34 (2) Depression and anxiety - internet group, and there viere
participants completed the Comprehensive Psychopathological g nifica?n r%— ostiest
programmes including 18 stroke Rating Scale (CPRS). in?proveme'r)\ts i?] the MBSR
and 16 TBI. 18 stroke ® Self-c_ompassion - Self- Internet group 1 with reduced
participants were divided into 3 Compassion Scal.e (SCS) short form. MFS (p<0.001), depression
groups; MBSR face-to-face Neuropsychological outcomes; (p=0.015), anxiety ratings
group (n=5), MBSR Internet (1) Information processing speed - (p=0.011) and improved
group 1 (n=7), and walking Digit Symbol-Coding from the processing speed on coding
control group (n=6). 16 TBI WAIS-III scale. (p=0.031). There also was
participants were divided into 3 (2) Attention - Attentional blink task. | improved temporal attention on
groups; MBSR face-to-face the attentional blink task, resulting
group (n=7), MBSR Internet in more correct T2 responses at
group 1 (n=6), and walking the intermediate and the long time
control group (n=3). intervals, and more correct T1
responses at intermediate intervals
(p=0.010).
The face-to-face MBSR group
improved similarly on the
attentional blink task (0.038) and
also made more correct T2
responses at the intermediate level.
Participants in the control group
(n=7) were allowed to attend the
MBSR program later (MBSR
Internet 2). They also showed
significantly reduced MFS ratings
after completion of the course
(p<0.001) and had an improved
attentional blink performance with
significantly more correct T2
responses at the longest interval
after the course (p=0.015).
Johansson et al. U_ncontrolled 8/8, 8/- Brahama Viharas 8 months - - Psychological outcome; The result combined the data of
2015b, trial 3 males, 5 females (1) Mental fatigue - Mental Fatigue TBI and stroke were significant
Sweden _5;?"1 gfuac;; included both stroke Scale (MFS). d(ijfferen((:jes pre 1o postfthe S
_ _ Neuropsychological outcomes; advanced programme for MF.
(8 and TBI (n=6). (1) Information processing - Digit Egzgggé; .?:\%I.IE SBy(TJE(()JI.OCl%?,";%d
Symb_oI-Codlng _from ic_e WAIS-III. TMT C (p<0.001).
(2) Visual scanning, divided
attention, and motor speed - Trail
Making Test (TMT).
Goodrich et al. Uncontrolled 11, 1/- MM 6 weeks - - Psychosocial outcomes; In this study, no statistically
2015, trial 1 male (1) Perceived Stress - Perceived Stress | significant pre-post intervention

USA

43 years

Scale (PSS).

difference could be identified. The
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Study (author, Study design Participants Intervention (s) Length of Control Follow- Outcome measure Main findings
year, country) (Total/ analysed sample size, intervention group up
experimental/control group) period
This study included 7 (2) Sleep - Pittsburgh Sleep Quality individual with stroke had
individuals with severe speech Index (PSQI). following results: PSS (from score
and physical impairment (3) Expectancy - 6to 0), PANAS positive (from
including cerebral palsy (n=2), Credibility/Expectancy Questionnaire. score 24 to 25), negative (from
amyotrophic lateral sclerosis Psychological outcome; score 8 to 5), PSQI (from score 1 to
(n=2), spinocerebellar ataxia (1) Affect - International Positive and 4), APT-II (from score 19 to 1), n-
(n=1), muscular dystrophy Negative Affect Schedule Short Form back (from score 75 to 70).
(n=1), and brainstem stroke (I-PANAS-SF).
(n=1). Neuropsychological outcomes;
(1) Attention - Attention Process
Training Il Attention Questionnaire
(APT-I1).
(2) Working memory task - n-back
task.
Laures-Gore and Case report 11, 1/- MM 5 days - 1 week Physiological outcomes; HRV increased, and BPM
Marshall 1 female (1) Autonomic nervous system (ANS) decreased at the third time point
2016, 60 years - Heart rate, heart rate variability across the 3 days. Word
USA (HRV), salivary cortisol productivity increased (B2=0.44,
Neuropsychological outcomes; P3=0.94). RTT slight increased
(1) Language - the Five-item Revised (B2=13.74, P3=14.18), CLQT
Token Test (RTT), Aphasia increased (B2=15, P3=17, M4=16).
Diagnostic Profiles (ADP), the CRSD-ANT; alert score increased
Cognitive Linguistic Quick Test (B2=-16, P3=114), orient score
(CLQT). increased on the 4th assessment
(2) Attention outcomes - Centre for (B2=30, P3=17, M4=67), conflict
Research on Safe Driving-Attention score decreased (B2=160, P3=116).
Network Test (CRSD-ANT), the CPT; inattentiveness decreased, or
Connor's Continuous Performance attentiveness increased, impulsivity
Task-11 (CPT-II). decreased in commissions and
perseverations, vigilance stable.
Dickinson et al. Case report 1,1/~ MM 4 weeks - 3weeks | psychological outcome; BAI decreased significant
2017, (ABA design) | 1 female (1) Anxiety -Beck Anxiety Inventory (p<0.0001). There were
New Zealand 59 years (BAI). statistically significant in noun
; . naming task (p=0.012), verb
Neuropsychological outcomes, naming task (p=0.016). and
(1) Language - Comprehensive repetition (p=0.021)
Aphasia Test (CAT), Object and ’ ’
Action Naming Battery (OANB).
Marshall et al. Non- 10/8, 5/3 MM with AMMP 5 days Mind 1 week Neuropsychological outcomes; CPT-Il and CRSD-ANT were not
2018, randomized 5 males, 3 females wandering (1) Attention - Connor's Continous statistically significant within the
USA controlled 56.38 years (38-73) Performance Task-Il (CPT-II), Centre group and between the groups.
trial 6 Anomic, 1 Broca’s, 1 for Research on Safe Driving- There were no significant

