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Abstract 

Title:  A Pilot investigation of the safety and feasibility of the application of cathodal 

transcranial direct current stimulation to the contralesional primary motor cortex plus 

standard upper limb rehabilitation post-acute stroke.                                                                              

Purpose: The main aim of this study was to assess the feasibility and safety of the 

application of cathodal transcranial direct current stimulation (ctDCS) post-acute stroke 

(7-15 days); and to determine a minimal clinically important difference (MCID) using the 

Fugl Meyer upper extremity (FMUE) scale to assist with more accurately estimating 

sample size for a phase II trial in an acute stroke population. This pilot study also aimed to 

establish the feasibility of measuring motor recovery in the affected upper limb (UL) both 

clinically (FMUE scale) and using transcranial magnetic stimulation (TMS), commencing 

within the first two weeks post-stroke onset and continuing to at least four months post-

stroke. It was hypothesised that individuals receiving ctDCS would show greater 

improvement in FMUE scores immediately post intervention, and improvements would be 

sustained at three months. A secondary aim was to define commonly reported 

physiotherapy (PT) and occupational therapy (OT) terminology extracted from medical 

documentation and to develop a consensus on therapy interventions for moderate to 

severe UL deficits in the acute and subacute phases of stroke recovery.  

Design: Qualitative and quantitative methodologies were used in the development of a 

consensus on UL therapy interventions in Stages I & II of this investigation, followed by a 

double-blind, sham-controlled, multisite, pilot study of the safety and feasibility of the 

application of ctDCS post-acute stroke (Stage III). 

Methods: Stage I Retrospective notes audit - A report of all first time ischaemic MCA 

strokes admitted to an acute stroke service between January – September 2011, was 

generated. An audit was conducted of UL therapy documentation at this service and two 

rehabilitation hospitals to which these cases were discharged. Stage II Qualitative and 

consensus on standard UL therapy focus groups - Twenty two therapists (9 PTs and 13 

OTs) met to discuss and define the terminology identified from the notes audit. 
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 All definitions were collated and returned to the therapists for further comments or 

amendments, until agreement was reached that it was a true representation of therapy 

offered by their service. This document was then used to develop a template of 

interventions to be used in the management of individuals with moderate to severe UL 

impairment in the subsequent pilot trial. Stage III Safety and feasibility pilot randomised 

controlled trial of ctDCS and UL rehabilitation post-acute stroke – Over the 19 month 

recruitment period, 14 individuals within two weeks of stroke onset with moderate to 

severe UL impairment were randomised to receive 10 sessions of ctDCS (1mA) (n=7) or 

sham tDCS (n=7) to the contralesional primary motor cortex (M1) plus concurrent UL 

therapy for 30 minutes over a two-week period. The primary outcome was change from 

baseline in FMUE scores at 1 day, 2 weeks and 3 months post intervention. The secondary 

outcomes included: National Institute of Health Stroke Scale (NIHSS), Tardieu Spasticity 

Scale, Functional Independence Measure (FIM), and Post Stroke Depression Scale.   TMS 

was used to assess cortical activity in the primary motor hand arm-area in a subset of 

cases.               

Results: With respect to common practices in UL rehabilitation in the acute and 

rehabilitation services studied, it was noted that terminology used was defined very 

similarly by both discipline groups, and differences in treatment focus amongst therapists 

appeared to be due to the amount of experience and training background of individual 

clinicians, both inter- and intra-professionally. Individualised goal based UL therapy, 

tailored according to impairment severity, was described in a standard therapy template, 

which was used to derive a ‘standard package of care’ during the safety and feasibility 

pilot trial of ctDCS and UL rehabilitation post-acute stroke. Twelve participants completed 

the pilot study. Groups were well matched at baseline. A variety of factors were identified 

which limited recruitment rates. No adverse events were associated with applying ctDCS 

to the contralesional MI as early as seven days post first ever ischaemic MCA stroke. It was 

feasible to assess an array of outcomes over a three month period post intervention, apart 

from TMS assessments which were limited by logistical issues. It was feasible to conduct a 

multisite rehabilitation trial involving acute stroke patients across at least five sites.  

Considerable improvement was seen over time in both groups, with no statistically 
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significant difference between groups at any time point, consequently an MCID was 

unable to be established from the FMUE data. 

Conclusions:  The application of ctDCS in an acute ischaemic stroke cohort is safe, and 

feasible in a multisite trial. Data from this pilot study were unable to be used to estimate a 

sample size for a phase II trial. Feasibility of a phase II trial would depend on adequate 

funding, the allocation of trained staff at all sites, and the addition of more recruitment 

sites with interest in participation on rehabilitation clinical trials. Previously established 

MCID from chronic stroke populations indicate that approximately 20 participants per 

group would be needed to examine the efficacy of the addition of ctDCS to usual UL 

therapy post-acute stroke, however the unexpected improvement seen in the sham tDCS 

group in the present study would indicate that this sample may be insufficient to establish 

the additional benefit of ctDCS to ten 30 minute sessions of structured UL therapy 

provided in the first month post-stroke.  
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1. Introduction 

 

1.0 Definition and Classification of Stroke 

A Stroke, also known as cerebrovascular accident, occurs when the blood supply to the 

brain is suddenly disrupted. According to the World Health Organization (WHO) stroke is 

the third most frequent cause of death and the leading cause of acquired adult disability 

in developed countries.1 About 15 million people suffer a stroke worldwide each year. Of 

these, 5.5 million die and another 5 million are permanently disabled.1,2 

Strokes can be broadly divided into two types: 

1. Ischaemic Stroke results from restricted or interrupted blood, and therefore 

oxygen, supply to an area of the brain. The aetiology of ischaemic strokes can 

either be embolic or thrombotic. Embolic stroke refers to a blood clot or clots, 

usually of cardiac origin, traveling to the brain and obstructing cerebral 

vasculature. Thrombotic Stroke refers to the development of cholesterol-laden 

‘plaques’ in the inner arterial walls causing narrowing or blockage in the arteries, 

and therefore disrupting blood flow. While atherosclerosis can affect any vessel, in 

the case of stroke, plaques most often affect the major arteries in the neck which 

take blood to the brain.3,4  

2. Haemorrhagic strokes are defined as bleeding into an area of the brain, due to a 

blood vessel rupture or bleeding from abnormal vascular structures. Haemorrhagic 

strokes are described by their location in the brain and are classified as 

Intracerebral haemorrhage (ICH) or Subarachnoid haemorrhage (SAH). 

Intracerebral haemorrhage occurs when an artery inside the brain spontaneously 

bursts and bleeds into brain tissue.  

The most common causes include long standing hypertension and cerebral arteriovenous 

malformations (AVM). Subarachnoid haemorrhage is bleeding into the subarachnoid 

space (located between the arachnoid membrane and the pia mater) due to a ruptured 

cerebral aneurysm.3,4  
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Strokes are most commonly classified according to the ‘Oxfordshire Community Stroke 

Project Classification’ which encompasses four entities predicting the extent of the stroke, 

area of the brain affected, underlying cause, and prognosis.5 The stroke episode is initially 

classified as: total anterior circulation stroke (TAC), partial anterior circulation stroke 

(PAC), lacunar stroke (LAC) and posterior circulation stroke (POC). The type of stroke is 

then coded by adding a fourth letter to the above entities, such as: I – for infarct (e.g. 

TACI), H – for haemorrhage (e.g. TACH), and S – for syndrome (e.g. TACS).5 As this 

classification system is generally used within Western Australian (WA) health services it 

will be referred to throughout this thesis.  

 

1.1 Australian Stroke Demographics  

According to the National Stroke Foundation (NSF) 2013 ‘Economic impact of stroke in 

Australia’ report6 there were approximately 50,000 new or recurrent strokes in 2012, and 

over 420,000 people living with the effects of stroke (equivalent to 1.77% of the Australian 

population).6 Currently, 65% of individuals (128,290 under 65) with stroke live with a 

disability that impairs their ability to carry out activities of daily living (ADLs) unassisted.6 

The total financial cost of stroke in Australia in 2012 was around $5 billion, including $3 

billion in lost productivity.6 It has been established that individual Australians carry the 

greatest financial burden as a result of stroke ($2.2 billion in 2012). The largest component 

of this was related to a decrease in productivity costs of $1.7 billion, including $975 million 

alone in lost wages. In addition, individual out of pocket health fund expenses reached 

$161 million. In 2012, the Australian Government bore $1.5 billion in costs including $838 

million in lost productivity and $376 million in health system costs. It was estimated that 

the total burden of disease for stroke in Australia in 2012 was $49.3 billion.6  

These cost estimates may understate future cost of stroke to the individual, health service 

and society in Western Australia (WA) as there are significant changes in the population of 

the state that differ from national trends. 
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At a local level, as part of the NSF 2011 audit of acute services,7 a total of 42 records of 

patients with stroke related impairments were screened at Sir Charles Gairdner Hospital 

(SCGH). These records showed that 51% of these cases were discharged home, 3% to a 

residential aged care facility, and 41% needed further inpatient rehabilitation.7
  In 

addition, 25 patients (60%) were unable to use their upper limb (UL) in functional 

activities at the time of discharge from acute care. 

Since the NSF 2011 audit, the population of WA has continued to experience significant 

changes. The Australian Bureau of Statistics,8 report that WA has had the fastest growing 

population of any state or territory in Australia since 2007. In the period between 2012 

and 2013, WA’s population increased by 3.3% (81,300 people), which was well above the 

national growth rate of 1.8%.  In June 2013, WA reached a population milestone of 2.5 

million people and the Greater Perth region had a population of 1.97 million people, 

comprising 78% of the state's total population. Between 2012 and 2013, the population of 

Greater Perth increased by 3.5% (67,500 people). This was the fastest growth rate among 

Australia's capital cities. Furthermore, according to the most recent preliminary estimated 

resident population (ERP) of Australia report (June 30th, 2014), WA continued to record 

the fastest growth rate of all states and territories in Australia at 2.2% (54,400 people), 

with a total population of 2.57 million.8  

The 2014 WA State-wide Neurology Plan (personal communication with Clinical Professor 

David Blacker) reported a projected inpatient neurology activity at metropolitan hospitals 

(Greater Perth area) using data from 2009/10 to provide an estimate for 2020/2021. This 

also takes into account the opening of Fiona Standley Hospital (FSH), which is also 

considered to be a quaternary hospital (i.e. level 6), and the downgrading of Royal Perth 

Hospital (RPH) from level 6 to 5. According to this report, it is estimated that RPH’s stroke 

admissions will decrease by 53.0% (i.e. from 462 admissions in 2009/10 to 156 in 

2020/2021). Furthermore, SCGH’s admission rate will eventually decrease by 7.8% (from 

530 admissions in 2009/10 to an estimated 448 in 2020/2021). However, it is important to 

note that during the transition period when RPH services were relocated to FSH (February 

2015), SCGH’s stroke admissions were expected to temporarily increase two fold. 
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1.2 Acute Stroke Management  

In Australia, the NSF defines acute stroke care as the first two weeks post-stroke, subacute 

care from two weeks to two months, and chronic stages as any period after six months 

post-stroke.9,10 According to the Australian Institute of Health and Welfare (AIHW),11 

stroke care continues to pose a significant financial burden on patients and their families 

(i.e. loss of income), the health system, and on age care services.11 Therefore, despite the 

widespread implementation of evidence-based practice (EBP) in stroke care, more 

effective rehabilitation interventions must aim to promote maximum recovery in the 

acute phase and prevent costly complications and subsequent strokes.11,12  

The NSF 2010 clinical guidelines for stroke management13 recommend hyper-acute care 

with services that include pre-hospital emergency service protocols such as early 

notification by paramedics, high priority transportation and triage, prompt referrals from 

Emergency Department (ED) to stroke specialists (i.e. acute stroke team) and rapid access 

to imaging and early interventions such as thrombolysis and/or thrombectomy, 24 hour 

monitoring in a stroke unit or high dependency unit, a multidisciplinary specialist team 

including neurologists, neurosurgeons, interventional radiologists, specialist nurses and 

allied health staff.13  

1.3 Stroke Rehabilitation 

The 2013 Rehabilitation Stroke Services Framework10 defines stroke rehabilitation as “... 

a proactive, person-centred and goal-oriented process that should begin the first day 

after stroke. Rehabilitation should be timely, equitable and comprehensive and have as 

the ultimate aim that the person with stroke will maximise their function, ideally return 

to the community, and achieve the highest possible level of independence – physically, 

psychologically, socially and financially.”10(page 3)  However, most current national audit 

reports7,14 provide evidence that stroke care in Australia is yet to match this definition.  

For instance, the 2012 National Stroke Audit – Rehabilitation Services Report14, estimated 

that out of the annual 50,000 new and recurrent strokes, only 6,000-6,500 were admitted 

for rehabilitation across Australia in 2011.14 Furthermore, the 2011 NSF National Acute 
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Services Clinical Audit Report7 showed that only 51% of patients discharged from an acute 

facility had access to some type of rehabilitation.7 

Although guidelines exist to direct general stroke care, there is however, a smaller 

evidence-base to guide rehabilitation, in comparison to medical care and stroke 

prevention. The 2010 NSF guidelines13 and the 2013 Rehabilitation Stroke Services 

Framework10 recommend that rehabilitation should begin on the first day after stroke, 

and include a minimum of one hour daily practice at least five days per week, impairment-

based interventions, and high-intensity training, all tailored to individual activity and 

participation levels; in addition to adopting a whole person approach including addressing 

physical, social and spiritual dimensions.10,13 Furthermore, it is highly recommended that 

stroke rehabilitation takes place within a geographically defined unit, staffed by a stroke-

trained multidisciplinary team.10 

Recovery of the UL after stroke is particularly poor and UL dysfunction continues to pose a 

significant burden on many patient’s function and quality of life.15 Despite evidence-based 

acute stroke care, it is estimated that only about 40% of stroke survivors with hemiplegia 

regain some use of their UL, whereas 5% to 20% achieve complete functional UL 

recovery.16 Furthermore, 20% of all stroke survivors show significant language 

impairment17,18 and 30% are seriously affected by neglect.19 The evidence indicates that 

after a stroke, most of the recovery of sensorimotor function on the hemiplegic side 

occurs in the first eight weeks and continues until up to 12 weeks;20,21 furthermore, the 

evidence suggests that a fairly accurate prediction of likely recovery of the UL can be 

made within four weeks post onset.21-24 

1.4 Adjuvant Technologies in Stroke Rehabilitation 

In spite of the therapists’ best efforts to provide effective rehabilitation, the evidence 

suggests that we are still not spending enough time in UL rehabilitation.25,26 For instance, 

a recent systematic review of the literature on physical activity in hospitalised stroke 

patients reported that a median of 16% of therapy time was spent on UL specific 

treatments.25 The literature is yet to reach an agreement on best practice for UL 

rehabilitation post-stroke, and most importantly the clinical reality of UL rehabilitation in 
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acute stroke care is in sharp contrast to the evidence illustrating the importance of 

individualised, progressive, high-intensity, task-specific UL training.27-31  

However, some novel interventions such as Non-Invasive Brain Stimulation (NIBS) have 

emerged as adjuvants to ‘standard therapy’ post-stroke to augment spontaneous recovery 

and the effect of UL rehabilitation. The use of NIBS has been explored over the past two 

decades as an adjuvant therapy in various psychological and neurological conditions such 

as depression, appetite disorders, neuropathic pain, cerebral palsy, stroke, Parkinson’s 

disease, epilepsy, spinal cord injury, traumatic brain injury, dysphagia, and focal hand 

dystonia.32 

Non-Invasive Brain Stimulation in stroke is mainly applied in order to ameliorate the 

imbalance in interhemispheric inhibition, and the impact of this on recovery of the stroke 

affected arm.33-37 Interhemispheric inhibition refers to the balanced interaction between 

the two cortical hemispheres that can be disrupted after a stroke. In some cases, the 

‘healthy’ or contralesional hemisphere exerts an unopposed inhibitory influence onto the 

‘affected’ or ipsilesional hemisphere which has been shown to interfere in the recovery 

process.38 Following the widespread acceptance of the concept of ‘interhemispheric 

competition’,39 NIBS techniques have been used to assist stroke rehab in two ways: 1) to 

induce inhibition of the unaffected primary motor cortex (M1) or 2) to facilitate the 

excitability of the affected M1.40 The two most commonly used adjuvant NIBS techniques 

are transcranial magnetic stimulation (TMS) and transcranial direct current stimulation 

(tDCS).40-46 These stimulation methods will be detailed in the Review of Literature chapter. 

In regard to stroke, tDCS has been shown to augment the recovery of UL movement and 

function in chronic47 and subacute stroke cohorts36; however, there is very limited 

research on the implementation of tDCS plus UL rehabilitation in the acute stage post-

stroke. 37 Thus far the evidence suggests that tDCS application in acute stroke cohorts is 

safe.37 However, this evidence is based on anodal (excitatory) tDCS (atDCS) application to 

the stroke-affected cortex. To date, only one previous study36 has reported on the effect 

of cathodal (inhibitory) tDCS (ctDCS) to the contralesional hemisphere in an acute to 

subacute stroke population.36 Since time post-stroke in this study ranged from 7 to 85 

days (mean 25.6 days); this might not be considered a truly ‘acute cohort’. This study 
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included 18 individuals, randomised into anodal, cathodal and sham tDCS groups; 

consequently the group sizes were small which limits the conclusions that can be drawn 

from these data.  Furthermore, the potential clinical application of tDCS in stroke, 

specifically to augment UL functional recovery, and the long-lasting therapeutic effect of 

this approach are yet to be confirmed. Researchers have recommended further clinical 

trials to determine effective rehabilitation protocols, including the type of therapy which 

NIBS is best coupled with, and, to identify suitable cohorts for this approach.37  
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2. Review of Literature  

 

This review of the literature is inclusive of relevant literature published up until June 2015. 

This chapter will focus on neuroplasticity post-stroke, mechanisms of motor recovery, and 

UL rehabilitation post-acute and subacute stroke; as well as providing an overview of 

NIBS, in particular tDCS application, efficacy, safety and feasibility, mechanisms of effect 

including tDCS-induced neuromodulation and future directions for clinical trials.   

2.0 Neuroplasticity Post-Stroke 

Motor recovery after stroke is directly correlated to neuroplasticity, which refers to the 

brain’s ability to form new neuronal interconnections (synaptogenesis), acquire new 

functions, and compensate for impairment.48 Reorganisation is induced by neuroplastic 

changes such as the modulation of neural activation within the remaining motor pathways 

in order to maximize neural resources for motor recovery and hence restore function.48-50  

Recently, Buma et al (2013)51 introduced a ‘theoretical phenomenological model’ that 

explains the processes involved in skill reacquisition after stroke. This model suggests that 

the processes underlying skill reacquisition involve intricate interactions between (1) 

compensatory mechanisms influenced by the structural changes that occur after stroke, 

and their interaction with spontaneous recovery and learning-dependent re-organisation; 

and (2) underlying neuronal mechanisms such as spontaneous recovery, motor map 

reorganisation, synaptogenesis, axonal sprouting, and alleviation of diaschisis.51 The 

following sections expand on these neuronal mechanisms of recovery after stroke.  

2.0.1 Spontaneous Recovery and Short-Term (Initial) Motor Map Reorganisation  

Structural reorganisation occurs after ischaemic (M1) stroke, around the infarcted area 

and including remote cortical areas within both hemispheres which share networks with 

the infarcted tissue.48 Animal studies47,51,52 suggest that this reorganisation is correlated 

with partial or complete recovery of motor function;48,52,53 and support the neuronal 

mechanisms for repair and regeneration outlined by Buma et al (2013).51  

Nudo and Milliken (1996)54 studied the reorganisation of motor maps after surgically 

induced brain lesions in squirrel monkeys. An estimated 30% of the digit representation in 
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M1 was lesioned. The monkeys were observed to spontaneously recover without any 

therapeutic intervention. Furthermore, functional magnetic resonance imaging (fMRI) 

confirmed that at one month post lesion, the digit representation was decreased in size by 

more than 50%, and after four months it was still reduced by 25%; concurrently, an 

enlargement of the representation of elbow and shoulder was also observed.54 Therefore, 

these authors concluded that even small ischaemic M1 lesions can induce a significant 

reorganisation of the cortical network in the peri-infact cortex (PIC).54   

 

Furthermore, in a subsequent study, Nudo et al (1996)55 reported that the shrinkage of 

the hand representation was prevented by training which consisted of restricting the use 

of the unaffected hand, and therefore, encouraging the use of the affected hand.55 This 

therapy, now known as constraint-induced movement therapy (CIMT),56 was first 

developed by Taub et al (1993).56  

 

In addition to Nudo’s work,55 Barbay et al (2006)57 reported that the positive correlation 

between the effects of training and the degree of cortical reorganisation depends on the 

timing of training. For instance, if training commenced later than one month post 

lesioning, shrinkage of the cortical hand area still occurred despite training.57 Therefore, 

these authors concluded that there is a critical time window during the first few weeks 

post-ischaemic stroke in which spontaneous reorganisation in the M1 network occurs and 

that this spontaneous recovery can be influenced by neurorehabilitation.57   However, it is 

important to note that despite cortical changes observed in Nudo et al’s study,55 the 

untrained monkeys, had spontaneous recovery of hand function and showed similar 

impairments in comparison to the trained group.55  

 

Conversely, in rodent studies58,59 training had a positive effect on functional recovery as 

well as somatotopic changes in the cortex,58 and greater training effects in skilled forelimb 

reaching ability were seen when training was started early (i.e. day 5 post-lesion/stroke 

compared with 30 days post lesion).59 Other researchers attribute these inter-species 

differences to methodological reasons such as lesion size and method of assessment of 

motor function.48  
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Cortical reorganisation has also been demonstrated in clinical populations. For instance, in 

a much earlier study, Traversa et al (1997)60 studied cortical reorganisation in 15 people 

with cortical and subcortical strokes (10 men, mean age 62.6 years, average time since 

stroke two months) and 15 age-sex matched healthy controls (6 men, mean age 58.1 

years).  TMS was used to measure motor maps by recording motor evoked potential 

(MEP) amplitude corresponding to the abductor digiti minimi muscle (ADM) of the 

affected hand. Initial assessments showed smaller ADM representation in the ipsilesional 

hemisphere compared with the contralesional side in the stroke group; whereas there 

were no significant variations in MEP amplitudes induced by TMS of either hemispheres in 

the control group. 

 

All stroke participants underwent an 8-10 week rehabilitation training program based on 

Bobath therapy. The stroke group showed longer latencies in affected hand MEPs at both 

pre and post-training assessments (p < .001), with a significant decrease in motor output 

area of the ADM muscle (P < .05) in pre-training assessments, in comparison to the control 

group and the unaffected UL. However, the ADM representation was significantly 

enlarged (p < .05) post rehabilitation, which correlated with motor function improvements 

of the affected hand. The MEP excitability threshold was significantly higher in the 

affected hand in the stroke group, in comparison to the control group and the unaffected 

UL (p < .001); although excitability threshold was not significantly different between 

normal subjects and the unaffected hand. There was a significant post-rehabilitation 

improvement in the Canadian Neurological Scale hand assessment (p < .001, scores of 

0.43; pre-training and 0.9 post-training) and the Barthel Index scores (p < .001).              

The authors60 concluded that, in a subacute stroke population (two to four months post-

stroke), significant reorganisation of the motor pathways can continue, which is evident 

by the enlargement of motor maps and increased MEP amplitudes in the experimental 

group. They also acknowledged that motor maps may shift and therefore not correspond 

to their ‘usual’ site, in this case the usual location of the ADM muscle in M1.60 
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In conclusion, there is strong evidence that ischaemic strokes result in spontaneous 

reorganisation in M1 networks involving the PIC and beyond.48 Animal studies have 

established that this reorganisation takes place within the first four weeks post-stroke, 

also known as the ‘remodeling phase’. During this phase cortical networks are particularly 

sensitive to rehabilitative interventions, which enhance synergistic effects on 

neuroplasticity, more specifically when rehabilitation coincides with spontaneous 

reorganisation.48,60 Furthermore, the evidence suggests that the acute phase of recovery is 

a crucial time, and offers a short window of opportunity, to achieve training-induced 

plasticity and induce structural changes.48,61 Clinically, the majority of stroke survivors 

demonstrate a certain amount of spontaneous neurological recovery.62 The literature 

suggests that the spontaneous rate of recovery of motor function is at its peak in the first 

months,21,62 and it is thought to continue up to 10 weeks after stroke,21,63 followed by a 

plateau period.62,64   

2.0.2 Short-Term Structural Plasticity in the Peri-Infarct Cortex (PIC) 

The PIC is particularly important for functional recovery post-stroke.48 Short term 

structural changes within the cortical micro-circuitry such as dendritic remodeling, 

synaptogenesis and axonal sprouting, which have been studied in both animal and human 

models, are elaborated below.48 

2.0.2.1  Dendritic Remodelling and Synaptogenesis  

Animal studies65-67 in M1 stroke-induced models, have shown extensive dendritic 

remodeling (i.e. dendritic tip growth and retraction),65 and synaptogenesis in the apical 

arbors in layer V pyramidal neurons (PMN), which is the area closer to the infarct border 

within the PIC. Mostany and Portera-Cailliau (2011)66 reported that the extent  of 

dendritic remodeling was reduced in the area furthest away from the infarct border, and 

noted that the reduction of dendritic arbors (spine density) occurred within this region in 

the first three months after stroke.66 Likewise, in an earlier study, Brown et al (2008)67 

reported that mice models showed a rapid  decrease (38%) of spine density in the PIC at 

24 hours post-stroke.67 However, the authors reported that after six weeks, an increase in 
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spine turnover rate was observed in apical dendrites of layer V PMN, which eventually 

returned to baseline spine density.67  

 

Other researchers48,68 have postulated that the reduction of dendritic arbors  furthest 

from the lesion could be a consequence of a lesion-related decline  in afferent signals, 

therefore, resembling  the diaschisis phenomenon.48,68  

2.0.2.2  Axonal Sprouting 

Structural modifications within the cortical microcircuitry are not limited to dendritic 

remodeling and synaptogenesis.48 Animal experimental stroke models have shown that 

axonal sprouting also begins from day one post-acute central nervous system (CNS) insult, 

and occurs over three main stages known as: ‘early phase’ (day 3- 7)52, ‘growth phase’ 

(day 14-18)52 and ‘maturation phase’ (day > 18).52,69  

 

In adults without neurological injury, axonal sprouting is usually inhibited by three types of 

inhibitory proteins: (1) extracellular matrix proteins such as tenascin and chondroitin 

sulfate proteoglycanes, whose main role is to form perineural networks, (2) myelin-

associated proteins such as Nogo A and myelin-associated glycoprotein, and (3) 

developmentally associated growth-cone inhibitory proteins such as ephrin and 

semaphoring molecules.70  Animal studies have shown that apoptotic cell death and gliosis 

takes place around the core infarct region. Consequently, growth-promoting and 

inhibitory genes (e.g. GAP43 and CAP23) are over-expressed, resulting in the induction of 

the axonal growth cone (‘early phase’).52 Meanwhile, further away from the core infarct, 

in the gliotic scar region, inhibitory perineuronal networks degrade due the inflammatory 

response and formation of free radicals, therefore facilitating axonal sprouting.71 This is 

also known as the ‘growth phase’ where axonal-growth-promoting genes (e.g. cell 

adhesion molecule L1 and embryonic tubulin isoform Tα 1) are upregulated, and inhibitory 

genes are downregulated.52 Consequently the gliotic scar region is also known as a 

‘growth-permissive zone’. 52,53,71 This phase is followed by the upregulation of genes 

promoting cytoskeleton reorganisation (e.g. SCG10 and SCLIP), also known as the 
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‘maturation phase’.52,69 There is evidence in rats that after day 21 post-stroke, the new 

axonal projections can be histologically detected within the PIC.69  

 

In essence, following a stroke, a cascade of growth-promoting gene expression is induced, 

therefore enabling the formation of new axonal projections. This phenomenon of gene 

expression is specific to post-stroke reorganisation, and differs from axonal growth during 

normal development and even recovery from peripheral nerve injury.48 The literature 

reports that the sequence of events or stages is age-dependent.48,72 For instance in aged 

rats, growth-promoting gene expression occurs later, and growth-inhibiting expression 

takes place earlier compared to younger rats.72 It is postulated that such differences in 

gene expression and remodeling patterns could be the reason for less favorable outcomes 

in elderly stroke patients.48    

2.0.3 Longer-Term Structural Plasticity beyond the Peri-Infarct Cortex (PIC)  

It has been reported that other brain regions such as the non-primary motor cortices are 

involved in reorganisation and motor recovery post-stroke in animal73-76 and human77-79 

models.  

Frost et al (2003)73 induced lesioning (>50% damage) to the M1 hand representation of 

squirrel monkeys. Three months post lesioning intracortical microstimulation (ICMS) 

showed an enlargement of the hand representation of the ventral premotor cortex (PMv) 

and the magnitude of enlargement was proportional to the shrinkage of the affected M1 

hand area.73 Conversely, Dancause et al (2006)75  found that smaller lesions (<50% 

damage) to the M1 hand representation, that caused mild UL impairment, lead to 

shrinkage of the PMv hand representation on the ipsilesional side.75  The PMv is strongly 

interconnected with M1 and it is thought to contribute to sensory guidance of movements 

and preparation of movement.48 Studies have found that the PMv is involved in the 

recovery process post-stroke in both animal74 and human79 cohorts. Furthermore, Luft et 

al (2004)80 reported that movement-related activation in PMv is increased after repetitive 

bilateral UL training, with associated improvements in arm function in patients with 

chronic stroke. Therefore, suggesting that the PMv contributes to recovery when M1 

reorganisation is not possible such as in larger and more severe lesions.80  
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Following a subsequent study by this group, Whitall et al (2011)81 reported that bilateral 

arm training coupled with rhythmic auditory cueing (BATRAC) was also associated with 

improvements in UL function; and that, compared to dose-matched bilateral UL exercises, 

the mechanisms and CNS structures involved in post-training reorganisation were quite 

different.81  BATRAC was associated with improvements in UL function, and significantly 

greater increase in activation of the superior frontal gyrus in the contralesional 

hemisphere, more specifically, in the supramarginal gyrus and anterior cingulate cortex 

(ACC) compared to those receiving the control treatment. However, Whitall et al (2011)81 

stated that BATRAC is not superior to dose-matched bilateral exercises with respect to 

improving limb function.81 

 

Post-stroke reorganisation does not occur only within the PMv, new projections also 

extend to connections between other cortical areas such as the Primary Somatosensory 

Cortex (S1).64 Researchers believe that these newly formed PMv-S1 connections 

compensate for interrupted S1-to-M1 projections, and therefore improve the functional 

coupling between sensory and motor areas.48,64 

 

In more severe strokes with extensive M1 and PMv damage, cortical reorganisation has 

been shown to be more reliant on activation of the supplementary motor cortex (SMA).82 

Eisner-Janowicz et al (2008)82 induced large strokes of the distal forelimb representation 

in M1 and PMv in squirrel monkeys, and reported an expansion of the hand 

representation in the SMA according to ICMS measurements. The amount of expansion 

was proportional to the size of the lesion, and was positively correlated with post-lesional 

functional recovery.82 In conclusion, the evidence shows that reorganisation in secondary 

motor areas such as PMv,73,80 S164 and SMA82 are involved in the process of recovery that 

occurs post M1 lesion or stroke.48 
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2.0.4  Structural Plasticity in the Contralesional Hemisphere  

After a stroke, the contralesional hemisphere also undergoes significant reorganisation.48 

Animal studies have reported an expansion of PMN dendrites in layer V of the 

contralesional M1, followed by dendritic pruning.83 Human studies84,85 involving fMRI and 

PET imaging, revealed an activation of the contralesional hemisphere during attempted 

movement of the stroke affected UL, mainly within the first days to weeks post-stroke.84,85 

However, the literature reports that brain activation during movement of the affected UL 

shifts towards the ipsilesional hemisphere in individuals with good motor recovery. 

Therefore, the persistence of contralesional activation is associated with poorer 

recovery.85,86 Some researchers have argued that bilateral UL training evokes 

contralesional premotor activation which is associated with more favorable rehabilitation 

outcomes.61,48,81 Hence the functional role of the contralesional hemisphere, and its 

contribution to recovery after stroke, are still a source of debate amongst experts in the 

field. It has been postulated that temporary involvement of the contralesional hemisphere 

may be necessary during the early stages of recovery, particularly from more extensive 

lesions.48,80 Therefore, careful consideration is essential when selecting appropriate 

participants in clinical trials, most importantly, in clinical trials applying NIBS as an 

adjuvant to therapy. For instance, the application of a ‘suppressive’ or ‘inhibiting’ 

stimulation to the contralesional M1 is thought to be contraindicated for patients with 

complete UL paresis; as the literature suggests that these patients rely on the 

contralesional pathways to activate remote and affected brain regions, therefore, if these 

pathways are further inhibited this could lead to deleterious effects and diminish the 

chances of recovery.87,88 The literature, however, is yet to determine the exact time frame 

within the acute and subacute stages of recovery in which suppression of contralesional 

activity might no longer be detrimental.   

 

In summary, the extent and nature of cortical reorganisation and hence motor recovery is 

dependent on stroke severity and brain regions beyond the M1 are known to contribute 

to the recovery process. In severe strokes, the contralesional hemisphere plays a key role 

in facilitating motor recovery, and therefore, rehabilitation needs to be tailored in order to 

enhance this effect. Bilateral UL training has shown to be a beneficial approach to improve 
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UL function and increase activation in the contralesional hemisphere. Conversely, less 

severe strokes benefit from rehabilitation approaches aimed at balancing the activity 

between both hemispheres.  

 

2.1 Mechanisms Underpinning Motor Recovery Post-Acute Stroke  

2.1.1 Interhemispheric Inhibition (IHI) 

The corpus callosum is considered to be the major white matter tract that connects the 

cerebral hemispheres, and its main function involves the interhemispheric communication 

of sensory, motor and higher-order information between hemispheres, as well as the 

coordination of bimanual movements.89 In the healthy brain, neural activity in the motor 

areas of both hemispheres is functionally coupled and equally balanced in regards to 

mutual inhibitory control.89 For instance, unimanual movements are associated with 

enhanced neural activity in, for the most part, contralateral motor areas and increased 

inhibition from the activated contralateral motor areas towards homologous areas in the 

ipsilateral hemisphere. This phenomenon is known as ‘lateralisation of neural activity’ and 

is most likely to be related to the IHI between motor areas, exerted via transcallosal 

connections. The end result is the inhibition of motor areas ipsilateral to the moving hand, 

hence, reducing muscle activity in the resting hand.38,89  

 

Stroke can lead to maladaptive neural activation patterns, with disruption of the 

interhemispheric interactions in the transcallosal inhibitory connections between motor 

areas in both hemispheres.89 These stroke-induced changes are considered as one 

possible reason for the frequent observation that neural activity is often increased in the 

motor areas of the contralesional hemisphere following ischaemic stroke.              

Therefore the term ‘interhemispheric competition’ refers to the phenomenon that can 

occur following a subcortical stroke for instance in the left hemisphere, resulting in a 

sensorimotor deficit of the right hand.90 The M1 of the unaffected hemisphere may 

become disinhibited and exert enhanced transcallosal inhibition onto the M1 of the 

affected hemisphere, which dampens motor recovery of the affected hand and 

exaggerates the deficit already caused by the damage to the corticospinal fibres.91  
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The literature suggests that, in chronic stroke cohorts, the amount of transcallosal 

inhibition exerted from the unaffected on the affected hemisphere is positively correlated 

with the severity of functional impairment in the affected hand.38,47,91 This phenomenon is 

often referred in the literature as the  ‘interhemispheric competition model’.38,44  

2. 1.2 Diaschisis 

The concept of diaschisis was initially described in 1914 by Constantin von Monakow, a 

Russian-Swiss neuropathologist.51,68 Diaschisis (from the Greek meaning “shocked 

throughout”) has been simply described as the cerebral counterpart of spinal shock; 

referring to a sudden functional change in the brain structures remote from the site of 

focal lesion.92,93 Scientists consider diaschisis as underpinning one of several theories of 

functional recovery.92 Feeney and Baron (1986)92 described the classical components as 

follows: “... a) vicariation - the taking over of functions of the damaged area by regions 

not originally involved in the performance of lost behaviour, b) redundancy-recovery 

based upon uninjured neurons that normally contribute to that behaviour, i.e. the 

distribution of a function throughout the cerebral cortex, c) behavioural substitution – the 

learning of new behavioural strategies to compensate for the deficit, d) recovery from 

diaschisis – the temporary function of “shock” or deactivation of intact brain regions 

remote from but connected to the area of primary injury.”92(pages 817-8)  

 

Diaschisis is brought about acutely by changes in neurotransmitter availability, and 

chronically by degeneration of cortical pathways.93 The re-routing of networks after a 

cortical stroke is initially delayed due to the loss, or reduction, of networks associated with 

the affected cortex. However, scientists argue that the delay in network recovery, might 

also be attributed to the disruption of electrophysiological activity, cerebral blood flow 

(CBF), and metabolism within the ischemic penumbra and beyond the PIC.92 Therefore, 

leading to complications such as tissue oedema, increased intracranial pressure (plus or 

minus mass effect), diffusion of toxic waste products from necrotic tissues, neuronal cell 

death, and in some cases the extension of ischaemic necrosis to subcortical white matter, 

resulting in impaired ipsilesional cortical function i.e. damage to afferent and efferent 

axons.92,93  
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2.1.3 The Impact of Glial Cells on Stroke Recovery  

Glial cells have an active role in brain function and homeostasis, they also modulate 

neurotransmission, and control blood flow to regions of brain activity.94 Astrocytes (a type 

of glial cell) respond to neuronal activity by releasing neurotransmitters that modulate 

synaptic activity.94 Animal studies95-97 have reported that brain injury triggers a glial 

response, also known as reactive gliosis and glial scar formation.95-97 This response is 

known to increase the expression of particular markers such as glial fibrillary acid protein 

(GFAP) for astrocytes, numerous extracellular matrix molecules (ECM) such as chondroitin 

sulphate proteoglycans (CSPG) and microglia. Glial scar formation around the injured brain 

tissue only occurs in severe cases.95-97 A more recent study by Huang et al (2014)98 

confirms that reactive gliosis and glial scar formation also occurs in the human brain after 

ischemic stroke.98 This study reported increased expression of GFAP, ED-1/activated 

microglia and CSPG in the cortical peri-infarct area post ischaemic stroke.98 

 

In summary, the corpus callosum maintains communication of sensory and motor 

information, and coordination of complex movements between hemispheres. This balance 

is disrupted after a stroke, and can result in aberrant overactivity in the contralesional 

hemisphere, therefore obstructing recovery of the affected side. Meanwhile, other 

mechanisms of recovery and reorganisation take place such as diaschisis, which plays an 

important role in functional recovery by recruiting undamaged brain regions to 

compensate for the loss of cortical activity, and therefore restore homeostasis. Glial cells 

also contribute to this homeostasis, i.e. glial response, by modulating neurotransmitters, 

controlling blood flow to active brain regions, and in severe cases by glial scar formation. 

Therefore, it is important to understand the pathophysiology underpinning stroke 

impairment on an individual basis, which may assist clinicians to accurately predict 

functional recovery, and therefore tailor rehabilitation programs accordingly.  

2.2 Patterns of UL Recovery Post-Stroke 

Overall, it has been established that the main predictors for re-entering normal 

professional and private life are impairment of hand function and aphasia.45 In addition, as 

identified earlier, a window of optimal CNS responsiveness is present early post-stroke, 
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where spontaneous recovery can be augmented by appropriate training.48,57,60,61 

Therefore, the earlier UL therapy begins, the greater the likelihood of more favourable 

patient outcomes, in particular UL rehabilitation must be maximised in the early weeks 

post-stroke,71 in order to promote functional recovery, independence, and improve 

quality of life in people with stroke; hence, decreasing the burden of care within families 

and the healthcare system. A number of prognostic indicators have been developed to 

identify those who are more likely to make a significant improvement of their stroke 

affected arm, which can help to direct their care as well as guiding patient and carer 

expectations about recovery.22,23,99-104 For instance, according to Kwakkel et al (2003),22 

the absence of LL voluntary control of movement one week post-stroke, and the failure of 

UL dexterity or synergies to emerge at four weeks, is associated with poor functional 

outcomes at six months post-stroke.22 

2.2.1 Measurements and Predictors of UL Recovery Post-Stroke 

Following ischaemic stroke, the UL generally makes a poorer recovery than the lower 

limb.16,22 In regard to longer-term predictors of UL recovery, initial severity of deficit is 

seen to be important. At six months post-stroke, 60% of patients with initially severe to 

complete UL paresis have not achieved full dexterity,22,99 whereas 71% of patients with 

initially mild to moderate UL paresis have achieved some dexterity and therefore this sub-

group have a significantly better prognosis for recovery.100 Furthermore, distal motor 

function, in particular the presence of residual active finger extension, has been 

considered to be an accurate predictor for regaining dexterous hand function at six 

months post-stroke.100,105-107 Nijland et al (2010)100 examined the sensitivity and specificity 

of voluntary finger extension and shoulder abduction, within the first 72 hours post-

stroke, as prognostic indicators of recovery of manual dexterity six months post-stroke. 

These authors developed a tool known as the ‘sum of shoulder abduction and finger 

extension’ (SAFE) score, which can be easily administered at the bedside. Shoulder 

abduction and finger extension impairment are graded using the Medical Research 

Council scoring system and scores are then summed, providing a SAFE score of 0 to 10.100 

Nijland et al (2010)100 reported that if both of these movements were present within 72 

hours post-stroke, there was a 98% probability of recovery of some manual dexterity; 
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whereas if these two movements were absent at 72 hours, the probability of recovering 

some dexterity within six months is reduced to 25%. Furthermore, if neither movement 

was possible five days post-stroke, the possibility of recovery of hand function decreases 

to 14%.100 

 

Early estimation of functional recovery is essential in order to aid selection of the most 

appropriate interventions, to provide patients and their families with a realistic prognosis, 

and most importantly to select adequate and individualized rehabilitation pathways. The 

ability to prognosticate is important because therapists are often faced with the task of 

‘triaging’ therapy according to the amount of expected recovery and therefore decisions 

on rehabilitation versus placement are often made in the acute rehabilitation setting. 

There is recent evidence to support the premise that early ‘triaging’ of post-stroke 

pathway based on prediction of UL recovery is effective and reliable.23 For instance, the 

predicting recovery potential (PREP) algorithm23 for UL recovery has been shown to 

accurately predict UL recovery potential, by successively combining  clinical assessments, 

as early as 72 hours post-stroke, with neurophysiological and neuroimaging measures 

within the first 10 days after stroke.102 The PREP algorithm was originally used to assess 

the correlation between corticospinal tract (CST) integrity assessed by fMRI, and the 

asymmetry in fractional anisotropy (FA) of the internal capsules, measured by diffusion 

tensor imaging (DTI), as well as functional outcomes in chronic stroke patients.108 The 

PREP was subsequently modified to predict an individual’s potential for UL recovery at 12 

weeks in acute and subacute cohorts; and has shown to have specificity of 88%, sensitivity 

of 73%, a positive predictive power of 88%, and a negative predictive power of 83%.23  

This algorithm aims to guide the order of assessments and improve predictive accuracy for 

recovery of motor function and clearly illustrates the progression from simple bedside 

functional assessments to more complex predictive measures.102,109 The algorithm begins 

with the SAFE score,100 a score of >8/10 categorises patients as ‘predicted complete 

recovery’. Patients with lesser scores proceed to secondary neurophysiological measures 

such as diagnostic TMS assessing the functional integrity of descending motor pathways of 

the affected UL by measuring for the presence or absence of MEPs, and if required, 

neuroimaging assessments of the motor cortex integrity, including diffusion-weighted MRI 
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to measure asymmetry index of FA of the posterior limbs of the internal capsules (PLIC).108 

The PREP algorithm may be used to guide patient and therapist expectations, target 

treatment approaches more appropriately and to set individualized rehabilitation goals.102 

However, there are significant limitations with the use of this tool as TMS and diffusion-

weighted MRI may not be routinely accessible. A study by Puig et al (2011)103 concurred 

that assessment of CST integrity is valuable when predicting motor outcomes after 

stroke.103 These authors reported that compromised integrity of the PLIC within 12 hours 

after stroke, was strongly correlated with UL and LL impairment at 90 days.103 

 

Although these studies23,103 highlight the value of assessing CST integrity, the evidence 

suggests that alternate motor pathways might also be involved in motor recovery post-

stroke. Human imaging data, suggest the corticorubrospinal and the corticoreticulospinal 

pathways as plausible alternate motor tracts involved in motor recovery in chronic stroke 

cohorts.110 These data also suggest that structural damage of the ispilesional CST and 

ispilesional alternate motor tracts;104 as well significant damage in the corpus callosal 

fibres connecting both M1s,110 are strongly correlated to poor UL motor function.104,110 

Furthermore, alternate contralesional corticoreticulospinal pathways are thought to 

contribute to proximal UL recovery, for the most part when the ipsilesional CST has been 

severely damaged.88 Therefore, careful prognostication of recovery is required with 

individuals with severe motor UL impairment after stroke, in order to maximise recovery 

and tailor rehabilitation towards prevention of further impairment.  In summary, these 

studies point out that the integrity of motor pathways (CST, 81,92 Corticoreticulospinal and 

corticorubrospinal tracts93,94) in both hemispheres should be considered when predicting 

motor recovery after stroke. Researchers in the field recognise that these data only 

highlight the usefulness of these assessments in chronic stroke cohorts, and that further 

studies are needed to explore the application of these assessments in the sub-acute stage 

of recovery.102 

 

In 2008, Kwakkel and colleagues111 developed a six year transitional research program 

named ‘The EXPLICIT-stroke program’ (‘Explaining PLastICIiTy after stroke’).111 The main 

aims of this program were: (1) to examine the effects of an intensive UL intervention 
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consisting of modified CIMT, neuromuscular electrical stimulation (NMES), and Bobath-

based therapy, with the goal to restore hand dexterity within two weeks post-stroke; and 

(2) to investigate the underlying mechanisms involved in the recovery of UL function 

occurring in the first six months after stroke.111 Similar to the PREP algorithm, this 

program also includes assessments of motor function (Action Research Arm Test (ARAT) 

score, FMUE, Erasmus modification of the Nottingham Sensory Assessment (EmNSA), Nine 

Hole Peg test (NHPT), and the Nottingham Extended ADL (NEADL) scale) and correlated 

these to clinical outcomes measured by fMRI, TMS, and DTI, and haptic robotics. The 

authors hope to provide answers to key questions, such as to what extent can therapy-

induced improvement be attributed to the restoration of function versus compensatory 

mechanisms.111 Trial results have been submitted and are currently under revision for 

publication (personal communication with Professor G. Kwakkel via electronic mail, July 

2015). 

 

In addition to the sophisticated predictive measures and programs, neurorehabilitation 

scientists recommend that the individualised capacity of a patient’s brain to recover 

motor function through neuroplasticity should also be considered as a prognostic tool.109 

Genetic factors can have a significant effect on neuroplasticity; for instance, it is well 

known that common polymorphisms of the gene for brain-derived neurotrophic factor 

(BDNF) are associated with decreased neuroplasticity112,113 and motor learning114 in 

healthy individuals. Variations in the genotype might have an important role in motor 

recovery.109 Genotyping offers the possibility of screening to assist prognosis of motor 

recovery and rehabilitation planning.109,115 A more detailed overview of the role of BDNF is 

provided in section 2.6.2 Physiology Behind tDCS-Induced Neuromodulation. 

 
Other researchers have taken a more functional approach to developing predictors of UL 

recovery post-stroke, such as the implementation of simple bedside assessments and 

consideration of factors such as age and stroke severity which can assist clinicians in 

making informed decisions on the most appropriate care pathways. A study by Kwah et al 

(2013),101 highlighted the use of simple bedside tools to assist prediction of UL recovery.  
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This study reported that factors such as age, and stroke severity (represented by National 

Institutes of Health Stroke Scale (NIHSS) score) can predict the likelihood of independent 

ambulation and UL limb function six months post-stroke.101  

 

Additionally, Houwink et al (2011) developed116 and validated117 the Stroke Upper Limb 

Capacity Scale (SULCS) that measures capacity and performance of arm movement in the 

context of UL function. This scale is simply based on data that can be obtained at the bed 

side and therefore has more clinical potential in comparison to the PREP algorithm and 

genotyping. The SULCS is based on the International Classification of Functioning, 

Disability and Health (ICF), which describes the term “activity” as a domain with two 

qualifiers: capacity, referring to the maximal level of execution of an activity and 

performance which refers to the actual performance on an activity in daily life in a 

standardized environment.116,117 More recent work118 by these authors concluded that the 

SULCS is sensitive to changes in proximal UL control in patients with little or no distal UL 

control. They reported that on admission, patients demonstrating some proximal UL 

capacity, described as the ability to slide an object across a table, have a reasonable 

chance of regaining some hand capacity in the long-term; whereas patients without such 

proximal UL control (i.e. SULCS score of zero or unable to take support on the affected 

forearm resting on a table) have a much poorer prognosis.118 Therefore, this tool may be 

used to discriminate between patients with a good chance of developing use of the UL 

versus those with reduced chances of recovery of arm/hand function altogether. The 

authors also recommended that patients deemed as capable of improvement should be 

given the opportunity to participate in intense rehabilitation programs in order to 

enhance the likelihood of functional recovery.118 

 

During the acute rehabilitation period therapy is about building blocks of voluntary 

movement or enhancing capacity, and is not always linked to performance. The authors118 

argued that it is very difficult to assess, in the early stages of rehabilitation, what patients 

will do once they are in their own environment, consequently this determination is often 

left to subacute inpatient rehabilitation settings or evaluated in outpatient or home 

rehabilitation settings.118  Therefore accurate prognostication of potential for functional 
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UL use post-stroke is difficult in the acute environment as it is impacted upon by a range 

of biological and psychosocial factors.  

 

In summary, there are many prognostic indicators and tests that can be used to guide 

treatment and rehabilitation pathways, however, they operate at a ‘cohort’ level and do 

not take into consideration those individuals that do unexpectedly well or poorly. As 

already established in previous sections, many individual factors influence recovery after 

stroke and consequently treatment planning/clinical reasoning needs also to be 

individualised. Therefore it is imperative to differentiate and define therapeutic 

interventions which may be effective in the acute stages versus sub-acute and later stages 

of recovery from stroke.  

 

2.3 Upper Limb Rehabilitation Post-Stroke  

The main focus of this study was the management of physical deficits of the UL post-

stroke, and particularly to explore the role of novel treatments such as NIBS in 

augmenting traditional therapeutic approaches. This section provides a brief review of 

other approaches to UL rehabilitation that are described in the literature.  

Stroke can cause a diverse range of impairments; the most common, and of considerable 

clinical importance given their effect on UL function, are decreased motor control and 

range of movement (ROM), spasticity, loss of, or abnormal, cutaneous sensation and 

proprioception, secondary pain syndromes, perceptual disorders including motor 

dyspraxia, inattention / neglect, visual disturbances such as diplopia and homonymous 

hemianopia, and impairment of cognitive function, all of which can greatly influence the 

process of rehabilitation and functional outcome after stroke.15  

Stroke management has evolved considerably in the last century from management 

strategies that included bed rest and convalescence to the current emphasis on early and 

intensive rehabilitation.119 However, despite the delivery of evidence-based acute stroke 

care in most Western health services, two thirds of stroke survivors are left with persisting 

neurological deficits.2 People who have had a stroke may have significant decline in 
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function, independence, and participation in ADLs as well as work and recreation. 

Furthermore, these individuals frequently struggle with self-image and often experience 

isolation and depression.11  

Moreover, stroke can also have a devastating effect on families who shoulder the burden 

of care and may rely heavily on the health system for ongoing support.3 Therefore, 

effective rehabilitation interventions aimed to promote maximum recovery in the acute 

stages must be implemented in order to improve stroke outcomes, prevent secondary 

complications and decrease associated costs.11  

The literature has identified a ‘sensitive period’ after a stroke, in which almost all recovery 

from damage to the CNS takes place.20,21,48,57,60-63 This optimal recovery period occurs 

within the first three months in humans, and in the first month in rodents.20,61 

Impairment reduction is thought to occur during this very brief period immediately post-

stroke, which is characterized by a cascade of specific genetic, molecular, structural and 

physiological events.20 The underlying strategies that underpin recovery after stroke are 

known as restitution, substitution and compensation.15,120,121 Restorative (restitution) 

interventions aim to improve the functionality of damaged brain tissue i.e. reduction of 

impairment and restitution of movement patterns at pre-morbid states; substitution 

refers to the reorganisation of spared neural networks in order to assist re-learning of lost 

motor function; compensation or adaptive interventions offer alternative strategies to 

perform a specific task once motor skills have been irreversibly impaired.15,121 For 

instance, repetitive task-practice training is considered a restorative intervention, whilst, 

incorporating the use of an assistive device such a tool to grasp, could be considered 

compensatory or adaptive therapy.121 Therefore, the evidence suggests that acute and 

subacute rehabilitation should initially be aimed at restoring and improving motor 

output,121 as compensation can take place at any time post-stroke.20 However, depending 

on stroke severity and location, a substitution strategy may be the only option available to 

restore function; such as the involvement of analogous regions in the contralesional 

hemisphere.120 Hence, the importance of individualised rehabilitation programs based on 

clinical assessments that can reliably predict recovery, such as the PREP algorithm, and 

therefore assist therapists in clinical decision making regarding which strategy to 
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implement i.e. restorative versus adaptive interventions, congruent with acute, subacute 

and chronic stages of recovery.  

2.3.1 Measuring Recovery of UL Post-Stroke  

Therapists must select suitable measures to evaluate their practice and to monitor 

changes occurring during and after rehabilitation.122 It is recommended that before 

selecting an outcome measure therapists qualify what it is they are trying to influence.123 

This target or goal needs to be defined in one of two ways: (1) ‘operationally’, in terms of 

measurable and observable events; and (2) ‘constitutively’ by precise description of its 

meaning.123 The literature124 describes three types of measures developed for a range of 

reasons including: discrimination, prediction and evaluation measures.124 

Discriminative measures aim to describe individuals within a specific paradigm at one 

specific point in time, which allows therapists to distinguish between individuals who 

respond to treatment and those who do not. Predictive measures serve to predict a future 

outcome based on current circumstances; these measures do not allow measurement of 

change in response to the intervention. Evaluative measures are designed to measure 

change over time and must have exceptional reliability, validity, and responsiveness.124 

Validity and reliability are often given high importance in the literature; however, if an 

outcome measure is not sensitive to change then it is not very useful as an evaluative tool. 

Fitzpatrick et al (1998)125 described responsiveness in relation to sensitivity of the 

outcome measure to detecting change over time that is relevant and meaningful to the 

patient; however, in some cases this can be limited by a floor and ceiling effect.125 

Therefore, in research, a minimal clinical important difference (MCID) is often established 

to monitor change of impairment in relation to a specific population. The Rehabilitation 

Measures Organisation126 defines MCID as ‘the smallest amount of change in an outcome 

measure that might be considered important by the patient or clinician’126 and the 

minimal detectable change (MDC) is ‘a statistical estimate of the smallest amount of 

change that can be detected by a measure that corresponds to a noticeable change in 

ability.’126 
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In stroke rehabilitation, MCID values vary between chronic and acute/subacute cohorts. 

More specifically to the UL, there is an array of outcome measures currently being used in 

stroke rehabilitation literature, such as the Fugl Meyer Upper Extremity (FMUE) subscale, 

the Chedoke-McMaster Stroke Assessment (commonly used in WA), the Wolf Motor 

Scale, Motor Assessment Scale for Stroke, and the Jebsen-Hand Function Test amongst 

others. The FMUE was used in this thesis investigation because it is a well-established and 

recommended stroke-specific, performance-based impairment index measure.127 

Reliability and validity are established in subacute and chronic stroke cohorts.128 It is 

designed to assess motor functioning, sensation, joint functioning and pain in patients 

with post-stroke hemiplegia.127,129 It is applied clinically and in research to determine 

motor deficit and impairment classification (moderate to severe), describe motor recovery 

and functional gains, and to plan treatment and assess change over time. The MDC in 

current literature is described as a change between 5.2130 and 7.2131 points  based on 

people with chronic strokes. In addition, the most widely used MDC is a change of 6.6 

points. An MCID for the FMUE scale has not yet been established in acute stroke cohorts, 

however a change of 9 to 10 points in subacute132 and 4.25 to 7.25 points in chronic128 

strokes is widely used.  

2.3.2 Standardising Rehabilitation Approaches 

Clinical research often fails to describe the nature of ‘standard therapy’ in experimental 

studies. Whyte et al (2014)133 and Hart et al (2014)134 recognised the need to categorise 

and define rehabilitation interventions in order to provide a framework for researchers 

and clinicians.133,134 They have described components of ‘treatment theory’ as a three-

part structure: ingredients, mechanisms of action, and target.134 The ‘ingredients’ refers to 

the therapists’ approach to intervention i.e. active, passive and essential components of a 

specific intervention. ‘Mechanisms of action’ refers to how the intervention is expected to 

work on the ‘target’, which refers to the aspect of function that the treatment is intended 

to change.134  

The authors have developed a ‘rehabilitation treatment taxonomy’ (RTT)133 based on 

these components of  ‘treatment theory’134. The RTT is best described as a system of 

classification that enables the study of rehabilitation, accurate dissemination of 
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interventions, and training of novice practitioners, interdisciplinary communication, and 

research.133,134 This rehabilitation taxonomy can be likened to the evidence-based clinical 

algorithm developed by McDonnell et al (2013)135 which provides an EBP standardised 

approach, prescription, and progression to guide UL rehabilitation after stroke.135  

Likewise, in an earlier study, Rosewilliam et al (2009)136 developed the Action Medical 

Research Upper Limb Therapy (AMRULT) protocol based on an audit of most commonly 

used interventions in stroke rehabilitation.136 This protocol classified therapies as passive, 

active assisted, and active i.e. strengthening and functional tasks. The AMRULT protocol 

allows therapists to clearly document therapy content, and objectively document 

progression. This further addresses the issues of standardising therapy delivery and 

describing content and individualised progress both in clinical practice and research. 

Although developed as a clinical reasoning tool, the AMRULT protocol can also be adapted 

and implemented in clinical research.136  

The literature has identified gaps in reporting of non-pharmacological RCTs, and therefore 

addressed the issue by providing guidelines for trials implementing the use of devices, 

rehabilitation, behavioural interventions and others.137 The extended Consolidated 

Standard of Reporting Trials (CONSORT) statement137 provides a checklist of items 

including detailed description of interventions, procedures for individual tailoring of 

intervention to participants according to their environment, details of how therapists’ 

adherence with protocol was monitored, and explanation of any uncommon 

circumstances or modifications. The extended CONSORT statement provides a framework 

of reporting interventions beyond describing the actual experimental technique or device; 

also allowing researchers to perform critical appraisal of methodology, analysis and 

results.137 

In addition, other researchers have standardised rehabilitation approaches beyond 

therapy content, such as Wallace et al (2010),138 who developed a treatment protocol that 

standardised intensity of UL therapy in a cohort of individuals with chronic stroke.138 The 

protocol consisted of one hour of therapy per day for 10 consecutive working days, 

including four blocks of strength training and three blocks of functional task practice (i.e. 
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within hand manipulation of objects, power grip, and fractionated finger control).  The 

authors138 measured intensity with the Borg Rating of Perceived Exertion scale, and were 

able to grade exercise tolerance and task-specific practice according to each individual’s 

capacity rather than solely standardising treatment time. This study demonstrated that UL 

therapy can also be standardised in relation to intensity, rehabilitation can be tailored 

regardless of stroke severity, and the protocol was well tolerated by patients and 

therapists, and was feasible to administer in a multisite trial.138 This protocol is also goal-

orientated which allowed the implementation of individualised rehabilitation.  

Altogether, the CONSORT statement,137 AMRULT protocol, 136 the  evidence-based clinical 

algorithm135 and the intensity of UL therapy protocol138 add to a body of evidence that the 

content and intensity of UL rehabilitation can be standardised in a stroke population with 

various levels of impairment; furthermore, that it is feasible to implement such protocols 

in clinical and research practices.135-138  

2.3.3 Physiotherapy Approaches to Neurological Rehabilitation 

An individual therapist’s approach and experience is another crucial factor that can 

influence rehabilitation outcomes. Two of the most predominant approaches in 

neurological rehabilitation of stroke survivors are based on the Bobath concept122 and the 

Motor Relearning Program (MRP),139 the differences and similarities of which are often a 

point of discussion amongst therapists.140-143 The Bobath concept originated from the 

work of Berta Bobath, a physiotherapist, and Dr Karel Bobath, a physician.144 They 

developed an approach to the evaluation and treatment of children and adults with 

central nervous system lesions,145 which has evolved over more than 50 years.122 More 

recently this approach to rehabilitation has incorporated knowledge of motor control, 

motor learning, neural and muscle plasticity, and biomechanics in combination with 

individualised clinician’s experience, to formulate a treatment which takes patients’ needs 

and expectations into consideration.122,146 This approach emphasises facilitation of 

movement by the therapist using a clinical reasoning / problem solving approach to allow 

movement to occur which is efficient and goal based.146  
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On the other hand, the motor re-learning approach developed by Professors Janet Carr 

and Roberta Shepherd aims to enhance functional movement by practicing movements 

and tasks as a whole.147 This model of rehabilitation is based on scientific research in the 

areas of neuromuscular control, biomechanics, motor skill learning, neural and muscle 

plasticity in combination with an individualised client based treatment plan, in order to 

formulate a rehabilitation program which takes into consideration the patient’s needs and 

expectations.148  

2.3.3.1  Bobath Concept versus Motor Relearning Program 

The Bobath concept and MRP are widely used in stroke rehabilitation, however evidence 

is lacking as to which is more effective.140 Langhammer & Stanghelle (2000, 2003 & 

2011)141-143 have conducted a series of studies comparing both approaches. In the first of 

this series of studies, Langhammer & Stanghelle (2000)141 conducted a randomised 

double-blind study of acute first-ever stroke patients, with the aim to examine any 

differences in rehabilitation outcomes between cohorts treated with different 

physiotherapeutic approaches. This RCT randomised 61 patients (Mean age 78 years SD 9; 

36 men 25 women) into a MRP group (n=33) and a Bobath group (n=28). The Motor 

Assessment Scale (MAS), the Sødring Motor Evaluation Scale (SMES), the Barthel ADL 

Index and the Nottingham Health Profile (NHP) were used to evaluate treatment 

outcomes. Secondary measures included parameters such as length of stay (LOS) in the 

hospital and use of assistive devices for mobility. The results showed that the MRP group 

stayed fewer days in hospital than individuals in the Bobath group (mean 21 days versus 

34 days, p = 0.008). Both groups showed improvements in MAS and SMES, but the 

improvement in motor function was significantly better in the MRP group. The two groups 

improved on the Barthel ADL Index without significant differences between the groups. 

There were some differences also on subgroup analyses; for instance, women treated 

using the MRP approach improved more in ADLs (Barthel Index) than women in the 

Bobath group. There were no differences between the groups in the quality of life 

measure (NHP). The authors concluded that physiotherapy rehabilitation with task-

oriented strategies (Motor Relearning Program) is associated with better outcomes than 
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physiotherapy using facilitation/inhibition strategies (Bobath concept), in acute stroke 

rehabilitation.141  

 

In a subsequent study, Langhammer & Stanghelle (2003)142 followed up patients from 

their first-time acute stroke study141, at one and four years post-stroke. The aim was to 

establish whether the initial physiotherapy approach had had any long-term effects on 

mortality, motor function, postural control, ADLs, quality of life, follow-up from 

community services and living conditions. They measured the same outcomes as per the 

previous study (i.e. MAS, SMES, Barthel ADL Index, NHP) and added the Berg Balance 

Scale.  The following parameters were also recorded: incidence of new strokes, other 

diseases, use of assistive devices, patient’s accommodation and use of community 

services. The results showed that mortality rates were similar in the two groups. Both 

groups showed a rapid decline in motor function, postural control and ADL, therefore, 

decreasing independence and becoming high falls risk. Quality of life had increased 

compared to the acute stage; however it was still not on par with the healthy population. 

