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Abstract 

BACKGROUND. 

High repetitions of task-oriented practice are essential to drive functional recovery of the 

upper limb (UL) after stroke. Unfortunately, therapy time focused on the upper limb is limited 

and movement repetitions are low in standard care stroke rehabilitation. Art-based Rehabilitation 

Training (ART) is a motor training program designed to augment UL functional recovery by 

engaging stroke survivors in intense, progressive, structured art-based activities delivered outside 

of conventional therapy sessions. The objectives of this study were to assess the feasibility of 

delivering ART in an inpatient setting, collecting clinical and robotic-based measures of 

sensorimotor function, and quantifying UL use during ART sessions. This study was conducted 

in two phases: Phase Ⅰ and Phase Ⅱ.  

METHODS. 

 A convenience sample of patients admitted to a stroke rehabilitation unit with UL motor 

impairment (n=38) were enrolled in the ART program. The program included 9 sessions of 

supervised tracing and free-hand drawing tasks completed with both hands, intended to be 

delivered over a 3-week duration. Feasibility outcomes included ART program adherence, 

acceptability, safety, and outcome assessment completion. Sensorimotor function was assessed 

using the Kinarm robot and clinical measures recorded at baseline (pre-ART) and 3-4 weeks 

follow up (post-ART). Activity intensity was quantified as session time and UL movement time 

measured by forearm-mounted accelerometers in Phase Ⅱ. 

RESULTS. 

A total of 32 (84%) participants completed the ART program within the intended time 

frame, and 30 were included in the study analysis from Phase Ⅰ and Ⅱ. Task completion rates 

ranged from 57-100%. Acceptability was high and few adverse events occurred during the 

intervention. Kinarm and clinical measures were feasible to collect at baseline and follow up with 
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low rates of attrition. ART session duration, recorded from a subset of 13 Phase Ⅱ participants (77 

sessions), yielded a median [IQR] session time of 44 [35-53.5] minutes. In-session UL movement 

time recorded from 6 participants ranged from 15.2-48.1 minutes.  

CONCLUSIONS. 

The ART program was feasible to implement, acceptable to patients, and resulted in 

augmented UL activity in patients undergoing stroke rehabilitation. Further research is warranted 

to explore the impact of this program on sensorimotor function and UL use. 
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Chapter 1 

Introduction 

1.1 Motivation 

Stroke is a major public health concern, being amongst the most common causes of death 

and disability world-wide (Feigin, Norrving, & Mensah, 2017). In Canada, stroke is the third 

leading cause of death and a primary cause of permanent adult disability, with over 400,000 

people living with the effects of stroke (Statistics Canada, 2017; Krueger et al., 2015). The trends 

in stroke data predict a substantial increase in this value, and by 2038 it is projected that the 

number of Canadians experiencing the burden of stroke will rise and stand between 654,000 and 

726,000 (Krueger et al., 2015).  

The consequences of stroke can be considered in terms of the World Health Organization 

(WHO) International Classification of Functioning, Disability, and Health (ICF) (WHO, 2001). 

Disability, as conceptualized within the ICF framework, refers to impairments in body structure 

and function, activity limitations, and participation restrictions related to a condition. Stroke can 

result in multiple impairments of varying severity depending on the lesion location, size, and 

extent of the damage. Neurological impairments can commonly manifest as motor (e.g. paresis, 

dysarthria), visual (e.g. homonymous hemianopsia), and somatosensory (e.g. loss of sensation 

and proprioception) deficits (Jørgensen et al., 1995). Neuropsychological impairments may 

include decline in cognitive and perceptual capacity, which often present clinically as reduced 

attention, memory failure, and difficulty with language (e.g. aphasia) (Kase et al., 1998; Srikanth, 

2003).  

One of the most common deficits following stroke is upper limb (UL) impairment, 

affecting 50-80% of survivors in early phases post stroke, and 40-50% of survivors in the chronic 

phase (Lawrence, 2001; Jørgensen et al., 1995; Persson, 2015; Broeks et al., 1999). Frequently 



2 

observed upper limb impairments include loss of somatosensation, decreased coordination, 

abnormal muscle tone, and paresis. Particularly, over 80% of survivors present with contralateral 

upper limb hemiparesis, which is unilateral weakness generally affecting arm and hand motor 

function (Lawrence et al., 2001; Hatem et al., 2016; Cramer et al., 1997). Upper limb motor 

function can be described in terms of motor performance and capacity. Motor performance relates 

to individuals’ ability to use their upper limbs in real-world and clinical environments and 

capacity refers to individuals’ abilities in clinical settings alone (Borschmann & Hayward, 2020). 

Upper limb motor function is frequently measured in amount and quality of movement, in which 

quality of movement is determined through strength, coordination, dexterity, and ability to 

complete tasks (e.g. opening doors) (Kwakkel et al., 2019).  

These arm and hand functional deficits resulting from hemiparesis commonly limit 

involvement in meaningful activities of daily living (ADL) related to mobility, self-care, learning, 

and eating, as well as restrict autonomy and participation in society (Raghavan, 2015). 

Additionally, motor paresis is commonly associated with other secondary neurological 

manifestations such as compromised detection of sensory information (e.g. somatosensation, 

kinesthesia), abnormal changes in reflexes and tone, as well as pain which further limit day-to-

day function (Hatem et al., 2016). Taken together, it is evident that upper limb hemiparesis is a 

frequent, persistent, and disabling consequence of stroke. 

 Functional recovery post stroke refers to the improvement of independence in mobility 

and self-care and can be best understood in terms of motor recovery (Teasell & Hussein, 2018).  

Functional recovery separates itself from neurological recovery in that it is largely modified by 

the quality and intensity of rehabilitative therapy or training. Unfortunately, functional recovery 

in the hemiparetic upper limb is generally limited, with a very low probability of complete or 

normal recovery (<15%) (Cauraugh & Summers, 2005; Hendricks et al., 2002). Further, it is 

estimated that only 20-80% of patients are expected to regain partial use of the affected upper 

limb, but nonetheless have residual limitations in voluntary movements (Dobkin, 1997). In 
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comparison, 74% of stroke-affected individuals are expected to regain use of the lower limbs 

(Smith et al., 2017), with a recovery rate much higher than that of the upper limbs (Kwakkel et 

al., 1996). One of the principal reasons that the recovery of the upper limb is less rapid and 

complete than the lower is that the arm and hands are often trained relatively little compared to 

the legs and trunk, as general mobility and the ability to transfer are prioritized over upper limb 

functionality (Hochstenbach-Waelen & Seelen, 2012).  

Post stroke upper limb recovery is a complex, dynamic, and multifactorial process in 

which an interplay among physiological, genetic, sociodemographic, and clinical variables 

influences the overall recovery trajectory. While sociodemographic factors (e.g. age, gender, race 

and socioeconomic status) (Stansbury et al., 2005; Horner et al., 2003) and genetic factors (e.g. 

drain derived neurotrophic factor polymorphisms) (Cramer & Procaccio, 2012) may account for a 

proportion of the recovery response post stroke, clinical variables (e.g. initial stroke severity, co-

morbidities, rehabilitation) are conventionally the most predictive factors for upper limb recovery 

(Alaweih, Zhao, & Feng, 2018).  

  It has been repeatedly reported that suboptimal upper limb recovery may in part be due to 

the initial severity of the stroke itself (Byblow et al., 2015; Coupar et al., 2012; Duncan et al., 

1992), in which individuals with severe to complete upper limb paresis have poorer recovery 

prognoses (<60% recover UL function) (Kwakkel et al., 2003; van Kuijk et al., 2009), compared 

to those with mild to moderate upper limb paresis (>71% recover UL function) (Nijland et al., 

2010). Residual dexterity, such as active finger extension, as well as distal and proximal shoulder 

and elbow motor function are a strong prognostic factors of upper limb functional recovery 

(Nijland et al., 2010; Fritz et al., 2005; Smania et al., 2007; Houwink et al., 2013). Other clinical 

factors that may influence functional outcomes in patients with stroke to a lesser extent are the 

presence of comorbidities (e.g. diabetes, arterial hypertension) (Buga, Napoli, & Wagner, 2013), 

mental health status (Hama, Yamashita, & Kurisu, 2011), and the use of pharmacological agents 

(Sivenius et al., 2001). The trend emphasized in the literature is that poorer recovery is predicted 
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for those with uncontrolled or complicated co-morbidities and/or post stroke neuropsychiatric 

conditions (e.g. post stroke depression) (Loubinoux et al., 2012), while the use of 

pharmacological agents can have a variable impact on recovery depending on its mechanism of 

action (Chollet et al., 2014). Lastly, it has been widely accepted in rehabilitation literature that the 

intensity of rehabilitative training post stroke is a key clinical determinant in upper limb recovery, 

with intense training promoting better functional outcomes (Teasell et al., 2020); however, 

patients with stroke frequently fail to receive adequate, intense rehabilitative care. As such, it has 

been increasingly acknowledged that the low intensity, low duration, and low frequency of 

standard care therapy, following outdated and insufficiently challenging training paradigms, is 

severely restricting optimal upper limb recovery post stroke (Carr & Shepherd, 2011).  

It has been established that patients with stroke should receive a total of 3 hours of 

therapy per day to achieve ideal functional outcomes (Teasell et al., 2020; Wang et al., 2013). 

Further, it is expected that an appropriate portion of this daily therapy be focused on upper limb-

specific training, wherein patients complete hundreds of meaningful repetitions of task-oriented 

practice (Teasell et al., 2020; Birkenmeier, Prager, & Lang, 2010). While these standards of care 

are well-established in stroke rehabilitation guidelines, the amount of daily therapy patients 

actually receive is remarkably and insufficiently small (Teasell et al., 2008). Few studies of 

Canadian origin have reported on how much physical and occupational therapy is delivered per 

day to inpatients with stroke, but the limited, existing literature suggests that patients with stroke 

only receive an average of 75 minutes of physical and occupational therapy combined per day 

(Foley et al., 2012), or a total of 6.3 to 7.5 hours total per week (Richards et al., 2018). Within 

each physical therapy or occupational therapy session, it has been estimated that only 4 to 11 

minutes is dedicated to upper limb task practice, involving few active or meaningful motor 

repetitions (Bernhardt et al., 2007; Harris et al., 2009). As highlighted by Lang et al. (2009) 

standard care therapies may only involve an average of 32 functional motor repetitions per 

session, which is almost 2 orders of magnitude lower than what has been cited in previous animal 
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studies (Nudo et al., 1996). This low number of motor repetitions achieved in standard care is at 

odds with studies on motor learning where hundreds or even thousands of volitional motor 

actions are required to restore or attain coordinated, automatic motor skills (Boyd & Winstein, 

2006). In light of this evidence, it has been recommended that rehabilitation research focus on the 

development of intense therapeutic interventions that use novel training paradigms to augment 

active training time and promote upper limb functional recovery post stroke (Barreca et al., 2003; 

Stinear, 2016).  

While there has yet to be a consensus reached on the optimal neurorehabilitation 

intervention design or training paradigm for enhancing recovery after stroke (Alaweih, Zhao, & 

Feng, 2018), it has been recognized that effective training methods incorporate the following 

specific principles relevant to upper limb motor skill re-acquisition and recovery: intensity, task-

specific practice, action observation, challenge, engagement, and augmented feedback (Barker & 

Brauer, 2005; Maier, Ballester, & Verschure, 2019; Danzl et al., 2012). Intensity, or dosage, of 

training includes the following parameters: frequency, duration, and amount of therapy (Lang, 

Lohse, & Birkenmeier, 2015).  

Despite these principles being identified as critical components in producing clinically 

meaningful functional outcomes (Galvin et al., 2008; Peiris et al., 2011), interventions designed 

to address upper limb paresis often fail to apply these principles in clinical settings (Barker & 

Brauer, 2005). Thus, to maximize sustainable functional recovery of the upper limbs post stroke, 

it is essential that supplemental rehabilitation training programs which practically apply the 

effective neurorehabilitation principles be developed and implemented into stroke care (Maier, 

Ballester, & Verschure, 2019; Harris et al., 2009).  

 It is worth discussing that while the provision of supplemental upper limb training is a 

logical approach to augmenting upper limb activity and recovery, there is evidence in stroke 

services that this solution is much easier to proclaim than to achieve. An obvious challenge would 

be acquiring the funds and resources (e.g. staff) to implement an additional program in a 
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constrained publicly funded health care system (Teasell et al., 2008). Healthcare providers (e.g. 

clinicians, physical and occupational therapists) face growing demands in their time and energy, 

thereby reducing their ability to provide additional, comprehensive care to a complex patient 

population. As such, there has been an increasing reliance on civic engagement in the provision 

of stroke care (Nelson, Thombs, & Yi, 2020). Volunteers have taken on select roles and activities 

related to rehabilitation such as providing aid with mobility, transfer, education, and psychosocial 

support (Hotchkiss, Unruh, & Fottler, 2014; David, Enderby, & Bainton, 1982; Meikle et al., 

1979), and have additionally shown to enhance the patient experience (Malby, Boyle, & Crilly, 

2017). The utilization of volunteers allows stroke teams to adopt an interdisciplinary approach to 

the provision of care in which both informal and formal healthcare providers work collaboratively 

to translate their collective knowledge and skills into practice for the benefit of the stroke 

survivor.  

It is expected that volunteers in stroke inpatient rehabilitation are capable of working in a 

variety of different clinical areas (Nelson, Thombs, & Yi, 2020); however, their ability to deliver 

an additional upper limb intervention has not yet been described in the literature. Hence, it is 

worth exploring whether a volunteer-driven upper limb neurorehabilitation intervention is 

feasible to deliver and effective in enhancing upper limb activity.  

1.2 Stroke 

A stroke, or cerebrovascular event, occurs when blood supply to part of the brain is 

interrupted or reduced, depriving the brain tissue of oxygen and glucose consequently leading to 

rapid neuronal cell death within as little as 60 to 90 seconds of stroke onset. There are two 

primary stroke types: ischemic and hemorrhagic.  

 Ischemic strokes, accounting for approximately 87% of cases in North America, result 

from occlusions or clots (e.g. thrombus, embolus) in an artery routing to the brain (American 

Stroke Association, 2018). The process of an occlusive stroke often begins with inflammation of 
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the arterial wall, leading to plaque formation (e.g. atherosclerosis). Plaques result in stenosis 

(narrowing of blood vessels) and the formation of a thrombus or embolus, which are detached 

plaque materials. The thrombus or embolus then proceed to result in either a full ischemic stroke 

or transient ischemic attack (TIA).  

 In ischemic stroke, a clot that has formed directly in an artery in the brain is namely a 

thrombotic stroke. Less commonly, a clot travelling from other areas of the body result in an 

embolic stroke. There are two main zones of injury after an ischemic stroke: ischemic core and 

penumbra. The ischemic core encompasses the most severely affected tissue (<10-25% blood 

flow), and penumbra is the less affected outer region which exhibits mildly to moderately 

affected tissue (Heiss, 2010). At the core there is neuronal death, whereas the neurons within the 

penumbra may remain viable for several hours due to collateral arterial blood supply.  

 Hemorrhagic strokes, 13% of cases, are caused by blood vessel rupture and leakage, often 

as a result of hypertension and amyloid angiopathy (protein build up in small blood vessels) 

(American Stroke Association, 2018). Hemorrhagic strokes can be classified as subarachnoid, 

where blood leaks into the subarachnoid space, often from cerebral or pial artery damage, or 

intracerebral, where rupturing of a deep artery in the brain causes bleeding within the brain tissue 

itself. Hemorrhagic strokes cause brain tissue damage primarily through three mechanisms: 

compression, toxicity, and loss of blood pressure. The pooling of blood and brain swelling that 

occur in hemorrhagic strokes, primarily intracranial, can compress brain tissue by expanding 

hematomas. This expansion can cause space-occupying lesions and herniation (shifting of tissue) 

and thus damage. Toxicity may result from the liberation of toxic blood products, such as hemin a 

breakdown of hemoglobin, in cases where there is substantial bleeding (Robinson et al., 2009).   

 There are several reasons why stroke may occur, and many risk factors that have been 

identified. Some risk factors are modifiable, whereas others are not. Modifiable risk factors 

include high blood sugar, smoking, high blood pressure, obesity, physical inactivity, poor diet,  
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and high cholesterol. Non-modifiable risk factors include age, gender, race, and family history 

(American Stroke Association, 2018).  

1.2.1 Pathophysiology of Stroke 

Following ischemic or hemorrhagic injury, such as stroke, a phenomenon known as 

spreading depression (SD) occurs, in which a transient wave of near-complete neuronal and glial 

depolarization spontaneously arises from the site of injury (Lauritzen et al., 2011). Cortical 

spreading depression in the injured cortex or subcortex has electrophysiological, metabolic, and 

vascular implications that contribute to the pathophysiology of stroke.  

 Cortical spreading depression is characterized by spreading oscillations across neurons 

and glia, indicating a brief state of hyper-excitability (Fabrisius et al., 2008). The oscillations 

across the grey matter are followed by complete loss of neuronal activity, which can last for 

minutes before recovery or result in cell death (Lauritzen et al., 2011). The spontaneous waves of 

depolarization coincide with failure of brain homeostasis and efflux of excitatory amino acids 

from nerve cells, such as glutamate (Vyskocˇil, Krˇízˇ, & Buresˇ, 1972). Concurrently, during this 

process potassium concentration rises, and calcium concentration decreases in the extracellular 

space, while intracellular sodium concentration increases (Somjen, 2001). The proposed reason 

for cortical spreading depression, is that lack of cerebral blood flow to the injured site, deprives 

the neurons of oxygen and glucose, thus inhibiting adenosine triphosphate (ATP) production. 

ATP depletion inhibits the ATP pump from restoring resting membrane potential, thus neurons 

continuously lose potassium ions and gain sodium ions leading to a spreading wave of 

depolarization from the ischemic core. The spreading depolarization leads to substantial 

metabolic stress, resulting in neuronal cell inflammation, death, and further perpetuation of 

depolarization throughout the penumbra. 

 Equally as important is the resulting change in the vascular response and cerebral blood 

flow. Cerebral blood flow decreases before spreading depolarization or during the onset, but 
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vasoconstriction is variable and often coincides with spreading depolarization (Fabricius et al., 

1995). In healthy brain tissue, increased electrical activity is coupled with the release of 

vasodilatory factors (e.g. nitric oxide) to increase local blood flow. However, in damaged tissue, 

the restorative vascular response is severely compromised, and thus a vasoconstrictive response is 

promoted. Vasoconstriction intensifies the ischemic response, by further reducing blood flow and 

enhancing tissue damage. Tissue threatened by this ischemic response is then vulnerable to the 

spreading depolarization and falls victim to the cycle of electrical and hemodynamic disturbance 

(Kramer et al., 2017). 

1.2.2 Clinical Consequences of Stroke 

The clinical consequences of stroke are dependent upon the lesion severity, size, and 

location (brain region(s) and hemisphere(s)). There is a high degree of specialization within the 

brain, with functions being distributed amongst the cerebrum, cerebellum, and brainstem. The 

clinical presentation of stroke is highly dependent on the affected specialized region, with the 

impairments reflecting the loss of the function that the respective region is responsible for. 

However, the brain is a complex network, that operates in an integrated fashion. Thus, damage to 

one specialized region affects a multitude of central nervous system centres and functions, 

leading to various co-existing sensory, motor, and/or cognitive impairments. This relates to the 

concept “connectional diaschisis” defined as the changes of structural and functional connectivity 

between brain areas distant to the lesion (Carrera & Tononi, 2014, p. 2413).  

 Left hemispheric infarcts can result in expressive/Broca’s aphasia (inability to speak, but 

word comprehension is in tact), receptive/Wernicke’s aphasia (poor comprehension and alexia, 

able to produce sounds but experience difficulty in producing meaningful speech or writing), 

global aphasia (Wernicke’s and Broca’s area are damaged) (Pedersen, Vinter, & Olsen, 2004), 

right visual field deficits (loss of vision to the right side of a scene), right motor hemiparesis 

(weakness or paralysis in the absence of sensory impairment), right side hemiplegia (complete 
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right side paralysis), right hemianesthesia (loss of sensation), and right homonymous hemianopsia 

(visual field loss on the same side of both eyes), and colour anomia (loss of colour recognition) 

(Rowe et al., 2009). Left hemispheric strokes can also result in apraxia, which is a disorder where 

a person has difficulties in producing voluntary, learned, goal-directed movements that cannot be 

solely explained by physical disturbances or difficulties with understanding, attention, or 

motivation (Goldenberg, 2013, p.121). Apraxia has several manifestations that can be categorized 

into the following groups: limb apraxia, speech apraxia, or oral apraxia. Limb apraxia, due to a 

left hemispheric stroke, may present as ideomotor or ideational apraxia which are thought to 

result from disturbances in cognitive function (Lemmetyinen, Hokkanen, & Klippi, 2020). In 

ideomotor apraxia, the manipulation of an object is prone to error and movement of a specific 

gesture is unclear due to difficulties in determining how to accurately execute a skilled movement 

(Rothi, Ochipa, & Heilman, 1997; Vanbellingen & Bohlhalter, 2011). In such cases, the 

individual may know what to do but there is impaired ability to perform a skilled action or 

gesture upon verbal command and/or by imitation. In ideational apraxia, individuals have lost the 

perception or knowledge of an object’s purpose and thus have difficulty in planning movements 

related to the interaction with the object (Cantagallo, Maini, & Rumiati, 2012). For example, a 

person with ideational apraxia may not know what to do with a toothbrush or the planned 

sequence of movements required for its use (Lemmetyinen, Hokkanen, & Klippi, 2020). 

 Right hemispheric infarcts commonly result in contralateral (left side) sensorimotor 

deficits, while language production and comprehension commonly remain intact, with rare 

exceptions, as the Wernicke’s area and Broca’s area are unique to the left hemisphere. Clinical 

signs and symptoms of a right hemispheric stroke include visuospatial perceptual deficits (e.g. 

visuospatial neglect), emotional disorders, and inability to perform voluntary movements (e.g. 

apraxia). Visuospatial neglect can result from left side stroke lesions but tends to be more 

commonly noted with right, inferior parietal cortex involvement, resulting in the inability to 
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attend or be aware of one side of space (Mort et al., 2003). Constructional apraxia is also a 

common manifestation of right parietal stroke, which refers to the inability of patients with stroke 

to accurately copy drawings or three-dimensional constructions (Russell et al., 2010). This 

inability to produce precise object and spatial representations may be caused by either failure to 

effectively analyze the spatial structure of the model or successfully orchestrate a motor output to 

reproduce the structure (Satoh et al., 2016). Right hemispheric strokes can also result in 

anosognosia (impaired perception of deficits), impersistence (inability to persist in performing a 

motor task), general confusion, and confabulation (unintentional fabrication of information) 

(Schnider, 2003), and prosopagnosia (inability to recognize faces) (Cousins, 2013).   

Dissimilarly to hemispheric strokes, brainstem and cerebellar strokes do not typically 

result in major affective, cognitive, or primary language impairments, but nonetheless 

impairments in these areas may be displayed.  

Previously cerebellar function was confined to the sensorimotor domain, with gait ataxia, 

appendicular dysmetria (decreased coordination of limbs), and dysarthria (motor speech disorder) 

being the hallmark clinical symptoms of cerebellar damage (Stoodley et al., 2016); however, 

since the discovery of cerebellar cognitive affective/Schmahmann syndrome it is clear that the 

cerebellum has a role in multiple functional domains (Schmahmann & Sherman, 1998). 

Cerebellar cognitive affective syndrome, which can occur from posterior cerebellar damage, 

reflects a constellation of deficits in executive function, linguistic processing (e.g. verbal fluency, 

anomia), visuospatial cognition and disintegration, and affect regulation (e.g. flattening of affect 

or disinhibition) (Hoche et al., 2017). It is thought that these symptoms arise due to the 

disruptions of pathways reciprocally connecting the cerebellum with limbic circuitry, temporal, 

prefrontal, and parietal cortices (Argyropoulos et al., 2019).   

Brainstem strokes are less common, only arising in 10% of ischemic cases and have a 

different set of clinical symptoms in comparison to hemispheric or cerebellar strokes (de 
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Mendivil, 2013, p.131). Brainstem lesions can result in a variety of impairments depending on the 

vascular territory involved (Teasell et al., 2002). Specific impairments due to brainstem stroke 

can include dysregulated autonomic function, dysarthria (motor speech disorder), dysphagia 

(difficulty swallowing), hemiparesis or hemisensory deficits, ataxia (impaired coordination, 

speech, balance), altered consciousness, vertigo, diplopia (double vision), and nystagmus (rapid, 

repetitive eye movement) among others (Hommel & Besson, 1998 p. 1057). These impairments 

are generally classified into well-defined syndromes including, but not limited to, Wallenberg 

syndrome (lateral medulla), Raymond syndrome (lower pons), Weber’s syndrome 

(midbrain/mesencephalon), and many others (Querol-Pascual, 2010, p. 220).  