Conduction aphasia

Attention Network Test (CRSD-
ANT).

(2) Language - discourse task,
Aphasia Diagnostic Profiles (ADP),
Cognitive Linguistic Quick Test
(CLQT), the five-item Revised Token
Test (RTT).

differences in language outcome
but improved fluency immediately
after MM training. There were not
change over the session in MM
group in physiological outcomes.
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Study (author, Study design Participants Intervention (s) Length of Control Follow- Outcome measure Main findings
year, country) (Total/ analysed sample size, intervention group up
experimental/control group) period
Physiological outcomes;
(1) Autonomic nervous system - Heart
rate, HRV, salivary cortisol
Wang et al. Non- 50/50, 25/25 MBI combined 2 weeks Usual care - Physiological outcomes; MAAS had statistically significant
2018, randomized 44 males, 6 females with usual care (1) Comfort - Chinese Version of between groups (p<0.001), SGCO;
China controlled 62.1 years (24-79) Shortened General Comfort in physical (p=0.004),
trial Questionnaire (SGCQ). psychospiritual (p=0.026),

(2) Ambulation ability - Berg Balance
Scale (BBS), 10MWT, Functional
Ambulation Classification Scale
(FAC).

Psychological outcome;

(1) Mindfulness; Chinese Version of
Mindful Attention Awareness Scale
(MAAS).

sociocultural (p=0.006), overall
score (p=0.005); no significant in
BBS, 10MWT, FAC between
groups. MAAS, SGCQ, and each of
its dimensions, BBS, 10MWT, and
FAC significantly improved within
the group for intervention and
control groups (p<0.001).

Note: MBCT; Mindfulness-based cognitive therapy, MBSR; Mindfulness-based stress reduction, MM; Mindfulness meditation, MBI; Mindfulness-based

intervention, AMMP; Aphasia mindfulness meditation programme, TBI; Traumatic brain injury



34

3.5.3 Interventions

Characteristics of the intervention programmes of each study are summarised
in Table 2. Of the included studies, three studies used MBCT or components of MBCT
(36, 37, 71), three studies used MBSR (35, 56, 78), four studies used mindfulness
meditation (MM) (81, 83-85), one study used MM combined with aphasia mindfulness
meditation programme (AMMP) (79), one study used Brahama Viharas (82), and one
study used MBI (80). The length of training varied from 5 days to 1 year. Three trials
involved eight weeks of intervention (35, 56, 78), two trials involved nine weeks of
intervention (37, 71), two trials evaluated five days of mindfulness meditation (79, 84).
Interventions in other trials were 8 to 10 days (83), two weeks (80), four weeks (85),
six weeks (81), eight months (82), and one year (36). In all studies, the mode of delivery
was face to face. One study used both, face to face and internet live mode (78) for
delivery. Eight studies used group- based, and five studies used individual- based
formats of intervention. The frequency of intervention was one day per week in the
majority of studies. One study used interventions at one day per month (82), and two
studies used daily practice of brief mindfulness meditation (79, 84). The length of
intervention in a session varied from 30 to 150 minutes per week, with a median of 105
minutes. In total, interventions varied from 150 to 1620 minutes of practice, with a
median of 945 minutes. Only three studies included the provision of a one-day retreat
in addition to the programme (35, 78, 82). There were eleven studies that also included
home practice. Of those, eight studies used daily home practice, two studies used six
days per week, and one used 3 to 5 days per week. The session length of home practice
varied from 20 to 60 minutes per day, with a median of 32.5 minutes (reported for 8