Patients in both groups still lived at home, but were dependent on help from relatives and 

community services. Physiotherapy as a follow-up service was seldom used. They 

concluded that the initial physiotherapy approach did not seem to have a major influence 

on the patients’ ability to cope in the long-term, and that rehabilitation using Bobath or 

MRP approaches in the acute stages of recovery, did not have a major impact on the 

progressive decline of functional independence four years after stroke. There were no 

significant differences between groups for any of these long-term outcomes; however, the 

authors noted differences in gender- i.e. perceived quality of life was greater in men, and 

women were more reliant on assistive devices compared to men.142   

This study highlights a gap between the intense rehabilitation offered in the acute phase 

and the lack of long-term follow-up, in addition to the scarce body of evidence on which 

rehabilitation approach is more efficacious. 

 

A systematic review by Paci (2003)149 examined the evidence supporting the Bobath 

concept as an effective approach to rehabilitation of post-stroke hemiplegia; and its 

effectiveness in comparison to other treatments for adult hemiplegia. Fifteen trials were 
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selected and classified based on a five-level hierarchical scale of evidence for clinical 

interventions. Six were RCTs, six were non-randomised controlled trials (CT), and three 

were case series. No trials were classified as level one evidence due to methodological 

shortcomings such as lack of group homogeneity, small samples sizes, and control groups, 

as well as lack of description of the conventional therapy implemented. A total of 726 

subjects were included the reviewed papers, with a range from 1 to 148 in each trial. 

Subject age ranged from 15 to 95 years. Two of the case series and one RCT study 

reported positive results (i.e. subjects treated with the Bobath approach had better 

outcomes than controls); one non-controlled trial, three CTs and one RCT reported 

negative results; the remaining studies showed no differences between compared groups, 

although, it should be noted that in these remaining studies, an improvement was seen in 

all or some parameters in the Bobath group. Some trials could not be included in this 

review because their authors did not explain what type of procedures they used in their 

conventional treatment groups. This must be taken into account, because many of the 

selected studies considered the Bobath approach as ‘traditional physiotherapy’. This 

systematic review concluded that there is no evidence to support the superiority of 

Bobath-based therapy over other approaches, however methodological limitations do not 

allow for conclusions to be drawn that this therapy is not efficacious. One possible 

criticism of this review is that statistical methodologies were not assessed or discussed. In 

addition, the principles and techniques, described in Bobath’s 1970145 and 1990150 

textbooks have been updated in recent years, incorporating new knowledge from 

neurophysiological research and motor development into the concept.122
 Consequently 

these data may not be representative of modern Bobath approaches. 

 

Luke et al (2004)151 conducted a review of literature published between 1966 and 2003 

with the aim of determining the effectiveness of the Bobath concept at reducing UL 

impairments, activity limitations and participation restrictions after stroke. Two 

independent reviewers conducted a search according to the following inclusion criteria: 

adults with UL impairment post-stroke, use of Bobath concept and other therapies, 

outcomes reflecting changes in UL impairment, activity limitation or participation 

restriction. They initially identified 688 articles with only eight meeting all the entry 
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criteria. Five were RCTs, one used a single-group crossover design and two were single-

case design studies. Five studies measured impairments including shoulder pain, tone, 

muscle strength and motor control. The authors reported that Bobath-based interventions 

were found to reduce shoulder pain more than cryotherapy, and to reduce tone 

compared to no intervention and to proprioceptive neuromuscular facilitation (PNF). 

However, no difference was distinguished for changes in tone between Bobath-based and 

MRP approaches. There were no significant differences for measures of muscle strength 

and motor control between both approaches. Six studies measured activity limitations; 

none of these found Bobath-based interventions to be superior to other therapy 

approaches. Two studies measured changes in participation restriction and both reported 

ambiguous results. In conclusion, this review suggests that comparisons of outcomes of 

rehabilitation using the Bobath concept with other approaches do not demonstrate 

superiority of one approach over the other for outcomes such as improved UL 

impairment, activity limitation or participation. Luke et al (2004)151 identified limitations in 

the studies in regard to the methodological quality, and outcome measures used, 

therefore, limiting the ability to draw firm conclusions from the data. In future, the 

authors recommended that studies should use more sensitive UL measures, treatment 

should be supplied by trained Bobath therapists and homogeneous participant samples 

should be included to allow the influence of patient factors on the response to therapy 

approaches to be more clearly identified.151  

 

Conversely, another comparative study by van Vliet et al (2005)140 evaluated the effect of 

Bobath-based and MRP based physiotherapy interventions on movement abilities and 

functional independence.140 This was a well-powered study with a total of 120 patients 

who were admitted to a stroke rehabilitation ward randomised into Bobath-based or MRP 

based groups. Primary outcome measures were the Rivermead Motor Assessment and the 

Motor Assessment Scale. Secondary measures assessed functional independence, walking 

speed, arm function, muscle tone, and sensation. Follow up assessments were performed 

by a blinded assessor at baseline, one, three, and six months after treatment. Comparison 

between groups showed no significant difference for any outcome measures. Significance 

values for the Rivermead Motor Assessment at different time points ranged from p = 0.23 



 

Page | 52 

to p = 0.97 and for the Motor Assessment Scale from p = 0.29 to p = 0.87. There were no 

significant differences in movement abilities or functional independence between patients 

receiving a Bobath-based or MRP based therapy. Therefore the study concluded that one 

approach was not more effective than the other in the acute phase post-stroke.140 

Finally, Langhammer & Stanghelle (2011)143 undertook a post hoc analysis of data from 

their 2000 study,141 to investigate whether the Bobath approach enhanced movement 

quality to a greater extent than the MRP during acute stroke rehabilitation. The results 

from two measures of movement control showed that the amount of improvement in 

three domains: arm (p = 0.02–0.04) sitting (p = 0.04) and hand (p = 0.01–0.03), were 

significantly greater in the MRP group than in the Bobath group, using data from both 

SMES and MAS. The change in leg function, balance, transfer, walking and stair climbing 

did not differ between groups. According to the authors, these analyses confirm that task-

oriented therapy is preferable regarding quality of movement in acute stroke 

rehabilitation.143 

 

Overall, the literature remains inconclusive as to which rehabilitation approach is more 

effective. Researchers have identified limitations in methodology, group homogeneity, 

and long-term outcomes in the existing studies, which have attempted to explore the 

issue of optimal physiotherapeutic approaches to stroke rehabilitation. It can be 

concluded that although neither rehabilitation approach is more effective that the other, 

both treatment approaches were associated with general improvements in function and 

movement control, but that these improvements did not persist after discharge from 

therapy.142 

2.3.4 Treatment Quantity in Stroke Rehabilitation (Intensity of Therapy) 

Currently in Australia, most stroke units have a primary focus on acute care and early 

rehabilitation, of varying levels of intensity.7 The national guidelines for the management 

of stroke in the UK152 and Australia11,12, recommend, respectively, a minimum of 45 

minutes and 60 minutes therapy per day, at least five days a week.10,13,152   

These guidelines however, do not distinguish UL rehabilitation from other types of 

therapies nor do they specify intensity in terms of repetitions specifically to UL 
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rehabilitation. They also fail to consider that more severely affected individuals are 

unlikely to match the amount of repetitions performed by their less affected counterparts 

or that they may not be able to complete training tasks independently, making therapy of 

such intensity difficult to deliver.  

Currently intensity of therapy is defined as the number of minutes of therapy per day or 

the number of hours of consecutive therapy per week,10,153 and specifically in relation to 

UL therapy, the amount of movement repetitions per session.153 Regarding amount and 

intensity of rehabilitation, it is recommended that well-structured programmes include 

early and frequent mobilisation, particularly in the first six months post-stroke.10 The NSF 

2013 Rehabilitation Stroke Services Framework10 reported that public inpatient 

rehabilitation facilities are only providing therapy hours equivalent to 25% or less of the 

recommended dose.10  

Rehabilitation facilities may need to offer weekend therapy in order to achieve the 

minimum recommendation of one hour of active practice per day for at least five days per 

week.10,13 There is evidence to support the implementation of weekend rehabilitation 

services, correlated with positive patient outcomes. A recent study154 investigated the 

effectiveness of a Saturday inpatient rehabilitation service, and reported a significant 

improvement  (p < 0.001) in patient flow, for instance Saturday admissions increased from 

0 (0-3) to 2 (0-5) post weekend service. Patient outcomes also improved, demonstrated by 

a significant (p = 0.027) increase of 2.28 (median) in discharge FIM scores in comparison to 

historical data.154 The authors suggested that health organizations need to move away 

from the standard five day per week inpatient rehabilitation model in order to maximize 

health outcomes, and improve access to specialist services.154  

The literature reports that UL task-specific training occurs in only about half of therapy 

sessions and it involves an average of 32 repetitions.30 This is despite evidence that it is 

feasible to achieve approximately 300 repetitions in a one hour session in an acute stroke 

inpatient cohort.155 Likewise, the literature reports that patients spend approximately 47 

minutes/day in therapy in the early phases of rehabilitation, however, only 4–11 min are 

spent on UL therapy.156,157 Unfortunately, the reality is that most patients do not receive 

one hour of therapy, five times per week, as per NSF guidelines, and higher level 
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(ambulant) patients are often considered ‘low priority’ especially if they are awaiting 

transfer to a rehabilitation facility. In many instances ‘intense rehabilitation’ in the acute 

setting is dependent on the availability of students and may be provided by staff with 

limited stroke-specific experience.  

Some researchers have suggested that the potential for better UL functional outcomes 

post-stroke may be lost due to too little movement practice within and outside of therapy 

time.158 Therapists may use a variety of treatment techniques which may differ according 

to some patient-based factors i.e. such as severity and range of impairments; and some 

therapist-based factors such as therapy discipline, level of experience and training 

background. A recent online survey identified that 63% of therapists reported spending 

only 16 minutes or more facilitating UL recovery in an average treatment session.159 

Furthermore, an observational study concurred that the dose of active UL therapy 

provided to a cohort of stroke patients was limited.26 This study reported that patients 

received a combined PT and OT average, of 46 minutes of individual, and 11 minutes of 

group UL therapy per day, with OTs providing a greater amount than PTs.26 These data 

compare with findings from a WA study,160  that reported that patients from an acute care 

facility received 58 (± 34) minutes per day of PT and OT combined.160 However, patients 

with less severe UL impairment achieved higher doses of active therapy i.e. 29 minutes 

versus 17 minutes in more severely affected individuals, and therefore, achieved a greater 

number of repetitions, (1218 in the less severely affected individuals in comparison to 549 

task repetitions in patients with severe impairment) over a period of 20 weekdays.26 These 

data reinforce the need to identify interventions and models of service delivery that can 

increase the intensity and appropriateness of therapy targeted to patients with severe UL 

impairment.26 

As previously mentioned, Wallace et al (2010)138 developed a protocol which allowed 

standardisation of therapy intensity in a stroke population with severe impairments, and 

rather than intensity being described in the context of time, it was targeted towards 

exercise progression based on each individual’s 60 to 80% of one repetition-maximum. 

However, this study also proved that a brief period of intense rehabilitation (one hour 

over 10 working days), was beneficial even in a cohort of chronic stroke.138  
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English et al (2015)161 reiterated the point that more therapy time does not necessarily 

equal greater functional outcomes.161 This RCT161 compared ‘usual care’ with a seven-day 

service versus circuit classes provided five days per week in a population of individuals 

with sub-acute stroke. The results showed no significant differences in walking distance 

between groups. The authors161 also concluded that the evidence for more therapy time 

resulting in increased functional outcomes is greater for individuals who are more than six 

months post-stroke. This study161 did not measure any UL outcomes; the only information 

on time spent in UL-based therapy was derived from the circuit group (Five minutes of UL 

therapy per sessions; total of 10 mins /day). In conclusion, this RCT suggests that the type 

of practice is just as significant as the amount of practice, and the authors referred to Jeff 

Kleim’s ‘principles of experience-dependent neuroplasticity’162: namely salience, 

relevance, variety and adequate level of difficulty as the key components influencing 

rehabilitation outcomes.161,162  

Lastly, the animal data confirms that the neural circuits normally involved in UL movement 

are not optimally engaged after a stroke; and this is further affected by diaschisis 

therefore re-enforcing learned non-use as seen by decreased movement representation in 

M1 and shrinkage of motor maps.163 Hence, motor training needs to start early to be 

effective, and facilitate the damaged networks to re-engage and restore their normal 

state, and therefore, re-establish movement.163 Neuroscientists have emphasised the 

importance of early diagnosis followed by early intervention, which can have a profound 

effect on clinical outcomes.164 Furthermore, the literature also refers to ‘experience-

dependent plasticity’ as a dynamic process and as resulting in a complex cascade of 

physiological events such as the molecular, cellular and structural changes that occur over 

time. Additionally, the CNS makes the necessary changes in order to support new 

learning;163 therefore, these behaviours need to be reinforced in enriched environments, 

by a high level of intensity of practice, in order to re-shape neural circuitry at structural 

and functional levels.20,164 
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2.3.4.1 Staffing in Stroke Units  

Many factors can compromise the efficacy of stroke rehabilitation in the acute setting, 

and many therapists feel that they are constantly challenged to meet the recommended 

patient-to-staff ratios, and therefore access to adequate rehabilitation (time, frequency, 

and high intensity) is limited, and not always feasible due to caseload prioritisation.  

The 2013 Rehabilitation Stroke Services Framework10 recommends the following full time 

equivalent (FTE) PT and OT patient-to-staff ratios per 10 beds: OT and PT 1.5 FTE each, 

and allied health assistant (AHA) 0.5 FTE for Australian stroke services.10  

Two studies by McHugh and Swain (2013)165 and (2014)166 also reported issues with  

patient-to-staff ratios throughout the United Kingdom (UK). The background of these 

studies was based on two main concerns raised from the (UK) 2010 National Sentinel 

Stroke Clinical Audit,167 which reported that between 2008 and 2010  disability levels upon 

discharge from hospital largely remained unchanged i.e. 58% of patients still had a 

functional impairment after inpatient stroke rehabilitation. In contrast to Australian 

staffing recommendations, the UK the Department of Health (DoH) guidelines for stroke 

unit staffing, are presented as ‘ideal’ and ‘aspirational’ figures based on the National 

Health System (NHS) Workforce Planning Resource (2009) and Progress in Improving 

Stroke Care (National Audit Office, 2010). The ideal staffing assumption was reported as 

PT 1.5 and OT 0.6 FTE, and aspirational staffing figures estimated as 3.7 PT and 3.3 OT FTE. 

All figures based on staffing per 10 beds.165,166 All figures also take into account the 

National Institute of Clinical Excellence (NICE)168 guidelines of a recommended minimum 

of 45 minutes of therapy, five days per week. 

In the first study, McHugh and Swain (2013)165 derived patient-to-therapist ratios in order 

to ascertain an estimate of  the amount of rehabilitation time in a cohort of stroke 

inpatient rehabilitation centres throughout England.165 Twenty National Stroke 

Improvement networks were surveyed out of a total of 28 (71% national coverage); 

including 19 (over 13,000 patients) of the 37 inpatient hospital acute stroke units.165  
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Therapist staffing level data were extrapolated from the demographic section of a 

national survey developed in collaboration with the University of Southampton (UK), 

known as the Assistive Technologies in the Rehabilitation of the Arm after Stroke (ATRAS) 

Survey.  This study showed that six out of the 19 units (31%) and 12 out of 19 units (63%) 

met the ‘ideal’ patient-to-PT and patient-to-OT ratios respectively, and none of the units 

met the ‘aspirational’ staffing recommendations.165 Furthermore, based on reports from 

the (UK) 2010 National Sentinel Stroke Clinical Audit,167 therapists identified 75% of 

patients as appropriate for PT and 70% for OT input;167 furthermore, from these data, the 

authors estimated that only 46% and 33% of these patients received 45 minutes or more 

of PT and OT per day during the week, with the remainder percentiles receiving nil or very 

minimal therapist’s input.165 The authors did not report any weekend service data. They 

calculated required staffing levels per 10 beds of PT 1.7 and OT 2.1 FTE.165  

In a subsequent study, McHugh and Swain (2014)166 compared reported therapy staffing 

to the DoH guidelines for stroke unit staffing, including ‘ideal’ and ‘aspirational’ figures. 

The results showed that according to the derived patient-to-therapist ratio, and in order 

to meet NICE guidelines168 a required patient-to-staff ratio of 1.7 FTE PT per 10 beds was 

recommended which differs from the 1.5 FTE suggested by the DoH ‘ideal’ staffing levels, 

as well as the 3.7 FTE suggested by the ‘aspirational’ staffing assumptions. OT staffing 

recommendations grossly varied from a derived ratio of 2.1 FTE per 10 beds, compared to 

0.6 FTE ‘ideal’ and 3.3 FTE ‘aspirational’ staffing recommendations.165 This study showed 

that the ATRAS survey reported low staffing levels i.e. only 42% of units achieved DoH 

guidelines for PT staffing levels, and 84% of units had staffing levels above or over the 

recommended guidelines for OT; the authors suggested that the latter figure is an 

irregularity in the DoH assumption guidelines, and not a true indicator of ideal OT-to-

patient ratios.  

Most importantly, the authors highlighted that the guidelines proposed by various 

government entities are only estimates of optimal staffing ratios, and despite an extensive 

search by these authors, no rationale for the original staffing assumptions or aspirational 

levels and how they were derived was identified.166 In summary, both studies140,141 stress 

the fact that most of the stroke units surveyed are operating below DoH (UK) guidelines, 
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and are therefore, unable to provide the recommended amount of therapy required to 

achieve functional improvements.165,166  

It seems that the issue of inadequate staffing in stroke units is also prevalent in other 

developed countries. For instance, a Canadian study169 estimated the amount of therapy 

patients received over a six month period based on  workload measurement data from a 

single stroke unit.169 This study reported that patients were only receiving, on average, 37 

minutes/day of each OT and PT; therefore, not achieving Canadian recommendations for 

best practice of a minimum of 60 minutes/day each of OT and PT.169  

The Stroke Canada Optimization of Rehabilitation by Evidence project170 identified six 

main barriers to implementation of EBP stroke rehabilitation: lack of time from nurses and 

therapists, staffing issues, staff training/education, therapy selection and prioritization, 

lack of equipment, and team dynamics and communication.170 This pilot study 

recommends that rehabilitation guideline committees consider these barriers and 

implement user-friendly and time efficient strategies.170 Likewise, in New Zealand (NZ) the 

evidence concurs that barriers such as staffing issues, training and education, and team 

dynamics are below national standards.171 A recent study,171 conducted an online survey 

of service configuration, capacity and guideline adherence of 38 stroke services in NZ.  

The survey revealed that only 50% of units achieved the recommended 60 minutes/day of 

direct patient-to-therapist contact at least 90% of the time. The authors171 reported that 

89% of surveyed units used group therapy. In addition, compared to a similar 2012 

Australian Survey, staff education in stroke management was higher in Australian stroke 

units (68%), than NZ (32%) units; and in Australia, the medical team leader, was more 

likely to be a rehabilitation physician (61%), in comparison to NZ (29%) where geriatricians 

made up most of the team leader roles. Intensity of practice was reported to be nearly 

identical in both countries, with only half of patients with motor deficits meeting 

Australian and NZ rehabilitation guidelines.171  
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2.3.5 Evidence-Based UL Rehabilitation Post-Stroke 

Although effective predictive tools are currently emerging, it is paramount that therapists 

continue to make evidence-based clinical decisions when planning and implementing 

individualised UL rehabilitation programs. Langhorne et al (2009)62 conducted a detailed 

systematic review of motor recovery after stroke. The authors searched the Cochrane 

library and the Cochrane Stroke Group Trials Registry for RCTs and systematic reviews 

including for key areas of stroke rehabilitation (UL, gait, balance and mobility).  

Nineteen intervention categories (178 RCTs) were identified as relevant to motor recovery 

after stroke, and therefore utilised to refine searches.  Specifically to UL interventions, the 

authors identified 77 RCTs, which were utilised to identify 18 subcategories of 

interventions targeting the recovery of hand or arm function. A number of trials had two 

subgroups analysed as different trials, therefore, a total of 168 trials (4154 participants) 

were included in the overall analysis. They reported the following interventions which 

have been shown to have a potentially beneficial effect on arm function including: CIMT, 

electromyographic (EMG) feedback, mental practice with motor imagery and robotic 

assisted training.  

Constraint-induced movement therapy was reported to be the most promising 

intervention to augment UL recovery. The standard CIMT protocol172 uses a padded mitt 

or sling on the unaffected UL for 90% of waking hours over 14 days while performing 

supervised behavioural shaping and repetitive-task practice five days/week for six 

hours/day. Eligibility requirements typically include 10-20 degrees of active wrist 

extension, at least 10 degrees of thumb abduction/extension, and at least 10 degrees of 

extension in at least two other digits.172 Patients are also expected to sign a behavioural 

contract specifying their acceptance of the requirements.172 Patients need to have 

adequate balance, ability to transfer independently, and the ability to stand for at least 

two minutes without UL support. In addition, patients are screened with a cognitive 

examination, such as the Mini Mental State Examination (MMSE), and are only included if 

they do not show signs of significant cognitive impairment.  
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These requirements mean that only about 20% of the stroke population will be able to 

participate in this therapy.173 In one approach to overcoming this limitation, Page et al 

(2010)174 explored using NMES to improve distal control in people with more severe 

paresis so that they could go on to participate in CIMT.174 Repetitive-task-specific practice 

program incorporating NMES appears to increase use of the affected UL and elicit neural 

changes in more impaired patients, therefore, enhancing a patient’s prospects of 

participating in CIMT protocols.174  

Constraint-induced movement therapy is not commonly used in acute stroke care due to 

the impost on therapists’ time175 and/or their lack of experience/knowledge of CIMT, in 

addition to therapists reporting concerns about applying CIMT to patients who are 

medically unwell, easily fatigued, have cognitive or behavioural impairment, abnormal 

movement patterns, or who do not fit the criteria, or where staff restrictions impose 

safety concerns.159 Modified CIMT protocols have been investigated and have been shown 

to be associated with clinically relevant improvements in motor recovery, functional use, 

and participation in more chronic stroke cohorts.175 Moreover, delivery of modified CIMT 

in a group setting can be an efficient way of extending availability of this program without 

placing overwhelming demands on staff.175 

The evidence base for other UL therapies is not as strong; particularly with regard to 

improving hand function, none of the interventions included in this systematic review 

showed a superior effect to usual care. Langhorne et al (2009)62  noted that the 

interventions that have been shown to be most beneficial in promoting motor recovery 

after stroke involved high-intensity, and repetitive-task-specific practice principles.62  

A more recent meta-analysis by Veerbeek et al (2014)176 also concurred that there is  a 

strong evidence base for therapeutic interventions targeting intensive highly repetitive 

task-oriented and task-specific training.176 The authors conducted an extensive data base 

search including any RCTs written in English, French, German, Spanish, Portuguese, or 

Dutch. A total of 43,657 records were identified through data base search, this number 

was reduced to 13,411 after removal of duplicate articles. Rigorous screening was 

conducted, and therefore only 467 RCTs (25,373 participants) were included in this 
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review. Patient cohorts were as follows: subacute rehabilitation phase (n=198) and 

chronic phase (n=202). The authors monitored RCT quality by only including articles with a 

Physiotherapy Evidence Database (PEDro) score >4. There were only three RCTs that 

included patients in the hyper acute or acute rehabilitation phase, however patient 

numbers were not reported.176  

Veerbeek et al (2014)176 provided summary effect sizes for a number of UL interventions 

related to different outcomes. The interventions with significant summary effect size (SES) 

in improving arm-hand activities reported were: the original CIMT protocol (SES 0.927), as 

well as high (SES 0.676) and low (SES 0.997) intensity modified-CIMT, mental practice with 

motor imagery (SES 0.954), and EMG-triggered NMES wrist/finger extensors (SES 0.971). 

The most significant interventions for improving UL motor function were low-intensity 

modified-CIMT (SES 0.887), robotics bilateral (elbow/wrist) (SES 0.841), NMES wrist/finger 

flexors/extensors (SES 0.657), and EMG-triggered NMES wrist/finger extensors (SES 

0.398).176 All these interventions share a common feature of incorporating highly 

repetitive task-specific practice, and a greater number of repetitions undertaken in 

comparison to usual care. Although the evidence on UL rehabilitation post-stroke seems 

to mainly focus on motor recovery and function, it is fundamental to emphasize that 

stroke is also associated with deficits in multi-joint coordination which can lead to 

inefficient reach to grasp function. 

 A review by Pelton et al (2012)177 augments the findings of reviews by Langhorne et al 

(2009)62  and  Veerbeek et al (2014)176 in that their main aim was to identify all current 

interventions to improve hand and arm coordination, and reach and grasp re-training, as 

well as to determine their effectiveness.177 The authors searched for English language 

articles from 1950 to April 2010, including experimental studies, cross over trials, and 

observational studies in order to identify all potential interventions; and any studies 

including measurement of UL coordination, in order to establish effectiveness of 

intervention. A total of 1919 references were retrieved, and only 41 deemed suitable for 

detailed evaluation, however 34 were excluded as not relevant to stroke or UL 

coordination. Therefore only seven studies were included in this review. The sample sizes 
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ranged from three stroke patients to 17 (mean 10), with a total of 123 participants (75 

received experimental intervention, 48 control group), who had a mean age of 61 years. 

Two studies investigated patients in the subacute stages post-stroke (7 days to 3 months), 

whereas five studies included chronic stroke cohorts (>3 months). In regard to types of 

intervention targeting hand arm coordination, Pelton et al (2012)177 identified three main 

categories. These were: (1) Functional training:  three studies reported use of modified 

CIMT, traditional therapy (strength, balance, fine motor dexterity training, stretching, and 

weight bearing on affected hand, and functional task practice), Accelerated Skill 

Acquisition Program Functional Training (repetitive task-specific training focused on 

restoration of normal movement kinematics), and task-specific practice of hand opening 

and closing practice coupled with arm movements; (2) Robot Therapy or computerised 

training: also three studies implemented specific-task practice of hand opening and 

closing during robotic assisted arm movement reaching practice, with targets on a 

computer screen and with real objects, and virtual objects. Computerised virtual reality 

exercise systems were used for range of motion, fractionated movement and speed 

exercises; (3) Biofeedback or electrical stimulation: only one study investigated the effect 

of electrical somatosensory stimulation (ESS), which only aimed to stimulate the median 

nerve, and not augment opening and closing of the hand.177 The authors reported that 

four studies demonstrated improvements in hand and arm coordination during reach to 

grasp. These interventions included NMES (after a total of two hours training time), and 

robotic therapy (16 to 45 hours) and modified CIMT (30 hours). One study found no 

benefit of specific training for hand and arm coordination to UL outcomes. Two studies 

failed to report the specific effects of the interventions for hand and arm coordination 

tasks.177  

Regarding effectiveness of the treatments outlined above, Pelton et al (2012)177 were 

unable to perform a meta-analysis on the seven studies due to a wide range of study 

designs, heterogeneity of the population, and intervention and outcome measures. 

Therefore, this review did not draw a definitive conclusion on the effectiveness of 

interventions that aimed to improve hand and arm coordination during reach and grasp 

after stroke. The authors stated that currently there is insufficient evidence to provide 
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strong recommendations on the effectiveness of interventions addressing reach and grasp 

deficiencies after stroke. Moreover, they recommend that future RCTs utilise standardised 

outcome measures including functional performance and kinematic measures, in order to 

allow pooling of data for meta-analytic comparison.177 

There is, however, a correlation with the findings reported by Langhorne et al (2009)62  

and  Veerbeek et al (2014)176 in that all three reviews identified modified CIMT, NMES, 

biofeedback, and robotics as interventions with the highest level of evidence in 

rehabilitation post-stroke; and concurred that task-specific training with high intensity has 

a positive impact on functional outcomes.62,176,177 

Despite the existence of some evidence-based UL interventions post-stroke, the literature 

remains unable to reach a clear consensus about the best treatment approach in acute 

and subacute rehabilitation. However, there is evidence of clinically relevant 

improvements in the UL following meaningful task-specific training (MTST) after subacute 

stroke, such as work by Arya et al (2012)178.  These authors report a large RCT that meets 

several of the CONSORT expanded criteria137 such as describing in detail what both 

treatment arms comprised.  Arya et al (2012)178 investigated the effectiveness of MTST on 

UL motor recovery in a subacute stroke cohort. The authors defined MTST as a specific 

number of common tasks, incorporating unilateral and bilateral practice. The MTST 

involves one hour training (45 minutes of common task practice, followed by 15 minutes 

of individualised task practice; each task is performed 10 to 20 times for 1 to 5 sets or 2 to 

5 minutes) for a period of 4 weeks.178 A total 319 patients were screened over a period of 

15 months, 103 subjects were randomised, into two groups: MTST group (n= 51) or 

control group (n=52) which consisted of dose-matched standard training program based 

on the Brunnstrom stages of recovery and the Bobath concept. Subjects’ characteristics 

were as follows: 62 men, 41 women, mean age 50.93 (± 7.78) years; mean time since 

stroke 12.15 (± 6.54) weeks. Primary outcome measures comprised of the FMUE and 

ARAT; secondary measures included the Wolf Motor Function Test (WMFT) Motor Activity 

Log (MAL) - amount of use (AOU) and quality of movement (QOM) subscales, which is a 

standardised self-report tool. Data from eight patients were not analysed as four subjects 



 

Page | 64 

in the control group and three in the experimental group did not complete follow up 

assessments, and one in the treatment group discontinued due to personal reasons.178 

Arya et al (2012)178 assessed motor recovery (FMUE) at baseline and compared  to scores 

immediately post cessation of a 4-week intervention phase and at follow up at four weeks 

later. Overall FMUE scores showed highly significant improvement (p < 0.001), reported as 

the difference between groups from baseline to 8-weeks follow up. In the MTST group the 

trajectory was as follows: baseline scores 11.98 (± 9.74); immediate post treatment scores 

29.00 (± 14.70), and follow up four weeks after treatment cessation FMUE was 32.02 (± 

15.47). Control group scores at baseline were   9.88 (± 8.82), post 16.42 (± 11.16), and 

follow up 19.00 (± 12.09).  Furthermore, FMUE sub scores of the upper arm (p = 0.001), 

and wrist and hand (p < 0.001) also showed significant improvements in the MTST 

compared to the control group.  

Overall ARAT scores also showed a significant change (p < 0.001) in the MTST group, 

particularly in grasp, grip, pinch, and gross movements, from baseline to both post 

treatment occasions, in comparison to the controls. The authors reported other significant 

changes in all secondary outcome measures at immediate post treatment assessment, 

such as the decline of WMFT (time) (p < 0.001), as well as improvements in the MAL on 

both AOU and QOM categories (p ≤ 0.001) respectively, in the MTST group compared to 

the control group, which were maintained at follow up.  

The authors also highlighted that the mean change observed in the MTST group in the 

overall FMUE scores was greater than the widely accepted minimal clinically important 

difference (MCID) for this measure in subacute stroke populations.132 These authors 

report that those participants who achieved a change of score of 9 to 10132 on the FMUE 

are likely to achieve a clinically meaningful improvement of UL function.132 The 

participants in the control group only showed a mean change of 7 points in the FMUE, in 

contrast to the 17 point change shown in the MTST group.178 Many researchers might 

argue that this could be due to spontaneous recovery, and, it is important to emphasise 

that some of the participants (unspecified number), were only four weeks post-stroke, 

and therefore, the proposed MCID does not apply. The literature is yet to establish an 
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acceptable MCID for the FMUE in acute stroke cohorts.  

Overall, this study demonstrated that a cohort of subacute stroke patients undertaking 

MTST showed greater UL recovery than those receiving conventional rehabilitation; 

moreover, these positive effects were sustained and slightly improved after 4-weeks post 

intervention, and this therapy provided participants with greater amount of time engaged 

in rehabilitation, as well as promoting independence and optimal motor learning.178  The 

clinical implication of this RCT is that MTST provides a well-structured programme 

incorporating bimanual coordination in task-practice, which can be of great benefit to 

individuals with severe UL impairment who struggle to incorporate their paretic limb in 

everyday tasks.178  

Similarly, McDonnell et al (2013)135 developed an evidence-based clinical algorithm with 

the aim to facilitate standardized intervention, prescription, and progression for UL rehab 

post-stroke. This algorithm involved the assessment of 18 critical UL impairments and the 

application of evidence-based task-specific exercises suitable to each impairment level. 

The interventions were inclusive of both sensory and motor strategies. All 18 categories 

for assessment and intervention were grouped in five domains: sensation, passive range 

of movement, and strength (at impairment level), and unilateral and bilateral dexterity (at 

an activity level). Proprioception was also assessed and categorised as normal, decreased 

or absent and treated according to the level of impairment.135  

This algorithm was evaluated on 20 recently discharged participants (mean age 65.6 

(±11.8) years; mild to moderate hemiparesis, average time post-stroke 4.4 (±2.4) months) 

and proved to be feasible to use in an outpatient setting. All participants attended nine 

training sessions (60 minutes, three sessions per week) over a three-week intervention 

period, and completed an individualised home exercise program. All participants were 

provided with transportation and were able to attend all nine sessions. Participants also 

had 100% compliance with their home exercise program and spent an average of 21.3 

(±7.1) minutes daily on their home program, therefore spending a total of 201.3 (±7.1) 

minutes per week engaged in task-specific training135, which equates to 40.26 (±7.1) 

minutes per day over five days, making it slightly below the recommended time per week 
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according to the  NSF Rehabilitation Stroke Services Framework (2013).10 Although the 

proposed algorithm135 is outpatient-based, as opposed to the NSF framework10 which is 

targeted to inpatient services, and therefore, recommends  a greater amount of therapy 

than most outpatient services.  

Outcomes were assessed over two main domains: (1) level of impairment using the ARAT 

and FMUE; and (2) activity using the MAL. Significant improvements were seen in all 

outcome measures at an impairment (p < 0.001) and activity level (p < 0.001). All 

participants showed ongoing improvements in function, as comparisons were made 

between pre- and post-intervention measures and a further follow up measure was 

undertaken three months post cessation of the intervention. The effect size of 

intervention was calculated from the pre-intervention values (average of two baselines) 

compared with post-intervention data and between post-intervention and follow up 

assessments. The authors reported effect size of intervention as d= 0.28 for the ARAT and 

d=0.40 for the FMUE. Increased function was maintained and even improved at three 

months post intervention. The authors noted that many of the participants in this study 

would not have met the inclusion criteria for CIMT due to wrist and finger extensor 

weakness; therefore, they argued that this approach provides a pathway for more 

severely affected individuals to still follow an evidence-based rehabilitation program. In 

conclusion, this clinical algorithm provides a framework for standardizing task-specific 

training post-stroke, based on individualised levels of function. Furthermore, this tool may 

be used to standardize individual or group self-directed practice or to standardize 

interventions and progressions in clinical studies. Further studies are recommended to 

clarify whether this approach is associated with better outcomes than standard care, its 

usefulness to clinicians as a treatment guide and for educating students and novice 

therapists in the most appropriate treatment framework for UL rehabilitation.135 

The literature reports that adherence to clinical guidelines for stroke rehabilitation 

improves patient outcomes. Hubbard et al (2012)179 conducted a national audit from 68 

rehabilitations units throughout Australia covering a total of 2119 inpatients. The 

authors179 reported that rehabilitation units providing EBP rehabilitation were more likely 

to achieve better functional outcomes for individuals with stroke, and greater 
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improvements in FIM scores. In particular those achieving a change in FIM score > 22 were 

found to have a significant (p= 0.001) correlation with better outcomes and being 

discharged home.179 This study also demonstrated that FIM discharge scores greater than 

or equal to 100 was the benchmark for discharge home, whilst patients scoring  less than 

or equal to 80 were discharged elsewhere.179 

In conclusion, the previous reviews62,174,176,177 of evidence-based rehabilitation post-stroke 

have focused, for the most part, on task-specific practice principles and interventions 

based on ‘augmenting’ techniques such as CIMT, robotic assisted therapy, NMES, EMG- 

biofeedback, and bilateral training.62,174,176,177 Although these reviews have also reported 

‘priming’ techniques, such as mental practice, they are often labelled as augmentative 

therapies, and therefore their contribution to neurorehabilitation is often misunderstood; 

consequently, it is necessary to make a distinction between ‘augmentative’ versus 

‘priming therapies’ in order to establish the role of specific applications and their 

relevance (i.e. timing) in stroke rehabilitation.  

Pomeroy et al (2011)121 distinguished these principles as follows: “a) priming techniques 

to increase the excitability of the stroke-affected motor system, and promote plastic 

reorganisation in response to subsequent practice of physical activity; b) augmenting 

techniques applied during physical practice, to enhance their effects by boosting voluntary 

activation of paretic muscles.” 
121(Page 38S)  

2.3.5.1 Priming versus Augmentative Therapies                                                                          

The priming techniques most commonly identified in the literature in chronic stroke 

cohorts include: motor visual imagery, tactile stimulation, soft tissue mobilisation, passive 

movements, action observation, cognitive training, mirror therapy, pharmacological 

agents such as methylphenidate or dextroamphetamine, and NIBS techniques such as 

rTMS and tDCS.121,180  

 A more recent perspective article by Cassidy et al (2014)106 made the point that although 

priming studies involving NIBS can impact the induction of plasticity in healthy humans,181-

183 this outcome is yet to be established in stroke populations.120  
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Thus far the literature confirms that the application of 6-Hz rTMS to the contralesional M1 

in chronic stroke cohorts is safe.184,185 Cassidy et al (2014)106 argued that further research 

is required in order to ascertain how the disruption in interhemispheric inhibition (IHI) 

after stroke could be influenced by priming techniques. They also recommended further 

consideration of how genetic polymorphisms affecting neural repair may respond to 

priming via NIBS techniques.120  

Stinear et al (2014)115 conducted an RCT on bilateral priming of the UL post subacute 

stroke. The aim of this study was to build on their previous findings that 15 minutes of 

daily active-passive bilateral priming (APBP) prior to UL therapy resulted in an increased 

ipsilesional M1 excitability and improved outcomes in UL motor function in comparison to 

standard motor practice in a population of chronic stroke patients.180 The APBP device 

involves the patient actively performing wrist flexion/extension of the non-paretic UL, 

whilst the device simultaneously assists the paretic UL in a mirror-like movement 

pattern.186 This synchronous movement pattern is thought to disinhibit the ipsilesional 

M1, and therefore, increase excitability for at least 30 minutes post intervention.187 In 

their latest RCT,115 the authors aimed to determine the short and long-term effects of 

bilateral priming in a subacute stroke cohort.115  The primary outcome measures were the 

FMUE and the ARAT, assessed at baseline, after the four-week intervention, and at 12 and 

26 weeks after stroke. A total of 728 patients were screened, 350 identified for UL 

rehabilitation, and 292 (80%) were deemed to be suitable for APBP, however only 68 were 

eligible for research participation, six declined participation in the study and five were 

withdrawn, therefore 57 individuals were randomised into the trial. Participant 

characteristics were as follows: 26 men, mean age 68 (±25) years, mean time since stroke 

was not specified, however all participants commenced the intervention within 26 days 

after stroke. The PREP algorithm and brain-derived neurotrophic factor (BDNF) genotyping 

were used to stratify patients, and a customized software program (www.rando.la) was 

used to randomise subjects into ‘primed’ (n= 29) and ‘control’ (n=28) groups. Baseline 

FMUE scores for the ‘primed’ group were 44/66 (2-65); and 43/66 (3-64) for the control 

group; ARAT scores were 26/57 (0-56) for the ‘primed’ group, and 27/57 (0-57) for the 

‘control’ group. Participants in the ‘primed’ group used the APBP device for 15 minutes, 

http://www.rando.la/
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and were instructed to aim for 500 to 1500 movement cycles. The ‘control’ group 

intervention consisted of intermittent cutaneous electric stimulation delivered by a 

standard TENS unit, to the wrist flexors in the affected UL for 15 minutes. Both 

interventions took place immediately prior to 30 minutes of daily UL therapy (not 

described by the authors), for a period of four weeks.115 Although participants were not 

blinded, they had no reason to suspect that one intervention was more advantageous 

than the other. Participants who were discharged during the four-week intervention 

period continued with self-directed priming and therapy at home; they also recorded time 

spent in each activity. The study took the novel approach of comparing the trajectory of 

improvement over 12 weeks between groups, rather than comparing the overall maximal 

scores achieved. Their results showed that a higher number of subjects in the ‘primed’ 

group achieved a plateau in UL function at 12 weeks, compared to the ‘control’ group, and 

that primed subjects were three times more likely to achieve this plateau in comparison to 

the control group. The authors reported no between-group differences at 26 weeks in 

secondary measures such as the modified Rankin Scale (p >0.4), and the Stroke Impact 

Scale (p > 0.2). Neurophysiological measures (TMS) revealed that bilateral priming 

enhanced the excitability of transcallosal pathways from the ipsilesional to the 

contralesional M1, therefore encouraging rebalancing between motor cortices. This study 

demonstrates that bilateral priming prior to UL therapy accelerates motor recovery in the 

UL after subacute stroke, and also increases the likelihood of achieving a plateau by 12 

weeks, therefore maximising the suggested ‘window of opportunity’ for cortical 

reorganisation and long-lasting neuroplasticity post-stroke. It must be noted, however, 

that the range of severity of UL impairment appears to be very wide, and inclusive of 

patients with very mild impairment at baseline - i.e. mean FMUE baseline scores in the 

primed group 44/66 (2-65) and control group 43/66 (3-64).  

Conversely, this study proved that it is feasible to incorporate 15 minutes of bilateral 

priming followed by 30 minutes of daily UL rehabilitation in a busy subacute stroke 

setting. Stinear et al (2014)115 highlighted that bilateral priming should be considered a 

‘neuromodulatory adjuvant’ to therapy rather than an intervention, as it did not involve 

task specific practice.115 
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Researchers have also proposed the possibility of priming motor rehabilitation with a bout 

of aerobic exercise prior to motor training after stroke.188 This concept is based on animal 

and human data that suggest that aerobic exercise increases BDNF secretion in the 

cerebral cortex, hippocampus, cerebellum, and spinal cord, which further enhances the 

training effect, therefore increasing LTP and dendrite formation in neuronal circuits that 

support movement and motor learning.188   

In summary, stroke can cause a diverse range of impairments which can greatly influence 

the process of rehabilitation and functional outcome after stroke. Although stroke 

management has evolved, and despite evidence-based rehabilitation, over half of stroke 

survivors are left with neurological impairments resulting in loss of function and even 

isolation from society. The literature has identified the first three months post-stroke as 

the ‘sensitive period’ of CNS reorganisation and recovery and hence an excellent window 

of opportunity to maximise neuroplasticity. Restitution rehabilitation strategies must 

therefore be implemented in the early stages of recovery, followed by substitution and 

compensation strategies in the latter stages. Motor recovery can be measured in two 

ways:  ‘operationally’ (measurable and observable events); and ‘constitutively’ 

(description of its meaning). There are three types of measures: discriminative 

(distinguish responders to treatment), predictive (predict a future outcome) and 

evaluative measure change over time. Researchers have developed very accurate 

predictive tools such as the PREP algorithm, SULCS, SAFE score, neurophysiological 

measures such as TMS and fMRI, BDNF genotyping; however these measures do not allow 

measurement of change in response to the intervention over time. Clinicians and 

researchers use evaluative measures, to measure this change and determine a MCID and 

MCD in relation to the intervention, and in a meaningful context to the patient. The FMUE 

is a valid and reliable evaluative outcome measure commonly used in stroke literature.  

 

Rehabilitation ‘treatment taxonomies’ have been developed to assist in standardising 

therapy, dissemination of interventions, training of novice practitioners, interdisciplinary 

communication, and research. Furthermore, various approaches to rehabilitation have 
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evolved in the wide physiotherapy community, including the Bobath concept and Motor 

Relearning Program. The literature remains inconclusive as to which rehabilitation 

approach is more effective. However, modified CIMT, NMES, biofeedback, and robotics 

are the interventions with the highest level of evidence in rehabilitation post-stroke; and 

task-specific training with high intensity has been demonstrated to improve functional 

outcomes. Augmentative therapies such as the evidence-based clinical algorithm 

developed by McDonnell et al (2013)135 and the proposed MTST model by Arya et al 

(2012)178 have been shown to be feasible, as well as to encourage self-practice, and 

increase the number of repetitions and time spent in therapy, which may be more 

congruent with the recommended stroke rehabilitation guidelines for intensity of UL 

therapy. Priming techniques, such as the one proposed by Stinear et al (2014),115 have also 

shown to be feasible, effective in a clinical setting, and have also shown a positive effect 

on motor recovery, especially if applied during the ‘sensitive period’ post-stroke. The 

isolated application of NIBS as a priming technique still requires further investigation on 

the effects of IHI post-stroke. The literature also recommends future trials investigate the 

effects of NIBS in subjects with key genetic polymorphisms such as BDNF.  

 

Currently, the national guidelines in Australia recommend 60 minutes of therapy daily, five 

days per week. These guidelines do not specify the amount of time that is required for 

improvements in UL motor function.  The evidence suggests that clinicians are spending 

between 4 to 16 minutes per session in UL-based therapy activities. This insufficient 

therapy time can be attributed to the fact that most stroke units in Australia, and 

overseas, are not meeting patient-to-staff ratios as per government recommendations - 

i.e. patient-to-staff ratios per 10 beds: OT and PT 1.5 FTE each, and AHA 0.5 FTE.   The 

variation in therapy approaches, as referred to earlier, such as therapist background and 

experience, availability of equipment and various service factors such as staffing, impacts 

on the therapy actually provided to an individual post-stroke, making the translation into 

clinical trials difficult. 
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2.4 Non-Invasive Brain Stimulation Techniques  

As stated previously, recovery of UL function after stroke remains a clinical challenge in 

rehabilitation and few evidence based therapies are available, particularly for those who 

do not have any early recovery of movement. There are several types of NIBS techniques, 

the main two approaches include TMS and tDCS, which have been explored over the past 

two decades as therapeutic adjuvants applied to enhance motor recovery and functional 

outcomes in stroke cohorts.32,40  One concept behind non-invasive cortical stimulation is 

to assist in the ‘normalisation’ of inhibitory intercortical mechanisms which may be 

affected by the stroke38,40,44-46 and to augment neuroplasticity in order to improve motor 

recovery.44,45,119 Non-invasive stimulation techniques can directly target specific brain 

structures in order to facilitate or inhibit their activity, and therefore drive neuroplasticity 

in motor recovery, as well as measure neuronal output (TMS only) and intercortical 

interactions for evaluation purposes.32 

 

2.4.1 Transcranial Magnetic Stimulation  

Transcranial Magnetic Stimulation is a technique which induces neurostimulation and 

neuromodulation by influencing action potentials in the stimulated neurones and so 

altering their susceptibility to fire, and/or causing them to be activated.40,189 An electric 

coil is held above the region of interest on the scalp in order to induce small electrical 

currents via magnetic fields thereby activating intracortical interneurons.40,189 There are 

two types of TMS: (1) repetitive TMS (rTMS) and (2) single pulse TMS. Both are used in 

research but effects lasting longer than the stimulation period are only observed in 

following rTMS.190 The TMS device consists of one or two stimulation units with figure of 

eight or circular coils and an EMG monitor. One limitation of TMS units is that they are not 

as easily transported as tDCS devices.  

Similar to tDCS, an increase or decrease in neuronal activity can be achieved using this 

technique; however the mechanisms via which these changes in activity are induced are 

very different from tDCS. Higher or lower frequencies of rTMS can achieve neuronal 

excitation or inhibition; for instance higher frequencies (i.e. > 5 Hz) increase the level of 
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neuronal activity and lower frequencies (i.e. < 1 Hz) decrease the level of neuronal 

activity.38
 One advantage of TMS over tDCS is that it also provides an objective measure of 

neural activation which can assist our understanding of ‘treatment-related plasticity’, 

therefore enabling clinicians to move toward highly controlled and individualised 

rehabilitation paradigms.119 TMS can also be used for mapping brain areas in various 

neurological conditions such as brain tumours, cerebral palsy, epilepsy, and stroke. TMS 

mapping in stroke provides electrophysiological data that may assist in the understanding 

of cortical reorganisation.191 

2.4.2 Transcranial Direct Current Stimulation (tDCS) 

Direct current (DC) stimulation was first described in the 1800s and scientific 

investigations into this modality began in the 1960s.192 However, it has only been in the 

last 15 years that tDCS has started to be considered as a tool for neuroscience research. 

Michael Nitsche and Walter Paulus (2000, 2001)193,194 and Nitsche et al (2003)195 

conducted a series of pioneering studies in which they established that a single session of 

stimulation to the M1 in healthy subjects increases or decreases cortical excitability for up 

to one hour post stimulation.193 Furthermore, they found that direction and duration of 

these changes in cortical excitability are polarity, intensity and duration dependent. 193-195  

 

Transcranial direct current stimulation is described as a technique which acts as a 

neuromodulator of resting neural membranes. A simple, battery-driven device is used to 

generate a constant, low direct current (1-2 mA) which is passed through electrodes 

placed on the scalp, (most commonly over the M1 area in stroke rehabilitation).196 tDCS is 

one of the most commonly used adjuvant NIBS techniques44,45,196-199 and has been shown 

to augment the recovery of UL movement and function in chronic47 and subacute stroke 

cohorts.36 In comparison to rTMS, tDCS is relatively easy and quick to administer in an 

inpatient hospital setting. 

 

With regard to electrical stimulation, the term ‘anodal electrode’ indicates the relative 

positive terminal through which current flows into the body. At the anodal electrode, tDCS 

hyperpolarizes the apical dendrite and depolarizes the soma and initial axon element, 
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therefore, lowering the threshold for action potential generation.200 Under the anodal 

electrode, the current causes a depolarization of the resting membrane potential, which 

increases neuronal excitability and allows for more spontaneous cell firing. Consequently 

anodal tDCS is considered to be excitatory. The cathodal electrode is a relative negative 

terminal where current exits the body.201-203  

Under the cathodal electrode, the current causes a hyperpolarization of the resting 

membrane potential resulting in decreased neuronal excitability due to the decline of 

spontaneous cell firing.193-195,202,204-206  Hence cathodal tDCS is considered to be inhibitory.  

Therefore, in post-stroke research, tDCS can be applied in four different ways (Figure 1).  

(1) Anodal tDCS (atDCS) over the ipsilesional M1 which increases cortical excitability 

of the brain tissue underlying the electrode by the depolarization of resting 

membrane potentials, and therefore stimulating the intact pathways of the 

affected hemisphere.37,47  

 

(2) Cathodal tDCS (ctDCS) over the contralesional M1 which decreases cortical 

excitability by the hyperpolarization of resting membrane potentials, in order to 

modulate the imbalanced inhibitory influence on homologous ipsilesional 

regions.37,47   

 

(3) Bihemispheric tDCS which is the simultaneous application of both atDCS and 

ctDCS.207,208 

 

(4) Sham tDCS applied either as cathodal or anodal tDCS montage. Most tDCS devices   

have a sham button. When the device is turned on, the current ramps up for 30 

seconds before switching off.  

 

Relevant data will be discussed in more detail in section 2.7 ‘Evidence for NIBS and UL 

Rehabilitation Post- Stroke’.  
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Figure 1: Modes of tDCS application in stroke47 

Brain model of altered interhemispheric inhibition in patients with a unihemispheric stroke and the 
therapeutic options to ameliorate this imbalance. The balance of interhemispheric inhibition becomes 
disrupted after a stroke (A), such that the healthy hemisphere exerts an unopposed inhibitory influence onto 
the lesional hemisphere and possibly interferes in the recovery process. There are three possible ways to 
ameliorate this process by non-invasive brainstimulation with tDCS: the excitability in the affected (lesional) 
hemisphere is upregulated through anodal tDCS (B), the excitability in the unaffected (normal) hemisphere 
is down regulated through cathodal tDCS (C) or a combination of B and C is applied.

47
 

Reprinted from Restorative Neurology and Neuroscience, Volume 29, Dinesh G. Nair, Vijay Renga, Robert 
Lindenberg, Lin Zhu and Gottfried Schlaug, ”Optimizing recovery potential through simultaneous 
occupational therapy and non-invasive brain stimulation using tDCS”, Page 412, Copyright (2011), with 
permission from IOS Press.  
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2.4.2.1 Electrode Montages 

Thus far, scientists have explored three main electrode montages: anodal (excitatory), 

cathodal (inhibitory) and bihemispheric.209 The basic mechanism is the modulation of IHI 

by strengthening the facilitatory effect of one M1 while reducing the inhibitory influence 

of the other M1.207,209 

Various investigators have explored the physiological and clinical effects of different 

electrode placements. Figure 2 from Reis J & Fritsch (2011)209 illustrates the anodal, 

cathodal and bihemispheric electrode montages currently used in clinical research. 

 

 

 

Figure 2: Transcranial direct current stimulation electrode montages utilized in motor 
learning and after stroke.209

  

Illustrated is the placement of the anode (red) and cathode (green) in relation to the trained hand as well as 
to the stroke location. All montages are commonly used in healthy individuals. In stroke patients, the 
montages (a)–(c) are applied, the lesion area is indicated in grey. All electrode locations are defined in 
relation to the trained hand: (a) anodal tDCS of contralateral M1 with the cathode placed on the ipsilateral 
forehead; (b) bihemispheric tDCS with the anodal over the contralateral M1 and the cathodal over the 
ipsilateral M1; (c) cathodal tDCS of the ipsilateral M1 with the anode placed on the ipsilateral forehead; (d) 
anodal tDCS of the contralateral M1 with contralateral extracephalic cathode placement. tDCS, transcranial 
direct current stimulation.

209
 This figure was taken from Reis & Fritsch (2011),

209
 “Modulation of motor 

performance and motor learning by transcranial direct current stimulation”, Current Opinion in 
Neurology, volume24, page 592. Used with permission by Wolters Kluwer Health, Inc. 

 

 



 

Page | 77 

More recently, other electrode configurations have been explored. For instance, a study 

by Kuo et al (2012)210 compared the physiological effects of conventional versus high-

definition (4x1 ring) tDCS (HD-tDCS) electrode montages and demonstrated that this new 

electrode arrangement can induce neuroplasticity more focally in M1, and therefore 

should be explored in future clinical trials.210 Figure 3 illustrates the 4 x 1 HD tDCS 

concentric-ring electrode configuration with the active electrode in the centre, placed 

above the desired target area, surrounded by four reference electrodes. Modelling studies 

reported that this electrode configuration results in maximal electric field strength under 

the active electrode, as the four reference electrodes surround it, therefore providing a 

more spatially constrained flow and focal delivery of current in comparison to 

conventional electrode montages.210-213   

 

 

 

http://www.wired.com/2014/05/brain-stimulation-science/ 

Image: Marom Bikson, Kamran Nazim, and Dennis Truong / CCNY 

Figure 3: HD-tDCS electrode montage 

 

http://www.wired.com/2014/05/brain-stimulation-science/


 

Page | 78 

2.4.2.2 Physiology Behind tDCS-Induced Neuromodulation 

Transcranial direct current stimulation does not elicit action potentials in neurones, 

instead it is considered to modulate spontaneous neuronal network activity by causing the 

neuron’s resting membrane potential to depolarize194 or hyperpolarize.196,200,205,214 At a 

neuronal level, the primary mechanism of action is a tDCS-induced polarity-dependent 

shift of resting membrane potential of neurons affecting voltage- or charge-gated ion 

channels such as N-methyl-D-aspartate (NMDA) receptors, and various neuronal 

membrane channels, such as sodium and calcium in the peri-membrane matrix.196,200,215 

Furthermore, tDCS also interferes with brain excitability through synaptic modulation of 

activity in intracortical and corticospinal neurons or ‘pyramidal neurons’ which are 

characterised by long apical dendrites.206,215 This primary polarization is the mechanism 

that underlies the acute effects of tDCS on cortical excitability;200 however long-lasting 

tDCS-induced effects are not solely attributed to electrical neuronal changes in membrane 

potential channels.194 tDCS also modifies the synaptic microenvironment by modifying 

synaptic strength due to a modulation of NMDA receptors114,206,216 or altering gamma-

aminobutyric acid (GABA) activity.196,200,216,217 Anodal and cathodal tDCS are also known to 

induce widespread modulations in regional cerebral blood flow (rCBF) in cortical and 

subcortical areas.200 

2.4.2.3 Membrane Neuroplasticity 

In regard to membrane changes, two key studies by the same group also concurred that 

blocking voltage-gated sodium and calcium channels decreases the excitability enhancing 

effect of atDCS, and in contrast, has no influence on the ctDCS-generated excitability 

reductions.216,217 These findings are in line with the overall assumption that tDCS induces 

shifts in the resting threshold of the membrane of cortical neurons.196  

2.4.2.4 Role of Neurotransmitters in tDCS Effects 

Researchers agree that the exact mechanisms of tDCS are yet to be understood.114,218,219 

However, recent human studies suggest that NMDA-glutamatergic  receptor activation is 

important and may underpin the effects of NIBS that outlast the stimulation period in 

healthy individuals.114 In earlier studies, Liebetanz et al (2002)216 and Nitsche et al 



 

Page | 79 

(2005)206 demonstrated that the tDCS-induced after effects might be associated with 

changes in synaptic strength due to a modulation of NMDA receptors.206,216 Liebetanz et al 

(2002)216 studied 11 healthy subjects (eight men, mean age 31 years). All subjects were 

subjected to atDCS or ctDCS of the M1 plus an oral dose of dextromethorphan (DMO) 

which is an NMDA-receptor antagonist. This study showed that DMO suppressed the 

after-effects of both anodal and cathodal DC stimulation on M1 excitability, therefore, 

strongly suggesting the involvement of NMDA receptors in both types of tDCS-induced 

neuroplasticity.216 

When using atDCS, axons in superficial cortical layers are thought to partially depolarize 

leading to an up regulation of NMDA receptors in postsynaptic membranes; whereas 

ctDCS decreases the neuronal excitability of the area being stimulated, leading to a down 

regulation of NMDA receptors.193,195,205 Despite this data, Nitsche et al (2005)206 added 

that certain features about how exactly ctDCS modulates different intracortical circuits 

remain uncertain.206 Nitsche and Paulus (2011)198 published an elegant overview of the 

literature including early pharmacological studies195,220 which concurred that tDCS-

induced plasticity involves the glutamatergic  system and might be driven by changes in 

intracellular calcium levels i.e. glutamatergic driven long-term potentiation (LTP) and long-

term depression (LTD). Furthermore, they added that modulation of dopaminergic, 

cholinergic and serotonergic systems also have a significant impact on tDCS-induced 

plasticity.198 

2.4.3  Role of Brain Derived Neurotrophic Factor (BDNF) in Neuroplasticity 

BDNF belongs to the neurotrophin family, a group of proteins involved in neuroprotection, 

neurogenesis and neuroplasticity.221,222 BDNF, therefore, has a significant role in 

synaptogenesis, synaptic plasticity, and underlying learning and memory in the adult 

brain.45,112-114 The evidence suggests that BDNF facilitates LTP, promotes dendritic growth 

and remodelling.221,222 Regarding neuroplasticity after stroke, BDNF is thought to be a key 

facilitator of motor learning and rehabilitation.188  



 

Page | 80 

2.4.4 The Impact of BDNF-Gene Val66met Polymorphism on Stroke Recovery 

The literature reports that between 30-50% of normal individuals have a single nucleotide 

polymorphism on the BDNF gene, explained as a change in an amino acid from valine (val) 

to methionine (met) at position 66 of the precursor BDNF peptide, known as val66met 

polymorphism.223 This met allele is known to reduce activity-dependent BDNF secretion in 

the CNS by 25%.224,225 Human data confirms that the presence of the val66met 

polymorphism is linked with physiological and brain structure abnormalities.226 In 

comparison with individuals without the polymorphism, met allele carriers have shown 

decreased volume in the prefrontal cortex227 and hippocampus,227,228 as well as reduced 

levels of N-acetyl-aspartate (a marker of neuronal health) in the hippocampus.224 

Furthermore, several studies have also shown that met allele carriers have impaired 

memory task performance in comparison with val66val carriers.224,229,230 Kleim et al 

(2006)231 were the first to demonstrate that the val66met polymorphism has an effect on 

activity-dependent plasticity associated with movement training.231 They reported that 

individuals without the met allele showed a greater expansion of motor maps, as well as 

an increased M1 excitability (measured by TMS), in comparison to individuals with the 

val66met polymorphism.231 

Evidence of a BDNF-genotype effect on neuroplasticity and motor learning in young 

healthy individuals has led researchers to speculate that the val66met polymorphism may 

also influence recovery after stroke.232  A perspective article by Mang et al (2013)188 

summarised the data as follows. Three recent studies, Siironen et al (2007), Cramer et al 

(2012) and Mirowska-Guzel et al (2012) have reported an association between the met 

allele and poorer recovery from haemorrhagic stroke in comparison to individuals without 

the polymorphism in the acute and sub-acute stages post-stroke.188 However there are 

conflicting findings regarding the long-term impact of the polymorphism (i.e. >1 month 

post-stroke) and limited evidence to support the same genetic influences in a cohort of 

individuals with ischemic stroke.188
 Mang et al (2013)188 highlighted the fact that these 

studies have all used outcome measures that do not differentiate between recovery of 

cognitive and motor function. These authors188 reported that thus far, only one study on 

the val66 met polymorphism (Vilkki et al 2008) has been conducted in individuals with 
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chronic stroke. In this study, reductions in visual memory after subarachnoid haemorrhage 

were greater in met allele carriers compared to individuals without the polymorphism; 

however, this genotype effect was not observed in individuals with concurrent cerebral 

infarcts.188 This is in line with studies in healthy cohorts224,229,230 showing impaired 

memory task performance in met allele carriers.  

Therefore, Mang et al (2013)188 suggested that more research is needed to understand 

BDNF-genotype effects on different phases of recovery and long-term outcome, as well as 

how stroke type impacts these effects. In addition, effects of the val66met polymorphism 

on motor learning could potentially modulate response to motor rehabilitation in chronic, 

and acute ischaemic stroke recovery, but this has not yet been investigated.188  

 

2.4.5 The Impact of BDNF-Gene Val66met Polymorphism on tDCS-Induced 

Neuroplasciticy  

Fritsch et al (2010)114 reported that tDCS enhances BDNF secretion and tyrosine receptor 

kinase B (TrkB) activation in vitro, which means that tDCS may promote motor skill 

learning at least in part through augmentation of synaptic plasticity.114 Furthermore, 

studies on healthy cohorts have shown that the BDNF gene is also involved in tDCS-

induced effects on brain plasticity.112-114 Antal et al (2010a)112 conducted a retrospective 

analysis on data from 64 subjects studied in their laboratory which demonstrated that 

carriers of the val66met polymorphism showed enhanced tDCS-induced plasticity 

compared to val66Val carriers.112 On the other hand, Cheeran et al (2008)113 found no 

differences between these groups for ctDCS-induced plasticity.113 Recent work by Antal et 

al (2014)233 concurred that healthy met allele carriers might be less likely to undergo 

neuroplastic changes, and have lesser MEP responses than val66val carriers after various 

types of transcranial stimulation.233 They also emphasized that although there are positive 

trends on the effect of the generic variation on outcomes of anodal and cathodal tDCS, 

the results are not statistically significant. These authors suggested that genotyping 

subjects when investigating NIBS-induced plasticity, needs careful consideration, and may 

not be necessary. However, these suggestions only reflect studies with healthy 

populations and Antal et al (2014)233 have queried whether these findings can be 
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translated to patient populations.233 Therefore, it is important to consider that tDCS-

induced plasticity is not solely dependent on genotype, but rather is influenced by an 

array of factors such as age, gender, stroke severity, and rehabilitation experience.  