1.3 Upper Limb Impairments Post Stroke 

Common upper limb impairments after stroke include the following: paresis/hemiparesis, 

loss of fractionated movement, abnormal muscle tone, and/or changes in somatosensation. These 

impairments arise due to direct damage to the primary motor cortex, primary somatosensory 

cortex, secondary sensorimotor cortical areas, subcortical structures, and/or the corticospinal tract 

(Lang et al., 2013). A less common upper limb impairment, ataxia, results from strokes in the 

cerebellum, cerebellar tracts, or the thalamus (Richards et al., 2008). 

1.3.1 Hemiparesis 

Upper limb hemiparesis (unilateral paresis), the most common post stroke disability, 

refers to unilateral weakness affecting arm and hand motor function and strength at varying 

degrees of severity (Stoykov, Lewis, & Corcos, 2009). Hemiparesis is caused by damage to the 

corticospinal system (primary motor cortex, non-primary motor cortical areas, and corticospinal 

tract), resulting in impaired signal transmission to the spinal cord and inability to generate 

movement at the muscle (Raghavan, 2015). This results in delayed initiation and termination of 

muscle contractions in the paretic arm (Chae et al., 2002), explaining much of the impairments of 

weakness and fractionated movement. Lack of muscle recruitment of the paretic arm often occurs 



13 

simultaneously with compensation with the non-affected limb, which can consequently reinforce 

learned non-use in the paretic limb and compensatory mechanisms in the non-paretic limb.  

1.3.2 Loss of Fractionated Movement 

Fractionated movement refers to ability to voluntarily move one bodily segment 

independently of other segments. Stroke-induced damage to the corticospinal system can result in 

reduced ability to selectively activate muscle groups and thus loss of fractionation (Dewald et al., 

1995; Lang & Schieber, 2004), leading to “abnormal synergies”. As fractionated movement is 

essential for accurate upper limb motor control (Schieber, 2001), these pathological movement 

synergies in the upper limbs result in limitations in performing task-relevant movements and 

inhibit overall functionality.  

1.3.3 Abnormal Muscle Tone 

Muscle tone refers to the resistance of muscle to passive elongation or stretch (Bohannon 

& Smith 1987). Abnormal muscle tone affects 30-40% of individuals post stroke and is 

conventionally separated into two categories: hypotonicity & hypertonicity (Pundick et al., 2019). 

Hypotonicity is related to reduced muscle tone due to decreased or absent neural input to the 

muscle (Fredericks, 1996). Clinically, hypotonicity presents as decreased resistance to passive 

movement and an absent or diminished stretch reflex response (Hrieb & Jones, 2005). 

Hypertonicity, commonly referred to as spasticity or hyperreflexia, is increased muscle tone 

resulting from loss of inhibition to the spinal cord due to corticospinal tract damage. 

Hypertonicity typically presents as increased resistance to passive movement and often increased 

stretch response reflex. In stroke, hypotonicity may arise first and then hypertonicity may develop 

in the latter phases of recovery. 

1.3.4 Loss of Somatosensation 

Deficits in upper limb somatic sensations (e.g. body senses such as touch, temperature, 

pain, and proprioception) are common after stroke, with a prevalence variously ranging from 25% 
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to 85% (Carey, 1995, p. 51; Doyle et al., 2010; Kessner et al., 2019). Some reports suggest that 

upper limb tactile impairments occur at a higher prevalence, affecting 65% to 94% of all stroke 

survivors (Carey, Matyas, & Oke, 1993), while proprioceptive and kinesthetic deficits are 

documented to present in 48% to 68% of cases (Semrau et al., 2015; Semrau et al., 2013; 

Dukelow et al., 2010). These somatosensory impairments impede activities of daily living as 

individuals may have trouble exploring and manipulating their environment. Additionally, it has 

been postulated that upper limb sensory impairments and motor deficits are interrelated, whereby 

sensory loss limits motor recovery after stroke. Reports suggest that intact upper limb position 

sense strongly correlates with motor function in the hemiparetic arm post stroke (de Weerdt, 

Lincoln, & Harrison, 1987; Kusoffsky, Wadell, & Nilsson, 1982; La Joie, Reddy, & Melvin, 

1982); however, there is evidence to suggest the contrary. It has been demonstrated that 

proprioceptive and motor impairments occur independently, and that subsequent recovery occurs 

irrespective of the other function (Dukelow et al., 2012). 

1.3.5 Ataxia 

Cerebellar ataxia can result in significant motor impairment that may or may not co-exist 

with abnormal muscle tone, hemiparesis, or loss of fractionated movement. Motor function 

difficulties experienced by individuals with ataxia include: delay in movement initiation, 

dysmetria (overshooting or undershooting of targets), dysdiadochokinesia or difficulty in 

performing movements of constant force and rhythm, difficulty coordinating movements that 

utilize multiple joints, and kinetic and intention tremor (Richards et al., 2008). Intention tremors 

are involuntary, rhythmic muscle contractions (oscillations) that occur during purposeful 

movement. The oscillations’ amplitude typically worsens as the movement proceeds, causing the 

tremor to increase intensity when approaching a target (Lusardi, 2007, p. 209).   

In rare cases patients with stroke may present with both ataxia and hemiparesis. Ataxic 

hemiparesis is an unusual stroke syndrome characterized by the simultaneous presence of 
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weakness and cerebellar-like ataxia on the same side of the body (Fisher & Cole, 1965). This 

distinct clinical syndrome is usually caused by a lacunar infarction in the internal capsule, pons, 

corona radiata, or thalamus (Gorman, Dafer, & Levine, 1998).  

1.4 Stroke Recovery 

Recovery following stroke is conventionally classified into neurological and functional 

recovery – which together constitute the complete clinical recovery profile. The rate of clinical 

recovery is relatively rapid during the first 30 days post stroke, with even the most severe stroke 

cases demonstrating the potential to produce voluntary movement within 6 to 30 days after stroke 

onset (Twitchell, 1951; Lee et al., 2015). Neurological recovery peaks within the first three 

months post stroke, with 95% of patients reaching maximal neurological recovery by 11 weeks 

(Teasell & Hussein, 2018), although functional improvements often occur in the absence of 

neurological recovery and continue for months after neurological recovery is complete (Duncan 

& Sue Min, 1997; Nakayama et al., 1994).  

One to three months after the stroke onset, the clinical recovery slows considerably (Lee 

et al., 2015), although patients with more severe deficits have demonstrated continued functional 

improvement beyond 90 days (Wade et al., 1983). Between 3 to 6 months after stroke, recovery 

has substantially slowed to be essentially negligible (Duncan & Lai, 1997); however, there is 

evidence that approximately 5% of patients continue to recover function for up to one year 

(Bonita & Beaglehole, 1988; Duncan et al., 1992; Ferucci et al., 1993, Kelly-Hayes et al., 1989; 

Wade et al., 1983; Wade et al., 1987). As a general rule, the severity of the initial deficit is 

inversely proportional to the prognosis of recovery, and recovery negatively accelerates as a 

function of time (Teasell & Hussein, 2018.) 

In regard to upper limb function, it has been reported that the best outcomes can be 

achieved by 80% of stroke survivors within the first 3 weeks post stroke and by 95% within 9 

weeks post stroke (Nakayama et al., 1994), although arm and hand function tends to improve for 
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most survivors for up to 12 weeks (Dobkin, 1997). Other analyses of upper limb function specify 

that motor improvements in the impaired limb are capable of being achieved years post stroke 

(Cauraugh et al., 2009).  

1.4.1 Neurological Recovery 

Neurological recovery refers to the restoration of neural tissue due to intrinsic, 

spontaneous/non-learning-dependent, and learning (activity/experience)-dependent mechanisms 

that promote cortical plasticity and re-organization (Kwakkel, Kollen, & Lindeman, 2004; 

Langhorne, Bernhardt, & Kwakkel, 2011). It has been hypothesized that at least four interrelated, 

non-learning dependent mechanisms are responsible for neurological recovery such as: (1) 

salvation of the penumbra, (2) physiological and neuroanatomical reorganization, (3) alleviation 

of diaschisis, and (4) reperfusion of the injured area(s), enhanced by post stroke angiogenesis 

(Buma, Kwakkel, & Ramsey, 2013).  

 These spontaneous interactive mechanisms work in tandem with experience/learning-

dependent mechanisms (e.g. Hebbian learning) to drive motor recovery by promoting cortical 

reorganization, which refers to the remapping of bodily functions in both the unaffected and 

affected hemispheres in order to compensate for the structural damage (Kwakkel, Kollen, & 

Lindeman, 2004; Langhorne, Bernhardt, & Kwakkel, 2011). 

It has been put forward that these neurological processes are responsible for a significant 

proportion of motor recovery and thus functional outcomes – following what is called the 

proportional recovery rule. The rule of proportional recovery states that the amount of 

neurological recovery of the paretic upper extremity is relatively fixed and accounts for 

approximately 70% of patients’ maximal functional recovery (Prabhakaran et al., 2008). Despite 

the strong assertions and increasing number of publications claiming proportional recovery, 

several studies have refuted this rule due to the statistical biases implicit in its derivation (Hawe, 

Scott, & Dukelow, 2019; Lohse et al., 2021). As such, there does not seem to be a simple, 
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common pattern of neurological recovery (Lohse et al., 2019). Variations in neurological 

recovery patterns post stroke may be attributed to a number of variables including, age, stroke 

pathogenesis, lesion site and size, the presence of comorbidities, and a number of profound 

physiological mechanisms (Hermann & Chopp, 2014).  

The impact of rehabilitation on neurological recovery is not as well established (Buma, 

Kwakkel, & Ramsey, 2013); however, there is evidence that intense, task-specific training may 

support the experience/learning-dependent neuroplastic mechanisms responsible for neurological 

recovery and subsequent restitution of function (Biernaskie & Corbett, 2001; Ploughman et al., 

2009).  

1.4.2 Functional Recovery 

Functional recovery describes the reappearance of motor, sensory, and or cognitive 

abilities either through true recovery or compensatory mechanisms. True motor recovery has been 

deemed as the “reappearance of elemental motor patterns present prior to central nervous system 

injury” due to reparation of injured cortical areas and structures (Levin, Kleim, & Wolf, 2009). 

Motor compensation is dissimilarly described as “the appearance of new motor patterns resulting 

from the adaptation of remaining motor elements or substitution, meaning that functions are taken 

over, replaced, or substituted by different end effectors or body segments” (Levin, Kleim, & 

Wolf, 2009). These compensatory mechanisms use the preserved descending motor pathways to 

compensate for distal impairments (Lang et al., 2006).  

Functional recovery evolves from both neuromuscular and brain adaptations which occur 

in response to intense physical activity, rehabilitative training, and general immobilization 

(Andersen et al., 2011). The gain in function during the initial phases of recovery is accompanied 

by progressive enlargement of cortical sensorimotor representations (Hluštík et al., 2004), 

structural changes in intracortical and subcortical networks (Pascual-Leone et al., 1995), and 

increases in the electrical activity in muscle preceding changes in muscles size (Vila-Chã, 2011).  
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This time course implicates a role for neural adaptation. Though the precise neural mechanisms 

driving cortical, subcortical, and neuromuscular adaptations are not-well understood, there is 

growing evidence demonstrating that these adaptations are activity-dependent and task-specific 

(Carr & Shepherd, 2010, p. 5). 

1.5 Stages of Stroke Recovery 

A long withstanding challenge in rehabilitation research is determining the optimal 

timing to implement interventions focused on recovery and repair. As a first step there needs to 

be uniform definitions for the following temporal terms: hyperacute, acute, early subacute, late 

subacute, and chronic. In rehabilitation research these terms are often used with discrepant 

definitions, thus the following section intends to define and discuss each of these critical stages of 

post stroke recovery within the context of rehabilitation.  

1.5.1 Hyperacute Stage 

The hyperacute stage of stroke recovery occurs within 0 to 24 hours after stroke (Rocco 

et al., 2007; Bernhardt et al., 2017). Evidence from animal models suggests that immediately after 

injury a cascade of molecular, genetic, cellular, and electrophysiological events occur which 

trigger regeneration and reorganization of neural tissue in this stage of recovery (Coleman et al., 

2017). Researchers have long been invested in this phase of recovery, aspiring to develop 

rehabilitative treatments that may help augment and prolong these restorative mechanisms in an 

effort to achieve recovery and restitution of function in stroke survivors. However, results from 

animal and human trials have been inconclusive and inconsistent, and in general more concern 

has emerged than hope.  

 While some animal data favours early exercise within the hyperacute phase (Zhang et al., 

2012; Zhang et al., 2013; Zhang et al., 2014), there is indication that early mobilization of the 

limbs within 24 hours can promote further injury and behavioural impairment. Specifically, in 

animal studies with rats it was found that beginning training within 24 hours post stroke was 



19 

associated with localized enlargement of the histological lesion (Debow et al., 2004; Risedal et 

al., 1999) and worse behavioural outcomes (Kozlowski, James, & Schallert, 1996). Infarct 

enlargement has been attributed to a phenomenon known as “use-dependent exaggeration,” in 

which early use of the limbs perpetuates injury during a vulnerable period post stroke (Humm et 

al., 1998). Use-dependent exaggeration of neuronal injury is predominantly apparent when the 

unaffected limb is restrained, and the affected limb is forcefully used, such as in the case of 

constraint-induced movement therapy (CIMT) (Kozlowski, James, & Schallert, 1996). At the 

neural level it has been thought that early mobilization within this stage may harm vulnerable 

cells via oxidative and/or metabolic stress (reperfusion injury) consequently extending the 

infarcted area and inhibiting dendritic growth (Baird et al., 1997; Komitova et al., 2005).  

 Similar findings have translated to human trials wherein rehabilitation delivered too early 

or too intensely within the first 24 hours after stroke tends to promote unfavourable outcomes. 

Sundeth, Thommessen, and Rønning (2014) found that very early mobilization of patients within 

24 hours post stroke demonstrated a trend toward poor outcome based on the modified Rankin 

Scale and higher rates of death and dependency. These results are somewhat limited by sample 

size (n = 52), but similar findings have been reported by a larger, more robust, multicentre trial 

(AVERT). A Very Early Rehabilitation Trial for Stroke (AVERT) found a modest, but 

statistically significant reduction in the odds of a favourable outcome at 3 months post stroke, 

with no evidence that very early mobilization helped accelerate functional recovery (Bernhardt et 

al., 2015; Langhorne et al., 2017). As data trends indicate the potential for harm, investigators 

have cautioned against the provision very early, high dose rehabilitation in the hyperacute stage 

of recovery (Langhorne et al., 2018). 

1.5.2 Acute Stage 

The acute stage of recovery spans day 1 through 7 after stroke onset (Rocco et al., 2007; 

Bernhardt et al., 2017), where multiple process of endogenous repair and remodeling continue 



20 

to aid the transition from injury to recovery (Lo, 2008). 

 In contrast to the hyperacute stage, there is far less literature implicating acute 

rehabilitation in potential harm. Rather, the available literature tends to draw attention to the 

absence of significant benefit provided by early and/or intense rehabilitation within this stage. 

A randomized pilot trial compared patients receiving early mobilization (<48 hours) to a 

control group of patients mobilized within 72 hours (Poletto et al., 2015). It was determined that 

early mobilization (<48 hours) did not result in greater functional independence at 2 weeks or 3 

months follow up compared to the control group mobilized within 72 hours. 

A multicentre randomized controlled trial, AMOBES (Active Mobility Very Early After 

Stroke) concluded that there was no significant difference in motor impairment, as measured by 

the Fugl-Meyer Motor Scale, at 90 days between patient groups receiving intense physical 

therapy or soft physical therapy, both commencing within 72 hours of stroke (Yelnik et al., 2017). 

The soft physical therapy group received 20 minutes per day of passive range of motion exercises 

and the intense physical therapy group received soft physical therapy and an additional 45 

minutes of active exercises. Both groups received rehabilitation five days per week for a 2-week 

duration (Stinear et al., 2020). These results may suggest equivalence between early intensive 

treatment and standard care within the acute stage of recovery.  

1.5.3 Subacute Stage 

The subacute stage of recovery takes place over the second week post stroke to the sixth 

month post stroke; 7 days to 3 months is considered early subacute and 3 to 6 months is late 

subacute (Bernhardt et al., 2017). It is generally understood that patients with stroke achieve the 

greatest amount of motor recovery in the subacute stage of stroke (Hendricks et al., 2002), 

especially within 2 to 4 weeks post stroke (Lee et al., 2015). For the upper limbs specifically, the 

greatest improvements in function are often seen within 4 to 6 weeks after stroke onset (Kwakkel 

et al., 2016; van Kordelaar et al., 2013). Improvements tend to slow between 1 to 3 months with 
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plateau of gains from 3 to 4 months after stroke (Dobkin, 2005; Lee et al., 2015), with less 

statistically significant gains being achieved at and after 6 months (Teasell et al., 2020). 

The neurobiological mechanisms of recovery during the subacute stage are complex and 

still being elucidated (Stinear et al., 2020), but it is thought that much of the neuroinflammation 

and cell death from the initial insult have subsided in this stage of recovery allowing for the shift 

from injury to repair to continue (Dobkin & Carmichael, 2015). Reparation and reorganization of 

the neural tissue, as previously outlined, involve both learning-dependent and non-learning-

dependent mechanisms. It has been proposed that repetitive, task-specific practice in the subacute 

phase can help induce the learning-dependent mechanisms which subsequently activate residual 

neural ensembles that represent an action, helping promote functional restoration or adaptation 

(Dobkin & Carmichael, 2015). This time period therefore represents a critical window of 

opportunity for rehabilitative interventions to shape recovery (Krakauer et al., 2012). 

Despite the knowledge that the subacute stage of recovery is a critical time for 

intervention delivery, stroke rehabilitation trials have traditionally focused on individuals whose 

motor recovery has plateaued at 6 months post stroke (chronic stage) due to the difficulties in 

conducting trials early after stroke in clinical settings (Geed et al., 2021). Enrolment of patients in 

rehabilitation trials at the chronic stage of stroke is problematic because the majority of recovery 

and rehabilitation service delivery occurs during the early subacute stage (Stinear et al., 2020). A 

misalignment between the timing of these clinical trials and the real-world delivery of stroke 

rehabilitation limits its translation to clinical practice (Stinear, Ackerley, & Byblow, 2013). As 

such, future trials need to focus on testing interventions at the time of its intended use to properly 

evaluate its potential efficacy and feasibility in clinical practice.  

In a systematic review of 532 motor rehabilitation randomized controlled trials (RCTs), it 

was found that only 63 (11.8%) of these studies delivered interventions within 30 days of stroke 

onset and 179 (33.6%) within 180 days post stroke (Stinear et al., 2013). In contrast, there were 
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284 (53.4%) studies that delivered motor rehabilitation interventions to individuals with chronic 

stroke (over 180 days post stroke). Upon further investigation, only a small fraction of the studies 

conducted in the early stages of recovery were considered “good quality” (dose-matched 

controlled interventions and blinded clinical assessments). As well, it was identified that a 

majority of these early studies involved pharmacological interventions. These findings highlight 

that there is a clear need for more behavioural trials conducted early after stroke, especially in 

real-world clinical environments.  

To enable early subacute trials, recruitment methods need to adapt by shifting into 

inpatient rehabilitation settings (Briggs et al., 2001). However, this is much easier to proclaim 

than to accomplish for several reasons. Firstly, it has been explained that recruitment rates have 

been sobering for the last few decades (<26%) (Feldman, Kim, & Chiong, 2017), underlining the 

difficulty in conducting research in the early stages post stroke. The low recruitment and 

enrollment rates have been in part attributed to the absence of early screening or identification of 

eligible participants and presence of global disability which restricts trial participation (Held et 

al., 2019). Second, this brief window to identify and enrol eligible patients in trials coincides with 

a particular confusing and difficult time in patients’ lives given their recent, potentially life 

altering stroke diagnosis (Geed et al., 2021). Thus, requesting patients to make a commitment to a 

trial while they may still be adjusting to their condition is not an easy task. 

Encouragingly, there have been a few multicentre rehabilitation trials conducted within 

the subacute phase (Dorsch et al., 2015; English et al., 2015; Zhang et al., 2015), with a portion of 

these focused on the upper limb (Winstein et al., 2016; Aprile et al., 2020); however, none of 

these rehabilitation therapies have been superior to standard care. It has been suggested that the 

absence of benefit may in part be explained by the fact that many of these interventions are not 

novel, nor do they hold a strong mechanistic rationale (Stinear, 2016). Moreover, while the 

growing number of trials in the subacute stage of recovery is a positive development in the field 
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of stroke, there is still a great need to design innovative interventions and test them in this stage.  

1.5.4 Chronic Stage 

The chronic stage of stroke is considered six months’ post stroke and onwards (Bernhardt 

et al., 2017). The neural underpinnings of this stage of stroke are not well-established; however, it 

has been proposed that there is a significant reduction in many of the “fast” neuroplastic 

mechanisms that drove recovery in the acute and subacute phases, while “slow” neuroplastic 

processes continue to persist for months to years post stroke (Cauraugh & Summers, 2005). 

Motor rehabilitation interventions are thought to modulate certain slow, activity-dependent 

neuroplastic mechanisms responsible for motor learning (e.g. long term potentiation), thereby 

influencing the level of recovery in the chronic stages of stroke (Shepherd, 2001; Schaecter, 

2004).  

It has long been assumed that patients plateau in their recovery within 3 to 6 months of 

their stroke, and in general there is a lack of compelling evidence for rehabilitation during the 

chronic stage (Ferrarello et al., 2011; Latimer et al., 2010; Aziz et al., 2008). Consequently, 

rehabilitation resources for the management of chronic stroke in clinical practice are minimal 

(Teasell et al., 2012).  

While it is consistently reported that patients with stroke benefit the most from 

rehabilitative care in the initial phases of recovery when biological recovery is high (Bernhardt et 

al., 2017; Krakauer et al., 2012; Paolucci et al., 2000), there is emerging literature highlighting 

that patients with chronic stroke can exhibit significant reductions in motor impairment after 

intensive neurorehabilitation (Ward, Brander, & Kelly, 2019; Daly et al., 2019). A robust 

systematic review of the literature identified 125 randomized controlled trials (RCTs) focussing 

on upper limb motor rehabilitation in the chronic stage and concluded that interdisciplinary 

rehabilitation had a significant positive effect on the amount of upper limb use and quality of 

movement (Teasell et al., 2012). This synthesis of literature exposes an interesting paradox, in 
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which an impressive evidence base contrasts with the limited optimism and few rehabilitation 

resources available for chronic stroke. However, there are several caveats which concern the 

reliability and validity of the intervention effects detected in trials conducted at the chronic stage. 

For instance, chronic non-use of the paretic upper limb and general physical deterioration can 

influence baseline levels of impairment (van de Port et al., 2006; Meyer et al., 2015). Thus, the 

benefits of interventions at the chronic stage may relate to reconditioning that helps patients 

return to their previous best, rather than reflecting specific neurological or functional benefits that 

help patients recover beyond their previous best (Stinear, Ackerley, & Byblow, 2013). 

Furthermore, chronic stroke does not imply a stable level of impairment and disability; 

fluctuation or recent decline that is not related to the stroke may make for an unreliable baseline 

assessment in a trial (Dobkin & Carmichael, 2017). 

While it is accepted that the plateau in the recovery of function is partially due to a 

reduction in the dynamic neurophysiological mechanisms driving motor recovery, Page, Gater, 

and Bach-y-Rita (2004) have argued that a major contributing factor to the plateau in function 

during the chronic stage is neuromuscular adaptation to a standardized, low intensity outpatient 

exercise regime. As neuromuscular adaptation ensues, rather than discontinuing training, a variety 

of alternative or novel approaches to training should be used to further facilitate recovery and 

overcome this adaptive state (Teasell et al., 2014). In order to achieve this, it has been 

recommended that interdisciplinary, intense inpatient programs be developed that can easily be 

modified and translated into outpatient care (Teasell et al., 2009). This translational approach 

critically influences recovery and ensures continuity of care.   

1.6 Principles of Neurorehabilitation 

The following section intends to summarize neuroscientific and rehabilitation literature 

relevant to functional recovery in order to provide a synthesis of neurorehabilitation principles 

that constitute effective, evidence-based approaches to post stroke rehabilitation training. There 
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have been numerous neurorehabilitation principles identified – although only a subset is specific 

to motor learning and recovery: (1) task-specific training, (2) intensity of therapy/training: 

amount, frequency, and duration, (3) task challenge, (4) action observation, (5) augmented 

feedback, and (6) engagement. 