out of the 11 trials).
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Table 2. Characteristics of the meditation used in the included studies.

Study

Meditation

Moustgaard et al.
(2007)

9 weeks of modified MBCT, 1 % hour per week but the
essential content and approach (in group format) of MBCT
was not changed. This programme had a specific theme each
week. It included diverse length and forms of meditation
techniques, modified yoga, cognitive therapy for focusing on
prevention and treatment of depression, education about
psychological and physical specific to stroke, group work,
and homework.

Joo et al. (2010)

8 weeks of MBSR programme, once a week, 2.5 hours each.
Body scan, sitting meditation, and Hatha yoga were used to
train mindfulness in group format. In addition, °loving-
kindness meditation’ was practised, and patients had time to
share their experiences through group discussions. A
compact disk (CD) was provided to enable the subjects to
perform body scan, sitting meditation, yoga, and mindfulness
as part of routine life.

Orenstein et al.
(2012)

Mindfulness meditation was practised in a quiet, dimly lit
room. Participants were instructed to notice distractions,
pain, boredom and other feelings that arose while practising
breathing techniques and to return the focus to their breath,
other bodily sensations and/or to aspects of the environment.
Training length was gradually increased from 5 to 30
minutes over a minimum of 4 sessions and meditation was
also practised at home. Verbal and written take- home
instructions were provided.

Johansson et al.
(2012)

MBSR consisted of eight 2.5-hour group sessions once a
week, a silent day between session six and seven and 45
minutes home practice on 6 days a week. A CD with guided
instructions was provided for home practice.  The
interventions were based on Kabat Zinn® s MBSR
programme and included gentle Hatha yoga, body scan and
sitting meditation.

Hofer et al. (2014)

A mindfulness- enhanced, integrative neuro- psychotherapy
programme was used in this study on a one-to-one format,
20 sessions over the course of 1 year, 50 minutes per session.
The intention of this study was to increase patients’
awareness of fatigue and to help to detect and manage fatigue
triggers in order to increase performance in daily
functioning. Body scan as part of MBCT was used to train
mindfulness to learn to identify strenuous activities and to
determine the right time to take a break.
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Meditation

Merriman et al.
(2015)

9 weeks of MBCT group format 2 hours each week. It
included practising mindfulness formally and informally,
encouraging mindful attitudes and reflecting on the practice.
Participants’ homework involved recording
pleasant/unpleasant events and daily mindfulness practice.
Session length was 3 minutes to 35 minutes. Mindfulness
practices included the following: (1) breath: attending to
breathing, (2) body scan: focuses on sensations in each body
part, (3) movement/walking: focuses on bodily sensations
during gently movement, (4) breath and body: focuses on
breath, body and noticing pleasant or unpleasant sensations,
(5) sounds and thoughts: attending to sounds and thoughts,
(6) the breathing space: short exercise attending to thoughts,
feelings and body, (7) the lake and the mountain: using the
mountain lake metaphor to focus on breath, body and
thoughts, ( 8) everyday mindfulness: incorporating
mindfulness into activity (e.g. walking, eating).

Johansson et al.
(2015a)

Live online MBSR: an internet-based full MBSR curriculum
including formal practices, home practice support, and
informal practices. Eight 2.5-hour sessions once a week, one
7-hour session between the 6™ and 7™ sessions, and home
practice. The Adobe Connect platform was used for online
meetings covering full video and audio support for all group
participants, enabling participants to share experiences and
to learn from one another, to increase their insights into
mindfulness similar to face-to-face groups.

Johansson et al.
(2015b)

Brahama Viharas: eight 2.5-hour group sessions once a
month, one all-day retreat. The four boundless mental states
of the Brahama Viharas (compassion, metta, appreciative
joy, and equanimity) were used to train mindfulness. The
mental state of appreciative joy was explored and practised
as “taking in the good”.

