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Abstract 

Background:  Stroke is a serious health concern and a leading cause of disability 

worldwide.  Up to two-thirds of stroke survivors will experience physical and/or cognitive 

deficits thus requiring ongoing rehabilitation.  Determining the appropriate exercise intensity and 

dose to optimize recovery is one of the top priorities in stroke rehabilitation research. 

Purpose: To determine the feasibility and efficacy of higher exercise intensity and dose 

on walking and functional recovery, cognition, and quality of life in the early phase after stroke. 

Methods:  Multiple studies were conducted to examine how exercise intensity and dose 

may influence recovery early after stroke. Two studies were completed to identify and assess the 

precision of a readily available monitoring device to accurately record step count, a measure of 

walking dose.  The results of these studies contributed to the design and implementation of an 

ongoing national, multi-site, randomized clinical trial occurring during inpatient stroke 

rehabilitation, to investigate how higher exercise intensity and dose impact walking and 

functional recovery, cognition, and quality of life.   

Results:  From the two studies examining measurement of walking dose, The Fitbit One 

was identified as a monitoring device that could accurately assess step count (< 10% error), when 

positioned at the ankle, with individuals post-stroke that had a walking speed greater than 

0.4m/s.  Preliminary data from the ongoing multi-site randomized clinical trial revealed that 

individuals who received a higher exercise intensity and dose within their inpatient stroke 

rehabilitation were able to walk a clinically meaningful longer distance on the six-minute walk 

test and had a higher perception of their health status compared to those individuals that received 

usual care physical therapy. 

 



iv 

 

Conclusions: Higher exercise intensity and dose can be accurately measured and safely 

delivered during inpatient stroke rehabilitation.  Furthermore, although preliminary results 

suggest that higher exercise intensity and dose may be effective at improving walking recovery 

and quality of life in the early phase after stroke, further analysis will need to be conducted when 

the complete study population is recruited to verify these findings.    

 

 

 

 

  



v 

 

Lay Summary 

There are an estimated 60,000 strokes in Canada each year. Up to two-thirds of stroke 

survivors will experience difficulties with their physical function, such as walking, thinking, and 

talking, and require rehabilitation. Currently, it is not known what exercise intensity and dose 

should be prescribed to stroke survivors to optimize recovery. The research comprising this 

thesis explores how exercise intensity and dose impact recovery after stroke. First, through two 

different studies, a wearable monitoring device is identified that can accurately measure walking 

dose, across a variety of speeds, in individuals after stroke. Second, a national, multi-site 

randomized clinical trial is undertaken to examine the effects of exercise intensity and dose in 

the early period after stroke when there is the most potential for brain recovery. This study has 

the potential to improve the function, thinking, and overall well-being of individuals after stroke.  

 

 

 

 

 

 

 

 



vi 

 

Preface 

The research study described in Chapter 2 was conducted at the GF Strong Rehabilitation 

Research Lab in Vancouver, British Columbia, Canada. Dr. Janice J. Eng and I designed the 

study jointly. Ethics approval was obtained from the University of British Columbia Clinical 

Research Ethics Board (H05-70576).  I was responsible for the preparation and revision of ethics 

documents, participant recruitment, data collection and analysis, chapter/manuscript writing and 

dissemination of findings.  I have no conflict of interest with the Fitbit One (Fitbit Inc., San 

Francisco, CA). 

A version of Chapter 2 has been published:  Klassen TD, Simpson LA, Lim SB, Louie 

DR, Parappilly B, Sakakibara BM, Zbogar D, Eng JJ.  “Stepping Up” Activity Post-Stroke:  

Ankle Positioned Accelerometer Can Accurately Record Steps During Slow Walking.”  Phys 

Ther 2016 March;96(3):355-360.   

Chapters 3-5 contains data and a study protocol related to an ongoing multi-site, national, 

randomized clinical trial (RCT) called the “Determining Optimal post-Stroke Exercise” (DOSE) 

study.  The trial is registered with Clinicaltrials.gov (NCT01915368) and comprises a 

collaboration of four academic institutions (University of British Columbia, University of 

Calgary, University of Toronto, University of Manitoba) and seven inpatient rehabilitation 

centres across Canada:  GF Strong Rehabilitation Centre, Holy Family Hospital, Laurel Place, 

Carewest Dr. Vernon Fanning Centre, Foothills Medical Center, Riverview Health Centre and 

Toronto Rehabilitation Institute.  The principal investigator for the study is Dr. Janice Eng 

(University of British Columbia) and the co-investigators are: Tara Klassen (University of 

British Columbia), Drs. Sean Dukelow and Michael Hill (University of Calgary), Dr. Mark 
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Bayley (University of Toronto), Drs. Oscar Benavente, Andrei Krassioukov, Jennifer Yao 

(University of British Columbia) and Dr. Sepideh Pooyania (University of Manitoba). 

I was responsible for facilitating the ethics approval processes which was obtained from 

all universities and health authorities: University of British Columbia Clinical Research Ethics 

Board and Providence Health Care/Vancouver Coastal Health (H13-01933) and Fraser Health 

(2015-127); University of Calgary and Foothills/Fanning (REB13-0518); University of Manitoba 

Health Research Board (H2017:053) and Riverview Health Centre (RA-17-002); University of 

Toronto and Toronto Rehabilitation Institute (13-7229).   

For Chapters 3-5, I was responsible for the start-up and overall management of the 

randomized controlled trial.  My contributions included, but were not limited to:  initial 

preparation/revisions of ethics documents for all sites, development of the intervention and 

assessment protocols and documentation, assessment and intervention therapist recruitment and 

training, participant recruitment, problem-solving day-to-day trial issues, data collection, data 

analysis, chapter/manuscript writing and dissemination of findings.  I have no conflict of interest 

with the StepWatch
TM

 activity monitor (SAM) (modus health, Washington, DC) 

A version of Chapter 3 has been published: 

Chapter 3:  Klassen TD, Semrau JA, Dukelow SP, Bayley MT, Hill MD, Eng JJ.  Consumer-

Based Physical Activity Monitor as a Practical Way to Measure Walking Intensity During 

Inpatient Stroke Rehabilitation. Stroke. 2017 Sep;48(9):2614-2617.   

 A version of Chapter 4 has been accepted for publication in the International Journal of 

Stroke: 

Chapter 4:  Klassen TD, Dukelow SP, Bayley MT, Benavente O, Hill MD, Krassioukov A, Liu-

Ambrose T, Pooyania S, Poulin MJ, Yao J, Eng JJ.  Determining Optimal post-Stroke Exercise 
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(DOSE):  Study Protocol for a Randomized Controlled Trial Investigating Therapeutic Intensity 

and Dose on Functional Recovery During Stroke Inpatient Rehabilitation.  

Chapter 5 is a preliminary analysis of data collected from 53 participants enrolled in the 

DOSE study between March, 2014 and July, 2017.  As the DOSE study is still ongoing, with a 

goal of recruiting 75 participants in total, the preliminary findings from the chapter will not be 

disseminated until the DOSE study is completed and the primary study outcome results 

published. 
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Chapter 1: Introduction 

1.1 Stroke Epidemiology 

Stroke is a serious global health care problem (Chin and Vora 2014).  After 55 years of 

age, 1 in 5 women, and 1 in 6 men will suffer a stroke (Seshadri et al. 2006). In most countries, it 

is one of the top four causes of death and is one of the leading causes of adult disability 

worldwide (Lackland et al. 2014). Unfortunately, up to two-thirds of stroke survivors will 

experience physical and/or cognitive deficits, thereby requiring extensive medical care and 

rehabilitation (National Institute of Neurological Disorders and Stroke 2016).  The economic 

impact of stroke care on health care systems worldwide is immense and growing annually 

(Mittmann et al. 2012).  The estimated direct and indirect costs of stroke on the Canadian 

economy alone amounts to more than 3.6 billion a year (Public Health Agency of Canada 2009).   