1.6.1 Task-specific Training 

Task-specific, or task-oriented, training, has long been at the centre of neuroscience and 

rehabilitation literature for motor skill learning. Task-specific training focuses on enhancing 

performance in functional, often meaningful, tasks through repetition of challenging, goal-

oriented movements that produce lasting physiological changes in motor neural networks and 

behavioural changes in motor learning and function (Lang et al., 2016). This form of training 

involves practicing practical, transferable tasks that have a given goal (e.g. throwing a ball in a 

basket, drawing a picture). Task-specific training, or goal-oriented practice, lies in opposition 

with general/non-task specific methods of upper limb training that emphasize individual 

movement patterns or particular muscle activation(s) for task execution (e.g. manipulating 

fingers, reaching arm above head). Instead, task-specific methods assume that movement control 

or task completion is achieved through the coupling of several different motor synergies and 

coupling of functional movements (Horak, 1991). It is proposed that task-specific training is more 

effective for motor skill performance and learning as attention is directed at the effect of the 

movement (outcome) as opposed to the movement itself (Wulf & Prinz, 2001). 

The proposed neural basis for the behavioural changes associated with task-specific 

motor learning is potentiation, in which synaptic activity increases neuronal connections and 

facilitates motor connectivity (Nudo, 2013; Jackson et al., 2006). Enhanced motor connections 

expand cortical motor representations, which are ensembles of motor processes involved in 

different functions required for action performances (Karni et al. 1995; Classen et al., 1998).  
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Despite few studies reporting that task-specific practice produces similar motor outcomes 

as standard care therapy using non-task specific methods (Winstein et al., 2016), a majority of 

literature is in agreement with its efficacy. Participation in task-specific upper limb training has 

demonstrated the ability to enhance cortical sensorimotor representations of the upper limb in 

patients with stroke, along with improving functional outcomes in the paretic limb (Richards et 

al., 2008; Nelles et al., 2001; Liepert et al., 2000). This finding has been supported by several 

neuroimaging and clinical studies. Functional magnetic resonance imaging (fMRI) studies have 

demonstrated that task-specific practice of a repeated movement sequence with the paretic limb is 

capable of stimulating neuroplastic changes that remediate contralateral maladaptive brain 

patterns and facilitate motor learning (Boyd, Vidoni, & Wessel, 2010; Jang et al., 2003). In 

contrast, motor learning, as determined by the laterality index (LI) in the contralateral primary 

motor cortex (M1), is absent in repetitive but non-task specific training, non-repetitive exercise, 

and performance of random motor sequences (Boyd, Vidoni, & Wessel, 2010).  

 In clinical settings, improvement in upper limb functional outcomes have consistently 

been reported in interventions utilizing the principle of task-specificity despite employing 

different schedules and intensities of training. Bütefisch et al. (1995) demonstrated that short, 

repetitive, task-oriented training for 15 minutes/day, 2 times/day can adequately improve the 

strength and function of the affected hand in patients with stroke, when used in addition to 

conventional therapy. Randomized control trials have established that subacute stroke survivors 

receiving hospital-based, task-specific training for a 1-hour session, 5 times per week for 4 weeks 

in addition to conventional therapy displayed significantly more hand and arm functional gains 

than the conventional exercise groups or groups mobility exercise (Thant et al., 2019; 

Blennerhassett & Dite, 2004). However, despite growing empirical evidence of the effectiveness 

of task-specific training in rehabilitation, it is not routinely applied in services related to post 

stroke upper limb recovery (Hubbard et al., 2009).  
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1.6.2 Intensity of Stroke Rehabilitation 

Intensive rehabilitation has consistently been reported as a critical part of quality care in 

patients who have experienced a stroke (Kwakkel et al., 1997); although there lacks a uniform, 

well-defined definition of what constitutes intensive therapy or training in rehabilitation research 

and in clinical practice (Page, Schmid, & Harris, 2012). To date, there have been several 

modifiable parameters related to therapy intensity, with accumulating data to indicate that amount 

of therapy/training is a primary parameter, and frequency and duration act as secondary 

parameters (Lang et al., 2016).  

Amount of Training. 

Amount of therapy/training can be quantified as the number of repetitions of a 

challenging task, or alternatively the number of minutes or hours of active therapy/training 

(Birkenmeier, Prager, Lang, 2010; Waddell et al., 2014; Host et al., 2014).  

Task repetition. 

Task repetition or task practice can be viewed as the attempt to solve a goal-related, or 

task-specific, movement problem given previous experience with the same problem (Lee, 

Swanson, & Hall, 1991). Task practice can be categorized as constant or variable. Performance of 

only one task in the same way time after time is coined “constant practice”. Literature highlights 

that to date there may be reduced ability to retain and transfer skills following constant practice in 

individuals with hemiparesis, limiting the utility of constant practice stroke rehabilitation (Hall & 

Magill, 1995; Hanlon, 1996). Variable task practice refers to repetitively performing variations of 

a single task or different tasks throughout a treatment session (Muratori et al., 2013). Variable 

task practice is said to be more effective than constant practice at enhancing task performance and 

movement production as it enhances spatial error detection and increases information processing 

demands (Sherwood, 1996; Green & Sherwood, 2000). As well, it has been postulated that 

variable practice allows for greater skill transferability. In this context, transferability refers to the 

ability to apply learnt movement techniques to novel skills. Transferability is possible at the 
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behavioural level as consistent repetition of a movement sequence induces directional biases 

toward the repeated movement pattern and generates a preference for similar movement 

trajectories (Mawase et al., 2018).  

The restoration of brain tissue achieved through task repetition can be attributed to 

Hebbian changes in the motor cortex, wherein repetitions of a simple motor action can lead to 

plastic re-organization in the primary motor cortex (M1); this phenomenon is referred to as “use-

dependent plasticity” (Mawase et al., 2017). Upper limb stroke rehabilitation interventions often 

incorporate task repetition to modulate this neurofunctional plasticity and improve functional 

outcomes (Kreisel, Hennerici, & Bazner, 2007). 

In stroke rehabilitation literature, consistent task repetition has been shown to promote 

cortical re-organization, supporting the maintenance of functional gains acquired in therapy 

(Turkstra, Holland, & Bays, 2003), whereas inconsistent repetition or breaks in rehabilitation 

contribute to loss of retention. For example, intensive/repetition heavy, task-specific therapy such 

as constraint-induced movement therapy (CIMT), can augment cortical representation of the 

affected hand, and this improvement can persist, although cortical sizes in both hemispheres tend 

to equalize over time (Liepert et al., 2000). However, withholding motor training can leads to 

decrease in digit representations by more than 50% according to observations noted in animal 

studies (Nudo & Milliken, 1996; Nudo et al., 1996); thus, continued repetitive practice is likely 

required to maintain motor gains.  

 Despite repetition being emphasized as a key aspect of rehabilitation in literature, 

interventions addressing consistent upper limb repetition at various stages of stroke recovery are 

lacking (Barker & Brauer, 2005). When provided, stroke rehabilitation tends to consist of several 

therapeutic approaches that produce few functional upper limb motor repetitions. For example, it 

has been observed that standard care therapy involves on average only 32 task-oriented, 

functional upper limb repetitions per day in inpatient and outpatient rehabilitation sessions 

delivered within or under 1 hour, with a trend toward a smaller number of repetitions being 
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achieved per therapy session in inpatient settings (Lang et al., 2009). Other literature has 

expanded upon this finding, and has determined that upper limb repetition, measured by activity 

count, is low during standard care therapies for patients with subacute stroke, especially for the 

affected upper limb. For instance, in therapy sessions delivered by physiotherapists and 

occupational therapists, paretic upper limb activity counts can be as low as one half to one third 

of the values for the nonparetic upper limb (Rand & Eng, 2012). 

It is interesting that the number of upper limb motor repetitions remains low during 

rehabilitation training as several studies have highlighted that when challenged to do so, 

individuals with hemiparesis can achieve hundreds of purposeful movement repetitions. While 

limited by sample size, Birkenmeier, Prager, and Lang (2010) demonstrated that a heterogenous 

population of individuals with chronic stroke were capable of producing an average of 322 

meaningful movement repetitions within a 1-hour standard care therapy session without pain or 

fatigue. In a supplementary upper limb-specific training program, stroke survivors generated over 

251 purposeful movement repetitions in under one-hour (Connell et al., 2014). While the number 

of repetitions capable of being achieved by an individual with stroke is likely dependent upon 

impairment severity, side of paresis, and the level of task difficulty, it appears feasible to provide 

hundreds of repetitions of upper limb functional movement during rehabilitation.  

When repetitive task training is adequately provided to patients in the subacute stage of 

stroke their UL functional capacity and performance may exceed clinically important thresholds. 

For instance, it has been shown that UL training provided for 6 hours per week for 6 weeks 

during inpatient stay may significantly increase the intensity and duration of affected arm-hand 

use from baseline to discharge, with further improvements in movement intensity sustained at 3, 

6, 9, and 12 months as determined by accelerometry data (Franck, Smeets, & Seeleen, 2019).  

Number of Active Minutes or Total Training Time. 

Number of active minutes of therapy/training continues to be the dominant measure of 

intensity in both research and in clinical guidelines (Kaur et al., 2012; Kwakkel et al., 2004), and 
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is often used to describe the amount of therapy when repetition count is unavailable (Lohse, 

Lang, Boyd, 2014). Further, when then the sole intervention applied is task-specific training and 

the level of difficulty of the training (e.g. challenge level, task complexity) are held constant, then 

the number of minutes of active therapy and the repetitions are very strongly correlated (Lang, 

Lohse, & Birkenmeier, 2015). Literature often resorts to using total therapy/training time as a 

proxy measure for activity, when the number of active minutes is unavailable, despite this being a 

rather crude estimate (Kwakkel et al., 2006). Total training time does not provide an indication of 

the actual amount of movement during a particular session but is conventionally the standard by 

which stroke services are prescribed and evaluated (Henssge et al., 2011).  

It has been gathered that inpatients with stroke receiving a total therapy time less than 3.0 

hours per day have significantly lower functional gains than those whose treatment is equal to or 

slightly more than 3.0 hours per day; however, the functional gains are not significant for therapy 

delivered over 3.5 hours per day (Wang et al., 2013). These findings have been endorsed by the 

Canadian Stroke Best Practice Recommendations (CSBPR), wherein it has been stated that 

patients should receive task-based training for a duration of 3 hours per day, five days per week 

for better outcomes (Teasell et al., 2020). However, patients with stroke frequently receive 

substantially less than 3 hours of training per day, especially during the later stages of hospital 

stay (Schaechter, 2004). Previous findings highlight that inpatients may only receive 

approximately 22 to 60 minutes total of standard care training a day (Veerbeek et al., 2014), 

while other studies have reported that on average patients may receive a total of 75 minutes of 

therapy per day from both physiotherapists and occupational therapists during their inpatient stay 

(Foley et al., 2011).  

Within each therapy session, minimal time is dedicated to upper limb movement, with 

some reports indicating that patients with stroke only receive an average of 4 to 11 minutes of 

upper limb-specific rehabilitation per day (Bernhardt et al., 2007; Harris et al., 2009). Other 

research claims that 4 to 17 minutes of each standard care therapy session is dedicated to upper 
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limb training (Hayward & Brauer, 2015). Dissimilarly, in one cross sectional study conducted 

across United Kingdom rehabilitation centres, investigators found that upper limb-related training 

was delivered for an average of 28.9 minutes per therapy session by health professionals 

(Stockley et al., 2019). This amount, although higher than expected based on previous reports, is 

still substantially less than what has been recommended by stroke rehabilitation experts for 

optimal upper limb recovery (Teasell et al., 2020).  

However, when UL training is provided for an appropriate amount of time on a frequent 

basis, there are noteworthy clinical outcomes. Patients with subacute stroke who received 2 or 3 

hours of UL training 5 days per week for 6 weeks have previously exhibited significantly greater 

motor and functional improvements according to clinical scores (e.g. Fugl-Meyer Assessment for 

Upper Extremity, Action Research Arm Test) than patients receiving 1 hour per day (Han et al., 

2013). 

Frequency & Duration. 

Frequency and duration are readily definable for stroke rehabilitation in terms of number 

of therapy or training sessions per day or week, and the time period in days or weeks over which 

the intervention is delivered (Lang et al., 2009). It is expected that rehabilitative care be provided 

to stroke survivors as frequent as five days per week for the duration of time the patient is within 

inpatient rehabilitative care (Teasell et al., 2020); however, reports have estimated that only 

17.1% to 33% of patients receive daily therapy Monday-Friday (Bernhardt et al., 2007; Henssge 

et al., 2011). Other research also highlights that upper limb-specific training is not delivered in 

accordance with what stroke rehabilitation experts recommend. Cross-sectional data has found 

that UL training is only administered approximately 3 times per week depending on the clinical 

setting, and as a result patients often rely on non-health professionals (e.g. family, friends, 

volunteers) to provide additional training in order to meet their daily rehabilitative needs 

(Stockley et al., 2019). Furthermore, it is apparent from the literature that the frequency and 
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duration with which patients receive standard care therapies have been insufficient to achieve 

maximum recovery (Teasell et al., 2008). 

 Increasing the frequency and/or the duration of therapy is likely effective due to 

increasing the number of motor repetitions and active minutes dedicated to a task – which 

together augment the intensity of UL training. There is limited literature specifically concerned 

with the frequency and duration of UL therapy or training, but experts conclude that patients in 

the hospital are doing very little, and that more frequent, intense therapy or training for an 

appropriate duration is necessary to facilitate functional recovery (Bernhardt et al., 2007). 

1.6.3 Challenge 

Challenge refers to task difficulty with respect to skill of the performer and is a 

fundamental contributor to motor learning (Guadagnoli & Lee, 2004). Neuroimaging studies have 

revealed that challenging tasks enhance lateralized activity in brain regions responsible for 

multimodal attention, spatial reasoning, motor planning, and task execution such as the parietal, 

lobules, frontal, premotor and supplementary motor areas (Wexler et al., 1997). This has been 

corroborated by other neuroscientific literature in which task difficulty has been linked to distinct 

neural signatures within the posterior and inferior parietal areas (Cusack, Mitchell, & Duncan, 

2010). Such evidence can potentially reflect that progressive task difficulty necessitates greater 

attentional investment and cognitive demand required for sensory integration and motor 

execution.  

The principle of challenge is expected to be used in conjunction with other motor 

learning principles, particularly task-specificity and repetition. Repetition of challenging, task-

specific practice results in modified cortical representations and skill acquisition, but not 

repetition of overlearned/unchallenging movements according to animal studies (Adkins et al., 

2006; Nudo & Milliken, 1996).  
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In stroke rehabilitation, higher-order, more challenging therapy activities, even for low-

functioning patients, are associated with better outcomes in regard to function, participation, 

activity level, motivation, and patient engagement (Horn et al., 2005; Shirzad & Van der Loos, 

2013). However, challenge is often a complicated element to implement into UL therapy as it is 

difficult to dynamically adapt the level of difficulty of an intervention for each stroke-affected 

individual (Burke et al., 2009). Given this, upper limb stroke rehabilitation programs with graded 

progression of exercises are lacking, calling for the development of evidence-based, adaptable 

interventions that sufficiently implement the principle of challenge (Connell et al., 2014). 

1.6.4 Action Observation 

The early theory of Bandura regarding cognitive and social learning processes through 

vicarious methods has influenced the understanding of observation on motor learning and 

behaviour. Bandura’s social cognitive theory asserts that the acquisition of modeled behaviour is 

governed by cognitive processes including attending (observing), coding, and rehearsing the 

action (Hebert, 2018).  

Observational motor learning, also coined “modeling”, posits that an unskilled learner 

benefits from observing a skilled performer demonstrate the desired motor action as the observer 

can attend to and code the movement pattern and the goal of the motor task (McCullagh, Weiss, 

& Ross, 1989). This has been supported by Adams (1986) who noted that unskilled observers 

performed considerably better on a motor task after watching an individual practice a motor 

movement than those who did not observe a performer. These findings have been attributed to the 

problem-solving operations of the observer, in which by watching an unskilled model perform a 

task, the observer can learn how errors occur and how to potentially correct them in their motor 

action plan (Newell, 1991). 

Watching another person’s actions engages a network of sensorimotor brain regions, 

collectively referred to as the Action Observation Network (AON), composed of the frontal, 
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parietal, and the occipitotemporal regions which are functionally connected, as identified by 

neuroimaging (Cross et al., 2009; Keysers & Gazzola, 2009; Caspers et al., 2010) and eye 

tracking studies (Flanagan & Johansson, 2003).  

The AON utilizes perceptuomotor maps to predict and interpret observed actions, and the 

observer gains knowledge of the actions by “internally” executing them – often referred to as 

embodied practice (Mattar & Gribble, 2005). Forward models facilitate processing of familiar 

actions through the use of stored action representations and propagate signals in a top-down 

manner from premotor to parietal to occipitotemporal regions. Specifically, increased activity has 

been detected in the middle left temporal gyrus, inferior parietal, and inferior frontal gyrus during 

familiar task observation (Gardner, Goulden, & Cross, 2015). These regions are involved in 

several cognitive procedures such as sematic memory processing, integration of sensory 

information, detection of salient or task relevant cues and action execution or inhibition 

respectively (Hampshire et al., 2010; Hartwigsen et al., 2019).  

There is clinical evidence that action observation may be able to reduce impairment and 

increase brain activation in motor-related areas. Stroke survivors with moderate upper limb 

deficits demonstrated that observation of task performance activated the same cortical motor 

areas (e.g. supplementary motor area, temporal gyrus, bilateral ventral premotor cortex) that are 

involved in the performance of the observed action (Ertelt et al., 2007) – suggesting action 

observation may aid reactivation of motor areas responsible for action execution post stroke. 

Regarding upper limb function poststroke specifically, there are limited data analyzing the effects 

of action observation on functional recovery. A systematic review found evidence that AO is 

beneficial in improving upper limb motor function and independence in activities of daily living 

(ADLs) (Borges et al., 2018), while a recent randomized controlled pilot study found that patients 

with subacute stroke who observed video demonstrations of a task before performing the task had 

significantly greater post-treatment clinical scores than patients who only performed task-oriented 

training with no video demonstration (Mancuso et al., 2021). 
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1.6.5 Augmented Feedback 

Feedback, along with task practice, is considered to be a potent factor affecting motor 

skill learning (Newell, 1991; Schmidt et al., 2018, p. 341). Feedback refers to the information, 

whether qualitative or quantitative, that an individual receives related to the performance of a 

motor task generated by two primary sources. The first is internal or task-intrinsic feedback 

which is the sensory-perceptual information about the movement that is inherently gained through 

performing the task. The second type of feedback is called “augmented” feedback, which is 

external or artificial feedback that can come in many forms such as verbal, visual 

(demonstration/action observation), and/or physical (manual feedback). “Augmented” refers to 

enhancing task-intrinsic feedback with an external source (Magill & Anderson, 2012). It has been 

proposed that augmented/external feedback can serve critical role in rehabilitation and motor 

learning if intrinsic feedback is compromised by cognitive or sensory impairments, such as in the 

case of stroke (Muratori et al., 2014). The hypothesized neural mechanism for external feedback’s 

effectiveness is a global motor plan, in which higher order executive networks influence the 

cortical sensorimotor representations that have evolved through mechanisms of intrinsic feedback 

and predictive models (Pascual-Leone & Hallet, 1994). 

Verbal Feedback. 

Verbal augmented feedback is provided as either knowledge of motor performance or 

knowledge of results (Salmoni, Schmidt, & Walter, 1984). Knowledge of performance pertains to 

information regarding the execution of the motor task (e.g. quality of movement), whereas 

knowledge of results refers to the information related to goal achievement (e.g. correctness, 

exactness, success, failure). Verbal augmented feedback may be provided in a few ways. 

Information given regarding the past movement performed is referred to as descriptive, while 

prescriptive feedback offers a solution for the next task performance. Prescriptive information 

can be used to provide rehabilitation patients with solutions for their next movement attempt. 

However, these forms of feedback are passive in nature, and thus active methods may be 
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employed to enhance learner engagement. Active feedback involves asking patients questions 

about their movement patterns and task performance so they can attempt to solve their own motor 

problems rather than solutions being proposed (Muratori et al., 2014). Active feedback requires 

that the performing individual recruit cognitive processes and working memory to formulate and 

execute a motor plan, which may be more effective for motor skill acquisition than passive 

feedback options (Mazzoni & Krakauer, 2006; Subramanian et al., 2010; Kleynan et al., 2014).  

 In practice, verbal augmented feedback has demonstrated positive effects on motor 

function (Molier et al., 2010), and may be an important feature for upper extremity stroke 

rehabilitation interventions to adopt; however, few research projects have explored the concept of 

verbal augmented feedback of upper limb motor function (van Dijk, Jannik, & Hermens, 2005). 

 The time at which verbal feedback is provided is an important consideration for upper 

limb therapists (Muratori et al., 2014). Feedback may be provided concurrently during a task or 

terminally after the task is performed; however, concurrent feedback can hinder retention and 

transfer as the performer is reliant on the task feedback to complete it successfully (Weinstein, 

Pohl, & Lewthwaite, 1994).  

Manual Feedback & Guidance. 

Manual feedback, another form of augmented feedback, is when a therapist passively 

moves the learner in an effort to enhance proprioceptive feedback and encourage correct 

movement parameters (Winstein, Pohl, & Lethwaite, 1994). Manual feedback can be provided 

concurrently during a task, in which an individual is guided throughout the entire movement. This 

provides the learner with the movement pattern and outcome so that they can attempt the 

movement on their own; however, it can interfere with the development of intrinsic error 

estimation, detection, and feedback mechanisms (Carr et al., 2011). Terminal manual feedback 

provides a minimal guidance effect and encourages the learner to actively search for optimal 

motor solutions. In terminal feedback, the learner’s movement is fine-tuned after it has been 
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completed. For example, if a learner does not meet the target at the end of a reaching movement, 

a therapist may adjust their hand to the target. However, rehabilitation research highlights that 

frequent manual feedback during or after task practice is potentially ineffective for task learning 

for subjects with neurological deficits (Sidaway et al., 2008), and that any physical assistance 

should primarily be provided for purposes of safety and comfort (Teasell et al., 2020; Muratori et 

al., 2014).  

As such, manual guidance or physical assistance separates itself from manual feedback in 

that it is provided for the purposes of safety and support rather than learning. Arm weight support 

during upper limb training can be beneficial for patients with subacute stroke who experience 

moderate to severe impairments in order to improve mobility and motor control, as well as reduce 

shoulder pain and subluxation in the hemiplegic arm (Chan et al., 2016; Teasell et al., 2020).  

1.6.6 Engagement 

Engagement has been operationally defined as a “deliberate effort and commitment to 

working toward the goals of rehabilitation therapy, typically demonstrated through active 

participation and cooperation with treatment providers” (Lequerica, Donnell, & Tate, 2009, p. 

753). Effective rehabilitation is implemented early in the patient’s recovery process and is often 

intensive and repetitive which can discourage patient engagement and motivation (Burke et al., 

2009). Further, patients find repeating the same activity to be boring and monotonous, which can 

foster negative attitudes towards therapy and consequently affect treatment adherence and 

functional outcomes (Kenah et al., 2018).  

Although few studies have focused on patient engagement in rehabilitation therapy post 

stroke (MacDonald, Kayes, & Bright, 2013), there is evidence of a relationship between 

enjoyment of therapy, engagement, and improved functional outcomes. Burke et al., (2010) 

determined that enjoyment of therapy may translate to improved engagement and self-motivation, 

which promotes adherence to rehabilitation therapy programs. Other research has reported a 
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positive correlation between enjoyment of therapy and functional gains (Putrino et al., 2017). 

Taken together, literature alludes to the idea that enjoyment of UL therapy may improve patient 

engagement and optimize functional outcomes. 

1.7 Drawing Art as a Training Modality 

The production of visual art through drawing is one of the most complex and unique 

human behaviours with emerging evidence demonstrating that the underlying neural network 

responsible for its production is equally as intricate. While research related to the effects of 

artistic expression and expertise on the brain is limited, the available data on this subject matter 

from recent neuroimaging and neuropsychological studies are compelling and highlight art’s 

strong potential as a stroke rehabilitation training modality.  

A neuroimaging study analyzing the structural brain differences between expert and 

naïve artists detected an increase in grey matter density in the left anterior cerebellum and right 

medial frontal gyrus in relation to art task observation, while artistic training was correlated with 

increased grey matter density in the right precuneus (Chamberlain et al., 2014). This evidence has 

been corroborated by other fMRI studies which have demonstrated greater anterior cerebellum 

and frontal area activation as well as enhanced functional and spatial connectivity in the 

precuneus during art-task execution (Miall, Gowen, & Tchalenko, 2009; Bolwerk et al., 2014). 