Goodrich et al.
(2015)

Six 1.5-hour sessions of mindfulness meditation programme
in a one- on- one format at a research lab once a week
followed by daily home practice. Home practice training
length was gradually increased from 25 to 35 to 45 minutes
over 3 weeks. The meditation programme included the
following topics: mindfulness of sounds, mindfulness of
breath, loving-kindness meditation, and participant choice.

Laures-Gore and
Marshall (2016d)

5-days mindfulness meditation individual training and daily
practice with the intention to enhance attention and present-
moment awareness. Participants were instructed to pay
attention to the breath and other bodily sensations, to notice
distractions and to return the focus to their breath, bodily
sensations and/or to the aspects of the environment. Training
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Meditation

length was gradually increased from 10 to 30 minutes over 4
sessions. In addition to trainer sessions, participants were
instructed to practice mindfulness meditation at home on a
daily basis. Training length for home practice was identical
to the length of training sessions that day. With respect to the
participants’ aphasia, information was presented at a slow
rate and questions were asked to confirm comprehension.

Dickinson et al.
(2017)

4 weeks of mindfulness meditation programme, 1%-—2-h
weekly in a one-on-one setting based on MBSR in the style
of Kabat-Zinn. The clinical psychologist adapted the usual
8- week group course to make a 4- week one- on- one
programme, individualised for the participant and conducted
at the practitioner’s clinic. The speech and language therapist
provided supportive communication training to the
psychologist prior to commencement of the programme, as
well as being present during the first session to assist with
communication needs. The contents for each week were as
follows: (1) breath awareness with focus on the belly and
mindful eating; (2) sitting meditation and body scan; (3)
sitting meditation and four step for reducing arousal
including stop, take a breath, observe, proceed; (4) walking
meditation, and acceptance and allowance meditation. The
participant implemented an almost daily home meditation
practice into her routine. She mostly practised body scanning
as she felt this was most useful.

Marshall et al.
(2018)

5-days mindfulness meditation in a group format combined
with AMMP with the intention to enhance attention and
present-moment awareness. Participants were instructed to
pay attention to the breath and other bodily sensations, to
notice distractions and to return the focus to their breath,
bodily sensations and/ or to aspects of the environment.
Training length was gradually increased from 10 to 30
minutes.  Participants were also instructed to practice
mindfulness meditation at home based on the instructions
provided in the daily sessions. Training length for home
practice was identical to the length of training sessions that
day. With respect to language deficits associated with
aphasia, instructions were simplified and graphics support
was provided. A CD with guided instructions was provided.

Wang et al. (2018)

Participants in the intervention group received both routine
care and the mindfulness- based intervention. The MBI was
a 2-week intensive mindfulness practice programme, which
included weekly 1. 5- hour group practice sessions and
individual daily practice. It was designed based on Eifert and
Forsyth’ s ( 2005) centring exercise, a fundamental
mindfulness practice that can assist in the preliminary
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development of mindfulness skill, relieve physical and
psychological tension and comfort, and improve attention
and commitment. Nonprofessional caregivers of participants
were invited to participate during group practice sessions to
promote their understanding of the programme and to offer
participant support.

3.5.4 Outcome measures
3.5.4.1 Motor function

The majority of included studies were focused on aphasia (N=5), mental fatigue
(N=4), and anxiety and depression (N=2). There were only three studies measuring
motor function; 1) Wang et al. (2018) measured ambulation ability with the Berg
Balance Scale (BBS), 10MWT, and Functional Ambulation Classification Scale
(FAC), 2) Moustgaard et al. (2007) measured mobility and upper extremity domains
with Stroke Specific Quality of Life Scale (SS-QOL) and measured physical health
components with the 36- Item Short- Form General Health Survey (SF-36), and 3)
Merriman et al. (2015) measured the physical quality of life domain with WHO Quality
of Life-BREF (WHOQoL-BREF).
3.5.4.2 Further outcomes

Several measures were applied to investigate the effects of meditation practice
(Figure 3). The outcomes are grouped into the domains as follows: physiological,
psychological, psychosocial and neuropsychological.
3.5.4.2.1 Physiological outcomes

There were four studies measuring physiological outcomes: the autonomic
nervous system (ANS) functioning, comfort, and ambulation ability. Three studies
measured ANS functioning with heart rate (79, 84), heart rate variability (HRV) (56,

79, 84), and salivary cortisol (79, 84). One study used the Chinese Version of the
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Shortened General Comfort Questionnaire (SGCQ) and measured ambulation ability

with BBS, 10MWT, and FAC (80).