Over the past century, innovations in clinical medicine and efforts in public health 

education have resulted in a 20-30% decrease in stroke mortality (Lackland et al. 2014). 

However, this achievement, combined with a growing aging population, is expected to result in 

an increased prevalence of stroke survivors over the next 20 years (Krueger et al. 2015).  It is of 

paramount importance to determine optimal ways to maximize functional recovery after stroke to 

decrease the burden of stroke on individuals, families, and healthcare systems worldwide. 

1.2 Stroke Pathophysiology and Etiology 

Stroke is a sudden disturbance of blood flow to the brain that most commonly results in 

neurological symptoms and/or deficits.  Signs and symptoms of stroke occur within about 10 

seconds of decreased blood flow and may include: weakness on one side of the body 

(hemiparesis); confusion or difficulty processing thoughts; trouble speaking or understanding 

speech; numbness on one side of the body; vision abnormalities; difficulty walking; loss of 
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coordination (Frizzell 2005).  If the blood flow is restored within a few minutes to the brain, 

normal function may return, but brain cell death usually occurs if there is a lack of blood flow to 

an area for more than a few minutes (Prabhakaran et al. 2015).  Permanent neurological damage 

may present as motor, sensory, and/or cognitive deficits.     

There are two main types of stroke:  ischemic and hemorrhagic.  Ischemic strokes 

account for approximately 87% of strokes and usually occur secondary to an obstruction of an 

artery leading to the brain or within the brain (Benjamin et al. 2017).  This obstruction may be 

secondary to a thrombus, which occurs when a blood clot develops in an artery supplying blood 

to the brain. These blood clots usually occur secondary to repeated build-up of fatty deposits, 

calcium and clotting factors carried in the blood (Victor and Ropper 2001).  The build-up on the 

vessel wall is perceived as injury, setting off a cascade of events that result in a blood clot, or 

thrombus, being formed within the vessel.  The thrombus may stay in place, occluding blood 

flow to the brain, or can also break off as an embolus and travel to a distal vessel (Frizzell 2005).  

Embolic strokes, accounting for about 20% of all strokes, most commonly occur from a cardiac 

source, with the most common cardiac cause being atrial fibrillation (Victor and Ropper 2001). 

Finally, about 15-40% of all ischemic strokes are from an unknown cause, referred to as 

cryptogenic strokes (Zhang and Kasner 2016).  Risk factors for ischemic stroke include family 

history, hypertension, tobacco smoking, diabetes mellitus, obesity, prior transient ischemic attack 

(TIA), and high cholesterol (Go et al. 2013). 

Hemorrhagic strokes account for about 13% of all strokes (Benjamin et al. 2017).  This 

type of stroke usually occurs as a result of a vessel in the brain suddenly rupturing, thus causing 

blood to leak directly into the brain tissue and/or into the cerebrospinal fluid (CSF), filling the 

central cavities of the brain, called the ventricles (Frizzell 2005).  The cause of the blood vessel 
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rupture may be from: high blood pressure; a weak spot in a blood vessel wall (most commonly 

from an aneurysm); or blood vessel malformations in the blood, referred to as arteriovenous 

malformations (AVM) (Victor and Ropper 2001).  The resultant damage from a hemorrhage can 

occur secondary to: 1) blood not reaching the brain cells beyond the point of rupture (similar to 

what occurs with an ischemic stroke); or 2) leaked blood from the ruptured vessel irritating and 

harming brain cells in the area as it increases in volume (Frizzell 2005).  The two most common 

types of hemorrhage are intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH). 

Of all strokes, approximately 10% are ICH strokes, and 3% of are SAH strokes (Benjamin et al. 

2017).  ICH results from a sudden rupture or an artery or blood vessel within the brain.  The 

sudden increase in blood volume in the brain results in an increase in pressure, which damages 

the brain cells surrounding the area of rupture.  The most common cause for this type of 

hemorrhage is hypertension (Victor and Ropper 2001).  While an intracerebral  hemorrhage 

occurs within the brain, a subarachnoid hemorrhage occurs from damage to a vessel in the 

subarachnoid space, an area between the brain and the skull (Victor and Ropper 2001).  The 

accumulation of blood volume in this area results in pressure and damage to the brain cells on 

the surface of the brain.  While hemorrhagic strokes have an increased risk of mortality in the 

first few weeks over ischemic strokes, it is thought that long term functional prognosis is better 

in stroke survivors with hemorrhagic stroke versus ischemic stroke (Paolucci et al. 2003; 

Andersen et al. 2009).  Risk factors for hemorrhagic stroke include hypertension, trauma, older 

age, heavy alcohol consumption, non-controlled drugs (amphetamine and cocaine abuse) and 

Asian or African descent (Frizzell 2005). 
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1.3 Mechanisms of Recovery After Stroke 

There are three primary processes observed local to the area of cell injury/death after 

stroke that are thought to assist in the early recovery.  Firstly, within the initial 8 weeks after 

stroke, the edema within the brain resolves, which may result in temporary, but not permanent 

neurological deficits (Inoue et al. 1980).  The resolution of edema and improvement of 

neurological deficits is most often seen with hemorrhagic strokes (Paolucci et al. 2003; Andersen 

et al. 2009).  Secondly, within hours to weeks of an ischemic stroke, there is resolution of the 

area around the ischemic injury. This area is referred to as the ischemic penumbra, and although 

it is at risk for infarction secondary to decreased blood flow, it is still an area amenable to 

recovery (Murphy and Corbett 2009).  The reperfusion of blood flow to the ischemic penumbra 

causes the affected and previously non-firing neurons to resume function, often resulting in 

clinical and functional neurological improvements.  Thirdly, resolution of areas remote to the 

area of injury may also be restored. This is referred to as diaschesis and may occur within days to 

months after the stroke.  It is thought that areas remote to the stroke site of damage, yet 

interconnected via brain pathways, can be depressed following the injury and resolution of this 

may improve clinical symptoms (Nudo, Plautz, and Frost 2001).  Along with these processes 

occurring in the early stage of recovery, there are also events contributing to the long-term 

recovery and reorganization of the central nervous system.  These changes may include:  

alterations to neurotransmitters (occurring week to years after stroke), unmasking of alternative 

neural pathways (occurring immediately after injury to a few months post-stroke), and creation 

of new neural synapses, known as synaptogenesis, which is thought to occur within the first few 

weeks to months after stroke (Nudo 2003).  The capability of the brain to recover after stroke and 

the extent of the clinical neurological deficits is multifactorial, depending on the extent and 
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location of area of injury, the connection of the damaged areas to other areas in the brain, and the 

extent of the above recovery processes occurring.  

1.4 Stroke Rehabilitation 

Enabling individuals to regain their functional independence, to ultimately maximize 

their quality of life, is the primary goal of stroke rehabilitation.  Over the past twenty years, 

significant research has been conducted to expand our knowledge on the essential components of 

therapy to optimize stroke recovery; however, there is still much work to be done. Understanding 

the type of therapy, timing of therapy, therapy prescription parameters, and methods to 

objectively monitor the prescribed therapy are imperative components to maximizing functional 

recovery after stroke (Ward 2017). 

1.4.1 Walking Recovery After Stroke 

The ability to regain walking independence is one of the most commonly stated 

rehabilitation goals for individuals post-stroke (Bohannon et al. 1988; Harris and Eng 2004) and 

the primary reason for referral to inpatient stroke rehabilitation in the United States (Dobkin 

2005).  Furthermore, the ability to obtain independent ambulation is a dictating factor in 

determining an individual’s discharge destination from the hospital after stroke (Mees et al. 