Frontal area activation is classically associated with goal-directed behaviour, motor planning, and 

task execution. On the other hand, the anterior cerebellum, part of the spinocerebellum, functions 

to correct bodily movement errors and integrates proprioceptive information which are integral to 

motor adaptation (Bastian, 2008). As motor and proprioceptive deficits are highly prevalent post 

stroke symptoms, visual art training which incorporates action observation may be a promising 

rehabilitation method for targeting the respective brain areas responsible for these functions.  

The precuneus, a region of the medial parietal lobe, is involved in a number of integrative 

functions, particularly related to mental imagery, perception, visuospatial processing, memory, 
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and introspection (Cavanna & Trimble, 2006). Interestingly, due to its protected location along 

the medial longitudinal fissure, the precuneus is frequently spared in stroke (Pandya & Seltzer, 

1982). Together, this information and the results from Chamberlain et al. (2014) suggest that art-

based training may be able to uniquely target and act on spared areas of the brain post stroke. 

Copying and drawing tasks can serve as common clinical tests to assess visuomotor 

impairment in neurological patients but are less studied as tasks for visuospatial and/or motor 

recovery despite their potential utility as rehabilitative exercises. While these tasks share some 

overlap in their visuomotor processes, research has demonstrated that copying and drawing 

require considerably different cognitive demands, as indicated by the discrepancy in activation 

patterns. Copying art tasks has shown to activate regions related to cross modal attention and 

visual processing such as the left lingual gyrus and cuneus, whereas drawing art stimulates the 

anterior cingulate cortex, a region for the responsible for facilitating task-related motor control, 

decision-making, and linking intention with action (Ferber et al., 2007). It has been hypothesized 

based on the above studies that copying is a highly visual task, requiring frequent shifts in spatial 

attention, while drawing more strongly entails the integration of cognitive decisions with motor 

responses (inhibition and excitation). These conclusions indicate that the combination of copying 

and drawing may be of use to stroke survivors who frequently experience a multitude of different 

cognitive deficits related to visuomotor planning and execution. 

Naming images is another common therapy task and clinical test for patients with 

cognitive and/or language impairments in stroke rehabilitation settings; however, literature 

suggests that in addition to naming the images, stroke survivors may benefit from drawing the 

images. A neuroimaging study demonstrated that there is significantly enhanced dorsal stream 

activation associated with naming and drawing compared to naming alone. Particularly, 

significant bilateral activation of the parietal cortices was noted in individuals with unilateral 

parietal lesions when drawing and naming images (Makuuchi, Kaminaga, & Sugishita, 2003; 
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Miall, Gowen, & Tchalenko, 2007). Stroke lesions in the parietal cortices are common, 

predominantly resulting in contralateral visuospatial neglect (unilateral loss of body or spatial 

awareness). Effective therapeutic options for visuospatial neglect are motor tasks (e.g. drawing) 

that actively engage the neglected side of the body, such as limb activation (Luauté et al., 2006). 

Motor tasks (e.g. drawing) can be effective at targeting visuospatial neglect as they cause eye 

movement to the affected hemifield, leading to a concurrent shift of visual attention (Elshout, 

Nijboer, & Van der Stigchel, 2019). Although more evidence is warranted to make conclusions, 

these findings may suggest that drawing with the affected limb may be an effective motor task for 

stroke survivors presenting with visuospatial neglect as infarcted brain regions (e.g. parietal 

lobes) are stimulated.  

 Moving away from neuroscientific literature, similar conclusions regarding the benefits 

of art-based interventions are consistently arising in psychotherapeutic research investigating the 

benefits of art as a form of therapy.  

Stroke, along with other long-term disabling conditions, can threaten a person’s well-

being through loss of functional independence, discomforting symptoms, perceived reduction in 

quality of life, and sense of liminality with respect to participation and activities of daily living 

(Hammell, 2006). Art Therapy, a consolidative psychotherapy, has been identified as an 

important method for addressing the psychological, emotional, communicative, and functional 

needs of stroke survivors (Reynolds, 2012). As in other neurorehabilitation contexts, Art Therapy 

for stroke survivors originated with psycho-emotional and social objectives – transform feelings 

of self and illness, facilitate emotional expression at a non-verbal, symbolic level, enhance social 

support, and enable perceptions of control (Perruzza & Kinsella, 2010). Research has shown that 

traditional Art Therapy has been effective in reducing psychological phenomena such as 

depression and anxiety in patients with stroke and can substantially improve quality of life 

(Kongkasuwan et al., 2016). Other research has focused on creative Art Therapy’s efficacy in 
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aiding emotional expression and transforming negative emotions. Particularly, it has been seen 

that Art Therapy offers the opportunity to diverge from illness-related preoccupations and 

negative emotions to the pleasurable process of creating artwork and receiving positive feedback 

(Morris et al., 2016; Sell & Murrey, 2017).  

Interestingly, the benefits of creative Art Therapy are not limited to attenuating negative 

psychological and emotional experiences. Increases in motor, cognitive, and visual-perception 

functions have been repeatedly reported in case studies as secondary effects of Art Therapy for 

decades. In a case study with a 65-year-old male who experienced a stroke resulting in dominant 

hand paresis, expressive aphasia, and attentional deficits, Art Therapy was able to address many 

of his impairments when used in conjunction to speech-language therapy (SLT), physiotherapy 

(PT), and occupational therapy (OT) (Wilson, 1985, p.46). It was observed by Wilson (1985) that 

over the course of Art Therapy, the patient maintained attention for a longer duration as well as 

improved sequencing, planning, and integration of form as demonstrated by the organization of 

images on the page and their increasingly recognizable content. Other case studies revealed 

tangible progress in a patient’s spatial awareness and conceptualization in addition to measurable 

improvement in upper limb motor function (Kim et al., 2008). In particular, the drawings of a 59-

year-old stroke-affected woman with cognitive and motor difficulties demonstrated distinct 

improvement in symmetry, manipulation of shape, as well as colour and shape recognition 

through drawing familiar images such as trees and houses (Kim et al., 2008).  

Other individuals report satisfaction with Art Therapy for its ability to teach them 

adaptive strategies. Stroke survivors with upper limb impairments had quoted that the art making 

process in Art Therapy required them to switch to the non-dominant, unaffected hand to 

accommodate their functional deficits, and that these adaptive strategies may be transferable to 

their other every-day activities (Symons et al., 2011). It was also remarked that their apparent 
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enjoyment of and motivation for art-making encouraged these functional adaptations (Reynolds, 

2012). 

As discussed above, there is evidence demonstrating the sensorimotor and cognitive 

benefits of copying and drawing art; however, formal research evaluating the use of art-based 

interventions for individuals with neurological conditions such as stroke is still largely limited. 

When conducted, such research primarily evaluates the therapeutic process of artmaking through 

qualitative approaches or single case reports, while the functional benefits are described as 

secondary outcomes if at all. Experimental studies dedicated to assessing the functional, 

specifically physical, outcomes of drawing art are needed to substantiate current evidence and 

determine the potential for creative drawing to be an effective training modality in stroke 

rehabilitation. 

 

 

  



43 

Chapter 2 

Purpose of Thesis 

High repetitions of meaningful, task-oriented practice are essential to drive optimal 

functional recovery of the upper limb (UL) after stroke. Unfortunately, in stroke rehabilitation 

settings, training time focused on arm and hand function is limited, and movement repetitions are 

low. A potential way to engage individuals in activity is by developing supplemental inpatient 

upper limb training programs that utilize evidence-based theories related to functional recovery 

(Harris et al., 2009; Yang, Bird, & Eng, 2021). Drawing art is an enjoyable, creative process that 

has the potential to produce clinically significant improvements in the upper limb; however, its 

use in clinical settings has not been explored. Given this information, the purpose of this thesis 

was to assess the feasibility of delivering an art-based training program to patients with subacute 

stroke-related upper limb motor impairment in an inpatient rehabilitation setting.   

Art-based Rehabilitation Training (ART) is designed to act as an adjunct to conventional 

therapies with the purpose of augmenting the intensity of upper limb rehabilitation by engaging 

stroke survivors in task-oriented, challenging, and frequent art-based activities. The ART 

program includes a series of art lessons which intentionally encompass concepts related to the 

fundamental principles of neurorehabilitation to facilitate upper limb functional recovery, with a 

particular emphasis on sensorimotor rehabilitation.  

 In addition to the physical benefits that Art-based Rehabilitation Training (ART) offers, 

we expect that there are also emotional, psychological, and therapeutic benefits in alignment with 

the profession of traditional Art Therapy, an integrative mental health-focused practice used to 

improve cognitive and psychological phenomena; however, these outcomes were not assessed in 

our study. Traditional Art Therapy is primarily used in rehabilitation to act as a socialization tool 

and emotional outlet aimed at reducing anxiety, fostering self-awareness, and enhancing self-

esteem (American Art Therapy Association, 2017). For patients with stroke, traditional Art 
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Therapy has been shown to improve concentration, emotion, self-confidence, motivation, reduce 

symptoms of depression and anxiety, and improve quality of life (Kongkasuwan et al., 2016). The 

ART program coincides with traditional ART Therapy in that it aims to improve and harmonize 

confidence, self-awareness, motivation, and quality of life; however, these are not the primary 

objectives of the ART program. The ART program approach separates itself from traditional Art 

Therapy as it chiefly focuses multi-sensory stimulation (vision, hearing, touch, proprioception), 

memory building, and motor training needed for learning novel material and building on residual 

abilities. 

This thesis project was a two-phase study, with the second phase serving as a larger scale 

follow up with program delivery and measurement enhancements.  

Phase Ⅰ. 

Phase Ⅰ of this study focused on determining the feasibility of: 1) delivering ART in an 

inpatient setting and 2) collecting clinical and robotic-based measures of sensorimotor and 

cognitive function at several time points. Phase Ⅰ used a small convenience sample to assess these 

research objectives and served as a pilot for phase Ⅱ.  

Phase Ⅱ. 

Phase Ⅱ of this study contained objectives 1 and 2 from Phase Ⅰ but was additionally 

concerned with assessing the feasibility of: 1) collecting upper limb activity data and 2) 

quantifying upper limb activity during ART. These objectives were achieved through using 

accelerometers and time as measures. A small convenience sample was utilized, with 2 separate 

sub-samples being subjected to the accelerometer and time analyses.  

Third objective. 

As a third objective we assessed whether patients with subacute stroke had improved 

upper limb sensorimotor outcomes when exposed to ART by comparing robotic task scores of a 

subset of ART participants from either phase of the study to a control cohort of patients with 

subacute stroke derived from a large Kinarm database. Given the increase in upper limb activity, 
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we hypothesized that ART participants would demonstrate greater improvements in their 

sensorimotor performance with both their affected and unaffected upper limbs compared to 

controls. 
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Chapter 3 

Methods and Materials 

3.1 Participants 

A convenience sample of eligible participants were invited to participate in the Art-based 

Rehabilitation Training (ART) program. Participants were recruited from the inpatient stroke 

rehabilitation unit at Providence Care Hospital (PCH) in Kingston, Ontario by a registered on-site 

physiotherapist. Inclusion criteria were as follows: (1) adult ( ≥ 18 years of age), (2) 2 weeks to 6 

months post stroke (subacute stage) (Bernhardt et al., 2017), (3) experienced a stroke 

(hemorrhagic or ischemic) that resulted in cortical, subcortical, brainstem, cerebellar, or mixed 

lesions, (4) were able to comprehend and follow instructions, (5) no other neurological conditions 

(e.g. Multiple sclerosis, Parkinson’s Disease, Alzheimer’s), (6) unilateral upper limb motor 

impairment noted in medical chart, (7) able to sit in a chair (supported or unsupported) for 

approximately one hour, and (8) ability to provide informed consent. All participants provided 

informed consent. The study was reviewed and approved by Queen’s University Research Ethics 

Board and Providence Care Hospital.  

Participants were categorized based on the stroke-affected side of their body; the most 

impaired upper limb was labeled “affected” and the other limb was “unaffected”.  

3.2 Assessments 

Feasibility, clinical, and robotic assessments were conducted in both Phase Ⅰ and Ⅱ of this 

study. Feasibility assessments were recorded throughout the ART program for each participant, 

respectively. Clinical and robotic assessments were intended to be completed at baseline prior to 

ART enrolment (pre-ART) and at 3-weeks follow up (post-ART). A general timeline of the study 

assessments is provided in Figure 1. The intensity of upper limb activity was assessed in Phase Ⅱ 

of this study using accelerometer-based measures and time (ART session duration). 
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Figure 1. General timeline of study assessments.  

Clinical and robotic assessments (A) were intended to be conducted at 

baseline (pre-ART) and 3 weeks follow up (post-ART). Feasibility and 

accelerometer and assessments were conducted during Art-based 
Rehabilitation Training (ART). The end-of-study questionnaire was 

delivered at A2.  
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3.2.1 Feasibility Assessments 

The feasibility of the study was determined by assessing several outcomes categorized 

into the following two groups: intervention and measurement. 

Intervention. 

The feasibility of the intervention was determined by examining ART program 

adherence, acceptability, and safety.  

Adherence. 

Adherence to the Art-based Rehabilitation Training program was determined by the 

following: (1) ART program completion (program retention), (2) completion of the prescribed 

art-based tasks, (3) number of sessions participants required to complete the ART program, and 

(4) number of days participants were enrolled in the ART program (duration of ART). Scheduling 

conflicts were also considered to be related to intervention feasibility and program adherence.  

Acceptability. 

 Acceptability refers to how the intended recipients of the intervention and those involved 

in implementing a program react to the intervention (Bowen et al., 2009). Acceptability often 

looks at levels of program satisfaction, intent to continue use, and perceived appropriateness. In 

this study, acceptability was assessed using a 12 question, 5-point Likert-type scale questionnaire 

at the end of the ART program to document participant experiences and perceptions. The 

questionnaire included questions related to pain/discomfort, satisfaction, motivation, and ART 

program utility. 

Safety. 

The safety of ART was determined by the number adverse events that were reported 

during or after the ART program by participants. An adverse event was defined as any ailment 

such as pain, fatigue, muscle soreness, or injury.  
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Measurement. 

The feasibility of measurement involved assessing how many participants could be 

measured for all clinical and robotic assessments at baseline (pre-ART) and follow up (post-

ART) in both Phase Ⅰ and Phase Ⅱ. Phase Ⅱ of this study also assessed the feasibility of collecting 

upper limb activity data using accelerometers and time.  

3.2.2 Clinical Assessments 

Participants were evaluated by experienced physiotherapists using a number of standard 

clinical assessments in order to characterize the level of impairment in the study population. 

Handedness of participants was assessed using the Modified Edinburgh Handedness test 

(Oldfield, 1971). The National Institutes of Health Stroke Scale (NIHSS) was used to assess the 

severity of the stroke using a 42-point scale with higher scores reflecting greater neurological 

deficits (Oritz & Sacco, 2008). The Montreal Cognitive Assessment (MoCA) was administered to 

screen for cognitive impairment using a 30-point scale (Nasreddine et al., 2005). Scores of 26 or 

higher generally reflect normal cognition. Functional Independence Measure (FIM) scores were 

collected which provide a metric of participant’s ability to perform activities of daily living with 

item scores ranging from 1 to 7 (total assistance to complete independence) and a maximum total 

score of 126 (Granger et al., 1986). Behavioural Inattention Test (BIT) assessed the presence of 

visuospatial neglect (Wilson, Cockburn, & Halligan, 1987). Purdue Pegboard Test (PPT) 

measured manual dexterity and gross hand/arm movement (Tiffin & Asher, 1948). In Phase Ⅰ, 

physical impairments of the hand and arm were assessed using the impairment portion of the 

Chedoke McMaster Stroke Assessment (CMSA) (Miller et al., 2008). The CMSA is a 1-part 

measure of physical impairment and disability, quantified using a 7-point scale based on 

Brunnstrom’s stages of recovery (Brunnstrom, 1996). Phase Ⅱ utilized the Fugl-Meyer 

Assessment for Upper Extremity (FMA-UE) to measure stroke-specific upper limb motor 
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impairment and recovery (Fugl-Meyer et al., 1975). Maximum FMA-UE score is 66, with higher 

scores indicating better UL function.  

Demographic and other clinical information was also collected such as age, sex, stroke 

type, presence of aphasia and neglect, and days since stroke.  

3.2.3 Robotic Assessments 

Kinarm Tasks. 

Quantitative assessment of upper limb sensorimotor function and cognition were 

performed using the Kinesiological Instrument for Normal and Altered Reaching Movement 

(Kinarm) Exoskeleton (Kinarm, Kingston, Canada) using a series of behavioural tasks (see 

below). Participants were seated in the exoskeleton device with their arms secured and fitted to 

arm troughs for gravitational support. The exoskeleton was aligned with the participant’s upper 

limb joints to allow for 2D horizontal planar arm movement. A virtual reality system was used to 

display spatial goals and targets in the horizontal workspace of the upper limbs. Participants were 

instructed to look through a semitransparent screen where the tasks were projected and move their 

hands accordingly. A dark screen obscured the visual feedback of the hands, making participants 

rely on fingertip position indicated on the screen and proprioception. Tasks were described using 

a standardized script immediately prior to being performed and were administered by an 

experienced operator. Task order was determined to ensure that similar tasks were performed 

consecutively and to reduce fatigue during examination. See Figure 2 for a depiction of the 

robotic apparatus.  

There were a total of 9 tasks that tested motor and sensory performance of the upper 

limbs, as well as cognition. Motor tasks consisted of the following: Visually Guided Reaching 

(VGR), Object Hit (OH), Object Hit-Avoid (OHA), and Ball on Bar (BOB), and the Elbow 

Stretch Test (EST). Proprioception, an element of sensory behaviour, was assessed by Arm 

Position Matching (APM). Cognition was assessed using the following: Spatial Span Task (SST), 
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Figure 2. Kinarm Exoskeleton. 

 

Image depicts an illustration of the exoskeleton robot with a 

human subject seated in it with arms in troughs that provide 

gravitational support. The exoskeleton attached to the workspace 

so the subject can view virtual targets on a black screen in the 

horizontal plane to perform neurobehavioural tasks.  
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Trail Making Task (TMT), and Reverse Visually Guided Reaching (RVGR). Participant 

performance on each robotic test was determined by their scores on different parameters of the 

task. Detailed descriptions of the Kinarm tasks are provided in Table 1. Note that BOB, OH, and 

OHA require simultaneous use of both hands, while each limb is tested separately for VGR, 

RVGR, and APM. TMT and SPS tasks are completed with the unaffected upper limb. 

Comparison to Control Cohort. 

We compared performance of ART participants to a control cohort of patients who did 

not receive Art-based Rehabilitation Training using our large database of individuals who had 

completed Kinarm assessments in the past. This control data had been collected since 2005. The 

control database contained data from 680 patients with stroke collected from the following four 

sites: Kingston General Hospital (Kingston, Ontario), Providence Care Hospital, formerly St. 

Mary’s Hospital (Kingston, Ontario), Foothills Medical Centre (Calgary, Alberta), and Carewest 

Dr. Vernon Fanning Centre (Calgary, Alberta). The controls were patients with subacute stroke 

who were scheduled to receive standard inpatient rehabilitation (e.g. SLT, PT, and OT). Controls 

were matched to ART participants based on age, sex, handedness, aphasia status, visuospatial 

neglect, side of paresis, stroke type, stroke location, Chedoke-McMaster Stroke Assessment 

Scores for both upper limbs, time between baseline and follow up Kinarm assessment, and 

number of days post stroke at the time of the baseline Kinarm assessment. Controls and ART 

participants were matched as closely and as possible for all of the aforementioned demographic 

and clinical parameters, with priority for matching given to CMSA scores for the affected upper 

limb, side of paresis, and handedness if necessary.  



53 

 

 

Table 1. Description of Kinarm robotic tasks. 

 
  

Task Description 

Visually-Guided 

Reaching 

(VGR) 

This sensory-motor task requires participants to reach quickly and 

accurately from a central target to a sequence of 4 peripheral targets 
(Coderre et al., 2010). This tasks tests motor coordination, 

visuomotor skills, and postural arm control. 

Reverse Visually-
Guided Reaching 

(RVGR) 

Similar concept to VGR, except the visual feedback is reversed 

compared to the actual hand position (Hawkins & Sergio, 2014). This 
task tests visuomotor skills and cognitive ability to override 

automatic motor responses. 

Object Hit (OH) 

 

This cognitive-motor task requires the participant to hit virtual balls 
away with either hand as the balls drop at an increasing rate 

(Tyryshkin et al., 2014). OH tests rapid visuomotor skills, bi-manual 

motor planning, and spatial attention. 

Object Hit-Avoid 

(OHA) 

 

Participant hits a virtual target away with either hand and avoids 

distractors as objects drop at an increasing rate (Bourke et al., 2016). 

This is a cognitive-motor task that tests rapid motor decisions, bi-

manual motor planning, spatial attention, and executive function (e.g. 
attention & inhibitory control). 

Ball on Bar (BOB) 

Participant moves a virtual ball balanced on a virtual bar held by both 

hands from target to target (Lowrey et al., 2014). This is a sensory-
motor task that required bimanual motor coordination, visuomotor 

skills, and postural control of arm.  

Elbow Stretch (EST) 
The participant relaxes while the robot extends and flexes the elbow 

repeatedly to assess the presence of spasticity and high tone.  

Arm Position 

Matching (APM) 

The Kinarm will move one arm, and the participant will mirror-

match their other arm (Dukelow et al., 2010). This is a sensory-motor 

task that requires somatosensory processing. 

Trail Making Task 
(TMT) 

Participants are required to try two trail variations. Trail 1: trace a 

sequence of targets numbered 1 to 25 (e.g. 1, 2, 3 etc.). Trail 2: trace 

a numeric-alpha sequence, alternating between numbers and letters 

(e.g. 1-A-2-B etc.) (Arbuthnott & Frank, 2000). This sensory-
cognitive task assesses executive function, specifically task 

switching.  

Spatial Span Task 

(SST) 

A random sequence of square targets are displayed, and the 

participant replay the sequence by reaching to the appropriate squares 

in sequence. This task is a sensory-cognitive task that tests 
visuospatial working memory. 
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3.2.4 Accelerometry Assessments 

Background. 

 Although conventionally used to measure gait through placement on the hip or thigh, 

emerging evidence supports the use of accelerometry as a reliable, valid, and objective measure 

for quantifying upper limb activity in individuals with hemiparesis (Lang et al., 2013; Rand & 

Eng, 2012). Accelerometers are becoming more widespread in UL rehabilitation research as they 

have demonstrated to be sensitive to measuring changes in therapeutic interventions involving 

task-specific training (Urbin et al., 2015; Waddell et al., 2014). 

Accelerometers, resembling the size of wrist watches, measure upper limb movement in 

terms of acceleration. The acceleration data are processed and calibrated in various ways to 

establish activity intensity, body position, and activity type (Arvidsson, Fridolfsson, & Borjesson, 

2019). Commonly, raw acceleration data are transformed into “activity counts”, a unitless number 

representing the summation of all accelerations recorded in a specific time window, referred to as 

an epoch (Lang et al., 2013). ActiGraph (AG) accelerometers were previously the only 

accelerometers capable of producing counts; however, there has now been software made 

available that enables the creation of AG counts from any sensor when the sampling frequency is 

properly set (Brønd, & Arvidsson, 2016). The generation of AG counts requires raw acceleration 

data from another sensor be filtered, rectified, and aggregated (Brønd, Andersen, & Arvidsson, 

2017). Although this process is often necessary, it can also filter out useful intensity data 

(Fridolfsson et al., 2019). The benefit of calculating activity counts is that accelerometry-derived 

activity counts of upper limb use can be considered a proxy for human-observed purposeful 

repetitions during therapy sessions (Rand et al., 2014), with higher levels of activity counts 

reflecting a greater number of UL movement repetitions.  

Upper limb intensity can additionally be quantified through calculating the duration of 

arm use using accelerometers, in which acceleration data are dichotomized to represent the 

duration of active and inactive periods (Leuenberger et al., 2017; Thrane et al., 2011). The 
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duration of use for each arm can then be transformed to an activity ratio which reduces 

interference by other factors such as walking patterns (Reiterer et al., 2008). Further, Uswatte et 

al. (2005) determined that calculating the duration of impaired arm movement divided by the 

duration of unimpaired arm movement, the activity ratio, is a reliable and valid measure of real-

world upper limb treatment outcomes for stroke.  

Activity Monitors & Procedures. 

For this study, ActivPAL3 micro (µ) accelerometers were used to collect tri-axial 

acceleration data. A subset of Phase Ⅱ ART participants were fitted with two accelerometers on 

their forearms using a waterproof, medical dressing (Tegaderm). Participants were instructed to 

wear the accelerometers for 3 consecutive days at two time-points: at the beginning of ART and 

at the end. This time frame was chosen as 24-hour to 3-day periods are consistently used in 

rehabilitation literature to accurately quantify the intensity of UL activity with accelerometers 

(Noorkõiv, Rodgers, & Price, 2014). During this time frame, participants performed their regular 

daily activities (e.g. sleeping, bathing, rehabilitation treatments, resting etc.) and participated in at 

least one ART session per time-point. Figure 3 shows the accelerometer procedure during an 

ART session.  