Figure 3. Measures applied in studies: numerical proportions

3.5.4.2.2 Psychological outcomes

Psychological outcomes were the most commonly assessed in 10 studies, with
many studies including more than one psychological measure. Seven measures in total
were classified in the domain of psychological outcomes including anxiety, depression,
anxiety and depression, mental fatigue, affect, mindfulness, and self- compassion.

Anxiety was assessed by three studies with the Beck Anxiety Inventory (BAI) (37, 85)
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or the State- Trait Anxiety Inventory (STAI) (56). Depression was assessed by two
studies with the Beck Depression Inventory, Revised (BDI-11) (37) and the Korean
version of the Beck Depression Inventory (BDI) (56). There were four studies
measuring both anxiety and depression at the same time with the Hospital Anxiety and
Depression Scale (HADS) (37, 71) or the Comprehensive Psychopathological Rating
Scale (CPRS) (35, 78). Mental fatigue was assessed by four studies with two different
questionnaires including of the mental fatigue scale (MFS) (35, 78, 82) and the self-
assessment questionnaire for mental fatigue and related symptoms after neurological
disorders and injuries (SQfMF) (36). One study used the International Positive, and
Negative Affect Schedule Short Form (I-PANAS-SF) for measuring affect (81) and
one study used the short form of the Self-Compassion Scale (SCS) for measuring self-
compassion (78). Two studies measured mindfulness with the Five Facet Mindfulness
Questionnaire (FFMQ) (71) and the Chinese Version of the Mindful Attention
Awareness Scale (MAAS) (80).
3.5.4.2.3 Psychosocial outcomes

Five measures were assessed in three studies comprising of health status,
quality of life, perceived stress, sleep disturbance, and expectancy. One study measured
health status with the SF-36 (37). Quality of life was assessed by two studies with SS-
QOL (37) and WHOQoL-BREF (71). Goodrich et al. (2015) evaluated the other three
outcomes with the Perceived Stress Scale (PSS), the Pittsburgh Sleep Quality Index
(PSQI), and the Credibility/Expectancy Questionnaire.
3.5.4.2.4 Neuropsychological outcomes

Nine studies assessed five neuropsychological outcomes consisting of attention,
divided attention, language, information processing speed, and working memory.

Attention was examined by seven studies with six different outcomes including the
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Trail Making Test (TMT) (35, 82), the Rating Scale for Attentional Problems (RSAP)
(71), the Attentional blink task (78), the Attention Process Training Il Questionnaire
(APT-11) (81), the Centre for Research on Safe Driving- Attention Network Test
(CRSD-ANT) (79, 84), and the Connor's Continuous Performance Task- Il (CPT-1I)
(79, 84). One study assessed divided attention with the non- linguistic dual- task
procedure (83). Language was assessed by four studies in eight different outcomes
consisting of the Correct information units (83), the discourse task (79), the Boston
Diagnostic Aphasia Examination (BDAE) (83), the Five-item of the Revised Token
Test (RTT) (79, 84), the Aphasia Diagnostic Profiles (ADP) (79, 84), the Cognitive
Linguistic Quick Test (CLQT) (79, 84), the Comprehensive Aphasia Test (CAT) (85),
and the Object and Action Naming Battery (OANB) (85). Three studies measured
information processing speed with the Digit Symbol- Coding from the WAIS- 111 scale
(35, 78, 82). Working memory was evaluated by two studies with the F-A-S verbal

fluency test (35) and the n-back task (81).

3.5.5 Timing of assessment

Baseline assessment and immediate post-treatment assessment was conducted
in all included studies. Five studies also conducted post- treatment follow- up
assessments. The timing of follow up assessment varied considerably and ranged from

5 days to 3 months.

3.5.6 Study quality (risk of bias)
Table 3 presents a summary of the risk of bias. Of the 13 included studies, there
was only one RCT, and due to the nature of the intervention, all of the studies were at

risk of bias in the domains of adequate random sequence generation, adequate
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allocation concealment, adequate participants blinding, and adequate treatment
provider blinding. Only the RCT study had similar baseline characteristics (35), one
study had assessor blinding (80), and one study reported an intervention-to treat
analysis (78). In contrast, all studies reported no selective outcome reporting. Most of
the studies described the dropout rate. There were four studies reporting similar timing
of outcome assessments in RCT and non-RCT. The studies achieved the revised
Cochrane risk of bias scores in the range of 1 to 4 points (mean=2.38, SD=1.04) out of

a possible 10 points.