2016). Overall, walking is an extremely important therapeutic goal and a primary focus 

throughout the stroke rehabilitation continuum. 

1.4.2 Task-Specific Therapy Training Approach 

Since the late 1990’s, there has been a surge of evidence supporting the notion that 

completing functional based therapy can improve functional outcomes in individuals post-stroke.  

This therapy approach is referred to as task-specific training.  Prior to this time, therapy 
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primarily focused on inhibiting the impairments that presented in the affected upper and lower 

extremity (Hesse et al. 2003).   

When task-specific training approach was initially applied, it focused on individuals in 

the chronic phase post-stroke (greater than 6 months after injury) and improving walking 

recovery.  Salbach et al. (2004) demonstrated that exercises to enhance lower extremity recovery 

and walking resulted in improvements in walking outcome measures (Six Minute Walk Test 

(6MWT), walking velocity (5-meter walk) and Timed Up and Go) in chronic stroke patients. 

Similar results were also observed in a task-specific community based exercise programs 

focusing on lower extremity strength and mobility (Pang et al. 2005). As task-specific 

interventions proved efficacious in the chronic stroke population, translation of this evidence to 

the sub-acute stroke population occurred in order to assess its feasibility and efficacy during a 

time period when neurological and functional recovery post-stroke could potentially be 

optimized (Jorgensen et al. 1995a; Nudo 2003).  Similar improvements in the sub-acute stroke 

population were also observed in initial studies conducted by Blennerhassett et al. (2004) and 

English et al. (2007) in which circuit exercise programs, addressing lower extremity strength, 

balance and walking, resulted in improvements in walking outcome measures.  The influx of 

research examining the task-specific approach resulted in a systematic review investigating the 

benefit of repetitive task gait oriented training program.  Analysis of 21 studies in this research 

demonstrated a significant treatment effect for task specific programs with respect to gait speed 

and walking distance (van de Port et al. 2007).  A follow-up Cochrane review of 14 trials 

conducted by French et al. (2010) found similar results; repetitive task training aimed at 

improving mobility was associated with increased walking distance, walking speed, and sit to 

stand performance.   
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Cardiovascular improvements from task specific programs have also become a focus in 

the past few years.  Outermans and colleagues (2010) focused on task-specific training in 

individuals who were within the first 2-8 weeks post-stroke.  This study compared usual care 

physical therapy versus a high-intensity, task oriented training program to improve balance and 

gait related activities, as well as cardio-respiratory fitness.  Patients in the experimental group 

achieved significantly greater gains on walking speed (10-meter walk) and walking endurance 

(6-minute walk test (6MWT)) compared to usual care.  Furthermore, results from a treadmill 

based study focusing on walking recovery initiated in the sub-acute phase post-stroke 

demonstrated greater improvements in walking endurance and cardiovascular fitness compared 

to usual physical therapy care (MacKay-Lyons et al. 2013).  Overall, there is strong evidence for 

physical therapy interventions favoring task-specific training in all phases post-stroke, however 

the specific training parameters (intensity, dose) in the early phase post-stroke are still not well 

understood and need to be investigated (Veerbeek et al. 2014).   

1.4.3 Aerobic Exercise and Rehabilitation 

There is strong body of evidence supporting the benefits of aerobic exercise on stroke 

recovery throughout the rehabilitation continuum (Pang et al. 2006; Stoller et al. 2012). These 

benefits include improvements in cardiorespiratory fitness and walking recovery, and more 

recently, emerging evidence on its effects on improving cognition (El-Tamawy et al. 2014).  

Furthermore, evidence from the stroke animal model suggests that aerobic exercise promotes 

neuroplasticity, and contributes to neural recovery in the early stage after stroke (Ploughman et 

al. 2015).  Although there is limited evidence of this occurring in humans (Mackay et al. 2017), 

understanding how therapeutic interventions, including aerobic exercise, influences 

neuroplasticity is an area of high priority in stroke rehabilitation research, particularly in the 
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early stage after stroke when maximal neuroplasticity is thought to occur (Ploughman et al. 

2015; Ward 2017). 

Although stroke rehabilitation guidelines recommend that aerobic exercise be prescribed 

at an intensity of 40-70% heart rate reserve (HRR), for a duration of 20-60 min/session (or 

multiple 10 minute sessions), at least 3-5 days/week (Billinger et al. 2014), the translation of 

these recommendations into clinical therapeutic practice appears to be limited.  Seminal research 

demonstrates that aerobic exercise in stroke rehabilitation is low, with less than 3 minutes of a 

therapy session being spent within a cardiovascular training zone (greater than 40% heart rate 

reserve (HRR)) (MacKay-Lyons and Makrides 2002).  While therapists express that safety 

concerns, patient characteristics, and institutional barriers are contributing to the limited 

prescription of aerobic exercise post-stroke (Doyle and MacKay-Lyons 2013; Boyne et al. 2017), 

innovative approaches to overcoming these clinical barriers need to be investigated so all 

individuals post-stroke can benefit from the positive effects of aerobic exercise on their recovery.  

1.4.4 Intensity of Rehabilitation 

Defining “intensity” as it relates to optimizing functional recovery in post-stroke 

rehabilitation is a topic of much debate secondary to the term being used loosely throughout the 

literature.  In some research, intensity refers to the demand on the cardiovascular system, usually 

objectively measured by an individual’s heart rate (MacKay-Lyons et al. 2013).  In other studies, 

intensity refers to the number of repetitions completed by the paretic upper extremity or lower 

extremity, assessed by counting the number of repetitions completed in a therapy session (Lang 

et al. 2007). In some research, intensity accounts for the total time duration spent in a physical 

therapy intervention; more time in therapy equates to a more intensive therapy (English et al. 

2015).  Recently, the American Congress of Rehabilitation Medicine Stroke Movement 
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Interventions Subcommittee defined intensity as the “amount of physical or mental work put 

forth by the client during a particular movement or series of movements, exercise, or activity 

during a defined period of time.” (Page et al. 2012).   

Within the clinical practice setting, the recommendations for stroke rehabilitation 

therapeutic intensity remain nebulous.  The Canadian Stroke Best Practice Recommendations 

state, “Patients should receive rehabilitation therapies of appropriate intensity and duration, 

individually designed to meet their needs for optimal recovery and tolerance levels (Evidence 

Level A) (Hebert et al. 2016).  The Guidelines for Adult Stroke Rehabilitation and Recovery in 

the United States declare a similar recommendation, “It is recommended that stroke survivors 

receive rehabilitation at an intensity commensurate with anticipated benefit and tolerance. 

(Evidence Level B) (Winstein et al. 2016a).  Overall, defining, applying, and measuring intensity 

in post-stroke rehabilitation is a key component to optimizing functional recovery in individuals 

post-stroke.   

With respect to the cardiovascular system and repetitions conducted by the paretic upper 

and lower extremity, intensity is low in physical therapy.  As mentioned earlier, MacKay-Lyons 

and colleagues (2002) found that heart rate was within a training zone (40-85% of heart rate 

reserve) for 2.8 minutes of a 55-minute physical therapy session.  Similarly, low intensity has 

also been observed with respect to upper extremity and lower extremity repetitions within a 

therapy treatment session (Lang et al. 2007).  However, when cardiovascular intensity (MacKay-

Lyons et al. 2013) and upper extremity repetitions (Wolf et al. 2006) were increased within 

physical therapy treatment sessions and applied over a duration of time, significant 

improvements were achieved in the functional recovery of individuals post-stroke.  Objectively 

measuring the cardiovascular and repetition intensity has also been inconsistent in the literature 
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to date secondary to limitations in the technology.  Lang and colleagues (2007) employed 

individuals to observe each therapy session and count limb repetitions.  This is extremely 

laborious and not practical in the clinical setting. However, recent technological advances in 

monitoring equipment over the past five years may enable improved ways to measure therapy 

intensity for research and clinical purposes (Dorsch et al. 2015; Mansfield et al. 2015).  