 

2.4.6 The Impact of tDCS on Glial Cells  

Ruohonen and Karhu (2012)234 used a mathematical model, also known as ‘cable theory’, 

to estimate trans-membrane potential in neurons and glial cells, in order to explore the 

possibility that tDCS affects glial cells. This study stated that theoretically tDCS could 

stimulate glial cells instead of neurons, by affecting trans-membrane potential; however, 

there is no physiological evidence or proof that this is in fact the target. Calculations 

indicated that trans-membrane potential change is of comparable magnitude to that 

observed in astrocytes during neuronal activation. These authors added that the 

possibility to non-invasively stimulate glial cell activity would be an immense therapeutic 

breakthrough i.e. neuroprotection applications to manipulate blood flow and 

neurotransmitter balance would be possible via this mechanism.234 Lastly, they added that 

consideration of glial mechanisms should be included in tDCS safety considerations.234  

 
In summary, NIBS is able to decrease the hyperactivity in the unaffected primary and non-

primary motor cortices and improve neural coupling of both hemispheres. NIBS can also 

increase activity in affected cortical areas by enhancing neural coupling between the 

affected primary and non-primary motor cortices.44 The mechanisms which underlie the 

effects of tDCS are not fully understood. 114,218,219 The beneficial effect of tDCS on motor 

learning is likely related to strengthening of physiological cellular and networks already 

occurring with learning.209 Moreover, tDCS effects appear to be multifactorial, and this 

technique is thought to induce changes in various systems, therefore effects are not 

attributed to a single mechanism.215  tDCS-induced neuroplasticity involves the regulation 

of neurotransmitters such as dopamine, acetylcholine, and serotonin, and various 

neuronal membrane channels such as sodium and calcium.196,198,215 tDCS also modulates 

neurotransmission (glutamate) within or towards remote brain areas.45  
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However effects may be different in atDCS and ctDCS. Hence, many questions remain to 

be answered regarding our understanding of tDCS, such as whether the changes seen in 

normal subjects will be demonstrated in stroke survivors, what impact will type and 

chronicity of stroke have on response to tDCS, and finally, what is likely to be the best 

electrode configuration to augment motor control (inhibiting the unaffected, facilitating 

the affected hemisphere or stimulate both at once)? If NIBS ‘primes’ the brain for motor 

learning, it is also important to ask what happens concurrently or immediately after this 

form of treatment. Lastly, the direct impact of stroke pathology can be increased by 

abnormalities of inter- and intra-hemispheric inhibition, diaschisis, and injury response 

factors mentioned above; therefore these mechanisms can also influence motor recovery 

post-stroke, and may alter response to NIBS. 

 

2.5 Evidence for NIBS and UL Rehabilitation Post-Stroke  

As previously stated NIBS techniques have been used in two ways: 1) ‘Inhibitory NIBS’ to 

externally induce inhibition by applying either ctDCS or low-frequency rTMS over the 

unaffected M1 or 2) ‘Exitatory NIBS’ to facilitate the excitability of the affected M1 by 

applying either atDCS or high-frequency rTMS.40 The literature reports that the effects of 

NIBS over the unaffected hemisphere are more homogeneous, as this area is less likely to 

be affected by tissue damage or neuronal loss, and therefore responses to NIBS are likely 

to be more predictable.44  

2.5.1 High Frequency (Excitatory) rTMS 

The literature on excitatory rTMS applied to the lesioned hemisphere is limited. A study by 

Khedr et al (2005)235 recruited 52 right-handed stroke patients (36 men, mean age 

52.8(±8.9) years, mean NIHSS 12(±3)) over a period of 14 months. This study demonstrated 

that repeated 3 Hz rTMS application to the affected hemisphere over 10 consecutive days 

post-acute stroke (5-10 days post), was associated with motor improvements of the 

affected hand, furthermore, the effects continued to improve by 20% to 30% for up to 10 

days post intervention.235  
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A subsequent study236 of 15 chronic stroke patients (13 men, mean age 53.5(±4.5) years) 

also concurred with these findings; however, it is important to note that much higher 

frequency (10 Hz) stimulation was applied to the affected motor areas in this study, 

nonetheless they also reported improvements in motor function.236 Frequency 

parameters remain a topic for discussion in regard to determining optimal therapeutic 

frequencies of stimulation in acute versus chronic stroke cohorts.  

2.5.2 Low Frequency (Inhibitory) rTMS 

Low frequency (1 Hz) rTMS to the unaffected motor cortex has also been shown to lead to 

transient functional improvement in hand dexterity post-acute stroke (< 14 days) after a 

single-session.38,237 Other studies have also reported beneficial effects on pinch 

acceleration238,239, grip force240, reaction time241,242 and finger tapping243 tasks in subacute 

and chronic stroke cohorts. 

Takeuchi et al (2005)238 reported that rTMS (1 Hz, 25 minutes) to the contralesional 

hemisphere resulted in a reduction in the amplitude of MEPs from the affected 

hemisphere, as well as a decreased duration in transcallosal inhibition.238 This study 

included a cohort of 20 patients (mean age 59 (±9.6) years, 15 males, mean time since 

stroke 26.9 (±17.5) months. The maximum FMUE score of 61.8 (±22.9) indicating that 

participants had a mild to moderate UL impairment.238 Many subsequent studies have also 

shown that inhibition of the unaffected hemisphere post-stroke is associated with a 

decrease in the excitability in the stimulated hemisphere and increased excitability in the 

affected hemisphere, which is correlated with improvements in motor 

function.189,235,236,238,239,241,244  

There is evidence of greater benefits with longer treatment intervals, and the addition of 

motor training to NIBS. For instance a recent multi-site pilot study by Kakuda et al 

(2012)245 investigated the safety, feasibility and efficacy of low frequency rTMS plus 

intense UL rehabilitation in a cohort of individuals with chronic stroke.245 This large 

uncontrolled ‘pilot study’ enrolled 204 post-stroke patients with UL impairment who had 

plateaued i.e. no change in FMUE scores in the previous three months prior to study 

enrolment. Participant’s characteristics were as follows: mean age 58.5 (±13.4) years, 
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males 131, mean time since stroke 5.0 (±4.5 years). All participants were admitted to a 

local hospital for a period of 15 days, and participated in an 11-day, twice a day, intense 

rehabilitation program, consisting of a total of 22 treatment sessions (20-min low-

frequency (1Hz) rTMS to the contralesional M1, followed by a 10 minute rest period, 

followed by a 120 minute UL therapy session. A standard session consisted of 60 minutes 

of one-to-one training (30 minutes of shaping or functional task training and 30 minutes of 

repetitive-task practice techniques) and 60 minutes of self-exercises tailored to each 

individual. The primary outcome measures included were the FMUE and the WMFT, both 

assessed at admission, immediately post intervention, and follow up at four weeks (long 

term follow up was only completed by 79 (39%) patients). The authors reported a 

significant change in FMUE scores, (expressed as median (interquartile range)) from 47 

(36-54) at admission to 51 (42-57) at discharge (p < 0.001); as well as a decrease in the 

WMFT performance time from 3.23 (1.70-4.07) at admission to 2.51 (1.36-3.86) on 

discharge (p < 0.001). Significant motor improvement compared with baseline (p < 0.001) 

continued to be observed, FMUE scores were 50 (34-56) at the four-week follow up, and 

WMFT performance time continued to decrease from immediate post treatment to 2.01 

(1.31-3.94) at 4 weeks after discharge (p < 0.001).245 Although these data indicate 

statistically significant improvement, the mean change in FMUE scores does not indicate 

that it falls within the MCID range of change of score between 4.25-7.25,128 and MDC of 

5.2246 in chronic cohorts. This study confirmed that the application of low frequency rTMS 

to the contralesional M1 is both safe and feasible, and a well-structured high intensity 

rehabilitation programs is also feasible to implement in an inpatient rehabilitation setting, 

however, this evidence is limited to a chronic stroke cohort, whose recovery had 

plateaued.245  

On the other hand, it is important to note that a few studies have not shown the 

administration of rTMS to be associated with any gains in motor function after stroke.190 

However, the general consensus still remains that rTMS is safe and can have a positive 

effect on motor recovery after stroke, especially for those with subcortical strokes.45 

Overall, the evidence shows that low- frequency (inhibitory) rTMS over the unaffected 

hemisphere is more effective than high-frequency (excitatory) rTMS over the affected 

hemisphere, which provides some support for the effect being related to the 
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interhemispheric competition model.190 Furthermore, in a recent review of NIBS in 

neurological diseases, Schulz et al (2013)45 reported that NIBS can potentially affect 

neuronal gene expression.45 For instance, longer rTMS protocols have been shown to 

significantly enhance BDNF mRNA in the hippocampus, parietal and piriform cortices in 

rats.247 Lastly, the literature concludes that that the combination of rTMS with motor 

training may produce superior outcomes to rTMS alone. 32,190  

 

2.5.3 Anodal (Excitatory) tDCS 

A two-part study248 reported significant improvements (5-10%) in response times of a 

visually-cued response time task and a grip force task, after a single application of atDCS 

(n=13) in comparison to the cathodal and sham tDCS, in a cohort of individuals with 

chronic stroke (total participants n= 17, mean age 64 years; range 30-80 years, 13 males, 

mean time since stroke 38 months; range 18-70 months, mean baseline FMUE score 

47.2/66  range 16-66/66).248 In the second part (n=11) of this study fMRI was performed 

pre- and post-tDCS (anodal, cathodal, or sham) in order to describe any cortical activation 

changes correlated with the effects of tDCS on response times.248 The response time 

improvement was associated with an increased cortical activity in the stimulated M1 

during movement tasks, and increased activity of other functionally interconnected brain 

regions was also confirmed by fMRI only in the atDCS group. The authors248 claimed that 

this was the first study to demonstrate significant behavioural improvements after a single 

application of atDCS alone, however, average baseline scores indicated a mild to 

moderate level of UL impairment; and no impairment in one case who participated in both 

studies, with a FMUE baseline score of 66/66. Another conclusion arising from this study 

was that ctDCS did not induce significant improvements compared with atDCS, however, it 

was reported to have greater effect in the response time task in comparison to sham 

stimulation. None of the stimulation protocols showed significant effect on grip force (p > 

0.1 for all tDCS applications).248 These findings need to be confirmed in larger cohorts with 

a wider range of UL impairments. 
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A combination of atDCS and UL training has also been explored in stroke populations. 

Simultaneous atDCS and training can promote improvement in motor performance and 

motor learning in healthy individuals, and in chronic12,42,189,249 and subacute (12 weeks 

post)250 stroke patients. Anodal tDCS has also been shown to induce increased 

corticomotor in chronic stroke individuals.251 However, a study by Rossi et al (2012)37 

showed that atDCS did not have a significant effect in UL motor recovery in cohort of 50 

individuals (mean age 68.2 (±13.9) years, 26 males, 2 days post-stroke, mean baseline 

FMUE 4.35 (± 7.1) - indicating very severe UL impairment). Interestingly, over half of the 

group studied had previous ischaemic lesions, which may have confounded outcomes and 

recovery potential.37  

Although there are limited published data on atDCS in acute stroke populations, recently a 

multicentre longitudinal trial has commenced lead by Dr Friedhelm Hummel and Professor 

Christian Gerloff. The “Neuroregeneration Enhanced by Transcranial Direct Current 

Stimulation (tDCS) in Stroke” (NETS trial; ID: NCT00909714) aims to investigate the role of 

atDCS combined with standard functional UL training in a cohort of subacute stroke 

survivors (5-21 days post-stroke) on motor recovery. A secondary aim is to contribute to 

the understanding of the temporal development of motor plasticity and regeneration 

post-stroke. This trial has been recorded on ClinicalTrials.gov and is currently recruiting 

participants in Austria, France, Germany and Switzerland (total 13 sites), with the aim to 

recruit 250 participants. The NETS trial commenced on July 2009 and was due to cease 

recruitment on December 2014; however, according to the latest update in January 2015, 

this trial’s recruitment period has been extended until December 2016.  

A double-blind randomized controlled pilot study “Does Transcranial Direct Current 

Stimulation Improve Functional Motor Recovery in the Affected Arm-Hand in Patients After 

an Acute Ischemic Stroke: A Randomized Control Trial” led by Dr Meheroz H Rabadi from 

the University of Oklahoma (USA), is still ongoing. This trial aims to investigate the effects 

of atDCS 30 minutes prior to standard occupational therapy for the UL for functional 

recovery post-acute stroke (4 weeks post-stroke). This trial has also been registered on 

ClinicalTrials.gov since January 2009 and is still recruiting participants aiming to reach a 

sample size of 100. The estimated primary completion date is October 2015. These two 
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trials had already commenced during the time in which ethical approval was obtained for 

the current study, however, these data will eventually contribute to our understanding of 

efficacy, safety and feasibility of NIBS application in acute and subacute clinical settings. 

Currently there are another 27 tDCS and UL rehabilitation post-stroke trials registered on 

ClinicalTrials.gov of which 12 are in acute and subacute stroke (recruiting at or less than 

three months post-stroke). APPENDIX 1 gives an overview of all the acute and subacute 

stroke tDCS and UL rehabilitation trials currently registered as per August 2015. 

2.5.4 Cathodal (Inhibitory) tDCS  

Cathodal tDCS has been shown to suppress activity in the M1 for up to 60 

minutes,191,193,210,252 and up to three hours253 after 20 minutes of stimulation in healthy 

subjects.193,195,214,252,253
  In stroke studies, ctDCS over the unaffected hemisphere has been 

shown to be effective in rebalancing interhemispheric dynamics and hence improving 

motor function in subacute (< 2 months)36 and chronic stroke (> 6 months) cohorts.47 

Most studies have examined the efficacy in single-session pilot trials or proof-of-

principle254-256 studies or over short treatment series (e.g. 5 consecutive days).47,257 

Transient improvement in hand motor function255, lasting up to 14 days after stimulation 

has been reported in chronic stroke cohorts following a period of five consecutive ctDCS 

sessions.257  

A promising study by Nair et al (2011)47 examined the effects of ctDCS combined with UL 

therapy for 30 minutes, over 5 consecutive days. This study randomised 14 chronic stroke 

patients (mean age 55.8(±SD) years, 9 males, mean time post-stroke 30.5 (± 24) months) 

into a ctDCS+OT (n=7) or sham tDCS+OT (n=7) group. The level of UL impairment, as 

measured by the FMUE ranged between moderate to severe (baseline FMUE scores (±SD): 

cathodal group 30(±11) and sham group 31(±10)). The mean change in FMUES scores in 

the ctDCS group one week post-stimulation was 13.9(±7.7)%, with an absolute mean 

improvement of 4.14(±2.7) points; whereas the mean change in FMUES score in the sham 

group was 6.4(±7.2)% with an absolute mean improvement of 1.6(±1.5) points. 

Furthermore, the functional improvements in the treatment group correlated with fMRI 

findings of decreased activation in the contralesional motor cortex exposed to ctDCS, 

suggesting that the intervention had indeed affected interhemispheric balance.47   
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Another study by Zimerman et al (2012)256 examined the effects after a single-session of 

ctDCS, in 12 chronic stroke survivors (all subcortical strokes, mean age 58.3 years, 6 males, 

mean time post-stroke 30 months, mean baseline FMUE score 64/66). Those receiving 

ctDCS showed improvements in the acquisition of new motor skills resulting in better task 

retention compared with those receiving sham tDCS (p=0.04).256 Furthermore, a 

significant correlation (p = 0.03) was observed between the tDCS-induced improvement 

during training and the changes of intracortical inhibition in M1, assessed by an increase 

or decrease in the  short interval intracortical inhibition (SICI) of the cM1, which in this 

case resulted in an increase i.e. more inhibition of cM1 compared to the lesioned side. 

These results indicate that tDCS was not only associated with an improvement in motor 

behaviour, but also with better procedural learning.256 Although these findings are 

encouraging it is important to highlight that this study only included chronic strokes with 

very mild UL impairment (i.e. mean FMUE scores of 64/66).  

 

In a study by Kim et al (2010)36 which is highly relevant to the current research, 18 

individuals with subacute stroke (< 2 months) were randomised to standard UL training 

plus ctDCS (n=6) to the unaffected motor cortex, atDCS (n=6) to the affected cortex or 

sham tDCS (n=7). All subjects received 10 sessions consisting of 30 minutes of UL training 

+ allocated tDCS stimulation. The cohort demographics were as follows: mean (±SD) age 

55.3(±16.4) years, 5 males, 34(±27.1) days post-stroke, baseline FMUE scores 31.0(±11.2) 

(atDCS), 39.2(±19.0) (ctDCS), and 41.0(±13.0) (sham tDCS). They reported significant gains 

in motor recovery and function lasting up to six months post intervention in the ctDCS 

treated group compared to the sham group (p=0.05). There was a significant inverse 

correlation between baseline FMUE scores and those recorded at six months (p<0.01). As 

per previous investigations, this study was also limited by a very small sample size, and 

many subjects were high functioning at baseline i.e. mild to moderate UL impairment 

based on their FMUE.36  

Most of the tDCS research reported above has focussed on functional gains in the distal 

UL (i.e. functional gains in the paretic hand), with minimal consideration to the recovery 

mechanisms in the proximal UL. The proximal UL muscles are represented bilaterally in 

the M1 meaning that the contralateral and ipsilateral primary motor cortices play an 
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important role in controlling movement of the proximal UL.218 Goal-directed UL 

movement requires selective activation of proximal and distal agonist and inhibition or co-

activation of antagonist muscles. Failure to suppress antagonist muscles impedes joint 

control and can lead to abnormal movement patterns, such as the flexor synergies 

commonly observed in the proximal upper limb after stroke.218  

Recent work by Bradnam et al (2011)202 examined whether ctDCS to the left M1 can 

indirectly downregulate activity of ipsilateral propriospinal premotor neurons and 

inhibitory interneurons (uncrossed pathways) to the UL during a task in 18 right-handed 

healthy individuals (mean age 25(±1.6) years, range 19-50 years; 8 males). Their results 

demonstrated that ctDCS to the left M1 suppressed excitability of the ipsilateral 

propriospinal premotor neurons controlling the proximal UL muscles.202 The proposed 

mechanism attributed to the decreased excitation of ipsilateral propriospinal neurons and 

inhibitory interneurons is the reduction in excitability of the ipsilateral cortico-

reticulospinal descending pathways.202  

Further work by Bradnam and colleagues64,75 reported that, to their knowledge, this is the 

first demonstration that ctDCS can affect the excitability of these supposed propriospinal 

circuits and therefore this type of stimulation has the potential to suppress corticomotor 

excitability of the antagonist before movement in healthy218 and stroke88 cohorts.88,218 

Overall, these studies88,202,218 have significant clinical implications for proximal UL recovery 

post-stroke. The above findings highlight the importance of uncrossed corticospinal 

pathways and the role they may play in proximal UL control, and demonstrate that these 

projections can be modulated by NIBS. However, this group also noted that individuals 

with severe UL impairments may rely on the ipsilateral pathways for residual motor 

function, and if this is the case, this compensatory strategy may be compromised by 

suppressing these pathways with ctDCS to the contralesional M1. Proximal control of the 

UL is mediated by corticospinal projections arising from the contralateral and ipsilateral 

M1; more specifically, bilateral reticulospinal pathways, and to a lesser extent, 

vestibulospinal pathways. The authors88 also suggested that the ctDCS after-effects were 

strongly correlated with UL spasticity, impairment, function and fractional anisotropy (FA) 

asymmetry between the posterior limbs of the internal capsules.88 In conclusion, the 

authors highlighted that suppression of the contralesional M1 post-stroke may be 
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contraindicated for patients with severe damage to the ipsilesional corticospinal tracts, as 

this could result in the suppression of significant compensatory activity, and therefore 

compromise motor recovery. Conversely, suppression of the contralesional M1 may be 

beneficial for patients with less severe damage i.e. residual ipsilesional (M1) corticospinal 

tract integrity.88 The application of ctDCS to the unaffected hemisphere post-stroke is 

definitely not a “one size fits all” approach; and future studies are required in order to 

assist in identifying patients who are suitable for this application, and those who are not. 

88,202,218  

Further to the findings mentioned above, more recent literature258 suggests that perhaps 

M1 is not the best target for stroke individuals with severe impairments. Plow et al 

(2014)258 proposed a conceptual model of stimulating the premotor areas (PMAs) as an 

alternate option to M1, based on animal models71,78 suggesting that stroke recovery in 

severely impaired subjects is reliant on the reorganisation of higher motor areas around 

the PIC, such as the PMAs.  The authors258 also based this hypothesis on the rationale that 

efficacy of ipsilesional M1 stimulation is still not proven, and that individuals with greater 

motor impairments, present with severe damage to the M1 and its corticospinal output. 

Therefore, they proposed ipsilesional PMAs as alternate targets for this population for the 

following reasons: (1) PMAs have a better probability of survival following a stroke, (2) 

PMAs have greater spinal cord projections, and (3) they have excitable alternate CST and 

stronger transcallosal connections and widespread connectivity. Plow et al (2014)258 

argued that this target may not be suitable for individuals with lesser stroke severity and 

stronger residual potential, therefore M1 remains a more suitable target for this 

population. Stimulation to the PMAs may offer more severely impaired stroke patients a 

higher chance of motor recovery.258 

In regard to efficacy of tDCS as an adjunct technology, the best evidence for a significant 

effect of atDCS on motor recovery of the affected UL post-stroke has been reported in 

chronic cohorts. There are no data for patients in subacute populations, and the evidence 

for individuals with acute stroke points to a lack of significant effect on motor recovery. 

Furthermore, it remains unclear if atDCS over ipsilesional M1 is effective to improve UL 

function in haemorrhagic strokes.259  
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Cathodal tDCS has been shown to have a significant effect on motor recovery of the 

moderate to severely impaired UL in chronic stroke populations. There is some evidence 

that it is effective in subactute cohorts; however, there is no evidence at all of the effects 

of ctDCS post-acute stroke. According to a recent review by Lüdemann-Podubecká et al 

(2014)259 of tDCS and UL rehabilitation trials, (23 studies involving a total of 523 patients), 

comparative studies showed that ctDCS was associated with a greater improvement of the 

affected UL (40%), compared to atDCS (20%). However bihemispheric tDCS had greater 

effect sizes than anodal and cathodal tDCS alone.259  

 

The state of tDCS evidence to augment UL recovery post-stroke has recently been 

reviewed by various groups, including Marquez et al (2014),199 Lüdemann-Podubecká et al 

(2014),259 and Tedesco Triccas et al (2015),260 who concurred that tDCS has potential to 

improve motor function in individuals with stroke, however, its long-term efficacy remains 

inconclusive.199,259 These reviews cautioned researchers to interpret these findings 

carefully due to the high probability of publication bias toward significant findings. They 

also acknowledged that although there is some evidence of the long-term effects (over six 

months), the data are insufficient to support routine use of this modality. These reviews 

also recommend that future studies consider carefully the selection of patients and 

stimulation parameters, as well as factors such as lesion site, severity of impairment, time 

course since stroke, and type of adjuvant therapy and rehabilitation protocols.199,259,260   

 

A review261 by the Cochrane Stroke Group reported that tDCS (anodal, cathodal, and 

bihemispheric) had a small effect on UL motor impairments but not on ADLs post-

intervention; however, at follow-up, they reported an effect of tDCS on ADLs but not on 

UL motor impairments. The authors suggested that future clinical trials need to address 

methodological issues by continually reporting adverse events and dropouts, providing 

information about randomisation and double blinding, including control groups, and by 

performing intention-to-treat analyses.261  
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Furthermore, Horvath et al (2014)262 highlighted five important issues that need further 

clarification in future tDCS studies including: (1) inter-subject variability- which aims to 

explore the extent of between- and within-group differences found amongst tDCS 

literature, and suggests that the effects of stimulation should be studied at an individual 

level; (2) intra-subject reliability – to ascertain and report tDCS-response reliability over 

time and inform appropriate stimulation parameters; (3) sham stimulation and blinding – 

to emphasise the importance of, and lack of attention to adequate blinding practices in 

the tDCS literature; (4) motor and cognitive interference – to acknowledge the overlooked 

body of research suggesting that some behaviours or cognitive tasks performed during or 

after tDCS can weaken or abolish its effects; and finally (5) electric current influences – to 

emphasise several under-reported variables that may influence tDCS electric current 

density and flow, such as hair thickness, and electrode montage methods.262 In addition, 

the ‘Hawthorne effect’ must be taken into account when interpreting and reporting 

efficacy findings. 

 

In addition to the issues raised by Horvath et al (2014)262  which need to be clarified in 

future studies, it is imperative to consider that efficacy studies may be biased towards a 

positive outcome, and therefore, neglect to consider that ‘efficacy’  may to some extent 

be attributed to the ‘Hawthorne effect’ rather than the intervention.263 The ‘Hawthorne 

effect’ is described as a phenomenon that occurs when individuals may change their 

behaviour i.e. work harder or perform better, due to the attention they are receiving from 

researchers rather than because of any manipulation of independent variables such as a 

specific intervention.263 Researchers should consider the effects of being a study 

participant when making conclusions about performance and efficacy. Participants’ 

behaviour and performance could be influenced by the fact that they are getting one to 

one interaction with a therapist, and are constantly being assessed. Large uncontrolled 

trials, such as Kakuda et al (2012),245 run the risk of being influenced by the ‘Hawthorne 

effect’, and hence the importance of sham-controlled trials. 
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Over the last decade, the literature has reported an array of tDCS methodologies and 

rehabilitation protocols, which have served to inform current studies. However, the state 

of tDCS plus UL rehabilitation studies continues to be put under scrutiny and the question 

whether this adjunct technology has merit in stroke rehabilitation remains unanswered. 

Lastly, clinicians are increasingly becoming interested in these technologies to enhance 

motor recovery, in particular during the acute stages of rehabilitation, which raises the 

question of the safety and feasibility of translating this practice from lab to bedside.  

 

2.6 Pilot and Feasibility Studies  

Pilot studies are necessary when exploring novel interventions or novel applications in 

particular in a new patient population, and/or when this new approach is intended for 

implementation on a larger scale.264-266 The purpose of a pilot study is to inform feasibility, 

in order to assist in the planning and design of larger efficacy trials. 264-266  The literature 

claims that many pilot and feasibility studies remained unpublished, even though they are 

crucial in the planning process for larger scale trials.265  

The aspects of feasibility that can be examined with a pilot study are: screening, 

recruitment, randomisation, retention, treatment adherence, treatment fidelity, 

implementation of novel interventions and the process of assessment.266   

Furthermore, pilot studies encourage good clinical practices such as documentation, 

informed consent procedures, data collection, mandatory reporting, and monitoring 

procedures in multisite trials;266 as well as assist in training of research staff in order to 

consolidate competencies and specific skills pertinent to the investigation.265,266 

Altogether, a pilot study should be able to answer questions such as: can this study be 

done on a larger scale? Can the intervention be delivered as intended?265  

Lancaster et al (2004)264 published recommendations for good practice, that are still 

current,  in order to assist researchers in the design of pilot and feasibility studies.264 

These recommendations are evidence-based derived from a review of the pilot and 

feasibility literature from 2000 to 2001.  
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The authors264 identified seven key objectives that pilot and feasibility studies should 

aim for: (1) to determine initial data for the primary outcome measure, in order to 

estimate sample size for a larger trial; (2) test the integrity of the study protocol for a 

large, possibly multisite trial; (3) to test data collection such as forms and questionnaires 

(including patient information documents, and consent forms); (4) to test randomisation 

procedures including patient’s ability to understand and 

accept concept of randomisation; (5) to estimate recruitment rates and likelihood of 

consent in a specific cohort; (6) to determine the acceptability of intervention, particularly 

if the intervention is known to have side effects; (7) to select the most appropriate 

outcome measure i.e. feasibility of measurement and clinical relevance.264 In addition, the 

literature explains that although the inclusion of a control group is not essential in a pilot 

study, it enables a more realistic investigation of recruitment, randomization, 

implementation of novel interventions, as well as blinded assessment procedures, and 

retention in blinded interventions.266 

Researchers have identified caveats in the reporting of pilot and feasibility studies, and 

although there are guidelines for reporting non-pharmacological RCTs such as the 

extended CONSORT guidelines137 and the 2010 CONSORT updated guidelines,267 the 

literature emphasises the need to develop forums that allow researchers to discuss 

methodological issues and share knowledge in the planning of large scale clinical trials. 

Most recently, Lancaster and colleagues (2015)265 introduced a new journal, Pilot and 

Feasibility Studies, dedicated to the publication of medical and non-medical pilot and 

feasibility studies; with the aim to encourage publication of such studies, and to provide 

researchers with relevant resources and recommendations and eventually achieve 

standardisation of these types of study.265 A panel of experts, journal editors and funders 

are currently preparing a document on reporting guidelines for pilot trials.265 

The literature makes it clear that pilot studies are not hypothesis testing studies, and 

therefore should be limited to testing the feasibility of recruiting participants as per 

inclusion and exclusion criteria.266 Other aspects of research such as safety, efficacy and 

effectiveness should not be evaluated in a pilot study, however the literature recognises 

that a high number of researchers continue to report efficacy data from small studies. 
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Lancaster et al (2015)265 recommend that hypothesis testing must be treated as a 

secondary aim, and indicate that any results should be reported with appropriate caution 

and only interpreted as beliefs or trends toward significance of the intervention, that need 

to be further explored in Phase II trials.265,268 Experts in the field also advise against 

combining preliminary results from pilot studies with larger trials, in order to prevent 

contamination of data.264-266,268  

The terms ‘feasibility’ and ‘pilot study’ are currently used interchangeably, however, 

experts are aiming to reach a consensus on separate aims and definitions of these two 

types of study.265 

2.6.1 Feasibility of Recruitment in Stroke Trials 

The literature recognises that RCTs are essential when evaluating the efficacy of stroke 

therapies (currently mostly related to drug interventions), and that they require a 

substantial amount of resources such as adequate staffing and finances, which in many 

cases are the main limiting factors influencing feasibility.269 For the most part, feasibility 

and costs are influenced by two central factors: required sample size, and the amount of 

time it would take to enrol the proposed number of subjects.270 The duration of data 

collection in acute stroke trials is dependent on desired sample size, number of sites 

involved and their efficiency of recruitment.  

A meta-analysis by Elkins et al (2006)270 investigated the impact of trial centres and entry 

criteria on the efficiency of recruitment. The authors270 defined efficiency of recruitment 

as the number of enrolled participants per centre per month over the recruitment 

period.270 This meta-analysis examined predictors of recruitment efficiency in large acute 

stroke trials over a 15-year period.  The authors270 conducted a comprehensive search on 

MEDLINE and the Stroke Trials Directory. All studies included were RCTs with >300 

enrolled subjects, evaluating the efficacy of a drug intervention post-acute ischaemic 

stroke. A total of 132 trials were identified as relevant, 94 were excluded due to 

inadequate sample size, and six because trial recruitment parameters were unidentified. 

Only 32 trials were included in the analysis (11 trials in North America, 9 trials in Europe, 4 

trials in other regions, and 8 in multiple regions). The median trial size was 627 subjects 
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(range 21,106 to 302), the median number centres involved was 54 (range 3 to 467), 

median recruitment period of 27 months. The average recruitment efficiency was 0.79 

(range 0.08 to 3.73) subjects per centre per month.270 The authors270 also reported that 

trials which recruited in one country showed more efficiency in recruitment (p = 0.03) 

than trials recruiting in multiple countries. In addition, they also noted that recruitment 

efficiency decreased the more centres involved per study (p = 0.002). Although the 

authors postulated that the greater recruitment efficiency in smaller trials could be 

attributed to the careful selection of sites involved or more personal investment from site 

investigators. Another interesting finding arising from this review was that trials that 

allowed participants to be enrolled up to 48 hours post-stroke achieved recruitment rates 

three times higher than trials which enrolled subjects within six hours post-stroke; 

highlighting that very early recruitment post-stroke can be challenging. Also trials 

excluding mild strokes had lower recruitment efficiency compared to trials that did not 

exclude such patients (p = 0.009), this can potentially be a significant recruitment issue in 

rehabilitation trials. The primary predictors of recruitment efficiency in large RCTs are 

stringency of the inclusion criteria and the number of centres involved.270 Efficiency of 

recruitment could pose a challenge in relatively isolated places like WA, especially if 

remote rural centres are involved. Another factor to consider is whether recruitment into 

drug trials tends to be prioritised over recruitment into rehabilitation trials. 

 

Patient eligibility in clinical trials, particularity in acute settings, continues to impose a 

challenge with recruitment, and achievement of expected sample sizes. A neurosurgical 

trial271 investigated the feasibility of recruiting patients with spontaneous supratentorial 

intracerebral haemorrhage (ICH) from a single stroke unit. They reported a total of 434 

referrals over one year, 168 patients were admitted with lobar ICH, 53 met criteria, and 

only 16 were considered suitable (i.e. equipoise was agreed by two neurosurgeons), this 

only represents 9.5% of lobar ICH and 3.7% of all ICH admissions to their stroke unit. The 

authors concluded that the number of patients eligible for their study was very low, and 

an aggressive recruitment approach was warranted. They recommended focusing 

recruitment on neuroscience centres with neurosurgical units as opposed to stroke units 
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alone. These findings and recommendations can be translated to stroke clinical trials, by 

choosing recruitment sites wisely i.e. well-established stroke units, and establishing 

multisite collaborations based on quality not quantity, as per findings in meta-analysis by 

Elkins et al (2006).270 

 

Lastly, concurrent clinical trials at major teaching hospitals have been identified as a 

barrier for recruitment in stroke trials.272 The literature265 reports that this is an ongoing 

issue in pharmacological trials, and continues to compromise feasibility of clinical stroke 

research. Allocation of subjects to a trial can be difficult when recruiting time factors and 

drug effects are taken into account. In particular, recruiting into hyperacute trials tends to 

take priority, so that trials that do not need to recruit during the first few hours post- 

stroke may find recruitment compromised.270,272  It is recommended that centres 

participating concurrently in multiple trials should use a formal process of patient 

allocation, avoid allocation biased based on time window or exceptional criteria, and 

minimise the influence of any pre-conceived beliefs in intervention’s efficacy during the 

allocation process. The authors272 recommend that primary clinical trial coordinating 

centres should take these suggestions into consideration when choosing participating 

sites, in order to minimise patient selection bias, and to allow researchers to get equitable 

access to possible study participants.272  

2.6.1.1 Ethical Considerations for Recruitment in Stroke Trials 

The World Medical Association (WMA) established the initial Declaration of Helsinki which 

arose from a general assembly in Helsinki, Finland, June 1964. This declaration has been 

amended and updated over the years, the last of which took place at the WMA General 

Assembly in Brazil, October 2013.273 The Declaration of Helsinki273 is a statement of ethical 

principles in medical research involving human subjects, however, it is equally relevant to 

non-pharmacological studies. These guidelines emphasise that researchers have a moral 

obligation to participants as follows: to respect participants’ rights to anonymity and 

confidentiality, to prevent harm, and to ensure the ethical principles of autonomy, 

beneficence, and justice are applied. In regard to vulnerable groups, the declaration states 

that research with vulnerable populations is only justified if this research cannot be 



 

Page | 99 

performed in non-vulnerable subjects, and/ or if the research is responsive to the needs of 

these patients, and if the knowledge gained from this is going to be of benefit to this 

population, and improve clinical practices.273  

 

The discussion of ethical issues in stroke research is often limited to pharmacological 

studies274; however, some important lessons for rehabilitation trials can be drawn from 

these type of investigation. Recruitment in acute stroke trials is very challenging and must 

be given careful consideration as it involves acutely ill, newly disabled, vulnerable patients 

who are under stress and are likely to be fearful of their long-term outcome.274,275 In 

addition, recruitment in this cohort involves very short time frames for decision making 

(i.e. studies involving thrombolysing agents or neuroprotective drugs), and it can be 

argued that patients may consent on the basis of trusting their care providers, and 

therefore, wanting to please the researcher, who may or may not be a clinician involved in 

their care.274 Stroke patients’ ability to give consent at such early time post event, can be 

compromised by aphasia, decreased alertness, and other co-morbidities that may affect 

comprehension, and therefore should be evaluated prior to approaching these patients 

about study participation.274,275 In fact some researchers believe that on a neurological 

basis alone, most stroke patients are incapable of giving informed consent.276 In such 

cases many investigators turn to relatives or next of kin (NOK) for proxy consent to enrol 

the patient. However, proxy consent may not be an option in many jurisdictions.274 

 

According to Walson (1999)277  the recruitment process is composed of seven specific 

steps: (1) identification of eligible subjects, (2) adequate explanation of the study, (3) 

recruitment of an adequate, and representative sample, (4) obtaining true informed 

consent, (5) ensuring and maintaining ethical standards, (6) retention of participants until 

study completion, and (7) minimising cost-benefit ratio.277  Furthermore, Etchells et al 

(1996)278 recommended that prior to obtaining consent for research participation, three 

key conditions must be met: (1) ensuring participant’s capacity to consent – does the 

participant understand the study, risks and benefits? (2) ‘voluntariness’ – free agency to 

choose on their own accord without any coercion, and (3) disclosure – the investigator has 

provided all the necessary information to make a truly informed decision.278 
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Lastly, feasibility of recruitment is also about ensuring that these ethical considerations 

are being adhered to, hence identifying any possible barriers that might compromise 

these principles.  

2.6.2 Feasibility of tDCS and Rehabilitation Trials in Acute Stroke 

Regarding acute stroke intervention trials, various factors affecting feasibility need to be 

taken into consideration such as: potential to recruit a sufficient number of suitable 

subjects, feasibility of recruiting a cohort who meet universally accepted inclusion criteria, 

and a sample size adequate to establish MCD and MCID for various outcomes particularly 

of motor recovery in the UL post-stroke; the feasibility of completing multisite follow up 

assessments considering possible variation in patient status and availability, and staffing 

issues affecting the ability to recruit and administer assessments and treatment in a 

consistent manner. Thus far, no studies have specifically addressed these issues for tDCS 

intervention in acute stroke cohorts. Previously data on tDCS efficacy came from small 

studies, or single sessions in normal and chronic stroke populations;260 however, more 

recently, tDCS clinical trials have applied stimulation and rehabilitation over days or 

weeks.260,279,280  

 

The literature268,269,271 has identified many difficulties in recruitment of acute stroke 

populations;269,270,272 hence the scarce number of acute stroke rehabilitation trials, despite 

strong evidence61 that early rehabilitation is crucial to take optimal advantage of the 

window of opportunity for restoration, reorganisation of cerebral function and the 

avoidance of compensatory movement patterns.268,269,271 Stinear et al (2013)281 conducted 

a systematic review of RCTs of motor rehabilitation after stroke (total 532 RCTs, early 

rehabilitation RCTs n=63). These authors281 reported that 30 (approximately 6%) of the 

early rehabilitation RCTs were of good quality and commenced rehabilitation within the 

first 30 days post-stroke. Six out of the 30 RCTs identified as suitable for the review were 

NIBS trials (four rTMS, one theta burst stimulation (TBS), and one tDCS). The authors281 

raised an important point regarding trials of rehabilitation interventions that are found to 

be safe and feasible but not effective in the chronic stages post-stroke, which is that these 

interventions may have clinically significant benefits if they were investigated in the acute 
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phase of rehabilitation, under prime physiological conditions of recovery.281 Likewise, 

interventions that have been proven to be beneficial in chronic stroke populations should 

be tested in acute cohorts in order to determine the most effective application of these 

interventions or adjunct therapies. Overall Stinear et al (2013)281 reported that most 

rehabilitation trials have been performed in cohorts that are at least six months post-

stroke. These authors281 pointed out that rehabilitation RCTs which aim to enrol and 

randomise patients within 30 days post-stroke are needed for the following reasons: (1) 

rehabilitation studies performed during the critical period to support spontaneous 

recovery have the greatest potential to improve gains associated with initial recovery; (2) 

interventions previously shown to be efficacious in chronic stroke require testing in acute 

settings, which may assist in the translation of the evidence, and encourage clinicians in 

acute and subacute areas to get involved in research; and (3) to better inform guidelines 

for rehabilitation after stroke, and increase the relevance of these new modalities to 

clinicians.281  

2.6.3 Feasibility of Conducting Multisite Stroke Trials  

Levy et al (2008)282 conducted a feasibility, safety and efficacy multisite study on epidural 

cortical stimulation (CS) and UL rehabilitation post chronic stroke.282 Although this is an 

invasive CS study, it gives an insightful view on the feasibility of conducting a multicentre 

clinical trial of this nature in the acute setting. A brain imaging protocol was completed 

prior to randomisation, this entailed a structural MRI and fMRI in order to identify the 

stroke-affected M1, in particular the area involved in control of hand movement. Once 

stereotactic localisation was achieved, a craniotomy was performed under general 

anaesthesia, and epidural electrodes were placed over the affected hand area. Patients 

were hospitalised overnight for monitoring post implant.282  

The authors initially conducted a feasibility pilot multicentre study of eight patients; which 

led to an unblinded, prospective, randomised, multicentre safety and efficacy study across 

seven sites. Thirty eight patients underwent baseline evaluations; only 24 met inclusion 

criteria and were randomised into a stimulation group plus rehab or nil stimulation plus 

rehab. Each participant received two and a half hours of therapy (with a break in 

between), over a six-week period. In regard to safety, it was noted that this study 
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excluded participants with a primary haemorrhagic stroke or infarction with haemorrhagic 

transformation, because they are more susceptible to seizures. No adverse effects were 

reported.282 Although there are a lot of similarities between this trial and many of the 

NIBS trials previously mentioned, there were a few caveats in applying the findings of this 

study to NIBS studies in acute stroke. For instance, the authors did not report a time 

frame of patient enrolment in each of the seven participating sites in either the pilot-

feasibility study (n=8) and the larger safety and efficacy trial (n=24); therefore it is difficult 

to attain an estimate of feasibility of recruitment for a given sample size in a more acute 

group. Furthermore, the patients included in this trial were chronic strokes with a mean 

duration since stroke of 32.8(±23.4) months. The study was conducted by a very 

experienced team, which is indeed a strength; however, it could give a false impression of 

feasibility as this trial was funded by an industry partner (Northstar Neuroscience Inc, 

which is the manufacturer of the CS device system). In regard to recruitment, it is also 

unclear as to how long it took to recruit 24 participants over the seven sites. The authors 

reported only one minor staffing issue related to one site not initially being fully trained 

and certified, but the amount of money committed to staffing and training is not declared.  

In summary, pilot studies are a fundamental part of the research process, they are crucial 

in the design and planning of RCTs that aim to test the efficacy of new interventions or 

novel applications in medical and non-medical trials. These studies inform researchers on 

the feasibility of conducting larger scale trials, and ensure that the main study is robust. 

Hypothesis testing should be treated as a secondary aim and preliminary efficacy results 

presented and interpreted with caution. Safety is an independent variable from the 

testing of feasibility and piloting of procedures; however, in some instances it can be 

investigated concurrently. Reporting of pilot and feasibility and phase II (RCT) studies 

needs to be standardised, and researchers need to adhere to guidelines such as the 

extended CONSORT137 and the 2010 CONSORT267 update. One of the main aspects of 

feasibility of recruitment in stroke trials is the required sample size and the amount of 

time it would take to recruit this sample. Multisite trials can improve the feasibility of 

collecting an appropriate sample, however careful consideration must be given to the 

advantages and disadvantages of individual participating sites. The literature recommends 



 

Page | 103 

that researchers consider efficacy of recruitment at each site first, instead of focusing on 

including as many sites as possible. Ethical considerations must be taken into account 

when recruiting vulnerable populations such as patients post-acute stroke. Clinicians must 

ensure that they provide adequate information about their trial, and that patients are able 

to understand the risks and benefits involved.  

Furthermore, pilot and feasibility studies are important to determine the likelihood of 

success of recruitment in a larger trial. For instance, in drug trials, industry funding can 

enhance recruitment by allocating experienced research staff who are dedicated to 

screening, monitoring and recruiting participants. Other contributing factors to poor 

recruitment rates include competing studies, and the impact of strict inclusion criteria. All 

these factors may reduce the pool of available subjects; therefore equity of recruitment 

amongst sites may need to be addressed, particularly where hyperacute trials are being 

undertaken alongside other medical and rehabilitation studies. One way to achieve this is 

by allocating research coordinators per site.  

 

2. 7 Safety of tDCS in Clinical Trials  

Human data on safety and tolerability of tDCS have mostly been provided from single-

session studies in healthy volunteers.219 Nitsche and Paulus (2001)194 established that 

tDCS does not cause heating effects under the electrodes and most importantly it does 

not elevate serum neurone-specific enolase levels194 (a marker of neuronal damage), nor 

does it induce cerebral oedema or alterations of the blood-brain barrier and cerebral 

tissue in healthy subjects.220 Thus far the use of tDCS in clinical and proof-of-concept trials 

has not resulted in significant adverse effects apart from headaches or itching underneath 

the electrodes as seen in a cohort of patients with central pain,283 in healthy subjects198 

and various patient groups including stroke.198,284 However, the incidence of adverse 

events and their relationship with clinical variables remains unknown.  It has been well 

established that the safety of brain stimulation depends on the current strength, 

electrode size, and the duration of stimulation.193,194,219 Furthermore, a panel of experts285 

in the field have established that the application of tDCS in psychiatric and neurological 
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conditions is considered safe for research protocols at a global level.285 This section gives a 

chronological overview of relevant literature regarding safety of tDCS application in 

neuroscience research, and in particular, highlights the lack of data reported in stroke 

trials.  

2.7.1 Safety of tDCS Application in Acute Stroke 

Since most motor recovery is thought to occur during the first year post-stroke, there is a 

need to firstly determine the safety and feasibility of tDCS application in inpatient 

rehabilitation centres, and secondly to establish the efficacy of tDCS as an adjunct to 

conventional UL rehabilitation in the acute phase of recovery post-stroke. There are some 

reports on safety in regards to atDCS application in acute stroke cohorts, however no 

published data on safety of ctDCS in the acute stages of recovery (as early as two weeks) 

post-stroke were identified in this review.  Michael Nitsche and Adam Woods are 

currently producing a publication “A technical guide to tDCS” which formalises all safety 

considerations and tDCS application methods (personal communication with Assistant 

Professor Adam Woods, via electronic mail - January 2015). Charvet et al (2015),286 

recently published guidelines for remotely-supervised tDCS clinical trials. This document is 

targeted to researchers involved with patients who are able to self-administered tDCS 

from home; however, it also provides the most current safety considerations also 

applicable to researchers involved in more acute tDCS trials.286  

The literature on tDCS application post-acute stroke is very scarce. Up until now, 

knowledge on safety is derived from efficacy studies reporting nil serious adverse events 

such as death or seizures.284 Researchers in the field of tDCS have opted to categorise 

transient side effects such as itching, tingling and discomfort as ‘adverse effects’ rather 

than ‘adverse events’, the latter insinuating an event that may cause permanent or longer 

lasting harm such as seizures or psychotic symptoms related to the application of 

tDCS.284,287 The most common adverse effects in healthy volunteers include itching, 

tingling and headaches284,287  The most severe adverse effect found in healthy volunteers 

was skin lesions on the active electrode site using a 2 mA current.216 Other reports of skin 

burns were induced by insufficient electrode contact or injured skin.198 
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A key study by Gandiga et al (2006)288 evaluated perceived sensations, discomfort, 

attention ratings, and fatigue in chronic stroke patients post tDCS over M1, and healthy 

volunteers. The authors pulled data from several studies performed in their lab at the 

National Institute of Neurological Disorders and Stroke (NINDS) in Maryland United States 

of America (USA), over a period of three years, for a total of 170 sessions. They reported a 

total of eight healthy volunteers stimulated by atDCS (4 women, mean age 60.7 ± 6.5 

years); and 14 chronic stroke patients (7 women, mean age 57.6 ± 3.8 years). A total of 16 

healthy volunteers were stimulated with ctDCS (8 women, mean age 46.3 ± 5.6 years; and 

nine chronic stroke patients (4 women, mean age 62.3 ± 4.9 years). Over the 170 sessions 

only one headache was reported by a healthy volunteer. The following sensations were 

reported in individuals with chronic stroke and one elderly healthy individual: no 

sensations (tDCS 19.6% and sham 22.2%), slight tingling (tDCS 46.4% and sham 51.9%), 

and transient mild burning at onset of stimulation (tDCS 33.9% and sham 25.9%). The 

authors did not distinguish between cathodal and anodal tDCS in the sensations reported 

above. Discomfort ratings and duration of sensations were comparable amongst both 

groups, tDCS and sham, and there was no significant difference between groups’ attention 

and fatigue over time (before and after stimulation). They also noted that attention and 

fatigue seemed to be higher after ctDCS compared to stroke patients in the atDCS studies. 

Young healthy controls reported the following: no sensations (tDCS 10.5% and sham 15%), 

slight tingling (tDCS 73.7% and sham 65%), and transient mild burning at stimulation onset 

(tDCS 15.8% and sham 20%). No major adverse events were reported, therefore Gandiga 

et al (2006)288 concluded that tDCS is safe in both patients with chronic stroke and healthy 

individuals.288 

Poreisz et al (2007)284 reported on safety aspects of tDCS from data collected over a 

period of two years of work performed in their laboratories in Göttiengen, Germany.284 

They summarised adverse effects arising from 567 tDCS sessions over motor and non-

motor cortical areas in 102 participants.  This cohort consisted of a ‘healthy group’ (n=77), 

and a ‘patient group’ (n=25); including 9 people presenting with migraine, 6 post-stroke 

and 10 with tinnitus. All subjects completed a questionnaire containing rating scales 

asking for their perception of adverse effects such as: (1) presence and severity of 
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headache, (2) difficulties with concentration, (3) acute mood changes, (4) visual 

perceptual changes, and (5) any discomforting sensation like pain, tingling, itching, itching 

or burning under the electrodes, during and after tDCS. The most commonly reported 

adverse during tDCS included: mild tingling sensation (70.6%), moderate fatigue (35.3%), 

and slight itching sensation under the active electrode (30.4%). Effects reported after tDCS 

included: headache (11.8%), nausea (2.9%) and insomnia (0.98%). The incidence of itching 

sensation (p=0.02) and tingling intensity (p=0.02) were significantly higher during tDCS in 

healthy subjects, in comparison to the patient groups. The authors suggested that the 

significantly higher incidence of itching, tingling, burning and pain under electrodes during 

stimulation compared with after the tDCS session could be attributed to the onset of tDCS 

current (i.e. sensory accommodation in the initial 30-seconds ramp up). The incidence of 

headache in the patient group was significantly higher (p=0.03) after stimulation. None of 

the subjects requested the stimulation to be terminated, or needed any medical 

intervention during or after tDCS application. There were nil serious complications 

reported such as seizures or onset of psychotic symptoms.284  

 

In this report, the six post-stroke participants underwent a total of 33 tDCS visual cortex 

stimulation sessions and nil motor cortex stimulation sessions. Adverse effects during 

stimulation were reported as follows: tingling (n=2), itching (n=1), pain (n=1), headache 

(n=1), fatigue (n=2), difficulties in concentrating (n=1), unpleasant sensation (n=1), and 

visual sensation associated with the start/end of stimulation (n=1). There were no reports 

of burning sensation, nervousness, or changes in visual perception. Adverse effects after 

tDCS included: tingling (n=1), itching (n=1), fatigue (n=2), and difficulties in concentrating 

(n=1). There were no reports of burning sensation, pain, headache, nausea, nervousness, 

changes in visual perception, or acute sleeping disturbance. A caveat of these data is that 

only 5.9% of the total sample were stroke survivors, and they did not receive motor cortex 

stimulation. The motor cortex stimulation group included 5 migraineurs, and 47 healthy 

subjects.284             
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In addition to this case series, Brunoni et al (2011)287 conducted a systematic review and 

meta-analysis on reporting and assessment of adverse effects in tDCS clinical trials. They 

examined 172 articles with a total of 209 experiments (some articles presented more than 

one experiment), assessing 3836 subjects. Of these, in 117 (56%) studies investigators 

assessed and reported on adverse effects, while in 92 (44%) of the experiments they did 

not. Adverse effects were assessed in 1851 patients (989 women). Only eight out of the 

117 studies were considered to have a design which conferred a low risk of bias and were 

considered to have undertaken adequate data reporting. Furthermore, 74 studies 

reported at least one adverse effect however only nine of these actually quantified it, and 

43 reported that there were no adverse effects.   Out of the 209 experiments reviewed, 

the active groups reported more adverse effects than sham groups. The most common 

adverse effects reported in the active group (117 studies) include itching (n=46, 39.3%), 

tingling (n=26, 22.2%), headache (n=17, 14.8%), burning sensation (n=10, 8.7%) and 

discomfort (n=12, 10.4%). The most common adverse effects in the sham group (82 

studies), were itching (n=27, 32.9%), headache (n=13, 16.2%), tingling (n=15, 18.3%), 

burning sensation (n= 10, 8.7%) and discomfort (n=8, 10%).287 The authors observed small 

but significant differences when comparing studies describing adverse effects versus non-

describing. For instance, reporting studies included older subjects (35.3(±14.9) vs. 

30.8(±10.5) years, p=0.02), non-healthy subjects (p=0.03), and delivered current densities 

which were greater than 0.05 mA/cm² (p=0.03), in comparison to non-reporting studies. 

Adverse effects were reported more in ‘reporting studies’ using higher current amplitudes 

i.e. >1.5 mA (p=0.11). No differences were observed regarding sample size, gender, region 

of study, year of publication, and study design. It is important to note that out of the 

‘reporting studies’ 82 were on healthy subjects and only 35 involved patient cohorts. 

Furthermore, the authors did not describe the ‘patient’ cohorts other than the eight 

studies that qualitatively reported itching. The population of these studies included 

patients with major depression, fibromyalgia, spinal cord injury pain, nicotine 

dependence, alcohol dependence, binge-eating disorder, and chronic pain.287  
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In conclusion, Brunoni et al (2011)287 reported that their main finding is in line with 

previous studies demonstrating that in healthy volunteers undergoing 1-2 tDCS sessions, 

adverse events are mild and infrequent. The authors also found evidence of selective 

reporting bias in all reviewed studies, as only 56% reported the presence/absence of 

adverse effects; which hinders the development of a general consensus about safety in 

clinical contexts involving patients with neurological conditions, especially if involved in 

prolonged duration daily tDCS sessions over a period of time.  

Furthermore, this review highlighted the fact that reporting of adverse events is being 

neglected in tDCS research, despite the indefinite conclusion about safety from larger 

studies with more heterogeneous cohorts. The authors suggested that one possible 

reason for this is the general feeling amongst researchers that tDCS is associated with mild 

and very few adverse events; therefore, researchers are less concerned with collecting or 

reporting this outcome. Finally, this review recommends that more objective criteria 

should be used in order to assess adverse events or effects. In order to facilitate more 

accurate reporting the authors have developed a questionnaire that could be 

implemented as routine practice (see Figure 4 for proposed questionnaire).287 

tDCS Adverse Effects Questionnaire – Session _________________________ 

Do you experience any 
of the following 
symptoms or side-
effects? 

Enter a value (1-4) in 
the space below (1, 
absent; 2, mild; 3, 
moderate; 4, severe) 

If present: Is this 
related to tDCS? (1, 
none; 2, remote; 3, 
possible; 4, probable; 
5, definite) 

Notes 

Headache 
Neck pain 
Scalp pain 
Tingling 
Itching 
Burning sensation 
Skin redness 
Sleepiness 
Trouble concentrating 
Acute mood change 
Others (specify) 

   

 
Figure 4: Questionnaire surveying for tDCS adverse effects, adapted from Brunoni et al 
(2011)287 
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Finally, a randomised controlled pilot study by Gillick et al (2014)289 explored the safety 

and feasibility of a single-session tDCS in children with congenital hemiparesis (n=13 

initially, 2 withdrawals, therefore 11 subjects included in the data analysis, mean age 14 

years (range 7-18 years), 4 males, randomised into a tDCS-intervention (n=5) or a tDCS-

sham (n=6) group. The children completed safety and functional pre-test and post-test 

assessments including TMS to identify M1 ‘hot spots’, Modified Pediatric Stroke Outcome 

Measure, Token Test of intelligence (used pre-intervention to determine eligibility and 

post-intervention to assess any change in receptive language, and ability to follow verbal 

commands), grip strength dynamometry, Box and Blocks Test, and vital signs including 

blood pressure and heart rate. The intervention consisted of 10 minutes of 0.7 mA 

bihemispheric tDCS (atDCS to the ipsilesional side, and ctDCS to the contralesional M1); 

followed by a post-test on the same day and a one-week follow up. Participants 

completed a tDCS symptom survey at pre-test, post-test, and one week follow-up. The 

tDCS intervention was considered safe if there was no individual decline of 25% or group 

decline of two standard deviations (2 SD) for MEPs, no adverse behavioural data, nor 

report of adverse effects/events. No major adverse events were reported, including 

seizure activity. The only minor adverse events reported were sensations of itchiness (n=1 

tDCS group), burning under the electrode area (n=1 sham group), sleepiness (n=3 sham 

group and n=1 tDCS group), and difficulty concentrating (n=1 tDCS group and n=1 sham 

group), which resolved after 24 hours. Two participants did not complete the study, one 

child was excluded prior to randomisation due to lack of MEPs; and the other was 

assigned to the intervention group, but withdrew after the 30-second ramp up due to 

discomfort. In the remaining 11 participants, group differences in MEPs and behavioural 

data did not exceed 2 SD. The authors concluded that tDCS appears to be safe and feasible 

and is well tolerated in children with congenital hemiparesis. They recommend larger 

safety and feasibility trials involving serial sessions of tDCS in conjunction with 

rehabilitation.289  

The main ‘uncomfortable sensations’ that have been identified in the tDCS literature are 

sensations that occur beneath the active electrode during stimulation, such as tingling, 

pain, itching and burning.285 To address this, McFadden et al (2011)290 investigated the 

effect of topically applied Eutectic Mixture of Local Anaesthetics (EMLA) cream in order to 
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reduce procedural pain and discomfort associated with tDCS. This study involved nine 

healthy individuals, (7 men, mean age 28.56 years). All subjects received both anodal and 

cathodal tDCS (2.0 mA tDCS for five minutes over the prefrontal cortex), with pre-soaked 

electrode sponges in 5mL of standard isotonic 0.9% NaCl saline solution. A skin pre-

treatment of either 2.5 g of EMLA or placebo cream was applied 20 minutes prior to 

stimulation. Participants then rated their experiences over eight sensations related to 

procedural discomfort including painfulness, tingling quality, sharpness, piercing quality, 

electrical quality, sense of tugging, pinching quality, and intolerability.290 McFadden et al 

(2011)290 reported that the mean sensation ratings for EMLA-associated tDCS were 

significantly lower than placebo-associated stimulation for all cutaneous sensations tested 

(p< 0.0001 for pain, tingling, sharpness, piercing, electric and intolerability, and p=0.0002 

for tugging and pinching). Some researchers have applied local anaesthetics under the 

reference electrode (on the forehead) to reduce the strong tingling sensations reported by 

individuals with low-pain thresholds.290 However, this remains controversial, as it could be 

argued that topological ointments may interfere with conduction of current.  

 

Most importantly, they found that cathodal stimulation was associated with higher ratings 

in the ‘sharpness’ (p=0.0205) and ‘intolerability’ (p=0.0188) categories compared to 

anodal stimulation. The authors hypothesized that the mechanism behind this sensory 

experience may be associated with a concentrated exiting of current from the scalp at the 

cathode site. There was no significant difference between anode and cathode on pain, 

tingling, piercing, electric tugging and pinching ratings, although cathode ratings were 

consistently higher than the anode ratings for each of these sensations. These findings 

suggest that topical EMLA may be useful to reduce procedural pain and discomfort 

associated with tDCS, in particular ctDCS. This may be particularly important in patients 

with lower pain thresholds. In addition there is the benefit of researchers not having to 

compromise on the amount of NaCl solution applied to the electrodes, as it is thought to 

have an effect on current delivery i.e. a greater amount of current is delivered to areas 

with higher concentrations. Therefore, this study recommends that researchers pay closer 

attention to ways to reduce unpleasant cutaneous sensation when delivering cathodal 

stimulation. However, McFadden et al (2011)290 recognised the limitations arising from 
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this study, such as that their results cannot be generalised to other tDCS applications over 

various scalp locations and/or in different patient cohorts.290  

The evidence on safety of tDCS application and the reported effects have been very 

heterogeneous with a large emphasis on healthy subjects, and therefore further clinical 

trials are warranted. The evidence on stroke cohorts is very scarce, more specifically in 

acute stroke populations. No serious adverse events or effects have been reported in the 

literature from efficacy trials applying tDCS to the M1 in acute and subacute stroke 

cohorts.36,37,250 However, it is well known that in healthy subjects, cathodal stimulation 

yields more adverse effects such as pain and tingling,196 therefore, more trials 

investigating the safety and tolerability of cathodal stimulation to the M1 in stroke 

populations are essential in order establish safe parameters for larger acute-stroke clinical 

trials.  

In summary, tDCS as presently applied in the literature does not cause any apparent harm 

to brain structure and function, nor is it associated with any adverse events such as 

seizure; therefore most side effects such as tingling, mild burning sensation, itching, 

temporary headaches, are referred to as ‘adverse effects’. In regard to stroke, tDCS has 

been proven to be safe in chronic cohorts, but there are very limited data on acute stroke, 

particularly related to the application of ctDCS. The most commonly reported adverse 

effects are uncomfortable sensations occurring beneath one or both electrodes such as 

tingling, pain, and itching.214 The application of a local anaesthetic cream can ameliorate 

these uncomfortable sensations, particularly under the cathode electrode,196,198 however 

the effect of this on current conduction requires further elaboration.290 Other side effects 

including headaches, nausea, warming of the electrodes or burning sensations are far less 

common.284,288  

Transcranial direct current stimulation devices are reasonably inexpensive compared to 

TMS devices, easily transported, user friendly, and require very low maintenance, making 

this form of NIBS inherently more feasible to implement in clinical trials than rTMS. Lab-

based trials have mostly included chronic community dwelling stroke survivors, and there 

is limited evidence for the application of this form of NIBS in acute and subacute stroke 

cohorts. Gandiga et al (2006)288 have demonstrated that tDCS blinding of subjects and 
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researchers to active tDCS (1 mA) versus sham stimulation (ramp up and down to 1mA for 

30 seconds) can be successfully achieved; conversely, a study applying 2mA tDCS found 

that participants were not blinded at this amplitude.291 Research has demonstrated that it 

is feasible to apply tDCS simultaneously with therapeutic interventions, and that this 

modality can be used in double-blind, sham-controlled neurorehabilitation RCTs in healthy 

and chronic stroke cohorts.288   

2.8 Summary  

Recovery of the UL after stroke is poor, and continues to impact negatively on the quality 

of life, function, and independence of stroke survivors. Currently the Australian health 

system is largely unable to meet national standards of rehabilitation in regard to time 

spent in therapy, intensity of training and application of best practice UL interventions, 

which generally incorporate elements of repetitious task specific training.  

Motor function is the result of a precisely modulated interplay between different brain 

areas distributed in both hemispheres, also known as ‘interhemispheric interplay’. 

Coordinated bimanual use of both hands depends on well-tuned interhemispheric 

dynamics. After a stroke, the interhemispheric balance can be disrupted and this may be 

one of the factors contributing to further impairment of UL function and movement 

control. This brings ongoing challenges for therapists aiming to restore UL function and 

consequently improve quality of life in stroke survivors. 

There is limited research regarding the aspects of rehabilitation for arm function after 

stroke that are clearly beneficial, particularly for those with moderate to severe UL 

deficits. Most rehabilitation interventions to assist recovery of the arm after stroke that 

have been shown to be effective focus on those with mild deficits of UL function. However 

the interventions that have been shown to be more efficacious include highly repetitious, 

meaningful, task-specific practice. Therapeutic interventions can be implemented to 

either prepare the sensorimotor system for subsequent motor-task practice (priming); or 

applied during practice in order to enhance its effects and promote voluntary movement 

(augmenting). 
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A promising treatment adjuvant for UL movement and function in stroke survivors is NIBS 

using rTMS or tDCS. Stimulation of the unaffected M1 has been shown to reduce 

abnormal activation and increase activity in the stroke-affected hemisphere. Application 

of NIBS in the early stages post-stroke may enhance recovery of UL function, assist with 

regaining independence and improve quality of life in stroke survivors.   

There is promising literature suggesting that the application of tDCS with simultaneous UL 

training post-stroke further enhances synaptic plasticity and skill 

acquisition/consolidation, in the short term. However, longer-term follow up with more 

sensitive assessments of motor performance is required to establish the duration of the 

initial benefits that have been demonstrated previously. Furthermore, the evidence is still 

limited regarding the optimal NIBS application site and stimulation parameters to 

maximize outcomes. For the most part researchers have compared the effects of atDCS 

versus ctDCS or atDCS or ctDCS versus sham tDCS or a comparison of all three.  