3.5.7 Quantitative synthesis

Statistical meta-analysis was not possible. Due to a limitation of comparable
studies, there was only one RCT and three non-RCTs. Overall, the quality of the
studies was low. The interventions varied considerably with respect to type, frequency
and intensity, and outcome measures were different, too. In addition, we contacted the

lead author of three studies for further data but have not obtained a response.
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Study Study Selection bias Performance bias Detection bias Attrition bias Reporting | Total
(authors, years) design bias (max.
Adequate Adequate Similar Adequate Adequat | Adequat | Similartiming | Acceptable Inclusion ofan | No 10)
random allocation baseline participant | e e of outcome and intervention-to | selective
sequence concealment | characteristic | s treatmen | outcome | assessment described treat analysis outcome
generation | N/Aif not s blinding t assessor dropout reporting
N/A if not RCT N/A if not provider | blinding rate
RCT RCT blinding
Moustgaard et al. Uncontrolled N/A N/A N/A No No No No Yes No Yes 2
(2007) trial
Joo et al. (2010) Unfontrolled N/A N/A N/A No No No No Yes No Yes 2
trial
Orenstein et al. Case report N/A N/A N/A No No No No Yes No Yes 2
(2012) (ABA design)
Johansson et al. Randomised Unclear Unclear Yes Unclear Unclear Unclear Yes Yes No Yes 4
(2012) controlled
trials
Hofer et al. (2014) U_n?ontrolled N/A N/A N/A No No No No Yes No Yes 2
trial
Merriman et al. Uncontrolled N/A N/A N/A No No No No Yes No Yes 2
(2015) trial
Johansson et al. Non- N/A N/A N/A Unclear No Unclear Yes Yes Yes Yes 4
(2015a) randomized
controlled
trial
Johansson et al. Uncontrolled N/A N/A N/A No No No No Yes No Yes 2
(2015b) trial
Goodrich et al. Uncontrolled N/A N/A N/A No No No No Yes No Yes 2
(2015) trial
Laures-Gore and Case report N/A N/A N/A No No No No N/A No Yes 1
Marshall (2016)
Dickinson et al. Case report N/A N/A N/A No No No No N/A No Yes 1
(2017) (ABA design)
Marshall et al. Non- N/A N/A N/A Unclear No Unclear Yes Yes No Yes 3
(2018) randomized
controlled
trial
Wang et al. (2018) Non- N/A N/A N/A Unclear No Yes Yes Yes No Yes 4
randomized
controlled
trial

Note: N/A not applicable, the answer ‘yes’ coded = 1, ‘unclear’ and ‘no’ = 0 score. The total score is 10. Higher scores indicate a lower risk of bias.
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3.6 Discussion

This is the first systematic review exploring the effects of meditation on motor
function in patients with stroke. Thirteen studies (one RCT) examining all types of
meditation were included, and the effects on motor function and other outcomes were
assessed.

Only three studies in this review investigated motor function in stroke patients
including one non-RCT (80) and two non-controlled studies (37, 71). Due to data
limitations and differences in interventions, outcomes and designs of these studies, it
was not possible to undertake a meta-analysis synthesis. In terms of motor function,
only one non-controlled study demonstrated significant improvements in mobility, in
the upper extremity domains of SS-QOL and the physical health components of SF-36
after completion of 9 weeks of MBCT (37). BBS, 10MWT and FAC did not
significantly change between groups after completing MBI for two weeks (80), and the
physical domain of general quality of life (WHOQoL-BREF) had not changed after
nine weeks of MBCT (71). In summary, these findings indicate that high-quality
studies are necessary to monitor motor function and its potential improvement through
meditation practice.