Acceleration Signal & Activity. 

Accelerations in all 3 planes are recorded and converted to digital signals with a sample 

frequency of 20 Hz by the ActivPAL3 micro (µ) accelerometers (Edwardson et al., 2017). 

Accelerations between -2g and +2g recorded by the ActivPAL system are saved as an 8-bit 

number. ActivePAL resolution of data is 0.016g. When sample to sample acceleration differences 

are <7 computer units (approximately 0.1g), the data are compressed and only saved every 12.5 

seconds by the ActivPAL system.  Data are rectified, integrated, and stored as the sum of 

acceleration per epoch; the acceleration data per epoch represent the intensity of the activity 

performed. 
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Figure 3. ActivPAL3 micro (µ) accelerometer procedure during ART session.  

Procedural setup for activity monitors during an Art-based Rehabilitation Training (ART) session. 
Figure depicts the task tracing of the table for the right hand.   
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Data were downloaded from the activity monitors and exported to a Microsoft Excel 

spreadsheet. Data outside of the marker points, indicating the beginning and end of the ART 

sessions, were removed from the data set. 

The raw triaxial accelerations were recorded in the x,y,z direction, with each axis 

orientation defined in the anatomical position, per 2 second (2s) period. This 2s period was called 

an epoch. This epoch duration was set to 2s for this study for 3 reasons: 1) 2s epochs have been 

utilized by other stroke studies assessing upper limb activity during therapy (Franck, Smeets, & 

Seeleen, 2019; Uswatte et al., 2000; Lang, MacDonald, & Gnip 2007), 2) shorter epochs (e.g. 1 or 

2 seconds) are more accurate than longer epochs of 15 to 60 seconds for measuring movement 

intensity (Fabre et al., 2020), and 3) one-second epochs were not able to be utilized as the data 

files were too large to be exported for analysis. For clarification, if we wanted to capture 60 

seconds of activity data with 1 second epochs, we would have 60 data points. If we used 60 

second epochs, we would have 1 data point. Thus, shorter epochs, or time sampling intervals, 

generate more data and larger data files to be processed and exported.  

For this study, raw acceleration data were not converted to ActiGraph activity counts – 

which are widespread in use within rehabilitation research – due to a few considerations. Firstly, 

data were not collected at 30Hz, and to generate ActiGraph counts from raw acceleration data 

recorded from an alternative accelerometer device, 30 Hz is the recommended sampling 

frequency; data sampled at alternative frequencies (e.g. 20 Hz) requires re-sampling (Brønd, & 

Arvidsson, 2016). Secondly, the activity per epoch can be determined without the use of 

Actigraph “activity counts”. Arm-hand activity per 2s epoch can be determined by calculating a 

vector magnitude time series of the 3-dimensional data. The vector magnitude time series is the 

sum of the accelerations of the three axes over each 2s epoch (Activity =√(𝑥2 + 𝑦2 + 𝑧2)), where 

x,y,z are the accelerations in each orthogonal direction, respectively. This calculation yields the 
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intensity of upper limb exercise in terms of acceleration (m/s2 or g), or activity, on a 2s-by-2s 

basis (Hurd, Morrow, & Kaufman, 2013).  

3.2.5 Time 

Time remains to be a dominant proxy measure for rehabilitation training intensity (Kaur 

et al., 2012, Kwakkel et al., 2004). For a subset of ART participants in Phase Ⅱ, rehabilitation 

training intensity was quantified according to the duration of each ART session, defined as the 

number of minutes from the beginning of the first upper limb movement to the end of the last 

upper limb movement of the session. The first upper limb movement began with the participant 

writing their name and date, while the last movement was upon completion of the last art-based 

task. All ART sessions were recorded for this subset of participants. Session durations for the first 

and last ART session were compared to determine whether the rehabilitation intensity changed 

over the delivery period. 

3.3 Intervention 

3.3.1 ART-based Rehabilitation Training (ART) Program Design 

The Art-based Rehabilitation Training (ART) program was designed to have 9 one-hour 

sessions delivered at a minimum of three days per week, over a three-week duration by a trained 

ART facilitator. A three-week time-period was chosen as this is the average duration for inpatient 

stay in Canada for stroke rehabilitation (Zhu et al., 2009; Grant, Goldsmith, & Anton, 2014). The 

one-hour training session duration aimed to supplement the 1-2 hours of daily standard care 

therapy to achieve the recommended 3-hour daily duration of training (Teasell et al., 2020).   

The ART program was designed based on several evidence-based neurorehabilitation 

principles relevant to motor learning and functional recovery that have been shown to promote 

upper limb rehabilitation in patients with stroke: (1) instruction, imitation, and feedback, (2) 

intensity, (3) task-specificity, (4) task challenge, and (5) engagement.   
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Instruction, Imitation, & Feedback. 

Verbal and video instruction of the motor task by an expert model were implemented into 

the ART program, as these features have demonstrated to be beneficial in enhancing motor 

learning in patients with post stroke hemiparesis (Rendos et al., 2021; Mancuso et al., 2021). 

Further, the combination of visual/video and verbal instruction was implemented into ART in an 

effort to maximize accessibility for individuals with diverse needs.  

Motor imitation refers to the integration of motor observation, motor imagery, and motor 

execution for an instructed task (Hatem et al., 2016). Research has demonstrated that subjects 

who observe and imitate upper limb tasks have greater cortical activation than those who only 

observe task execution (Iacoboni et al., 1999; Nishitani & Hari, 2000), suggesting that imitation 

recruits cognitive networks that may be useful to enrich post stroke rehabilitation (Carvalho et al., 

2013). Interestingly, the combination of observation, imagery, and imitation of a task has also 

shown to accelerate post stroke subjects’ return to functional activities (Burns, 2008). Together, 

the concepts of instruction and imitation align with the principle of action observation which has 

been well-established in rehabilitation literature as a critical component to successful motor 

learning. ART draws upon the concept of imitation by encouraging participants to imitate the 

motor actions observed in the instructional video to complete the art-based tasks.   

Explicit verbal feedback about task performance and success, as well as physical 

feedback, can aid subjects with motor skill acquisition according to the principle of augmented 

feedback (Muratori et al., 2014). In light of this, participants in ART were given terminal active 

and passive verbal feedback about their movement performance and success. Such examples 

include encouraging comments and questions regarding the participant’s accuracy of the drawing 

or speed with which they completed the art-based tasks. Manual guidance was also provided 

primarily for the purpose of subject safety, although it may promote proprioceptive feedback as a  

a secondary effect (Winstein, Pohl, & Lethwaite, 1994; Teasell et al., 2020).  
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Intensity. 

The consensus highlighted in the literature is that more intense, or higher doses, of stroke 

rehabilitation practice produces greater functional improvements (Schneider et al., 2016). 

Rehabilitation intensity can be augmented through an increase in any of the dosing parameters – 

repetition or number of active minutes (duration) of therapy, frequency, and length of training 

delivery.  

High-repetition, task-specific upper limb training for hemiparetic individuals has proved 

to enhance recovery as well as improve impairment and activity level outcome measures (Taub et 

al., 1993; van der Lee et al., 1999; Waddell et al., 2014). Repetition of the newly adapted motor 

skill has also demonstrated more successful sensorimotor adaptation, which is learning of the 

internal model that predicts errors of the motor movement (Huang et al., 2011). This sensorimotor 

adaptation has shown to be beneficial in normalizing movement patterns in patients with stroke 

(Bastian, 2008; Patton et al., 2006).   

Some studies have failed to show that augmenting upper limb rehabilitation training by  

increasing the amount of time spent on traditional or conventional physical therapy approaches is 

beneficial to upper limb functional recovery (Lincoln, Parry, & Vass, 1999; Rodgers et al., 2003; 

Galvin et al., 2008; Han et al., 2013). Though, these findings may be related content of these 

interventions, intervention compliance, or to the selection of patients subjected to these 

treatments. 

In contrast, novel, supplementary upper limb-focused interventions have demonstrated to 

be effective and practical means of delivering additional task practice and have shown to 

significantly enhance upper limb functional gains (Feys et al., 2004; Blennerhassett & Dite, 2004; 

Ward, Brander, & Kelly, 2019). Despite the findings above, there remains to be a paucity of 

research examining the clinical effectiveness of novel motor training methods aimed at delivering 

additional exercise following stroke (Galvin et al., 2008).  
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Given this, we developed a supplemental, non-conventional upper limb training 

intervention (ART) that augments the number of motor task repetitions and active training 

minutes in stroke rehabilitation through the provision of art-based tasks. 

Task-specificity. 

The theoretical and empirical foundations for task-specific training, derived from 

research-based evidence on neuroplasticity and motor learning, provide a strong platform for the 

development and selection of neuromotor interventions that utilize the principle of task specificity 

for upper limb rehabilitation post stroke; however, current rehabilitation interventions are instead 

based on accepted practice or custom (Hubbard et al., 2009). In order to address this issue, ART 

has adopted the principle of task-specificity in which stroke subjects are encouraged to focus on 

the completion of a specific, art-based task using functional, synergistic upper limb movements 

rather than singular movement sequences with no end goal.  

Challenge. 

Repetitive practice of unchallenging movements with continual success has no advantage 

for learning and may allow for compensatory movements to develop in the case of stroke which 

interferes with long term UL recovery (Guadagnoli & Lee, 2004; Adkins et al., 2006; McCrea, 

Eng, & Hodgson, 2005). Conversely, repetitive practice of challenging movements optimizes 

sensorimotor feedback and transforms cortical representations, allowing for proper motor skill 

learning and restitution of function (Lang, Lohse, & Birkenmeier, 2015; Sanger, 2004).  

Considering this evidence, the ART tasks were designed to become progressively more 

difficult to maintain optimal levels of challenge and ensure repetition of novel movements (Nudo 

et al., 1996). 

In addition, progressively challenging tasks have demonstrated to be feasible in stroke 

rehabilitation – causing little pain, discomfort, or fatigue to the patient – and have exhibited the 

ability to improve upper limb motor performance (Woodbury et al., 2016). Based on these 
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findings, it is expected that the challenging art-based tasks developed for the ART program will 

be tolerable and safe for participants. 

Engagement. 

Identifying methods to optimize patient engagement in stroke rehabilitation has been an 

ongoing barrier to patients’ functional recovery (MacDonald, Kayes, & Bright, 2013). To address 

the issue of patient engagement, creative art-based therapies for stroke have been developed and 

have proved to be effective. A systematic review conducted by Lo, Lee, and Ho (2019) uncovered 

that creative arts-based therapies were sufficiently capable of promoting patient engagement in a 

rehabilitative intervention, as well as able to promote functional restoration in patients with 

stroke. Additionally, it has been identified that patient engagement is not solely intrinsic to patient 

state and behaviour, it is strongly influenced by, and constructed through, relationships with the 

therapist or facilitator. Thus, the facilitator needs to communicate with the patient through 

relational dialogue and supported conversation during the provision of technical, disciplinary 

rehabilitation tasks in stroke therapy sessions (Bright et al., 2018).  

The ART program was developed to facilitate patient engagement in rehabilitation 

through the application of creative art-based motor tasks and patient-centered communication.  

3.3.2 ART-based Rehabilitation Training (ART) Program & Task Completion Process 

Phase Ⅰ. 

The Art-based Rehabilitation Training sessions followed a particular process that aimed 

to promote bilateral usage of the upper limbs. Participants began each session by writing their 

name and date in their personalized notebook, first with their unaffected side and then with their 

affected side. This served as a “warm up” and an opportunity to assess the patient’s emotional 

and physical state. See Figure 4 for the ART task completion process. 

Participants were first required to watch an instructional video of the task to be performed 

with the facilitator on a laptop computer. Video instruction was implemented to: 1) enhance 
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motor learning through action observation, 2) promote accessibility for those with auditory 

processing deficits (stroke-related or otherwise) who may not be able to follow verbal 

instructions, 3) standardize instruction across all participants, 4) meet the needs of the learner 

(videos may be accelerated or slowed).  

The video demonstrated an artist free hand drawing the task with their right, dominant 

hand. The participant would then attempt the task by first tracing the image on a worksheet, 

clipped to a board, with their unaffected upper limb. This step drew upon the concept of motor 

imitation. 

After the participant completed the tracing, they proceeded to a freehand drawing of the 

same task. Freehand drawings were completed on a separate, blank, white piece of 8.5’’ by 11’’ 

paper, clipped to another board placed immediately in front of the patient after the tracing was 

completed. Participants were given a choice when freehand drawing the task image: to draw the 

task from memory (memory copying) or use their tracing worksheet as a reference (direct 

copying). If they chose to use the reference, it was placed at a 90-degree angle in front of their 

workspace. Memory copying and direct copying strategies require different eye-hand interactions 

and visuomotor mapping processes (Tchalenko & Miall, 2009), appealing to different ART 

participants. After completion of the task tracing and freehand drawing with their unaffected arm, 

they would then attempt the task tracing and free hand drawing with their affected upper limb. No 

secondary video instruction of a left-hand demonstration was shown. In summation, the 

unaffected hand was instructed and trained before the affected hand for tracing and freehand task 

drawing. This process was repeated for the 14 art tasks.  
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Figure 4. Phase Ⅰ ART task completion process.  
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The less affected upper limb was instructed and trained first due to 4 main considerations. 

(1) By beginning the task with the unaffected side, the patient may have been able to better 

concentrate on learning the tracing or drawing and may have been less concerned with the lack of 

function in their stroke-affected arm and hand. If participants had begun with their affected side, 

they may have been more inclined to focus on their impairments rather than focusing on the task 

itself. (2) By watching the video demonstration of the task, tracing the task, and drawing it with 

the less affected side first, the patient may have felt more comfortable attempting to use their 

impaired hand and arm. (3) Task training and consequential sensorimotor adaptation with one 

hand (e.g. unaffected hand) has demonstrated to promote task learning in the other (e.g affected) 

upper limb, resulting in what is known as interlimb transfer. Although interlimb transfer is 

dependent upon handedness and motor variability during learning (Lefumat et al., 2005), the 

transfer of specified training from one hand to the other has shown to positively influence 

functional recovery of the hemiparetic upper limb in patients with stroke (Yoo et al., 2013). (4) 

Observational learning refers to shaping, modeling, and vicarious reinforcement, and is linked to 

motor learning. Research has demonstrated that participants perform better at both simple single-

joint movements and complex multi-joint movements when they have previously observed the 

task being performed under similar circumstances (Stefan et al., 2005; Mattar & Gribble, 2005). 

Both the instructional videos and observation of the unaffected upper limb’s task performance 

aimed to promote motor learning in the affected upper limb. Interestingly, more significant motor 

learning can occur when the observer watches trials with motor errors and variability (Brown et 

al., 2010). Participants were encouraged to carefully observe their motor movement and errors 

during drawing or tracing activities to further enhance motor learning.   

The art-based tasks were traced prior to being freehand drawn in order to teach 

participants the precise positioning of elements, provide a reference copy for the freehand 

drawing, and increase the number of motor repetitions. Drawing may be defined as translating a 

visual element of the external world into lines on a two-dimensions surface. The cognitive task 
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involved in the production of drawing art encompasses two aspects: selecting what lines should 

be drawn, followed by drawing the selected lines. Selecting lines is a subjective decision made by 

the artist and is thus not suitable for evaluation in terms of accuracy (Tchalenko, 2009); however, 

copying simply involves the reproduction of a given set of lines. In such case, accuracy can be 

assessed objectively by comparing the lines of the original to those of the copy. Here, accuracy 

refers to the shapes and spatial positions of the copy exactly matching those of the original. 

Learning how to accurately copy is the first step in drawing (Tchalenko, 2009); we considered 

this information in the production of the ART task process. Copying the art-based tasks in the 

ART program occurred in two forms. By first tracing the task, the participant was copying the 

precise size, shape, and spatial positions of the given elements in the art task. Second, when 

attempting to freehand draw the task, the participant could use the task tracing as a reference to 

copy and could refer back to the accurate properties and positioning of the elements (direct 

copying). The task tracings also served as an opportunity to increase the number of motor 

repetitions offered by a given art task.  

 Participants were provided physical assistance to trace or draw the tasks if they were 

unable to do so independently or if requested, following an “assistance-as-needed” approach 

(Chase, 2014). This approach aimed to provide as much support as necessary and as little as 

possible to maintain patient engagement without compromising patient motivation or effort 

(Grimm & Gharabaghi, 2016). Assistance was provided as per the recommendation of Canadian 

Stroke Best Practice, in which the patient’s elbow and grip were supported (Teasell et al., 2020). 

This type of mechanical assistance has also demonstrated to aid patients in the implementation 

and/or use of internal sensorimotor models needed to carry out meaningful movements 

(Takahashi & Reinkensmeyer, 2003). In consideration of the neurorehabilitation principle of 

explicit feedback and knowledge of results, participants were provided explicit verbal feedback 

about their task performance (correctness, success, areas of improvement) in order to facilitate 

motor learning (Salmoni, Schmidt, & Walter, 1984).  
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 Participants were permitted to decline task tracings and/or freehand drawings for several 

reasons: fatigue, pain, disinterest, or discomfort. Participants were not required to complete a task 

tracing or task drawing before proceeding to the next hand or task. This aspect allowed the ART 

program to be dynamically adapted to fit the patients’ needs or demands. Flexibility, or dynamic 

adaptability, aligns with the recommendations of the Ontario Stroke Rehabilitation Consensus 

Panel on how to provide task-specific rehabilitation therapies (Heart & Stroke Foundation of 

Ontario, 2007). Participants were encouraged to engage in self-directed learning by practicing 

tasks on their own time, between scheduled sessions or after the ART program was completed. 

 Art-based Rehabilitation Training could be undertaken at any time during usual 

rehabilitation hours (8 a.m. to 5 p.m.) on weekdays or weekends, in a common space in the 

hospital or in the patient’s room to reduce transportation. The time of each ART session was 

scheduled on the participant’s timetable to ensure the participant was available and ready for each 

session. Scheduled sessions were made in consideration of patient preferences, visitation days, 

rest periods, standard therapies, and other daily activities (e.g. bathing, dressing, eating). 

Participants were encouraged to complete the recommended amount of practice but could choose 

to practice for greater or less than 60 minutes per session. No other aspects of the participants’ 

interdisciplinary rehabilitation were changed. Participants were scheduled to complete 

occupational therapy and physiotherapy five days per week, and speech language pathology 

therapy when applicable (e.g. dysarthria).   

 Two trained facilitators delivered ART one-on-one to participants. One facilitator was an 

experienced artist, educator, and medical illustrator who held the following degrees:  Bachelor of 

Biology, Master of Science in Biomedical Communication, and Master of Design. The other 

facilitator was a trained volunteer who received their Bachelor of Life Sciences degree and was 

well-versed in neuroscience and stroke. ART facilitator training involved reviewing 

approximately 8 hours of educational content related to the safe delivery of ART and learning 

about the types of impairments following stroke. The educational component of the ART training 
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was then followed by an experiential training period, in which the ART trainee would deliver at 

least eight ART sessions to patients while being supervised by an already trained ART facilitator. 

After completion of the training, qualitied ART facilitators could work independently with 

patients one-on-one.  

Phase Ⅱ. 

The ART task process was relatively similar to that of Phase Ⅰ, with a few minor 

adjustments. After writing their name and date participants were required to watch an 

instructional video of the task to be performed with the facilitator (and volunteer, if available) as 

in Phase Ⅰ. The videos demonstrated the artist freehand drawing the task, first with one hand and 

then the other. This aspect differs from Phase Ⅰ where there was only one video of the artist 

freehand drawing the task with their dominant (right) hand. The first video the participant 

watched demonstrated the artist freehand draw the task with the hand that was unaffected in the 

respective participant. For example, if the patient’s less affected side was their right, the artist was 

shown demonstrating with their right hand first. The participant would then attempt the task by 

first tracing the image on a worksheet, clipped to a board, with their unaffected hand. After the 

participant completed the tracing, they proceeded to a freehand drawing of the same task with 

their unaffected hand. Freehand drawings were completed on a separate, blank, white piece of 

8.5’’ by 11’’ paper, clipped to another board placed immediately in front of the patient after the 

tracing was completed. Patients were given a choice when drawing the task image freehand: to 

draw the task from memory or use their tracing worksheet as a reference. If they chose to use the 

reference, it was placed at a 90-degree angle in front of their workspace. This task process was 

then repeated for the affected side. After watching a second instructional video of the task 

freehand drawn by the artist’s other hand, which was the stroke affected hand in the respective 

participant. The artist’s drawing was the mirror image of the initial task drawing completed by the 

artist’s other hand, which is another minor adjustment from the Phase Ⅰ. The participant would 

then trace the image on the task worksheet with their affected hand and then proceed to the 
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freehand drawing of the same task. This process was completed for each of the 13 tasks instead of 

14 tasks, as the oak leaf from the Phase Ⅰ was omitted. Figure 5 provides an overview of the 

Phase Ⅱ task completion process. 

3.3.3 Art-based Rehabilitation Training (ART) Task & Module Design 

Phase Ⅰ. 

 The art-based tasks were designed by an experienced medical illustrator in consultation 

with stroke rehabilitation physicians, therapists, and stroke survivors over a series of meetings. 

There were 4 modules, containing a total of 14 tasks, that alternated between basic and 

complex, with the complex modules building upon the basic skills learnt in the previous module. 

Each consecutive module increased in task difficulty and complexity, adopting a 

scaffolding approach. This order of progression was chosen to challenge the participant as well as 

reduce anxiety and build confidence in the participant. See Table 2 for module and task 

arrangement. 

Module 1 contained simple, rudimentary shapes including linear, circular, and rectilinear 

shapes. The first task in module 1 was to complete a series of lines in different orientations, 

beginning with 4 vertical lines. These directional exercises in module 1 were designed to engage 

different muscle groups and promote functional range of motion (ROM) which can help reduce 

post stroke shoulder spasticity (Logan, 2011). The participant followed the process previously 

described for each exercise within each task of Module 1. For example, the participant watched 

the instructional video for vertical lines prior to attempting tracing and freehand drawing with 

their unaffected upper limb.  They then completed the tracing and freehand drawing of the 

vertical lines with their affected upper limb before proceeding to the horizontal, diagonal, and 

curved lines. The second task in module 1 was to practice the following circular shapes: circles, 

ellipses, spirals, loops. The third task of module 1 consisted of the following rectilinear shapes: 

squares, rectangles, parallelograms, triangles. The second and third tasks of module 1 were 
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Figure 5. Phase Ⅱ ART task completion process.  
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Table 2. Modules & tasks for ART program. 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

Module 1 Module 2 Module 3 Module 4 
Geometric Shapes Geometric Shapes Organic Shapes Organic Shapes 

Basic Complex Basic Complex 

1. Linear shapes: 
vertical lines 

horizontal lines 

diagonal lines 

curved lines 
 

 

1. House 

 

2. Table 

1. Leaf 1. Maple tree 

2. Circular shapes:  

circles 
ellipses 

spirals 

loops 

 
 

 

3. Chair  

2. Compound leaf 2. Spruce tree 

3. Rectilinear shapes: 

squares 

rectangles 
parallelograms 

triangles 
 

4. Teacup 

 

5. Bicycle 

3. Oak leaf 3. Human eyes 
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completed in the same aforementioned process as task 1. After progressing through the tasks in 

module 1, the participant proceeded to the tasks in the next module. Module 2 built upon the 

basic shapes of module 1 to create rudimentary objects.  

Module 2 consisted of the following 5 complex geometric shapes: house, table, chair, 

teacup, bicycle.  

Module 3 focused on basic, organic shapes. This module contained the following 3 semi-

abstract tasks: leaf, compound leaf, oak leaf. The single leaf was a simple shape that repeated 

itself within the compound leaf, creating a pattern of learnt movements.  

Module 4 contained enhanced organic shapes, that were more complex than the basic 

organic shapes in module 3. Module 4 contained the following 3 tasks: maple tree, spruce tree, 

human eyes. These tasks were the most complex and difficult.  

The organic tasks (e.g. leaves, trees, and eyes) in modules 3 and 4 were implemented into 

the ART program because they required different fine motor movements than the geometric 

shapes in modules 1 and 2. For example, organic objects required changes in applied pressure 

(e.g. eyelashes of the human eyes), while the geometric shapes predominantly required uniform  

pressure. The combination of both inorganic and organic shapes in the tasks was intended to 

appeal to a variety of learners and promote participant engagement.  

The modules, containing the 14 tasks, were designed to be completed within 9 ART 

sessions at the participant’s desired pace. Figure 6 displays the ART tasks within each module. 
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Figure 6. ART tasks in each module. ART tasks in Phase Ⅰ and Phase Ⅱ. Figure depicts right 

hand mirror images.  
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Phase Ⅱ. 