There is promising evidence that bihemispheric tDCS combined with five days of 

occupational therapy/physiotherapy improved motor performance in chronic stroke 

patients (>5 months after stroke), with lasting effects for at least one week, when 

compared to sham tDCS.207  

A recent systematic review199 of the tDCS literature highlighted that the heterogeneous 

nature of stroke subjects included in the studies and the wide range of stimulation 

parameters used limit the ability to determine clinical significance of this approach in 

stroke rehabilitation.  Double-blinded placebo-controlled designs are required to verify 

the potential clinical application and long lasting therapeutic effects of these forms of 

NIBS to stroke rehabilitation.  

The literature suggests that tDCS applied to motor areas according to present tDCS safety 

guidelines, is associated with relatively minor adverse effects in patients with neurological 

disorders. Anodal tDCS application in acute stroke is suggested to be safe based on data 

from a small pilot study. However, it is not possible from the current literature to establish 

the clinical utility, safety and feasibility of ctDCS in an acute stroke cohort. Furthermore 

the appropriateness of this modality for stroke survivors with a severely impaired UL is 
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unclear since many previous studies have recruited chronic stroke cohorts with mild to 

moderate impairment of UL function. Therefore, it is imperative that pilot studies and 

Phase I trials are prioritized in order to establish safety and feasibility of conducting larger 

clinical trials. Furthermore, phase II and III studies are also required to assess its long-term 

benefits on a larger sample of acute stroke survivors, in order to establish effective 

stimulation protocols and proper patient selection.  

In conclusion, there is evidence to suggest that NIBS appears to be safe and a promising 

intervention for stroke patients and this modality may have a complementary role to 

rehabilitation to enhance motor recovery. However, ctDCS application needs to be 

carefully monitored in acute stroke trials. Thus far no studies have compared the long-

term effect, safety and feasibility of a series of ctDCS sessions to the unaffected motor 

cortex in an acute stroke cohort. Furthermore, small sample sizes reported in chronic and 

subacute efficacy studies highlight the issue of potential difficulties with recruitment, and 

may provide insight into the limitations for future acute rehabilitation trials in this area.  

 

Therefore, this study aims to: 

1. Establish the feasibility of recruiting a cohort of participants with acute (7-15 days) 

MCA ischaemic stroke who might meet study criteria, and to inform a sample size 

estimate for a phase II study. (Stage I- retrospective audit of stroke admissions in an 

acute care service under a consultant neurologist). 

2. Document a consensus based approach to ‘standard’ UL rehabilitation to enhance 

recovery of function to inform the ‘usual care’ arm of a subsequent RCT (Stage II- 

focus group consensus process).  

3. Perform a phase I safety and feasibility pilot study of ctDCS to the contralesional M1 in 

ischaemic stroke, commencing in the second week of rehabilitation for UL motor 

recovery (Stage III- Pilot safety and feasibility data collection).  
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3. Methodology 

This study was approved and conducted in compliance with the conditions stipulated by 

the Scientific Review Subcommittee and Human Research Ethics Committee (HREC) at Sir 

Charles Gairdner Hospital, informed consent regulations and NH&MRC 2007 Guidelines 

and the Australian Code for the Responsible Conduct of Research 2007. Reciprocal ethics 

approval from Royal Perth Hospital, Osborne Park Hospital, and The University of Western 

Australia were also obtained; please refer to APPENDIX 2 for letters of approval. In 

addition, all local regulatory requirements were adhered to, in particular those which 

afford greater protection to the safety of the trial participants. This study was conducted 

according to the revision of the Declaration of Helsinki (Revised Seoul, Republic of Korea - 

October 2008) and with local laws and regulations relevant to the use of new therapeutic 

agents in Australia. 

This study consisted of three stages, see Figure 5 

 

   

   

 

                                                      

                                                    Figure 5: Study Plan 

 

 

STAGE I: Retrospective Notes Audit of Stroke Admissions in 
Acute Care 

STAGE II: Focus Groups and Consensus Process  

(Modified Delphi Method) 

STAGE III: Pilot RCT on Safety and Feasibility  

(ctDCS plus UL rehabilitation post-acute stroke) 



 

Page | 116 

3.0  STAGE I – Retrospective Notes Audit 

This pre-study phase comprised a retrospective notes audit in order to (a) obtain a nine-

month ‘snapshot’ of all the ischaemic MCA stroke admissions to one acute facility 

including data about UL impairment severity and therapeutic interventions provided, to fit 

the prospective funding period of data collection, and (b) to establish the feasibility of the 

proposed recruitment, and the likely recruitment efficiency of the proposed sites for a 

subsequent trial. 

A report was generated including data on diagnosis, length of stay, and discharge 

destination from all neurological admissions with ‘stroke-like’ symptoms over a nine-

month period (January to September 2011) at one acute tertiary hospital. Diagnosis was 

subsequently verified from imaging reports (CT and MRI) and each case was categorized 

for stroke type (ischaemic or haemorrhagic, cortical or subcortical), vessels involved (in 

this case identifying MCA territory strokes), and the area of the brain affected.  

Medical records from all verified first-time ischaemic MCA strokes identified from this 

screen were obtained and descriptions of physiotherapy (PT) and occupational therapy 

(OT) UL treatment during the inpatient admission at the acute stroke service and 

respective rehabilitation centres were recorded.  

Treatment reports by the OT and PT (or allied health assistant) were screened to 

determine UL impairment severity and management during the acute phase of recovery 

and, for those with moderate to severe UL impairment, details of therapy were recorded. 

Where available, Chedoke McMaster impairment inventory (CMII) scores292 were used to 

categorise patients’ severity of UL impairment.  

Therapists’ descriptive data were used to allocate impairment group when CMII scores 

were not available. Upper limb impairment was classified as follows: Severe (CMII score 1-

2), Moderate to Severe (CMII score 2-3), Moderate (CMII score 3-4), Mild to Moderate 

(CMII score 4-5), Mild (CMII score 5-6).  
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3.1  STAGE II – Consensus Development on ‘Usual UL Rehabilitation’ 

A consensus on definitions of documented UL therapies provided to the 16 cases who 

received both acute care and rehabilitation post-stroke was developed using a modified 

Delphi process.293 All OTs and PTs at the acute stroke service and the two sites where the 

audit cases underwent rehabilitation were invited to participate in a focus group process. 

Focus group meetings were held separately amongst PTs and OTs at each site. Audit 

results were presented via power point to attendees, followed by a discussion of the list 

of UL treatment interventions identified from the file audit. All therapists were asked to 

provide a definition of the terminology recorded and were offered the opportunity to 

modify the list if they did not consider that it was a true representation of current UL 

rehabilitation practices at their site (Round 1). Therapists who were identified in the audit 

but who were no longer working at the specific site were contacted by electronic mail to 

provide input into the process. The meeting was facilitated by one of the research team 

while another investigator recorded definitions and additional comments.  

Definitions of the terminology were collated into a consensus document which was 

returned to all therapists for any comments or amendments, until there was agreement 

that it was a true representation of the various types of UL therapy offered by their 

service for individuals receiving UL rehabilitation following moderate to severe stroke 

(Round 2). All therapists received a final report summary of the consensus document (per 

site and per profession). This document also included a list of all the interventions that 

were and were not allowed during the intervention phase of the pilot RCT (stage III) (see 

APPENDIX 3).  

Collated site summaries and definitions were used to inform the development of a 

template of UL interventions in early stroke rehabilitation used by the participating 

centres which could be considered to represent a ‘standard’ UL therapy package (Round 

3). A list of the most commonly documented interventions (> 50% of patients receiving 

this treatment) in the acute and subacute rehabilitation settings was also extrapolated 

from the audit. 
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3.2 STAGE III − A Pilot RCT on the Safety and Feasibility of the Application of 
ctDCS to the Contralesional M1 plus Standard UL Rehabilitation Post-Acute 
Stroke 

 

This study examined the safety and feasibility of the application of ctDCS to the 

unaffected primary motor cortex (M1) plus standard UL rehabilitation in a cohort of 

stroke survivors who were less than 15 days post ischaemic MCA territory stroke. Figure 6 

and Table 1 outline the branches and anatomical areas involved in “MCA territory 

strokes”. 

 

 

 

 
 

Figure 6: MCA Territory Branches 
Branches: Orbitofrontal (1), Pre-rolandic (2), Rolandic branches (3), Anterior and posterior parietal branches (4), Anterior 

temporal (5), Posterior temporal (7), Angular artery, Lenticulostriate arteries (central arteries) 

http://www.oganatomy.org/projanat/neuroanat/5/eight.htm 

 

 

 

 

 

 

 

 

http://www.oganatomy.org/projanat/neuroanat/5/eight.htm
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Table 1: Anatomical and Functional Areas Affected by MCA Territory Strokes 
http://www.oganatomy.org/projanat/neuroanat/5/eight.htm 

Anatomical areas 

supplied  

    Functional areas   

    supplied  

        Effects of occlusion  

 Lateral parts of the 

orbital gyri 

 Inferior and middle 

frontal gyri 

 Most of the pre-central  

 Post central gyri 

 Superior and inferior 

parietal lobules 

 Superior and middle 

temporal gyri. 

 The motor and 

pre-motor areas 

 The somato-

sensory  

 Auditory areas  

 Motor speech  

 Sensory speech 

 Pre-frontal area  

 A severe 

contralateral 

hemiplegia, most 

marked in the upper 

extremity and face 

 Contralateral 

sensory impairment 

worse in the upper 

part of the body  

 Severe global 

aphasia 

 

 

3.2.1 Pre-Study Exercise: Up Skilling in ctDCS Application and Parameter Trials on 
Normal Subjects, TMS Assessments to Determine Presence of MEPs in Acute Stroke 
Survivors and Fugl Meyer Assessment for Inter- and Intra- Reliability. 

The principal investigators held trial sessions to ensure that ctDCS application was applied 

consistently and to optimal effect. All procedures followed electrode placement according 

to the International EEG 10/20 System (also known as ‘classical electrode montage’); 

corresponding to the C3/C4 location for M1 as per DaSilva, A.F., Volz, M.S., Bikson, M., 

Fregni (2011).201 Please refer to APPENDIX 4.  

Tolerance of a 20 minute application of ctDCS amplitude was tested on three male and 

three female healthy volunteers. It was determined that an amplitude of 1 mA would be 

more comfortable and better tolerated by patients than 2mA and would reduce the risk of 

unblinding participants.291  

This pre-study exercise also aimed to assess the feasibility and logistics of completing TMS 

assessments at an acute tertiary hospital and the viability of determining the presence of 

MEPs in a cohort of acute stroke survivors. This part of the study mainly focused on 

http://www.oganatomy.org/projanat/neuroanat/5/eight.htm
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upskilling investigators in the use of the Magstim 200 (Carmarthenshire UK), and assessing 

participants’ tolerance to this procedure in the early stages post-stroke. A full description 

of the Magstim 200 and assessment methods is provided in section 3.2.9 below.  

The use of the FMUE assessment was practiced amongst the principal investigators and 

backup senior PT. Ten additional assessments on non-study patients with an UL 

impairment post neurological insult were conducted by the assessing therapist in order to 

examine intra-reliability using this tool. 

3.2.2 Screening: (Acute Service Stroke Unit, Day 1-15 Post-Stroke)  

Physiotherapist ‘A’ –Assessing therapist; Physiotherapist ‘B’ – Treating therapist 

Physiotherapist A liaised with nursing shift coordinator and ward senior physiotherapists, 

who hold the ‘stroke-call’ pager which alerts them to the most recent stroke admissions, 

for any potential cases. Physiotherapy students on the stroke ward were informed about 

the study and asked to notify the research team if they identified any possible 

candidates. A master list including all possible stroke-like admissions (neurology, 

neurosurgery and general medicine) was created on iSOFT Clinical Manger (the hospital’s 

software used for clinical handover which categorises patients according to specialty). 

This list was also used to screen for possible study participants in other areas outside the 

stroke/neurology ward. When a possible participant was identified, their medical notes 

were screened for complete medical history and current medications. Subjects’ eligibility 

for entry to the study was determined against study inclusion and exclusion criterion 

(Table 2). Details of all screened patients were recorded in a screening log form (see 

APPENDIX 5).  

During the second recruitment period, the principal investigator also received electronic 

mail notifications in an Excel spread sheet, of all stroke-like admissions at the additional 

sites. These were kept in a master Excel document.  

Approval to approach possible participants was first obtained from the treating consultant 

neurologist. Usually this was completed via phone call or electronic mail.  NIHSS and FIM 

scores were obtained from the medical notes. If documentation of these measures was 
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not available, the ward clinical nurse consultant was approached for ‘stroke call’ records 

of NIHSS data or in the cases when this form was not completed on initial admission 

physiotherapist ‘A’ retrospectively estimated NIHSS scores from medical records294,295 

with the assistance of the clinical nurse consultant or any of the senior clinical nurses who 

were involved in the stroke call. The ward senior OT assisted in providing initial FIM 

scores, and patients with missing FIM assessments were scored retrospectively by the 

senior OT on the ward who is also FIM trained. A screening form was completed and 

signed by physiotherapist A. An outcome measures form and when possible, a TMS 

assessment log were completed for all suitable study candidates (See APPENDIX 6).  
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Table 2: Inclusion and Exclusion Criterion 
 
 

Inclusion Criteria 
 

 First ever ischaemic stroke (cortical or subcortical involving the territory of the 
middle cerebral artery (MCA) based on imaging findings. 

 Stroke onset ≤ 1 week prior to study enrolment.  
 Moderate to severe hemiparesis based on the Fugl Meyer Upper Extremity 

assessment 35-52 moderate and ≤ 35 severe +/- detectable motor evoked 
potentials (MEPs) in the affected hand muscles via TMS assessment. 

 Stable blood pressure parameters within limits approved by treating neurologist. 
 Age between 18 to 80 years old. 
 Mini Mental State Examination (MMSE) score of ≥ 24 

Exclusion Criteria 
 

 Pre-existing upper limb impairment causing functional limitation 
 Hemiplegic shoulder pain 
 Metallic foreign body implant (pacemaker or artificial cochlea)  
 History of seizure or another unstable medical condition 
 Pregnancy  
 Severe language disturbance (Frenchay Aphasia Screening Test was used to identify 

participants with communication difficulties; a more detailed evaluation was 
performed by a speech pathologist to determine severity of language impairment). 

 English as a second language (ESL)- unable to speak or understand any English 
 Severe Neglect (score of < 44 out of 54 points on the Star Cancellation test) 
 History of depression, alcohol or drug abuse  
 Coexistent neurological or psychiatric disease  
 Current treatment with antidepressants, antipsychotics or benzodiazepines Current 

treatment with Na+ or Ca 2+ Channel blockers or N-methyl-D-aspartate (NMDA) 
receptor antagonists. 

Prohibited Drugs and Interventions  
As per exclusion criteria, any participant taking 

 
Ca 2+ Channel blockers 
Such as Dihydropyridine (Amilodipine, Felodipine, Lercanidipine, Nifedipine, Nimodipine), 
Benzothiazepine (Diltiazem) and Phenylalkylamine (Verapamil). All these drugs are 
commonly used in conditions such as hypertension, Angina, ventricular rate control in atrial 
fibrillation and atrial flutter. 
 
N-methyl-D-aspartate(NMDA) receptor antagonists 
Such as Memantine (for Alzheimer’s disease), Amantadine (for Parkinson’s or Parkinsonian 
symdromes), and Ketamine (analgesia). 
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In regard to the other recruiting sites i.e. rehabilitation facilities (admitting patients who 

were over and under 65 years respectively), designated site investigators informed 

physiotherapist A of any suitable patients who had been transferred to their respective 

wards. Physiotherapist A visited each site to screen notes as described above. During the 

second stage of recruitment a list of all stroke and stroke-like admissions from 

participating sites in the South Metropolitan Health Service (SMHS), and North 

Metropolitan Health Service (NMHS) was made available electronically to facilitate 

identification of potential subjects.  

3.2.3 Recruitment (Day 7-15 Post-Stroke Onset) 

Informed Consent - Possible participants were approached and informed about the aims, 

methods, possible benefits and potential risks of participation in the study. Relevant 

family members were also included in the process of obtaining informed consent. A 

“Participant’s Information Sheet” (PIS) (see APPENDIX 7) was provided and discussed with 

potential participants. Patients were given one or two days to reflect on the information 

given and to discuss any issues with their families, following which Physiotherapist ‘A’ met 

with all parties to answer any queries and obtain written consent from all participants 

prior to enrolment in the study. Each participant’s original consent form, signed and dated 

by the participant, witnessed by their NOK and by the person who conducted the 

informed consent discussion was retained by the investigator, with a copy provided to the 

participant and one placed in the medical notes.  

Modified consent procedures were used at times to ensure that recruitment was carried 

out in an ethical manner in cases where participants had a mild to moderate language 

impairment, and/or moderate to severe UL impairment, which may have possibly 

compromised their ability to consent (See Table 3).  

These possible scenarios and measures to obtain consent were developed by Clinical 

Professor David Blacker (Stroke Specialist) and colleagues for use in The West Australian 

Intravenous Minocycline and tPA Stroke Study (WAIMATSS). 
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Table 3: Modified Consent Options 
 
Participant’s 
Presentation 

Consent Process 

Participants who were 
fully able to provide 
informed consent 

Scenario #1: Alert, no language impairment (aphasia), no 
deficit of dominant hand, usual consent process. 

Participants who were 
deemed to have the 
capacity to understand 
but who were physically 
unable to indicate 
consent i.e. dominant 
hand affected. 
 

Scenario # 2: If motor deficit interfered with the ability to sign 
the consent form then the following two options were 
provided: (1) participant made an attempt to sign even if it did 
not resemble their usual signature, and a designated witness 
confirmed that the signature was valid; or (2) participant was 
asked to sign with the unaffected hand even if it was not the 
non-dominant side, and the signature was confirmed by a 
designated witness. 

Participants who were 
unable to fully 
comprehend (FAST 
language screen; cut off 
scores- age 20-60, 27 
points and age 61+ 25 
points) 
 

Scenario #3: Mild to moderate language deficit (Expressive or 
receptive dysphasia): (1) a modified PIS٭ was used to explain 
the study (2) the designated witness observed the modified PIS 
being read to the patient and if all parties agreed on 
comprehension and assent (i.e. participant, physiotherapist A, 
senior family member and witness), then the patient was 
invited to sign the consent form. In the event that a participant 
presented with a mild to moderate language deficit 
(comprehension preserved) as well as dominant hand weakness 
then scenarios 2 & 3 were used.  

*Modified PIS- Single page using bullet points, age 12 English 
reading  level (see APPENDIX 8) 

 
 

 

Once written consent was obtained physiotherapist ‘A’ completed the following tasks to 

alert other clinicians of the patients’ recruitment into study: (1) a sticker including 

patient’s name, consultant’s name, time and date of consent, and principal investigators 

contact details (physiotherapists ‘A’ & ‘B’) was placed on the medical notes, (2) A magnet 

was also placed next to the patients name on the ward board (APPENDIX 9). 
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All medical staff and treating physiotherapists and occupational therapists involved in 

participant’s care were verbally informed of the patient’s recruitment and therapist were 

reminded not to perform any UL specific treatment during the two-week intervention 

phase. This had been discussed in detail with all the relevant therapists prior to 

commencement of study. Any other physiotherapy and occupational therapy continued as 

normal.  

Two baseline FMUE assessments were performed on different days and scores averaged 

to form a baseline measure. All FMUE scale assessments were performed according to the 

‘Standardized Training Procedure for Clinical Practice and Clinical Trials’  by Sullivan et al 

(2011)296. When possible the presence of MEPs induced by TMS of the area of the 

ipsilesional M1, corresponding to the firs dorsal interosseous (FDI) muscle was evaluated. 

If MEPs were not identified, or the patient was unable to attend for TMS assessment, 

presence of ‘flickers of muscle activity’ in the UL was assessed separately by two senior 

physiotherapists, as an indicator of the presence of intact corticomotor pathways.  

 

Once participants had been recruited in the study a brief handover was given to 

Physiotherapist ‘B’ including: history of presenting complaint, impairments determined on 

initial assessment, and any other relevant information concerning the participant’s 

rehabilitation and discharge plan.  

3.2.4 Randomisation 

Participants were randomised by the project supervisor who worked at another site.  

Physiotherapists A and B, other staff and the patient were all blinded to group allocation. 

Sealed opaque envelopes using a random number sequence were used for randomisation. 

The first four subjects were randomised into Group 1: treatment group (ctDCS and 

standard UL rehabilitation) or Group 2: control group (Sham tDCS and standard UL 

rehabilitation). Block stratification in groups of four was then used in order to achieve 

similar distributions of impairment between groups. Two strata of UL impairment severity 

were used based on FMUE scores (36-52 moderate impairment and ≤ 35 severe 

impairment). Finally, the project supervisor informed a designated co-investigator of 

group allocation; so that the sham switch on the tDCS device could be adjusted 
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accordingly i.e. sham switch on or off. The sham switch was then covered securely to 

maintain blinding for all other parties.  

3.2.5 Treatment Phase (Commencement of Study- Day 7-15 Post-Stroke)  

Physiotherapist ‘B’ implemented the tDCS application and physiotherapy interventions. 

The intervention period consisted of 10 sessions (5 times per week for 2 weeks) of 

cathodal tDCS to the contralesional M1 administered during the established package of UL 

therapy intervention. This time frame reflects usual clinical practice of daily physiotherapy 

and no weekend service as per acute stroke unit care. Each session consisted of 20 

minutes of impairment-based therapy plus ctDCS, and five minutes of task-specific 

practice, followed by a five-minute consolidation period in which the participant did not 

engage in any activities. Sessions were performed between 8:00 and 9:30 AM in order to 

ensure that fatigue did not impact on performance during the training or decrease 

motivation to participate in treatment. Medical records and vital signs observations were 

checked prior to each session and systolic and diastolic blood pressures were monitored 

before, and after the stimulation on each treatment occasion. 

 

Cathodal tDCS application: tDCS was delivered by a constant low direct current of 1mA 

(Soterix 1x1 tDCS Stimulator, Soterix Medical, NY, USA) via a pair of moist rubber surface 

electrodes (Soterix EASY pads, 5 cm x 7cm X 0.56 (depth), with 5 -7 mL/side of 0.9% saline 

on each side i.e. total of 10 to 14 mls of saline per pad), (Figure 7). This tDCS application is 

as per instructions provided at the “Basic tDCS Course” by Assistant Professor Adam 

Woods (NYC 2013 Neuromodulation Conference). Electrode placement was according to 

the international EEG 10/20 system (also known as ‘classical electrode montage’); 

corresponding to the C3/C4 location for M1.201 Please refer to APPENDIX 4 as mentioned 

in section 3.2.1.Electrode pads were fastened with the Soterix elastic fasteners and two 

plastic joints.201 Stimulation consisted of a 30-second current ramp-up followed by 19 

minutes of constant current stimulation and a 30-second ramp down to zero current (20 

minutes total protocol). Figure 8 illustrates a typical intervention session with the 

stimulator in situ.  
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Figure 7: Soterix 1x1 tDCS stimulator  
 

(Picture taken from http://www.caputronmedical.com/1x1/16-1x1-tdcs-stimulator.html)  
 
 
 
 

 

 

Figure 8: Classical electrode montage and UL therapy 

Consent for image provided 
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Safety Considerations 

All procedures were non-invasive. Transcranial magnetic stimulation (TMS) has been used 

for many decades to evaluate cortico-motor conduction and excitability. Transcranial 

direct current stimulation (tDCS) has been widely applied to human motor cortex in 

studies in healthy control and in patient populations. Thus far the main adverse effect of 

tDCS that has been documented in the literature is a mild tingling sensation at the site of 

the electrodes, which is common at the beginning of stimulation. Data for tDCS 

application in acute stroke are limited, however there is evidence that 5- 10 sessions of 

tDCS appear to be safe in acute37 and subacute cohorts.36  

Cytotoxic oedema is an important phenomenon to consider carefully when applying non-

invasive brain stimulation (TMS or tDCS) either to the affected or unaffected side. 

Cytotoxic oedema caused by initial ischemia and reperfusion injury is present at the region 

of stroke during the early period post-stroke; therefore stimulation to that area (either 

through disinhibition from the unaffected hemisphere or by direct TMS of the affected 

hemisphere to examine residual direct corticospinal pathways) should be avoided.  The 

literature confirms that cytotoxic oedema is present as early as a few minutes after stroke, 

with a maximum effect at about 48 -72 hours and diminishes considerably by seven days, 

at which time non-invasive brain stimulation is considered safe to apply.297,298 Therefore, 

this study avoided any stimulation paradigm such as TMS to establish cortico-motor 

excitability or ctDCS to the contralesional M1 until at least seven days after stroke onset. 

Suitability to participate involved assessment of any risk factors, such as a previous history 

of seizures or any other significant neurological conditions. Subjects with haemorrhagic 

stroke were excluded due to the lack of data for safety in this condition. 

3.2.6 Post-Intervention Assessments 

POST 1: Day one post intervention period short-term outcomes. 

POST 2: Two weeks post intervention period. 

POST 3: Three months post intervention period and four months post-stroke. 

 

 

 



 

Page | 129 

Study exit:  Participants were deemed to be ‘discharged’ from the study once they had 

completed the two-week intervention phase (10 sessions of tDCS plus UL therapy), and   

all follow up assessments (POST 1, 2 & 3). Figure 9 illustrates a time line of study events. 

 
 
 
 

 

 

 

 

 

   

Figure 9: Stage III time line 

 

 

3.2.7 Screening Measures Described  

Frenchay Aphasia Screening Test (FAST) - was developed to provide healthcare 

professionals working with patients who might have aphasia with a quick and simple 

method to identify the presence of a language deficit. The FAST is intended to be used 

as a screening device to identify those patients having communication difficulties.  

Physiotherapist ‘A’ used this screening tool to assess language impairment severity; 

however a more formal impairment assessment was subsequently completed by the 

speech pathologist on the stroke unit.  

 

Mini-Mental State Examination (MMSE) - briefly measures orientation to time and 

place, immediate recall, short-term verbal memory, calculation, language, and 

construct ability. The MMSE was originally developed as a brief screening tool to 

provide a quantitative evaluation of cognitive impairment and to record cognitive 

changes over time.299 Further research has suggested that rather than provide a 

diagnosis the measure should be used to detect the presence of cognitive 

impairment.300  
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The literature has recognised that repeated use of the MMSE with the same patient 

reduces its validity.203 Therefore, if the time interval between testing is short, it is not 

recommended for repetitive use with the same individual.  

Star Cancelation test - a screening tool that was developed to detect the presence of 

unilateral spatial neglect (USN) in the near extra personal space in post-stroke 

patients.203  Please refer to APPENDIX 10 for all screening measures. 

3.2.8 Primary Outcome Data Collection Described  

The Fugl Meyer Upper Extremity (FMUE) Sub-Scale is a well-established and 

recommended stroke-specific, performance-based impairment index measure.127 

Reliability and validity have been established in subacute and chronic stroke cohorts.128 It 

is designed to assess motor functioning, sensation, joint functioning and pain in patients 

with post-stroke hemiplegia.127,129 It is applied clinically and in research to determine 

motor deficit and impairment classification (moderate to severe), to describe motor 

recovery, and to plan and assess treatment.  

The FMUE was used to assess each prospective participant during the screening process 

(day 1-15 post-stroke). Re-assessments occurred one day, two weeks and three months 

post intervention phase. All participants who had been transferred were followed up at 

their respective rehabilitation facility, or in some cases in the participant’s home. All 

assessments were conducted in a quiet and safe environment, with distractions 

minimised. Please refer to APPENDIX 11 for FMUE scale.  

3.2.9 Secondary Outcome Data Collection Described  

TMS: The generation of MEPs in the brain provides valuable information regarding the 

functionality of the central motor and sensory pathways, which are of particular interest 

when studying diseases of the motor system.301 Pioneered by Merton and Morton in 

1980, the electric stimulation technique has been superseded in recent years, thanks to 

the development of TMS. Via TMS it is possible to generate MEPs without the discomfort 

associated with electrical stimulation and it is superior in the stimulation of deep and less 

accessible nerves. Magnetically evoked motor potentials can be obtained by stimulating 

the motor cortex, spinal nerve roots and peripheral nerves. Specific patterns allow 
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preferential stimulation of specific muscle groups. Responses can be measured using EMG 

or evoked potential equipment.302 

Device: The Magstim 200 is a single pulse, monophasic stimulator used for cortical and 

peripheral stimulation. It is widely used in neurology departments and neuroscience 

research centres across the world to evoke motor responses from patients undergoing a 

clinical neurological examination. The system is highly flexible; it is compatible with a 

range of coils and can be interfaced with all types of EMG systems. Please refer to Figure 

10 (a) Magstim 200 and (b) figure of 8 coil. 

Cortico-motor conduction was assessed using TMS (Magstim 200, UK) connected to a 

figure of eight coil located precisely to stimulate the hand area of primary motor cortex. 

Muscle activity (MEP’s) was recorded by surface EMG from electrodes placed over the 

muscle belly of the FDI muscle of the hand. Stimulator intensity was set to 20% above 

threshold. Twelve stimuli were delivered at five–sec intervals (total duration of one 

minute) for each block of recordings. In a subset of participants TMS evaluation was 

undertaken at baseline, and again at one day and three months post intervention phase to 

examine residual direct cortical spinal projections from the affected hemisphere. TMS 

data collection was performed under the supervision of a neuroscientist and a neurologist 

with extensive experience in TMS. All assessments were conducted at the NIBS lab at the 

Western Australian Neuroscience Research Institute (WANRI), which is part of SCGH- 

Queen Elizabeth II complex. 

                    

(a) Magstim 200                                                                       (b) Assessing for MEPs with figure of 8 coil 

 
Figure 10: (a) Mastim 200 and (b) Assessing for MEPs with figure of 8 coil                                                                  
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National Institute of Health Stroke Scale (NIHSS) – is a scale developed by the National 

Institutes of Health (US) to gauge the severity of a stroke. It is routinely recorded on 

admission in the emergency department. This is a 15-item impairment scale, intended to 

evaluate neurologic outcome and likely degree of recovery for patients with stroke. The 

scale assesses level of consciousness, extra ocular movements, visual fields, facial muscle 

function, extremity strength, sensory function, coordination (ataxia), language (aphasia), 

speech (dysarthria), and hemi-inattention (neglect).203 The NIHSS has well established 

reliability and validity for use in prospective clinical trials303 and also has adequate to 

excellent test-retest reliability, and inter-rater reliability.295  

Tardieu Scale – this scale is a widely used measure of spasticity.304 It is a routine 

assessment for muscle tone changes after a neurological insult such as stroke. Spasticity is 

quantified by assessing the muscle's response to stretch applied at several velocities.203,305 

Data for reliability in adults post-stroke are limited but has been shown to be valid and 

reliable in children with cerebral palsy.305 Scores were recorded at baseline and all three-

post intervention assessments (immediately, two weeks and three months after the 

treatment phase). This assisted in monitoring and recording any changes in muscle tone 

that might have had an impact on motor recovery. 

Functional Independence Measure (FIM) - this is the most widely accepted assessment of 

function in rehabilitation settings. The FIM was developed to address the issues of 

sensitivity and comprehensiveness that were previously highlighted as being problematic 

with the Barthel Index (another measure of functional independence). The FIM was also 

developed to offer a uniform system of measurement for disability based on the 

International Classification of Impairment, Disabilities and Handicaps for use in the 

medical system in the United States.306  

The FIM consists of 18 items assessing six areas of function. The items fall into two 

domains: Motor (13 items) and Cognitive (5 items). The motor items are based on the 

items of the Barthel Index. These domains are referred to as the Motor-FIM and the 

Cognitive-FIM. These are part of routine assessments after admission and always 

completed by a trained and accredited assessor. Items are scored on the basis of how 
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much assistance is required for the individual to carry out activities of daily living.203 FIM 

scores were intended to be recorded at POST 1, 2, and 3 as per other outcome measures; 

however it became apparent that this was not feasible and the FIM was assessed as per 

standard practice on admission and at discharge from the acute and subacute 

rehabilitation facilities by trained assessors.  

Post Stroke Depression Scale (PSDS)- this tool is specifically devised to assess depression 

after stroke and has been shown to have a superior positive predictive value for major 

depression-like disorders, particularly in aphasic patients. It is not influenced by cognitive 

dysfunction, a common consequence of stroke.307 This study only assessed three main 

domains including anxiety, depression and apathy. This scale has a very high level of inter-

rater agreement for all sections of the scale.308 Physiotherapist ‘A’ administered selected 

items at baseline, one day, two weeks and three months post intervention phase. Please 

refer to APPENDIX 12 for secondary measures.  

3.3 Statistical Methods  

3.3.1 Estimation of sample size for pilot RCT of ctDCS and UL rehabilitation 

Although this was a safety and feasibility pilot study, a sample size had to be calculated, 

based on previous efficacy studies, in order to establish the feasibility of recruiting the 

proposed sample size in a post-acute stroke cohort. The FMUE scale was used as a primary 

outcome measure in order to calculate a sample size and assess the feasibility of 

conducting baseline and follow up assessments (three months post intervention) post-

acute stroke. An MCID for the FMUE scale has not yet been established in acute stroke 

cohorts, however a change of 9 to 10 points in subacute132 and 4.25 to 7.25 points in 

chronic128 strokes is widely considered to be clinically significant. Therefore, a priori a 

change of equal to or greater than 10 points on the FMUE scale was established for the 

purposes of this study. Using a 5% significance level and 80% power, and it was estimated 

that this pilot RCT would require 17 patients per group to detect a between group 

difference in FMUE scores of 10. Based on an approximate 10% drop out rate, recruitment 

of 20 patients per group was proposed.  
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3.3.2 Estimation of MCID for acute stroke population 

‘Anchor-based’ methods were proposed to compare change in FMUE scores with an 

‘anchor’ (a therapist) assessing change using the modified Rankin scale (mRS). This 

method was based on a previous MCID estimation for subacute stroke populations.132 The 

mRS is a measure of global disability, and a widely used tool in the evaluation of trial 

outcomes in stroke populations; scores range from 0 (no symptoms at all) to 5 (severe 

disability, requiring full nursing care).309 All participants were assessed using the mRS at 

baseline and immediately post intervention (POST 1) to identify a change in their level of 

disability i.e. change in mRS was calculated using POST 1–baseline scores. As per previous 

estimation,132 a mean change score greater than one in the mRS was necessary in order to 

determine the smallest meaningful change.132 Subjects were categorised as either 

clinically improved (score change ≥ 1) or not (score of 0) on the mRS in order to determine 

a clinical improvement. The frequency of individuals who clinically improved according to 

the mRS and the number of subjects who did not clinically improve on the mRS was 

considered in order to determine if was possible or sensible to calculate an MCID.  

3.3.3 Analysis Populations  

This study had an intervention group (ctDCS) and a sham group (sham tDCS). The trial 

aimed to yield an "Intention to treat" population (all those who have completed part of 

the 10 treatment sessions) and a "Per protocol" population (all those who have completed 

without a protocol violation). 

3.3.4 Withdrawals (Protocol Violations, Broken Blinding, Withdrawal in the Participant's 
Interest) 

 Participants who were withdrawn for any reason were considered “intention to treat” 

cases. This study aimed to analyse and comment on all available data. 

3.3.5 Statistical Analysis  

Intra-rater reliability of FMUE assessments performed by the assessing therapist was 

undertaken. IBM SPSS Statistics version 22 software was used to perform intraclass 

correlation coefficient (ICC) analysis on FMUE scores, performed on two occasions in 10 

non-study participants.  
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Demographic variables such as age, severity of UL impairment, hand dominance and 

stroke type (TACI, PACI, LACI, and POCI) were considered as confounders when conducting 

any statistical analysis. For all statistical tests, significance was defined as p < 0.05 to 

represent meaningful differences.  

Data were analysed using the R environment for statistical computing program.310  

GraphPad Prism software (version 5.03) was used to graph data. A repeated measures 

ANOVA was used to investigate FMUE motor scores and FIM motor, cognitive, and total 

scores for differences between and within the cathodal and sham tDCS groups. Fixed 

effects or TIME (Baseline, POST1, POST 2, and POST3 for the FMUE, and admission and 

discharge from acute and rehabilitation for the FIM), INTERVENTION (ctDCS plus UL 

rehabilitation or sham tDCS plus UL rehabilitation) and their interaction, as well as a 

random effect of subjects were included in the model. The Tukey Honest Significant 

Difference (HSD) criterion was applied to adjust for multiple comparisons. The MCIDs for 

the FIM were considered to be a change in scores greater than 22 points (FIM total), 17 

points (FIM motor) and 3 points (FIM cognitive).311 

Data for the PSDS (to assess changes in mood), and Tardieu spasticity scale (to monitor 

any changes in UL spasticity), were not subjected to statistical analysis and raw data are 

reported. Length of stay figures from the 2011 retrospective audit and the 2013-2015 RCT 

pilot study (Stage III) were compared using mean values and their differences.  

 

Please refer to Figure 11 for a summary of the methodology.  
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Figure 11: Summary of Methodology
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4. Results 

4.0 Introduction 

The aims of this investigation were firstly to explore the feasibility of recruiting a cohort 

of patients with moderate to severe UL deficit post-acute ischaemic MCA stroke who 

would be eligible to enter into a trial of tDCS (i.e. who would meet universally accepted 

exclusion criteria), and furthermore to explore whether recruiting 17 to 20 subjects per 

year would be possible in a Phase II trial. Secondly, this study aimed to explore the safety 

and feasibility of applying cathodal tDCS (20 minutes per day, five days per week for two 

weeks) to the contralesional M1, in addition to ‘standard’ UL therapy commencing within 

the first two weeks post-stroke onset. Thirdly, to document a consensus approach to 

‘standard’ UL therapy in patients with moderate to severe UL deficit in the acute and 

subacute rehabilitation settings which could be used as the control therapy (usual care) 

in a future Phase II trial.  Fourthly, to examine the feasibility of measuring a range of 

domains including: overall stroke severity (NIHSS), dependence on assisted care (FIM), 

corticomotor excitability in both the affected and unaffected upper limbs (TMS), motor 

recovery in the stroke affected UL (FMUE scale), spasticity in the stroke affected UL 

(Tardieu Scale) and mood (Post Stroke Depression Scale) commencing within the first two 

weeks post-stroke onset and continuing for at least four months post-stroke. The final 

aim was to explore whether the FMUE scale data from this pilot cohort could be used to 

establish the variance of this measure in an acute stroke population as previous MCID 

and MDC have been derived from sub-acute132 and chronic128 stroke cohorts. This would 

allow more precise sample size estimation using the FMUE for a future Phase II RCT. Data 

from the three phases of the study are presented in chronological order.  
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4.1 Stage I: Retrospective Audit of Stroke Admissions over a Nine-Month 
Period  

Screening of all suspected acute ‘stroke-like’ admissions at one acute facility between 

January to September 2011 was conducted in order to assess the feasibility of recruiting 

13 to 15 participants in nine months and to document common UL management in this 

cohort. A period of nine months was selected in order to fit within the prospective 

funding period for data collection in the proposed study. A total of 169 ‘stroke like’ cases 

were identified over the nine month period. Pathology from imaging reports (CT & MRI) 

confirmed ten diagnostic categories including: Haematomas & haemorrhages (n=28), 

Ischaemic strokes (n= 97), Brain lesions (n=2), Large blood vessel stenosis (n=9), Vascular 

atrophy & degenerative changes (n=10), Normal imaging (n=10), transient ischaemic 

attack (TIA) (n=1), Aneurysm (n=1), and Old CVA/Infarcts with new neurological 

symptoms but no new pathology was detected on the current scan (n=8). Imaging was 

not available in a small number of cases (n=3).  

 

Of the 97 cases of ischaemic stroke, 48 affected MCA territory or a major MCA branch 

(i.e. 49.5% of total ischaemic stroke admissions). It was determined that 22 patients had 

nil UL impairment and two were sedated, therefore it was not possible to attain an 

accurate assessment of UL impairment.  In the 24 cases with UL impairment, this was 

classified as follows: Severe (CMII score 1-2, n=14), Moderate to Severe (CMII score 2-3, 

n=3), Moderate (CMII score 3-4, n=2), Mild to Moderate (CMII score 4-5, n=1), Mild (CMII 

score 5-6, n=4). Only 16 cases out of the 24 identified in the acute service audit went on 

to become inpatients at the participating rehabilitation sites, and therefore, were 

included in this review of UL management. Only four (25%) out of the 16 cases would 

have met the eligibility criteria for the proposed tDCS study. Table 4 describes the 

demographics and UL impairment level on admission and discharge from the 

corresponding rehabilitation services of the 16 cases transferred to rehabilitation 

facilities. Documented therapy UL interventions are graphed as a percentage of patients 

receiving a particular intervention for PT (Figure 12a) or OT (Figure 12b) sessions for the 

16 cases who received ongoing rehabilitation.  
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Table 4:  Demographic data for the cases admitted to participating rehabilitation 

centres from whom treatment details were examined (n=16)  

LLC: low level care, HLC: high level care, ESD: Early Supported Discharge, RITH: Rehabilitation in 
The Home. 

 

 

PATIENT AGE GENDER CMII- Admission CMII-  
Discharge 

REASON FOR 
REHAB 

LOS 
(days) 

FINALD/C 
DESTINATION 

1 78 F Arm: 5 
Hand: 5 
Mild 
 

Arm: 5 
Hand: 5 
Mild 

UL rehab Global 
aphasia;  
 

33 LLC (Hostel) 

2 71 M Arm: 7 
Hand: 6 
Very Mild 
 

Arm: 7 Hand: 6 
Very Mild 

UL rehab, HLB, 
visual imp 

5 Home (ESD) 

3 69 M Arm: 1 
Hand: 1 
Severe 

Arm: 1 Hand: 2 
Severe 

UL & LL rehab, 
pusher syndrome  
& motor/sensory 
neglect 

100 HLC (Residential 
Institution) 

4 85 F Arm: 6 Hand: 6 
Mild 
 

Arm: 6 Hand: 6 
Mild 

High level balance 
& exercise 
tolerance 

15 Home (ESD) 

5 65 F Arm: 1 Hand: 1 
Severe 

Arm:  2 Hand: 2 
Severe 

UL rehab, sitting 
balance 

70 HLC (Transitional Care 
Placement) 

6 71 M Arm: 2 Hand: 2 
Severe 

Arm: 2 Hand: 2 
Severe 

UL & gait rehab & 
high level balance 

67 Home  
(Home Link) 

7 66 F Arm: 1 Hand: 1 
Severe 

Arm: 1 Hand: 4 
Severe-
Moderate 

UL & gait rehab, 
high level balance 

59 Home  
(RITH then Stroke 
Clinic) 

8 75 F Arm: 7 Hand: 7 
Nil Impairment 

Arm: 7 Hand: 7 
Nil Impairment 

High level balance 
/mobility; gait 
rehab 

67 Home 

9 67 M Arm: 7 Hand: 6 
Very Mild 

Arm: 7 Hand: 7 
Nil Impairment 

UL rehab (fine 
motor skills) 

14 Home  (ESD) 

10 75 F Arm: n/a Hand: 
n/a 
Mild  

Arm: n/a Hand: 
n/a 
Very Mild 

UL rehab 30 Home  (ESD) 

11 78 F Arm: 7 Hand: 7 
Nil Impairment 

Arm: 7 Hand: 7 
Nil Impairment 

Cognitive rehab 1 Home (ESD) 

12 60 M Arm: 2 Hand: 2 
Severe 

Arm: 2 Hand: 2 
Severe 

UL & LL rehab 
(motor & sensory) 

122 Home  
(RITH then 
outpatients) 

13 51 M Arm: 2 Hand: 2 
Severe 

Arm: 2 Hand: 2 
Severe 

UL & LL rehab 
(motor & sensory), 
gait rehab, high 
level balance 

135 Unknown 

14 59 F Arm: 1 Hand: 1 
Severe 

Arm: 1 Hand: 1 
Severe 

UL & LL rehab 
(motor) 

32 Rehab centre in New 
Zealand 

15 64 M Arm: 1 Hand: 2 
Severe 

Arm:  2 Hand: 2 
Severe 

UL & LL rehab 
(motor) 

114 Home   
(RITH then 
outpatients) 

16 58 F Arm: 2 Hand: 2 
Severe 

Arm: 2 Hand: 2 
Severe 

UL & LL rehab 
(motor & sensory), 
gait rehab and high 
level balance 

92 Home  
(RITH then 
outpatients) 
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Figure 12 (a): Acute care setting physiotherapy UL interventions 

 

 

Figure 12 (b): Acute care setting occupational therapy UL interventions 
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Across the two disciplines, the six most common interventions in the acute rehabilitation 

setting (reported in more than 50% of cases) were: UL facilitation, sensory input, trunk 

work, ADL retraining, UL positioning, and PROM or ranging. Occupational therapists 

focused more on ADL re-training and UL positioning, while PT focus was on achieving 

active movement. Both groups used ‘sensory input /re-training’ but this was documented 

much more frequently in PT than OT. Reach and grasp practice only occurred in about a 

third of the cases (PT 42%, and OT 29%), and education was more likely to be provided by 

OT than PTs.  

Discharge destination was derived from a data report and subsequently confirmed from a 

review of the inpatient notes. Eleven of the 48 cases with MCA stroke went to a stroke 

rehabilitation service for older adults (over 65); while the remaining five patients went to 

a stroke rehabilitation service for those under 65 years of age. Audit data suggest that 

decisions to transfer patients to a rehabilitation facility were based on impairment 

severity such as dense hemiplegia with motor and sensory components and global 

aphasia. Other discharge destinations included: transitional care placement (TCP) (n=1); 

Rehabilitation in the Home (RITH) (n=2); deceased (n=8); home (n= 5); and other 

(including patients transferred to other hospitals, both public and private, one 

transferred back to prison, and another with no record of discharge destination) (n=16). 

These patients were not included in this data set, as at the time the audit was conducted 

this study did not have ethics approvals for TCP, RITH and other sites, and therefore 

medical records were unable to be accessed. Frequency of UL rehabilitation interventions 

is represented graphically for PT (Figure 13a) and OT (Figure 13b), for the older adult 

stroke rehabilitation service and the younger adult stroke rehabilitation service (Figure 

14a&b).          
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Figure 13 (a): Older adult rehabilitation setting physiotherapy UL intervention 
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Figure 13(b): Older adult rehabilitation setting occupational therapy UL interventions 
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Figure 14 (a): Younger adult rehabilitation setting physiotherapy UL Interventions 
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Figure 14(b): Younger adult rehabilitation setting occupational therapy OT UL Interventions
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Overall PT’s incorporated more active and active assisted interventions compared to OTs. 

It was noted that, in the acute setting, PTs focussed on facilitating any UL or trunk 

movement, whilst in rehabilitation settings, therapists were more focussed on task-

specific practice such as reach and grasp, and other fine motor skills, although facilitatory 

approaches were still utilised. Occupational therapists in both settings prioritised ADL 

retraining. Acute care OTs focused their interventions on more simple tasks such as hair 

combing, tooth brushing, and dressing tasks; whilst rehabilitation OTs opted for functional 

tasks involving higher executive functions such as cooking, shopping, community access, 

return to driving, and home discharge planning. The tasks were age appropriate, for 

instance workshop classes (for employment related activities) were offered in the younger 

rehabilitation setting. 

4.2 Stage II: Focus Group Consensus Process 

Following the audits, focus groups were convened to explore the documented therapy 

interventions and to develop a consensus on ‘usual care’ for the UL post-stroke patients 

in the acute and rehabilitation services which were going to be involved in the 

subsequent pilot intervention study. Twenty two therapists, including nine PTs and 13 

OTs agreed to participate in focus groups. Separate groups were held at the acute stroke 

service, and each of the rehabilitation services. The participating therapists’ level of 

experience ranged from 10 months to 39 years in neurological rehabilitation. It is 

important to note that some of the participants in the focus groups were not the same 

therapists whose notes were audited due to staff rotating out of area. Two therapists, 

one no longer working at the same facility, the other on leave, agreed to participate in 

the modified Delphi process via electronic mail.  

4.2.1 Rounds 1 and 2: Definition of UL Interventions and Consensus on Current Practice 

Agreed definitions for each intervention are provided in APPENDIX 13. For the most part, 

the terminology used in treatment notes was defined very similarly by both discipline 

groups. Theoretical knowledge underpinning treatment interventions was greater 

according to level of seniority and experience in the field of stroke rehabilitation. 
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Therapists’ treatment approach also varied due to their training background (for instance 

whether they practiced predominantly using a ‘Bobath’122 or ‘Motor relearning’148 

approach.   

The data from the audit reflected a set of cases from two years previously and were 

discussed to determine if they still represented the most commonly used PT and OT UL 

interventions currently provided by each service. Therapists were also given the 

opportunity to add or change any of the terminology, to represent their current practice. 

For instance, therapists opined that the term ‘trunk work’ was too general and 

inaccurate; they suggested ‘Trunk activation/facilitation’ instead. Other terms such as 

‘sensory bombardment’ were also amended to ‘sensory input/re-training’. Functional 

interventions were described in more detail than ‘ADL re-training’; and more complex 

tasks such as ‘bimanual tasks or activities’ were included. Further elaboration was also 

given about the nature of specific Bobath interventions.  

 

Although documentation was not available from which to audit time spent in treating the 

UL, it was reported by group members that on average patients received daily treatment 

of approximately 30 minutes duration per discipline for five days per week. The 30 

minute session included assessments and overall UL and LL therapy. Therapists were 

unable to quantify how much time they spent on UL specific therapy, however, they did 

express that at times, it was minimal in the acute care facility.  

 

One rehabilitation facility had a seven-day/week service and another had a six-day/week 

service. The most commonly documented interventions (> 50% of patients receiving this 

treatment) in the acute and subacute rehabilitation settings are listed in Table 5 for PT 

and Table 6 for OT.  
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Table 5: Most frequently delivered Physiotherapy UL interventions in the acute and 
sub-acute rehabilitation settings  

 

Acute Rehabilitation Frequency of Documentation (%)  

Facilitation of Fractionated Movement 87.5 

Sensory input / Retraining 58.3 

Trunk Activation / Facilitation 50 

Sub-Acute Rehabilitation  Frequency of Documentation (%)  

Mobilisations (hands & shoulder) 100 

Reach & Grasp practice 100 

Facilitation of fractionated movement 100 

Sensory / Proprioceptive input or retraining 87.5 

Pelvic Tilts 80 

Trunk Activation / Facilitation 77.5 

Pt ed: Self PROM 75 

UL weight bearing with trunk movement 75 

Muscle release for tone management 65 

Scapular facilitation  60 

PROM (shoulder) 55 

Neuro Muscular Electrical Stimulation 50 
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Table 6 : Most frequently delivered Occupational Therapy interventions in the acute 
and sub-acute rehabilitation settings 

Acute Rehabilitation Frequency of Documentation (%)  

ADL Retraining 92 

Positioning  

PROM / Ranging                                              

                        83.3 

                         75 

Sub-Acute Rehabilitation  Frequency of Documentation (%)  

Positioning  100 

Active assisted UL Re-Training/ Ranging  100 

ADL / Functional Retraining (Bilateral)  87.5 

PROM / Ranging / Stretches  80 

Oedema Management  75 

Hand Exercises  75 

Electric Wheel Chair Training  75 

Sensory Re-training  50 

Pt ed: Self Management  50 

Passive scapular mobilisation  50 

 

4.2.2 Round 3: Template of Commonly Used UL Interventions in Acute and Subacute 
Stroke Rehabilitation  

A template was developed from the data gathered from the audit and all the 

participants’ additions and suggestions were incorporated in order to reflect current 

practice in early stroke rehabilitation at the participating centres (APPENDIX 14). The 

focus group discussions also allowed for the development of an accompanying glossary 

of definitions (APPENDIX 13). The template outlines a repertoire of impairment-based 

interventions that may be used in the management of individuals with moderate to 

severe UL impairment in the acute and subacute stages of rehabilitation.  
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The interventions are categorised as ‘passive’, ‘active assisted’ or ‘active’, which may 

incorporate practice of a functional task. This template was utilized to plan and record 

the ‘usual care’ treatment in the Stage III pilot data collection. The definitions were used 

to remind the treating therapist of the interventions and therefore, assist the delivery of 

standardized UL rehabilitation throughout the pilot RCT. An intervention log was used to 

document any significant subjective assessment findings per session, and for ease of 

collation of results. An intervention sticker was placed in the medical notes after each 

session (APPENDIX 15). 

4.3 Stage III: Safety of the Application of ctDCS to the Contralesional M1 
Post-Acute Stroke           

In this phase of the research a small randomised, sham controlled, double blind pilot 

investigation was conducted in a cohort of people who were hospitalised following a 

MCA stroke less than 15 days previously (mean 10.75 days post-stroke). During this 

feasibility and safety study, 14 individuals were randomised to receive ten sessions of 

ctDCS or sham stimulation to the unaffected M1 with concurrent standardized UL 

therapy. A total of 12 individuals completed the intervention; there were no significant 

differences in gender, age, days after stroke onset, stroke severity and type, dominant 

arm affected, baseline FMUE (motor, sensory, passive joint and joint pain) scores, FIM 

(motor and cognitive) scores, star cancellation tests, MMSE, and FAST scores between 

the two groups. A summary of baseline demographic data and clinical characteristics of 

patients is provided in Table 7. Details for the imaging reported for all participants are 

provided in APPENDIX 16. A total of 126 sessions of tDCS were delivered (60 ctDCS and 

66 sham tDCS). Twelve participants received 10 tDCS sessions (six in each group). Six 

sessions were conducted on a participant in the sham group prior to withdrawal due to 

haemorrhagic transformation, which did not occur during a tDCS session, but 

immediately following aerobic exercise. The second withdrawal in the study was a 

participant who only completed eight minutes of the first treatment session prior to the 

decision being taken to cease treatment and withdraw the participant from the study. 

Further details about the withdrawals are provided below.  
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Table 7: Baseline and demographic characteristics for pilot study participants (n=12) 
 

 Cathodal tDCS (n=6)                  Sham tDCS  (n=6)                      P- Value 

Age, yrs 61 (39-76)                                             66 (32-73)                                        0.952 

Male (n) 5                                                                3                                                      0.559 

Days after stroke onset 11 (8-15)                                            10 (7-12)                                         0.202 

Stroke severity (NIHSS 
scores) 

12 (9-20)                                               5 (3-20)                                              0.134 

FMUE (Baseline Averages)  

 Motor  20.50 (9 – 44.5)                                  27.0 (9-52)                                         0.154 

 Sensory  9.75 (6 -12)                                         11.0  (1-12)                                        0.969 

 Passive Joint 23.0 (22 – 24)                                     23.5 (20.5-24.0)                                0.689 

 Joint Pain 23.0 (21.5 – 24)                                  24 (23-24)                                          0.107 

Stroke type       (Oxfordshire Stroke Classification) 

 TACI 5                                                             5                                                           

 PACI 1                                                             1                                                      Not 

 POCI 0                                                             0                                                  Performed^ 

 LACI 0                                                             0 

Dominant arm affected (n) 1                                                             4                                                          0.221 

FIM  

 Motor 28.5 (15 - 37)                             29.5(13-58)                                                0.522 

 Cognition 24 (13 – 28)                                  29 (5-35)                                                  0.550 

 Total score  51 (28 – 61)                                 58.5 (18-89)                                             0.498 

Star cancellation test    54 (44 – 54)                                  54 (53-54)                                                0.392 

MMSE   28.5 (14 – 30)                              20 (20-30)*                                             0.798 

FAST   25 (12 -29)                                   27 (21-30)                                                0.633 

All values are expressed as median (range). NIHSS, National Institutes of Health Stroke Scale; FIM, Functional Independence Measure; MMSE, 
Mini Mental State Examination; FAST, Frenchay Aphasia Screening Test.  PACI, Partial Anterior Circulation Infarct; TACI, Total Anterior 
Circulation Infarct; POCI, Posterior Circulation Infarct; LACI, Lacunar Circulation Infarct. *Score of 20 adjusted due to impaired side same as 

dominant hand. ^ Frequencies of stroke type were exactly equal between groups. 
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4.3.3 Adverse Events  

Each participant was carefully monitored pre and post ctDCS or sham stimulation. 

Medical observations were noted on each day of intervention. Systolic blood pressures 

(SBP) remained within accepted safety criteria (Acute care stroke unit protocol SBP < 180 

mmHg) in both groups, and changes in blood pressure did not exceed more than 30 

mmHg. Individual SBP values are displayed in APPENDIX 17. 

There were no serious adverse events reported during or immediately after tDCS 

stimulation; however some minor adverse effects were noted and these summarised in 

Table 8 for effects during stimulation and Table 9 for effects post stimulation. One 

participant in the ctDCS group reported seizure activity three months post intervention. 

The participant’s neurologist diagnosed this event as post-stroke seizure activity, and 

considered that it was unlikely to be due to the non-invasive brain stimulation.  

 

Table 8: Reported side effects during ctDCS (n=6) and sham tDCS (n=6) 

 

                                    ctDCS group 

 Itchiness at reference electrode site during all 10 sessions (n=1).  

 Itchiness at reference electrode site during 3-5 sessions (n=5). 

 Report of “feeling weird in the head” but denied pain during one session (n=1). 

 Report of feeling “irritated” by the reference electrode which required a two minute 
reduction in intensity from 1 mV to 0.5 mV during one session (n=1). 

Sham ctDCS group 

 Increased facial tone and increased perfusion to the face post session, noted in all 10 
sessions (n=1).  

 Increased facial tone and improved fluency of speech after five sessions (n=1) 

 Strong sensations under reference electrode for a “very short time” at the beginning and 
end of the 20 minute stimulation period (n=2) 

 

n = number of participants; stimulation time 20 minutes per session 
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Table 9: Reported side effects post ctDCS (n=6) and sham tDCS (n=6) 
 
 

                                        ctDCS group 

 Residual red mark at reference electrode site immediately after stimulation; resolved 
within an hour, nil pain reported by participants (n=3). 

 Mild headache 2 hours post intervention on one occasion (n=1) 

Sham tDCS 
 

 Itchy area under reference electrode at end of stimulation period over six sessions (n=1) 

n = number of participants; stimulation time 20 minutes per session 

 

There were two withdrawals in this study; the first one was a participant who was 

randomised to the cathodal group. The withdrawal was related to an event which 

occurred two minutes into the first treatment session. The participant became restless 

and indicated discomfort at the reference electrode site, the amplitude was immediately 

lowered from 1 mA to 0.5 mA. Six minutes later this participant displayed increased 

respiratory rate, reduced alertness, and became emotionally labile for a period of 

approximately 30 to 45 seconds (i.e. low mood, crying and making facial expressions 

indicative of pain and discomfort). The patient was unable to express himself clearly due 

to moderate to severe expressive aphasia (initially consented with modified scenario # 3), 

and he became increasingly agitated which exacerbated his language impairment. 

Although he was able to express that the stimulation felt uncomfortable under the 

reference electrode, the intervention was ceased immediately and nursing staff were 

alerted. Neurological observations were performed by nursing staff and reported to be 

within normal limits, and there were no changes compared to pre-therapy observations. 

Subsequently, the investigators decided to cease treatment and withdraw this patient 

from the study to prevent any feelings of distress due to discomfort and possibly pain. 

The investigators also felt that it was in the patient’s best interest to alert the medical 

team to this event.  This session took place on a Saturday morning; therefore the study 

therapist was only able to access information from medical notes and nursing staff on the 

day.  
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On liaising with the site therapists on Monday, it was clear that similar behaviour had 

also been observed by other therapists during days prior, but no concerns had been 

raised about his behaviour or mood prior to commencement in the study. The patient’s 

low mood was attributed to limited family visits as the patient’s wife had a long commute 

from the country and was not able to visit during the week. This information was not 

available in the medical notes as daily documentation is not standard practice amongst 

rehabilitation therapists.  

The second withdrawal was a participant who had completed and tolerated six sham 

tDCS sessions. The reason for withdrawal was due to medical deterioration, related to 

haemorrhagic transformation of his ischaemic stroke, which was also identified by 

Physiotherapist ‘B’ over a weekend session. Medical staff were immediately alerted and 

attended the patient. The decision to withdraw this patient from the study was made due 

to progression of UL impairment and the presence of ongoing hypertension. The patient 

was subsequently reviewed by a stroke specialist and study co-investigator who 

determined that the study intervention was unlikely to have been related to this event. 

The patient expressed a strong desire to remain in the study, however, the investigators 

considered that it was in his best interest to be withdrawn, and to be assessed by the 

specialist team, as his UL impairment had worsened compared to baseline, and there is 

no evidence to support the application of tDCS in acute haemorrhagic stroke.  

Furthermore, the research supervisor informed relevant medical staff that the patient 

was in the sham group, without unblinding the treating and assessing therapists involved 

in the trial. An adverse event report was completed and submitted to the relevant Ethics 

committee. Other than these two circumstances, all study participants received the study 

intervention as allocated.  

Consequently, the application of 20 minutes of ctDCS for 10 sessions (five consecutive 

sessions, two days rest, followed by five consecutive sessions) was considered to be safe 

in the cohort of six acute stroke patients who received the active therapy. For the most 

part sessions were well tolerated, except when patients reported poor sleep the night 

before, which was reported by seven participants over a total of 11 sessions. Patients 

attributed poor sleep to the unfamiliar ward environment and noisy staff. These 
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participants showed decreased attention to task, and required more verbal prompts and 

encouragement from the treating therapist to engage in therapy.  

 

4.4 Stage III: Feasibility of Conducting a Pilot RCT of ctDCS plus UL 
Rehabilitation Post-Acute Stroke 

Feasibility findings arising from Stage III of this investigation are reported below based on  

the seven key objectives of good practice in pilot studies identified by Lancaster et al 

(2004).264 These findings are presented in chronological order according to study 

procedures. 

4.4.1 Feasibility of Recruitment and Consent      

4.4.1.1 Screening 

Screening and recruitment of study participants occurred over two periods of time due to 

a late allocation of funds (SCGH Research Advisory Committee Grant 2014/2015). The 

initial recruitment period took place from February 2013 to August 2014 (16 months), 

followed by a second recruitment period from January 2015 to April 2015 (3 months); 

therefore, an overall recruitment period of 19 months. The initial screening period 

involved three sites (one acute care and two rehabilitation facilities for young and older 

adults); during the second recruitment period three more sites were added to increase 

recruitment rates (one acute care, one rehabilitation facility and a home rehabilitation 

service (RITH) covering the Greater Perth metropolitan area). It is important to note that 

during this time, the state rehabilitation service for younger adults (under 65 years) 

relocated to a new facility, Fiona Stanley Hospital (FSH), and a new ethics approval would 

have been required for recruitment to occur at this site. The investigators decided not to 

seek new ethics approval at the State Rehabilitation Service, to replace the existing 

approval for recruitment at the previous younger adult rehabilitation service due to 

anticipated delays in the establishment of an ethics department and research governance 

at the new facility.  

 



 

Page | 156 

There were some issues with screening at one of the participating sites and one issue at 

the main recruiting site (acute care). Two therapists expressed strong feelings against 

assisting investigators with the screening process, as they felt that it was not part of their 

job description, and one indicated research burnout after being involved in another 

rehabilitation study. This therapist also expressed strong feelings towards the 

investigators doing site visits to screen possible participants. The investigators were able 

to reach a compromise with this particular therapist who agreed to flag any suitable 

patients to the principal investigator via electronic mail.  

On another occasion at the start of the first recruitment period, one therapist was 

obstructive regarding passing on relevant information about a possible participant; 

however, this patient was transferred to a rehabilitation facility where the site therapist 

did pass on the information, and this patient was successfully recruited into the study. 

For the most part, therapists at the acute site were very enthusiastic about this study and 

always ensured investigators were informed of any possible participants. In fact, one 

rehabilitation site actively made it one of their goals as a stroke unit to recruit patients 

for this study, and possible suitable candidates were discussed in weekly multidisciplinary 

team meetings. 

During the second recruitment phase, a stroke-like admissions Excel document was 

delivered daily to the principal researcher; however, it failed to report patients admitted 

under two particular consultants from an acute care facility. This issue was identified by 

the site therapist, and the process of identifying suitable admission classifications under 

all relevant admitting officers was amended by site administration.  