Another component of intensity applied in post-stroke rehabilitation is the amount of time 

spent in therapy.  Is more physical therapy better to optimize post-stroke recovery?  Over the last 

twenty years, a large number of trials have examined how the amount of therapy may influence 

functional recovery.  However, due to the heterogeneity of trials, it is extremely difficult to 

ascertain how much therapy results in improvement.  For the upper extremity, in the early phase 

post-stroke, it has been found that an additional 10 hours of motor therapy can alter motor 

outcomes (Dromerick et al. 2015).  Others have found that a minimum of an additional 16 hours 

needs to be provided in the first 6 months after stroke to obtain significant differences in 

activities of daily living (Kwakkel et al. 2004).  Recently, Lohse and colleagues (2014) applied a 

regression model to predict improvement during therapy as a function of total time scheduled for 

therapy and years after stroke.  The authors found that large doses of therapy lead to clinically 

meaningful functional improvements.  However, a limitation noted by the authors was that the 

trials included reported time scheduled for therapy as a measure of dose.  To objectively quantify 

the time and repetitions in therapy, preferred measures would be active time in therapy (minutes) 

or repetitions of an exercise during therapy.  Therefore, the authors called on future research 

studies to report this data.  

In a recent randomized controlled trial investigating the effect of increased physical 

therapy on improving stroke functional outcomes, more minutes of therapy was not found to be 



11 

 

better when compared to usual care (English et al. 2015).  Physiotherapy time was increased by 

having longer sessions over a 5-day period provided in a group circuit class environment or by 

increasing the standard physical therapy from 5 days/week to 7 days/week.  However, one of the 

limitations with this study was that the authors did not control for the exercise interventions or 

rest time during the therapy sessions.  The group that received the extended circuit class 

exercises over the 5 days/week did receive 20 more hours of exercise/week, however, 

participants actually spent the extra time resting and not doing more exercise when compared to 

standard care.  This finding strongly supports the necessity for future stroke rehabilitation 

research investigating dose response in therapy and incorporating devices to objectively assess 

intensity during therapy.    

Objectively measuring walking intensity during clinical therapeutic sessions, with respect 

to step count, remains a significant challenge in stroke rehabilitation.  Two major factors 

contribute to this challenge: 1. Traditional step count devices (i.e. pedometers) that provide 

instantaneous feedback to patients/clinicians of step count do not accurately measure walking 

steps at slow walking speeds, which are vastly apparent in individuals post-stroke (Carroll et al. 

2012); 2. Devices that do accurately measure walking steps across the variety of walking speeds 

observed in individuals post-stroke unfortunately do not provide instantaneous feedback (they 

are primarily used in the research setting), therefore impacting their applicability in a clinical 

setting.  With the emergence of a multitude of new economical, commercially-available, activity 

monitors that provide instantaneous step count feedback, there is a need to assess whether one of 

these new devices may be suitable to accurately measure step count across the variety of walking 

speeds observed in individuals post-stroke.  This would be a unique and novel application for 

these activity monitors as the accuracy of these devices has not been systematically tested across 
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the variety of walking speeds (from very slow to fast) that can be observed in individuals post-

stroke.  Furthermore, identifying such a device would make a significant contribution to 

addressing the current void in stroke rehabilitation with regards to accurately measure walking 

step count, which is necessary in order to objectively quantify walking intensity in this 

population. 

Overall, moving forward, it is imperative that future stroke rehabilitation research defines 

how intensity is being assessed in respective studies and both systematically and objectively 

measures the independent intensity factors (dose, cardiovascular intensity, and repetitions) to 

optimize post-stroke rehabilitation treatment. 

1.4.5 Timing of Rehabilitation 

Is there a critical time period after stroke to optimize recovery?  Results from the 

Copenhagen Stroke Study demonstrated that in their human sample population of almost 1200 

individuals post-stroke, 80% of all participants reached their maximum neurological recovery 

and functional recovery within 4 weeks and 6 weeks respectively post-stroke (Jorgensen et al. 

1995b).  Therefore, does therapy initiated within this time frame maximize recovery?  Research 

conducted in the mouse model with an induced stroke demonstrated that early and intensive 

training within the first two weeks post-stroke was actually deleterious to functional recovery 

and resulted in an enlarged volume of the lesion (Kozlowski et al. 1996).  Recently, a similar 

question was examined in a human population inquiring how early, intensive therapy impacted 

functional recovery post-stroke (AVERT Trial Collaboration Group 2015).  This large, global, 

multi-site, randomized clinical trial demonstrated that early, more intensive therapy initiated 

within the first 24 hours, and applied three times as much in the first 7 days post-stroke, was 

associated with a poorer outcome, as measured by the Modified Rankin Scale, at 3 months post-
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stroke when compared to usual stroke care.  Therefore, intensive rehabilitation applied too early 

post-stroke was not beneficial and may actually be detrimental to recovery.  Therefore, is there a 

better time to optimize functional recovery post-stroke?  Biernaskie and colleagues (2004)  

addressed this question in the stroke induced mouse model by examining the motor outcomes 

when training was initiated at 5, 14, or 30 days post lesion.  The authors found that the best 

response to training was observed when it was initiated at 5 days post-stroke.  An intermediate 

response was observed when training was initiated at 14 days post-stroke and when training was 

initiated at 30 days post-stroke, motor outcome results were the same as the controls who were 

not trained at all.  These results suggest that critical periods in stroke recovery do exist in adult 

mammals (Murphy and Corbett 2009), and perhaps it is within 5-30 days post-stroke (Krakauer 

et al. 2012). However, given the short one to two-year lifespan of a mouse, it is not known how 

this timing of recovery observed in the animal model translates to the human population.  

Implementing randomized controlled trials with humans at this potentially critically stage, the 

first 7-30 days post-stroke, is imperative to investigate if rehabilitation timing optimizes post-

stroke functional outcomes (Dromerick et al. 2015). 

1.4.6 Exercise and Recovery of Cognition After Stroke 

Cognitive deficits are common after stroke, with up to 83% of individuals demonstrating 

impairments on at least one cognitive domain at 3 months post-stroke (Jokinen-Salmela et al. 

2015).  Physical activity is promoted to improve cognition after stroke, yet the specific exercise 

mode, prescription, and timing to maximize the benefits have not been clearly defined.  

Consistent with the results observed in the healthy aging population, a combined aerobic exercise 

and strength program appears to be the most beneficial to improve cognition post-stroke (Oberlin 

et al. 2017), yet the specific exercise parameters (intensity, frequency, duration) and when to 
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initiate post-stroke remains unclear.  Investigating the effect of aerobic exercise +/- other 

interventions on cognition in the early stage of recovery after stroke (less than 3 months) is an 

important priority for future stroke rehabilitation research (Hasan et al. 2016; Oberlin et al. 

2017). 

1.5 Summary  

Overall, optimizing functional recovery is of paramount importance to the growing 

population of stroke survivors that live with residual neurological deficits and the 

family/caregiver teams and health care system that supports them.  From the animal stroke-

induced models, it is thought that intensive rehabilitation applied in the early post-stroke period 

(within 5 days - 4 weeks) benefits functional recovery, but this has not been established in 

humans.  There is also limited knowledge on how intensive exercise can be safely prescribed, 

tolerated, and implemented during this early post-stroke period, which most often occurs during 

the inpatient rehabilitation setting.  Furthermore, methods to objectively assess, monitor, and 

progress walking intensity in post-stroke physical therapy sessions have also not been 

established, therefore making it clinically challenging to appropriately prescribe walking-related 

exercise parameters to optimize stroke recovery.   