The Art-based Rehabilitation Training tasks and modules in Phase Ⅰ and Phase Ⅱ were the 

same with a few exceptions. Mirror images of the following exercises and tasks were created in 

Phase Ⅱ: diagonal lines, spirals, loops, parallelograms, house, table, chair, teacup, bicycle, leaf, 

and compound leaf. Right hand images are shown in Figure 6. As well, the oak leaf was omitted 

as per the recommendation of an experienced artist as there were too many leaf tasks. For Phase 

Ⅱ, all images were digitized.  

3.4 Data Analysis 

Microsoft Excel and Statistical Package for the Social Sciences (SPSS) software version 

26 (SPSS Inc., Armonk, USA) were used for data management and analysis in both Phase Ⅰ and 

Phase Ⅱ.  

3.4.1 Feasibility Assessments 

Descriptive statistics were used to analyze feasibility data regarding ART task and 

program completion and number of days and number of sessions required to complete ART.  

Frequency statistics were employed to describe the number of participants who had 

completed robotic and clinical measures at the intended time points.  

The Shapiro-Wilk test for normality was carried out on all data to determine if data were 

normally distributed (p<0.05). Means and standard deviations were generated for normally 

distributed data. Medians and interquartile range were generated for data that were not normally 

distributed. Descriptive statistics were employed to describe the end-of-study questionnaire 

results.  

3.4.2 Robotic Assessments 

The Kinarm tasks quantify several spatial and temporal aspects of behaviour using 

multiple units of measurement, known as task parameters. These parameters were compared to a 
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large database of non-impaired control subjects, while considering the influence of age, sex, 

height, and handedness using Dexterit-E software (Analysis Version 3.7). To characterize 

performance on each task, in the context of healthy behaviour, “failure” or “success” on each 

score was determined by deriving the task score. The task scores were computed based on the 

root sum of squares (RSS) of all healthy participant Z-score values for all parameters from a 

given task and transformed into a one-sided (positive) value ranging from 0 to infinity, with lower 

values indicating overall good performance, and higher values reflecting overall poor 

performance. The percentiles of the task score cumulative distribution function (CDF) roughly 

approximate the standard Normal CDF. Task scores above 1.96 were considered to be outside of 

the 95% confidence limit for non-impaired age-matched individuals on the task, and therefore 

were considered to represent impairment. Details of this normalization process and task scores 

have been previously outlined (Simmatis et al., 2017). (See https.//kinarm.com/kinarm-

products/kinarm-standard-tests).  

Task scores for 3 Kinarm tasks (APM, OH, & VGR) from a subset of Phase Ⅱ ART 

participants were compared to task scores of a control group extracted from the Kinarm database. 

A Shaprio-wilk test was used to assess normal distribution of data. Chi square tests were used to 

compare demographic and clinical characteristics of the sample at baseline. The Mann-Whitney 

U test was used to test for group differences in clinical and robotic measures between baseline 

and follow up. Wilcoxon signed rank test was applied to test for the single comparisons (baseline 

vs. follow up) of Kinarm task scores within the ART group and control group, respectively. The 

alpha level of significance was set at p<0.05 for all analyses.  

3.4.3 Clinical Assessments 

Clinical assessments were used to characterize the study group. No statistical analyses 

were performed with clinical data.  
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Polynomial regression was conducted to convert FMA-UE scored to CMSA scores for 

Phase Ⅱ ART participants as they did not complete the CMSA. See Appendix A for a description 

of the statistics used to convert FMA-UE scores to CMSA scores.  

3.4.4 Accelerometry Assessments 

Descriptive statistics were used to summarize the accelerometer data for the duration of 

upper limb use. The Shapiro-Wilk test for normality was carried out on data to determine normal 

distribution. Means and standard deviations were generated for normally distributed data. 

Medians and interquartile range were generated for data that were not normally distributed. 

Unpaired t-test was used to compare the duration of use between the affected and unaffected 

upper limbs during ART from all sessions. Alpha level of significance was set at p<0.05 for all 

analyses.  

Duration of Upper Limb Use. 

The amount of time the upper limbs were used during ART was calculated by filtering 

out epochs during which no activity data were recorded and summing the epochs which 

acceleration data were recorded.  

To determine unilateral arm use during ART, the raw triaxial data from the 

accelerometers were dichotomized for epochs with acceleration data; this methodology has 

proved to be a reliable and valid method to measure the duration of upper extremity use (Uswatte 

et al., 2000; Lang, MacDonald, & Gnip, 2007). This transformation involved dichotomizing the 

raw acceleration data for each 2-s epoch around a threshold of 1. This low threshold allows for 

very slow or small movements in the paretic arm to be detected. If there was acceleration in any 

orthogonal direction (x,y,z), the value assigned to a 2-second epoch was 2; if no acceleration 

occurred in an epoch, it was assigned a value of 0. The sum of the threshold-filter values 

represents the duration of use in seconds, which was subsequently converted to minutes.  
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The use ratio was calculated by dividing the number of minutes of use of the affected 

limb by the minutes of the unaffected limb. A use ratio of 1 indicates equal use of both arms; 

values <1 indicate greater use of the unaffected limb; while values >1 indicate greater use of the 

affected arm.  

Intensity of Upper Limb Activity. 

For each 2s epoch, the triaxial accelerations (x,y,z) were converted into a single signal, 

known as the vector magnitude, using Pythagorean mathematics (R=√(𝑥2 + 𝑦2 + 𝑧2)), where 

x,y, and z are the triaxial accelerations, respectively. This was calculated separately for each 

upper limb.  

 Vector magnitudes for each 2s epoch during the ART session were used to demonstrate 

unilateral and bilateral activity during ART sessions. For each 2 s epoch: 1) 1 was added to the 

vector magnitude for both upper limbs, 2) the natural log of vector magnitude per 2-s epoch was 

calculated. The addition of 1 was done for the acceleration data to be processed through natural 

logarithmic transformation; only nonzero acceleration data are able to be ln transformed. Seconds 

when no activity in either limb occurred were removed from statistical analysis. The vector 

magnitude is conceptually similar to the intensity of movement, as it demonstrates the magnitude 

of acceleration of each limb per 2-second period.  

3.4.5 Time 

The Shapiro-Wilk test for normality was carried out on all session duration data to 

determine normal distribution. Means and standard deviations were generated for normally 

distributed data. Medians and interquartile range were generated for data that were not normally 

distributed. The level of significance was set to p<0.05. We applied the Wilcoxon signed-rank 

test for the single comparison between the first and last ART session duration.  
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Chapter 4 

Phase Ⅰ Results 

4.1 Feasibility Assessments 

4.1.1 Intervention 

Adherence. 

Nine participants were enrolled in the pilot study from December 2017 to June 2018 and 

eight participants completed the ART program, yielding an 89% retention rate. Among the 9 

enrolled participants, 7 were included in the study analysis: 1 participant withdrew from the study 

after completing 50% of the ART program due to general fatigue resulting in incompletion of 

robotic and clinical data; 1 participant completed the ART program in 6 sessions but was 

excluded from the study analysis due to missing baseline clinical data. Baseline demographic and 

clinical data from the remaining 7 participants are provided in Table 3.  

At the time of the entry into the ART program, defined as the first ART session, 

participants were 33 (±19) days post stroke and had an average of 28 (±16) days of inpatient stay 

remaining prior to discharge; thus, participants had approximately 4 weeks to complete the 

program at the time of program entry. In alignment with the initial study design, participants 

required an average (SD) of 9 (±2) sessions to complete the 14 art-based tasks in 23 (±12) days, 

or approximately 3 (±2) weeks. Participants anticipated to be discharged in less than two weeks at 

the time of program enrollment (first ART session) were able to complete the program in an 

accelerated time frame. Table 4 displays the number of sessions and days each participant 

required to complete ART, and the number of tasks they completed with each upper limb (UL). It 

was recognized that scheduling conflicts transpired on 4 separate occasions: OT scheduling 

conflicted with ART scheduling on two separate occasions for participant 4; participant 3 missed 

one session due to non-attendance; participant 1 requested to cancel one session due  
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Table 3. Demographic & clinical data for Phase Ⅰ participants. 

Measure Participant Total 

 1 2 3 4 5 6 7   

Age 68 76 47 74 77 62 76 74 [62-76]a 

Sex (F/M) M F M M F F F 4/3 

Handedness (R/L/A) R R R R R R R 7/0/0 

Days since stroke 13 71 27 36 34 22 33 33 [22-36]a 

Affected UL (R/L) L L L R R R R 4/3 

Visuospatial (Y/N) N Y Y N N Y N 3/4 

Aphasia (Y/N) N N N N N Y N 1/6 

Type of Stroke (I/H) I I H I I I H 5/2 

Stroke Location 
(C/S/B/Cr/C+SC/B/Cr) 

C+S S S C B C+S B 1/2/2/0/2 

Number of Strokesb 1 1 1 1 1 1 1 1 

BIT 145 N/Ac 144 141 142 142 137 142 [140-144.25]a,d 

Total FIM 53 61 72 86 90 91 105 86 [61-91]a 

MoCA 22 18 23 21 21 22 25 22 [21-23]a 

NIHSS 8 8 9 10 4 4 2 8 [4-9]a,d 

PPT   

     Affected 0 0 0 0 6.5 3.5 4.5 0 [0-4.5]a 

     Unaffected 9.5 9 11.5 9.5 10 15 9 9.5 [9-11.5]a 

     Combined 9.5 9 11.5 9.5 16.5 18.5 13.5 11.5 [9.5-16.5]a 

CMSA   

     Affected arm 2 N/Ac 1 2 6 3 4 [1,2,1,1,0,1,0]d,e 

     Affected hand 1 N/Ac 1 3 6 3 5 [2,0,2,0,1,1,0]d,e 

     Unaffected arm 7 N/Ac 7 5 6 7 6 [0,0,0,0,1,2,3]d,e 

     Unaffected hand 7 N/Ac 7 6 6 7 6 [0,0,0,0,0,3,3]d,e 

Abbreviations: F/M = Female/male, R/L/A = Right/left/ambidextrous, UL = Upper limb, Y/N = Yes/no, I/H = Ischemic/hemorrhagic, N/A = Information not 

available, C = Cortical, S = Subcortical, B = Brainstem, Cr = Cerebellar, C+S/B/Cr = cortical + subcortical/brainstem/cerebellar lesion, BIT = Behavioural 

Inattention Test, FIM = Functional Independence Measure, MoCA = Montreal Cognitive Assessment, NIHSS = National Institutes of Health Stroke Scale. PPT = 

Purdue Pegboard Test, CMSA = Chedoke-McMaster Stroke Assessment, SD = Standard deviation. Participants are arranged in ascending order of FIM score.  
aMedian value [Interquartile range]. bNumber of strokes in participant’s lifetime. cData were missing or test was not performed. dN=6 e[n1, n2, n3, n4, n5, n6, n7] 

represents the number of participants with CMSA scores of [1,2,3,4,5,6,7]. Participants 1, 3, 4, 6, & 7 were included in the Kinarm analysis.  
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Table 4. Phase Ⅰ participant completion of ART program & tasks. 

Measure Participant Total 

 1 2 3 4 5 6 7  

ART sessions (n) 10 12 11 8 8 7 6 9 (2)a 

Weekend sessions (n) 2 0 2 1 1 1 1 8 
Scheduling issues (n) 1 0 1 2 0 0 0 4 

Admission to Dischargeb 56 50 33 43 37 29 30 40 (10) 

ART enrollment to ART completionb 22 47 24 17 17 20 11 23 (12)a,c 

Admission to ART enrollmentb 4 52 10 17 25 13 17 20 (16)a,c 

ART enrollment to dischargeb 53 N/Ad 41 17 19 25 13 28 (16)a,c 

ART completion to dischargeb 32 N/Ad 18 1 3 6 3 10 (13)a,c 

ART tasks completed         
   Task tracing         

         Unaffected UL 14 14 13 14 13 14 12 14 (13-14)e 

         Affected UL 6 13 4 14 13 14 12 13 (6-14)e 

   Task drawing         
           Unaffected UL 14 14 13 14 13 14 12 14 (13-14)e 

         Affected UL 6 12 3 14 13 14 12 12 (6-14)e 

Participants are arranged in descending order of baseline FIM scores. N/A = Not available. n = number.  aAverage (SD). bDays from the start date 
to the end date, including start and end date. cN=6. dData were missing.  eMedian (IQR). 
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to hemiplegic shoulder pain (HSP). The non-attendant participant was absent from their room at 

the scheduled time of ART.  

For the task tracing with the unaffected and affected upper limb, the median [IQR] 

number of tasks completed by each participant was 14 [13-14] and 13 [6-14] respectively. For the 

freehand task drawing the median number of tasks completed with the unaffected upper limb was 

14 [13-14] and 12 [6-14] with the affected hand for each participant. Figure 7 displays which 

tasks each participant completed. The instructional videos were watched for all tasks by all 

participants prior to task completion. 

Figure 7 provides an overview of the completion rates for all ART tasks. For the task 

tracing task with the unaffected upper limb, the median [IQR] completion rate was 100% [96.5-

100%] (range: 71-100%). For the freehand task drawing with the unaffected upper limb, 

completion rates ranged from 71% to 100%, with a median [IQR] completion rate of 100% [96.5-

100%]. This reflects 4 participants completing all task tracings with the unaffected upper limb; 3 

participants did not complete at least 1 task.  

The median [IQR] completion rate for the task tracing with the affected upper limb was 

71% [71-89%] (range: 57-100%) with or without manual assistance. For the freehand task 

drawings with the affected upper limb, the completion rate per task ranged from 57% to 100%, 

with a median [IQR] completion rate of 71% [67.5-89.5%] for all ART tasks completed with or 

without manual assistance. Three participants (43%) required physical guidance from the ART 

assistant to trace or freehand draw the ART tasks with their affected UL. Two participants 

completed all of the art-based tasks; 5 participants did not complete at least 1 task.  

The reasons for non-completion of ART tasks were consistent across participants - 

fatigue or disinterest in completing the ART task (Figure 7). Disinterest was classified under 

“other” reasons.  
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Figure 7. Phase Ⅰ ART task completion. A) Completion of task tracings with unaffected upper limb. B) Completion 

of task tracings with affected upper limb. C) Completion of task drawings with unaffected upper limb. D) Completion 

of task drawings with affected upper limb. Tasks are indicated on the vertical axis, in the order of completion. 
Columns denote performance of the seven participants. Participant number matches Table 4. Light cells indicate task 

completion with no assistance. Light grey cells indicate the task was completed with manual assistance. Grey cells 

indicate that the participant did not complete the task due to “other” reasons. Dark grey cells indicate that the 

participant did not complete the task due to fatigue. Number of participants who completed each task are summarized 

on the left vertical axis, including tasks completed with or without assistance.  

 

.  
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There were no reports of non-adherence with respect to the following: watching the video 

demonstration prior to task tracing; the order in which tasks were completed; the order of which 

upper limb was used to complete a task first (unaffected then affected).  

Acceptability. 

Acceptability of the intervention is presented in Appendix B. All participants completed 

the end-of-study feedback questionnaire, and 5 of 7 participants provided comments on their 

experience. Participants reported 100% satisfaction with the program and indicated that they 

would recommend the ART program to other stroke survivors without program modifications. 

Participants expressed mixed opinions regarding the intensity of therapy, as defined by the ART 

session duration, although no participants expressed that the session duration was “too long/too 

short”. The instructional videos and task tracings were deemed to be helpful by all participants. 

The level of task difficulty, as suggested by the question regarding task progression, was rated to 

be somewhat helpful to very helpful by all participants. Two participants (29%) indicated that the 

ART program motivated them to use their affected upper limb sometimes, while five participants 

(71%) found the program very much motivated them to use their affected upper limb. 

Additionally, participants generally found that the ART program motivated them to use both of 

their hands/arms. When questioned about future plans to continue practicing art-based tasks after 

discharge, 6 (86%) participants expressed interest in continuing practicing, while one (14%) 

indicated that they will not continue self-directed, art-based task training. 

Safety. 

In terms of safety, participant 1, who had documented hemiplegic shoulder pain, 

indicated that they experienced some pain during and after the ART sessions in their affected 

shoulder. This was the same participant who requested to re-schedule a session due to hemiplegic 

shoulder pain.  

Participant 7 indicated that they experienced minimal pain/discomfort during ART, 

although a majority expressed that they did not experience pain or discomfort during or after 
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ART. Fatigue was reported by participant 7 during one ART session, but there were no reports of 

injuries, muscle soreness, or serious adverse events (study related or otherwise).  

4.1.2 Measurement 

Clinical & Robotic. 

Of the nine enrolled participants two (22%) were excluded from the study analysis. One 

participant withdrew from the study due to fatigue and confusion toward the clinical and robotic 

assessments. It was unclear whether the participant was confused as to the purpose of the testing 

or was unable to understand the instructions of the clinical and robotic assessments. The other 

participant had completed ART but did not complete any baseline clinical assessments required 

for knowledge of the level of function or impairment in the study sample. There was not 

documentation of a reason for incompletion of the clinical data. Both participants did not partake 

in robotic testing at any of the intended time points. 

Of the seven participants included in the study analysis, one participant was missing 

several measures (e.g. BIT, CMSA) at baseline. Clinical scores were available for 6 of 7 (86%) 

participants at 3 to 4 weeks follow up (post-ART). Participants 1, 3, 4, 6, and 7 completed 

Kinarm assessments at baseline (pre-ART) and at 3 to 4 weeks follow-up (post-ART). Two 

participants (2 and 5) did not participate in the Kinarm assessments at baseline or follow up due 

to bilateral shoulder osteoarthritis and claustrophobia, respectively.  
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Chapter 5 

Phase Ⅱ Results 

5.1 Feasibility Assessments 

5.1.1 Intervention. 

Delivery of the ART program intervention and data collection in Phase Ⅱ of this study 

was interrupted by the COVID-19 pandemic. ART was unable to be delivered from March 2020 

to October 2020. From October 2020 to June 2021, participants were required to quarantine for 

two weeks prior to ART enrollment, consequently affecting intervention delivery. 

Adherence. 

Twenty-nine participants were enrolled in Phase Ⅱ of the study from January 2019 to 

June 2021, and 24 completed the ART program allowing for a retention rate of 83%. Four were 

discharged before completing 50% of the program and 1 withdrew from the ART program and 

study after attempting the first ART task. The participant who withdrew indicated that they did 

not believe the ART program would benefit their hemiparetic arm as they experienced complete 

flaccid paralysis (absence of grip and movement). Of the 24 ART participants, 23 were included 

in the analysis – one participant was excluded due to absent baseline demographic and clinical 

data. Individuals who were discharged prior to completion of ART but who completed >50% of 

the program were included in the study analysis. Baseline demographic and clinical data from the 

23 included participants in Phase Ⅱ are provided in Table 5 and Table 6. 

At the time of ART enrolment, defined as the first ART session, participants were a 

median [IQR] of 31 [26-43] days post stroke and had a median [IQR] of 19 [9-29] days until 

discharge and therefore approximately 3 weeks to complete the ART program.  

Participants required an average (SD) of 7.5 (±2.5) sessions to complete the ART 

program in a median [IQR] of 11 [6-18] days (Table 7). Adherence to the program’s instructional 
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   Table 5. Phase Ⅱ participant demographics. 

Abbreviations: y = years. d = days. F/M = Female/male, R/L/A = Right/left/ambidextrous, UL = Upper limb, Y/N = Yes/no, I/H = Ischemic/hemorrhagic, C = 

Cortical, S = Subcortical, B = Brainstem, Cr = Cerebellar, C+S/B/Cr = cortical + subcortical/brainstem/cerebellar lesion. Participants are arranged in ascending 

order of FIM score. aTime since stroke at the day of ART enrollment. bMedian value. cNumber of lifetime strokes.  

Participant Measure 

 Age Sex 
Time since 

strokea 

Handedness 

 

Affected 

UL 

Visuospatial 

Deficits 
Aphasia 

Stroke 

Type 
Stroke Location 

Number of 

strokesc 

 y F/M d R/L/A R/L Y/N Y/N I/H C/S/C+S/B/Cr  

1 60 M 48 R R N N I S 1 

2 45 M 21 R L Y N I C 2 

3 68 M 63 R L N N I S 1 

4 57 M 43 R L N N I C 1 

5 62 M 28 R R N N H S 1 

6 76 M 49 R R N N I B 1 

7 66 M 129 R L N N I C 1 

8 80 M 41 R L Y N I C+S 1 

9 98 M 30 L R N N I C+S 1 

10 69 M 29 R R Y Y H C+S 1 

11 83 F 25 R L N N I S 2 

12 64 M 61 A L Y N I C 1 

13 73 M 31 R L N N H N/A 1 

14 43 M 38 R L N N I Cr 2 

15 70 F 38 R L N N I C+S 2 

16 98 M 33 R L N Y I S 2 

17 98 M 28 R L N N I B 2 

18 64 M 35 R R Y N I C 1 

19 66 F 16 R L N N I N/A 1 

20 82 M 26 A R N N I C 1 

21 69 M 23 L R Y N I Cr 2 

22 71 M 25 R L N N I C 1 

23 65 M 30 R R N N I S 1 

Total 69b 3/20 31b 19/2/2 9/14 5/17 2/21 20/3 7/6/4/2/2  

[IQR] [64-80]  [26-43]        
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Table 6. Phase Ⅱ participant clinical characteristics. 

Participant Measure  

 Total FIM NIHSS MoCA BIT 
PPT FMA-UE 

Kinarma 

Affected Unaffected Combined Affected Unaffected 

1 63 6 27 143 0 11.5 11.5 12 66 Yb 

2 64 11 25 146 0 11.5 11.5 8 65 Yb 

3 73 7 27 145 0 8.5 8.5 5 63 N 

4 75 6 18 120 0 12 12 38 65 Yb 

5 80 7 24 145 0 9 9 10 66 Yc 

6 80 0 17 143 1.5 8.5 10 30 66 Yc 

7 82 5 20 102 0 8.5 8.5 9 66 Yb 

8 86 0 22 134 4 7 11 42 63 Yb 

9 87 2 22 131 7 8 15 58 59 Yb 

10 89 4 22 146 4 7 11 60 66 Yc 

11 91 2 21 143 6 9.5 15.5 57 62 Yb 

12 93 4 28 139 6 14.5 20.5 36 63 Yb 

13 97 3 26 137 1 10 11 45 57 Yb 

14 97 5 23 144 1 9 9 23 63 Yc 

15 98 0 26 140 10.5 12.5 23 55 60 Yb 

16 99 1 11 140 7.5 9 16.5 62 61 Yb 

17 99 0 28 143 5.5 8 3.5 62 55 Yb 

18 106 4 22 121 0 11.5 11.5 48 66 Yc 

19 109 0 27 140 6 14.5 20.5 48 66 Yc 

20 111 0 19 136 6 3.5 9.5 53 53 Yb 

21 111 1 24 135 3 2.5 5.5 51 61 Yb 

22 112 0 20 127 0 8 8 29 57 Yb 

23 123 0 26 146 5.5 15.5 21 39 64 Yc 

Median  93 2 23 140 3  9  9  42  63  

[IQR] [93-106] [0-5] [20-26] [134-144] [0-6] [8-11.5] [11-15] [23-55] [60-66]  

 Abbreviations: Y/N = Yes/no, BIT = Behavioural Inattention Test, FIM = Functional Independence Measure, MoCA = Montreal Cognitive Assessment, 

NIHSS = National Institutes of Health Stroke Scale. PPT = Purdue Pegboard Test, FMA-UE = Fugl-Meyer Assessment of Upper Extremity. Participants are 
arranged in ascending order of FIM score. aParticipated in Kinarm testing. bParticipant was included in Kinarm analysis. cNo Post-ART Kinarm available.  

 



 

88 

Table 7. Phase Ⅱ participant completion of ART program. 