4.4.1.2 Participants 

A total of 607 patients over five sites were screened for eligibility in this study, 362 

(59.6%) were considered ‘stroke-like’ admissions (Table 10), of which, 245 (40.4%) were 

first ever MCA ischaemic strokes. Stroke diagnosis was confirmed by clinical assessment 

and imaging (CT and/or MRI). A total of 94 (38%) MCA strokes had mild or no UL 

impairment. Only 151 had moderate to severe UL impairment (61% of all MCA cases 

identified). One hundred and twenty four cases (82%) were excluded from the study due 
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to: palliation on admission (n=4), not meeting one inclusion criteria (n=71) (Table 11), not 

meeting more than one inclusion criteria (n=26), medically unstable (n=14), or had a 

stroke evolution and deteriorated (n=9). Therefore, only 27 cases (18% of all MCA 

strokes) were deemed suitable for this pilot study, of which 13 were excluded for the 

following reasons: declined to participate (n=3), recruited in another study (n=3), suitable 

but unable to screen further due to transfer to new state rehabilitation service (no ethics 

approval in place) (n=3), individuals from rural and remote areas who could not be 

followed up (n=3), and ongoing behavioural issues (n=1). Therefore, 14 patients were 

recruited and randomised into this pilot study. All participants were recruited within 7-15 

days post-stroke and they demonstrated moderate to severe UL impairment (FMUE 

scores of 35 to 52 for moderate; and < 35 out of 66 for severe) at stroke onset. Details of 

screening and recruitment are elaborated in Figure 15. 
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Table 10: ‘Stroke-Like’ Admissions for Five Sites in a 19-Month Recruitment Period   
(n=362) 

 

‘Stroke-Like’ Admission No. of Patients  

Imaging NAD 85 

Non-MCA terrritory haemorrhage 73 

Posterior circulation infarct 57 

Old ischaemia/ cerebral atrophy 29 

TIA 26 

Small vessel disease 24 

Non-MCA territory ischaemic stroke 19 

ICA Stenosis 10 

Brain lesion 10 

Subarachnoid heamorrhage 5 

MCA aneurysm 4 

Spinal stenosis 4 

ETOH-induced seizure 3 

Functional stroke 3 

Migraine 3 

Vertebral artery occlusion 3 

Aortic dissection 1 

MCA territory demylineting  1 

Exacerbation of multiple sclerosis 1 

Bell’s palsy 1 

NAD, No Appreciable Disease;  MCA,  Middle Cerebral Artery; TIA, Transient Ischaemic 
Attack;  ICA, Internal Carotid Artery;  ETOH, ethyl alcohol  
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Table 11: MCA Stroke patients not meeting one inclusion criteria (n=71) 

 

Reason for Not Meeting Inclusion 
Criteria 

No. of Patients Not Meeting Inclusion Criteria  

Previous stroke 17 

Above 80 years of age 11 

MCA territory haemorrhage 7 

Severe global aphasia 6 

Drug/ETOH abuse 6 

Depression  6 

Pre-existing neurological condition 5 

Psychiatric disorder 3 

Pacemaker 4 

Epilepsy or Seizures 2 

MCA stroke and brain lesion 2 

Imaging NAD 2 

NAD, No Appreciable Disease;  MCA,  Middle Cerebral Artery; TIA, Transient Ischaemic Attack; ETOH, ethyl alcohol 
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Figure 15: Flow Chart of all MCA stroke admissions assessed for eligibility 
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The feasibility of recruitment was at times compromised by the competing claims of other 

concurrent trials recruiting across several of the same sites as the present study. In 

particular, drug trials such as the Assessment oF FluoxetINe In sTroke recoverY (AFFINITY) 

trial, a RCT of fluoxetine (antidepressants) given in the first two weeks after stroke. Three 

eligible subjects elected to participate in the AFFINITY trial, which made them ineligible for 

the present study due to the unknown effect of fluoxetine on the tDCS induced 

modulation of cortical circuits.  

Drug trials were often perceived by medical staff as having a higher priority, and also 

these trials had allocated research staff who were able to screen patients on admission to 

the emergency department. On one occasion, Physiotherapist ‘A’ had to negotiate with a 

consultant to keep a new recruit; and on a second occasion, the patient was also 

approached to be involved in the AFFINITY trial, and initially declined both trials as he felt 

overloaded with information. The site therapist was very diligent in following this up as 

she felt that the consultant had ‘undersold’ this pilot study. The outcome was positive, as 

it transpired that while the patient indicated feeling overwhelmed about both trials, he 

was mostly disturbed by being asked to take antidepressants, and therefore felt unable at 

the time to make a clear decision about involvement with this pilot study. The site 

therapist provided the patient and his son further information about the study, and they 

were given some time to consider the information. Unfortunately the patient was 

discharged home over the weekend; therefore the principal investigator contacted the 

patient and arranged a home visit to discuss possible recruitment. The final outcome was 

that the patient agreed to participate and provided informed consent shortly thereafter. 

This patient completed all 10 tDCS and therapy sessions at home.  

The three participants who declined participation in the study expressed that they felt 

overwhelmed by their circumstances and did not wish to take on any research 

commitments. One possible participant expressed feeling low in mood. In this case 

Physiotherapist ‘A’ informed the medical team of this issue. Another possible participant 

had a very anxious partner, who was very reluctant about the concept of NIBS. The 

consultant neurologist involved advised the investigators not to pursue this subject any 

further in case of complications that could be blamed on participation in the study. The 
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last patient was simultaneously approached by the AFFINITY trial (antidepressants), and 

felt overwhelmed with all of the information provided. The patient’s family indicated that 

they were supportive of this study, but felt that it was ultimately the patient’s decision, 

and they declined participation in both trials.  

4.4.2 Feasibility of Randomisation Procedure      

A stratified randomisation procedure was used, according to severity of UL impairment 

(FMUE score), which resulted in all participants being randomised into two even groups, 

seven participants were allocated to the ctDCS group, and seven allocated to the sham 

tDCS group. The groups were well matched with no statistically significant differences 

between groups on any of the demographic characteristics (Table 6). There were no 

issues reported with the randomisation and stratification procedures.  

In regard to maintenance of double blinding, it is possible further refinement may be 

required. Five patients in the active group complained of itchy/strong sensations under 

the reference electrode, two displaying a red mark following removal of electrodes as 

well as the sensations reported post-stimulation, and one participant only displaying a 

red mark under the reference electrode, with nil complaints of itchy/strong sensations. 

This led investigators to suspect correctly that these patients were possibly in the ctDCS 

group. Thus blinding in an acute stroke cohort may not always be feasible, and the risk of 

unblinding varies between individuals. There is recent evidence312 supporting the 

application of topical Ketoprofen 2% to reduce tDCS-induced erythema, and possibly to 

address the issue of blinding in sham-controlled trials.312  

The investigators noted that male subjects were more prone to report strong sensations 

under the reference electrode. The treating therapist was asked to predict patient 

allocation prior to unblinding; this revealed that the treating therapist was able to 

speculate the correct group allocation in 12 out of the 14 randomised participants. This 

speculation was based on reports of itchy reference electrode site during treatment in 

five participants in the ctDCS group. One wrong speculation was attributed to increased 

perfusion to the face post treatment; however this patient was actually allocated to the 

sham group. Another correct speculation was in the case of one of the withdrawn 
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participants who became emotionally labile and indicated discomfort under the 

reference electrode. The treating therapist was also able to correctly identify six out of 

seven participants who were in the sham group. This was mainly due to the lack of 

complaints of itchiness to the reference electrode site, and two participants in particular 

complained of ‘strong sensations’ at the very beginning and end of stimulation, which 

was correctly attributed to the 30-second ramp up and down feature of sham tDCS. Most 

participants believed that they were in the active treatment group, despite numerous 

explanations that it was double-blinded, and that they may be in the ‘pretend’ (sham) 

group. All participants expressed enthusiasm about the treatment intervention and 

would have been keen for the sessions to have continued past the 10 days. Overall, 

participants rated this experience as “a great physiotherapy program”. 

4.4.3 Feasibility of Maintaining Integrity of Study Protocol  

The intervention schedule was delivered as intended, i.e. 10 sessions over two weeks; 

however it was only delivered once as originally intended i.e. five sessions followed by a 

two-day break, then first five sessions, to mimic usual care in most of the participating 

services. In the remainder sessions the study schedule was altered so that the 

interventions were delivered in either a block of four sessions, followed by two days rest 

and then six sessions (n=3); or a block of six sessions, followed by two days rest and then 

four sessions (n=7). One participant (sham tDCS# 4) had all 10 sessions consecutively due 

to discrepancies in discharge planning between the patient and the medical team. The 

patient did not wish to go to a rehabilitation facility and requested to be discharged 

home with RITH; however, the medical team had already made the decision to send him 

to the new rehabilitation facility. The investigators decided to continue with consecutive 

sessions, to prevent this patient from having to be removed from the study in the event 

that they were transferred to the new rehabilitation site. In addition the patient was 

threatening to discharge against medical advice and continuing in the study meant that 

this patient was able to receive weekend rehabilitation, and therefore was prepared to 

remain as an inpatient for the duration of the ten study treatments.  
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All participating sites provided a quiet, well ventilated, private room where intervention 

could be delivered in a standardized manner throughout the study. Electrode placement 

and delivery of tDCS was completed as per protocol, and 125 out of 126 sessions 

occurred in the morning (between 8:00 and 9:30 AM). On one occasion, when participant 

ctDCS number 1 was hypotensive prior to the intervention, Physiotherapist ‘B’ liaised 

with the medical team, the participant was given intravenous fluids and rest, and the 

intervention session was delivered in the afternoon. On a second occasion, participant 

ctDCS number 6 also complained of ‘feeling off’ due to poor sleep at the beginning of 

session # 6, the intervention was postponed until the afternoon, however the patient 

declined again and requested to be seen the following day. There were nil further issues 

with the remainder five sessions for this individual.  

This arrangement of providing research treatment sessions early in the day also fitted 

well with the rehabilitation facilities and patients were able to participate in other 

rehabilitation activities throughout the day as per usual care. Site therapists were very 

accommodating and expressed no concerns about this arrangement. This study also 

achieved 100% compliance from all site therapists, who agreed not to specifically treat 

the UL limb during the intervention phase. The agreement was that all therapists were 

not to do any specific UL training including: Sensory stimulation, repetitive task based UL 

training i.e. reach and grasp practice, strength training, movement facilitation (i.e. active 

assisted), fine motor skill practice (finger/thumb opposition, pincer grasp, facilitation of 

intrinsic hand activity by working on intrinsics and lumbricals), NMES, joint mobilisations, 

Bobath techniques, mirror box therapy, visualisation/mental imagery, and mCIMT or 

CIMT. However, they were allowed to continue with: PT and OT Neurophysical 

assessments, passive PROM/ranging, dynamic balance work or trunk facilitation, gait re-

training, ADL training (practicing grooming, dressing, showering, feeding where the 

number of actual task repetitions is quite low and the focus is on aids/equipment use and 

strategies to enhance independence). Therefore, the integrity of intervention was not 

contaminated.  
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There was only one issue with medications being prescribed during the study that are 

considered to be contraindicated for someone receiving ctDCS. One participant was put 

on Amlodipine (a calcium channel blocker hypertensive) after they had been recruited to 

the study. Physiotherapist ‘B’ identified this straight away and liaised with 

Physiotherapist ‘A’ who was able to negotiate a change of medication with the medical 

team to an alternative anti-hypertensive medication.  

4.4.4 Acceptability of Intervention 

The pre-study investigation applying ctDCS to a group of healthy individuals (3 males, 3 

females) indicated that the application of 2mA tDCS would likely not be tolerated for 20 

minutes in a cohort of acute stroke patients, and would very likely compromise blinding. 

All healthy subjects who participated in this pre-study investigation reported strong 

uncomfortable feelings under the reference electrode with a 2mA stimulation, and one 

requested immediately for the stimulation to be turned down to 1 mA. Therefore, 

investigators decided to only deliver 1mA tDCS, on the basis that the literature does not 

make firm recommendations on current amplitude and it was expected that stroke 

participants would be more likely to be able to tolerate the tDCS intervention if 1mA 

were delivered.   Although recent studies have confirmed that the application of 20 

minutes of 2mA of ctDCS to a sub-acute stroke population279 and 13 minutes of atDCS to 

a chronic stroke cohort280 were safe and well tolerated, these data were not available 

during the planning phase of this study.  

Acceptability of the intervention was investigated in two parts: (1) from a participant’s 

point of view, and (2) from a participating site’s point of view, including the logistics and 

feasibility of conducting a multisite trial of NIBS and rehabilitation post-acute stroke. In 

relation to acceptability of the intervention by participants, 13 out of the 14 participants 

initially recruited tolerated the intervention, despite some minor side effects. Twelve 

subjects tolerated all 10 sessions of 20 minutes of tDCS without any adverse events. 

Adverse effects were discussed in the previous section (4.3 Stage III: Safety of the 

Application of ctDCS to the Unaffected Motor Cortex Post-Acute Stroke).     
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Out of the two withdrawals, only one participant (in the ctDCS group) was discontinued 

because he was deemed by two investigators, to be too emotionally labile to tolerate the 

study intervention. All other participants were able to tolerate 25 minutes of impairment 

based and task-specific practice UL rehabilitation plus ctDCS or sham stimulation. In three 

cases patients were easily distracted and required more verbal and tactile cues from the 

treating therapist, but they were still able to complete the therapy. For the most part 

patients reported that the treatment time went quickly, and that the sessions were very 

enjoyable.  

Site acceptability of the intervention was not an issue. Overall this study proved to be 

feasible to conduct as part of a multisite pilot RCT. All therapists were able to accept the 

intervention offered to study participants (their patients), and were able to communicate 

any queries or concerns to the investigators. The same treating therapist was used 

throughout the study.  She had considerable experience working with neurological 

patients in inpatient settings; consequently, positive relationships were able to be 

established and maintained with relevant staff and patients, which is likely to have 

facilitated delivery of the intervention. There were no issues reported by any members of 

the multidisciplinary team. Nursing staff were very compliant with getting the 

participants ready for early morning sessions. Medical staff were also very supportive of 

this trial and the application of tDCS post-acute stroke. It was also feasible to work 

around participants’ weekend leave, at the rehabilitation sites.  

4.4.5 Feasibility of administration of the FMUE as a primary outcome measure 

The assessing therapist undertook an intra-rater reliability study of FMUE assessments to 

determine that repeated measures were reliable. A high degree of reliability was found 

between FMUE 1 and FMUE 2 measurements. The average measure ICC was 0.996 with a 

95% confidence interval from 0.987 to 0.999 (F (9, 10) = 281.77, p < 0.001). Raw FMUE 

data of 10 non-study participants with UL impairment are provided in APPENDIX 18. 
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The FMUE scale was feasible to administer in a cohort of acute stroke patients. A 

proposed sample size for this pilot RCT was calculated based on FMUE scores from a 

previous study47 of a cohort of individuals with chronic stroke. However, this pilot RCT 

proved that the estimated sample size would not be feasible to achieve in a future Phase 

II trial, based on current staffing and number of sites involved. 

The FMUE assessments took about 20 minutes to administer and were easily scheduled 

with all the participating sites or participants themselves. The participants knew what to 

expect, having had two baseline assessments. It was feasible to complete all FMUE 

assessments at all three time points. The investigators were able to follow up patients at 

their respective rehabilitation facilities or homes. Even in the event of one patient being 

transferred to NZ to be closer to family, the investigators were able to find a suitably 

experienced therapist to administer the last assessment. Some home visits incurred 

travel costs that were not met by limited funding for this investigation, and this may 

impact on feasibility of undertaking a Phase II trial with a larger cohort.  

4.4.6 Feasibility of Sample Size Calculation 

It was not sensible to estimate an MCID for the FMUE scale using mRS scores309 as only 

one individual (out of 12) did not improve clinically  i.e. a mRS change ≥ 1132 (Table 12). 

Therefore, it was not feasible to estimate a sample size for a future Phase II trial in an 

acute stroke population, based on the data collected in this pilot.   
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Table 12: Modified Rankin Scale scores for all participants (n=12) 

Participant 
No. 

Intervention 

(tDCS) 

Baseline 

 

Post 1 

1 Sham  5 4 

2 Sham 3 1 

3 Sham 4 4 

4 Sham 5 2 

5 Sham 5 4 

6 Sham 4 2 

1 Cathodal  4 3 

2 Cathodal 4 3 

3 Cathodal 5 4 

4 Cathodal 5 3 

5 Cathodal 5 4 

6  Cathodal 5 4 

 

4.4.7 Feasibility of testing of data collection forms 

This pilot study developed a template of standard UL therapy for a cohort with moderate 

to severe UL impairment post-acute stroke (Stages I and II). In Stage III of the study, this 

UL template was tested for ease of use and feasibility of implementation in a future 

Phase II RCT. The treating therapist reported that the template was easy to use, time 

efficient and ensured thorough clinical documentation of the treatment provided during 

the study as well as facilitating handover to other therapists.    
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Other data collection forms were also developed for this pilot investigation and therefore 

tested including: patient screening form, screening log, outcome measures log, and TMS 

recording form (APPENDIX 5 & 6). The screening form included a checklist of all inclusion 

and exclusion criteria, and allowed for recording of any comments. This form was always 

signed by the principal investigator and a member of the medical team. This also served 

as a prompt for all site therapists who assisted with the screening process, and it helped 

to consolidate their knowledge and understanding of the inclusion and exclusion criteria. 

The screening log was simple to use and allowed investigators to keep thorough records 

and retain relevant information about possible participants. The outcome measures log 

facilitated more efficient data entry, and provided an overview of all scores throughout 

POST 1, POST 2 and POST 3 assessments. The TMS recording form was used to keep 

measurements for landmarks, recruitment motor threshold and recruitment curve 

values. This form was only used twice and was suitable for the purposes of this pilot 

study. 

The outcome measures (FMUE, FIM, NIHSS, PSDS, and Tardieu Scale) and screening tools 

(Star Cancellation Test, MMSE, FAST) used in this pilot study already had well-established 

forms, therefore formal testing was not required. Therefore, this study aimed to 

investigate the feasibility of applying assessments across a range of domains including: 

motor recovery (FMUE), corticomotor excitability in the affected UL (TMS), dependence 

on assisted care (FIM), spasticity in the stroke affected UL (Tardieu Scale) and mood (Post 

Stroke Depression Scale). Data from these assessments over time are presented in the 

next sections. Data from the FMUE and FIM (motor and cognitive) were also used to 

determine if participants achieved a MCID and MCD on these measures. Assessment of 

efficacy is restricted to reporting of trends of change due to a small sample size. As 

discussed earlier, assessment of efficacy was outside the scope of this safety and 

feasibility pilot RCT. Length of stay data from the 2011 notes audit are also presented to 

compare trends of change in service reconfiguration in WA over the last three years. 

 



 

Page | 170 

4.4.7.1 Analysis of Primary Outcome Measure: Fugl Meyer Upper Extremity Scale 

Data for repeated measures of the primary variable (FMUE) are presented in Table 13. An 

average of the two baseline assessments was used to represent baseline FMUE scores. 

An assessment of overall change at the individual level was made based on the difference 

between FMUE scores at baseline and at three months post intervention (POST 3). 

 

Table 13: Primary outcome measure - FMUE motor scores (n=12) 

 

Participant 
No. 

Intervention 

(tDCS) 

Baseline 

 

Post 1 Post 2 Post 3 ∆FMUE° MDC MCID 

1 Sham  15.0 45.0 52.0 58.0 43.0 Yes Yes 

2 Sham 52.0 62.0 63.0 66.0 14.0 Yes Yes 

3 Sham 24.0 48.0 56.0 57.0* 33.0 Yes Yes 

4 Sham 49.5 61.0 64.0 64.0 14.5 Yes Yes 

5 Sham 9.0 11.0 11.0 11.0 2.0 No No 

6 Sham 30.0 46.0 55.0 57.0 27.0 Yes Yes 

1 Cathodal  44.5 56.0 60.0 64.0 19.5 Yes Yes 

2 Cathodal 21.5 33.0 50.0 57.0 35.5 Yes Yes 

3 Cathodal 9.0 12.0 12.0 12.0 3.0 No No 

4 Cathodal 13.5 40.0 45.0 53.0 39.5 Yes Yes 

5 Cathodal 19.5 24.0 26.0 38.0 18.5 Yes Yes 

6  Cathodal 25.0 35.0 40.0 36.0~ 11.0 Yes Yes 

°∆FMUE = Post 3 – Baseline (Average) scores; FMUE, Fugl Meyer Upper Extremity; MDC, Minimal Detectable Change; Maximum 

FMUE motor score = 66; MDC = ∆  > 6.6; MCID, Minimally Clinically Important Difference  MCID = ∆  > 10  
 *Limited by pain and onset of frozen shoulder; ~Assessed by therapist in NZ 
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In the sham group, baseline FMUE motor scores ranged from 9 to 52 (median 27); POST 1 

scores ranged from 11 to 62 (median 47); POST 2 scores ranged from 11 to 64 (median 

55.50); and POST 3 scores ranged from 11 to 66 (median 57.50) (Table 13). Within group 

comparison revealed that mean FMUE motor scores were significantly higher at each post 

intervention time point compared to baseline (POST 1: p=0.0136, POST 2: p=0.0008 

and POST 3: p=0.0002 respectively), with the greatest change seen between baseline and 

POST 3 (i.e. 4 months post-stroke) (Table 14). No significant differences in FMUE motor 

scores were observed between POST 1 and any subsequent time point indicating that the 

most improvement in this group occurred immediately post intervention. Figure 16a 

demonstrates a trend for rapid improvement between baseline and POST 1, with a minor 

improvement at POST 2 and maintained gains by POST 3 in five out of six sham subjects. 

The mean overall change of FMUE score was 26.3 points. FMUE total change for all sham 

group participants ranged from 2 to 43 (median 19.75) points. Five out of six subjects 

achieved a change which was greater than the MDC (> 6.6 points), and the MCID (10 

points) for the FMUE scale (Table 13).  Participant sham tDCS # 5 only made a total change 

of two points and remained in the severe UL impairment category at POST 3. 

In the cathodal tDCS group individual baseline FMUE motor scores ranged from 9 to 44.5 

(median 20.50); POST 1 scores ranged from 12 to 56 (median 34); POST 2 scores ranged 

from 12 to 60 (median 42.50); and POST 3 scores ranged from 12 to 64 (median 45.50) 

(Table 13).  Within group comparison revealed that the mean FMUE motor scores were 

significantly higher at POST 2 (p=0.0049) and POST 3 (p=0.0002) compared to baseline, 

with some individuals showing a large amount of change between baseline and POST 1. 

As a group, the greatest change was seen between baseline and POST 3 (i.e. 4 months 

post-stroke). Similarly to the sham group, the change between POST 1 and any 

subsequent time point was not statistically significant (Table 14). A progressive increment 

of change occurred after each time point indicating that this group continued to show 

trends of improvement up to POST 3 (Figure 16b). Five out of six subjects achieved a 

change which was greater than the MDC (> 6.6 points), and the MCID (10 points); FMUE 

change ranged from 3.0 to 39.5 (median 19) points (Table 13). Improvements seen 

immediately post intervention (POST 1) stabilised over time but were maintained at POST 
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3 follow up in four of the five subjects, with a mean overall change of FMUE score of 28.2 

points from baseline. Participant ctDCS # 3 only made a total change of three points and 

remained in the severe UL impairment category at POST 3. Participant ctDCS #6 did 

achieve a change of 11 points across the period from baseline to POST 3, therefore 

achieving the MDC and MCID for this measure. This patient had improved from a 

category of severe to moderate UL impairment by POST 3. The discrepancy in scores 

between POST 2 and POST 3 assessments could be attributed to the fact that this 

participant was transferred to a rehabilitation facility in NZ at 2.5 months post-stroke, 

and therefore was assessed by a therapist not involved in the study, but with experience 

in using the FMUE scale. In addition this participant developed neuropathic pain, with an 

acute onset in the UL but then progressing to the leg, which was treated with Pregabalin. 

 

Table 14: FMUE motor mean differences within groups and Tukey HSD adjusted 
comparison  

 

Intervention Comparison Mean Difference Standard Error p-value 

 

 

SHAM 

Baseline – POST 1 

Baseline – POST 2 

Baseline – POST 3 

POST 1 – POST 2 

POST 1 – POST 3 

POST 2 – POST 3 

15.08 

19.25 

21.75 

4.17 

6.67 

2.50 

3.98 

3.98 

3.98 

3.98 

3.98 

3.98 

0.0136 

0.0008 

0.0002 

0.9626 

0.7013 

0.9981 

 

 

CATHODAL 

Baseline – POST 1 

Baseline – POST 2 

Baseline – POST 3 

POST 1 – POST 2 

POST 1 – POST 3 

POST 2 – POST 3 

11.17 

16.67 

21.17 

5.50 

10.00 

4.50 

3.98 

3.98 

3.98 

3.98 

3.98 

3.98 

0.1306 

0.0049 

0.0002 

0.8576 

0.2277 

0.9443 
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                                                                  (a)                                                                                                                        (b) 

                         

Figure 16: FMUE motor scores across time for participants in the (a) sham group (n= 6) (b) cathodal group (n= 6) 
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Between group comparisons revealed that there was no statistically significant difference 

in FMUE motor scores between sham and cathodal tDCS groups at all time points (Table 

15). In summary, both groups showed motor improvements in the UL over time (except 

for the two most severe strokes, one in each group). On visual assessment of the data, 

the trends of rate of change differed between groups, as the sham group had a rapid 

improvement between baseline and POST 1 and then a relative plateau, whereas the 

cathodal tDCS group showed a steady improvement from baseline to all assessment time 

lines up to POST 3 (Figure 16). In both groups, improvements in motor function were 

maintained up to three months post intervention. Although conclusions about treatment 

effect are unable to be made, due to a small sample size, the trend of improvement could 

be attributed to the UL rehabilitation rather than the application of tDCS, as similar 

trends for improvement in motor function were seen in both the active and sham ctDCS 

groups.  

 

Table 15: FMUE motor mean differences between groups and Tukey HSD adjusted 
comparison  

 

Time Mean Difference  

(Sham – Cathodal) 

Standard Error p-value 

Baseline 

POST 1 

POST 2 

POST 3 

8.25 

12.17 

10.83 

8.83 

10.22 

10.22 

10.22 

10.22 

0.9914 

0.9284 

0.9602 

0.9871 
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4.4.7.2 Analysis of Secondary Outcome Measures: TMS, FIM, Tardieu, and PSDS, 
Functional Independence Measure (FIM)  

FIM assessments at POST 1, 2 and 3 did not coincide with standard practice assessment 

times (admission and discharge), and therefore the collection of this measure was not 

feasible as per the initial study plan. Scoring on this tool must be completed by FIM 

accredited staff; therefore assessment times were adjusted to fit normal practice in acute 

and subacute rehabilitation. The primary assessing therapist in this study was not FIM 

trained, which resulted in some data collection issues i.e. FIM scores in the acute care 

facility were not always available due to staffing issues; therefore eight participants were 

scored retrospectively by a senior OT in the stroke unit. Rehabilitation scores were 

completed in a timely manner by site therapists. Two acute admission scores were 

required to be sourced from the new state rehabilitation facility (both patients were 

recruited from a secondary rehabilitation facility), which proved to be a laborious task for 

the site therapist, as scores are kept on a confidential database.  

 

FIM Motor 

All FIM motor scores for the sham and cathodal tDCS groups are presented in Table 16. 

Within group analysis in the sham group revealed that acute admission scores were 

significantly lower than rehabilitation admission (p=0.0031) and rehabilitation discharge 

(p<0.0001) scores. There was no significant difference in FIM scores between 

rehabilitation admission and rehab discharge (Table 17).  

Within group analysis in the cathodal tDCS group revealed that rehabilitation discharge 

scores were significantly higher than acute admission and rehabilitation admission. There 

was no significant difference in scores between rehabilitation admission and acute 

admission (Table 17). 
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Table 16: FIM motor scores for all subjects (n=12) 

 

Participant 
No. 

Intervention 

(tDCS) 

Acute 
AD 

Rehab 
AD 

Rehab 
DC 

∆FIM 

Motor° 

MCID 

1 Sham  32 45 84 52 Yes 

2 Sham 21 72 89 68 Yes 

3 Sham 46 67 71 25 Yes 

4 Sham 13 75 90 77 Yes 

5 Sham 27 35 47 20 Yes 

6 Sham 58 78 * 20 Yes 

1 Cathodal 37 49 89 52 Yes 

2 Cathodal 34 61 79 45 Yes 

3 Cathodal 24 39 72 48 Yes 

4 Cathodal 32 38 81 49 Yes 

5 Cathodal 25 35 61 36 Yes 

6 Cathodal 15 49 63 48 Yes 

°∆FIM Motor= Rehab DC – Acute AD; FIM, Functional Independence Measure; MCID, Minimal Clinically Important 
Difference. AD, Admission; DC, Discharge; Maximum FIM motor  score 91 

MCID FIM Motor = ∆ > 17 points311  * Pt was discharged home with RITH 
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Table 17: FIM motor mean differences within groups and Tukey HSD adjusted 
comparison  

 

Intervention Comparison Mean 
Difference 

Standard Error p-value 

 

SHAM 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

29.17 

45.50 

16.33 

6.54 

6.54 

6.54 

0.0031 

<0.0001 

0.2218 

 

CATHODAL 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

17.33 

46.33 

29.00 

6.54 

6.54 

6.54 

0.1330 

<0.0001 

0.0033 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 

 

All twelve participants achieved a total change in FIM scores which was greater than the 

MCID for this measure (> 17 points). In the sham group change ranged from 20 to 77 

points, with a mean change of 43.6 points; while in the cathodal tDCS group change 

ranged from 36 to 52 points, with a mean change of 46.3 points (Table 16). Data are 

represented graphically in Figure 17 (a) & (b). 

Between group comparisons revealed that there were no significant differences in FIM 

motor scores between the sham and cathodal tDCS groups at all time points. (Table 18) 

Table 18: FIM motor mean differences between groups and Tukey HSD adjusted 

comparison  

 

Time Mean Difference  

(Sham – Cathodal) 

Standard Error p-value 

Acute AD 

Rehab AD 

Rehab DC 

5.00 

16.83 

4.17 

8.11 

8.11 

8.44 

0.9885 

0.3408 

0.9958 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 
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        (a)                                                                                                                     (b) 

 

Figure 17: Mean (SD) FIM motor scores over time (a) sham group and (b) ctDCS group
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FIM Cognition 

All FIM cognitive scores for the sham and cathodal groups are presented in Table 18. 

Within group comparisons in the sham group revealed no significant differences in scores 

between all time points. Four participants achieved a total change in FIM cognition 

scores > 3 points (range 3 to 28; mean change of 10.5 points), which represents a greater 

than MCID change (Table 19). Participant sham tDCS #3 did not have any cognitive issues 

and therefore scored 35 (maximum score) at baseline.  

Within group comparisons in the cathodal group revealed that rehabilitation discharge 

FIM cognitive scores were significantly higher than acute admission (p=0.0126). There 

were no other significant differences between time points (Table 20). Data are 

represented graphically in Figure 18 (a) & (b). 

 

Table 19: FIM cognition Scores for all subjects (n=12) 

Participant 
No. 

Intervention 

(tDCS) 

Acute 
AD 

Rehab 
AD 

Rehab 
DC 

∆FIM 
Cognition° 

MCID 

1 Sham  28 27 34 6 Yes 

2 Sham 21 20 24 3 Yes 

3 Sham 35 35 35 0~ No~ 

4 Sham 5 29 33 28 Yes 

5 Sham 30 35 35 5 Yes 

6 Sham 
31 31 * 

0 No* 

1 Cathodal 24 30 35 11 Yes 

2 Cathodal 15 35 34 19 Yes 

3 Cathodal 24 23 33 9 Yes 

4 Cathodal 27 33 33 6 Yes 

5 Cathodal 28 33 35 7 Yes 

6 Cathodal 13 26 29 16 Yes 

°∆FIM Cognition = Rehab DC – Acute AD; FIM, Functional Independence Measure; MCID, Minimal Clinically Important 
Difference. Maximum FIM Cognition score 35 
MCID FIM Cognitive = ∆ > 3 points311  * Pt was discharged home with RITH; ~ Pt already at maximum score 
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Table 20: FIM cognitive mean differences within groups and Tukey HSD adjusted 
comparison  

 

Intervention Comparison Mean 
Difference 

Standard Error p-value 

 

SHAM 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

4.50 

7.58 

3.08 

2.97 

3.15 

3.15 

0.6583 

0.2023 

0.9191 

 

CATHODAL 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

8.17 

11.33 

3.17 

2.97 

2.97 

2.97 

0.1101 

0.0126 

0.8882 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 

 

Between group comparisons revealed that there were no significant differences in FIM 

cognitive scores between the sham and cathodal tDCS groups at all time points (Table 

21). 

 

Table 21: FIM cognitive mean differences between groups and Tukey HSD adjusted 
comparison  

 

Time Mean Difference  

(Sham – Cathodal) 

Standard Error p-value 

Acute AD 

Rehab AD 

Rehab DC 

3.17 

-0.50 

-0.59 

3.65 

3.65 

3.80 

0.9500 

1.0000 

1.0000 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 



 

Page | 181 

 

                                          

                                                             (a)                                                                                                                                 (b) 

 

Figure 18:  Mean (SD) FIM cognitive scores over time (a) sham and (b) ctDCS
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FIM Total 

All FIM total scores for the sham and cathodal tDCS groups are presented in Table 22. 

Within group analysis in the sham group revealed that acute admission scores were 

significantly lower than rehabilitation admission (p=0.0119) and rehabilitation discharge 

(p=0.0003) scores. There was no significant difference in total FIM scores between 

rehabilitation admission and rehab discharge. Within group analysis in the cathodal tDCS 

group revealed that rehabilitation discharge scores were significantly higher than acute 

admission (p<0.0001) and rehabilitation admission (p=0.0171). There were no significant 

differences between rehabilitation admission and acute admission time points (Table 23). 

Five out of six sham subjects for whom a discharge score was available and all six 

participants in the cathodal group achieved a total change in FIM scores greater than the 

MCID for this measure (22 points) (Table 22). 

Participant sham tDCS #6 had a total acute inpatient LOS of five days, and was initially 

discharged home with RITH. However, RITH did not wish to be involved if the patient was 

in the study, and suggested a referral to outpatient therapy; the final decision was put to 

the patient, who consented to be in the study and then be referred to outpatients. The 

patient completed all 10 sessions in the study and subsequently attended PT and OT 

outpatient rehabilitation as planned. Only acute admission and acute discharge FIM 

scores were available for this subject, hence acute discharge score was used instead of 

rehabilitation admission scores, and therefore, a rehabilitation discharge score was not 

available for analysis.  
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  Table 22: FIM Total Scores for all subjects (n=12) 

Participant 
No. 

Intervention 

(tDCS) 

Acute 
AD 

Rehab 
AD 

Rehab 
DC 

∆FIM 
Total° 

MCID 

1 Sham  
60 72 118 

58 Yes 

2 Sham 42 92 113 71 Yes 

3 Sham 81 102 106 25 Yes 

4 Sham 18 104 123 105 Yes 

5 Sham 57 70 82 25 Yes 

6 Sham 89 109 * 20 No* 

1 Cathodal 61 79 124 63 Yes 

2 Cathodal 49 96 113 64 Yes 

3 Cathodal 48 62 105 57 Yes 

4 Cathodal 59 71 114 55 Yes 

5 Cathodal 53 68 96 43 Yes 

6 Cathodal 28 75 92 64 Yes 

°∆FIM Total = Rehab DC – Acute AD; FIM, Functional Independence Measure; MCID, Minimal Clinically Important 
Difference. Maximum FIM Total score 126 
MCID FIM Total = ∆ > 22 points311   * Pt was discharged home with RITH 

 

 

Table 23: FIM total mean differences within groups and Tukey HSD adjusted    
comparison 

Intervention Comparison Mean 
Difference 

Standard Error p-value 

 

SHAM 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

33.67 

51.92 

18.26 

8.75 

9.24 

9.24 

0.0119 

0.0003 

0.3902 

 

CATHODAL 

Acute AD- Rehab AD 

Acute AD- Rehab DC 

Rehab AD- Rehab DC 

25.50 

57.67 

32.17 

8.75 

8.75 

8.75 

0.0812 

<0.0001 

0.0171 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 
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Between group comparisons revealed no significant differences in FIM total scores 

between sham and cathodal groups at all time points (Table 24). Data are represented 

graphically in Figure 19 (a) & (b). 

 

Table 24: FIM total mean differences between groups and Tukey HSD adjusted 
comparison  

 

Time Mean Difference  

(Sham – Cathodal) 

Standard Error p-value 

Acute AD 

Rehab AD 

Rehab DC 

8.17 

16.33 

2.42 

9.56 

9.56 

10.01 

0.9528 

0.5429 

0.9999 

Acute AD, Acute Admission; Rehab AD, Rehabilitation Admission, Rehab DC, Rehabilitation Discharge 
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(a)                                                                                                                         (b) 

 

Figure 19: Mean (SD) Total FIM scores over time (a) sham group; (b)ctDCS  
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Tardieu Spasticity Scale 

The Tardieu Spasticity Scale was used to monitor any changes in muscle tone and onset 

of spasticity prior to commencement of intervention and over time (POST 1, 2, & 3). 

Individual Tardieu scores and further explanation of any impact of increased tone in 

individual participants are available in APPENDIX 19. It was feasible to assess tone at 

baseline and at all follow up occasions. The emergence of tone during the intervention 

phase was noted in four subjects: increased tone in biceps (n=1), wrist flexors (n=1), 

shoulder flexors and adductors (coupled with onset of frozen shoulder) (n=1), and elbow 

flexors (coupled with the acute onset of neuropathic pain) (n=1). 

The two participants who were affected by increased tone coupled with neuropathic pain 

and onset of frozen shoulder continued to experience increased tone at follow up 

assessments. Five participants were affected by decreased tone to the proximal UL, and 

two out of these had severe shoulder joint subluxation.  

 

Post Stroke Depression Scale (PSDS)  

The PSDS was also administered at baseline and all follow up assessments. Only three 

domains were assessed, including: Depressed mood (section 1), apathy / abulia / 

indifference (section 5), and anxiety (section 6). It was feasible to assess these domains at 

all follow up time points. Individual scores are available in APPENDIX 20. 

Section 1: depressed mood (maximum score 5)  

Overall, participants in both groups reported very low scores (range 0-2) indicating nil 

issues or mild low mood compared to before their stroke, which for the majority improved 

to a score of 0 ‘well-balanced mood’ at POST 3. Only one participant in the sham group 

reported deterioration in mood by POST 3, which was not attributed to the intervention. 

On assessment this patient indicated marital issues (i.e. overprotective partner, and as a 

result further loss of confidence and independence despite achieving full UL recovery) as 

underpinning their reported low mood. The investigator provided this patient with 

information on local stroke support groups led by an experienced clinical psychologist.  
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Section 5: apathy/abulia/indifference (maximum sum score 5)  

Overall, half of the participants did not report any issues with apathy, abulia or 

indifference. Three participants reported scarce to completely absent levels of interest in 

themselves and others. This was not attributed to the intervention, rather to personal 

and external circumstances beyond their control. All participants expressed interest in 

their rehabilitation, and reported that the interaction with the investigators lifted their 

mood and motivation levels.  

 

Section 6: anxiety (maximum of 5 points) which is subdivided in to psychic anxiety (0-2 

points), somatic anxiety (0-2 points), and psychomotor agitation (0-1 point).  

Overall, the majority of the participants reported very mild levels of anxiety at POST 1 

and sometimes POST 2, but these had resolved by POST 3. Two participants in the 

cathodal tDCS group reported moderate levels of anxiety, one was due to family issues, 

and the second was at POST 3 indicating difficulty coping at four months post-stroke. 

There were no reports of somatic anxiety and psychomotor agitation in either group.  

 

In summary, participants reported mild levels of depressed mood, apathy, abulia, 

indifference, and psychic anxiety. There were no reports of somatic anxiety or agitation 

in any of the 12 participants. All participants reported improvements in mood and felt 

hopeful about their rehabilitation. The investigators observed that most patients 

believed they were in the active treatment group due to their marked improvements in 

motor function (except for two, however, they still showed improvements in mood). 

These outcome measures provide further evidence that there appeared to be no 

detrimental effect of the tDCS on motor recovery, tone, mood or dependence.   
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Length of Stay 

The 2011 retrospective notes audit of 16 patients across acute and subacute 

rehabilitation revealed a mean LOS of 12.62 days in acute, 59.68 days in rehabilitation, 

with a total LOS of 72.31 days (Table 25).  

 

Table 25: 2011 Retrospective Notes Audit: Acute and Sub-Acute Rehabilitation LOS 
(n=16) 

 

Patient 
No. 

LOS Acute 
(Days) 

LOS 
Rehab 
(Days) 

Total LOS 
(Days) 

Discharge Destination 
 
 

1 16 33 49 LLC (Hostel) 
2 39 122 161 Home 
3 9 135 144 HLC (Nursing Home) 
4 15 32 47 Rehab NZ 
5 14 5 19 ESD 
6 11 100 111 HLC (Nursing Home) 
7 8 15 23 ESD 
8 13 114 127 RITH and Neuro OP 
9 6 70 76 TCP 

10 6 59 65 RITH then Stroke Clinic (OP) 
11 10 14 24 ESD 
12 11 67 78 Home 
13 10 92 102 RITH and Neuro OP 
14 8 0 8 Home 
15 6 30 36 ESD 
16 20 67 87 RITH 

 

    Mean 12.62 59.68 72.31   
 
LOS, Length of Stay; LLC, Low Level Care (Hostel), HLC, High Level Care (Nursing home); NZ, New Zealand; ESD, Early 
Supported Discharge; RITH, Rehabilitation in the Home; OP, Out Patients; TCP, Transitional Care Placement 

 

Mean LOS data related to the current study were as follows: acute - 10 days, 

rehabilitation - 28.5, with a total mean LOS of 38.5 days for all participants. Group LOS 

means were as follows: acute service (sham group ranged from 4 to 18 days, mean 8.6 

days; cathodal tDCS group ranged from 5 to 16 days, mean 11.3 days); subacute 

rehabilitation (sham group ranged from 0 to 39 days, mean 17.6 days; cathodal tDCS 

group ranged from 16 to 58 days; mean 39.3 days); total LOS (sham group ranged from 5 

to 45, mean 26.3 days; cathodal tDCS group ranged from 25 to 72, mean 50.6 days).  
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The main between group differences in LOS were in subacute rehabilitation, where the 

sham group had a shorter LOS compared to the cathodal group (44.7 % less), therefore 

also reporting a much shorter total LOS (51.97% less). One participant in the sham group 

completed four interventions at home, and one completed the entire 10 sessions at 

home (Table 26).  

 

Table 26:  2013-2015 Pilot RCT: Acute and Sub-Acute Rehabilitation LOS (n=12) 

 

Patient  No. LOS Acute 
(Days) 

LOS 
Rehab 
(Days) 

Total LOS 
(Days) 

Discharge Destination 
 
 

Cathodal 1 9 16 25 RITH 
 2 15 31 46 RITH 

 3 9 29 38 RITH 
 4 5 50 55 RITH 
 5 14 58 72 RITH 
 6 16 52 68 Rehab NZ 

Sham 7 9 23 32 RITH 
 8 10 19 29 RITH 
 9 4 14 18 RITH 
 10 18 11 29 OP 
 11 6 39 45 RITH 
 12 5 0 5 Home 
      

 Mean 10 28.5 38.5  
 
LOS: Length of Stay; RITH, Rehabilitation in the Home; OP, Out Patients ; NZ, New Zealand  

 

Overall, these figures show a considerable reduction in LOS over the last two years 

compared to the 2011 audit data:  decreases of 20.8% (-2.62 days) in acute, 52.2% (-

31.18 days) in rehabilitation and a total LOS reduction of 46.75% (-33.81 days) (Table 

27). Many factors may have affected these data, including significant reconfiguration of 

stroke services in participating services between these two time periods. 
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Table 27: LOS Comparison between 2011 Audit vs. 2013-2015 pilot RCT (mean values) 

 

 Acute Service LOS 
(Days) 

Rehab Service LOS 
(Days) 

Total LOS  

(Days) 

2011 Audit        
(n=16) 

12.62  59.68 72.31 

2013-2015 pilot 
RCT (n=12) 

10.0 28.5 38.5 

Difference -2.62 -31.18 -33.81 

LOS: Length of Stay; RCT, Randomised  Controlled Trial 

 

 

Corticomotor excitability (Transcranial Magnetic Stimulation)  

Corticomotor excitability was clinically assessed in all participants by two senior 

physiotherapists using the presence of flickers of movement at the shoulder and elbow, 

plus or minus index finger, thumb and wrist as an indicator of corticospinal tract integrity. 

In addition, corticomotor integrity was assessed using TMS in three participants. As 

described in section 3.2.2 Recruitment (Day 7-15 Post-Stroke Onset), participants were 

assessed for the presence of MEPs in hand and arm muscles on the affected and 

unaffected upper limbs. However, data from one participant was contaminated with 

background EMG activity, and therefore was not considered to be a true representation of 

the presence or absence of MEPS. In addition, as part of a pre-study exercise, a patient 

was assessed using TMS at 10 days post-stroke. TMS assessment revealed that this patient 

did not have any MEPs at baseline; therefore the planned TMS assessment was unable to 

be undertaken. This was despite evaluation by several TMS operators and use of different 

muscle groups (flexor digitorum superficialis and biceps muscles) to try and elicit an MEP. 

However, on clinical assessment of this patient, two senior physiotherapists reported the 

presence of flickers of movement at the shoulder and elbow (FMUE baseline = 15). At 3-

month follow up this patient still had absent MEPs, even though their UL impairment had 

changed from severe to mild  (FMUE Post 3 = 58).  
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Consequently, in the present study it was deemed that it would not be feasible to use 

TMS to evaluate corticomotor excitability in the remainder of the participants due to 

logistics (i.e. TMS laboratory was located at the main recruiting facility and the lack of 

funding for transport made it impossible to transfer participants from their respective 

rehabilitation facilities for TMS assessment) and a lack of availability of TMS trained staff.  

 

The following case study is provided of data from one participant in the cathodal tDCS 

group. Participant cathodal tDCS #1 was assessed with TMS for the presence of MEPs on 

two occasions – at entry to the study and at three months following cessation of the 

intervention (POST 3). This participant had a moderate motor impairment at baseline 

(FMUE 44.50) and achieved nearly full recovery four months post-stroke (FMUE score 

64). Table 28 provides raw scores for resting motor threshold (RMT) and MEP amplitude 

values at baseline and Post 3.  

 

Table 28: TMS raw scores for RMT and MEP amplitude values at baseline and POST 3 
for participant cathodal tDCS #1 

 

% RMT Baseline POST 3 

1 0.49945848 0.177187 

1.09 0.395084 0.488826 

1.185 0.789356 0.600085 

1.275 1.020875 0.609168 

1.37 1.152002 0.959488 

1.465 1.376304 1.135297 

 

%RMT, Resting Motor Threshold; MEP, Motor Evoked Potential 

 

Figure 20 illustrates that, for a given intensity, the average MEP amplitude is lower 3 

months post intervention. The slope of each line was calculated in order to determine 

any significant changes in MEP amplitude between baseline and POST 3 assessments.  
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The slope is defined as the MEP amplitude per change in % RMT. There were no 

significant differences between baseline slope (2.118 mV / % RMT) and POST 3 slope 

(1.91 mV / % RMT). Therefore, using those indices, there was no change in motor cortex 

excitability from the baseline measures, and with data collected 3 months after the 

intervention. There was no clear relationship between FMUE scores and TMS evoked 

MEPs (RMT and RC slopes) at baseline and POST 3. However some variability in RMT and 

stimulus/response curves are seen in TMS studies in normal subjects,313 and no 

conclusion can be drawn about the effect of tDCS on corticomotor excitability from data 

in this single subject.  

 

 

 

 

 

Figure 20: Resting Motor Threshold vs. MEP Change Over Time 

 

 

 

A summary of the key findings arising from this thesis investigation is provided below 

(Table 29). 
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Table 29: Summary of the key findings arising from this thesis investigation 
 
 Key Findings 

Stage I  Current exclusion criteria resulted in 25% of acute MCA strokes being eligible for the proposed 
study of tDCS to the unaffected hemisphere commencing within two weeks of stroke onset. 

 Based on audit data it would not be feasible to recruit a cohort of 13 to 15 subjects with acute 
ischaemic MCA stroke with moderate to severe UL impairment within a nine-month time frame 
(which is the equivalent of a cohort of 17 to 20 subjects per year) 

 It is more feasible to recruit participants from rehabilitation facilities rather than acute care.  

Stage II  A consensus approach to ‘standard’ UL therapy in patients with moderate to severe UL deficit 
in the acute and subacute rehabilitation settings was able to be documented. 

 It was feasible to gain site therapists’ consent to follow study protocol and abstain from 
treating the UL during Stage III. 

 Treatment related terminology used was defined very similarly by both PT and OT discipline 
groups.  

 Differences in treatment focus amongst therapists appeared to be due to the amount of 
experience and training background of individual clinicians, rather than the setting or the 
discipline involved in the care. 

 It is feasible to administer individualised goal-based therapy, tailored according to impairment 
severity, based on a standard therapy template derived from the consensus approach. 

Stage III  It was feasible to recruit patients with moderate to severe UL impairment 7-15 days post 
ischaemic stroke. 

 It was feasible to conduct a multisite trial in the Greater Perth area involving acute and sub-
acute rehabilitation facilities.  

 It was not feasible to recruit a proposed cohort of 17 to 20 subjects per group over a year. 
 It is safe and feasible to apply cathodal tDCS to the unaffected motor cortex for 20 minutes per 

day, five days per week, for two weeks in an acute stroke population. 
 It was feasible to conduct this study outside of an inpatient care facility, and administer this 

intervention as home rehabilitation. (I.e. two patients received most of their intervention at 
home). 

 There were no major adverse events related to the application of tDCS in the acute stages post-
stroke. 

 The main adverse effects reported included: tingling, itching, temporary red skin marks during 
stimulation and mild transient headaches after stimulation. 

 It was feasible to measure a range of domains such as overall stroke severity (NIHSS), 
dependence on assisted care (FIM), motor recovery in the stroke affected UL (FMUE scale), 
spasticity in the stroke affected UL (Tardieu Scale) and mood (Post Stroke Depression Scale) 
within the first two weeks post- stroke onset and continuing to at least four months post-
stroke. 

 There was no detrimental effect of the tDCS on motor recovery, tone, mood or dependence.   
 It was not always feasible to assess corticomotor excitability in both the affected and 

unaffected upper limbs by using TMS, due to variability in MEP’s and subject tolerance. 
 It was feasible and reliable to clinically assess cortical integrity i.e. the presence of flickers of 

movement at the shoulder, elbow, wrist and fingers of the affected UL. 
 It was not feasible to use FMUE scale data from this pilot cohort to explore variance of this 

measure in acute stroke, and therefore not feasible to estimate a sample size for a Phase II 
trial. 

 The application of ctDCS with simultaneous UL rehabilitation showed comparable motor 
improvements as per sham tDCS with simultaneous UL rehabilitation. Both groups 
demonstrated improvements beyond MCID (Δ >10) and MCD (Δ >6.6) in the FMUE scale.  
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5. Discussion 

5.0 Introduction 

This research was an investigation of the application of ctDCS to the contralesional M1, as 

an adjunct to UL rehabilitation post-acute stroke. The principal research questions which 

underpinned this thesis investigation are:  

1. Is it feasible to recruit a sample adequately powered to explore the efficacy of the 

addition of ctDCS to ‘standard of care’ from acute admissions to a single tertiary 

stroke service? 

2. Is it feasible to document a consensus approach to ‘standard’ UL therapy to 

enhance recovery of function in people with moderate to severe UL deficit post-

stroke which could be used as the control therapy (usual care) in a future Phase II 

RCT? 

3. Is it safe to apply ctDCS (20 minutes per day, five days per week for two weeks) to 

the contralesional M1 within the first two weeks post-stroke onset? 

4. Is it feasible to measure a range of domains including: overall stroke severity 

(NIHSS), dependence on assisted care (FIM), corticomotor excitability in both the 

affected and unaffected upper limbs (TMS), motor recovery in the stroke affected 

UL (FMUE scale), spasticity in the stroke affected UL (Tardieu Scale) and mood 

(Post-stroke Depression Scale) within the first two weeks post-stroke onset and 

continuing for at least four months post-stroke? 

5. Is it feasible to use FMUE Scale data from this pilot cohort to explore variance of 

this measure in acute stroke to inform a more precise sample size estimate for a 

future RCT as previous MCID and MDC are derived from sub-acute and chronic 

cohorts? 

 

This chapter provides a discussion of the findings and considerations of the implications 

of the results for a Phase II trial. Potential limitations of this study and recommendations 

for future study are also outlined.   
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5.1 Stage I: Retrospective Audit of Stroke Admissions  

The purpose of this stage was to (1) establish the feasibility of the proposed recruitment 

strategy (aiming to recruit 17 to 20 suitable subjects per year from a single acute stroke 

service), and (2) to obtain a nine-month ‘snapshot’ of characteristics of all the ischaemic 

MCA stroke admissions to this service including UL impairment severity and UL treatment 

provided, as well as to derive a description of ‘usual care’ of the UL in the acute services 

and two linked subacute rehabilitation services.  

5.1.1 Feasibility of Proposed Recruitment 

Based on the admission rates derived from January to September 2011 audit it was clear 

that the proposed recruitment of up to 20 possible study participants with moderate to 

severe UL deficits following ischaemic MCA stroke, was not feasible. A total of 48 cases 

with MCA territory or major MCA branch, and 24 cases with severe, moderate to mild UL 

impairment were identified. Furthermore, out of these 24 cases only 16 were transferred 

to one of the rehabilitation participating sites, and only four of these cases met the 

inclusion criteria for the proposed study. Over the recruitment period for this study, April 

2013 to April 2015 (including a four-month period of no recruitment) a total of 245 MCA 

strokes were identified (116 equivalent to a nine-month period). Of the 151 cases with 

moderate to severe UL impairment (71.5 equivalent to a nine-month period), 121 did not 

meet inclusion criteria (57.3 equivalent). Furthermore, of the 30 who met inclusion 

criteria (14.2 equivalent to a nine-month period), 16 were excluded due to reasons 

beyond the study exclusion criteria (for instance patients with medical deterioration,  

recruited in another study, transferred to the new rehabilitation facility or a remote rural 

hospital, declined to participate, and behavioural issues). Comparing these data to those 

derived from the nine-month audit, (Jan-Sept 2011) the number of MCA admissions 

increased by 241% during the 2013-2015 recruitment period, and patients with severe to 

moderate UL impairment increased by 297%. In addition, the number of patients meeting 

the inclusion criteria increased by 355%. Clearly the 2011 data did not reflect the current 

situation of stroke admissions in the services involved in the 2013-2015 recruitment 

period for this pilot study. This can be attributed to a couple of factors. Firstly the decision 
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was taken to add three more sites (two stroke units and rehabilitation in the home 

services covering the Greater Perth area) in order to enhance recruitment potential, and 

secondly the reconfiguration of health services in WA Health including the introduction of 

the WA Activity Based Funding (ABS)/Activity Based Management (ABM) in July 2014 , and 

the staged opening of another quaternary hospital providing state rehabilitation services 

in October 2014/April 2015, had significant impact on admission patterns and the flow of 

patients through stroke services. One outcome of these changes is that stroke patients are 

being transferred earlier from acute care to rehabilitation, as soon as they are medically 

stable. For instance in the present study, one participant was transferred to rehabilitation 

on day five post-stroke.  

According to the 2014 WA State-wide Neurology plan (personal communication with 

Clinical Professor David Blacker), projected inpatient stroke admissions from 2011/12 to 

2017/18 in two of the main acute care facilities are expected to decrease by -53% and -

7.8% as a result of the new quaternary facility. Therefore, the feasibility of recruiting 

suitable patients will decrease per site, but this may not be the case overall, if the new 

quaternary facility were to be included in recruitment for a future multisite trial. An 

estimation of sample size, based on FMUE data from subacute132 and chronic stroke 

populations128 indicated that a future Phase II efficacy study of the addition of ctDCS to 

usual UL rehabilitation would need to include at least 17 cases per group. The literature 

emphasises the importance of estimating recruitment rates and likelihood of consent in a 

specific cohort prior to embarking on an RCT.264,265 Since data from the 2011 audit and the 

2013-2015 pilot recruitment period indicate that it is not feasible to recruit a proposed 

cohort of 17 to 20 subjects per group (per year) in the hospitals that were included in this 

pilot, additional facilities would need to be considered. The present study recruited 25% of 

the estimated sample size (the equivalent of 8.84 subjects per group over a 12 month 

period). Another important issue was the allocation of funds (the outcome of research 

grant applications were delayed on both occasions), which had a significant impact on 

recruitment periods. For instance, following the first data collection period, allocated 

funding and the research degree enrolment for the principal investigator had run out, 

however, we were able to extend data collection due to the very late notification of a 
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successful internal research grant application (SCGH, RAC Grant 2014-2015, submitted 

February 2014, awarded November 2014) and an extension of enrolment approved by the 

University. However, these funds were required to be spent in the 2014-2015 Australian 

financial year, which limited the extension of the recruitment period. Allocation of the 

funding allowed the principal investigator to engage full time in the research for final 

stages of this investigation. Therefore, the feasibility of recruitment was maintained even 

with the addition of several sites, and the principal investigator was able to invest more 

time in promoting the study, resulting in more effective recruitment.  

The MCID of the primary measure used in this pilot investigation (FMUE scale) has not 

been well established in acute stroke populations. It is plausible that sample size 

estimates, based on subacute and chronic cohorts, are not going to be relevant for larger 

Phase II trials of acute stroke populations. This is mostly to do with the effect of acute 

recovery and reorganisation in the acute stages post-stroke, plus the observed ‘therapist 

effect’, from the provision of greater than usual intensity of UL therapy, as observed in 

this pilot study. Additionally, current tDCS studies in the acute and subacute stroke 

literature have utilised very small sample sizes, and no data to inform sample size 

estimates have been reported. For instance, in a study by Kim et al (2009)250 a cohort of 

ten patients underwent two types of stimulation (anodal and sham tDCS), at least 24 

hours apart, and in a later study36 by the same group 18 acute stroke survivors were 

randomly allocated to: atDCS (n=6), ctDCS (n=5), and sham tDCS (n=7). A more recent 

crossover pilot study by Fusco et al (2013),314 reported on a cohort of nine participants 

receiving atDCS, ctDCS and bihemispheric  tDCS, in the subacute stages post-stroke. Rossi 

et al (2012)37 recruited 50 participants two days post-stroke to their investigation of 

atDCS to the stroke affected hemisphere, however, their inclusion criteria were not as 

strict as previous studies (i.e. they included patients with cortical and subcortical lesions, 

and not necessarily with an intact M1). These authors37 also did not report if this cohort 

was recruited from a single site. The sample sizes in these subacute36,250,314 studies and 

this pilot investigation also compare with a key ctDCS study in chronic stroke by Nair et al 

(2011)47 who recruited 14 participants, and randomly allocated them to sham or ctDCS 

groups. Kim et al (2010)36 assessed 54 stroke patients over two sites in a 12 month 
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period, prior to recruiting 18 participants. This study36 excluded 27 patients. Five declined 

to participate, one was involved in another protocol, and another one was medically 

unstable. Kim et al (2009),250 Rossi et al (2012),37 Fusco et al (2013),314 and Nair et al 

(2011)47 did not report number of recruiting sites nor screened patients, so it is difficult 

to derive any information about limitations on recruitment. The current pilot study 

recruited only 14 of 607 screened patients (2.3%) over 19 months. While this may appear 

to be a very low rate, it is somewhat comparable to the recruitment rate reported by 

Stinear et al (2014)115. In this investigation of the effect of bilateral UL priming on 

recovery of arm function, the investigators recruited 7.9% of all screened patients (728 

patients screened, 57 recruited) over a period of 28 months. Although this pilot 

investigation recruited for 10 months less and achieved a third of the percentage 

recruited compared to Stinear et al (2014),115 this highlights that many clinical trials only 

manage to achieve recruitment of less than 10% of the total screened patients.  

 

It is evident that recruiting a sufficient sample size in stroke trials continues to impose a 

challenge and as described by Elkins et al (2006)270 ‘efficiency of recruitment’ (number of 

enrolled participants per centre per month)270 is crucial to consider when designing 

Phase II RCTs. Even large well-funded multisite trials also face recruitment issues. For 

instance the NETS trial of acute and subacute stroke and atDCS + UL rehabilitation 

(www.clinicaltrials.gov/ct2/show/NCT00909714?term=NETS+trial&rank=1) was due to 

finish recruitment in December 2014; however according to the clinicaltrials.gov website, 

the recruitment period has been extended, in order to add more recruiting sites. Current 

recruitment numbers are not reported, however, this trial is aiming to recruit 250 

participants. The present pilot study showed that efficiency of recruitment was greater in 

well-staffed rehabilitation units rather than acute care facilities. Even though only two 

participants completed their interventions from home, the addition of the rehabilitation 

in the home service as a recruiting option proved to be a good avenue for recruitment 

and intervention delivery, especially now that patients are being discharged home a lot 

sooner post-stroke than in previous years.  
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A frequent recommendation from the RCT literature is that recruitment of more 

homogeneous samples would help identify who is suitable for what treatment, at what 

time point post-stroke.270 However as factors such as type, side, size of stroke, age, and 

other pre-existing conditions are controlled for, it becomes increasingly difficult to recruit 

suitable participants. One solution to this the dilemma is involving more services in order 

to enhance recruitment, however this has the potential to introduce inconsistency with 

regard to other aspects of care, as well as introducing additional sources of variation in 

the application of research protocols. Another important issue highlighted in the 

literature,270 is that personal investment from site investigators has an impact on 

efficiency of recruitment, and therefore more sites do not always equate to higher 

recruitment rates.270 For instance, this study found that several therapists (who were not 

directly involved in the research) did not view this study as a priority nor consider that 

they had an obligation to assist in any aspect of the recruitment process, and in fact, in a 

couple of instances they proved to be obstructive to recruitment of potential 

participants.  

 

In summary, feasibility of recruitment was compromised by (1) number of sites involved, 

(2) staffing at the participating stroke units, which had an effect on ‘efficiency of 

recruitment’, (3) lack of personal investment from site therapists (4) the effect of the 

2014 WA Activity Based Funding and Activity Based Management staff reconfiguration, 

(5) the opening of the new rehabilitation facility and issues with obtaining ethics and 

research governance. Clearly a future Phase II efficacy trial would need to consider ways 

to optimise recruitment by addressing such barriers. 

5.1.2 Feasibility of Deriving Commonly Used Rehabilitation Terminology 

This study demonstrated that it was feasible to derive commonly used rehabilitation 

terminology from medical records. However, the purpose of this component of the audit 

was to derive an accurate description of current care at all participating sites, in order to 

later obtain a definition of terminology used in treatment notes from the therapists 

themselves. Some therapists’ entries were very brief and used ‘umbrella terms’ such as 

‘trunk work’ to describe their intervention, which had to be further explained in Stage II of 
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this study. There were also differences in therapists’ training background and knowledge. 

Some therapists were more biased towards practice based on the Bobath concept,122 

however at times their treatment description was not well aligned with the current 

Bobath approach122,146. Other therapists referred to the motor relearning 

approach,139,147,148 and therefore their descriptions were more reflective of the motor 

specific-task practice model. These opposing viewpoints were an interesting point of 

discussion when presented to the therapists, as some of them recognised that the Bobath 

terminology documented was not on par with the current Bobath concept122. There were 

discrepancies between same site therapists (OT vs. PT), in regard to description of practice 

over topics such as sensory re-training, facilitation of movement (proximal vs. distal), 

postural sets. In general, PTs were more familiar with the Bobath approach than OTs. 

Despite these variations it was possible to get agreement on definitions of the 

documented interventions amongst therapists in participating services. 

5.2 Stage II: Development of a consensus on UL therapy for acute/subacute 
stroke 

There is an increasing interest in describing what is in the ‘black box’ of rehabilitation.  