1.6 Research Objectives 

This thesis will address the above gaps in the post-stroke rehabilitation literature and 

specifically focus on answering the following research questions: 

1. Is there an affordable, commercially available, instantaneous feedback monitoring device 

that can accurately measure walking steps, accounting for the variable walking speeds 

that can be seen in individuals post-stroke?   
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Identifying an accurate monitoring device that can objectively measure walking steps in the 

clinical setting with individuals post-stroke will have a significant impact on assessing intensity 

outcome during therapy. 

2. Is a high intensity, task-specific, progressive, walking related exercise protocol applied 

either once or twice a day in the early phase post-stroke (during post-stroke inpatient 

rehabilitation) more effective than standard care at improving walking recovery and 

overall function, cognition, and quality of life in individuals post-stroke?   

Systematically assessing how therapy intensity and dose applied at a critical time of 

neurological and functional recovery post-stroke will make a significant contribution to 

expanding our knowledge on how to maximize recovery for stroke survivors.   
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Bridging Statement I 

To accurately measure walking intensity during stroke rehabilitation, devices are required 

that can correctly assess the walking steps across the large variety of walking speeds and patterns 

that can present post-stroke. Furthermore, these devices need to be economical and provide 

instantaneous feedback to the both the patient and therapist to be used in a clinical setting.  

Chapter 2 describes the initial investigation to assess the accuracy of a readily available, 

economical, walking device to measure step count in individuals post-stroke.  

A version of Chapter 2 has been published:   

Klassen TD, Simpson LA, Lim SB, Louie DR, Parappilly B, Sakakibara BM, Zbogar D, Eng JJ.  

“Stepping Up” Activity Post-Stroke:  Ankle Positioned Accelerometer Can Accurately Record 

Steps During Slow Walking.”  Phys Ther 2016 March;96(3):355-360.    
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Chapter 2: Accurately Measuring Steps During Slow Walking Post-Stroke  

2.1 Introduction 

Physical activity is extremely low in individuals post-stroke compared to both healthy 

older adults and those with other chronic diseases (Ashe et al. 2009).  Devices, such as 

pedometers, that measure walking activity can be effective in motivating this population to 

exercise (Sullivan et al. 2014), and may assist health care professionals to monitor and progress 

mobility during rehabilitation.   However, to our knowledge, no pedometers accurately record 

steps in this population at slow walking speeds (Carroll et al. 2012; Martin et al. 2012). 

With recent technological advances, activity monitors that incorporate accelerometers 

may provide an alternative to pedometers for accurately measuring walking steps.  The Fitbit 

One is an example of an activity monitor that includes an accelerometer, and is readily available 

to consumers, providing instantaneous visual feedback of walking steps. Despite the accuracy of 

the Fitbit One in measuring walking steps in healthy adults at relatively normal walking speeds 

(0.9-1.78m/s) (Takacs et al. 2014), it provides inaccurate step counts at slow walking speeds 

post-stroke, particularly less than 0.6 m/s (Fulk et al. 2014). This imprecision observed at slow 

walking speeds is consistent with another accelerometer, the Acti-Cal Accelerometer, which 

provides inaccurate step counts in healthy, older adults, at walking speeds between 0.46-0.85m/s 

(Martin et al. 2012).  However, it is perhaps the accelerometer position on the body that may 

influence the step count accuracy at slow walking speeds. Although both the Fitbit One and Acti-

Cal Accelerometer are recommended by the manufacturer to be worn at the waist, one study in 

older acute surgical patients suggested that step count sensitivity with an accelerometer can be 

improved for slower walking speeds when positioned at the ankle (Cook et al. 2013).  

Furthermore, other accelerometers developed for research (not consumer) applications, that do 
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not provide instantaneous visual feedback, have been found to be valid and reliable for mean 

walking speeds between 0.55-0.82 m/s when positioned at the ankle in individuals post-stroke 

(Haeuber et al. 2004; Dobkin et al. 2011). 

 Overall, measuring walking steps is one way to objectively assess an individual’s 

walking activity and has been used in this regard in settings across the rehabilitation continuum 

(acute/sub-acute/community) (Dobkin et al. 2011; Cook et al. 2013; Sullivan et al. 2014).  

However, a readily available device has not yet been identified that can accurately measure 

walking steps at a range of walking speeds (very slow to normal) in individuals post-stroke with 

a variety of walking deficits.  For this reason, it is necessary to establish how specific walking 

speeds and positioning on the body may influence the accuracy of activity monitors that provide 

instantaneous visual feedback for measuring walking steps in individuals post-stroke.  

Knowledge of this information may assist both individuals post-stroke, and the health care 

professionals working with them, to obtain accurate, objective data to assess and monitor 

walking during rehabilitation.  Therefore, the objectives of this study were two-fold: (1) examine 

the effect of walking speed on the accuracy of an accelerometer-based activity monitor in 

ambulatory individuals post-stroke; and (2) compare the effect of position (waist versus ankle) 

on the accuracy of an accelerometer-based activity monitor. We hypothesized that: (1) step count 

accuracy would decline as walking speed decreased; and (2) step count measurements at the 

ankle would be more accurate than those at the waist for all walking speeds.  

2.2 Methods 

2.2.1 Participants 

 Volunteers were recruited from the community through a stroke research registry, flyers 

posted at recreational facilities, education sessions at stroke support groups and word of mouth.  
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Individuals satisfying the following inclusion criteria were recruited for the study: at least 3 

months post-stroke, able to follow 3-step commands, and able to walk independently for at least 

30 meters (orthotic/assistive devices permitted).  Exclusion criteria for the study included a 

major medical condition (i.e.: Multiple Sclerosis, Parkinson’s disease, angina) affecting the 

individual’s ability to walk and major surgery in the past 12 months (i.e.: hip replacement, heart 

surgery). Ethics approval was obtained from the institutional review board and informed consent 

was obtained from all participants.   

2.2.2 Device 

The Fitbit One (Fitbit) (Fitbit Inc., San Francisco, CA) was used for the study. It is a 

small (4.8cm x 1.9 cm x 1.0cm), commercially available device, containing a triaxial 

accelerometer that converts acceleration to step counts based on proprietary algorithms.  The 

manufacturer suggests that the Fitbit One be worn on a waist belt or bra (attached by the clip on 

the back of the device) or put in a pant pocket. 

2.2.3 Procedure 

 The accelerometer was positioned on each participant’s non-paretic side on a waistband 

(lateral point (Accel-Waist)) and ankle strap (above the lateral malleolus (Accel-Ankle)) (Figure 

2.1).  Participants walked a distance of 15 meters for 8 walking trials: one trial at a self-selected 

walking speed and 7 trials from 0.3m/s to 0.9m/s in 0.1 m/s increments.  Visual gait analysis of 

the participant’s self-selected walking trial was conducted by a physical therapist or occupational 

therapist and observed walking characteristics (listed in Table 2.2) were selected from a checklist 

created by the study team of the most commonly observed gait deviations post-stroke.  
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Figure 2.1 Photograph of the Fitbit One Positioned on a Participant’s (a) Waist and (b) 

Ankle 

 

a)  Fitbit One positioned at the waist 

 

 

 

b) Fitbit One positioned at the ankle 
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At the start of each walking trial, a “pace-setter” (trained assistant) instructed the 

participant to “walk directly beside him/her.”  The “pace-setter” used visual (markings on the 

floor) and auditory (metronome beats via earbuds) feedback to maintain the selected speed. The 

step count on each accelerometer, obtained by pressing a button on the display, was recorded at 

the beginning and end of each walking trial.   Participants self-determined the amount of sitting 

or standing rest needed between each walking trial.  The order of the 7 trials was randomized for 

each participant and each trial was video recorded.  Two independent viewers counted the actual 

number of steps from the video recordings of each trial (i.e., considered gold standard).  If there 

was greater than 1 step difference between the two viewers, then a third viewer watched the 

video and consensus was reached.  All data from one viewer was randomly selected and used for 

the analysis. 