The second objective of this review was to explore other potential benefits of
meditation in patients with stroke. Although it is not technically possible to show
evidence based on meta- analysis, the majority of included studies demonstrated
positive effects of meditation in various domains including physiological,
psychological, psychosocial, and neuropsychological outcomes. The majority of
studies were focused on anxiety, depression, mental fatigue, and aphasia. Within the
six studies investigating the effect of meditation on anxiety and depression, there was

heterogeneity of study design (two comparison studies, three non-controlled studies,
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and one case report), type of meditation (two MBCT, three MBSR, and one MM), and
outcome measures for anxiety and depression (BAI, BDI-I1, STAI, HADS, and CPRS).
However, five in six studies reported that meditation could decrease symptoms of
anxiety and depression, although the sample sizes were small. In terms of mental
fatigue, four studies ( two comparison studies and two non- controlled studies)
investigated the effect of MBSR (two studies), MBCT (one study) and Brahama
Viharas (one study) with MFS (three studies) or SQfMF (one study). Meditation
practice statistically significantly reduced mental fatigue and related symptoms (MFS
and SQfMF), either between intervention and control groups or within the intervention
group demonstration before/after-effects. Moreover, researchers have begun to manage
aphasia problems with mindfulness practice. Studies demonstrated that MM improved
language outcomes after completing a mindfulness meditation programme, and
Marshall et al. (2018) proposed an AMMP for patients with stroke and aphasia.
Although the authors could not demonstrate a significant difference in language
outcome, speech fluency improved immediately after a short 5- day training. A
systematic review by Lawrence et al. (2013) also evaluated the effectiveness of
mindfulness- based interventions in patients with TIA and stroke and included four
studies with a total of 160 participants. The results reported were consistent with our
systematic review, suggesting that MBIs could reduce symptoms of anxiety,

depression, and mental fatigue.

3.7 Summary of evidence
There were inadequate data to confirm the effectiveness of meditation on motor
function or other outcomes in patients with stroke. This review was limited by the

availability of high-quality studies, the small sample size in each study, and variability
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in the methodological quality. The included studies differed widely in relation to study
design, intervention, and outcome measures, therefore restricting the potential of
comparisons between studies. Due to the above problems, a meta-analysis could not be
performed, and a qualitative analysis was required instead. We found that overall the

included studies had a high risk of bias and the methodological quality was low.

3.8 Limitations

Limitations in this systematic review are a lack of active comparison studies,
small sample sizes and the fact that quantitative meta-analysis was not possible due to
the wide variety of study design, intervention, and measure outcomes. Moreover, the
review found that there was a high risk of bias with respect to selection, performance,
assessor blinding and intervention to treat. Finally, the review included only

quantitative studies and articles published in English.

3.9 Conclusions

From the limited data available, the present systematic review suggests that
meditation may be of benefit in patients with stroke to improve motor function and
other outcomes such as anxiety, depression, mental fatigue, and aphasia. However,
there is a significant lack of conclusive evidence in this relatively new area of research.
Therefore, further studies including high-quality RCTs are required to confirm the
effectiveness of meditation on the rehabilitation of motor function in patients with
stroke. Particular limitations of the currently available evidence need to be addressed,

for example, the lack of active treatment control and small sample sizes.
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3.10 Implications for clinical practice

This systematic review demonstrated that meditation may be of benefit to some
physiological, psychological, psychosocial, and neuropsychological outcomes,
especially anxiety, depression, mental fatigue, and aphasia, but we found no conclusive
evidence of effectiveness in improving motor function in patients with stroke, which
may be because most studies have not used motor function as an outcome measure.
However, there was also no evidence of harm from meditation, which is inexpensive
to deliver, requires little resources, and is flexible in terms of delivery location.

Therefore, the use of meditation still offers the potential to enhance standard treatment.
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CHAPTER FOUR
THE EFFECT OF A MINDFULNESS MOVEMENT THERAPY
PROGRAMME ON THE MOTOR PERFORMANCE OF THE UPPER LIMBS

IN OLDER ADULTS: A PRELIMINARY STUDY

4.1 Chapter overview

This chapter presents a new protocol of MMTP which is designed for improving
motor function in patients with stroke. The feasibility of this MMTP was tested by
investigating the effects on motor performance of the upper limbs in older adults. The
results of the MMTP are presented on motor performance, oscillatory activity over
sensorimotor cortex, attentional performance in the sensorimotor system,
psychological outcomes, mindfulness, and quality of life in a sample taken from the
United Kingdom older population. A shorter version of this chapter is being submitted

as a manuscript to the journal of “Physiotherapy”.