The 2008 extended CONSORT for non-pharmaceutical studies137 identified issues in the 

literature where investigators have neglected to accurately describe interventions 

provided, both the study intervention and ‘usual care’. The 2008 extended CONSORT137 

and the 2010 updated CONSORT guidelines267 provide researchers with a checklist to 

follow when describing, implementing, and reporting interventions in non-

pharmaceutical RCTs.  

In this pre-pilot stage, common practices in UL rehabilitation (acute and sub-acute) were 

explored amongst therapists from a small group of acute and rehabilitation stroke 

services in WA. The main findings were: (1) terminology used was defined very similarly 

by both PT and OT discipline groups; and (2) differences in treatment focus amongst 

therapists appeared to be due to the amount of experience and training background of 

individual clinicians, both inter- and intra-professionally. For instance, some therapists 

focussed on regaining trunk and pelvic control prior to addressing the UL deficits, whilst 

others approached UL retraining within the context of a functional task (e.g. reaching and 
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grasp activities). While it is not appropriate to administer a ‘one size fits all’ UL therapy 

approach post-stroke, individualised goal based therapy, tailored according to 

impairment severity, can be directed via a standard therapy template. Overall, therapists 

were able to reach a consensus regarding ‘usual care’ in early UL management post-

stroke.  

Following the modified Delphi method293 provided a framework for investigators and 

therapists to reach a consensus on UL rehabilitation, and allowed full participation in the 

process and acknowledgment of all current approaches to rehabilitation at the 

participating centres. However, the consensus reached is limited to therapists from a 

small group of hospitals in the metropolitan Perth area, and is not necessarily 

representative of UL therapy provided in all acute and subacute care stroke facilities 

throughout WA. It should also be mentioned that this approach to standardise and 

document current rehabilitation practices in WA did cause feelings of unease amongst 

some of the participating therapists, as their notes/documentation were audited by the 

principal investigator who is also one of their peers. This was one reason why focus 

groups sessions were held separately for the three sites involved and for the two 

disciplines. Furthermore, the rationale behind developing a ‘standard of care’ template in 

this pilot study was not to produce an evidence-based template, but to achieve a 

consensus on the standardization of the UL therapy package to be used as ‘usual care’, 

which was acceptable to the other clinicians treating study patients. This process of 

involving clinicians in this consensus development allowed the investigators to gain 

agreement from therapists to abstain from treating the UL during the interventional trial 

(stage III). The template developed from the consensus process was shown to be an 

efficient recording tool for accurate description of the treatment given to trial 

participants as per 2008 extended137 and 2010 updated CONSORT267 guidelines; as it 

allowed quick and easy documentation of the treatment for both research records and 

patient clinical handover between therapists and can facilitate data collection in future 

interventional studies.  
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Similarly to the UL therapy protocol (AMRULT),136 the UL template developed for this 

study was based on an audit of UL interventions in stroke rehabilitation, which were 

categorised as passive, active assisted, and active. This sequence allowed clear and 

concise documentation. A point worth noting, is that the AMRULT protocol136 provides 

more guidance on progression of treatment, as opposed to the current UL rehabilitation 

template which was not intended to be a recipe-like tool, but offer an array of options, so 

that  therapists could use their clinical judgement to guide individualised rehabilitation. 

Another treatment protocol developed by Wallace et al (2010)138 also provides an 

intensity-based prescription of rehabilitation. One caveat from this protocol138 is that it 

was based on a chronic stroke cohort, and may not be suitable in acute stroke 

rehabilitation. For instance, the Wallace et al (2010)138 protocol is one hour of therapy 

per day for 10 consecutive working days. Based on incidental feedback from the 

participants in this pilot study, 30-minute sessions in an acute stroke population were 

feasible, and anything longer would have been “too long”.  

 

Other authors have taken a different approach to the development of treatment 

templates, such as McDonnell et al (2013)135 who developed an evidence-based clinical 

algorithm for the purpose of standardizing the intervention, prescription and progression 

of UL interventions for people following stroke. This algorithm is structured around 18 

critical impairments and covers a range of five domains: sensation, passive range of 

movement, strength, unilateral and bilateral dexterity.135 The therapists who contributed 

to the template developed for this study identified similar impairments and all five 

domains as per McDonnell et al (2013)135. Similarly, the national survey of UK 

rehabilitation practices by McHugh et al (2013)166 reported five main treatment 

categories, ranging from passive, to most active, and even inclusive of assistive 

technologies. In addition, the treatment components reported in this UK survey315 were 

consistent with the UK clinical guidelines.   
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In summary, UL rehabilitation after stroke cannot be a ‘one size fits all’ recipe, and must 

be tailored to stage of recovery and individual impairment levels. Rehabilitation 

paradigms have been informed based on audits, national surveys, or evidence-based 

practice. Some protocols provide progression options, intensity protocols or an array of 

interventions categorised from passive, active assisted, and active. Current CONSORT 

guidelines137,267 also provide a framework of reporting interventions in clinical research. 

In the present study, the UL template provided a framework of current and realistic 

practice at the participating rehabilitation facilities in the metropolitan Perth area. 

Clinicians involved in the consensus development have suggested that this template 

could be used to guide students and novice clinicians, as well as facilitating research 

interventions.  

 

5.3 Stage III: Safety of the application of ctDCS and UL Rehabilitation Post-
Acute Stroke  

Prior to study commencement, the investigators involved in this pilot study carefully 

considered two main safety aspects in regard to the application of ctDCS to an acute 

stroke population of patients with moderate to severe UL impairment. 

 

Firstly, the stroke specialists involved in the planning of this study, raised concerns about 

the effect of cerebral oedema in the early stages after stroke on the response to tDCS; 

hence, the decision to wait until at least seven days post-stroke before commencing the 

intervention. Although, it could be argued that Rossi et al (2012)37 applied atDCS two 

days post-stroke, and reported no adverse events, we could not have assumed that 

would be the case in this study, which used a different tDCS paradigm, and due to the 

lack of evidence of the application of ctDCS in acute stroke, a decision was made to be 

conservative in the timeframe of the treatment commencement. 
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Secondly, the issue of any contraindications in applying ctDCS to a group of patients with 

severe UL impairment. As discussed in the review of literature, there is sound evidence 

that alternate contralesional corticospinal81,92 corticoreticulospinal and 

corticorubrospinal tracts93,94 can contribute to proximal UL recovery, for the most part 

when the ipsilesional corticospinal pathways have been severely damaged.88 Therefore, 

the evidence suggests that the integrity of these motor pathways in both hemispheres 

should be considered when predicting motor recovery after stroke; and careful 

prognostication of recovery is required with individuals with severe motor UL impairment 

after stroke, in order to maximise recovery and not compromise these alternate 

pathways.  For these reasons, all study participants were carefully assessed by two senior 

physiotherapists with considerable experience in stroke rehabilitation. In particular, in 

the case of subjects with severe UL impairment, the assessors ensured that this group of 

patients had at a minimum of flickers of movement at the elbow and/or shoulder joints, 

which could be considered an indicator of some intact motor pathways to the affected 

UL. This study, attempted to use TMS as another measure of cortical excitability, 

however this was not feasible in the majority of cases and as reported in the results 

chapter, one participant with severe UL impairment had no MEPs at baseline, and even 

four months after stroke, though he only had a mild UL impairment. Motor cortical 

excitability can also be measured by other common TMS paradigms such as a paired-

pulse technique,316,317 which uses a subthreshold (conditioning) and a suprathreshold test 

(stimulus) to examine intracortical inhibition (ICI) using short inter stimulus intervals (2-5 

ms) or intra cortical facilitation (ICF) using longer intervals (7 -20 ms). Intracortical 

inhibition measures activity of the inhibitory interneurons or connections between 

cortical output cells,318 and ICF measures facilitatory interactions between I waves, and is 

thought to occur in the motor cortex, more specifically in the cortico-spinal neurons317.  

 

Another safety aspect investigated in this pilot study was the occurrence of adverse 

events related to the application of ctDCS. No adverse events were reported in this study 

and adverse effects concurred with previously reported data in the literature260,284,287-289 

such as slight tingling, itchy sensations, mild transient headache post stimulation, strong 

sensations under the reference electrode especially in the application of ctDCS287 as 
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current is directed away from the cathode (over M1) towards the anode (reference 

electrode). This present study proved that the application of 1 mA ctDCS in acute stroke 

is safe and is well tolerated. 

 

5.4 Stage III: Feasibility of a Pilot RCT of ctDCS and UL Rehabilitation Post-
Acute Stroke  

Currently, the literature264,265 is trying to define and distinguish between pilot and 

feasibility studies, although at present these terms are often used interchangeably.264,265 

There is also the argument that exploring safety and efficacy should not be components of 

a pilot ‘feasibility’ investigation; however, in this pilot study, safety and feasibility issues 

were addressed concurrently. The sample size was not sufficient to examine efficacy of 

the intervention. The evidence-based recommendations for good practice in pilot studies 

arose from a well-recognised review by Lancaster et al (2004),264 and aim to assist in the 

design and intent of pilot and feasibility studies. These recommendations264 have served 

as a guide for stage III of this thesis investigation. The seven key objectives identified in 

Lancaster et al (2004)264 are discussed below in conjunction with the findings arising from 

this study.  

5.4.1 Sample Size Calculation 

One of the principal reasons for conducting a pilot study is to determine if initial data for 

the primary outcome measure is sufficient to estimate sample size for a larger trial.264,265  

An, issue pertinent to this investigation, is the lack of agreement on MCID for the FMUE 

(primary measure), which impacts on accurate sample estimation. Thus far the literature 

provides MCID and MDC values for subacute132 and chronic128 stroke cohorts. Data from 

the current study were insufficient to explore variance of this measure in acute stroke, 

and therefore, it was not feasible to obtain a more precise sample size estimation for a 

future Phase II trial. It was not sensible to estimate an MCID for the FMUE scale using 

mRankin scores as only one individual (out of 12) did not improve clinically according the 

the mRankin scale. As previously reported, both groups showed improvements well 

above the MCID for the FMUE, and the amount of change in the sham group was 

somewhat unexpected. Therefore, without an effect size being able to be estimated, 
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based on these data, it is not possible to calculate how many participants might be 

necessary in a Phase II study. We postulated that a sample size of 17 or 20 per group 

(estimated from FMUE data in studies in chronic stroke participants) would be sufficient 

to power a future efficacy study, given the rate of improvement seen in this cohort, and 

the amount of spontaneous recovery that occurs in the acute stages post-stroke. Future 

acute and subacute UL rehabilitation studies may be able to provide some insights into 

the sample size required for a Phase II trial of acute stroke and tDCS plus UL 

rehabilitation. 

  

5.4.2 Integrity of the Study Protocol 

One objective of this pilot investigation was to test the integrity of the study protocol for a 

larger Phase II multisite trial. All procedures described in the methodology chapter were 

put in place during the study, initially over one acute care facility and two rehabilitation 

facilities, and subsequently at several additional sites (one acute centre, one rehabilitation 

unit and rehabilitation in the home/early supported discharge services). Another aspect of 

the protocol evaluation was to investigate the process of site therapists screening against 

the inclusion/exclusion criteria and identifying suitable patients to the main investigators. 

Participation in screening by site therapists was variable. At the majority of participating 

sites, therapists and other nursing and medical staff welcomed the opportunity for 

patients to receive ‘extra therapy input’, and for their site to be part of a rehabilitation 

trial. Many therapists valued the opportunity to promote rehabilitation research, as for 

the most part in WA, drug trials are highly represented in acute stroke research.  

Upper limb rehabilitation was delivered as intended from two points of view: (1) the 

treating therapist adhered to delivering interventions as per UL template; and (2) 100% 

compliance was achieved with the restrictions imposed on site therapists during the study 

intervention. The standard treatment delivered in this study comprised of an array of 

impairment based interventions such as: trunk activation and alignment, sensory re-

training, facilitation of UL movement, joint mobilisations, compression, management of 

tone, reach and grasp practice, bimanual task practice, shoulder and scapular activation, 

hand therapy, functional skills such as writing, fine motor skills, manipulation of objects 
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such as screws, pegs, pens, cups, and other items used in ADLs. This protocol is described 

in more detail in APPENDICES 13 & 14. Previous tDCS plus UL rehabilitation 

trials36,37,47,207,250,319 reporting significant differences between groups, have failed to 

describe and report their ‘UL interventions’ and hence it could be argued that they may 

have wrongly attributed favourable functional outcomes to the effects of tDCS and not the 

actual UL therapy delivered. More recent trials combining tDCS with other adjunct 

therapies such as virtual reality,279,280 and robotic therapy,251,320,321 or other UL 

rehabilitation approaches such as mCIMT,208,322 provide a more accurate description of 

their ‘interventions’. 

In this pilot investigation, the ‘intervention’ was well described, and reported, which was 

crucial to the interpretation of preliminary results. The data, although limited, suggests 

that there were no differences between improvements made in the ctDCS and sham 

groups. Both groups made considerable change over time, and FMUE scores revealed that 

improvements in 10 out of 12 subjects were well above the MCID for this tool. These 

findings could be attributed to two main factors: (1) spontaneous recovery occurring in 

the acute phase post-stroke, which is the optimal time for this to occur,21,48,50,54,57,60-63 and 

(2) the intensity of the ‘intervention’ which exceeded ‘usual care’ for UL therapy in the 

settings included in the study, but which was not outside the scope of the recommended 

rehabilitation guidelines10 for overall therapy time. The site therapists involved noted that 

patients’ improvements were greater than the ‘norm’, and they were pleasantly surprised 

at the rate of improvement following our intervention, particularly in those with more 

severe UL impairment at baseline. Nine out of the 12 participants who completed the 

study, had severe UL impairment (FMUE scores range 9-30), and more than half ended up 

with a very mild to moderate impairment three months post intervention, apart from the 

two very severe cases (FMUE of < 10 at baseline) who showed minimal improvements. On 

reflection, these severe cases would have had very low scores on predictive UL recovery 

measures such as the SAFE100 and PREP,23 and perhaps would have been considered to 

have limited to no potential for UL recovery and, according to the PREP23 algorithm, would 

require further neurophysiological testing to confirm this limited potential for motor 

recovery. These predictive tools run the risk of assigning such patients to a less involved 
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rehabilitation paradigm, and potentially missing crucial opportunities to restore 

movement and re-gain function. This issue has been highlighted in an observational study 

by Hayward et al (2013)26 who reported that therapists provided a higher dose of activity-

related therapy to those individuals with less severe UL and LL impairments.  

This pilot study aimed to provide severely impaired patients the same opportunity for UL 

rehabilitation, based on current practices in WA acute and subacute rehabilitation care, 

which demonstrated that this population can improve just as much as their less impaired 

counterparts. Our findings concur with recent data from Hayward et al (2014),323 that 

severely impaired stroke patients can achieve a clinically important change during 

inpatient rehabilitation, and shift from severe to mild/moderate UL impairment.  Although 

it is premature to conclude that the change observed in this pilot study was entirely due 

to the UL therapy delivered, in particular since there was no control group receiving no 

intervention (as this would be unethical); these patients made unexpected improvements 

according to therapists’ expectations and clinical experience.  

The application of ctDCS was also delivered as per protocol and only a momentarily 

reduction of intensity (from 1mA to 0.8mA ctDCS) was necessary in three subjects who 

complained about itchiness and strong sensations under the reference electrode area. The 

combination of tDCS with UL rehabilitation was feasible as subjects were mostly treated in 

sitting or, when indicated, in standing positions, but the device was secured firmly and 

patients were not encumbered by it. All 10 sessions were delivered within two weeks, in 

either a four-six or six-four, or five-five day model, with the exception of one participant 

who had to have all 10 sessions consecutively. Environmental conditions were kept as 

standardised as possible i.e. sessions occurred in a quiet room with no interruptions, first 

thing in the morning before other therapy, except on one occasion when a participant was 

feeling indisposed and the session had to be re-scheduled for the afternoon. Nursing staff 

were asked to toilet participants prior to each session, in order to minimise any possible 

interruptions. This was an issue for one participant who had urinary urgency and needed 

prompt assistance on two occasions i.e. treatment was temporarily ceased, but the 

patient ended up completing a 30 minute session. For the two participants who had home 

therapy, all sessions were completed in a quiet area, around the kitchen table. Family 
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members, kept to themselves during each session, and there were no major interruptions, 

except two dogs barking loudly in one case, which was unsettling for the therapist and 

distracting for the participant. These findings concur with the most recent study319 of tDCS 

combined with home-based OT which also reported that these interventions can be easily 

applied as part of a  home-based rehabilitation program without compromising the fidelity 

of protocol.319 

The treating therapist had no issues transporting the tDCS device and supplies such as 

electrode pads, saline solution, and UL therapy props which were all kept in a plastic 

container. The tDCS device was very portable and easy to implement even outside of a 

hospital setting, which was a major advantage for maintaining protocol fidelity. This is an 

advantage over rehabilitation trials using larger pieces of equipment. For instance, in the 

bilateral priming study by Stinear et al (2014),115 some participants had to complete their 

therapy from home, which would have been a great logistical challenge i.e. transporting 

the device, and participants completing the priming intervention unsupervised. In this 

pilot study almost all of the therapy conditions were able to be standardised including the 

tDCS device, treating therapist, rehabilitation equipment used, and the treatment space 

for each participant. 

This pilot study also highlighted that in order to keep the integrity of the proposed 

protocol for a larger Phase II trial, trained staff will be required at each participating site, 

supervised by a principal investigator who is available for site visits as required. Having a 

small research team had a number of advantages which assisted in keeping the integrity 

of the protocol, such as intervention being delivered by only one therapist and 

assessments completed by a different single investigator. Both therapists and academic 

staff maintained close communication at all times, and easily reached consensus when 

required in making research related decisions. In a larger multisite investigation 

unanticipated difficulties may arise in maintaining the treatment fidelity and applying 

protocol consistency. 
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5.4.2.1 Feasibility of Staffing a Phase II Trial 

An inadequate amount of resources such as staffing and finances, can be major limiting 

factors influencing feasibility of a research study.269 Although this investigation was 

feasible to conduct as a pilot study; based on current staffing levels (i.e. one main 

investigator and a treating therapist, who also had a clinical load), a larger Phase II trial 

would not be possible to conduct without considerable additional funding support. As 

reported earlier, both investigators were physiotherapists working clinically at one of the 

major acute care hospitals in the Perth metropolitan area. The treating therapist was 

employed full time, and therefore funding was required for clinical time release, some 

overtime work and travelling expenses. The principal investigator was enrolled in a higher 

degree and was expected to commit approximately 20 hours per week to this study, and 

therefore was working part time her clinical role. Over the last five months of the study, 

data collection, study recruitment, follow up assessments, data analysis and write up were 

financed by a second grant, allowing time release for the principal investigator, which was 

crucial for its completion. Based on this trial at least a 0.5 FTE researcher would be 

necessary to meet feasibility requirements, and address possible difficulties with the rate 

of recruitment at all participating sites. This pilot also demonstrated that allocation of 

study staffing needs to be flexible, as at times 0.5 FTE was more than sufficient, and other 

times this fraction would not be enough, as rates of recruitment were very unpredictable. 

Therefore, if a full time researcher were to be allocated to a Phase II trial, the investigators 

would have to ensure to include sufficient sites with adequate recruitment rates so that 

data collection was completed in a timely and efficient manner. 

As mentioned above, this pilot investigation was successful in getting two research grants 

worth a total of $81, 458 (Australian Dollars), which is the equivalent of one year’s FTE for 

a junior therapist. The receipt of funding was delayed on both occasions, due to 

administrative issues with the funding body, and therefore was not able to be allocated 

continuously during the study period. Despite these delays, the funding was crucial for the 

completion of this study, however, it would have been insufficient to staff a larger trial. 

Based on this pilot study, the funding model for a Phase II trial would need to allow for 

variable recruitment rates, and carefully examine recruitment efficiency for each 
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participating site. This is, however, an ongoing issue for clinical trials where recruitment 

rates are always going to be uncertain.  

Institutional support was also a key factor in the success of this pilot study, as this allowed 

flexibility for both of the clinician/researchers to complete tasks in a timely manner. 

Fortunately, both therapists involved in this study worked at the same site and for a large 

majority of the time were employed under the same team. This was extremely helpful 

during very busy periods, as both therapists were able to manage clinical work and 

research duties without many barriers. Crucially, the head of the Department of 

Physiotherapy at the acute care facility was extremely supportive of this project and 

enabled clinician researchers to work in the same team for as long as possible to minimise 

the impact of the research on other staff. Institutional support and commitment to 

research would be a core component of feasibility of conducting a larger trial of this 

nature, in particular where other therapists may not be so accommodating to the impact 

of research in their areas, which can influence recruitment efficacy. 

 

5.4.3 Testing of Data Collection Forms or Questionnaires 

Recent studies by Whyte et al (2014)133 and Hart et al (2014)134 highlighted the need to 

categorise and define rehabilitation interventions in order to provide a framework for 

researchers and clinicians.133,134 Hart et al (2014)134 identified and described three 

components of ‘treatment theory’: ‘ingredients’, ‘mechanisms of action’, and ‘target’. The 

treatment template of ‘standard care’ of moderate to severe UL impairment developed in 

stages I and II of this research investigation, also served to describe these three 

components, by documenting the ‘ingredients’ of a standard therapy session, for instance, 

the treating therapist was able to clearly document interventions according to category 

i.e. passive, active, or active assisted interventions, and other specific interventions at an 

impairment level, such as tone management, joint mobilisations, sensory re-training. 

‘Mechanisms of action’ were also recorded as manual techniques used. Adjunct tools such 

as NMES or mirror box, were also included in the template, however, they were not 

incorporated for the purposes of this study. The ‘target’ component was recorded as 
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meaningful task-practice activities, i.e. bimanual tasks, which were individualised 

according to each participant’s rehabilitation goals. The use of this template also assisted 

in time efficient (using a tick box system), succinct, accurate and standardised 

documentation of intervention being collected throughout the study. Similarly to the 

‘rehabilitation treatment taxonomy’ developed by Whyte et al (2014),133 and based on 

their ‘treatment theory’134,  this template served to guide and standardise UL 

rehabilitation in the pilot RCT, as well as provide an effective framework for 

interdisciplinary communication. However, it is important to note that the template 

developed for this pilot differs from Whyte’s taxonomy133 in regards to its content, as it 

was not intended to be a record of the most evidence-based interventions; but to reflect a 

true representation of current care at the participating stroke units. Although both 

templates do share common content, this could be attributed to the participating 

clinicians’ knowledge and expertise corresponding with evidence-based practices. The 

majority of the clinicians involved in the focus groups were very experienced in the field of 

neurorehabilitation, and some had postgraduate qualifications.  

5.4.4 Randomisation Procedure 

The evidence suggests that randomisation procedures can be tested in a pilot study, 

including patient’s ability to understand and accept the concept of randomisation.264,265 In 

the present study, the first four participants were randomised by a researcher not directly 

involved in the data collection, using a random number sequence, and then subsequent 

blocks of four were stratified according to UL severity of impairment, and matched to the 

previously randomised block, as per protocol. Using the protocol of concealing the ‘sham’ 

switch on the tDCS device, the blinding of treating and assessing therapists was also 

feasible except for the four cases where therapists speculated about group allocation as a 

result of (1) patients complaining of itchy sensations under reference electrode, and (2) 

transient red areas under reference electrode. In both cases these subjects were in the 

active treatment group. In another case the treating therapist incorrectly speculated that 

a patient who demonstrated increased facial tone and perfusion after the intervention, 

was receiving ctDCS, however, this patient was allocated to the sham group. It is not likely 

that the potential unblinding of the treating therapist had any impact on study outcomes 
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as each individual treatment was determined based on the patient’s goals and impairment 

and also measures were performed by an independent therapist who was not aware of 

the sensations reported by participants. All participants, and their family members/carers, 

were able to fully understand that they might be allocated to the sham group; however, 

they would still be getting ‘extra UL therapy’ regardless of group allocation. All 

participants were very welcoming of this opportunity, however, the majority of 

participants were under the impression that they were in the active treatment group. This 

speculation was informally conveyed to the treating therapist over the intervention 

period, and sometimes expressed to the main investigator during follow up assessments. 

This belief conveyed by all participants could be attributed to three factors: (1) most 

experienced spontaneous recovery which was reflected in motor improvements as seen in 

FMUE scores (Figure 16), (2) all were provided with an effective individualised intensive 

program of UL rehabilitation, and possibly (3) the ‘Hawthorne effect’ on all participants. A 

‘therapy effect’ is the most plausible explanation for the better than anticipated 

improvement in the UL given that considerable improvement was seen in nearly all 

participants in both groups post-intervention. 

Double Blinding was tested prior to commencement of the pilot study, the research team 

tested the safety and feasibility of applying 2 mA tDCS to the M1 in healthy individuals. 

Due to the adverse sensory effects reported by these individuals, it was anticipated that 

this intensity would not be tolerated by stroke patients, and therefore, the investigators 

decided to deliver only 1 mA as there is strong evidence that blinding is feasible at this 

amplitude.288  These findings concurred with a study by O’ Connell et al (2012)291 that 

reported inability to blind tDCS-naїve healthy participants at 2mA, as they reported that 

participants in the sham group could feel the stimulation during the 30 seconds of ramp 

up and down. Furthermore, the decision to only deliver 1mA tDCS was supported by more 

recent evidence. In a review of tDCS and UL rehabilitation, Lüdemann-Podubecká et al 

(2014)259 report that overall, more than half of the tDCS studies have applied 1mA tDCS, 

and  the application of 2mA was applied less frequently and had a smaller beneficial effect 

compared to 1mA tDCS.259 Therefore, 1mA might be sufficient in future trials and certainly 

administration of this current amplitude will minimise the risk of not maintaining blinding. 
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In summary, it is possible to conduct a sham controlled tDCS trial if amplitudes of less than 

1mA are used, although participant responses to stimulation are variable and there is still 

the potential for unblinding of the therapist delivering the stimulation if sensory effects 

are reported. This highlights the need to have an independent assessor of study outcomes 

and to keep that person naive to any adverse effects reported by participants. Newer 

models of the Soterix tDCS device have more sophisticated methods of switching to sham 

mode, which are not able to be seen by the device user. This removes another potential 

risk of unblinding the operator compared to the rather crude method used in the present 

study to conceal the sham switch position.  

5.4.5 Recruitment and Consent 

Consent can be a delicate issue; particularly in the context of an acute stroke event, 

hence, measures such as modified consent scenarios and assent of NOK were included in 

the protocol. Possible participants need to be given enough time to consider their 

involvement in the study. However, this pilot also aimed to gain knowledge of the 

likelihood of neurologists, rehabilitation physicians, and the patient’s family to also give 

their assent to participation. This study demonstrated that it was feasible to gain consent 

in an acute stroke population. Neurologists and rehabilitation physicians, who were likely 

to be involved in the care of recruited subjects, attended a presentation by the principal 

investigators prior to study commencement, and were generally supportive. In only one 

case did a consultant directly counsel against continuing to try to recruit a potential 

participant where the NOK was concerned about study involvement. During recruitment, 

patients and their relatives asked relevant questions and were very keen to contribute to 

research. In two instances participants were also approached by researchers involved in a 

drug trial of antidepressants (AFFINITY) and were given the option to choose which trial 

they would like to participate in. On one occasion the patient did not choose either trial, 

and in the second instance the patient selected this trial and expressed strong feelings 

against the drug trial. On another occasion, recruiters for the drug trial approached and 

recruited a patient without informing other investigators or the patient, about other 

concurrent trials being conducted on the ward. This practice raised concerns in regard to 

equity of access to possible trial participants, and respect for the individual’s right to make 
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an informed choice about research participation. The literature272  acknowledges that this 

is a common issue in major hospitals, and can impose a significant  barrier for equitable 

recruitment. In addition, competing trials in an acute stroke unit, particularly medical 

(drug) trials, may be better funded, therefore, detracting from the available sample for 

rehabilitation trials. Competition can even arise between concurrent rehabilitation trials. 

In the present pilot, another trial involving patients with MCA territory deficits such as 

expressive or receptive aphasia was recruiting concurrently. This trial had specific funding 

allocated to recruitment and was well resourced by the West Australian Sleep Disorders 

Research Institute, the SCGH pulmonary physiology and the speech pathology 

departments within the acute care service. Although no potential participants were lost to 

this trial, two participants from this pilot study were also involved in this concurrent trial. 

This created some confusion amongst patients regarding study protocols, and scheduled 

baseline assessments for both trials, despite the sleep disorders study not being a 

rehabilitation trial, but only sharing common inclusion criteria to this pilot investigation. 

The literature272 has proposed that an independent trial coordinator at each participating 

site might be the best way to ensure equity of access to possible candidates, and may 

minimise patient selection bias. However, it is also recognised that trial allocation by a 

trial coordinator can be difficult if the competing requirements of critical recruiting time 

periods and confounding from drug effects are taken into account.272 Some drug trials 

involving thrombolysing agents, such as tissue plasminogen activator (tPA), require the 

active agent to be administered within the hyperacute stage (hours) after stroke. The 

administration of tPA at the acute care service in this investigation is a frequently 

performed, highly successful intervention. If the administration of tPA is successful, by the 

time these patients are transferred to the stroke unit, their physical impairments may 

have partially or completely resolved. In relation to this pilot study, this was a contributing 

factor to the number of patients with MCA strokes who were coded as ‘no UL 

impairment’. Furthermore, the incidence of stroke calls and tPA administration at the 

acute care service has increased from a total of 139 stroke calls and 25 tPA 

administrations per year in 2011, to 237 stroke calls, and 48 tPA administrations per year 

in 2014 (personal communication, Ellen Baker, Stroke Clinical Nurse Consultant at SCGH). 
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The literature272 recommends that major hospitals involved in multiple trials should adopt 

a formal process to guide patient allocation, and therefore avoid allocation bias based on 

hyperacute time windows. Although during this pilot study, patient allocation was 

monitored by one of the stroke specialists involved, allocation of subjects into concurrent 

drug trials tended to take preference over the rehabilitation trials. In fact during the time 

of this pilot study it was the only rehabilitation trial being undertaken at the acute care 

facility, and for part of the time, the second one at the older adult rehabilitation facility. 

The literature264,265,272 suggests that this point should be considered when planning and 

choosing participating sites for future trials i.e. having open discussions with fellow 

researchers about equity of access to patients, establishing criteria to determine when a 

patient may be suitable for more than one trial, and appointing an independent 

recruitment coordinator such as a stroke unit clinical nurse.  

Careful consideration is also needed when allowing ‘modified’ consent procedures to be 

used. For instance, one of the withdrawn participants in this study was recruited using a 

modified consent procedure which provided a simplified explanation of study procedures, 

risks and benefits. The study was also discussed with his wife who was living in the 

country, and consent was finalised once she was able to travel to Perth. The principal 

investigator met with the patient, his wife and other close relatives to discuss the study. 

At this time the participant was in good spirits, and his wife, believed that he had a full 

understanding of the procedures and was willing to participate. Therefore, based on this 

occasion, the patient provided consent and the wife also assented to his participation in 

the study.  However on the first day of intervention, it was evident that the participant 

was in a state of distress, and was suffering from low mood, which may be partly 

attributed to the fact that his wife had returned to the country. The investigators felt that 

his participation in the study was an added burden to his rehabilitation which was 

overwhelming to the patient, and that, if he was kept in the study, this may have 

escalated to anxiety, and had an adverse impact on his participation in the rehabilitation 

program. All decisions were made in accordance to the ethical principles outlined in The 

Declaration of Helsinki,273 in particular with the aim to prevent harm and avoid 

compromising his emotional well-being. Previous studies274,275 on ethical considerations in 
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vulnerable populations have noted that often patients put a lot of trust in clinicians and 

researchers to make sound decisions regarding their care. In this instance, the 

investigators had a duty of care to this vulnerable patient, and his wife who had trusted 

that the study procedures would not cause him any distress. Upon reflection, the 

investigators still felt that consent gained from this patient was ethical and within the 

scope outlined in the methodology. However, his change in status and the emotional 

reaction to the tDCS treatment was unpredicted, although not entirely unexpected in such 

a vulnerable population. Furthermore, the recruitment process was conducted as per 

Walson’s (1999)277 and Etchell et al’s (1996)278 recommendations, hence, the investigators 

are confident that the patient was eligible for recruitment into this pilot study, that an 

adequate, albeit simplified explanation of the study was given to him and his wife, the 

possible risk and benefits were disclosed, and that all parties involved had concurred that 

the patient had a good understanding of study procedures, was willing to participate in 

the study without any coercion from the investigators or his family, and all the ethical 

standards were maintained during recruitment and withdrawal procedures. This example 

does raise the issue of the need for an experienced team of clinicians/researchers to be 

available to make decisions about the appropriateness of ongoing involvement of studies 

in vulnerable populations involving a novel intervention, particularly where 

communication barriers present an additional challenge.  

 

Lastly, this pilot investigation concurred with the finding from previous literature274,275   

suggesting that recruitment and consent in stroke research is a time consuming processes 

and should not be rushed, in particular with acutely ill patients who are newly disabled, 

fearful and under stress. For instance, there were patients who were acutely unwell in the 

first week of stroke who had to be monitored up to day 15 post-stroke as they could have 

been missed as possible recruits. This was nearly the case for a participant who was in 

intensive care for seven days, prior to being transferred to the stroke unit, and who made 

marked improvement and was eventually eligible to be recruited in the study.  

In addition, as the literature highlights, the relatively short time frames for decision 

making about study involvement, can be interpreted as the recruiter being overly 
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persuasive, which may not be acceptable to the patient or to distressed relatives. This was 

the case on two occasions, where patients’ wives were under a lot of stress, and having to 

make urgent medical and financial decisions. On one occasion, a patient was not recruited 

into the study because his wife was highly anxious, and the treating consultant 

neurologists considered that it could be detrimental to the study if this patient were 

recruited and had had an adverse event. The other scenario was with a patient who ended 

up participating in the study; however, initially the wife was understandably very 

distressed and unwilling to be involved in discussions about the study. The principal 

investigator intuitively knew that this family needed some space to make their decision, 

and did not pursue them further until after two days. This particular patient was only one 

week post-stroke; therefore, there was no urgency to recruit him within a day, which 

allowed the family time to consider their decision. This again highlights the need for a 

recruitment officer with sufficient clinical and communication skills to manage these 

complex situations. 

Processes related to recruitment and obtaining informed consent were difficult at times as 

they had to be completed in addition to the principal investigator’s clinical load, and 

required a lot of liaising with the medical team, family members and other clinicians 

involved. On many occasions consent also had to occur after hours, as many patient’s 

relatives or NOK tend to visit after work. This was not an issue in the present study, 

however the investigators had to concurrently monitor stoke acuity (within the 15 days 

post-stroke), and for any transfers to the rehabilitation facilities, and hence different 

medical jurisdictions, and be aware of any other possible barriers such as the individual 

being approached by other researchers. Despite, these difficulties, there was a significant 

advantage of the principal investigator being an experienced clinician and a staff member 

at one of the main recruiting sites. In addition, the principal investigator was able to draw 

from her extensive experience from working as a senior physiotherapist on the 

neurological and neurosurgical wards at the acute care facility, and was able to easily build 

rapport with the patients and their families as a result of this clinical background. In 

addition, patients could identify that the principal investigator was a staff member 

(wearing uniform), which may have been an advantage over an external recruiter 
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approaching them. Conversely, the principal investigator was very aware that patients 

could potentially feel unduly pressured by being approached by a staff member. This can 

often be perceived as a ‘power’ relationship that may not be on the patient’s best 

interest, and which is of concern ethically. This concern was addressed by the 

investigators by allowing the patient and their families time to consider participation in 

the study, and by reassuring them that non-participation would not be detrimental to 

their therapy entitlements. On five occasions possible study candidates were willing to 

sign the consent form immediately after discussing study procedures; however, the 

principal investigator encouraged these patients to take more time to discuss the study 

with their families and their NOK, and in some instances with close family friends who 

were not as directly affected by the ‘power’ relationship. By doing this, the principal 

investigator ensured that the patient’s decision to participate in the study was not made 

on an impulse and with the intent to ‘please’ the principal investigator who they perceived 

as an important clinician.  

Furthermore, the advantage of having close liaisons with site therapists was very relevant 

when recruiting patients from other rehabilitation facilities. There is a need to establish 

relationships with key individuals across the different sites, which is yet another argument 

for adequate and appropriate staffing for a Phase II trial. It would have been very difficult 

to develop those networks, had the principal investigator been an ‘outsider’ researcher. 

Although having a clinician who had worked in Perth was certainly advantageous, it may 

not be essential in a future trial. What is essential for the success of clinical trials is that 

research staff have an appropriate background and set of skills including interpersonal and 

communication skills. Furthermore, having the ability to physically visit sites was an 

important aspect of recruiting; however this requires funding to cover time and travelling 

costs.  

Lastly, a very pertinent factor to consider is the recruitment of people with second ESL. 

This was relevant to the present study due to the multicultural nature of Perth, and the 

limited provision for access to interpreters out of hours and at short notice. Even more so 

in the current financial climate when such services need to be justified to health funding 

providers, and they may not be willing to bear the costs for research purposes.  



 

Page | 220 

For instance, on one occasion in the present study, the possible participant was Chinese-

Mandarin speaking, and fortunately the site therapist was able to communicate with the 

patient and family in their native language. The ease of recruitment on this occasion was 

attributed to the fact that the site therapist already had good rapport with the patient, 

had great knowledge about the study, and was able to explain it to the patient in her own 

language. The recruitment of this patient might have been impossible without the 

assistance of the site therapist.  

5.4.6 Acceptability of Intervention 

Lancaster et al (2015)265 have stated that a pilot and feasibility study also needs to 

determine the acceptability of the intervention from the point of view of study subjects, 

and participating sites,  particularly if the intervention is known to have side effects.265 In 

this case, the literature has shown that the application of ctDCS is safe in chronic47 and 

subacute36,250 stroke populations. As a novel application to acute cohorts, this study also 

investigated if the application of tDCS would be accepted by patients and their families at 

such a vulnerable time early after stroke, as well as whether it would raise any concerns 

with their medical care providers. For instance, the application of electric current via 

electrodes to the brain, may not appeal to everyone, NIBS could appear to be a very 

foreign and intimidating concept. The literature284,287,288 also documents some reports of 

minor side effects of tDCS, commonly referred to as ‘adverse effects’, therefore, the 

investigators in this study had a duty of care to carefully record such side effects or any 

adverse events. All these factors were taken into consideration in developing the inclusion 

and exclusion criterion. Participants needed to be able to express themselves and have 

adequate cognition to be able to distinguish between a tingling sensation, discomfort, and 

possible skin burns, in order to safely participate in the study. From the present data, no 

issues were identified with ctDCS being unacceptable to an acute stroke cohort, except on 

one occasion where a potential participant’s wife expressed deep concerns about the 

‘electrical stimulation to the brain’; these concerns were understandable as the patient 

had suffered poor health prior to his stroke. The investigators were advised by the 

treating neurologist not to pursue recruitment any further, given the patient’s wife’s 

anxiety about such intervention.  Even though this patient did not participate in the study, 
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this experience highlighted the need to provide appropriate education and clarification of 

the intervention, given the vast amount of misinformation on NIBS arising from the 

internet, which potential participants and their families may access. This also reiterates 

that such trials do require investigators with appropriate skills to address spoken and 

potentially unspoken concerns about the intervention; and a relevant clinical background 

in dealing with stroke patients and their families. 

More specifically to the tolerability of tDCS in acute stroke populations, early evidence by 

Gandiga et al (2006)288 suggested that the application of 1mA was safe and unlikely to be 

detected by participants, ensuring the integrity of double-blind, sham controlled RCTs. 

This was confirmed by a more recent study291 reporting that the application of 2mA tDCS 

was safe, but not well tolerated and therefore not effective for double-blinding.291 This 

concurs with our findings from the pre-study exercise, in which six healthy adults reported 

strong feelings of discomfort when receiving tDCS at 2mA. A systematic review199 of 15 

tDCS and stroke rehabilitation studies reported that tDCS is well tolerated by patients, 

except for two adverse effects reported in a subacute cohort, (headache and dizziness) 

both of which were associated with the application of 2mA tDCS, which indicates that this 

intensity is reaching the threshold of tolerance.199  This was also confirmed by another 

review259 of 23 tDCS and stroke trials, reporting that overall, there is a minimal additional 

effect of 2mA compared to 1 mA tDCS. Although these studies199,259,260,288,291 confirmed 

that the application of 1mA is safe, well tolerated, and suggested that this current 

intensity ensures the integrity of double blind studies, our findings, based on a small acute 

cohort, suggest that the application of 1mA ctDCS is indeed safe, but is not always well 

tolerated and most importantly, in the majority of the cases, compromised double 

blinding due to the participants’ complaints about strong itchy sensations, or red marks 

under the reference electrode, which led the treating therapist to accurately predict group 

allocation. This issue of blinding in acute stroke populations needs to be further addressed 

in future trials. 

Furthermore, dose ranging studies (length of time) for tDCS application are required, to 

explore whether longer durations of stimulation are tolerated and might be more 

effective. A recent review and meta-analysis260 of nine tDCS and stroke rehabilitation 
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studies reported that tDCS parameters ranged from 1mA to 2mA over a range of 

stimulation time from 13 to 40 minutes. However, the authors made no mention of 

tolerability in stroke populations.260 Based on this pilot study, tolerability of tDCS with 

concurrent rehabilitation is also limited by the patient’s concentration, and 30 minutes 

was subjectively determined to be as long as could be tolerated by most participants. 

However, informal feedback from study participants suggests that the length of the 

intervention period could be of longer duration, such as 15 sessions instead of 10. 

The intensity, nature and amount of UL rehabilitation was also well accepted by 

participants and did not interfere with the treatment schedule normally provided by the 

acute or rehabilitation facilities. In combination with their regular therapy, participants  

would have easily achieved the recommended 60 minutes of daily therapy as per the 2013 

NSF rehabilitation services framework,10 and exceeded the previously reported amount of 

time spent in UL rehabilitation, ranging from 1126 to 16159 minutes in an average therapy 

session. Participants and the treating therapist also rated 25 minutes as an adequate 

amount of time for daily UL therapy, as it can be tiring and difficult to sustain a longer 

period of concentration in the early period of stroke rehabilitation. Some site nurses and 

therapists commented on patients being tired post-intervention session, however, this 

was factored in by the study intervention being delivered early in the morning and 

allowing some rest period prior to the commencement of other therapy provided by the 

allied health team.  

The issue of acceptability of the UL intervention to other clinicians involved in the 

participant’s care, was addressed in stages I and II, where clinicians were given the 

opportunity to participate in the process of establishing a consensus on an UL standard of 

care package. Therefore, the intervention was well accepted by clinicians and when there 

was any doubt, an open discussion with the investigators took place to resolve any 

concerns, for instance when new clinicians were involved, such as therapists from the 

added sites or new to their job, as these therapists had not had the opportunity to 

participate in the focus groups, and therefore were not entirely familiar with the protocol. 

The issue was resolved by the principal investigator attending multidisciplinary meetings 

and giving a brief presentation about the study at the new sites, prior to commencement 
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of recruitment. There were many informal conversations amongst investigators and site 

therapists, mostly to clarify minor details such as specifics on UL treatment ‘allowances’, 

and to liaise about an individual patient’s progress. This was very helpful for investigators 

and site therapists, as the informal conversations allowed rapport building, and ensured 

efficient communication about discharges or any significant events. The informal liaising 

also served to re-assure site therapists on their role during the intervention phase, and 

indirectly, for the investigators to monitor protocol procedures.  

In summary, this pilot investigation was able to determine the acceptability of 

intervention (ctDCS and concurrent UL rehabilitation), as well as the feasibility of 

conducting such a trial in an acute stroke population. This study was also able to 

determine acceptability of intervention to the medical and allied health teams involved in 

the patients’ care. In addition, being a multisite trial, it was necessary to establish the 

acceptability of intervention to other sites and how the demands of this study would fit 

with their service. We were able to establish that the application of 20 minutes of ctDCS 

post-acute stroke is safe, and feasible to apply. For the most part ctDCS was well tolerated 

besides the reported transient sensory effects and reddening of the skin under the 

reference electrode, which had the potential to compromise blinding, as opposed to the 

general consensus in the literature, that 1 mA tDCS ensures the integrity of double 

blinding. Perhaps, these effects are specific to subacute and chronic cohorts, and our 

study highlights the need to investigate these aspects in future trials in more acute stroke 

populations. Lastly, the nature of dealing with acute stroke patients and their families at 

such vulnerable time, requires an experienced investigator with clinical knowledge in the 

field, and an adequate skill set in order to address any concerns prior to study enrolment, 

and therefore ensure not only acceptability of intervention, but increase the likelihood of 

participants’ retention in the study.  

5.4.7 Selection of the Most Appropriate Outcome Measure 

This objective is designed to assist researchers in selecting the most appropriate outcome 

measure including the feasibility of applying the chosen measures and clinical relevance 

of the data obtained. Although the principal aim of this study was to assess the feasibility 

and safety of the application of ctDCS post-acute stroke; and to determine a MCID using 
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the FMUE scale to assist with more accurately estimating sample size for a Phase II trial in 

an acute stroke population, this pilot study also aimed to establish the feasibility of 

measuring motor recovery in the affected UL with a clinical tool such as the FMUE scale 

and a neurophysiological measure such as TMS, within the first two weeks post-stroke 

onset and continuing these measures to at least four months post-stroke. This pilot also 

examined the feasibility of using other various outcome measures and screening tools 

such as the MMSE, star cancellation test, FAST, Tardieu spasticity scale, FIM and PSDS. 

 

The FMUE scale was feasible to administer at baseline and up to four months after 

stroke. Demonstrating intra-rater reliability is crucial in order to avoid any inaccuracy in 

representing change in motor control and related functional UL improvement. In relation 

to the FMUE scale, the MCID and MCD established for this study were a change of ten 

and six points, respectively. Any discrepancies in the performance of repeated 

assessments could result in inaccurate FMUE scores; potentially influencing the overall 

change and giving a false sense of a meaningful clinical change over time. In the present 

study, variance was minimised by having a sole assessing therapist at all time points, and 

a high accuracy of repeat measures over a short time frame using the FMUE was 

achieved.  

The FMUE scale allowed the investigators to assess UL impairment as well as monitor 

functional improvements. The advantage of using the FMUE as an outcome measure was 

that researchers are able to use it across a wide range of severities. For instance, the 

investigators were still able to score those individuals with very severe deficits, as well as 

note any improvements as this outcome measure is sensitive to change, even in the two 

individuals who made very minimal improvement. The FMUE scale is not sensitive to 

changes in tone which has a direct influence in voluntary movement; therefore, any tone 

changes were monitored and recorded by using the Tardieu scale.  

 

Although the FMUE was feasible to administer, it does require certain knowledge about 

movement control, in particular, the ability to differentiate normal movement from 

synergistic movement patterns. This test does require a particular skill set to administer, 

and it is advantageous to have a clinical background and familiarity handling stroke 
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affected limbs. However, there are standardised guidelines such as Sullivan et al 

(2011),296 which assist in the application of this measure; therefore allowing researchers 

from other backgrounds to perform this test. In regard to data interpretation and scoring 

of the FMUE, there was one criterion that needed to be discussed and clarified with the 

project supervisor and confirmed with other experienced users of this scale. The criterion 

in question was how to score coordination and speed in participants with severe UL 

deficits. As per guidelines,296 in cases of severe impairment, the assessing therapist 

observed for any indication of tremor or dysmetria that may be present in the face, voice 

or legs. Speed was scored zero in these cases. Overall, the FMUE measure incorporates 

tasks and bed side assessments such as reflexes, grasp release tasks, three joint 

movement control, and fine motor skills that are commonly assessed in clinical practice 

using observational data. 

 

On the other hand, this study was not able to achieve MEP measurements of the muscles 

of the affected UL using TMS to the affected M1, as an assessment of cortical activity in a 

small subset of participants who underwent TMS assessment. It was also intended to 

administer these tests to gain some understanding of the IHI dynamics in acute stroke, to 

add to the limited literature on this topic, however, the data collected was insufficient to 

analyse. It is proposed that the failure to identify MEPs in one out of three cases was due 

to central motor conduction deficiency. The literature324 supports this hypothesis in that 

central motor conduction anomalies are known to be common in acute stroke, and the 

sensitivity to detect MEPs in cerebrovascular disease is generally low.324 For instance, Di 

Lazzaro et al (1999)325 reported that normal MEPs were found in only one third of MCA 

strokes.325 Furthermore, the evidence324 suggests that absent MEPs are usual in total 

MCA strokes with severe hemiplegia, which may be due to central motor conduction 

deficiency. However, this study found that one participant with initially severe 

hemiplegia, had absent MEPs at stroke onset, which continued to be the case at four 

months post-stroke, despite marked improvements in FMUE scores over this time period 

(eventually achieving 58/66 or mild impairment). This suggests that central motor 

conduction deficiency may not have been the reason for the inability to detect an MEP in 

this individual. Central motor conduction prolongations are common in 20% of strokes 
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and even more pronounced in haemorrhagic strokes.326 Heald et al (1993a)327 and Heald 

et al (1993b)328 offer another plausible explanation for absent MEPs, which is that TMS to 

the affected hemisphere in stroke patients, can result in absent MEPs if they are 

recorded in a relaxed muscle state. Other factors to consider include increased 

excitability threshold, delayed response latency, and excessive asymmetry of the hand or 

UL muscle motor maps between hemispheres.327,328 Therefore, taking these points into 

consideration, TMS assessment of corticomotor excitability may not always be feasible in 

acute stroke and response to TMS can vary considerably amongst individuals, and 

potentially across time as the brain recovers from acute injury.  

 

There are other alternatives to recording MEPs from the affected hand, such as assessing 

change in silent periods over time. This technique was used by Stinear et al (2014)115 in 

their study of the effect of bilateral priming post-stroke. The advantage of using this 

alternative protocol is that it is not reliant on stimulation of the affected hemisphere, as 

MEPs are also taken from muscles innervated by the unaffected M1. Alteration in the 

silent period, following TMS to the unaffected M1 is able to give an indication of the 

influence of inhibition from the affected motor cortex. For instance this protocol329 used 

in healthy adults, produces a silent period in EMG of the unaffected side (for a particular 

muscle of the hand), that begins approximately at 30 milliseconds after stimulation, and 

lasts for about 30 to 50 milliseconds. This ipsilateral silent period represents the 

excitability of the interhemispheric pathways responsible for transcallosal inhibition.329 

This alternative protocol was not explored in this pilot study. 

Another issue that contributed to the lack of TMS data collection in this study was the 

logistics of getting acute stroke patients to the NIBS lab, which proved to be very 

restrictive. In order for this to be feasible in a multisite study, additional funding for 

participant transport and/or use of TMS facilities at those sites would need to be made 

available. 

The FIM was selected as a measure of dependence and is comprised of two domains: 

motor and cognitive function. Although this is very commonly used measure change in 

dependence over time, it was not feasible to perform FIM assessments at the proposed 

time frames (POST 1, 2 and 3) as the assessing therapist was not FIM trained and 
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required assistance from trained staff to score all domains. This was very challenging at 

times as the acute care service included in the present study does not routinely complete 

this assessment due to a recent staff reconfiguration. Therefore, FIM assessments were 

completed on admission and discharge from inpatient rehabilitation services, which is in 

line with current practices in Australian stroke units179  In cases where FIM scores were 

not available, a FIM trained OT assisted with retrospectively scoring these patients. This 

retrospective score allocation was considered valid as it was performed by the acute site 

OT who was very familiar with the patients’ clinical presentation and their level of 

function at the time. On reflection, it would have been more useful to have FIM and 

FMUE scores collected concurrently to compare functional gains at particular time points. 

Overall, the FIM is a useful measure, and even though it was performed at different time 

points, FIM data concurred with FMUE findings that both groups improved over time, 

with no significant differences seen between groups. In future, the assessing therapist 

should be FIM trained and also should have access to an experienced FIM assessor to 

discuss any discrepancies or queries with scoring. Historically, given that OTs are more 

familiar with FIM scoring than PTs, it could be considered whether this assessment 

should be allocated to a second assessor with relevant experience.  

 

The Tardieu spasticity scale and PSDS were suitable for this cohort of patients, and the 

ease of use assisted with prompt assessments. Likewise, for the MMSE, star cancellation 

test, and FAST which were used as screening tools for cognition, neglect, and severe 

language impairment respectively. The literature274,275 recommends that these domains 

are carefully assessed to ensure that vulnerable populations such as stroke patients, are 

capable of understanding study protocols, and therefore, informed consent is ensured. 

These measures were used by the assessing therapist and some of the site therapists for 

screening purposes, and were useful in providing an objective cut off point to determine 

patient eligibility in the study. The screening tools used in this pilot study are not 

necessarily profession specific, and can be used by any medical or allied health 

professional, as well as non-clinical researchers. The Tardieu Scale is a more specific 

assessment of spasticity and is commonly used by OTs and PTs. This would be the only 

measure that would require some training if it were to be used by a non-clinical assessor. 
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Overall, these tools are easy and feasible to use, and would be feasible to use in a Phase 

II trial as long as all assessing therapists/researchers applied them in a homogenous 

manner. Assessment of inter-rater and intra-rater reliability would be necessary to 

ensure that the assessments are performed in a standardised manner.  

 

5.4.8 Summary of Feasibility Findings 

Currently in the literature the terms pilot and feasibility study are still being used 

interchangeably. The literature insists that safety and efficacy must be investigated in 

Phase II studies; however, in some cases such as this pilot study, safety can be 

concurrently explored. In addition, as the literature suggests, pilot studies can offer 

preliminary efficacy findings; however, researchers should not draw conclusions based on 

these.  This pilot investigation of the feasibility of conducting an RCT of ctDCS and UL 

concurrent rehabilitation post-acute stroke was based on Lancaster et al’s (2004)264 

principles of good practice in pilot studies. The present study results, based on these 

principles, are as follows:  

(1) Sample size calculation- it was not feasible to provide an estimated sample size, based 

on the FMUE scale, for a Phase II trial in an acute stroke population, due to the overall 

improvement of UL function in both groups. Previous MCIDs based on chronic and 

subacute populations can still be used to inform sample size in an acute stroke trial; 

however, they may not be adequate due to the nature of spontaneous recovery in such 

early stages post-stroke. 

(2) Integrity of study protocol – two main aspects were tested including the treating 

therapist adhering to delivering interventions as intended and based on the UL template, 

and secondly, achieving total compliance from the site therapists with the restriction of 

not treating the UL during the intervention phase. The UL intervention was feasible to 

deliver to individuals with a range of UL severity. The application of tDCS was also 

delivered as intended with the exception of minor modifications in delivery time frames. 

All environmental factors were standardised as much as possible. Trained staff would be 

required for a Phase II trial in order to ensure the integrity of intervention. Based on this 
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pilot, a Phase II trial will require at least 0.5 FTE of dedicated research staff and careful 

consideration of the participating sites in order to meet recruitment efficacy 

requirements.  

(3)Testing of data collection forms or questionnaires – the literature highlights the need 

to categorise, define and record rehabilitation interventions in a standardised manner. 

The use of an UL template specially designed for this trial allowed accurate and descriptive 

documentation of all intervention components. It also served as a guide for individualised 

therapy, and interdisciplinary communication.  

(4)Randomisation procedure – randomisation procedures were feasible, however 

reported adverse effects such as itchy sensations and red marks under the reference 

electrode were strong indicators of group allocation, resulting in unblinding of the treating 

therapist. Contrary to reports of adequate blinding with the application of 1mA tDCS, this 

study found that in an acute population blinding of the treating therapist may not always 

be possible. Furthermore, most participants believed that they were in the active group 

due to their marked improvements, this could be contributed to a very significant ‘therapy 

effect’.  

(5) Recruitment and consent -  it was feasible to gain consent from patients, and assent 

from NOK, neurologists, treating therapists and other staff involved in patient care. This 

study was also challenged by recruitment for the concurrent medical trials. Depending on 

the number and nature of concurrent trials, equitable recruitment is a potential barrier for 

a future Phase II trial. As suggested in the literature, an assigned trial coordinator may be 

necessary in order to ensure equity of access to possible study candidates. Acute stroke 

trials also need to carefully consider vulnerability of patients, and ensure thorough 

explanations of study protocols, and that modified consent or assent procedures are 

followed in accordance with ethical guidelines, as well as assigning experienced clinicians 

who have a relevant skill set for this population to study recruitment.  

(6) Acceptability of intervention- both UL rehabilitation and ctDCS paradigms were well 

tolerated on the whole. Our findings regarding adverse effects were in accordance with 

other reports in the literature. The time spent in UL therapy was also in accordance with 
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tolerability limits in this population, complemented total therapy time per day, and in 

most cases, resulted in a total amount of therapy which exceeded stroke rehabilitation 

guidelines. Acceptability of the UL intervention to other clinicians involved was also 

achieved, and the development of the standard treatment template created open 

discussions amongst investigators and site therapists. 

Finally, (7) Selection of the most appropriate outcome measure – Screening tools such as 

the MMSE, star cancellation test, FAST, FIM, and PSDS were appropriate for this pilot and 

would be feasible to administer in a Phase II trial. The FMUE measure was also feasible to 

administer, allowed objective assessment for those individuals with the most severe 

impairment, and was sensitive to change. The use of TMS assessments was not feasible 

due to logistical barriers, however, our limited data from this methodology concurred that 

the assessment of MEPs from the affected UL may be difficult in acute stroke cohorts, and 

other alternatives such as the assessment of silent interhemispheric silent periods, may be 

more appropriate. The Tardieu scale provides a good indication of the emergence of 

spasticity which could affect motor function. Administration of the FMUE and Tardieu 

require an experienced assessor; however, this is likely to be feasible in a future Phase II 

trial, with adequate assessor training and adherence to available guidelines.  

Overall, this pilot RCT demonstrated that it is feasible to conduct a study of ctDCS and 

concurrent UL rehabilitation in an acute stroke population, given adequate staffing and 

careful consideration of participating sites. Pilot and feasibility studies are necessary prior 

to the planning of larger RCTs in order to address the many issues, such as those 

highlighted in this section. Most importantly, our findings concur with existing literature in 

regard to safety of the application of tDCS post-acute stroke. A conclusive evaluation of 

efficacy was not undertaken due to the limited data collected. 

5.5 Reflections on the Preliminary Efficacy Findings Arising from this Pilot 
Investigation 

This pilot investigation was based on the conviction that a critical period of time (10 

weeks) post-stroke exists when the most spontaneous recovery occurs and that central 

nervous system reorganisation processes can be enhanced by rehabilitation64,80,330. The 

evidence recommends that spontaneous recovery should be exploited by commencing 
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rehabilitation as early as possible.21,64 Therefore, emphasising the importance of intensive 

daily rehabilitation during the first weeks post-stroke.48,80,330,331  However, the concept of 

this ‘critical window of time’ does not imply the absence of neuroplasticity in the chronic 

stages of recovery.  Reorganisation and functional recovery are still possible in the weeks 

and months following a stroke, particularly in response to intensive training.80,330  Many 

rehabilitation trials have already explored these effects in chronic stroke cohorts. 

However, Stinear et al (2013)281 have made a valid point that stroke rehabilitation trials 

should start in the early stages of recovery, as recommended by data from animal and 

healthy human models, to capitalise on the ‘window’ of maximal neuroplastic change.  
 

 

Non-invasive brain stimulation techniques have been explored over the last two decades 

as adjuvants to drive neuroplasticity and enhance the effects of rehabilitation.32 The 

evidence is mostly predominant in the chronic stages of recovery from stroke, and limited 

data are available for acute and subacute cohorts. In relation to tDCS, the literature 

concurs that it may have a significant role to augment neurorehabilitation, particularly UL 

therapy;32,199,259,260 however, researchers are yet to establish this in acute stroke 

populations with severe UL impairment.32,199 Other significant matters that have not been 

adequately addressed in the literature are whether the neurophysiological findings 

suggesting cortical adaptations, can be translated into improved clinical outcomes, the 

establishment of optimal stimulation parameters according to impairment level, and the 

impact of  possible tDCS  interactions with pharmacological treatment in real clinical 

practice.215               

This study has offered some insights into the potential effects of UL rehabilitation and 

ctDCS post-acute stroke. In the present study this combined intervention was carefully 

defined in that UL therapy provided was standardised, and well characterised and tDCS 

parameters used were comparable with those described as being efficacious in previous 

subacute36,250 and chronic studies47.  

There are other aspects of tDCS-induced motor improvements that also need to be 

explored in acute stroke models. The literature196,200,215-217 suggests that tDCS induces 

plasticity, neuronal viability, modulation of synaptic transmission, and biosynthesis of 
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molecules; as well as inducing a cascade of events associated with glutamatergic, 

GABAergic, dopaminergic, serotonergic, and cholinergic activity modulation. Genetic BNDF 

variations can also influence the response to tDCS. The extent and influence of these 

factors on the effects of tDCS remains uncertain in acute and subacute stroke populations. 

The investigation of these aspects was outside the scope of this safety and feasibility pilot 

study. Although the investigation of these cellular mechanisms in efficacy trials may 

require more sophisticated tests, expertise and further funding, there is evidence that 

BDNF genotyping has the potential to be explored in future tDCS and rehabilitation trials. 

Stinear et al (2014)115 have already demonstrated that it is feasible and helpful to perform 

BDNF genotyping for randomisation and stratification processes. 

Another key point raised in the review of literature, was the importance of triaging 

individuals according to impairment level and making prognostic judgements in order to 

inform rehabilitation pathways. The intention of this study, in contrast to many previous 

tDCS studies, was to include individuals with more severe UL deficits, who may not have 

been well represented in previous literature. Our findings revealed that most of the 

participants in both groups (except for two severe cases), showed marked improvements 

in motor function (FMUE). This raises a concern regarding whether use of the PREP23 or 

SAFE100 algorithms to ‘gate keep’ services to inform decisions on rehabilitation pathways 

may deny some individuals access to therapy on the basis of an expectation that they have 

no potential to improve. While these cohort based studies23,100 have supported the 

predictive value of these tools, they have not accounted for the impact of ‘therapy input’ 

on outcomes. In those with more severe initial deficit, therapy time may be prioritised to 

other rehabilitation goals such as mobility, and little attention given to attempting to 

regain UL control. Unsurprisingly this approach may be associated with few gains in UL 

control or function. For individuals with very low FMUE scores, conventional wisdom 

would suggest that they will not be expected to make much improvement; however, data 

from a large multicentre, prospective, observational study323 previously mentioned, 

revealed that severely impaired stroke patients can achieve significant improvements in 

UL function (p< 0.001), which exceed the MCID of the measures used, and indicate change 

from the category of ‘severe’ to ‘mild/moderate’ impairment, after inpatient 
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rehabilitation.323 These data are comparable to the changes seen in the present study 

which also demonstrated that individuals with severe impairments can make significant 

improvements to mild/moderate impairment (as seen in 7 out of 9 participants), given an 

UL intervention with appropriate, content and intensity, applied for a sufficient duration 

in the initial phase post-stroke. Furthermore, for one participant, data from TMS 

assessments were not congruent with clinical improvements. This suggests that 

algorithms based on neurophysiological tests and neuroimaging23,100 should be taken as 

general guidelines only. It could be suggested that clinicians should provide a minimum 

dose of therapy initially to optimise recovery, and that making a judgement about 

potential for recovery should only be made after a trial period of appropriate, 

individualised therapy. 

As comparison analysis confirmed that the change on motor function was not statistically 

different between groups, it might be proposed that ten 30-minute sessions of UL therapy 

was the main factor influencing improved motor outcomes rather than the application of 

tDCS. This assumption is based on the fact that almost all study participants improved 

following a period of dedicated therapy provided during the optimal window of time for 

spontaneous recovery and brain reorganisation. The amount and intensity, but not the 

content of ‘standard UL therapy’ provided in this study was quite different from ‘usual 

care’ at the participating sites at the time of this investigation. The intensity and amount 

of one to one therapist-patient contact provided in this pilot study would be difficult to 

achieve with current staffing models.  Pressures to reduce LOS, and to get patients ‘ready 

for rehabilitation’ based on functional benchmarks such as the achievement of sitting 

balance or participation in transfers, mean that therapists frequently do not prioritise time 

spent on UL rehabilitation. 