2.2.4 Data Analysis 

Descriptive statistics (means, SD) were used to describe sample characteristics. Accuracy 

of the Fitbit device at each speed and location was assessed by examining the error between the 

Fitbit and observed steps. A linear mixed model was created with the restricted maximum-

likelihood method to determine the effect of speed and location on the accuracy of the Fitbit (i.e., 

error between the observed steps and the Fitbit steps). Error was calculated using the following 

calculation: (Fitbit steps– Observed steps)/Observed steps. Speed (continuous variable centered 

at its slowest speed (i.e. 0.3m/s)) and location (categorized into ankle/waist) were input as fixed 

variables. The interaction between speed and location was also explored. A participant variable 

was input as the random variable to account for the correlation between repeated measurements 

(i.e., different speeds and locations). A varying intercept model was applied to allow the 

intercept for each participant to vary. A likelihood ratio test was also used to determine if the 
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interaction between speed and location statistically improved the model fit and therefore should 

be retained in the final model. Post-hoc paired t-tests were performed to examine differences in 

error between the ankle and waist locations at each speed when the likelihood ratio test was 

statistically significant. Bonferroni-adjusted p-values for multiple comparisons are reported. 

Finally, diagnostic plots of the final model were examined to investigate violations of regression 

assumptions. Statistical analyses were performed using R version 3.1.1. 

2.3 Results 

A total of 43 individuals participated in the study (Table 2.1).   

Table 2.1 Participant Characteristics (N=43) 

Variable Mean (SD) or Number [% of participants] 

Age (years) 65 (10.66) 

Time Since Stroke (Month) 102.8 (70.3); Range = 6 - 307 

Sex (Males) 30 [70] 

Type of Stroke 

Ischemic 

Hemorrhagic 

 

30 [70] 

13 [30] 

Most affected side 

Left 

Right 

Both 

No weakness 

 

22 [51] 

18 [42] 

2 [5] 

1[2] 

Comfortable Gait Speed (m/s) 0.72 (0.30) 

Ankle Foot Orthosis 

No 

Yes 

 

32 [74] 

11 [26] 

Assistive Device 

None 

Cane 

Wheeled-Walker 

Other 

Quad Cane 

 

16 [37] 

13 [30] 

9 [21] 

3 [7] 

2 [5] 
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The majority of participants used an assistive device to ambulate and had an altered walking 

pattern (Table 2.2). The mean (SD) comfortable walking speed was 0.72m/s (0.3). Data was 

recorded for each walking trial only if it was within 10% of the assigned speed; therefore, some 

participants could not complete the faster speeds (Table 2.3). The pace-setter protocol resulted in 

participants being within 98% of the assigned speeds. 

 

Table 2.2 Walking Impairments Observed During Self-Selected Walking Speed Trial 

 

Walking Impairment Number of Participants (/43) 

Demonstrating Impairment* 

Minimal paretic hip flexion and knee flexion in swing 20 

Paretic pelvic hike and/or circumduction in swing 19 

Paretic arm spasticity/flexion 17 

Paretic knee hyperextension in stance 14 

Paretic foot clearance difficulties during swing  

(e.g., not wearing AFO) 

10 

Paretic knee flexion in stance 5 

Normal gait patterns, but slow 2 

Ataxic gait 1 

Shuffling gait 1 

*Participants may exhibit several impairments 
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Table 2.3 Accuracy of the Accelerometer at Varying Walking Speeds 

Assigned 

Speed  

(m/s) 

Actual 

Speed 

Mean (SD) 

[CI] 

Number of 

Participants 

Evaluated 

 

Accel-

Ankle 

Zero 

Counts*  

Accel-

Waist 

Zero 

Counts* 

Actual 

Steps 

Mean (SD) 

[CI] 

Accel-

Ankle 

Mean (SD) 

[CI] 

Accel-

Waist 

Mean (SD) 

[CI] 

Accel-Ankle 

Mean % 

Error(SD) 

[CI] 

Accel-Waist 

Mean % 

Error(SD) 

[CI] 

P-Value** 

0.3 
0.30 (0.01) 

[0.30-0.30] 
43 

1 33 54 (11) 

[51-57] 

49 (15) 

[45-53] 

10 (20) 

[4-16] 

15.8 (22.3) 

[9.1-22.7] 

84.6 (30.5) 

[75.5-93.7] 
p<0.001  

 

0.4 
0.40 (0.01) 

[0.40-0.40] 
43 

0 20 46 (8) 

[44-48] 

45 (9) 

[42-48] 

20 (21) 

[14-26] 

5.5 (10.3) 

[2.4-8.6] 

59.1 (40.1) 

[47.1-71.1] 
p<0.001 

0.5 

0.50 (0.02) 

[0.49–

0.51] 

40 

0 7 
40 (8) 

[38-42] 

40 (7) 

[38-42] 

26 (15) 

[21-31] 

4.5 (6.7) 

[2.4-6.6] 

38.3 (33.2) 

[28.0-48.6] p<0.001 

0.6 
0.60 (0.02) 

[0.59-0.61] 
36 

0 0 36 (6) 

[34-38] 

36 (6) 

[34-38] 

31 (8) 

[28-34] 

4.0 (4.9) 

[2.4-5.6] 

16.6 (17.8) 

[10.8-22.4] 
p=0.002 

0.7 
0.69 (0.03) 

[0.68-0.70] 
34 

0 0 33 (5) 

[31-35] 

32 (5) 

[30-34] 

29 (7) 

[27-31] 

4.9 (8.2) 

[2.1-7.7] 

11.8 (17.0) 

[6.1-17.5] 
p=0.21 

0.8 
0.78 (0.04) 

[0.77-0.79] 
32 

0 0 31 (5) 

[29-33] 

31 (7) 

[29-33] 

28 (4) 

[27-29] 

6.9 (11.7) 

[2.8-11.0] 

10.1 (13.6) 

[5.4-14.8] 
p=0.84 

0.9 
0.88 (0.03) 

[0.87-0.89] 
27 

0 0 29 (4) 

[27-31] 

28 (4) 

[26-30] 

27 (3) 

[26-28] 

4.9 (8.3) 

[1.8-8.0] 

7.7 (8.9) 

[4.3-11.1] 
p=0.58 

(SD) = Standard Deviation 

[CI] = Confidence Interval 

* Number of participants that the accelerometer counted zero steps for the walking trial 
 Absolute((Accelerometer steps – actual steps)/actual steps)x100).  Note: Calculation performed on individual data so may not equate 

if calculation completed on group data presented above. 

**Paired t-test between Accel-Ankle and Accel-Waist; Bonferroni corrected p-values reported
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The final linear mixed model resulted in significant effects of speed and location on Fitbit 

error (Table 2.4). The interaction between speed and location significantly increased the model 

fit and was therefore retained in the final model. Review of the diagnostic plots did not reveal 

any violations of the regression assumptions.  