4.2 Rationale

Upper limb impairments are common after a stroke (14, 86). They are ordinarily
seen in around 70 per cent of stroke survivors (86, 87), and include motor and
somatosensory deficits (86, 88, 89). Upper limb weakness occurs in around 85 per cent
(89) and somatosensory deficit in around 78 per cent of patients with stroke (88). These
impairments are often persistent and linked to long-term disability (14, 90). There is
only a small percentage of patients (5 to 20 per cent) who make a full recovery (91,
92). Another 33 per cent to 66 per cent of patients have no recovery of hand and arm
function at six months post-stroke (91). Finally, 50 per cent of patients with initial

upper limb impairment still have problems with hand and arm function four years post
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stroke (14). The recovery of function in the upper limbs is made relatively difficult
because stroke patients tend to use their affected side less (87). Consequently, upper
limb impairments reduce patients’ ability to perform daily activities such as eating,
dressing and washing (14, 90). One year following a stroke, upper limb disability can
also affect patients’ emotional well-being and mental health as measured in terms of
increased anxiety and depression (12, 14, 90). Eventually, stroke patients report
reduced social participation and quality of life (87, 93). Therefore, rehabilitation of the
upper limbs is crucial for improving patients’ quality of life and for reducing the
complications that can occur from limiting movement of the affected side (89). In sum,
restoration of hand and arm function should be considered a core element of
neurorehabilitation post-stroke to maximise recovery (14, 92). In reality, however,
patients and therapists often pay more attention to improving walking ability (87),
neglecting upper limb function as a result (87, 93). Systematic reviews demonstrated
that the average length of time spent in the treatment of upper limb function is only
between 0.9 to 7.9 minutes, with only 32 repetitions per session (87, 93, 94). Therapists
have developed a variety of techniques and treatments for the management upper limb
dysfunction in patients with stroke (14). However, it is still unclear which upper limb
intervention approaches are the most effective ones for improving arm and hand
function in patients with stroke (14).

At present, mindfulness meditation is one of the interventions that is gaining
more widespread attention (3, 27). It has been used more and more frequently in
patients with stroke and has shown a positive affect on both, physical and psychological
well-being (3, 27, 71). The systematic review of Lazaridou et al. in 2013 summarized
articles about yoga and meditation in patients with stroke from 1990 to 2013. The

authors found that yoga and meditation showed positive effects on cognition, mood,
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stress and balance. A further systematic review of Lawrence et al. in 2013 included
studies from 1980 to 2012 on the effects of MBI programmes including MBSR and
MBCT in patients with TIA or stroke and demonstrated positive effects on anxiety,
depression, mental fatigue, blood pressure, perceived health, and quality of life. In
consequence it has been argued that mindfulness meditation should be integrated into
traditional rehabilitation programmes for the management of stroke (3, 17, 27). In
addition to our systematic review presented in Chapter 3, there are only three studies
(37,71, 80) that have analysed the effect of meditation on motor function in patients
with stroke, including MBI and MBCT, and currently there is no specific mindfulness
programme established for improving motor function in patients with stroke.

While preliminary evidence suggested that both, short-term and long- term
mindfulness meditation practice, can induce structural and functional changes in brain
areas related to movement control like the prefrontal cortex, the hippocampus, the
cerebellum, and the corticospinal tract (21, 23), neuroplasticity of these brain areas
may have a direct effect on the recovery of arm and hand function following stroke.
We therefore were interested in developing a specific mindfulness programme for the
rehabilitation of arm and hand function in patients with stroke and proposed and tested
a MMTP protocol intended for investigating the effects of mindfulness meditation on
improving the upper limb motor function in older adults with stroke. The feasibility of
this MMTP protocol was measured by examining its effects on motor function and their
underlying sensorimotor cortical mechanisms.

Electroencephalography ( EEG) was used for evaluating the sensorimotor
attentional and cortical motor function. EEG is an easy to use, inexpensive and widely
used tool with a high temporal resolution for measuring neural oscillatory activities

(95). Itis also commonly used to monitor neurophysiological changes associated with
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meditation (60, 96). It measures summed post- synaptic electrical activity of the
cerebral cortex (96) in the theta (4-7 Hz), alpha (8-12 Hz), beta (13-30 Hz), and
gamma (30-50 Hz) frequency bands (60, 97, 98). Mu rhythm refers to the alpha band
and is recorded over the sensorimotor cortex (99). An event-related increase in the
power of the EEG signal is called event-related synchronisation (ERS) while an event-
related decrease is called event-related desynchronisation (ERD) (98).Earlier studies
demonstrated that both, actual and imagined movement is linked to mu rhythm
desynchronisation over the sensorimotor cortex (97-100), and specific changes have
been used t