Participant Measure 

 
Number 

of ART 

sessions 

Extra 

Sessions 

Admission to 

Discharge 

Admission 

to ART 

Enrollment 

ART 

Enrollment 

to ART 

Completion 

ART 

Enrollment 

to Discharge 

ART 

Completion 

to Discharge 

Participate 

on 

Weekends 

Number of 

scheduling issues 

 n n d d d d d Y/N n 

1 12 7 67 35 24 16 10 Y 0 

2 8 18 78 16 14 63 50 Y 0 

3 7 2 N/A N/A 11 55 65 Y 0 

4 11 2 64 22 29 43 15 Y 0 
5 10 9 64 17 19 48 30 Y 0 

6 6 0 52 35 6 17 12 Y 0 

7 9 0 125 80 16 45 30 Y 0 

8 7 0 59 41 15 18 4 Y 0 

9 7 0 38 23 10 23 7 Y 0 

10 5 0 28 20 8 9 2 Y 1 

11 10 0 30 8 19 23 5 Y 0 

12 5 1 36 25 6 11 6 Y 0 

13 9 0 42 14 17 29 13 Y 0 

14 6 0 22 14 7 9 3 Y 0 

15 4 2 38 29 5 9 5 Y 0 

16 9 0 36 17 18 20 3 Y 0 
17 8 0 18 8 10 11 2 Y 0 

18 12 0 30 6 23 25 3 Y 0 

19 5 2 36 18 6 19 14 Y 0 

20 5 0 23 15 6 9 4 Y 0 

21 5 2 36 18 11 19 9 Y 1 

22 8 0 20 12 7 9 3 Y 0 

23 4 0 25 17 6 8 3 Y 0 

Total 7.5a 0b 36b  17.5b 11b 19b 6b   

(SD)/[IQR] (2.5) [0-2] [27.25-60.25] [14-26] [5-9] [9-29] [3-14]   

Abbreviations: n = number, d = days, Y/N = Yes/no. aMean. bMedian. Participants are arranged in ascending order of FIM score. 
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videos and art-based tasks was high among participants. Four participants requested to skip the 

instructional videos for both upper limbs for module 1 tasks. For the task tracings and drawings 

with the unaffected and affected upper limbs, 19 participants completed 100% of the tasks with or 

without assistance. Four participants did not complete 2-3 of the ART tasks due to fatigue, or 

“other” reasons (e.g. disinterest), or early discharge. See Figure 8. This results in a median [IQR] 

completion rate of 100% [98-100%] (range: 83-100%) for the art tasks with the unaffected UL, 

and 100% [95.5-100%] (range: 83-100%) for the affected UL.  

The chair task was declined by two participants. The affected freehand task drawing of 

the chair was declined by one participant due to frustration with task difficulty. Another 

participant expressed disinterest in completing the drawing of the chair. Tracing and freehand 

drawings of the final two tasks, spruce tree and human eyes, were unable to be entirely completed 

by 4 participants: 1 participant declined the spruce tree for both hands and the human eyes with 

the affected hand due to disinterest, 1 participant expressed they were too fatigued to complete 

the final tasks, and 2 participants were discharged before these 2 tasks could be attempted. Of the 

23 participants, 7 required manual assistance to complete the task tracings and drawings with 

their affected upper limb. Participants completed the task tracings and drawings in the intended 

order of task progression with both upper limbs for each module.  

 Incompletion of an instructional video was attributed to disinterest in a task or a specific 

request to not watch the instructional video prior to performing the task. Frequently, if high-

functioning participants, with respect to cognition (MoCA: 26-28), had watched the video with 

the unaffected hand, they specifically requested to not watch the video demonstration a second 

time.  

Scheduling conflicts transpired on two separate occasions with two participants. One 

participant’s other daily therapy appointment had interfered with the scheduled start time. One 

participant was in the process of receiving an intravenous medical treatment at the time of the 

scheduled ART session. Both scheduling conflicts were resolved by re-scheduling the ART
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Figure 8. Phase Ⅱ ART task completion.  

 

A) Completion of task tracings and freehand drawing with unaffected upper limb. B) Completion of task 

tracings and freehand drawings with affected upper limb. Tasks are indicated on the vertical axis, in the 

order of completion. Columns denote performance of the seven participants. Participant number matches 

Table 5, 6 & 7. Light cells indicate task completion with no assistance. Light grey cells indicate the task 

was completed with manual assistance. Grey cells indicate that the participant did not complete the task due 

to “other” reasons. Dark grey cells indicate that the participant did not complete the task due to fatigue. 

Blank cells indicate early discharge. Number of participants who completed each task are summarized on 

the left vertical axis, including tasks completed with or without assistance.
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session to the following day.  

Nine participants completed at least one extra, scheduled ART sessions with an ART 

facilitator. Several individuals completed 2 additional sessions, and one participant completed 17 

additional ART sessions. 

Acceptability. 

Of the 23 participants included in the study analysis, 21 participants completed the end-

of-study feedback questionnaire – two participants were discharged prior to its completion. 

Participants reported high rates of satisfaction, with 19 (90%) rating their level of satisfaction 

with ART at 4 or 5 on the indicated Likert scale. A majority of participants were in agreement 

that the level of intensity of ART was sufficient, as suggested by 18 participants (86%) rating the 

duration of ART as “just right”. The instructional videos, task tracings, and graded difficulty of 

tasks were deemed to be “somewhat helpful” to “very helpful” for all participants, with the 

exception of one participant who did not find tracing the tasks beneficial. In regard to motivation, 

all participants indicated that the program generally motivated them to use both of their upper 

limbs and particularly their affected upper limb. One ambidextrous participant expressed that the 

program did not generally motivate them to use their affected upper limb more frequently. 

Participants provided mixed responses to engaging in art-based task practice between art sessions 

and continuing art post-discharge (Appendix C).  

Safety. 

Regarding participant safety, three of twenty-three participants (13%) reported fatigue or 

pain. Fatigue was reported on one occasion by one participant, leading to incompletion of 2 art-

based tasks.  

Two participants with documented shoulder pain indicated that they experienced some 

pain during ART, and one participant with limited range of shoulder motion and pain indicated 

that they experienced pain after the ART sessions. Pain did not lead to discontinuation of an art-

task or session.  
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5.1.2 Measurement. 

Clinical & Robotic. 

Of the 29 individuals enrolled in the ART program, 25 (86%) agreed to participate in the 

Kinarm assessments; 4 participants requested to not participate in robotic testing due to severe 

shoulder pain and limited ROM. Of these 4 participants who did not participate in Kinarm testing, 

2 completed ART and only 1 was included in the study analysis (participant 3). The other 

participant was excluded due to incomplete baseline demographic and clinical data. The 2 other 

enrolled participants who did not engage in Kinarm testing were excluded from the study analysis 

due to: 1) incompletion of baseline clinical data and 2) early discharge leading to incompletion of 

>50% of the ART program. 

All 25 individuals enrolled in ART who agreed to Kinarm testing completed baseline 

robotic tests, but only 22 of these individuals were included in the study analysis; 1 participant 

withdrew from the study, 2 were discharged prior to the completion of >50% of the ART 

program.  

Of the 22 participants included in the study analysis who also participated in kinematic 

testing, 15 completed the Kinarm assessments at 3-4 weeks follow-up (post-ART); 5 were 

discharged early, 1 withdrew, 1 individual experienced significant anxiety/claustrophobia during 

Kinarm testing leading to its discontinuation. 

For further clarification, a total of 23 participants were included in this study and only 22 

of these individuals participated in Kinarm testing, 15 of which were included in the Kinarm 

analysis (Table 6).  

The 23 participants included in the study analysis had baseline clinical data and 21 

completed clinical assessments at 3-4 weeks follow up (post-ART); 2 participants were 

discharged prior to completion of post-ART clinical and Kinarm assessments. However, of the 21 

participants who completed the clinical examinations at 3-4 weeks post-baseline, 4 did not 

complete Kinarm testing at this time point.  
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Accelerometry. 

A sample of 5 participants were fitted with accelerometers for 3 consecutive days at 2 

time points: beginning of ART and end of ART. Baseline accelerometer data were unable to be 

processed at the beginning of ART for 2 participants and at the end of ART for 1 participant. 

Accelerometer data were not precisely collected on the participants’ first and last ART sessions, 

but were collected during the first few (e.g. 2 or 3) and/or last few sessions (e.g. 7 or 8 out of 10 

total sessions). Each ART session was scheduled for one hour in duration but the exact duration 

of upper limb activity within ART sessions was not recorded.  

The COVID-19 pandemic affected accelerometer data collection – after recruitment of 

the 5 participants for accelerometry measurements, the study was paused for a period of 7 

months. Upon restarting data collection, the protocol was revised. Participants were instructed to 

wear the accelerometers for their first and last ART session. The accelerometers were to be 

placed on participants in the morning prior to their daily therapies and removed after the ART 

session in the later afternoon, after completion of all daily activities. Physiotherapists and 

occupational therapists were informed to record the therapy session duration and activities on the 

days when the participant wore the accelerometers (first and last ART session dates). Session 

start time began upon the first upper limb movement and stopped after the last upper limb 

movement of each ART, PT, and OT session.   

Three participants were recruited and agreed to the revised protocol – 1 of which 

completed the protocol. One participant wore the accelerometers for the duration of the first 

assessment day but withdrew from the study after attempting the first ART task; a second 

participant wore the accelerometers for one day and their ART, PT, and OT data were collected, 

but they were discharged early prior to >50% completion of the ART program and follow up 

accelerometry assessment. 
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Of the 8 participants recruited for accelerometry assessments, the 6 who completed ART 

with available accelerometer data were included in the study analysis and a total of 14 ART 

sessions were recorded.  

There was variability in the number of ART sessions recorded during the wear period at 

either time point, ranging from 1 to 4 sessions being captured. The activity monitors showed the 

affected upper limb to be active during ART for a mean (±SD) duration of 31.3 (±10.5) minutes 

and the unaffected upper limb to be active for 30.5 (±11.7) minutes. Differences between UL use 

were not significant (t(26) = 0.197, p = 0.845). During ART, 22.0 (±10.8) minutes involved 

simultaneous use of both upper limbs (bilateral activity). Two participants required physically 

guided assistance from the ART facilitator to complete the art-based tasks with their affected UL. 

See Table 8. 

Participant 9 had both accelerometer data and session duration data available for PT, OT, 

and ART on their first ART session date, and PT and ART data were recorded on their last ART 

session date. Participant 9 was a 98-year-old, left hand-dominant, right hand affected male with 

homonymous hemianopsia. Participant 9 completed a total of 7 sessions, with the first and last 

session being recorded 10 days apart. For the first ART session, which was timed to be 41 

minutes in duration, participant 9 actively used their upper limbs for 34.8 minutes as reported by 

the accelerometers. The affected UL was active for a total 32.0 minutes and the unaffected, 

dominant UL was involved in training for a total of 16.1 minutes (use ratio = 2). Of the total UL 

activity, 14.2 minutes was bilateral activity, involving simultaneous movement of both upper 

limbs. Unilateral use of the affected upper limb was recorded to be 17.8 minutes, while the 

unaffected upper limb only participated in 2.8 minutes of unilateral activity. Activities within the 

first session included tracing and drawing vertical, horizontal, diagonal, and curved lines as well 

as circles with both upper limbs. 
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  Table 8. Accelerometer participant characteristics. 

Participant Age Sex 
Dominant/ Session 

Number 

Total Duration of Use Use 

Ratio 

Total FMA-UE 

Affected  Affected Unaffected Bilateral Sessions Affected Unaffected 

2a 45 M R/L 2 
 

19.8 
 

25.2 10.7 0.8 
 

8 8 65 

4a 57 M R/R 
6 
7 

 

34.6 
45.3 

 

34.0 
46.0 

 

25.2 
36.6 

 

1.0 
1.0 

 

11 38 65 

9 98 M L/R 
1 

7 
 

32.0 

33.6 
 

16.1 

15.8 
 

14.2 

10.9 
 

2.0 

2.1 
 

7 58 59 

11 83 F R/L 

2 

8 

9 
 

39.1 

31.2 

31.4 
 

37.9 

34.0 

37.8 
 

32.1 

24.6 

25.1 
 

1.0 

0.9 

0.8 
 

10 57 62 

16 98 M R/L 

2 

3 

7 

8 
 

43.1 

48.1 

26.1 

14.9 
 

46.3 

47.1 

29.4 

15.2 
 

36.5 

39.4 

14.4 

8.2 
 

0.9 

1.0 

0.9 

1.0 
 

9 62 61 

18 64 M R/R 
9 

10 
 

23.3 

15.6 
 

23.1 

18.6 
 

16.5 

13.2 
 

1.0 

0.8 
 

12 48 66 

Total (Mean)    31.3 30.5 22.0     
SD     10.5 11.7 10.8     

Abbreviations: F, Female; M, Male; FMA-UE, Fugl-Meyer Assessment for Upper Extremity. SD = standard deviation. aManual arm guidance 

needed to complete art-based tasks with affected upper limb. Participant numbers match Table 5.
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The participants’ last ART session was 52 minutes in duration and they actively 

participated in UL training for 37.3 minutes. The affected and unaffected upper extremities were 

involved in ART for a total of 33.6 and 15.8 minutes (use ratio = 2), respectively. Bilateral UL 

use accounted for 10.9 minutes of the total UL activity, while unilateral use of the affected and 

unaffected hand accounted for 22.1 and 4.3 minutes of the total activity duration. ART activities 

in the last session included tracing and drawing a maple tree, spruce tree, and human eyes with 

both hands. Figure 9 shows a binned scatterplot of the intensity of upper limb activity during 

ART for participant 9 in terms of acceleration per 2-s epoch (vector magnitude).   

The recorded duration of the baseline physiotherapy session was 56 minutes, and the 

upper limbs were exercising for 54 minutes as reported by the ActivPAL3 micro (µ) 

accelerometers. The affected upper limb was active for a total 54 minutes, with 8.4 minutes 

dedicated to unilateral use. The unaffected, dominant upper limb was active for a total duration of 

45.8 minutes, with no unilateral use. Bilateral activity was present for 45.6 minutes of the session. 

At follow up, the physiotherapy session was timed as 60 minutes, with the upper limbs being 

active for 58 minutes as determined by accelerometry. The affected upper limb was active for a 

total of 57.7 minutes, with 6.4 minutes attributed to unilateral use alone. The unaffected upper 

limb was active for 51.9 minutes, with 1.2 minutes dedicated to unilateral training. Simultaneous 

use of both upper limbs occurred for 50.4 minutes. Both physiotherapy sessions included upper 

limb cycling, walking, and stair climbing.  

The timed duration of the first occupational therapy session was 54 minutes, with 40.5 

minutes of upper limb activity. The unaffected and affected upper limbs were active for a total of 

21.5 and 38.5 minutes, respectively. Unilateral use of the affected and unaffected upper limbs was    

present for 18.9 minutes and 2 minutes during the baseline OT session, and bilateral activity 

persisted for 19.6 minutes.  The OT session included fine motor and memory-based activities. No 

follow up OT session data were available as the OT session was cancelled on the last day of 

ART. 
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Figure 9. Binned scatter plot of upper limb activity during ART at baseline (first session) and 

follow-up (last session) for participant 9.  

 

A) First ART session (baseline) upper limb activity. B) Follow up (last session) upper limb activity. 
The density scatter plots show the natural ln transformations of the vector magnitudes for each 2s 

epoch during ARTs session represent upper limb activity intensity. Only epochs with acceleration 

data are shown. Activity of the unaffected limb only is demonstrated along the X axis. Activity of 
the affected limb only is plotted along the Y axis. Epochs where there is bilateral activity are shown 

in the center of the binned scatter plot. The frequency of data points is represented by the colour 

scale; darker shades indicate more data points in the bin. The colour of the bin reflects which 

intensity level was most frequent during the ART sessions. 

 

A) 

B) 
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Time. 

Session duration was recorded for all sessions of a subset of 13 participants, yielding a 

total of 77 recorded sessions. The overall median [IQR] session duration was 44 [35-53.5] 

minutes. The median duration of the ART sessions increased from 43 [38.5-54] minutes in the 

first session to 47 [27.5-61.5] minutes in the last session; however, the median duration of 

training did not differ significantly (Z = -0.455, p = 0.649) between the first and last ART 

sessions. 
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Chapter 6 

Kinarm Results 

A total of 20 ART participants from Phase Ⅰ and Ⅱ were matched to a control cohort from 

the Kinarm database for the following Kinarm tasks: APM, VGR, and OH. At baseline, there 

were no significant differences between groups for demographic and clinical characteristics (Chi-

square, p>0.05) (Table 9). For Kinarm task scores, there were no significant differences between 

groups for APM (U = 151.000, p = 0.192), OH (U = 172.000, p = 0.461), or VGR for both the 

affected (U = 193.000, p = 0.862) and unaffected (U = 165.000, p = 0.355) upper limbs at 

baseline. No significant differences were detected between task scores at follow-up (post-ART) 

between ART participants and controls for APM (U = 178.000, p = 0.565), OH (U = 197.000, p = 

0.947), or VGR for both the affected (U =178.000, p = 0.565) and unaffected (U = 193.000, p = 

0.862) upper limbs.  

 Median APM task scores did not significantly improve from baseline (Z = -0.336, p = 

0.737) for ART participants and controls (Z = -1.568, p = 0.117). VGR task scores with the 

affected upper limb significantly improved from baseline for ART participants (Z = -2.016, p = 

0.044) and controls (Z = -3.845, p = 0.000). VGR task scores collected from the unaffected upper 

limb at follow up were not significantly different from baseline scores for both ART participants 

(Z = -0.299, p = 0.765) and controls (Z=-1.643, p = 0.100). OH task scores significantly 

improved from baseline to follow up for ART participants (Z = -2.464, p = 0.014) and for 

controls (Z = -3.360, p = 0.001). See Figure 10. 
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Table 9. Demographic and clinical characteristics for Kinarm analysis.  

Variable Participants 

 ART (n=20) Control (n=20) 

Sex (F/M) 4/16 9/11 

Agea 71 (±4) 66 (±3) 

Visuospatial neglect (Y/N) 6/14 5/15 
Aphasia (Y/N) 2/18 1/19 

Handedness (R/L/A) 16/2/2 20/0/0 

Side of paresis (R/L) 7/13 7/13 

Type of stroke (I/H) 17/3 17/3 
Stroke Location (C/S/C+S/Cr/B) 7/4/5/2/1 5/8/5/0/2 

Days poststrokeb 23 [20-33.25] 23.5 [19-29.75] 

Days between Kinarm assessmentsb 25 [16.25-27] 33 [28.25-58.25] 
CMSA affected arm and handb 7.5 [3.5-10.75]c 9 [4.25-11] 

CMSA unaffected arm and handb 12 [11-14]c 13 [12-14] 

Abbreviations: F/M = Female/male, R/L/A = Right/left/ambidextrous, Y/N = Yes/no, I/H = Ischemic/hemorrhagic, C = Cortical, S = Subcortical, B = Brainstem, 

Cr = Cerebellar, C+S = Cortical + subcortical. aMean value (SD). bMedian [IQR]. cFifteen of the CMSA scores were converted from FMA-UE scores (see 

Appendix A for CMSA and FMA-UE correlation and conversion).  
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Figure 10. Kinarm task scores for ART participants & controls. Dotted line at 1.96; the threshold for impaired performance.   
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Chapter 7 

Discussion 

7.1 Feasibility 

The focus of the current study was to examine the feasibility of delivering a structured, art-

based intervention to patients with subacute stroke in an inpatient setting and to assess the 

practicality of collecting outcome measures of interest.  

Our primary finding was that Art-based Rehabilitation Training (ART) was a feasible 

program for patients with subacute stroke to complete during their inpatient stay. Program 

retention and art task completion rates were high, there were a low number of adverse events 

reported, and overall participants found the program to be highly acceptable in both phases of the 

study. We were able to successfully collect clinical and robotic data at baseline and follow up 

with low attrition rates and were able to collect measures of activity with relative ease.  

7.1.1 Intervention 

 Over the duration of the study period, deviations from the intended program delivery 

schedule were accepted to accommodate discharge dates, participants’ preferences, therapy 

schedules, and unforeseen scheduling conflicts. To elaborate further, participants who were 

scheduled to be discharged prior to the intended 3-week delivery schedule at the time of ART 

program enrolment were granted the option to participate; however, they were required to 

complete the program in an accelerated time frame. For example, participant 7 in Phase Ⅰ had 13 

days (<2 weeks) until discharge at the time of ART enrollment and completed 6 sessions within 

an 11-day period. As can be seen, deviations from the delivery schedule, as in the case of early 

discharge, often led to participants completing more sessions in a shorter time frame to achieve 

extra upper extremity task practice during their inpatient stay. We are unable to comment on how 

accelerating the provision of extra UL task practice to fit a short, specified time frame may 
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influence recovery, as the most appropriate time frame for upper limb training post stroke has not 

yet been described in the literature (Lang, Lohse, & Birkenmeier, 2016). 

It should be noted that schedule-related issues (e.g. early discharge) are a common barrier 

to the provision of extra upper limb practice and are thus not unique to this study (Schneider, 

Ada, & Lannin, 2019). The ART program was able successfully overcome this barrier and 

accommodate interested participants, highlighting ART’s flexibility and inclusivity – critical 

elements in determining an intervention’s feasibility (Bowen et al., 2009).  

Despite ART’s demonstrated flexibility, we do not intend on altering the original program 

schedule of 3 sessions per week delivered over a 3-week duration, as more demanding protocols 

have been identified as a barrier to recruitment and adherence for interventions involving physical 

activity (Rogers et al., 2014). Further, other studies have detailed that the provision of 9 1-hour 

upper limb rehabilitation sessions, delivered at a frequency of 3 times per week for a duration of 3 

weeks is a pragmatic intervention schedule for stroke survivors (McDonnell, Hiller, & Esterman, 

2013). Additionally, the median [IQR] rehabilitation length of stay for patients with stroke in 

Canada is 35 [20-54] (Grant, Goldsmith, & Anton, 2014); thus, it is presumed that a majority of 

patients will be able to complete ART training within a 3-week time frame prior to discharge in 

future trials. 

Adherence to the prescribed art-based tasks was sufficient, as indicated by the high task 

completion rates for both upper limbs in Phase Ⅰ and Ⅱ. The reasons for incompletion of the art-

based tasks were consistent with other stroke rehabilitation studies− fatigue, scheduling conflicts, 

or lack of interest in a particular exercise (English et al., 2015; Biasin et al., 2014; Sheehy et al., 

2019; Marzolini et al., 2020). The reported cases of fatigue and disinterest in completing a task 

expressed by certain participants may be unrelated to the ART intervention itself and could 

alternatively be manifestations of post stroke fatigue (PoSF), commonly defined as the lack of 

physical and/or mental energy or motivation needed to carry out usual and desired activities 
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(Choi-Kwan & Kim, 2011). Due to the exhaustion or aversion to effort experienced by those that 

it affects, PoSF regularly impedes rehabilitation program delivery and participation, which 

unfortunately increases sedentary activity (de Groot, Phillips, & Eskes, 2003). This lies in direct 

opposition to the American Stroke Associations recommendation that stroke survivors with PoSF 

should continue to engage in regular physical activity within rehabilitation settings to decrease 

PoSF symptoms (Billinger et al., 2014; Hinkle et al., 2017).  Further, rehabilitation research has 

also explained that while individuals may experience pain and/or fatigue during task training, 

these transient events may provide evidence of intensity of practice rather than true adverse 

effects related to rehabilitation (Lewis et al., 2011; Thomson et al., 2016; Warland et al., 2019). 

Pain did not impede program participation, although 5 participants indicated that they 

experienced some pain during or after the ART sessions. It is worth addressing that all 5 

participants had documented hemiplegic shoulder pain (HSP) or limited range of motion (ROM) 

at baseline prior to ART enrollment; thus, the reported pain was likely unrelated to the 

intervention. Further, empirical evidence advocates for integration of the affected upper limb into 

all therapy-based or daily activities to restore range of motion and promote upper limb recovery 

despite shoulder pain or discomfort during therapy tasks (McKenna, 2001). 

Program retention rates were high with 32 of 38 (84%) participants from either Phase Ⅰ or 

Ⅱ having completed the ART program. Due to missing baseline data and early discharge, only 30 

of these individuals were included in the study analysis. This retention rate is in agreement with 

reports from other studies administering additional upper limb task practice (Schneider, Ada, & 

Lannin, 2019; Winstein et al., 2016). We suspect our high program retention rate primarily 

reflects enjoyment of art-based training. Alternatively, the relationship between the ART 

facilitators and participants may have influenced program retention. Facilitator or staff 

characteristics, such as responsiveness and friendliness create an atmosphere of trust and empathy 

which helps foster motivation and program retention in rehabilitation settings (Given et al., 1990; 
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Marmor et al., 1991). Based on participant feedback (Appendix B), it was evident that 

participants were greatly satisfied with the facilitator’s support, communication, and positive 

attitude. This perspective has been shared by the EXCITE (Extremity Constraint Induced Therapy 

Evaluation) trial, a multi-center clinical study examining the effects of intense upper limb training 

on motor recovery (Wolf et al., 2006). Project coordinators of the EXCITE study consistently 

noted that project facilitators’ enthusiasm toward the project and their direct, supportive 

communication with the study participants translated into successful study retention (Blanton et 

al., 2006).  

7.1.2 Measurement 

Clinical & Robotic. 