 

Table 2.4 Final Linear Mixed Model Predicting Fitbit Error 

 Coefficient 95% Confidence Interval p value 

Intercept 0.11 0.03 to 0.20 0.01 

Speed -0.16 -0.29 to -0.03 0.02 

Location: Waist 1.01 0.90 to 1.13 <0.001 

Speed/Location interaction -1.20 -1.39 to -1.02 <0.001 

 

Figure 2.2 displays the relationship between speed and error at the ankle and waist 

placements. An increase in speed was associated with a decrease in error when the attachment 

location was held constant. Post-hoc paired t-tests revealed statistically lower mean error at the 

ankle compared to the waist at speeds ranging from 0.3-0.6 m/s (Table 2.3). No statistically 

significant differences in mean error were observed between the ankle and waist locations at the 

three highest speeds (i.e. 0.7-0.9m/s) (Table 2.3). At the slower walking speeds (0.3-0.5m/s), the 

Accel-Waist recorded a value of “0” for a total of 33, 20 and 7 participants respectively.  The 

Accel-Ankle only recorded a value of “0” for one participant at the slowest walking speed of 

0.3m/s (Table 2.3). 
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Figure 2.2 Estimated Relationship Between Speed and Error for each Accelerometer 

Location (waist, ankle) Based on the Linear Mixed Model 
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2.4 Discussion 

This study examined the effect of walking speed on the accuracy of an accelerometer-

based monitor in ambulatory individuals post-stroke and compared the effect of the position 

(waist versus ankle) on the accuracy of the monitor. Our findings suggest that the accelerometer 

is more accurate as walking speed increases from 0.3-0.9m/s.  In addition, the accelerometer is 

more accurate when placed at the ankle, versus the waist, at the slower speeds (0.3-0.6m/s).  

The walking speeds selected for this study (0.3-0.9m/s) are representative of the typical 

gait speeds observed in individuals post-stroke (Perry et al. 1995).  By designing a novel “pace-

setter” paradigm, it allowed us to systematically test the accuracy of the accelerometer at a wide 

range of walking speeds without constraining step length or cadence, and while simulating a 

natural task of walking with a companion. Previous literature with individuals post-stroke has 

only captured a single comfortable speed and reported accuracy of step count devices at walking 

speeds greater than 0.6 m/s (Elsworth et al. 2009; Carroll et al. 2012; Fulk et al. 2014). Our study 

population presented with a variety of walking impairments and although all participants were 

able to complete the slower walking velocities (0.3-0.4m/s), the study population decreased as 

the walking speed increased.  This is consistent with the heterogeneity observed in the post-

stroke population and signifies the importance of identifying a monitor that is accurate at 

recording step counts at a wide range of walking speeds.   

The device step count accuracy was also dependent upon where it was positioned on the 

body. Although manufacturers commonly recommend that monitoring devices be positioned at 

the waist, the results supported our hypothesis that the accelerometer positioned at the ankle 

(versus the waist) was more accurate for speeds between 0.3-0.6m/s.  Most importantly, with a 

modified placement at the ankle, the accelerometer was able to accurately capture steps at speeds 
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as slow as 0.3m/s.  At the slowest walking speeds (0.3-0.5m/s), the waist positioned 

accelerometer recorded “0” steps for 60/126 walking trials (48%) whereas the ankle positioned 

accelerometer only recorded “0” steps for 1/126 trials (0.01%).  The improved sensitivity and 

accuracy is likely due to the higher accelerations at the ankle compared to the hip.  In individuals 

post-stroke, propulsion of the non-paretic limb, particularly at the toe-off phase of the gait cycle, 

has shown to be exaggerated in the attempt to limit single-leg stance time on the paretic, or 

weak, limb (Chen et al. 2005). At very slow walking speeds, the ankle positioned accelerometer 

is able to consistently detect the limb acceleration whereas the waist positioned device cannot 

accurately respond to the limb accelerations until much faster walking speeds (0.8-0.9m/s).  

Therefore, to accurately monitor walking activity across a range of walking speeds, our results 

suggest that positioning the accelerometer at the ankle versus the waist yields more accurate 

results.  

2.4.1 Limitations 

Not all participants could complete the faster walking speeds due to their stroke 

impairments; however, all could complete the slowest speeds, which was the primary focus of 

the study.  In addition, the speed of each walking trial may not have been representative of the 

participant’s self-selected walking velocity.  We assessed a wide range of walking speeds for 

each participant to capture what typically may be experienced within the course of a day, 

including slow, comfortable, and fast walking velocities.  With respect to device application, we 

did not require the participants to put on/ take off the device or view the data independently.  

Although these processes can be successfully completed in a sitting position, using only one 

upper extremity, some individuals post-stroke with significant visual, perceptual, and/or 

sensory/motor deficits may have challenges independently donning the device and observing the 
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data.  This may be rectified by having assistance from another person, and/or the device data can 

also be viewed wirelessly through a compatible mobile device (i.e.: phone/tablet). 

2.5 Conclusion 

Overall, our results fill a longstanding need for identifying a readily available monitoring 

device that can provide accurate, instantaneous, visual feedback for the altered and slow walking 

patterns that occur with stroke.  Accurate devices to audit walking activity are imperative to 

progress rehabilitation research and clinical practice to assess dose-response relationships (Lohse 

et al. 2014) and provide objective outcome measures (Dorsch et al. 2015) with individuals post-

stroke. By accurately assessing a wide range of walking speeds (from very slow to normal), this 

device would enable health professionals to evaluate patients’ progress from the acute to 

community settings and provide an objective measure to monitor and progress activity.    
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Bridging Statement II  

The success of optimizing recovery for stroke survivors depends upon the translation of 

research evidence into clinical practice.  In Chapter 2, I described a study we conducted to assess 

the accuracy of a monitoring device to measure step count in individuals post-stroke within a 

research laboratory environment only during assigned walking steps.  The natural next step for 

this research is to assess the accuracy of the device within a busy clinical environment and when 

a variety of different mobility activities, as well as rest intervals, are undertaken.  Chapter 3 

addresses this challenge.   

A version of Chapter 3 has been published: 

Klassen TD, Semrau JA, Dukelow SP, Bayley MT, Hill MD, Eng JJ.  Consumer-Based Physical 

Activity Monitor as a Practical Way to Measure Walking Intensity During Inpatient Stroke 

Rehabilitation. Stroke. 2017 Sep;48(9):2614-2617.   
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Chapter 3: A Consumer-Based Physical Activity Monitor as a Practical Way 

to Measure Walking Intensity During Inpatient Stroke Rehabilitation 

3.1 Introduction 

Determining the appropriate exercise intensity and dose to maximize functional recovery 

in individuals post-stroke has been identified as a top priority in stroke rehabilitation research 

(Veerbeek et al. 2014).  Although it is hypothesized that an increased dose of physical therapy 

may be essential to optimizing functional outcome post-stroke (Lohse et al. 2014),
 
a recent study 

demonstrated that increasing total time in physical therapy during inpatient rehabilitation, the 

early phase post-stroke when the majority of neurological change is thought to occur, did not 

translate to improved functional recovery (English et al. 2015).  Therefore, assessing and 

accurately measuring other aspects of therapeutic dose (e.g., step count, cardiovascular intensity) 

may be the key to understanding the critical components of therapy to optimize recovery in 

individuals post-stroke. 

The most commonly stated rehabilitation goal for individuals post-stroke is related to 

walking recovery (Bohannon et al. 1988).  However, measuring walking dose (e.g., step count) 

in these individuals is challenging. Traditional hip-based pedometers are inexpensive, easy to 

use, and provide instantaneous feedback, but are not accurate with the variety of walking patterns 

and slower speeds that present in the post-stroke population (Carroll et al. 2012).  On the other 

hand, research devices, such as the StepWatch
TM

 activity monitor (SAM) (modus health, 

Washington, DC), are accurate in measuring step count during post-stroke walking activities
 

(Mudge et al. 2007), but are expensive, time-consuming to access the data, and do not provide 

instantaneous feedback.  With recent technological advances, consumer-based physical activity 
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monitors may be an ideal solution to accurately assess walking activity in stroke rehabilitation.  