Data for current staffing levels across the participating sites suggest that only one stroke 

unit was operating with adequate staffing as per the 2013 Rehabilitation Stroke Services 

Framework10 (Australian stroke services) recommendations of patient-to-staff ratios of 1.5 

FTE OT and PT and allied health assistant (AHA) 0.5 FTE per 10 beds at the time of this 

study. Table 30 gives details of current patient-to-staff ratios, at all the stroke 

units/neurological wards involved in this study. This table does not include rehabilitation 
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in the home (RITH or ESD) service data. Although some stroke units may appear to be 

staffed as per national guidelines, FTE does not indicate total clinical time spent treating 

patients. Senior therapists also complete many other duties such as performance 

appraisals of junior staff and students, continuing education, quality improvement 

projects, and involvement in other research projects in addition to treating patients. 

Table 30: PT and OT patient-to- staff ratios of all participating sites (n=5) 

Site Number of beds PT staff 
(FTE) 

OT staff AHA Student 

Model 

Meets NSF 
standards 

SCGH* 

 

30  

(24 
Stroke/Neurology 
and 6 Acute Care 
of the Elderly) 

1.5 
clinical 
(2.0 
total) 

 

1.5 

(allocation 
for 24 
Neurology 
beds only) 

Nil 4  No  

 

RPH* 20 (6 Stroke, 6 
Neurology, 2 
epilepsy & 6 
Gastro) 

1.3  
clinical 

(2.3 
total) 

0.7 

clinical 

Nil 2 No 

OPH° 10  

(SRU) 

0.7 
clinical 

(1.5 
total) 

2.0 

clinical 

1.0  

 (0.6 PTA 
& 0.4 
OTA) 

1 No 

 

RPRH° 
(now 
FSH) 

27 

(Stroke & 
Neurology) 

3.5 
clinical 

(4.0 
total) 

2.5 clinical 
(3.0 total) 

Nil 4 Yes~  

(PT & OT) 

BHS° 10   

(SRU) 

 

2.0 
clinical 

(2.5 
total) 

1.0  

Total and 
clinical 

Nil 1 Yes (PT 
only) 

SCGH- Sir Charles Gairdner Hospital; RPH- Royal Perth Hospital; OPH- Osborne Park Hospital (over 65 years); 
RPRH- Royal Perth Rehab Hospital (under 65 years), now closed; FSH- Fiona Stanley Hospital (under 65 
years); BHS- Bentley Health Service (over 65 years).  ~ staffing figures no longer current since the move to 
FSH *acute rehabilitation; °subacute rehabilitation 
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These data are on par with international stroke units who have also reported inadequate 

patient-to-staff ratios in the UK.165,166 Likewise, some Canadian stroke units have also 

reported inadequate time spent in therapy i.e. under 60 minutes/day of each OT and PT, 

presumably due to staffing restrictions.169 Other investigators have reported of lack of 

time by nurses and therapists to provide optimal care and therapy.170 Lastly, in NZ, the 

literature reports lack of adequate training in stroke rehabilitation and poor team 

dynamics impacting on provision of best practice stroke care.171 Similar issues would also 

be likely to compromise the feasibility of staffing a Phase II trial in acute care services in 

WA, unless funding is obtained to support allocation of dedicated research staff.  

Although the optimal dose for intensity of UL therapy is not well defined, there is evidence 

that concurs with our findings that 30 minutes of daily physiotherapy is more effective 

than 30 minutes of therapy three times per week,332-334 the latter being more 

representative of current frequency of UL therapy provision at the participating stroke 

units. Furthermore, the present pilot study, demonstrated that 30 minutes of daily UL 

rehabilitation, in addition to usual therapy, met current rehabilitation recommendations10 

of 60 minutes of therapy five days per week. The improvement in both groups shown 

here, supports the findings of an Australian study179 showing that adherence to clinical 

guidelines and evidence-based practice in stroke rehabilitation, was associated with better 

recovery outcomes at discharge. The authors179 defined a change greater than or equal to 

22 in FIM (total) scores as indicating a ‘good outcome’. In the present pilot study, 11 out 

of 12 participants achieved a total FIM change greater than 22 points.  

Although both groups achieved positive outcomes overall, it is noted that the trajectory of 

change in FMUE scores was different between groups. The sham group showed the 

greatest improvements immediately post intervention, with a plateau in FMUE scores 

subsequently; conversely, the cathodal tDCS group, showed a steady improvement over 

all measures to three months post intervention. A plausible explanation for this ongoing 

improvement could be the influence of ctDCS on recovery mechanisms post-stroke (e.g. 

upregulation of BDNF). The continued improvements in motor recovery could also be 

partly attributed to a ‘Hawthorne effect’263, as participants were very pleased with the 

‘one to one therapy’ and having ten consecutive sessions and, in addition, long-term 
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follow up assessments allowed for rapport building between participants and 

investigators. Subjectively, study participants reported that they were conscious of trying 

to use the affected UL post intervention, and they were very compliant with their follow 

up therapy (provided either at physiotherapy outpatient departments, or RITH). 

Motivation and positive affect are known to be associated with better stroke outcomes. 

Overall, participants were very enthusiastic about their rehabilitation and interested in 

their recovery. Sustained improvement could be attributed to the therapy that occurred 

after the intervention, both during their inpatient stay and following discharge. It was a 

weakness of this pilot study that ‘other therapy’ hours were not recorded. However, a 

recent study by Hoonhorst et al (2015),335 aimed to determine the optimal cut-off scores 

for the FMUE regarding predictions of UL capacity at six months post-stroke. These 

authors335 reported that FMUE scores below 31 corresponded with no to poor UL and 

hand capacity, and scores higher than 31 represent limited to full capacity; more 

specifically scores of 48-52 represent notable capacity and scores of 53-66-represent full 

UL capacity.335 In the present study eight out of 12 participants had a final FMUE score 

greater than 48, indicating notable capacity, the remaining two achieved scores higher 

than 31, which still demonstrates some capacity for UL use. Only two participants 

remained severely impaired. Both of these individuals had scores of less than ten on the 

FMUE scale at baseline. Therefore, it could be argued that getting each patient to a certain 

cut-off FMUE score could improve an individual’s UL use and incorporation of the affected 

arm in functional activities. Our data is limited to three months post-intervention; 

however, we can certainly observe that the trend of improvement in the cathodal tDCS 

group indicates ongoing improvement at approximately four months post-stroke (Figure 

8(b)). Five out of six participants in the cathodal tDCS group had baseline FMUE scores < 

31/66 points indicating nil to poor UL capacity, according to Hoonhorst et al’s335  FMUE 

cut-off scores; however, four patients achieved scores > 31 at POST 3 (three months post 

intervention), two of which scored within the full capacity category, and the other two 

remained in the limited capacity category, although it is important to note that these two 

achieved a MCID over time. It would have been useful, if time allowed, to assess these 

individuals at six or more months post-stroke, to explore if ongoing improvement 

occurred, and or if there was deterioration and a difference between groups. 
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In summary, spontaneous recovery takes place within the first ten weeks post-stroke, 

which accounts for marked motor improvements given adequate rehabilitation dose and 

intensity. It is also important to consider other factors such as ‘therapy effect’ and the 

‘Hawthorne effect’ as plausible influencing factors to positive motor outcomes. 

Nonetheless, the evidence suggests that this crucial window of opportunity should be 

exploited by commencing rehabilitation trials as early as possible. Non-invasive brain 

stimulation techniques have been explored in the past two decades, with the most 

evidence in chronic stroke cohorts. There is a great need to explore the efficacy of tDCS in 

acute stroke cohorts, and most importantly, the application of this adjuvant technology to 

patients with severe UL impairment, and the mechanisms of tDCS-induced neuroplasticity 

in the early stages of rehabilitation. 

 

Prognostication of UL capacity to improve is important, however, predictive tools such as 

the PREP and SAFE need to be implemented as guidelines and not substitute clinical 

experience, as they run the risk of excluding severely impaired patients from rehabilitation 

opportunities that may be crucial to their UL recovery. 

 

Furthermore, the findings of this pilot study as well as current literature suggest that 30- 

minute UL therapy sessions are feasible and well tolerated by patients. However, current 

therapist-to-patient ratios indicated that this is not achieved in clinical settings. Another 

factor compounding the lack of UL therapy in acute and subacute rehabilitation is the 

concurrent pressure to address other impairments such as sitting balance and transfers, 

which are considered the bench marks for admission to rehabilitation.  

 

New evidence based on the FMUE assessment, reports that patients with a score < 31 

have poor UL capacity, individuals with cut-off FMUE scores of 48-52 represent notable 

capacity, and scores of 53-66 indicate full capacity at six months post-stroke. In the 

present study, we observed an ongoing trend of UL improvement in the cathodal tDCS 

group, in which five out of six patients scored within the poor UL capacity category, 

however, at four months post-stroke they made a shift to the full capacity of 

improvement category. This again emphasises the need to use predictive tools as 
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guidelines and not standard practice. Patients with severe UL impairment post-stroke can 

make significant improvements in UL motor function, during inpatient rehabilitation, and 

therefore, should not be excluded from rehabilitation paradigms available to their less 

affected counterparts. 

5.6 Limitations of this Study 

There is a great need to conduct and document pilot studies,265 in order to determine 

whether a larger efficacy RCT is indicated and to explore ways to optimise factors such as 

recruitment and data collection. In particular, regarding the role of NIBS to augment UL 

rehabilitation, there is also a great need to establish safety and feasibility in an acute 

population to be able to resource a Phase II trial appropriately. This study sought to 

answer some of these questions, however it is acknowledged that there were a number of 

limitations in the design and scope of this pilot study that restrict wider application of the 

findings. The following areas of limitations are presented: limitations on data collection, 

limitations on data interpretation, and limitations on the ability of the current data to 

inform the design of a Phase II RCT. 

5.6.1 Limitations on Data Collection  

In Stage I, the notes audit served well to gain a comprehensive outline of commonly used 

terminology, however the documentation did not allow estimation of how much therapy 

time was spent on treatment of the UL in the acute or rehabilitation settings prior to this 

pilot study. Furthermore, the documentation was only an estimate of what was actually 

done clinically. The body of evidence in regard to time spent in UL therapy is scarce, and 

therefore, recommendations for intensity of rehabilitation are generalized. This study was 

unable to report the amount of treatment received prior to the pilot study and as such 

cannot compare this ‘usual care’ with the intensity of UL treatment achieved during the 

study intervention. In addition there were no historical data on UL motor recovery using 

the FMUE scale with which to compare current findings. Consequently the impression that 

subjects in both groups of the present study did unexpectedly well cannot be verified by 

comparison with similar cohorts at the participating centres.  
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A limitation arising from the way that the UL template was developed is that this 

framework was not based on best practice or on most evidence based care but on what 

was ‘usual care’ in the participating services as described by focus group participants. 

Consequently, although it can provide a framework for treatment for novice a practitioner 

that is likely to be acceptable in the services that participated in this research, it does not 

necessarily equate with recommendations from guidelines for management of the 

hemiplegic UL. This template developed from the consensus exercise was also not a true 

representation of the practice of all therapists working in stroke services in the Perth 

metropolitan area, or indeed across other stroke services in WA. However, this was not its 

intended purpose, which was rather to gain therapist’s compliance with non-treatment of 

the UL during the intervention phase. This was successfully achieved, which helped 

preserve the integrity of the intervention protocol. 

There were also logistical limitations in regard to geographical location of centres included 

in data collection for this study. For instance, a stroke unit outside of the Greater Perth 

area did express interest in participation, however, due to its distant location, and 

research staffing it was not feasible to include this site in the pilot. Another logistical issue 

included the ability to undertake TMS data collection in all participants due to the inability 

to access transport from other sites for testing. Evaluation using TMS was also limited by 

the lack of appropriately trained staff.   

Another issue in relation to data collection was the timing of FIM assessments. The main 

compounding factors were that the assessing therapist was not FIM trained, and that 

there was a change of practice in the acute care facilities, which led some scores to be 

completed retrospectively.  

The scope of this study was limited by the personnel resources available. As stated above, 

the two small research grants received were only able to cover some of the backfill for the 

study therapists, and the principal investigator was required to undertake some unpaid 

overtime to fulfil research and clinical duties. Another limitation on the recruitment 

period was the timeline associated with the principal investigator’s university enrolment, 

which prevented extending the period of data collection.   
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5.6.2 Limitations on Data Interpretation  

Feasibility of recruitment into this pilot study was limited by a series of strict inclusion 

criteria, for instance, individuals over 80 years of age, and people with haemorrhagic 

strokes were excluded. All inclusion criteria were based on previous tDCS and TMS studies 

in healthy individuals and stroke populations. Although the inclusion criteria limited 

recruitment, the reasons were based on sound rationales and a large body of research in 

the field of NIBS. The investigators in this study form a very comprehensive team of 

clinicians: experts in the field of stroke management, neurorehabilitation, movement 

disorders, and NIBS, who concurred that none of the selection criteria could have been 

changed. Therefore, this limitation would remain for a larger trial. The findings of this 

study and a larger study will not be able to be extrapolated to all stroke patients since 

many of them are older, and/or individuals with multiple comorbidities, or behaviours 

such as drug and alcohol abuse, that would exclude them from this treatment approach. 

There were limitations on the outcome measures used to evaluate change beyond the 

intervention phase of this study. For instance, in the follow up assessment phase, no data 

were collected to estimate ‘real world’ limb use which may have influenced functional 

outcomes, particularly at POST test occasions two and three.  

BDNF genotyping has been shown previously to influence neuroplastic responses to 

central nervous system insult.112,113,226,231,233 Collection of biochemical markers was 

considered to be outside the scope of this pilot study, and would have considerably added 

to study costs.  

5.6.3 Limitations on the Ability of the Current Data to Inform the Design of a Phase II 

RCT.  

Lack of a defined MCID from FMUE data in acute stroke cohorts on which to base sample 

size estimation was a limitation for this study, and still remains one for a Phase II trial. The 

improvements seen in both groups prevented the development of an effect size for the 

addition of tDCS to standard care which could have informed future sample size 

estimation. However it is possible that the originally proposed sample size, based on 
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subacute and chronic cohorts may not be adequate to detect a difference between 

groups. From existing data it was clear that it was not feasible to attain a sample of 37-40 

participants within the participating sites, despite adding additional sites during this pilot. 

The present pilot data on outcomes of ctDCS versus sham stimulation combined with 

usual care need to be interpreted as preliminary indications of possible efficacy only. It is 

important to note that many of the issues regarding feasibility may be local to stroke 

services in the Perth metropolitan area only, and may not be generalizable to other 

settings. The next section will discuss how these issues could be addressed in a future 

Phase II trial.  

5.7 Future Recommendations  

The recommendations for future Phase II trials arising from this thesis investigation are 

as follows: 

1. Further Developments to Standardisation and Documentation of UL Rehabilitation 

Improvements could be made to the UL template, such as the addition of evidence to 

support the included therapies. It is important to consider that many recommended 

therapies for UL rehabilitation with a strong evidence base, such as CIMT or robotic 

therapy, may not always be feasible to apply in acute rehabilitation settings. Inclusion of 

data from other stroke units throughout WA and even nationwide, would give a more 

comprehensive snapshot of current UL rehabilitation practice, and could help to inform a 

treatment template for standard UL rehabilitation that could be used across many similar 

trials. Also the addition to the template of a log to record the time spent in UL 

rehabilitation or behavioural mapping studies of therapists in both acute and subacute 

care, could help to define how much time therapists are spending on UL rehabilitation in 

Australian stroke services, the number of repetitions per session, and time spent on self-

management and practice of UL exercises out of therapy time. This could help to control 

for the confounding effect of a potentially larger dose of therapy than is usual for the 

service being applied as part of a future study. A future UL rehabilitation template should 

continue to make distinctions between acute, subacute and later stages of rehabilitation, 

as well as stratifying treatment strategies by severity of and type of impairment. In 



 

Page | 242 

future, this UL template could be implemented in clinical settings as a tool to inform 

novice therapists and students. Use amongst more experienced clinicians could facilitate 

ease of documentation of treatment given. 

 

2. Phase II tDCS and UL Rehabilitation Trials 

A properly powered Phase II clinical trial of ctDCS versus sham stimulation in addition to 

standard UL therapy would assist in establishing the most suitable cohorts for adjuvant 

ctDCS post-acute and subacute stroke, and may determine the effect of this intervention. 

In addition, there are a range of electrode montages (anodal, cathodal, and 

bihemispheric), outlined in the literature with scant data for the use of any of these 

montages in acute stroke populations. These need to be carefully investigated to 

establish any advantages of one electrode montage over another in this clinical cohort. 

Furthermore, the use of HD-tDCS is yet to be tested in acute stroke cohorts.  

Although not common practice in acute stroke units, the confirmation of stroke with MRI 

should be considered as MRI would have greater sensitivity for identifying acute 

infarction. Cerebral infarcts in the acute setting may remain occult on CT evaluation. 

Early and more accurate diagnosis would potentially increase the pool of subjects 

available for recruitment into a Phase II trial. 

 

Randomisation could be performed using sophisticated tools such as the customised 

software used by Cathy Stinear and colleagues www.rando.la, or a device such as the 1x1 

tDCS clinical trials (www.soterixmedical.com/tdcs/ct) which comes with programmable 

randomisation functions. In addition, stratification could also be improved by using tools 

like the PREP algorithm23 and BDNF genotyping102,115 as BDNF genotype may influence 

plasticity and learning,114 and therefore could have an influence on treatment outcomes. 

 

Another consideration for a Phase II trial is the addition of additional FMUE assessments 

during the intervention in order to identify when initial improvement in motor function 

commences. This recommendation is based on reports by the treating therapist in this 

http://www.rando.la/
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study who observed an improvement in UL movement after the first five sessions (in 

both groups) and noted that, following the two day rest period, participants frequently 

showed additional improvements. This may be due to a consolidation effect of training. 

The addition of a one-month post intervention assessment to track rate of improvement 

after POST 1, could be used as an additional measure of motor recovery, and determine if 

a plateau in improvement occurs prior to the three month follow up. The current study 

showed that participants in the cathodal tDCS group demonstrated a trend of ongoing 

improvement after four months post-stroke, whilst improvements in the sham group 

plateaued after POST 1 (immediately after cessation of intervention). If powered by an 

adequate sample size, evaluation at a range of time points could assist in providing data 

about how long treatment is required for, and whether ctDCS in the acute phase post- 

stroke alters the trajectory of improvement, as has been observed during a study115 of a 

‘priming’ intervention involving active-passive bilateral wrist movement. These data 

would be useful to develop treatment protocols to assist clinicians and researchers in 

bringing this adjuvant technique from lab to bedside, if efficacy studies support its use, 

and most importantly, as the literature260 suggests, to better stratify subjects according 

to their stage post-stroke and their level of impairment.  

 

More objective documentation on tDCS safety and adverse effects is required and this 

may be facilitated by the inclusion of well-established questionnaires such as the one 

proposed by Brunoni et al (2011)287 into study protocols. 

Future RCTs also need to carefully monitor the content of overall therapy and levels of 

functional UL activity post discharge from inpatient or formal rehabilitation, to address 

the issue of whether this has an effect on their status at longer term follow up. 

Maintaining careful records of all post-discharge therapy received by each participant, 

including intensity and frequency of rehabilitation, and levels of functional activity (for 

instance using an activity log), could help to account for this potential confounding 

influence. This however would add a considerable burden of data collection, and 

potentially associated costs, to a future study.   
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3. Multisite Trials 

Data from this study strongly suggest that recruiting a sufficient sample size to examine 

the efficacy of the addition of ctDCS to usual rehabilitation of the UL in acute stroke 

would not be achievable at a single stroke service.  Multisite trials examining the effect of 

tDCS post-acute and subacute stroke could also contribute to a clearer understanding of 

IHI dynamics in the acute/subacute period and any effect of application of tDCS on 

interhemispheric interaction in these populations. Multisite trials with their own site 

investigators, including tDCS-trained staff, and assessors, as well as staff with proficiency 

in using TMS to assess cortical excitability and intra- and inter-hemispheric activity, 

would facilitate data collection and increase the likelihood of achieving an adequate 

sample size. Researchers could consider establishing multinational collaborations in order 

to improve multisite trial models, and therefore, capture greater populations. Two 

examples of such collaborations are the NETS subacute-stroke and UL rehabilitation trial 

in Europe, which encompasses four countries and a total of 13 sites, and which just 

recently, added five sites to increase recruitment rates. This approach may also attract 

more lucrative funding opportunities, as inter-institutional collaboration is highly valued 

by many funding bodies. 

Careful selection of other participating sites is imperative for the success of a future RCT, 

as the literature270 cautions that more is not necessarily better, and therefore 

researchers should establish collaborations with enthusiastic stroke units and use stroke 

collaborations as a forum to promote such studies.  

4. Alternative Outcome Measures 

Other domains that need to be addressed further or improved in a future Phase II trial 

include: better evaluation of neurophysiological change using a variety of TMS, 

methodologies, bio-measures such as BDNF changes pre- and post-intervention as a 

measure of neuroplasticity, genotyping for better participant stratification, considering 

including a measure of ‘real world’ limb use such as the Motor Activity Log (MAL), as well 

as more general quality of life measures such as the Health-Related Quality of Life 
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(HRQoL) measure that may be more sensitive to changes related to improved UL 

function, and subsequent participation,  in the later stages of recovery.  

5. Further Safety tDCS Trials 

Studies investigating the safety of applying tDCS to haemorrhagic strokes are required, as 

currently there is insufficient data to make a judgement for or against this proposition. 

This proposal needs to be carefully considered based on well-established safety 

recommendations for the use of this modality such as the upcoming tDCS safety 

guidelines being prepared by Michael Nitsche and Adam Woods.  
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6. Conclusion 

This pilot investigation of the safety and feasibility of the application of ctDCS and UL 

rehabilitation post-acute stroke, demonstrated that it was feasible to conduct a multisite 

RCT in an acute stroke population, and that it was safe and feasible to apply ctDCS as early 

as seven days post-stroke. However, it was not feasible to recruit a proposed sample size 

of 17 to 20 subjects per group. The data obtained from this pilot for an acute stroke 

population was not adequate to estimate a MCID for the FMUE, and therefore, the 

investigators were unable to provide an improved estimate for the required sample size 

for a Phase II trial. There were many limitations to this investigation including data 

collection from the notes audit, and restriction of the consensus gathering to a small 

cohort of therapists, the UL rehabilitation template being restricted to a record of current 

practice and not representing evidence-based practice, the limited resources such as 

staffing and funding, transport constraints, geographical restrictions for accessing TMS 

assessments and inclusion of other sites, and the constraints on the recruitment period 

due to the principal investigator’s university enrolment. 

 Further recommendations for a future Phase II trial were the inclusion of additional sites, 

even outside of WA, use of more sophisticated methods of randomisation and 

stratification, and use of biomarkers for measures of neuroplasticity. In agreement with 

the existing literature, 264,268  resources such as adequate staffing and finances were the 

main limiting factors influencing feasibility of this study. Furthermore, feasibility and total 

costs are influenced by two central factors: the required sample size, and recruitment 

efficiency.270  

Adjunct NIBS technologies may assist the recovery of movement and UL function after 

stroke, however, the evidence is yet to confirm efficacy of tDCS on UL recovery in acute 

cohorts, and to identify which patients may be more likely to benefit from tDCS in addition 

to stroke rehabilitation. In conclusion, the application of ctDCS in conjunction with UL 

rehabilitation is safe and feasible in a cohort of acute stroke patients. This should be 

further explored in a well-funded Phase II multisite trial, in order to determine if the 

application of ctDCS post-acute stroke is effective.  
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In summary this study found the following: 

1. It was not feasible to recruit a sufficient sample size to conduct an efficacy evaluation 

based on the sample size estimation derived from the FMUE data in chronic stroke 

cohorts (17 to 20 subjects per group) using the single recruitment site model originally 

applied in this study. A multicentre approach would be required.  

2. It was feasible to document a consensus approach to standard UL therapy post-stroke, 

as well as implementing this ‘standard of care’ package in a pilot and feasibility study. 

Therefore it would also be feasible to use this ‘standard treatment’ in a future Phase II 

RCT.  

3. On the basis that there were nil adverse events caused by ctDCS, and all minor 

adverse effects reported were on par with other reports, it is concluded that it is safe 

to apply 10 x 20 minute sessions of ctDCS to the unaffected M1 within the first two 

weeks post-stroke onset.  

4. It was feasible to measure a range of domains including: overall stroke severity 

(NIHSS), motor recovery in the stroke affected UL (FMUE scale), spasticity in the 

stroke affected UL (Tardieu Scale) and mood (Post-stroke Depression Scale) within 

the first two weeks from stroke onset and continuing for at least four months post-

stroke. It was not feasible to measure dependence on assisted care (FIM), at the same 

time points as the other measures due to training requirements, and the allocated 

time points were not congruent with usual practice (FIM assessments at admission 

and discharge). It was not always feasible to measure corticomotor excitability in 

both the affected and unaffected ULs (TMS), firstly due to constraints in accessing the 

TMS lab and staffing issues, and due to failure to identify MEPs in the affected UL in 

some individuals with acute stroke at baseline and even at four months post-stroke, 

despite one subject having some volitional movement at the time of TMS assessment.  

5. It was not possible to use FMUE Scale data in this pilot cohort to explore variance of 

this measure in acute stroke, and to establish an MCID in this cohort, therefore, it 

was not possible to estimate a more precise sample size for a future Phase II trial 

from the current data. 
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Registered tDCS and UL Rehabilitation Post-Acute and Subacute Stroke 
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Search: “tDCS” and “Stroke” and “Upper Limb” and “Rehabilitation”                               
Date: August 9th, 2015      Source: www.clinicaltrials.gov  

Study Title Study Information Protocol 

Rehabilitation Combined 

with 

Bihemispherictranscranial 

Direct Current 

Stimulation in Subacute 

Ischemic Stroke 

(RECOMBINE) 

 

 

ID: NCT01644929 
Investigators: Dr. Carlo Cereda  
 & Dr. René Müri 
Study Design: RCT, crossover, 
double blind efficacy study 
Location: Switzerland 
Sites: 3 inpatient 
neurorehabilitation centres. 
Estimated Enrolment : 36 
subacute stroke patients  
Study Start Date: March 2013 
Estimated Completion Date: 
October 2015 
Recruitment Status: Recruiting 

Exp 1: 1tDCS-sham tDCS, 
then cross over to sham 
stimulation. 
Exp 2: Sham-tDCS Sham 
stim, then cross over to 
tDCS stimulation. 
Sham comparator: 3 sham-
sham treatment for 6 
weeks daily  
 
(1.5 mA, 20mins 
stimulation time, 30 mins 
for 15 days over a 3 week 
period) 
 

Transcranial Direct 
Current Stimulation and 
Robotic Therapy in Upper 
Limb Motor Recovery 
After Stroke 

ID: NCT02496026 
Investigators: Dr.Federico 
Posteraro 
Study Design: Randomised 
controlled trial, efficacy study 
Location: Italy 
Sites: 1 Rehabilitation Centre 
Estimated Enrolment : 20, 
subacute 
Study Start Date: July 2014 
Estimated Completion Date:  
July 2016 
Recruitment Status: Recruiting 

Active group:  atDCS + 
wrist robot therapy 
Sham Comparator: sham 
tDCS plus wrist robot 
therapy 
 
(2mA, 20 mins tDCS, 30 
mins session, amount of 
sessions not specified) 

Combining Transcranial 

Direct Current 

Stimulation (tDCS) with 

Robot Therapy for the 

Impaired Upper Limb in 

Early Stroke 

Rehabilitation 

ID:NCT01405378 
Investigators: Professor Jane 
Burridge & Lisa Tedesco 
Study Design: Double blind 
RCT, safety & efficacy study 
Location: UK 
Sites: 1 University of 
Southampton 
Estimated Enrolment : 50 
Acute, subacute & chronic 
Study Start Date: October 
2011 

Active group:  atDCS + UL 
robot therapy 
Sham Comparator: sham 
tDCS plus UL robot therapy 
 
(8 week training program, 
other parameters are not 
specified) 
 
 
 

http://www.clinicaltrials.gov/


Estimated Completion Date: 
September 2013 
Recruitment Status: Not 
updated 

Changes in Cortical 
Excitability Associated 
with Upper Limb Motor 
Recovery – a Study of 
Neural Strategies 
Employed in Motor 
Recovery 

ID: NCT02325427 
Investigators: Dr Effie Chew & 
Dr Ning Tang 
Study Design: double bind RCT, 
safety/efficacy study 
Location: Singapore 
Sites: 1 National University 
Hospital 
Estimated Enrolment : 119, 
acute stroke ( 5 to 14 days 
post-stroke) 
Study Start Date: November 
2014 
Estimated Completion Date: 
October 2016 
Recruitment Status: Recruiting 

Active group:  atDCS  
Sham Comparator: sham 
tDCS  
 
 (1mA , 20 mins, 10 
sessions) 

Robotic Therapy and 
Transcranial Direct 
Current Stimulation in 
patients with Stroke 
(ROTS) 

ID: NCT02416791 
Investigators: Thais Tokuno & 
Dr Adriana B Conforto 
Study Design: Double blind 
RCT, safety/efficacy study 
Location: Brazil 
Sites: 1 Hospital das Clinicas 
Estimated Enrolment : 51, 
acute and subacute stroke (3-9 
weeks post stroke) 
Study Start Date: June 2015 
Estimated Completion Date: 
December 2016 
Recruitment Status: Recruiting 

Active groups:  (1)ctDCS + 
UL robot therapy + PT 
(2)sham tDCS +UL robot 
therapy + PT 
Sham Comparator:  
Sham tDCS+PT+OT 
 
 
(1mA, 20 mins stimulation 
and 40 UL therapy3x/week 
for 6 weeks, total of 18 
sessions) 

A Double-blind, sham-
controlled, Randomized 
Clinical Trial on Stroke 
Treatment using 
Transcranial Direct 
Current Stimulation 
(START-tDCS) 

ID: NCT02156635 
Investigators: Suellen Andrade 
Study Design: Double-blind, 
sham-controlled RCT 
Location: Brazil 
Sites: 1 Universitity of Paraiba 
Estimated Enrolment : 40 
acute stroke 
Study Start Date: June 2014 
Estimated Completion Date: 
October 2015 
Recruitment Status: Recruiting 

Active group:  atDCS + 
CIMT 
Sham Comparator: sham 
tDCS plus + CIMT 
 
Longitudinal study:  
bimonthly tDCS for 12 
months if significant effects 
are found. 
(10 sessions over 2 weeks, 
amplitude not specified) 

Study to Enhance Motor 
Acute Recovery with 
Intensive Training After 
Stroke (SMARTS2) 

ID: NCT02292251 
Investigators: Dr John 
Krakauer 
Study Design: Randomized, 

Active group:  (1)Device-
assisted UL therapy + tDCS 
(2)Therapy-based OT 
 



single-blind, safety/efficacy 
study 
Location: USA & Switzerland 
Sites: 3 Universities 
Estimated Enrolment : 72 
acute & subacute stroke (5 
weeks post) 
Study Start Date: May 2015 
Estimated Completion Date: 
September 2017 
Recruitment Status: Recruiting 

Sham Comparator: Device-
assisted therapy with sham 
tDCS 
 
(30 hours of therapy with 
Armeo Power device, type 
of tDCS and amplitude not 
specified) 

Late LTP-like Plasticity 
Effects of tDCS in 
Subacute Stroke Patients 

ID: NCT02393651 
Investigators: Rick van der 
Vliet 
Study Design: Double-blind, 
RCT 
Location: Netherlands 
Sites: 1 Medical Centre 
Estimated Enrolment : 50 
acute and subacute stroke (1-3 
weeks post) 
Study Start Date: March 2015 
Estimated Completion Date: 
March 2017 
Recruitment Status: Recruiting 

Active group: 
Bihemispheric tDCS + UL 
motor training  
 
Sham Comparator: sham 
tDCS + UL motor training 

(late LTP-like plasticity 
bihemispheric tDCS, 
2x/week for 4 weeks, 
intensity not specified) 

Functional Interest of 
Non Invasive Brain 
Stimulation During 
Physiotherapy at a 
Subacute Phase Post 
Stroke (Anodal Protocol): 
ReSTIM 

ID: NCT01500564 
Investigators: Dr Sophie 
Jacquin-Courtois 
Study Design: Double-blind, 
RCT, efficacy study 
Location: France 
Sites: 2 rehabilitation hospitals 
Estimated Enrolment : 20 
subacute stroke (1-6 months 
post) 
Study Start Date: December 
2011 
Estimated Completion Date: 
August 2016 
Recruitment Status: Recruiting 

Active group:  atDCS + 
motor training 
 
Sham Comparator: sham 
tDCS + motor training 
 
(1mA, 10 sessions over 2 
weeks, 20 mins) 

Safety of Transcranial 
Direct Current 
Stimulation in the 
Subacute Phase After 
Stroke (NEUROSTIM) 

ID: NCT02455427 
Investigators: Dr Danielle 
Boasquevisque & Dr Adriana 
Conforto 
Study Design: Double-blind 
RCT, safety & efficacy study 
Location: Brazil 
Sites: 1 hospital 
Estimated Enrolment : 40 
acute & subacute stroke(72 

Active group:  20 mins 
atDCS followed by 60mins 
PT 
 
Sham Comparator:  
20 mins Sham tDCS 
followed by 60 mins PT 
 
(1mA,6 sessions, 3x/week, 
for 2 weeks) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hours to 6 weeks post) 
Study Start Date: May 2015 
Estimated Completion Date: 
June 2017 
Recruitment Status: Not yet 
open 

Transcranial Direct 
Current Stimulation 
(tDCS)- Enhanced Stroke 
Recovery 

ID: NCT01007136 
Investigators: University of 
Texas Southwestern Medical 
Center 
Study Design: Double-blind, 
RCT, safety & efficacy study 
Location: USA 
Sites: 1 medical centre 
Estimated Enrolment : 62 
acute stroke (5 to 15 days post) 
Study Start Date: March 2009 
Estimated Completion Date: 
March 2014 
Recruitment Status: 
Completed 

Active group:  atDCS + OT 
 
Sham Comparator:  
Sham tDCS +OT 
 
(1mA, 20 mins during 1 
hour of therapy) 
 

Bihemispheric 
Modulation of the Motor 
Cortex by Single-session 
Transcranial Direct 
Current Stimulation in 
Subacute Stroke Patients 

ID: NCT02158312 
Investigators: Dr I-Hui Lee 
Study Design: Double-blind, 
cross over RCT 
Location: Taiwan 
Sites: 1 Hospital 
Estimated Enrolment:  30 
Acute & Subacute stroke (2-4 
weeks post) 
Study Start Date: May 2014 
Estimated Completion Date: 
May 2017  
Recruitment Status: Recruiting 

 
Bihemispheric tDCS + UL 
therapy, 2 days rest, 
followed by sham tDCS + 
UL therapy 
 
(2mA, 20 mins, single-
session) 
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APPENDIX 3 

Collated Site Summary Report 

 

        A pilot investigation of the effect of cathodal transcranial direct current 
stimulation (ctDCS) plus standard upper limb rehabilitation to augment motor recovery 
post-acute stroke. 

 

COORDINATING PRINCIPAL INVESTIGATOR: JIMENA (MENA) GARCIA-VEGA  

(SENIOR PHYSIOTHERAPIST SCGH) HREC TRIAL No:  2012-127 

PHASE II: Qualitative process to determine a consensus on standard upper Limb therapy 

Aims: 

 To discuss audit results i.e. commonly reported PT and OT terminology / 
documentation from audited files.  

 To establish the most common PT and OT interventions for management of the UL 
at SCGH, OPH, and RPRH.  

 To establish interventions that will only be completed by the ward PT and OT vs. 
interventions that will be completed by the study’s treating therapist. 

 To define terminology identified from the audit and to reach a consensus on these 
definitions. 
 

The following focus groups were held at the participating sites: 
 

Site Date Therapists Involved 

SCGH 
(Acute care facility) 

20/02/13 
 
 
19/02/13 

PT: Tracy Beckwith, Leanne 
Cormack, Anya Calame, Jaye 
Lange. 
OT: Ellen Seah Ducrow, Emma 
Hill, Sascha Holbrook, Jemma 
Vyse, Kate Kruger, Danielle 
Carvalho.  
E-mail contact: Courtney 
Janzen, Sarah Bennet & Tony 
Heinemann 

OPH  
( Rehabilitation facility for 
older adults >65 years) 

08/03/13  
 
08/03/13 

PT: Jessica Nolan 
E-mail contact: Claire Tucak 
OT: Kim Keeley 

RPRH 
(Rehabilitation facility for 
younger adults < 65 years) 

26/03/13 
 
26/03/13 

PT: Karen Smith, Alisha 
Anderson, Joanna Fisher 
OT: Sarah Rose, Ashlea 
Dichiera, Jocelyn White 



 

The following was openly discussed and agreed: 

All ward therapists not to do specific UL training (listed below) including during the two 
week intervention period of the study 

 Sensory stimulation / re-training & proprioceptive input 
 Repetitive task based UL training i.e. reach and grasp practice 
 Strength training or theraputy  exercises 
 Active assisted UL re-training & ranging including grasp and release practice 
 Movement facilitation (i.e. active assisted)  
 Fine motor skills (dexterity exercises, fine motor retraining such as bolt & screwing 

tasks, finger / thumb opposition, pincer grasp, facilitation of intrinsic hand activity 
by working on intrinsics and lumbricals). 

 NMES  
 Joint mobilisations 
 Bobath techniques 
 Mirror box therapy 
 Visualisation / mental imagery 
 Pt ed: Self PROM 
 UL muscle releases for tone management 
 Active assisted UL exercises 
 Facilitation of bilateral tasks 
 UL and hand exercises including hand writing / pen skills 
 PNF movement facilitation 

 

Any of these interventions and task specific activities can be incorporated during the UL 
intervention phase on a need basis and as per requested by ward therapists.  

 

Treating therapists will continue current practice including: 

 PT/OT Neurophysical assessment  
 Passive PROM / ranging 
 UL positioning 
 Dynamic balance work or trunk facilitation (if applicable). 
 Gait re-training  
 Oedema management 
 Splinting 
 ADL/Functional retraining 
 Practicing grooming, dressing, showering, feeding (where the number of actual 

task repetitions is quite low and the focus is on aids/equipment use and strategies 
to enhance independence).  

Any queries please contact Jimena (Mena) Garcia- Vega pager 4235  

                                                   Thank you! 



APPENDIX 4 

Cathodal tDCS Application & Electrode Montage 

 

This appendix illustrates a classical tDCS electrode montage and application also known as 
the EEG 10/20 system. All information and figures were collated from the video and article 
by  DaSilva, A.F., Volz, M.S., Bikson, M., Fregni, F. Electrode Positioning and Montage in 
Transcranial Direct Current Stimulation. 2011.J. Vis. Exp. (51)1  

 

 
 
                       Figure 1: Nasion and Inion Position 

 

 

 Nasion – point between the forehead and nose, at the junction of the nasal bones.  
 Inion – most prominent point of the occipital bone. 

 

Measurements 

1. Make sure the subject is seated comfortably. 

2. The EEG 10/20 system is used to find the area of stimulation (Figure 2) 

3. Find  the Vertex:   

 Measure the distance of nasion to inion and mark halfway using a skin marker    
(Figure 2). 

 Measure the distance between the pre-auricular points and mark halfway. Mark both 
halfway spots to find the Vertex.  



 
Figure 2: Vertex Position. Cortical areas marked according to the 10/20 system. 

 

Location of primary motor cortex, or M1 

1. Use 20% of the auricular measurement and measure this distance from the vertex along 
auricular line (C3) line (to the side of the Vertex) (Figure 3). This spot should correspond to 
C3/C4 EEG location.  

 

 
 

Figure 3: Motor cortex Position. Cortical areas marked according to the 10/20 system. 

 

 

 

 



Skin Preparation 

1. Inspect the skin for any pre-existing irritation, cuts, or lesions - avoid stimulating over 
damaged skin and over skull lesions. 

2. To increase conductance, move hair away from the site of stimulation and clean the 
surface of the skin to remove any signs of lotion, dirt, etc, and allow it to dry. For subjects 
with thick hair, use of conductive gel may be necessary. 

Electrode Placement for ctDCS over Contralesional Side 

1. Place the longest rubber head straps around the head circumference. The strap should 
be placed under the inion as to avoid movement during stimulation.  

2. Each side of the sponges should be soaked with saline solution. For a 35 cm2 sponge, 
approximately 6 mL of solution per side may suffice (total of 12 mL per sponge). 

3. Connect the cables to the device. Ensure the connection polarity is correct, typically red 
indicates the Anode electrode (+), and black indicates the Cathode electrode(-).  

4. Slide the conductive rubber inset into the wet sponge.  

In regard to saline application it was decided to apply 10 to 14 mls of saline solution to 
each electrode (7 at the front and 7 at the back). For participants with less hair a reduced 
amount of 10 mls was applied.  Participants were asked to have clean hair during the 
intervention phase. 

5. Place the anode sponge electrode below the elastic head strap supraorbital (above the 
eye socket). Ensure that excessive fluid is not ejected from the sponge unto the scalp 
during this process as this will spread current flow across the scalp and deplete the sponge 
of fluid. 

6. Connect the shortest head strap to the long strap along the coronal plane (i.e. from ear 
to ear) 

7. Place the cathode sponge electrode over the marked M1 spot and under the short 
head strap. Make sure this is over the unaffected M1! 

 

It is recommended to have sufficient distance between electrodes. Modeling studies 
recommend that to be of at least 8cm when using 5x7cm electrodes. 

 

 

 

 

 

 

 

 



Start tDCS 

1. The subject should be relaxed, comfortable and awake during the procedure.  

2. Adjust the settings on the tDCS stimulator that you want to stimulate with, including 
the intensity, time, and if applicable to your device, the sham condition setting  

3. Now initiate the tDCS. To reduce any adverse effects start current flow by ramping up 

the current (This tDCS device does it automatically).  

4. Some subjects may experience discomfort during the initial tDCS period. In such cases 
the current may be moderately decreased for a temporary period, for example by 50%, as 
the subject adjusts, then gradually increased back up to the desired level.  

5. At the beginning of stimulation, the majority of subjects will perceive a slight itching 
sensation, which then fades in most cases. Similarly, rapid changes of the stimulating 
circuit immediately might induce peripheral nerve firing. These effects can be largely 
avoided by ramping the current up and down at the beginning and end of treatment. 

6. After the stimulation, current flow should be ramped off as well.  

It’s very important to check for appropriate electrode contact and sponge dehydration 
and movement during stimulation. More saline solution can be applied with a syringe.  

http://www.jove.com/video/2744/electrode-positioning-montage-transcranial-direct-
current 

After the procedure 

Clearly document any itching, tingling and burning sensations, headache and discomfort.  

  

1.  Da Silva A, Volz M, Bikson M, Fregni F. Electrode positioning and montage in transcranial direct current 
stimulation. J Vis Exp. 2011;51(e2744):1-12.  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jove.com/video/2744/electrode-positioning-montage-transcranial-direct-current
http://www.jove.com/video/2744/electrode-positioning-montage-transcranial-direct-current


APPENDIX 5 

Screening Log 

 

HREC Trial No:2012-127    

PTSticker       Stroke 
Call       

CT/ MRI    Further Screen Required (Y/N) & Reason 

 
 
 
 
 
 

   

 
 
 
 
 
 

   

 
 
 
 
 
 

   

 
 
 
 
 
 

   

 
 
 
 
 
 

   

 
 
 
 
 
 

   

 

 



APPENDIX 6 

Screening Form, Outcome Measures & TMS Assessment Log 

 

 A pilot investigation on the safety and feasibility of the application of cathodal 
transcranial direct current stimulation (ctDCS) to the contralesional hemisphere plus standard 
upper limb rehabilitation post-acute stroke. 

HREC Trial No:2012-127    

 

COORDINATING PRINCIPAL INVESTIGATOR: JIMENA (MENA) GARCIA-VEGA  

    SENIOR PHYSIOTHERAPIST 0434864334 

 

Participant’s Name:      

         

 

 

Participant’s number: 

 

Consultant Neurologist: 

 

 

 

Consent for study: □ YES    □ NO  Date: 

Stroke On set: 

 

War  Screening Date: 

tPA/ Thrombectomy:   

 

Ward:     

NIHSS (estimate): 

Mild (0-7) 

Moderate (8-16) 

Severe (>16) 

CT/MRI: 

Ward PT: 

 

Ward OT: 

 

PMH: 

 

Medications: 

 



 

INCLUSION CRITERIA 

 First ever ischaemic stroke (cortical or subcortical) involving the MCA territory based on imaging 
findings.    □ YES    □ NO 

 Stroke onset ≤ 1 week prior to study enrolment. □ YES    □ NO 
 Moderate to severe hemiparesis based on the Fugl Meyer Upper Extremity assessment  

□  35-52 moderate   □ ≤ 35 severe upper limb deficit       □  Mild UL impairment (not suitable)        

 Detectable motor evoked potentials (MEPs) in the affected hand muscles via TMS assessment. □ 
YES    □ NO     Date of Ax:_______________ 

 Stable blood pressure parameters within limits approved by treating neurologist. □ YES    □ NO 
 Age between 18 to 80 years old.  □ YES    □ NO    Age:_________ 
 MMSE ≥ 24    □ YES    □ NO    Score: _________ 

 

EXCLUSION CRITERIA 

 Pre-existing upper limb impairment causing functional limitation         □ YES    □ NO     
 Hemiplegic shoulder pain        □ YES    □ NO     
 Metallic foreign body implant (pacemaker or artificial cochlea)  □ YES    □ NO     
 History of seizure or another unstable medical condition           □ YES    □ NO    
 Pregnancy   □ YES    □ NO     
 Severe language disturbance  □ YES    □ NO  FAST Score:____________ 
 English as a second language □ YES    □ NO     
 Severe Neglect Star Cancellation test (score of < 44 out of 54 points) □ YES    □ NO 

Score:________ 
 History of depression, alcohol or drug abuse  □ YES    □ NO     
        Coexistent neurological or psychiatric disease  □ YES    □ NO     
 Current treatment with antidepressants, antipsychotics or benzodiazepines   □ YES    □ NO     
 Current treatment with Na+ or Ca 2+ Channel blockers or N-methyl-D-aspartate (NMDA) 

receptor antagonists.  □ YES    □ NO     
 
This patient would make a suitable participant for this study □ YES    □ NO 

Comments:________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________ 

 

Signatures 

 

 

Jimena Garcia-Vega 

Coordinating Principal Investigator 

 

 

Consultant Neurologist / Registrar/ RMO 

 

 



 

  A pilot investigation of the effect of cathodal transcranial direct current stimulation 

(ctDCS) plus standard upper limb rehabilitation to augment motor recovery post-acute stroke. 
 
HREC Trial No: 2012-127    

 
COORDINATING PRINCIPAL INVESTIGATOR: JIMENA (MENA) GARCIA-VEGA  

          SENIOR PHYSIOTHERAPIST PAGER 4235 
 

Participant’s Details:      
         
 
 
Participant’s number: 
 

Consultant Neurologist: 
 
Consent for study: □ YES    □ NO   
 
Date: 

Stroke On set: 
 

War   Start of intervention phase:   
 
End of intervention phase: 

 

Assessing Therapist: 
 

Ward:     

NIHSS (estimate): 
Mild (0-7) 
Moderate (8-16) 
Severe (>16) 

CT/MRI: 

Ward PT: 
 
 

Ward OT: 
 

 
 

OUTCOME MEASURES 
 

ASSESMENT SCREENING BASELINE POST 1 
(1 DAY) 

POST 2 
(2 WEEKS) 

POST 3 
(3 MONTHS) 

Fugl Meyer UE       

TMS- MEPs      

FIM score      

Tardieu 
Spasticity  
Scale 

Shoulder: 
Elbow: 
Wrist: 
Fingers: 

    

Post Stroke 
Depression 
Scale scores 

Section1: 
Section 5: 
Section 6: 

    

 



TMS ASSESSMENT LOG 
 

ASSESMENT SCREENING BASELINE POST 1 
(1 DAY) 

POST 2 
(2 WEEKS) 

POST 3 
(3 MONTHS) 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

    

  
 

    

  
 

    

 
 

     

 
 
Nasion to Inion distance :           Half way mark : 
Tragus to Tragus :                         Half way mark : 
MEP present Y/N : 
M1 position on cap : 
Resting Motor Threshold (RMT) : 
1Mv : 
Recruitment Curve(RC) : 
 
 
Additional comments / Significant events : 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 

 

 

 

 

 

 

 



 

 

APPENDIX 7 

Participant Information Sheet 

 

 

PART IC IPANT I NFO RM ATIO N SHEE T  

 

Standard upper limb therapy treatment with non-invasive brain 
stimulation to after stroke 

 

Senior Physiotherapist JIMENA (Mena) GARCIA-VEGA 

Please take time to read the following information carefully and to discuss it with your family, 
friends and doctor if you so wish.  If any part of the information is not clear to you, or if you would 
like more information do not hesitate to ask us to explain it more fully.  Make certain you do this 
before you sign the consent form to participate in this study. 

 

Who is funding this study? 

The Sir Charles Gairdner Group Research Advisory Committee and SCGH Physiotherapy 
Department. 

Contact persons: 

If you have any questions about the study you can contact: 

Senior Physiotherapist Jimena (Mena) GARCIA-VEGA  

Phone No. 9346 3333, pager 4235 (8:00 to 4:30) 

 

Decision to Participate: 

Your decision to participate in this study is voluntary, that is, you may decide to be in this study or 
not take part in it at all. If do you decide to participate, you are able to change your mind at any 
time during the study.  However, before you make any decision, it is important that you 
understand why this study is being done and what it will involve, including your rights and 
responsibilities.  You will also be given a copy of this Participant Information Sheet and Consent 
Form to keep for your personal record. 

Any decision you make will not affect your regular medical care or any benefit to which you would 
otherwise be entitled. 

 

 

 

http://www.google.com.au/url?url=http://radoncwa.org.au/employment-opportunities/sir-charles-gairdner-hospital/&rct=j&frm=1&q=&esrc=s&sa=U&ei=jelNVNbLK6aMmwWgkYCYBA&ved=0CBYQ9QEwAA&usg=AFQjCNH-Se21wPSPyxm9A9QClm-andJrmw


The Participant Information Sheet explains the study and includes details such as: 

 what is the purpose of this study; 
 why this study might be suitable for you; 
 what is non-invasive brain stimulation- transcranial magnetic stimulation (TMS) and 

transcranial direct current stimulation (tDCS). 
 possible benefits and risks (side-effects) from having non-invasive brain stimulation; 
 the type and frequency physical tests or procedures that you will need to have as part of 

this study; 
 what your rights and responsibilities are if you agree to participate;  

 

What is the purpose of this study? 

The purpose of this study is to see whether it is safe an achievable to apply non-invasive low-
intensity transcranial direct current stimulation (tDCS) plus standard arm therapy early days after 
stroke.  The main purpose for applying of cathodal or inhibitory tDCS is to reduce the unwanted 
over activity of the healthy side of the brain, which is commonly seen after a stroke and can slow 
the recovery process. This has been successfully done on patients 2 to 12 months after stroke, and 
now this study is trying to find out if this is safe and possible only 7 to 15 days after stroke.  

 
Why is this study suitable to me? 
You are suitable for this study because you have had a stroke which has affected the movement of 
one side of your body. Therapy is part of the rehabilitation process and we want to give you the 
best opportunity to take advantage of it in the early stages of recovery. Your doctor (neurologist) 
has already been informed that you are a suitable candidate for this study and has given his 
permission to approach you and tell you about this study.  

 

How long will I be in this study? 

If you decide to participate, you will be involved in the study from approximately one week after 
your stroke, followed by 10 treatment sessions over a 2 week period. Follow up assessments will 
be completed at 3 different time points; one day after you have the final stimulation treatment, 
and two weeks and 3 months after the treatment period. All together this study will take about 4 
months. Some follow up assessments will occur during your hospital stay at your assigned 
rehabilitation hospital (either Osborne Park Hospital or Royal Perth Hospital- Shenton Park) or 
back at SCGH if you have been discharged home before the three month assessment.  

All follow up assessments will consist of the following outcome measures:  

1. Fugl Meyer Upper Extremity Scale (FMUE): This test will look at your arm movement, 
and your ability to do daily activities. 

2. Transcranial Magnetic Stimulation (TMS): This machine measures the electrical 
activity of the brain cells (neurons) responsible for the movement of hand and arm 
muscles.  

3. Tardieu Spasticity Scale: this is a test to see if your affected arm is developing 
abnormal muscle stiffness (aka ‘spasticity’); which may make it difficult for you to 
move your hand and arm.  

4. Functional Independence Measure (FIM): This measures your ability to do everyday 
activities such as toileting, showering, eating, etc. 

5. Post-Stroke Depression Scale: This scale will be used to monitor if you are depressed 
after your stroke or if you are feeling anxious or unmotivated.  



The FMUE, TMS and Tardieu assessments will be completed at 1 day (Post 1), 2 weeks (Post 2) 
and 3 months (Post 3) after the two-week intervention phase. FIM scores and the Post-Stroke 
Depression Scale will be completed on admission and discharge.  

 
What will happen if I decide to be in this study? 
If you decide to be in the study, you will receive non-invasive stimulation (tDCS) whilst having 30 
minutes of therapy to your stroke affected arm, in addition to all the standard therapy which is 
routinely offered at acute and subacute rehabilitation hospitals to people who have had a stroke. 

A physiotherapist will conduct a series of standardised neurological examinations, where your 
ability to speak and understand what is said to you, and to move your affected arm and hand will 
be assessed. You will also be asked questions about your mood after having a stroke. Lastly, a 
measurement of your brain activity will be done using transcranial magnetic stimulation (TMS) to 
assess the effect of the stroke on the part of your brain that controls your hand and to identify the 
exact area of the brain that will be stimulated during the study. These assessments take about 1-2 
hours and will be performed just before the 2- week treatment period, then 1 day, 2 weeks, and 3 
months after treatment. 

The tDCS treatment block will start no earlier than day 7 after your stroke. The ‘treatment period’ 
consists of 10 sessions over two weeks (i.e. 5 days of treatment, 2 days off, then another 5 days). 
These sessions will last a total of 30 minutes (20 minutes therapy and stimulation, 5 minutes 
practicing an activity of your choice and 5 mins consolidation period). All this will be in addition to 
your usual therapy.  

 

Are there any reasons I should not be in this study? 

The study staff will discuss with you in detail any aspects of your stroke and medical history that 
might mean you should not participate in the study, to ensure that this trial is safe and 
appropriate for you. The main thing staff will be checking for is any history of seizures, depression, 
previous neurological & psychological conditions, and certain medications that could reduce the 
effect of non-invasive brain stimulation. Finally, if there is a chance that you could be pregnant, 
you should not be in this study.  

What are the costs to me? 

There are no costs to you. The only additional time commitment compared with standard 
treatment are the 1-2 hour assessments before treatment, 1 day, 2 weeks and 3 months after the 
treatment period and the extra 30 minutes of therapy each day associated with this study. 

Please note that the intervention phase and follow up assessments are expected to be 
completed whilst you are still an inpatient either at SCGH or RPH or OPH. In the event that a 
follow up assessment is required to take place at QEII (i.e. TMS evaluation) the cost of parking 
will be covered by the Physiotherapy Department (e.g. Taxi vouches or parking permits) or 
volunteer transport will be arranged. The Research Advisory Committee Grant allocated to this 
study has a budget allocated to ‘transport expenses’ from which Departmental transport 
expenses will be covered. There will be no costs to you related to transport or parking. 

 

 



What are the possible benefits of taking part, to me and to the wider community? 

If the logistics of applying tDCS stimulation and arm therapy 7-15 days after stroke is shown to be 
possible and safe like in previous studies of patients 6 to 12 months after stroke. It would also help 
researchers to plan bigger trials that focus on patients like you and perhaps even be able to show 
benefits in applying non-invasive stimulation to enhance recovery of the stroke affected arm.This 
could possibly reduce your hospital length of stay (both in the acute and rehabilitation facilities). 
Most importantly regaining the use of your stroke-affected arm will improve your quality of life 
and allow you to return to more of your normal every day activities. The benefit to the wider 
community, including your family or people involved in caring for you, might potentially be quite 
substantial, if the therapy combined with non-invasive stimulation shows more improvements 
than just the therapy and the ‘pretend’ stimulation. 
 
How will my safety be ensured? 
tDCS is delivered at voltage levels not exceeding those from a 9V battery via small pads taped onto 
the scalp. It has been shown to be safe in previous studies in both healthy volunteers and people 
who have had a stroke. You can withdraw at any time from this study. Staff may also withdraw you 
from the study if they feel that you are experiencing any major side effects. 
 
In the event of you withdrawing, your doctor may require additional assessments if he/she feels it 
is in your best medical interest. If you withdraw from study participation, you will be reassessed as 
you were at the beginning of the study. 
 
What are my alternatives if I do not want to participate in this study? 
If you do not wish to participate in the study, then you will be treated as per the usual 
rehabilitation practice at SCGH.  

What are the possible side effects, risks and discomforts of taking part? 

The main risks relate to applying non-brain stimulation too early after stroke. This is because 
swelling in the brain is still at high levels and all the toxic chemicals in the brain (which are normal 
after a stroke) are still circulating in the blood vessels. This occurs mostly within the first 48 hours 
and settles around day 7 after a stroke. To reduce this risk, you will not have any form of non-
invasive brain stimulation until at least day 10 after your stroke, at which time any brain swelling is 
likely to have resolved. Non-invasive brain stimulation should be completely pain free. At the most 
you will feel a tingling sensation on your scalp that should last about 30 seconds.  

 
What if new information comes along during the study? 
New information about non-invasive brain stimulation may become available as a study 
progresses. You will be told about any information that could be important to your decision to 
continue in the study. If you then want to continue you may be asked to sign a revised consent 
form. 

Could the study be stopped early? 

Sometimes a study needs to be stopped early because of safety concerns, because the treatment 
is not effective enough, or for other reasons. If this occurs, the reasons will be explained to you 
and ongoing treatment of your stroke will continue as it normally would. 

 

 



What happens at the end of the study? 

At the end of the study you will continue with the same care and follow up as patients normally 
would receive after having a stroke. 

What if something goes wrong? 
In the unlikely event of you being harmed from taking part in this trial, you will be provided with 
the necessary care. No other participants have ever been harmed in any studies applying non-
invasive brain stimulation.  
 
Medical treatment will be provided at no cost to you for research-related harm.  The term 
“research-related harm” means both physical and mental injury caused by the procedures 
required by the trial. 
Your participation in this study does not affect your right to pursue a legal remedy from any party 
involved with the study, in respect of injury alleged to have been suffered as a result of 
participation. 

Will my taking part in this study be kept confidential? 

The researchers will need to collect personal data about you, which may be sensitive, eg. date of 
birth and relevant health information. The researchers may also need to get some of your health 
information from the hospital records e.g. medical notes and imaging reports (CT scans, MRIs). 

Any personal or health information will be kept private and confidential. It will be stored securely 
and only authorised persons, who understand it must be kept confidential, will have access to it. 
Your study records will be given a number so that your identity will not be apparent. The trial 
records will be kept in the Physiotherapy Department at Sir Charles Gairdner Hospital during the 
study and in a locked archive for at least 15 years from the time the study is closed, and may be 
destroyed at any time thereafter. 

The investigators, the Hospital Human Research Ethics Committee, Research Governance and 
pharmaceutical regulatory bodies may require access to your study records to verify study 
procedures and/or data. Some of your information may be sent to people in other countries for 
these purposes. In all cases when dealing with your information, these people are required to 
comply with privacy laws that protect you. 

The result of the research will be made available to other therapists, doctors and neuroscientists 
through a research thesis, neurorehabilitation journals or meetings, but you will not be 
identifiable in these communications. By taking part in this study you agree not to restrict the use 
of any data even if you withdraw. Your rights under any applicable data protection laws are not 
affected. 

Will I find out the results of the study? 
It is intended that the results of the study will be published. Participants will be supplied with 
copies of the publications and results of the study upon request.  

Who has reviewed the study? 

The Sir Charles Gairdner Group Human Research Ethics Committee has reviewed this study and 
has given its approval for the conduct of this research trial. In doing so this study conforms to the 
principles set out by the National Statement on Ethical Conduct in Human Research and according 
to the Good Clinical Practice Guidelines. 

In the case of a medical emergency you should contact: The Neurology Registrar on call on        
(08)9346-3333. 

 



 

                           CONSENT FORM 

Standard upper limb therapy treatment with non-invasive brain stimulation after stroke 

Senior Physiotherapist JIMENA (Mena) GARCIA-VEGA 

Participant Name: ____________________________________ 

Date of Birth: _________________________________________ 

NOTE:  If you are still unclear about anything you have read in the Participant Information Sheet 
and Consent Form, please speak to your doctor before signing this Consent. 

1. I have been given information, both verbally and in writing, about this study and having had 
time to consider it, am now able to make an informed decision to participate. 

2. I have been told about the potential benefits and known risks of taking part in this study and I 
understand what this means to me. 

3. I have been given the opportunity to have a member of my family or a friend with me when 
this study was being explained to me.  I have been able to ask questions and have had all my 
questions answered. 

4. I know that I do not have to take part in this study, and that my decision to take part is 
voluntary.  I understand that I can withdraw from this study at any time without this decision 
affecting my medical care. 

5. I understand that participating in this study does not affect any right to compensation, which I 
may have under statute or common law. 

6. I accept that by taking part in this research, that any information obtained about me during 
the study may be published, provided that my name and other identifying information are not 
used. 
 

Name of Participant             Signature of Participant                                                  Date 

 

Name of Witness   Signature of witness & Relation to participant                Date                                      

 

Name of Researcher           Signature of Researcher                                                     Date 

 

The Sir Charles Gairdner Group Human Research Ethics Committee has granted approval for the 
conduct of this study.  If you have any concerns about the ethics or code of practice of the study, 
please contact the Executive Officer of the Sir Charles Gairdner Group Human Research Ethics 
Committee on (08) 9346 2999.Study participants are to receive a copy of the Participant 
Information Sheet and Consent Form for their personal record. 

http://www.google.com.au/url?url=http://radoncwa.org.au/employment-opportunities/sir-charles-gairdner-hospital/&rct=j&frm=1&q=&esrc=s&sa=U&ei=jelNVNbLK6aMmwWgkYCYBA&ved=0CBYQ9QEwAA&usg=AFQjCNH-Se21wPSPyxm9A9QClm-andJrmw


APPENDIX 8 

Modified Participant Information Sheet 

 

                    SUMMARY  PARTICIPANT  INFORMATION  SHEET  

 

Standard upper limb therapy treatment with non-invasive brain stimulation after stroke 

 

Senior Physiotherapist JIMENA (Mena) GARCIA-VEGA 

 

This document is a summary that should be considered in conjunction with the main patient 
information sheet. Participation in the study is voluntary. You can withdraw from the study at any 
time. 

 

 You have had a stroke affecting one side of your body. 

 The CT scan shows the stroke is due to a clot blockage of the blood supply to the brain, 

including the part of the brain that controls arm movement.  

 This study is examining the safety and feasibility of applying a form of non-invasive brain 

stimulation, known as transcranial direct stimulation or tDCS  7-15 days after stroke.  

 If you decide to participate, you will receive tDCS plus arm therapy (at the same time) 

 The benefit is that you will be getting arm therapy every day in addition to usual physiotherapy 

and occupational therapy treatment. 

 Non-invasive brain stimulation is known to be very safe and has been used previously in 

people who have had a stroke. Possible side effects include itching or tingling of your scalp. 

 

 

 

 

http://www.google.com.au/url?url=http://radoncwa.org.au/employment-opportunities/sir-charles-gairdner-hospital/&rct=j&frm=1&q=&esrc=s&sa=U&ei=jelNVNbLK6aMmwWgkYCYBA&ved=0CBYQ9QEwAA&usg=AFQjCNH-Se21wPSPyxm9A9QClm-andJrmw
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Recruitment Sticker for Inpatient Notes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Magnet placed next to patient’s name on the ward board: 

 

   tDCS and UL Rehab Study 

 

 

 

 

 

 

 

 

 
tDCS & Upper Limb Rehabilitation Post-Acute Stroke 
 
This patient has provided consent to participate in this 
clinical trial. Blinded information relating to the study 
intervention received during this trial is securely 
maintained by the coordinating principal investigator at 
Sir Charles Gairdner Hospital. Should you require access 
to this information for medico-legal purposes, you may 
contact the CPI. 