It appeared to be feasible to conduct clinical and robotic assessments at baseline and at 3 

to 4 weeks follow-up (post-ART). In Phase Ⅰ, 5 of the 9 (56%) eligible participants agreed to 

partake in Kinarm and clinical testing at baseline, while 25 of 29 (86%) of Phase Ⅱ participants 

agreed to Kinematic testing and 27 of 29 (93%) completed baseline clinical testing; however, 

early discharge and thus incompletion of ART led to a lower number of individuals being 

included in the study analysis. It is recommended that future trials account for the potential 

occurrence of early discharge during the recruitment process. Further, it was evident that a sizable 

portion of ART participants were unable to perform the Kinarm assessments due to shoulder-

related ailments (e.g. osteoarthritis, HSP). It is recommended that future trials be aware that 

individuals with hemiparetic shoulder impairments or pain may not be able to participate in 

Kinematic testing; however, they should not be excluded from being given the option to 

participate as robotic devices that provide upper extremity gravity support and selectively 

manipulate shoulder movement can help reduce shoulder subluxation, soft tissue contracture, and 

capsular damage (Dohle et al., 2013; Ellis et al., 2016). Thus, participation in Kinarm testing may 

aid the resolution of shoulder-related ailments by mobilizing the hemiparetic shoulder. 
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Accelerometry. 

Feasibility. 

 The current study demonstrated bilateral, wrist-worn accelerometers to be an unobtrusive, 

feasible measure to implement in a clinical setting. It was noted that all participants approached to 

wear the accelerometers agreed to their use and showed compliance with wearing the 

accelerometers according to their designated protocol. In addition, there were no complaints of 

discomfort or displacement during rehabilitation.  

 While many studies have found a 3-day time frame to be a reliable and feasible wear 

period for subacute stroke patients during rehabilitation (Lee et al., 2019); we found this time 

frame to be unnecessarily long for our study objective, which was primarily to assess upper limb 

(UL) function during ART. This 3-day time frame would perhaps be reasonable in future 

evaluations of upper limb activity if the objective is to compare UL use during ART to upper 

limb outside of ART, with all UL activities being timed and documented (e.g. self-reported, PT or 

OT reports) for proper comparison (Scheers et al., 2012). In addition, we found that the longer 

wear time of 3 days compromised the ability to use the few available accelerometers on several 

participants in one day – limiting the number of ART sessions able to be recorded. 

 The accelerometry protocol outlining a 1-day wear period was significantly more feasible 

given our study aims. Another pragmatic approach for future trials utilizing ART or other UL-

specific interventions may be to place the accelerometers on participants prior to the respective 

training session (e.g. ART) and remove them immediately after. This wear-time revision may 

allow for more patients to participate in accelerometry recordings as this protocol is less 

demanding and additionally the few available accelerometers may be able to be used more 

frequently.  

 It should be noted that accelerometry data from one ART session (last session) for 

participant 2 was unable to be processed due to technical errors in initializing the accelerometer. 

Errors in initialization, data downloading, and data storage are not exclusive to ActivPAL3 micro 
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(µ) accelerometers nor unique to this study analysis. These issues have been reported in previous 

trials and may arise in future evaluations (Lee et al., 2019; da-Silva et al., 2019).   

Duration of Upper Limb Use. 

For all of the ART sessions recorded with accelerometers at the beginning and end of the 

ART program, the affected and unaffected upper limbs were equally engaged in ART training, 

with each participating for 31.3 (±10.5) and 30.5 (±11.7) minutes in an approximate 1 hour 

scheduled session duration, 22 (±10.8) minutes of which both limbs were concurrently active. A 

portion of the inactivity during this one-hour duration of ART can be explained by the provision 

of instructional videos, in which the participants’ upper limbs were not active. Additionally, it is 

conceivable that the amount of UL use during ART was underestimated due to the nature of the 

bilateral activity involved in ART and limitations intrinsic to the accelerometers. ART involves 

asymmetrical bilateral tasks; in asymmetrical bilateral tasks, instead of performing movements, 

one hand is used to stabilize the object (e.g. hold the paper). Despite advances in accelerometer 

methodology for analyzing acceleration signals, the amount of UL use, specifically paretic UL 

use, in asymmetric bilateral tasks is underestimated when the limb is used to stabilize (Vier et al., 

2020).  

 As can be seen from the results, the percentage of time the upper limbs were actively 

engaged in upper limb training can be quantified and compared based on accelerometry data and 

recorded session duration for participant 9. During ART, the upper limbs were actively engaged 

for 84.9% of the first session, and 71.7% of the last session, a majority of which was bilateral 

activity. This is an important finding for future guidelines as currently there is a focus on the 

provision of therapy for a particular duration (e.g. 1 hour) rather than the amount of time active 

exercises is occurring. Evidently, if we want to achieve 1 hour of active exercise using ART, we 

will need to allocate 71.4 – 84.5 minutes of session time. While this analysis is limited due to the 

use of one participant as an example, our results are consistent with other literature describing UL 

activity intensity in supplementary rehabilitation programs using accelerometers. Connell et al. 
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(2014), assessed the UL activity of subacute stroke survivors during Graded Repetitive Arm 

Supplementary Program (GRASP) sessions, and reported the upper limbs to be active for an 

average (SD) of 35.9 (±6.9) minutes during a session duration of 48.2 (±8.9) minutes, equating to 

the upper limbs being active for approximately 75.7% (±15.9%) of the session. In a session 

duration of 73 minutes, Schneider, Ada, and Lannin (2019) reported the upper limbs to be active 

for 57 minutes (72.6% of the session).  

 In comparison, the upper limbs were active for 96.4% of the first and 96.7% of the last 

physiotherapy sessions for participant 9. While it is possible that the upper limbs were more 

active during conventional physical therapy than in UL-specific training programs (e.g. GRASP, 

ART), we believe this is likely an overestimate due to unintentional or passive movement. Due to 

the inability for accelerometers to distinguish volitional from unintentional motor performance, 

acceleration data from upper limb swing during gait likely contributed to overestimating the 

amount of UL movement during physiotherapy tasks (e.g. walking, stair climbing) (Bailey, 

2015). Unintentional/passive vertical movement such as UL acceleration from gait swing is less 

relevant in the case of ART, as the participants were seated with the upper limbs in the horizontal 

plane; all acceleration data should have theoretically been derived from the upper limbs during 

active participation.  

 It was noted that there were no sizable changes in the amount of use for either UL 

between ART sessions. It was hypothesized that individuals would utilize their upper limbs more 

and for longer during the last ART session compared to the first as their UL impairments resolve 

or as tolerability improves; however, this was not shown. While unexpected, other studies support 

our results. It has previously been shown that the duration and intensity of upper limb use in both 

unimanual and bimanual activities did not significantly change during and after task-oriented 

upper limb training (Timmermans et al., 2014). However, these results should be interpreted with 

caution as they do not indicate that substantial clinical improvements in upper limb function have 

not occurred from training (Wei et al., 2019). Rand and Eng (2012) found that in the early 
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subacute phase (between 3 days to 3 weeks of admission) after stroke, patients can have 

significant improvements in UL motor capacity without any change in amount of use or activity, 

as measured by accelerometers.  

 Although we did not detect a significant difference between the duration of affected and 

unaffected UL use, the finding that some participants (e.g. participant 9) used their affected upper 

limb for a longer duration than their unaffected UL during ART may have several explanations 

worth discussing. Firstly, depending on the severity of the motor deficits in the paretic UL, 

individuals may have taken a longer amount of time to complete the art-based task compared to 

their less affected UL. The amount of activity, in terms of acceleration, generated during this 

longer duration of use by the affected UL was not necessarily greater than the amount or intensity 

of activity generated with the unaffected UL in a shorter duration. Handedness and side of paresis 

may have also influenced the duration with which they used each UL. This issue may in part be 

attributed to utilizing a threshold filter of “1” for acceleration data which allows small and slow 

movements to be captured.  

Time. 

  Time was easy to measure, and we demonstrated that ART was capable of successfully 

augmenting overall UL training time by 43 to 47 minutes.  

 Secondly, we identified that there were no significant changes in the session duration 

between the first and last recorded ART sessions, suggesting that the overall intensity of ART 

may not have significantly differed across ART sessions despite different art-based tasks being 

administered each session. It may be interpreted from this finding that ART was consistent in its 

delivery.  

 It should be recognized that despite the ease of using time as a proxy measure for 

intensity, it is a rather crude estimate (Kwakkel et al., 2006). Recording therapy or UL training 

session duration does not provide an indication of the actual amount, quality, or type of 

movement that takes place and tends to overestimate activity time (Lang et al., 2009). 
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Overestimation of UL activity was likely to be present when using ART session duration as a 

proxy measure for intensity due to the presence of instructional videos. To mitigate 

overestimation of UL activity during ART or any UL program, only active exercise should be 

recorded with a stopwatch and breaks in activity should be excluded from the analysis.  

7.2 Kinarm Results 

 In this sub-analysis, we sought to test the idea that high-intensity, task-specific upper 

limb training delivered early after stroke would reduce motor impairment more than usual care 

alone. Congruent with other study findings, we did not see significant improvements in upper 

limb sensorimotor function, as indicated by Kinarm tasks scores in this study, beyond what was 

demonstrated in the control (usual care) group despite the provision of additional task practice 

(Krakauer et al., 2021; Rodgers et al., 2019). In the literature, this has been taken as evidence that 

new interventions do not outperform higher intensities and doses of conventional therapy, or by 

extension usual clinical care administered alone. A recent review of neurorehabilitation trials 

conducted within the past 5 years explained that there is no clear evidence that interventions 

targeting post stroke motor recovery are superior to usual/standard care, and that participants 

often exhibit improved motor performance but to a similar extent for both the experimental and 

control groups in most trials at subacute and chronic stages (Stinear et al., 2020). While this may 

be the case, it is critical to understand that the amount of usual care delivered to participants 

frequently differs within and between studies, and that this variability may influence the observed 

treatment effect (Negrini, Arienti, & Kiekens, 2020). Furthermore, obtaining accurate information 

about the amount of usual care patients received during a trial is challenging as it is assumed that 

usual care is uniformly provided; however, this assumption is rarely true (Rodgers et al., 2019). 

This should be discussed in the context of our study. It was assumed for the purposes of our study 

that ART participants and controls both received approximately 2 hours of usual care per day; 

however, we are unable to comment on the true amount of daily usual/standard care each group 
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received. Thus, they may have received more or less usual care, consequently impacting our 

findings. Efforts to dose-match the amount of usual care between and within comparator groups 

is recommended in future evaluations of ART.  

  Although we did not witness clinically significant gains with respect to sensorimotor 

function, given the positive feedback from participants and available literature highlighting the 

importance of supplemental, high-intensity task practice, further attempts to assess the potential 

benefits of this art-based intervention with a larger sample are warranted.  

7.3 Stroke Severity & the Utility of ART 

An important finding from our study was that patients’ with more severe UL functional 

deficits, as evident by the low baseline Chedoke McMaster Stroke Assessment arm and hand 

scores (1-2) or Fugl-Meyer Assessment of Upper Extremity scores (5-12), were capable of 

participating in the ART program, which may speak to its inclusivity, generalizability, and value 

of Art-based Rehabilitation Training. This is a unique strength of the ART program, as those with 

mild to moderate UL deficits often have other effective rehabilitation options available, such as 

recreational activities and traditional therapy exercises, while the activity options for those with 

more severe deficits are limited (Warland et al., 2019; Saposnik et al., 2016). Published reports 

have detailed that severely impaired patients greatly benefit from intensive inpatient 

rehabilitation, but regular rehabilitation programs cannot often accommodate them (Teasell et al., 

2005). Currently, many UL-specific rehabilitation options such as constraint-induced movement 

therapy (CIMT) require participants to have active wrist and finger movement, allowing for only 

10% of stroke inpatients to be eligible for this treatment (Dobkin et al., 2007); however, the ART 

protocol appears to be feasible for a wide range of individuals with no wrist or hand movement 

(e.g. flaccid paralysis), as physical assistance from the facilitator can sufficiently provide upper 

extremity support.  
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It has been described that interventions which include participants with more severe UL 

deficits frequently require additional support from a therapist or an orthosis (Kong et al., 2016). 

This requirement for additional, trained healthcare providers and supportive staff has been 

described as a key barrier in the implementation of stroke rehabilitation programs (Bayley et al., 

2012). As healthcare professionals face increasing demands of their time, exacerbated by fiscal 

constraints and patient complexity, qualified volunteers, or by extension trained rehabilitation 

program facilitators, are an essential resource to enhance patient support in stroke rehabilitation 

(Nelson, Thombs, & Yi, 2020). This recent recommendation supports the previous suggestion by 

de Weert and Feys (2002, p. 182) that in order to reduce the patient load on physical therapists 

and other allied healthcare providers, rehabilitation research needs to identify or develop 

strategies that permit patients and qualified caregivers to take responsibility for the bulk of post 

stroke training. In the current study trained, voluntary, non-healthcare professionals (ART 

facilitators) were able to successfully train patients with complex upper limb deficits using 

manually guided assistance when necessary, without requiring assistance from physical therapists 

or other hospital staff. This is a major strength in our study, as available literature has yet to 

evaluate the delivery of additional exercise training from individuals who are not healthcare 

workers (Galvin et al., 2008).  

Based on the results, particularly in Phase Ⅰ, it was apparent that more severely affected 

participants, based on CMSA and FIM scores, declined the option to complete task tracings or 

drawings with their affected upper limb compared to their less affected UL. While this program 

intends to target the paretic upper limb, unilateral training of the less impaired upper limb may 

still be beneficial for those with no voluntary muscle activity in the affected limb (e.g. severe 

stroke) (Canadian Stroke Best Practices, 2019). Available literature emphasizes that for patients 

for whom a poor motor recovery without regain of function is anticipated, treatment should focus 

on achieving and maintaining functional gains in the mobile, non-paretic arm through repetitive 
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task practice (Kwakkel et al., 2004; Barreca et al., 2003; Teasell et al., 2020). This evidence 

strengthens our recommendation to include individuals with more severe upper limb deficits in 

the ART program, regardless of the involvement of their affected upper limb. 

7.4 Limitations 

Owing to the novelty and nature of this research, this study had a number of apparent 

limitations that should be addressed. The small convenience samples, while justified based on our 

study objectives, limits the statistical power and generalizability of the results.  

Second, while the program was designed with a set number of tasks to be completed over 

a specific frequency and duration, this training dose was not precisely adhered to due to schedule-

related conflicts (e.g. early discharge), meaning it was not possible to determine whether the 

intended structure was feasible. This was a necessary trade off, which gave participants the 

flexibility to participate in ART regardless of their duration of inpatient stay, therapy schedule, or 

personal preferences for training frequency and duration.  

Deviation from the original accelerometer protocol led to inconsistent data collection; 

however, this change was necessary in order to simplify the protocol for participants and 

facilitators as well as aid the analysis. Additionally, there was limited research to consult when 

deciding on the accelerometer protocol as utilizing accelerometers for the ULs in an inpatient 

setting is a rather nuanced methodology. Furthermore, our experience with these methodological 

changes can be used to assist with the fine tuning of a future RCT protocol.  

The focus on feasibility parameters of the intervention such as acceptability and 

adherence led to some limitations. Participant performance was based on completion of the art-

based tasks, but improvement in their skills was not measured. We are unable to comment on 

whether participants were improving on ART tasks or other therapy activities. However, our 

feasibility measurements do inform art-based training tolerability, engagement, and satisfaction. 

For the end of study questionnaire, participants were reminded of the importance of giving 
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feedback that accurately reflected their ART program experience (positive or negative); however, 

the use of a lead researcher as a program facilitator may have precipitated more positive 

responses from study participants, all of whom were aware of the study purposes and the role of 

the researcher. To mitigate bias, we ensured that the ART facilitators were not present for this 

feedback and that participants had at least 24 hours to complete the feedback form.  

Additionally, there were data that would have strengthened the study analysis and 

clarified the feasibility of ART. While participants were recruited to participate in ART with ease 

and speed, the number of individuals screened for eligibility and the number of those recruited to 

participate in the study were not recorded. These parameters are relevant to the feasibility of 

conducing a larger scale trial and should thus be documented in future evaluations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

115 

Chapter 8 

Conclusions & Future Directions 

The present study demonstrated the feasibility of delivering Art-based Rehabilitation 

Training (ART) to subacute stroke survivors during their inpatient stay. Participants with an array 

of stroke-related impairments were able to complete intense, challenging, art-based tasks using 

both upper limbs with or without assistance from trained, non-healthcare professionals. Further, it 

was found that participants were able to complete several ART sessions per week at their desired 

pace within a 3-week duration or until discharge. Despite early discharge, program retention was 

high and outcome measures of interest were able to be collected at the desired time points.  

As ART was designed to intensify current stroke rehabilitation care, further investigation 

exploring the effectiveness of Art-based Rehabilitation Training at augmenting meaningful upper 

limb activity is critical to determining ART’s clinical utility. One way in which this may be 

achieved is by conducting a detailed analysis on the number of volitional motor repetitions 

generated during a timed ART session. Active repetitions of meaningful movement quantified by 

direct observation or accelerometers may more accurately capture the intensity of ART rather 

than training session duration or duration of upper limb use.  

Furthermore, while there is no evidence at present that this art-based intervention has a 

significant impact on upper limb sensorimotor recovery, participants in this study reported great 

satisfaction and perceived the program as useful and motivating suggesting that this program is 

still clinically important. Future evaluations of ART may require a larger sample size to 

appropriately power an analysis of Kinarm task scores for the evaluation of ART’s effect on 

sensorimotor function. 

In future trials, it would be interesting to assess participants’ experiences through a 

qualitative analysis. Participants expressed satisfaction with the ART program and its effects on 
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their upper limb recovery; however, from a psychotherapeutic perspective, it may be of interest to 

see if or how ART influences emotional and psychosocial phenomena. To accomplish this, semi-

structured interviews may be piloted, or questions related to these topics may be integrated into 

the end-of-study questionnaire.  

 As well, while our end-of-study feedback questionnaire provided us with useful 

information regarding participant satisfaction, motivation, and the perceived utility of the 

program, this questionnaire has not been validated. Thus, it is recommended that future trials 

utilizing ART use validated scales to capture participant’s feedback. It is also recommended that 

a formal measurement of patient engagement be added.  

The use of creative drawing as an upper limb training modality marks an exciting next 

step in stroke neurorehabilitation research and this study is the first to demonstrate its feasibility 

in an inpatient rehabilitation setting.  
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Appendix A 

Conversion of FMA-UE Scores to CMSA 

Correlation. 

The correlations between Chedoke Mc-Master (CMSA) and Fugl-Meyer Assessment for 

the upper extremity (FMA-UE) are powerful (Table A1). Stroke participants (N=101) were given 

both tests in the same assessment at various time points of recovery. Strong Spearman 

correlations justify the definition of a conversion function from F-M UE scores to comparable 

CMSA arm + hand scores 

Table A1. Conversion of FMA-UE to CMSA scores. 

Assessment Scores 
Upper Extremity 

R p 
Affected Unaffected 

FMA-UE vs. CMSA Arm + handa  Y Y 0.8838 8.9257e-127 

 Y N 0.9545 8.9516e-101 

FMA-UE vs. CMSA Arm Y Y 0.8613 3.4553e-113 

 Y N 0.9269 6.1630e-82 

Abbreviations: Y = yes, N = no. aArm and hand scores from CMSA are modelled together as a 

single score.  

 

Figure A1: FMA-UE Score Correlation with CMSA Arm + Hand Scores.  
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Conversion Function. 

To convert FMA-UE to comparable CMSA scores we inspected linear, quadratic, and cubic 

polynomial curves.  We selected the cubic as it had the strongest fit.   

Where x = FMA-UE score, 

f3(x) = p1*x^3 + p2*x^2 + p3*x + p4 

      Coefficients (with 95% confidence bounds): 

       p1 =   5.187e-05  (2.838e-05, 7.537e-05) 

       p2 =   -0.004422  (-0.007225, -0.00162) 

       p3 =      0.2533  (0.1572, 0.3494) 

       p4 =       1.421  (0.5943, 2.247) 

 

gof =  

           sse: 244.1265 

       rsquare: 0.9413 

           dfe: 376 

    adjrsquare: 0.9408 

          rmse: 0.8058 

 
 

Helen Bretzke was responsible for the FMA-UE to CMSA correlation and conversion. 
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Appendix B 

Phase Ⅰ End of Study Questionnaire Results 

 

Table B1. Participant satisfaction rating. 

Question n 1 
 Not Satisfied 

2 3 
Somewhat Satisfied 

4 5 
 Greatly Satisfied 

How satisfied are you with 

the program? 
7 0 0 0 0 7 

Question n 1  

No 

2 3  

Yes, with changes 

4 5  

Yes 

I would recommend this 

program to other stroke 

survivors. 

7 0 0 0 3 4 

 

Table B2. Participant pain/discomfort ratings. 

Question n 1 

Painful 

2 3 

Some pain/discomfort 

4 5 

Not painful 

I felt pain/discomfort during 

the sessions. 

7 0 0 1 1 5 

I felt pain/discomfort after 

the session. 

7 0 0 1 0 6 

 

Table B3. Participant ratings of training intensity. 

Question n 1 

Too short/ long 
2 3 4 5 

Just right 
The duration of each session 

was: 
7 0 1 2 2 2 
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Table B4. Perceived utility of ART.  

Question n 1 

Not helpful 
2 3 

Somewhat helpful 
4 5 

Very helpful 
The videos (watching an 

artist draw) were helpful. 
7 0 0 2 1 4 

The tracing exercises were 

helpful. 

7 0 0 0 3 4 

The progression from simple 
to complex objects was 

helpful. 

7 0 0 1 1 5 

 

Table B5. Participant motivation ratings.  

Question n 1 

Not at all 
2 3 

Sometimes 
4 5 

Very much 
The program motivated me 

to use both of my 

hands/arms. 

7 0 0 2 1 4 

The program motivated me 

to use my weaker hand/arm. 

7 0 0 2 0 5 

Question n 1 

Not at all 

2 3 

Sometimes 

4 5 

Very often 

I practiced/did extra artwork 

between sessions. 

7 1 0 3 2 1 

 

Table B6. Concluding remarks.  

Question n 1 

No 
2 3  

Possibly 
4 5 

Yes 
Do you think you may 

continue to do art once 

discharged? 

7 1 0 3 2 1 
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Table B7. Phase Ⅰ participant comments.  

[] represent added text for reference to question stem or clarification.  

  

Participant  Comment 
1 “[The facilitator] was organized and a pleasure to work with. [The facilitator] was encouraging, very helpful, and 

flexible with their time. [The facilitator] worked around my planned physiotherapy schedule. Thank you.” 

 
2 “[I would recommend this program to other stroke survivors because] it helps to get things working. Great program!” 

 

3 “[I would recommend this program to other stroke survivors because] it uses both hands!’ 

 

4 “[I would recommend this program to other stroke survivors because] it was very helpful. Thank you very much, it 

was good.” 

 

6 “[This program provided me with] an activity to do and encouraged me to use my injured arm and hand. [The] staff 

was very helpful and friendly.” 
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Appendix C 

Phase Ⅱ End of Study Questionnaire Results 

Table C1. Participant satisfaction ratings.  

Question n 1 

 Not Satisfied 

2 3 

Somewhat Satisfied 

4 5 

 Greatly Satisfied 

How satisfied are you with 

the program? 
21 0 0 2 4 15 

Question n 1  
No 

2 3  
Yes, with changes 

4 5  
Yes 

I would recommend this 

program to other stroke 

survivors. 

21 0 0 0 3 18 

 

Table C2. Participant satisfaction ratings.  

Question n 1 

Painful 
2 3 

Some pain/discomfort 
4 5 

Not painful 
I felt pain/discomfort during 
the sessions. 

21 0 0 1 1 19 

I felt pain/discomfort after 

the session. 

21 0 1 0 0 20 

 

Table C3. Participant ratings of training intensity.  

Question n 1 

Too short/ long 
2 3 4 5 

Just right 
The duration of each session 

was: 
7 0 0 1 2 18 
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Table C4. Perceived utility of ART.  
Question n 1 

Not helpful 
2 3 

Somewhat helpful 
4 5 

Very helpful 
The videos (watching an 

artist draw) were helpful. 
21 0 0 2 4 15 

The tracing exercises were 

helpful. 

21 1 0 0 7 13 

The progression from simple 

to complex objects was 

helpful. 

21 0 0 2 3 16 

 

 
Table C5. Participant motivation ratings.  

Question n 1 

Not at all 

2 3 

Sometimes 

4 5 

Very much 

The program motivated me 

to use both of my 

hands/arms. 

21 0 0 3 5 13 

The program motivated me 

to use my weaker hand/arm. 

21 0 1 1 3 16 

Question n 1 

Not at all 

2 3 

Sometimes 

4 5 

Very often 

I practiced/did extra artwork 

between sessions. 

21 6 4 4 1 6 

 
 
Table C6. Concluding remarks.  

Question n 1 

No 
2 3  

Possibly 
4 5 

Yes 
Do you think you may 

continue to do art once 

discharged? 

21 1 1 13 1 5 
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