 
Participant Number: 
 

 

 
Coordinating Principal 
Investigator: 
 

 
Jimena (Mena) Garcia-Vega 
Senior Physiotherapist - SCGH 
Pager 4235 
 

 
Therapist applying tDCS 
 

 
Gillian Gregory (nee Bowater) – Pager 3883 
A/Senior Physiotherapist SCGH  
 

 
Time/ date of consent: 
 

 



 

APPENDIX 10 

Screening Measures: FAST, MMSE, and Star Cancelation Test 

 

Frenchay Aphasia Screening Test (FAST) 
 
Comprehension  
 
“Look at the picture. Listen carefully to what is said and point to the things I tell you to”  
 
Point to the boat  
Point to the tall tree  
Point to the man and point to the dog  
Point to the man’s left leg and then to the canoe  
Before pointing to a duck near the bridge, show me the middle hill  
Point to the square  
Point to the cone  
Point to the oblong and the square  
Point to the square , the cone and the semi-circle  
Point to the one that looks like a pyramid and the one that looks like the segment of an orange  
 
Score:   /10  
 
Expression  
a) “Tell me as much about the picture as you can”  
If the patient does not appear to understand: “name anything you can see in the picture”  
 
0 Unable to name any objects intelligibly  
1 Names 1-2 objects  
2 Names 3-4 objects  
3 Names 5-7 objects  
4 Names 8-9 objects or uses phrases and sentences, but performance not normal (e.g.; hesitations, 
inappropriate comments etc)  
5 Normal – uses phrases and sentences naming 10 items 
 
Score:   /5  
 
b) “Name as many animals as you can think of in 1 minute”  
 
0 None named  
1 Names 1-2  
2 Names 3-5  
3 Names 6-9  
4 Names 10-14  
5 Normal 15 or more 
 
Score:  /5 



Reading  
 

 
 
 
Score:  /5 
 
Writing  
“Please write as much as you can about what is happening in the picture”  
If the patient does not appear to understand: “Write anything you can see in the picture”. If 
dominant hand is affected ask the patient to attempt with non-dominant hand. Encourage if 
patient stops prematurely. Allow a MAXIMUM of 5 minutes.  
 
0 Able to attempt task but does not write any intelligible/appropriate words  

1 Writes 1-2 appropriate words  

2 Writes down names of 3 objects/phrase including 2-3 objects  

3 Writes down names of 4 objects (correctly spelled), or 2-3 phrases including names of 4 items  

4 Uses phrases and sentences, including names of 5 items, but not considered normal 
performance (e.g.: sentence not integrating people and actions)  

5 Definitely normal performance (e.g.: sentence integrating people and actions)  
 
Score:   /5  
 
Total Score:  /30 
 
Interpretation  
The presence of aphasia is indicated if the patient scores below the following cut off points:  
Cut off score; Age 20-60 27 points  
Age 61+ 25 points 
 

 

 

 

 

 

 

Show patient the river scene and first reading card. Ask them to read the sentence to 
themselves (not aloud) and do whatever it instructs them to do.  
 
Point to the dog  
Show me the bridge  
Point to the man standing on the barge  
Touch the left hand corner of the card  
Touch the bottom of the card and then the top of it  







 

 

 

 

 

 



 

 

 

Star Cancellation Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX 11  

 

Primary Outcome Measure: Fugl Meyer Upper Extremity Scale 

 



 

 

 

 



 

 

 

 



 

 

APPENDIX 12 

Secondary Outcome Measures: NIHSS, Tardieu Spasticity Scale, FIM, & PSDS 
                                                                             

                             

Patient Identification______Pt. Date of Birth__/__/___Hospital__________Date of Exam__/__/___ 

Interval:   [ ] Baseline     [ ] 2 hours post treatment   [ ] 24 hours post onset of symptoms ±20 
minutes   [ ] 7-10 days  [ ] 3 months   [ ] Other    (           ) 

Time: _______     [ ]am  [ ]pm  

Person Administering Scale ______________________________   

Administer stroke scale items in the order listed.  Record performance in each category after each 
subscale exam.  Do not go back and change scores.  Follow directions provided for each exam 
technique.  Scores should reflect what the patient does, not what the clinician thinks the patient 
can do.  The clinician should record answers while administering the exam and work quickly. Except 
where indicated, the patient should not be coached (i.e., repeated requests to patient to make a 
special effort). 

   Instructions                                                 Scale Definition                                           Score 
 

1a.   Level of Consciousness: The investigator 

must choose a response if a full evaluation is 

prevented by such obstacles as an endotracheal 

tube, language barrier, orotracheal 

trauma/bandages.  A 

3 is scored only if the patient makes no movement 

(other than reflexive posturing) in response to 

noxious stimulation. 

 

0 =   Alert; keenly responsive. 

1 =   Not alert; but arousable by 
minor stimulation to obey, 
answer, or respond. 

2 =   Not alert; requires repeated 
stimulation to attend, or is 
obtunded and requires strong 
or painful stimulation to make 
movements (not stereotyped). 

3 =   Responds only with reflex motor 

or autonomic effects or totally 

unresponsive, flaccid, and 

areflexic. 

 

 

 

 

 

 

 

1b.  LOC Questions:  The patient is asked the 

month and his/her age. The answer must be 

correct - there is no partial credit for being close. 

Aphasic and stuporous patients who do not 

comprehend the questions will score 2.   Patients 

unable to speak because of endotracheal 

intubation, orotracheal trauma, severe dysarthria 

from any cause, language barrier, or any other 

problem not secondary to aphasia are given a 1.  

It is important that only the initial answer be 

graded and that the examiner not "help" the 

patient with verbal or non-verbal cues. 

 

0 =    Answers both questions correctly. 

1 =    Answers one question correctly. 

2 =    Answers neither question correctly. 

 



 

 

 

1c.   LOC Commands:  The patient is asked to 

open and close the eyes and then to grip and 

release the non-paretic hand.   Substitute another 

one step command if the hands cannot be used.   

Credit is given if an unequivocal attempt is made 

but not completed due to weakness.   If the 

patient does not respond to command, the task 

should be demonstrated to him or her 

(pantomime), and the result scored  (i.e.,  follows  

none,  one  or  two  commands).    Patients  with 

trauma, amputation, or other physical 

impediments should be given suitable one-step 

commands. Only the first attempt is scored. 

 

0 = Performs both tasks correctly. 

 

1 = Performs one task correctly. 

 

2 = Performs neither task correctly. 

 

 

2.   Best Gaze:   Only horizontal eye movements 

will be tested. Voluntary or reflexive 

(oculocephalic) eye movements will be scored, 

but  caloric  testing  is  not  done.    If  the  patient  

has  a  conjugate deviation of the eyes that can 

be overcome by voluntary or reflexive activity, 

the score will be 1.   If a patient has an isolated 

peripheral nerve paresis   (CN III, IV or VI), score 

a 1.  Gaze is testable in all aphasic patients. 

Patients with ocular trauma, bandages, pre-

existing blindness, or other disorder of visual 

acuity or fields should be tested with reflexive 

movements, and a choice made by the 

investigator. Establishing eye contact and then 

moving about the patient from side to side will 

occasionally clarify the presence of a partial gaze 

palsy. 

 

 

0 = Normal. 

 

1 = Partial gaze palsy; gaze is abnormal 
in one or both eyes, but forced 
deviation or total gaze paresis is 
not present. 

2 = Forced deviation, or total gaze 
paresis not overcome by the 
oculocephalic maneuver. 

 

 

 

 

 

 

3.  Visual:  Visual fields (upper and lower 

quadrants) are tested by confrontation, using 

finger counting or visual threat, as appropriate. 

Patients may be  encouraged, but  if  they look  

at  the  side  of  the moving fingers appropriately, 

this can be scored as normal. If there is unilateral 

blindness or enucleation, visual fields in the 

remaining eye are scored.   Score 1 only if a 

clear-cut asymmetry, including quadrantanopia, is 

found.  If patient is blind from any cause, score 3. 

Double simultaneous stimulation is performed at 

this point.  If there is extinction, patient receives a 

1, and the results are used to respond to item 11. 

 

0 = No visual loss. 

 

1 = Partial hemianopia. 

 

2 = Complete hemianopia. 

 

3 = Bilateral hemianopia (blind including cortical 
blindness). 

 



 

 

 

4.  Facial Palsy:  Ask – or use pantomime to 

encourage – the patient to show teeth or raise 

eyebrows and close eyes.  Score symmetry of 

grimace in response to noxious stimuli in the 

poorly responsive or non-comprehending 

patient.   If facial trauma/bandages, orotracheal 

tube, tape or other physical barriers obscure the 

face, these should be removed to the extent 

possible. 

 

0 = Normal symmetrical movements. 
1 = Minor paralysis (flattened 

nasolabial fold, asymmetry on 
smiling). 

2 = Partial paralysis (total or near-total paralysis 
of lower face). 
3 = Complete paralysis of one or 

both sides (absence of facial 
movement in the upper and 
lower face). 

 

 

 

 

 

 

5.  Motor Arm:  The limb is placed in the 

appropriate position: extend the  arms  (palms  

down)  90  degrees  (if  sitting)  or  45  degrees  (if 

supine).   Drift is scored if the arm falls before 10 

seconds.   The aphasic patient is encouraged 

using urgency in the voice and pantomime, but 

not noxious stimulation.  Each limb is tested in 

turn, beginning with the non-paretic arm. Only in 

the case of amputation or joint fusion at the 

shoulder, the examiner should record the score 

as untestable (UN), and clearly write the 

explanation for this choice. 

 

0 = No drift; limb holds 90 (or 45) degrees for 
full 10 seconds. 

1 = Drift; limb holds 90 (or 45) degrees, 

but drifts down before full 10 

seconds; does not hit bed or 

other support. 

2 = Some effort against gravity; limb 

cannot get to or maintain (if 

cued) 90 (or 45) degrees, drifts 

down to bed, but has some 

effort against gravity. 

3 = No effort against gravity; limb falls. 

4 = No movement. UN = Amputation or joint 
fusion, explain:    

5a. Left Arm 

5b. Right Arm 

 

 

6.  Motor Leg:  The limb is placed in the 

appropriate position:  hold the leg at 30 degrees 

(always tested supine).  Drift is scored if the leg 

falls before 5 seconds.   The aphasic patient is 

encouraged using urgency in the voice and 

pantomime, but not noxious stimulation. Each 

limb is tested in turn, beginning with the non-

paretic leg.  Only in the case of amputation or 

joint fusion at the hip, the examiner should 

record the score as untestable (UN), and clearly 

write the explanation for this choice. 

 

0 = No drift; leg holds 30-degree position for full 
5 seconds. 

1 = Drift; leg falls by the end of the 5-

second period but does not hit 

bed. 

2 = Some effort against gravity; leg falls to bed 
by 5 

seconds, but has some 
effort against gravity. 

3 = No effort against gravity; leg falls to bed 
immediately. 

4 = No movement. 

UN = Amputation or joint fusion, explain:   

6a. Left Leg 

6b. Right Leg 

 

 

 



 

 

 

   
 

7. Limb Ataxia: This item is aimed at finding 

evidence of a unilateral cerebellar lesion.   Test 

with eyes open.   In case of visual defect, ensure 

testing is done in intact visual field.   The 

finger-nose-finger and heel-shin tests are 

performed on both sides, and ataxia is scored 

only if present out of proportion to weakness.  

Ataxia is absent in the patient who cannot 

understand or is paralyzed.  Only in the case of 

amputation or joint fusion, the examiner should 

record the score as untestable (UN), and clearly 

write the explanation for this choice.  In case  of  

blindness,  test  by  having  the  patient  touch  

nose  from extended arm position. 

 

0 = Absent. 

 

1 = Present in one limb. 

 

2 = Present in two limbs. 

 

UN = Amputation or joint fusion, explain:     

 

 

8.    Sensory:    Sensation or  grimace  to  pinprick  

when  tested,  or withdrawal from noxious 

stimulus in the obtunded or aphasic patient. Only 

sensory loss attributed to stroke is scored as 

abnormal and the examiner should test as many 

body areas (arms [not hands], legs, trunk, face) 

as needed to accurately check for hemisensory 

loss.  A score of 2, “severe or total sensory loss,” 

should only be given when a  severe or  total 

loss  of  sensation can  be clearly demonstrated. 

Stuporous and aphasic patients will, therefore, 

probably score 1 or 0. The patient with brainstem 

stroke who has bilateral loss of sensation is 

scored 2.  If the patient does not respond and is 

quadriplegic, score 2.  Patients in a coma (item 

1a=3) are automatically given a 2 on this item. 

 

0 = Normal; no sensory loss. 

1 = Mild-to-moderate sensory loss; 

patient feels pinprick is less 

sharp or is dull on the affected 

side; or there is a loss of 

superficial pain with pinprick, but 

patient is aware of being 

touched. 

2 = Severe to total sensory loss; 

patient is not aware of 

being touched in the face, 

arm, and leg. 

 



 

 

 

9. Best Language: A great deal of information 

about comprehension will be obtained during 

the preceding sections of the examination. For 

this scale item, the patient is asked to describe 

what is happening in the attached picture, to 

name the items on the attached naming sheet   

and   to   read   from   the   attached   list   of   

sentences. Comprehension is judged from 

responses here, as well as to all of the 

commands in the preceding general neurological 

exam.  If visual loss interferes with the tests, ask 

the patient to identify objects placed in the hand, 

repeat, and produce speech.   The intubated 

patient should be asked to write. The patient in a 

coma (item 1a=3) will automatically score 3 on 

this item.   The examiner must choose a score for 

the patient with stupor or limited cooperation, 

but a score of 3 should be used only if the patient 

is mute and follows no one-step commands. 

 

0 = No aphasia; normal. 

1 = Mild-to-moderate aphasia; some 

obvious loss of fluency or facility 

of comprehension, without 

significant limitation on ideas 

expressed or form of expression. 

Reduction of speech and/or 

comprehension, however, 

makes conversation about 

provided materials difficult or 

impossible. For example, in 

conversation about provided 

materials, examiner can identify 

picture or naming card content 

from patient’s response. 

2 = Severe aphasia; all communication is 

through fragmentary expression; great 

need for inference, questioning, and 

guessing by the listener. Range of 

information that can be exchanged is 

limited; listener carries burden of 

communication. Examiner cannot 

identify materials provided from patient 

response. 

3 = Mute, global aphasia; no 

usable speech or auditory 

comprehension. 

 

 

10.    Dysarthria: If  patient is  thought to  be  

normal, an  adequate sample of speech must 

be obtained by asking patient to read or 

repeat  words  from  the  attached  list.    If  the  

patient  has  severe aphasia, the clarity of 

articulation of spontaneous speech can be 

rated.  Only if the patient is intubated or has 

other physical barriers to producing  speech,  the   

examiner  should  record  the   score   as 

untestable (UN), and clearly write an explanation 

for this choice.  Do not tell the patient why he or 

she is being tested. 

 

0 = Normal. 

1 = Mild-to-moderate dysarthria; 

patient slurs at least some 

words and, at worst, can be 

understood with some 

difficulty. 

2 = Severe dysarthria; patient's speech is so 
slurred as to beunintelligible in the absence of or 
out of proportion to any dysphasia, or is 
mute/anarthric. 

UN = Intubated or other physical barrier, 

explain:   

 

 

11.   Extinction and Inattention (formerly Neglect):   

Sufficient information  to  identify  neglect  may  

be  obtained  during  the  prior testing.   If the 

patient has a severe visual loss preventing visual 

double simultaneous stimulation, and the 

cutaneous stimuli are normal, the score is normal.   

If the patient has aphasia but does appear to 

attend to both sides, the score is normal.  The 

presence of visual spatial neglect or anosagnosia 

may also be taken as evidence of abnormality.  

Since the abnormality is scored only if present, 

the item is never untestable. 

 

      
 

0= No abnormality 

1= Visual, tactile, auditory, spatial, or 
personal inattention or extinction to 
bilateral simultaneous stimulation in 
one of the sensory modalities 

2= Profound hemi-inattention or 
extinction to more than one modality; 
does not recognize own hand or 
oritents to only one side of space 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

You know how. 
 

 

 

 

 

 

Down to earth. 
 

 

 

 

 

 

I got home from work. 
 

 

 

 

 

 

Near the table in the dining 
room. 

 

 

 

 

They heard him speak on the 
radio last night.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

MAMA 
 

 

 

TIP – TOP FIFTY – FIFTY 

THANKS 

HUCKLEBERRY 

BASEBALL PLAYER 



Tardieu Spasticity Scale Baseline Follow up Assessment: (POST 1, 2 &3) 

Muscle and position 
L 
R 

PROM / 
V1 

V3 
Spasticity 

Angle 
Tardieu 
Score 

MAS* 
PROM / 

V1 
V3 

Spasticity 
Angle 

Tardieu 
Score 

MAS* 

Flexor Pollicis Longus L           

 R           

Flexor Pollicis Brevis L           

 R           

FDS L           

 R           

FDP L           

 R           

Wrist Flexors L           

 R           

Forearm Pronators L           

 R           

Brachioradialis L           

 R           

Biceps Brachii L           

 R           

Shoulder Flexors L           

 R           

Shoulder Internal Rotators L           

 R           

Shoulder Adductors L           

 R           

Tardieu:  0 - no Ω to passive mvt; 1 - slight  Ω , no catch; 2 - clear catch at precise angle;3 
- fatigable clonus < 10s; 4 - unfatigable clonus >10s; 5 - fixed joint 

*MAS: 0 - No increase in muscle tone;    1 - Slight increase in tone with a catch & release 
or minimal Ω at EOR;   1+ - as 1 with minimal Ω after the catch through  <  ½ ROM;     2 
- more marked increase tone through ROM;    3 - Considerable increase in tone, PROM 
difficult;     4 - affected part rigid V1: Slow passive mvt V3: Rapid passive mvt ≥ 180˚ / second 
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Addressograph
Rehabilitation Impairment Code: _ _ . _ _ _ _

FUNCTIONAL INDEPENDENCE MEASURE (FIM)

Date Fim Completed Admission Discharge Comments
SELF CARE

A Eating
B Grooming
C Bathing
D Dressing - upper body
E Dressing - Lower body
F Toiletting

SPHINCTER CONTROL
G Bladder Management
H Bowel Management

TRANSFERS
I Bed, Chair, Wheelchair
J Toilet
K Tub, Shower

LOCOMOTION
L Walk / Wheelchair
M Stairs

MOTOR SUBTOTAL (/91)

COMMUNICATION
N ComprehensionAuditory & Visual
O ExpressionAuditory & Visual

SOCIAL COGNITION
P Social Interaction
Q Problem Solving
R Memory

COGNITIVE SUBTOTAL (/35) 0 0

FIM TOTAL SCORE (/126) 0 0

HELPER
M odified Dependence Complete Dependence
5  Supervision 2  Maximal Assistance
4  Minimal Assistance         (subject = 25% +)
        (subject = 75% +) 1  Total Assistance
3  Moderate Assistance         (subject = 0% +)
        (subject = 50% +)

         (Device)

NO HELPER

7  Complete Independence
      (Timely, Safely)
6  Modified Independence



 

 

The Post Stroke Depression Rating Scale 

 

The examiner must choose for each section the statement which best corresponds to the patient’s actual 
state. 

 

Section 1 

DEPRESSED MOOD 

Score 

Well-balanced mood. At times happier, at times worried, but not more than before illness.  0 

 

Mood a little more sad and worried than before illness.      1 

 

Mood clearly more oriented toward sadness and pessimism than before illness.   2 

 

Mood clearly oriented toward sadness and pessimism, with fits of crying from time to time 

(but by speaking it’s possible to pull him/her out of it).      3 

 

Very sad and disheartened mood. Cries rather often and for long periods (even speaking, 

it’s hard to pull him/her out of it).         4 

 

Gloomy, black mood, cries continuously, and there is no way to hearten him/her, or: 

so depressed and dark, can’t even cry any more.       5 

 

**always try to determine if depressed mood: 

(a) is related to handicaps and disabilities. 

(b) is not related to the consequence of illness. 

 

Section 5 

APATHY/ABULIA/INDIFFERENCE 

Sum scores of following parameters: 

Score 

(a) Interest in other patients and own state of health: 

 adequate (is interested, asks information, tries to be useful).      0 
 rather scarce both toward other patients and own morbid condition.    1 
 completely absent.          2 

 

 

 



 

 

 (b) Interest in family members and friends: 

 adequate (waits impatiently for their visits, asks about individuals and situations in     0 

family circle, reacts appropriately to emotionally significant events).    

 rather scarce (clearly reduced compared to premorbid condition).    1 
 completely absent.         2 

 

 (c) Interest in social situations: 

 adequate, corresponding to premorbid levels regarding public and political  

events or work situations.         0 

 clearly reduced compared to premorbid situation.      1 

 

Section 6 

ANXIETY 

Sum scores for psychic anxiety (0-2), somatic anxiety (0-2) and psycho-motor agitation (0-1). 

Score 

Psychic anxiety: 

Calm enough; Rarely tense, nervous or apprehensive.      0 

 

Appears rather tense, nervous, irritable; Sometimes expresses fears and worries;    1 

 

Often appears nervous, apprehensive, irritable; Frequently expresses fears about own condition; 

Often needs to be reassured.          2 

 

Somatic anxiety: 

Shows no somatic sign of anxiety, nor complains of headaches, tremors, tachycardia.   0 

 

Rather often complains of headaches, tremors, palpitations or other gastrointestinal or 

urinary somatic disorders.         1 

 

Often appears pale, sweaty; Every day complains of headaches, diffused pains, sense of 

precordial oppression, or other somatic symptoms.      2 

 

Psychomotor agitation: 

Besides showing signs of somatic and/or psychic anxiety, also shows marked restlessness 

or real psychomotor agitation.         1 

 

 



 

 

APPENDIX 13  

Glossary of Definitions of UL Intervention  

 

1. Passive Interventions: Interventions that do not require patient participation and are 
performed by a therapist or therapy assistant. 

 
 PROM / Ranging: Both terms were considered to be interchangeable. This technique 

can be done in all positions (sideling, supine, standing). It entails taking individual 
joints of the UL through full available and pain free range passively (unassisted by 
patient). Passive movements aim to maintain joint ROM and muscle length. 
PROM/ranging is not commonly used as an isolated practice; it can be part of 
mobilisations and sensory re-training e.g. finger PROM, ‘scapula setting’ and passive 
ranging of hand and wrist. PROM can also be done in PNF patterns and ‘PNF ranging’ 
was defined as passive movements in a PNF pattern which may or may not include 
verbal prompting.  
 

 UL Stretch: it is a sustained passive stretch to maintain joint ROM and muscle length. 
Stretches involve use of air splints, inhibition techniques to decrease overactivity, and 
manual stretching.  

 
 UL Mobilisations (trunk, scapula, hands & shoulder):  

 Scapular – both hands are placed on the scapula to mobilise it on the trunk e.g. 
movements of elevation, depression, protraction and retraction. This can involve 
movement of the scapula on trunk and trunk on scapula. Also documented as 
passive scapular mobilisations which are commonly incorporated in passive and 
active assisted ranging (either in supine, side lying, or sitting). This provides 
sensory input and aims to strengthen scapular movements leading to overall 
better UL movement and function. This may be performed during a functional 
task.  

 Shoulder- anterior-posterior (AP) and caudad mobilisations of the glenohumeral 
head.  

 Wrist- radio-ulnar, interphalangeal (IP) mobilisations.  
 Hand- To mobilise joints when stiff and painful, also to increase sensory input, 

decrease tone, improve acceptance of base of support.  
 

 UL positioning & C- cushion: Maintaining a good biomechanical alignment of the 
affected UL limb throughout the day. This may include using supports such as c-
cushion, lap trays, shoulder sling, shoulder cuff and other equipment. It also entails 
patient, staff and family education regarding keeping the glenohumeral joint and all 
other joints of the UL in an optimal position. These strategies are predominantly used 
at rest when the patient is either in bed or sitting in a chair but not is not actively using 
the limb (outside of opportunities for functional use of the UL) however, they may also 
be used when the patient eating meals, in the shower etc. The OTs noted that it is 
most likely to be documented as “positioning” in future.  



 

 

 
 Shoulder Taping: for subluxed shoulder to increased glenohumeral stability in the 

presence of weak proximal muscles and to improve the alignment between the head 
of humerus and the glenoid fossa. Taping can be used prior to facilitation to aid with 
normal movement patterns. In regards to shoulder subluxation management, some 
centres use a shoulder cuff support rather than providing taping.  

 
 Splinting (Soft): aims to achieve stretch of muscles and maintain ROM of the joints 

and soft tissue length from hand to elbow, also to decrease tone. Often used at night 
time so it does not impair active movement. Also used to maintain skin integrity and 
facilitate hygiene. Thermoplastic splinting: to maintain joint integrity and muscle 
length via custom made thermoplastic splints. Soft splinting is mostly used for the 
management hygiene issues in the presence of high tone (palm protectors, elbow 
splints). 
 

2. Active-Assisted and Active Interventions: interventions that are facilitated by a 
therapist, or performed with supervision. 

 UL Movement Facilitation: active-assisted exercise with the therapist using manual 
facilitatory techniques, such as muscle tapping, and modifying their input in response 
to patient’s motor activity. This category may include joint compression, distraction at 
the shoulder, scapula, elbow, wrist and fingers with support as required in order to 
facilitate normal movement patterns. It may include verbal cues from therapist, 
external focus of control cues and directing the patient’s visual attention to the 
affected limb.  
 

 UL Facilitation of Fractionated Movement: facilitation of 3- joint movements usually 
starting with initiation in wrist extension (out of synergy). UL facilitation includes 
functional tasks such as reach and grasp practice, always with a functional goal or 
target. Positions may include supine, sitting or standing. Trunk constraints in sitting or 
standing may be used, including graviceptor activation.  

‘Hand on body’ can also provide tactile feedback to the patient e.g. putting their own 
hand on their head. Other terms which may be used interchangeably: Facilitation of 
UL- exercise (hand on head), reaching practice in sitting with AP and lateral pelvic 
tilts (precursory to reaching activities).  

 Reach and Grasp Practice/ Reaching facilitation: active-assisted movement through 
normal kinematic pattern for reach, grasp and release with modification of support in 
response to motor output. Manual handling given by the therapist includes sensory 
and proprioceptive input via auditory and tactile feedback through scapula, upper arm 
into elbow and wrist extension, supination, and finger extension then finger flexion to 
grasp. Should incorporate use of props and objects when possible and appropriate. 
Practice must be task specific and address a functional goal. The UL could be facilitated 
proximally or distally and against gravity, in accordance to the patient’s deficit(s). For 
instance the UL could be facilitated to reach to the patient’s knee or to a specific 
target in lying, sitting and standing. Therapists provide facilitation of trunk activation 



 

 

prior to the reaching task and guided reach task specific techniques. A number of 
therapists indicated use of ‘trunk activation techniques’ prior to reach and grasp tasks. 
Trunk Activation in particular refers to using Bobath strategies to augment truck 
control, weight bearing and weight shifting. Work on the pelvis and trunk is often 
incorporated into a functional task such as reaching - often starting proximally and 
working to improve distal control. This category may include seating review and 
provision of cushioning in the wheel chair to activate or dampen trunk activity as 
required. UL reaching activities to activate the trunk without any specific technique 
applied to the trunk. Trunk facilitation is commonly done to enable functional reach 
for an object outside the patient’s base of support. 
 

 Active Assisted Ranging / ROM: therapist provides facilitation/inhibition, in 
association with sensory and proprioceptive input and key points of control, working 
from the shoulder control down to fine wrist and hand movement. The whole body 
posture is also considered when promoting normal movement patterns. Remedial and 
compensatory approaches can include use of equipment. This task includes a 
functional and purposeful component such as reaching for a cup, grooming, feeding. 
Other terms that may be used interchangeably: Functional Reaching Facilitation and 
Active- assisted UL re-training. PNF movement facilitation: Active assisted facilitation 
as required using PNF patterns. 

 
 Trunk Work/ Activation / Facilitation/ Alignment: Refers to the therapist’s use of 

manual facilitation of selective activity of the trunk in order to gain/improve postural 
control. It could also incorporate selective activity of the upper limb on a stable trunk 
such as activation of side flexors in combination with reaching forward and leaning 
outside of base of support (i.e. internal and external displacement). Techniques 
commonly used in sitting include: lumbo-pelvic tilts, lateral and anterior-posterior 
pelvic tilt mobilisations, thoracic flexion and extension over a stable pelvis. This 
facilitation aims to disassociate trunk and pelvis via the thorax or central key points 
(CKP). Dissociation of CKP is also known as ‘central key point (CKP) facilitation’. 
Therapists with more recent Bobath course attendance expressed that the term CKP is 
no longer current. 

 

Proximal Stability: 

 Scapular Facilitation / Setting: Also documented as Proximal Stability Exercises. 
Postural control must be achieved first prior to facilitating a stable/ set scapula. The 
affected hand is placed on a stable surface (contactile response); the therapist 
provides manual techniques in order to activate the scapular stabilizers.  Proximal 
stability work can also be done in a weight bearing position in sitting.  
 

 UL weight bearing exercises: weight bearing and weight shifting on the plinth or 
bolster, always on an extended arm. Also in side lying (side sitting or forward lean 
sitting), weight bearing through the arm for elbow, shoulder and scapula control. This 
allows setting of the scapula. UL weight bearing (hands on plinth): this refers to a 
position rather than a treatment technique.  



 

 

3. Interventions for Sensory and Proprioceptive Impairments: 

 Sensory & Proprioceptive re-training / input: This includes providing opportunities for 
patients to increase their awareness of forms and location of sensory input to the 
body such as light touch, sharp, temperature, compression, traction, weight bearing 
exercises massage, touching different textures, proprioception, visual and auditory 
input. Refers to any techniques used in order to tap into the sensory system. Sensory 
work to the hand particularly to the finger tips and movement creases i.e. distal 
palmar crease and thenar, hypothenar muscles and webspaces e.g. asking the patient 
to find these anatomical areas. Manual techniques include scratching/pricking (also 
pinch, prod, rub) applied to the finger tips e.g. thumb and index finger apposition and 
input to the palmar creases, finger and hand joint mobilisations (compression / 
distraction), passive movements of hand / fingers. Sensory stimulation can also be 
applied to the lateral aspect of the hand with joint approximation and compression 
techniques. Other forms of sensory input may include face stimulation with a face 
cloth and visual attention to task (i.e. tracking with eyes and head turning), 
progressing to sensory input to the shoulder, elbow, wrist and fingers on the affected 
side. Scapula- mobilisations and sensory/proprioceptive feedback e.g. Tapping on the 
inferior scapular boarder. Proprioceptive input can also be applied to the wrist and 
triceps with joint mobilisations proximally and distally. Sensory retraining / input also 
includes patient and family education re: sensory input to UL. 

Some therapists indicated that they use specific sensory re-training protocols (eg. 
Leanne Carey’s approach2 Where possible, patients are encouraged to complete 
sensory discrimination and sensory stimulation tasks independently. Sensory 
retraining can be remedial (in the presence of specific deficits) or have the purpose 
increasing attention to the affected upper limb also known as UL awareness i.e. 
“finding the hand”.  

 Stereognosis training: reaching into a bag and using tactile skills to recognise objects 
(stereognosis).  

 Recognition of hot/cold, and sharp/ blunt input: These are more commonly used as 
an a assessment tool and to inform type of sensory re-training required light touch 
versus sharp/blunt. 
 

4. Tone Management: 

 UL Releases/Mobilisations for Tone Management: a manual technique applied 
repetitively by the therapist which incorporates ‘muscle releases’ with distraction and 
a rotatory component in order to improve muscle length. This technique is applied 
slowly and is modified by the therapist according to patient’s response i.e. muscle 
‘letting go’ or increasing tone. This technique is documented as “mobilisation of 
muscles with rotation”.  

 

 

 



 

 

5. Oedema Management for the UL: Includes techniques such as neuromuscular 
electrical stimulation (NMES), bandaging, and use of compressive gloves, manual 
oedema mobilisation, and patient education on self-management. Massage and 
glove: using a compressive gloves, retrograde massage, passive and active 
ranging, education for patients and family members. May include vibration in 
combination with elevation and positioning with c-cushions. Retrograde 
massage was defined as massaging the UL positioned above heart level, starting 
at a distal point (tips of fingers, wrist/forearm) towards the proximal aspects 
(shoulder) towards the heart. 

 

6. Functional Interventions: 

 ADL/ Functional Retraining: Includes specific training in personal care skills including 
those required for showering, dressing, eating, toileting, bed mobility, and domestic 
chores e.g. meal prep/ kitchen skills, laundry, showering, dressing, cognitive and 
perceptual re-training community access, money management, leisure activities. 
Bilateral activities integrating both arms into ADLs e.g. holding a jar with one hand 
and taking the lid off with the other hand, picking up a cup with both hands. Both 
remedial and compensatory approaches are utilised as indicated. This training may 
incorporate family members and education/training. In some rehabilitation centres 
therapists may use the OT gym and a short stay functional training unit or the patient’s 
home to provide a more realistic training environment. Graded discharges such as day 
leave or weekend leave are also considered part of ADL retraining it would be likely to 
involve task skill retraining in meaningful daily activities such as grooming, feeding, 
dressing, showering, and toileting. For females it may encompass applying make up, 
brushing hair, and applying moisturiser. For men personal care tasks include brushing 
hair, shaving, brushing teeth and washing face.  
 

 Fine motor skills practice: fine motor skills such as grasp, release, finger / thumb 
opposition, pincer grasp, facilitation of hand activity by working on intrinsic muscles of 
the hand and lumbrical muscle control. This category can include in hand manipulation 
of objects including props like beads, cards, nuts, bolts, buttons/ zips, and hand writing 
skill practice. Handwriting practice/ pen skills: with moderate to severe strokes this is 
likely to refer to training of writing/pen skills with the unaffected upper limb as a 
compensatory strategy. For mild to mild-moderate impairments this is a graded 
process, series of handouts, templates. The use of different pen aids and surfaces may 
be incorporated as required. Functional tasks such as bimanual ‘highly skilled’ tasks 
such as doing buttons up will also be included as appropriate. Also documented as 
“Dexterity exercises” however therapists prefer to call it “fine motor retraining”. Fine 
motor skill practice tasks might require adequate alignment of the shoulder joint and 
scapular setting techniques.  

 

 

 



 

 

7. Patient & Family Education:  

 Patient education regarding self PROM: usually involves teaching the patient to 
administer PROM using the unaffected hand to assist and passively move the affected 
hand/ limb. 
 

 Self-Management of UL: this includes self PROM and education to increase safe self-
management and handling of affected UL (e.g. prompting the use of cues such as 
“where is your arm?”). Specific instruction will be needed for oedema, ranging, 
positioning, implications of sensory loss, and inattention to avoid learned non-use and 
increase independence with ADLs. This category includes use of sensory kits and 
individualised programs (eg. For texture discrimination training). UL exercises (hand 
out): includes strengthening, coordination, positioning, and oedema management. 
Includes task specific exercises with functional outcomes.  

 
 Hand exercises: strengthening by using theraputty, or resistance bands. Handouts 

outlining types of exercises are issued to patients. Exercises usually include opposition 
practice, isolation of finger movements and fine motor skills. Theraputty exercises: 
active finger movement against graded resistance for fine motor skills, strengthening 
of the hand muscles, sensory and proprioceptive input, bilateral tasks (simultaneously 
and alternating). OTs issue an exercise sheet to patients. 

 
 Family education re: sensory input and positioning: in regards to sensory input 

especially in the hand and arm, advice and guidance may be given to family including 
about: massage, pressure, scratching and light touch. Also advice would be provided 
re-enforcing current management of the above and UL handling and positioning.  

 

 

Additional interventions which participating therapists indicated were also used at their 
facilities: 

 Visualisation / mental imagery or practice / guided imagery: a perceptual experience 
initiated by the patient, this could include mental imagery of a certain movement or functional 
task. 

 
 Attention practice: encompasses getting the patient to attend to their affected UL via 

visual attention. This requires frequent prompting from the therapist. Visual 
constraint (covering unaffected UL with a towel). 

 
 De-sensitization: use of sensory techniques described above to ameliorate oversensitive 

hand, forearm, or proximal UL.  
 
 
 
 
 



 

 

 Mirror Box therapy: by using a box with a mirror on one side (Figure 1). The patient 
places the unaffected UL into outside of the box facing the mirror, and the affected UL 
in the inside of the box. The patient sees a reflection of the unaffected hand where the 
affected hand would be from an anatomical point of view. The patient completes a 
series of finger and wrist exercises at the same time as receiving ‘artificial’ visual 
feedback that the affected hand is now moving. Therapists indicated that patients 
complete a pre-mirror box activity such as right and left discrimination cards, and that 
at their facility mirror therapy is completed independently by the patient as adjunct to 
sessions. However, mirror therapy can also be completed as part of a rehabilitation 
session and some therapists are combining this with NMES. 
 

                                  

                                                         Figure 1: Mirror box therapy 

 
 Neuromuscular electrical stimulation (NMES): Facilitation of motor activity especially 

in shoulder, wrist and finger flexors and extensors. NMES is used to initiate and 
augment motor control; patients are encouraged to actively participate. Can be used 
in combination with the mirror box. Usually NMES is applied to the affected shoulder 
(over supraspinatus and posterior deltoid) to achieve glenohumeral joint re-alignment 
and improve subluxation or to wrist extensors to facilitate the initiation of reaching 
movements.  
 

 Manual wheel chair training and positioning: this incorporates use of the unaffected 
upper limb and the affected limb as able. The task involves manoeuvring of wheelchair 
around the ward, community and even home.  

 
 Electric Wheel Chair (EWC) Training: used as compensation for mobility and 

cognition. Also used for training neglect.  
 

 Workshop: this term refers to a designated space with tools and experienced staff in 
wood and metal craft. The main aim is to integrate the upper limb, as a stabiliser or to 
manipulate tools, during bimanual tasks. Activities also involve cognitive planning.  

 

2.  Carey L, Macdonell R, Matyas T. SENSe: Study of the Effectiveness of Neurorehabilitation on Sensation- A 
Randomized Controlled Trial. Neurorehabil Neural Repair. 2011;25(4):304-313.  

 



 

 

APPENDIX 14 

Template of Commonly Used UL Interventions in Acute and Subacute 
Stroke Rehabilitation 

 

ACUTE    & SUB- ACUTE  UPPER LIMB REHABILITATION 
 

Pt’s ID: 
 

Session No: 
 

Obs:  
 
 
 

Date: 
 

Location: 
 

Time:  
 

Subjective: 
 

Therapist: 
 
List of Impairments: 
 
 
 
Patient’s Goals: 
 
 
 
Passive Interventions                                                                                           Time:_____ 
 PROM / Ranging 
 PNF patterns “PNF ranging” 
  UL Stretch 
Specify Joints / Muscles: 

 
 
 
 
 

UL Mobilisations  (Specify pt’s position) 
 Trunk 
 Scapula 
 Glenohumeral joint: AP or PA / Caudad 
 Hand / wrist: wrist, lumbricals, interosseous, MCPJ, ICPJ, thumb, radio-ulnar.  
Comments: 
    
 

UL Positioning                                                                                                      Time:_____ 
 Use of C- Cushion to maintain 

neutral position 
 Shoulder sling 

or hemi cuff 
 Lap Tray  UL Troth 

Active and Active – Assisted Interventions                                                       Time:_____ 
 UL Facilitation of   Movement 
 UL Facilitation of Fractionated 
   Movement 
 Active Assisted ROM/Ranging 
Specify Joint(s): 
  

Reach & Grasp  Practice 
 Reaching facilitation from therapist 
 Proximal facilitation 
 Distal facilitation  
 



 

 

Comments: (i.e. Functional task, manual handling from therapist including sensory &  proprioceptive input+/- use of props and objects) 
 
 
 
 
 
 
Trunk Work / Activation / Facilitation                                                                 Time:_____ 

  Lumbo-Pelvic disassociation 
  Lateral pelvic tilts 
  Anterior- posterior pelvic tilts 

 

 Thoracic flexion & extension over a stable pelvis 
 UL reaching activities to activate trunk. 

Proximal Stability                                                                                                 Time:_____ 
 Scapular Facilitation / Setting   
Comment: (i.e. position, weight 
bearing vs non-weight bearing) 
 
 

 
 
 
 

UL weight bearing exercises  
 In sitting: weight shifting on the plinth with UL extended, hand in 

contact with the plinth 
 In standing: weight bearing UL with trunk movement 

Interventions for Sensory and Proprioceptive Impairments                            Time:_____ 
 Sensory   Input  /  Retraining 
  Input to fingertips scratching /  

pricking / rubbing / prodding  
 Joint compression & distraction 
  Tactile input with various 

textures 
  Input into palmar creases  
  (Distal palmar & thenar crease) 
  Hot /Cold or sharp/blunt input  

 

Neglect / Inattention 
 Face Stimulation (light touch) 
 Visual attention to affected UL  
 Auditory input (verbal cues from therapist) 
 Eye tracking  & head rotation for inattention / neglect 
 Electric wheel chair training: for training neglect 
 
Stereognosis  
 Reaching into box/bag & recognising objects 
 
Manual Techniques 
 Mobilisations (hand – MCP lumbricals, wrist)       Massage (Soft tissue) 

 
Tone Management                                                                                                Time:_____ 

 Muscle releases 
             (rotatory component)  

  UL mobilisations 
(Joint, muscles) 

 

Oedema Management                                                                                          Time:_____ 
 NMES 
 Bandaging 
 Elevation / Positioning 
 

 Gloves 
 Manual Oedema 
Mobilisation  

 Patient Education 
 Retrograde   
Massage 

 Active Ranging 
 Passive Ranging 

Functional Interventions                                                                                      Time:_____ 
ADL  Retraining 
 Task-skill specific retraining (circle one or multiple): 
    Grooming, feeding, dressing, showering & toileting.  
    Females: Applying makeup, moisturising, brushing hair. 
    Males: brushing hair, shaving, brushing teeth, washing face. 
 Domestic chores:  meal prep, kitchen skills, laundry, leisure activities 
 Bilateral activities integrating both ULs in ADLs. 
 ADL retraining in the functional training unit (aka “The Flat”) 

 Bimanual tasks   
Specify task: 
 
 
 
 
 
 
 

 



 

 

Hand Fine Motor Skills Practice                                                                          Time:_____ 
 Grasp & Release  
 Finger / thumb opposition 
 Pincer grasp 
 Theraputy exercises 
 Dexterity exercises 

 
 
 
 
 

 Facilitation of 
intrinsics and 
lumbricals (i.e. in hand 
manipulation of objects) 

 Manipulation of 
objects such as 
buttons, zips, beads, 
cards, nuts, bolts, 
pegs, tops, lids.   
(Please circle one)  

 Comments: 

Patient & Family education re: management of UL                                           Time:_____ 
Self Management of UL  
 Patient education re: self  PROM 
 Handling of paretic UL 
 Oedema self management including positioning. 
 Sensory input (individualised sensory kits for texture 
discrimination) 
 Increase UL awareness i.e. for inattention or neglect 
(avoid non-use) 
 Manual wheel chair training 

Family Education 
 Sensory input 
 UL handling and 
positioning 

Hand exercises 
 Strengthening exs – use of 
theraputty or resistance 
bands 
 

Adjunct Interventions 
Neuromuscular  Electrical Stimulation (NMES)                                                 Time:_____ 
Reason(s): Muscles/ 
 Spasticity / Dystonia    
 Oedema    
 Shoulder subluxation 
 Facilitation of motor activity 

Joint targeted:                     
 
 
Settings & Time: 

Mirror Box                                                                                                             Time:_____ 
 Right and Left discrimination Cards 
 Mirror box therapy  
 Visualisation /Mental Imagery 

Comments: 
 
 
 

Workshop / Vocational Practice                                                                           Time:_____                                                                                                         
Describe activity involving the ULs: 
 

Goals: 
 
 

Handwriting Practice / Pen Skills                                                                        Time:_____ 
 Mild- Mod UL impairment: templates, handouts, use of pen aids and surfaces 
 
 Moderate – Severe UL Impairment: Compensatory strategies with unaffected UL 
Splinting                                                                                                                Time:_____ 
 Thermoplastic        
 Soft 
 

 
 
 

Reason:  
 To maintain joint integrity 
 To maintain muscle length 
 To decrease tone i.e. palm protectors & elbow splints 

Comments: 
 
 
 

Shoulder Taping                                                                                Time:_____ 
 Management of 

subluxation 
 For stability of    
weak proximal  
muscles 

 Prior to UL 
facilitation to assist 
with normal movement 
patterns 

Comments: 

 



 

 

APPENDIX 15 

Intervention Log and Intervention Sticker for Inpatient Notes 

 

  A pilot investigation of the effect of cathodal transcranial 
direct current stimulation (ctDCS) plus standard upper limb 
rehabilitation to augment motor recovery post-acute stroke. 
 
HREC Trial No: 2012-127    

 
 
 
COORDINATING PRINCIPAL INVESTIGATOR: JIMENA (MENA) GARCIA-VEGA  

          SENIOR PHYSIOTHERAPIST PAGER 4235 
 

INTERVENTION PHASE 
 

Participant’s Details:      
         
 
 
Participant’s number: 
 

Consultant Neurologist: 
 
 
 
Therapist applying tDCS & UL intervention: 
 

Stroke On set: 
 

War   Start of intervention phase:   
 
End of intervention phase: 

 
Ward PT: 
 
 

Ward OT: 
 

 
 
 
 
Additional comments : 
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________ 
 
Significant events during intervention phase: 
_______________________________________________________________________________
_______________________________________________________________________________
_______________________________________________________________________________
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Intervention Sticker for Inpatient Notes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Transcranial Direct Current Stimulation (tDCS) & Upper Limb 
Rehabilitation Post-Acute Stroke- A Pilot Study 
This patient has been seen for upper limb rehabilitation +/- tDCS. 
The following UL therapy was completed: 
 
 
 
 
 
 
 
 
 
 
 

 
Time/ date: 
 

 
 

 
Coordinating Principal 
Investigator: 
 

 
Jimena (Mena) Garcia-Vega 
Senior Physiotherapist - SCGH 
9243- 3333;  Pager 4235 
 

 
Therapist providing UL 
rehabilitation +/- tDCS 

  
 
 
 



 

 

APPENDIX 16  

 

Radiological Information for All Participants (n=12) 

 

Participant  
No. 

Sham Group  Cathodal tDCS Group 

1  (L) MCA infarct - cerebral hemisphere 
sulci & Sylvian fisure 

(R) MCA subcortical infarct (M3 territory 
thrombus) 

2  (L) basal ganglia corona radiata & 
head of caudate nucleus infarct 

(R) internal capsule  & corona radiata 
infarct 

3  (R) Internal capsule  posterior limb 
infarct 

(R)  MCA infarct, cortical & subcortical 

4  (R) terminal ICA/MCA territory infarct 
- large thrombus 

(L) lenticulo-striate, internal capsule& 
corona radiata infarct 

5  (L) acute infarct  in the posterior limb 
of  internal capsule/thalamus 

(R) MCA infarct- thrombus in cavernous IC 
& MCA artery 

6  Acute (L) pyramidal infarct -pre central 
gyrus 

(L)lentiform nucleus,caudate head, insular 
cortex, temporal &frontal lobes 

 

 



APPENDIX 17                                    Pre- and Post-Intervention Blood Pressure Measurements 

 

 



 

 

CATHODAL

Cathodal 1 Cathodal 2 Cathodal 3

Session No. Pre Rx SBP Post Rx SBP ∆ SBP Session No. Pre Rx SBP Post Rx SBP ∆ SBP Session No. Pre Rx SBPPost Rx SBP ∆ SBP

1 90 1 1 110 139 up 29

2 100 110  up 10 2 110 130 up 20 2 110 115 up 5

3 103 103 0 3 125 131 up 6 3 102 104 up 2

4 95 99  up 4 4 130 134 up 4 4 122 126 up 4

5 105 105 0 5 137 130 down 7 5 117 125 up 8

6 110 105 down 5 6 130 135 up 5 6 97 98 up 1

7 105 100  down 5 7 127 135 up 8 7 102 97 down 5

8 100 104 up 4 8 110 120 up 10 8 103 115 up 12

9 90 98 up 8 9 130 136  up 6 9 120 123 up 3

10 100 100 0 10 10 106 120 up 14

Avg 100.8888889 102.666667 up 1.78 Avg 124.875 131.571429 up 6.7 Avg 108.9 116.2 up 7.3

Cathodal 4 Cathodal 5 Cathodal 6

Session No. Pre Rx SBP Post Rx SBP ∆ SBP Session No. Pre Rx SBP Post Rx SBP ∆ SBP Session No. Pre Rx SBPPost Rx SBP ∆ SBP

1 1 140 140 0 1 120 122 up 2

2 126 2 170 146 down 24 2 120

3 140 136  down 4 3 140 137 down 3 3 125 120 down 5

4 145 147 up 2 4 130 133 up 3 4 105 130 up 25

5 163 146 down 17 5 140 135 down 5 5 125 130 up 5

6 146 145 down 1 6 135 127 down 8 6 125 135 up 10

7 143 139 down 4 7 143 133  down 10 7 109 127 up 18

8 126 129 up 3 8 130 135 up 5 8 127 130 up 3

9 135 137 up 2 9 130 137 up 7 9 130 126 down 4

10 137 140 up 3 10 135 133 down 2 10 106 110 up 4

Avg 141.875 139.875 Down 2 Avg 139.3 135.6 down 3.7 Avg 119.2 125.555556 up 6.3

Cathodal Withdrawal

Session No. Pre Rx SBP Post Rx SBP ∆ SBP

1 90 126

2

3

4

5

6

7

8

9

10

Avg 90 126 -36
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Intra-Rater Reliability- Raw FMUE Data of 10 Non-Study Participants 

 

ID Time (A)Upper Extremity (B) Wrist (C) Hand (D) Coordination/Speed TOTAL MOTOR SCORE Impairment Classification Gender Age

FM Pt 1 Baseline 1 5 0 0 4 9 Severe F 82

Baseline 2 5 0 0 4 9 Severe

Average 5 0 0 4 9 Severe

FM Pt 2 Baseline 1 27 6 11 3 47 Moderate M 77

Baseline 2 27 6 10 3 46 Moderate

Average 27 6 10.5 3 46.5 Moderate

FM Pt 3 Baseline 1 13 0 0 4 17 Severe M 55

Baseline 2 15 0 0 4 19 Severe

Average 14 0 0 4 18 Severe

FM Pt 4 Baseline 1 25 5 13 5 48 Moderate M 32

Baseline 2 24 6 13 6 49 Moderate

Average 24.5 5.5 13 5.5 48.5 Moderate

FM Pt 5 Baseline 1 27 5 10 4 46 Moderate F 65

Baseline 2 27 5 10 4 46 Moderate

Average 27 5 10 4 46 Moderate

FM Pt 6 Baseline 1 23 5 8 5 41 Moderate M 89

Baseline 2 26 7 8 5 46 Moderate

Average 24.5 6 8 5 43.5 Moderate

FM Pt 7 Baseline 1 29 4 7 4 44 Moderate M 71

Baseline 2 30 4 7 4 45 Moderate

Average 29.5 4 7 4 44.5 Moderate

FM Pt 8 Baseline 1 33 7 14 4 58 Mild F 65

Baseline 2 33 7 14 4 58 Mild 

Average 33 7 14 4 58 Mild 

FM Pt 9 Baseline 1 8 0 2 4 14 Severe F 74

Baseline 2 8 0 2 4 14 Severe

Average 8 0 2 4 14 Severe

FM Pt 10 Baseline 1 7 0 2 4 13 Severe M 68

Baseline 2 7 0 2 4 13 Severe

Average 7 0 2 4 13 Severe



APPENDIX 19 

UL Tardieu Scores Over Time 

 

Sham tDCS Group Tardieu Scores (n=6) 

Four participants in the sham group did not have onset of increased tone at baseline, and 

equally at any post intervention follow ups. One participant (sham tDCS #4) 

demonstrated emergence of tone (Tardieu score of 1) immediately post intervention, 

which resolved by POST 3 and had no impact on voluntary movement. Another 

participant (sham tDCS #3) showed emergence of tone with in biceps brachii, 

brachioradialis immediately post intervention, with a temporary decrease in tone at POST 

2, followed by an increase of tone POST 3. Shoulder flexors, internal rotators and 

adductors showed emergence of tone at POST 1 and 2, which coincided with clinical signs 

of frozen shoulder. By POST 3 this participant was only able to achieve 90° of shoulder 

flexion and 80° abduction due to joint stiffness and pain, therefore unable to assess for 

tone at POST 3. All these factors impacted any over the head tasks.  

 

Cathodal tDCS Group Tardieu Scores (n=6) 

Five participants in the cathodal group showed tone changes in the wrist and elbow 

flexor muscles which resolved by POST 3. Increased tone did not have a significant impact 

on voluntary movement of the affected UL. Only one participant (cathodal tDCS #6) 

demonstrated an increase of tone at the wrist flexors at baseline (Tardieu score of 2) and 

all POST assessments, forearm pronators at baseline (Tardieu score of 1) worsened by 

POST 3 (Tardieu score of 2), brachioradialis at all-time points, biceps brachii at baseline 

(Tardieu score of 2), shoulder flexors at baseline and all POST assessments (Tardieu score 

of 1), and shoulder internal rotators at baseline (Tardieu score of 2), decreased by POST 3 

(Tardieu score of 1). These tonal changes affected voluntary movement, and also 

correlated with the acute onset of neuropathic pain in UL and LL which was managed 

with Pregabalin. Overall, this patient’s ability to participate in rehabilitation was 

compromised by the acute onset of neuropathic pain, which led to more increased tone, 

and delayed improvements in UL function.  



 

 

Sham tDCS Group Tardieu Scores (n=6) 

Participant 
No. 

Muscle(s) Baseline  POST 1 POST 2 POST 3 Hemi 
Side 

1 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 0  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 0 0 0 0  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

2 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 0  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 0 0 0 0  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

3 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 1 0 0 0  

 Forearm Pronators 1 0 0 0  

 Brachioradialis 2 1 1 2  

 Biceps Brachii 2 1 1 2  

 Shoulder Flexors 0 1 1 *  

 Shoulder Internal Rot 0 1 1 *  

 Shoulder Adductors 0 0 0 *  

4 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 0  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 2 1 1 1  

 Biceps Brachii 1 1 1 1  



 

 

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

5 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 1 0 0  

 Forearm Pronators 0 1 0 0  

 Brachioradialis 0 1 1 1  

 Biceps Brachii 0 1 1 1  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

6 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 0  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 0 1 1 1  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  
Tardieu Scores: 0=no catch to PROM, 1=slight catch, 2=clear catch at a precise angle, 3= clonus <10 seconds; 
4=unfatigable clonus >10s; 5=fixed joint, FDP, flexor digitorum profundus; FDS, flexor digitorum superficialis. 
* unable to assess due to frozen shoulder & pain 



Cathodal tDCS Group Tardieu Scores (n=6) 

 

 

 

 

 

Participant 

No.  

Muscle(s) Baseline  POST 

1 

POST 

2 

POST 

3 

Hemi  

Side 

1 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 0  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 0 0 0 0  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

2 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 1 2 1 1  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 1 2 2 1  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

3 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 0 0 0 1  

 Forearm Pronators 0 0 0 0  

 Brachioradialis 0 0 0 0  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

4 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 1 1 1 1  

 Forearm Pronators 0 1 1 1  

 Brachioradialis 1 1 2 2  

 Biceps Brachii 1 1 2 2  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  



 

 

 

 

 

 

 

 

 

 

 

 

 

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

5 Flexor Pollicis Longus 0 0 0 0 L 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 1 1 1  

 FDP 0 1 1 1  

 Wrist Flexors 0 1 1 1  

 Forearm Pronators 0 1 1 1  

 Brachioradialis 0 0 0 0  

 Biceps Brachii 0 0 0 0  

 Shoulder Flexors 0 0 0 0  

 Shoulder Internal Rot 0 0 0 0  

 Shoulder Adductors 0 0 0 0  

6 Flexor Pollicis Longus 0 0 0 0 R 

 Flexor Pollicis Brevis 0 0 0 0  

 FDS 0 0 0 0  

 FDP 0 0 0 0  

 Wrist Flexors 2 2 2 2  

 Forearm Pronators 1 1 2 2  

 Brachioradialis 2 2 2 2  

 Biceps Brachii 1 2 2 2  

 Shoulder Flexors 1 1 1 1  

 Shoulder Internal Rot 2 2 2 1  

 

 

Shoulder Adductors 

 

0 0 0 0 

 

 

 

 

Tardieu Scores: 0= no catch to PROM, 1= Slight catch, 2=clear catch at a precise angle, 3= clonus  <10 seconds;   

4= unfatigable clonus >10s; 5= Fixed joint. FDP,flexor digitorum profundus;  FDS, flexor digitorum superficialis. 

 



 

 

APPENDIX 20 

Post Stroke Depression Scale: Depressed Mood, Apathy/Abulia, & Anxiety 

Section 1: depressed mood (maximum score 5)  

In the sham group, participants 1, 4, and 6 reported an initial score of 1 ‘mood a little 

more sad and worried than before the illness’, which resolved to a score of 0 ‘well-

balanced mood’ at POST 3. Participant 3 initially reported a score of 2 ‘mood clearly more 

oriented toward sadness and pessimism than before the illness’, with improvements to 

‘well-balanced mood’ at POST 3. Participant 2 was the only one who reported a 

deterioration of mood (POST 1 score of 1, POST 3 score of 3), indicating ‘mood clearly 

orientated toward sadness and pessimism, with fits of crying from time to time’ Participant 

5 reported ‘well balanced mood’ throughout.  

Participants  1 and 3 in the cathodal group initially scored 2 indicating ‘mood clearly more 

oriented toward sadness and pessimism than before the illness’ and improved to score 1 

‘mood a little more sad and worried than before the illness’  at POST 3. Participants 2,4,5, 

and 6 scores did not indicate any signs of depressed mood other than  ‘mood a little more 

sad and worried than before the illness’.  

Section 5: apathy/abulia/ indifference (maximum sum score 5)  

In the cathodal group participants 1 and 5 reported ‘adequate interest in own state of 

health, other patients, family members, and social situations’ (sum score of 0). 

Participants 2 and 4 initially reported ‘scarce interest in own state of health, other 

patients, family members, and social situations’ (sum score of 1), which improved to 

adequate status (sum score of 0) by POST 3. Participant 3 initially reported a sum score of 

4, indicating ‘completely absent interest in other patients, friends, and social situations’, 

on assessment, the patient indicated deep concerns for own morbid condition and 

family. This patient was under a significant amount of stress due to issues with his 

partner’s and son’s visa status, which at the time meant possible deportation from 

Australia. At POST 3 all these issues had been resolved, and the patient reported 

adequate interest in other patients, friends and social situations. The patient also 

reported that rehabilitation kept him motivated to get better and go home. Participant 6 

started and finished with a sum score of 1 ‘scarce interest in own state of health, other 



 

 

patients, family members, and social situations’ which was attributed to a couple of 

factors such as onset of neuropathic pain, feelings of isolation due to being Vancomycin 

Resistant Enterococci (VRE) positive and having to spend most of the time in a closed 

single room; and not having family support in WA.  

In the cathodal group, participants 1, 5 and 6 reported ‘adequate interest in own state of 

health, other patients, family members, and social situations’ (sum score of 0). 

Participants 3 and 4 reported ‘scarce interest in own state of health, other patients, 

family members, and social situations’ (sum score of 1), which improved to adequate 

interest for participant 4, and no change for participant 3 at POST 3. Participant 2 initially 

reported ‘completely absent interest in other patients, own state of health, family and 

friends, and clearly reduced interest in social situations’. On assessment patient indicated 

that her partner’s stress about this situation exacerbated her feelings of apathy and 

abulia. The patient made marked improvements by POST 3, reporting ‘adequate interest’ 

(sum score of 5). 

Section 6: anxiety (maximum of 5 points) which is subdivided in to psychic anxiety (0-2 

points), somatic anxiety (0-2 points), and psychomotor agitation (0-1 point).  

In the cathodal group, participant 3 reported  a score of 2 ‘often appears nervous, 

apprehensive, irritable; Frequently expresses fears about own condition; often needs to be 

reassured’ in the psychic anxiety category, this was attributed to relationship issues 

during his inpatient admission as explained above; on re-assessment at POST 3 the 

anxiety had settled (score of 1). The only deterioration in this group was participant 1 

who initially reported no issues, however by POST 3 reported a score of 1 ‘appears rather 

tense, nervous, irritable; Sometimes expresses fears and worries’. This participant 

indicated that he was not coping with being home and out of work, and also started 

drinking during the day. The patient was advised to see his general practitioner.   

Participant 2, 5, and 6 in the sham group reported no psychic anxiety (score of 0). 

Participants 1, 3, and 4 initially reported a score of 1 ‘appears rather tense, nervous, 

irritable; Sometimes expresses fears and worries’, which improved to a score of 0 ‘calm 

enough; Rarely tense, nervous or apprehensive’ by POST 3.  



 

 

Sham tDCS Group PSDS Scores (n=6) 

 

Participant   
No. 

Domain Baseline POST 1 POST 2 POST 3 

1 Section 1 (DEPRESSED MOOD) 1 1 1 0 

 Section 5 (APATHY/ABULIA/INDF) 0 0 0 0 

 Section 6: Psychic anxiety (0-2) 1 1 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

2 Section 1 (DEPRESSED MOOD) 1 1 3 0 

 Section 5 (APATHY/ABULIA/INDF) 5 2 1 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

3 Section 1 (DEPRESSED MOOD) 2 1 1 0 

 Section 5 (APATHY/ABULIA/INDF) 1 1 1 0 

 Section 6: Psychic anxiety (0-2) 1 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

4 Section 1 (DEPRESSED MOOD) 1 1 0 0 

 Section 5 (APATHY/ABULIA/INDF) 1 1 0 0 

 Section 6: Psychic anxiety (0-2) 1 1 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

5 Section 1 (DEPRESSED MOOD) 0 0 0 0 

 Section 5 (APATHY/ABULIA/INDF) 0 0 0 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

6 Section 1 (DEPRESSED MOOD) 1 0 0 0 

 Section 5 (APATHY/ABULIA/INDF) 0 0 0 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 
 

Section 1 (Depressed Mood) max 5 points; Section 5 (Apathy/abulia) max 5 points; Section 6 (Anxiety) max 5 points – Psychic 
anxiety (0-2), Somatic anxiety (0-2) and Psychomotor agitation (0-1). 

 

 

 

 

 

 



 

 

Cathodal PSDS Scores (n=6) 

 

 

 

 

Participant 

No.  

Domain Baseline  POST 1 POST 2 POST 3 

1 Section 1 (DEPRESSED MOOD) 2 2 1 1 

 Section 5 (APATHY/ABULIA/INDF) 0 0 0 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 1 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

2 Section 1 (DEPRESSED MOOD) 0 0 0 0 

 Section 5 (APATHY/ABULIA/INDF) 1 0 1 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

3 Section 1 (DEPRESSED MOOD) 2 2 2 1 

 Section 5 (APATHY/ABULIA/INDF) 4 3 0 0 

 Section 6: Psychic anxiety (0-2) 2 2 2 1 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

4 Section 1 (DEPRESSED MOOD) 1 0 0 0 

 Section 5 (APATHY/ABULIA/INDF) 1 0 0 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

5 Section 1 (DEPRESSED MOOD) 0 0 0 1 

 Section 5 (APATHY/ABULIA/INDF) 0 0 0 0 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

6 Section 1 (DEPRESSED MOOD) 1 1 1 1 

 Section 5 (APATHY/ABULIA/INDF) 1 1 1 1 

 Section 6: Psychic anxiety (0-2) 0 0 0 0 

                     Somatic anxiety (0-2) 0 0 0 0 

               Psychomotor agitation (0-1) 0 0 0 0 

Section 1 (Depressed Mood) max 5 points; Section 5 (Apathy/abulia) max 5 points; Section 6 (Anxiety) max 5 points- Psychic 

anxiety (0-2), Somatic anxiety (0-2) and Psychomotor agitation (0-1).  
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