In the previous chapter, we demonstrated that the Fitbit One, a consumer-based physical activity 

monitor, had 10% or less error in measuring walking steps in individuals with chronic stroke at 

walking speeds between 0.4-0.9 m/s when positioned at the ankle (Klassen et al. 2015).  

However, as the 43 participants completed the walking trials over a straight 15-meter distance, a 

necessary next step is to evaluate the step count accuracy of these devices in the “real world” 

clinical setting where patients practice a wide variety of therapeutic mobility activities under 

different postures and with a range of equipment (e.g., plinth, treadmill).  

We evaluated the accuracy of a consumer-based physical activity monitor (Fitbit One) in 

measuring walking steps in typical inpatient rehabilitation physical therapy sessions early after 

stroke using the SAM as the “gold standard”.  Based on our previous research, we hypothesized 

that a consumer-based physical activity monitor would demonstrate 10% or less error in 

measuring walking steps during these physical therapy sessions when a wide variety of walking 

and therapeutic activities were completed (Klassen et al. 2015). 

3.2 Methods 

3.2.1 Participants 

Individuals admitted to one of four participating inpatient rehabilitation units with a 

diagnosis of stroke that met the following inclusion criteria were screened for this study:  within 

6 weeks post-stroke with hemiparesis and ability to ambulate at least 5 meters with up to 1 

person maximum assist. Exclusion criteria included: any pre-stroke or current health condition 

(other than stroke) which rendered the individual with a walking disability and/or unstable 

medical status; inability to understand/follow directions; less than 19 years old. Participants were 

the first 21 individuals randomized to one of the experimental groups in the Determining 
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Optimal post-Stroke Exercise (DOSE) randomized clinical trial. As participants in these 

experimental groups all received a minimum of 30 minutes of walking retraining during their 

physical therapy session, we could ensure that walking activities would be completed, and thus 

measured.  Ethics approval was obtained from the local Institutional Review Board and informed 

consent was obtained from all participants. 

3.2.2 Equipment 

The Fitbit One (Fitbit) (Fitbit Inc., San Francisco, California) is an example of an 

affordable, readily available, consumer-based physical activity monitor that provides 

instantaneous visual feedback of walking steps (Figure 3.1).  It contains a tri-axial accelerometer 

that converts acceleration to step counts based on proprietary algorithms (cost ~ $90 USD).   

The StepWatch
TM

 activity monitor (SAM) has been validated to measure step count during 

walking and clinical therapeutic activities across a variety of patient populations, including 

stroke, but does not provide instantaneous feedback (Mudge et al. 2007; Busse et al. 2009).  It 

has been identified as the most commonly used research device to measure physical activity 

post-stroke (Fini et al. 2017).  A docking station, computer, and software are required to 

download the data (total cost ~ $2000 USD, including monitor).   

Figure 3.1 Fitbit and SAM Positioned Above Lateral Malleolus On Non-Paretic Limb 
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3.2.3 Procedures 

As part of the DOSE study intervention, all participants received at least a once daily, 

sixty-minute physical therapy session, five days/week, over a four-week period, in which a 

minimum of thirty minutes was focused on walking re-training (e.g., over-ground, treadmill, 

stairs).  The remaining time in the therapy session (30 minutes or less) typically included non-

gait related activities (e.g., upper extremity activities, mat and plinth activities, patient 

education).  Cycling was not included in any session.  At the beginning of every session, the 

SAM and Fitbit were positioned on the participant’s non-paretic ankle, above the lateral 

malleolus (Figure 3.1).  The therapist documented the steps recorded by the Fitbit for each 

session while the SAM data were downloaded for the matching time period.  

3.2.4 Data Analysis 

A linear mixed model was created to compare the number of steps captured by the Fitbit 

(dependent variable) as a function of the SAM (independent variable).  The model treated the 

variables of the Fitbit and the SAM as fixed effects, while participant and session variables were 

random effects.  The model utilized a varying intercept to account for individual participant 

performance over several therapy sessions. A second model was used that added the effect of 

baseline walking velocity (BWV) to the first model to determine if BWV influenced step count.   

The accuracy of the Fitbit for each therapy session was measured by calculating the error, using 

this formula: [Absolute value (Fitbit steps – SAM steps)/SAM steps*100].  An overall Fitbit 

mean error for each participant was then calculated.  The participants were then categorized into 

established stroke functional walking categories based on their baseline walking velocity 

(measured by the 6-minute walk) to assess the accuracy of the device at a variety of walking 

speeds:  <0.4m/s - household ambulation; 0.4-0.8m/s - limited community ambulation; and 
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>0.8m/s - full community ambulation (Perry et al. 1995).  An overall Fitbit mean error was then 

calculated for the participants in each walking category.  A Bland-Altman plot was also 

completed to examine the mean differences between the SAM and Fitbit step counts for all 471 

therapy sessions, including the limits of agreement. 

3.3 Results 

A total of 471 sessions were monitored over 21 participants who progressed from a 

baseline Fitbit mean step count of 1564 (987) to 3353 (1288) over 4 weeks of recording during 

inpatient therapy (change of 214%) (Table 3.1).  On average, participants were 25 days post-

stroke at their first session and had a slow walking velocity (0.41 m/s).   

 

Table 3.1 Participant and Physical Therapy (PT) Session Characteristics 

Participants (n) 21 

Age (mean, (SD)) 55 (10) 

Type of Stroke  

(number of Ischemic/Hemorrhagic) 
19/2 

Total number of PT sessions analyzed (n) 

(mean PT sessions per participant/SD/range) 

471 

(22/10/5-40) 

Time from stroke to initial monitored PT session (days) 

mean/SD/range 
25/11/12-58 

Comfortable walking speed (m/s) 

mean/SD/range 
0.41/0.27/0.10-1.18 

Fitbit step count at initial therapy session* 

mean (SD) 
1564 (987) 

Fitbit step count at final therapy session* (approx. 4 weeks later) 

mean (SD) 
3353 (1288) 

*Each therapy session was 60 minutes in duration and included both gait and non-gait related 

activities. 
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There was a strong linear relationship (intercept = -139.3, slope = 0.99, 95% CI 

[0.97,1.01]) between the number of steps captured by the Fitbit compared to the SAM (Figure 

3.2).  When baseline walking velocity was accounted for, a small improvement was found from 

the original model (intercept = -129.6, slope = 1.01, 95% CI [0.99,1.03]).   The Fitbit mean error 

was low for faster velocities and higher for slower velocities (10.9% for speeds less than 0.4 m/s) 

(Table 3.2).  Data were scattered about the mean difference in the Bland-Altman plot (Figure 

3.3); 5% of points were outside of the limits of agreement (as expected with a normal 

distribution) and were primarily those with slower baseline walking velocities.  With respect to 

the SAM, the Fitbit slightly underestimated step count in 412/471 therapy sessions. 

Figure 3.2 Slope Line of Fitbit Steps versus SAM Steps 
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Figure 3.3 Bland Altman Plot of all 471 Intervention Sessions 

 

 
 

 

 

Table 3.2 Accuracy of the Fitbit One Using Perry Gait Categories (Perry et al. 1995)  

Baseline 

walking 

speed 

(m/s) 

Participants 

(n) 

Total PT 

sessions 

monitored 

(n) 

6-minute 

walk 

velocity 

(m/s) 

Mean (SD) 

Fitbit 

Mean 

Step 

Count 

(SD) 

95% 

CI 

SAM 

Mean 

Step 

Count 

(SD) 

95% 

CI 

Fitbit 

Error 

(%) 

Mean 

(SD) 

95% 

CI 

< 0.4 m/s 12 259 0.2 (0.1) 2112 

(1091) 

1855, 

2369 

2247 

(1013) 

1974, 

2521 

10.9 

(5.3) 

7.9, 

13.9 

0.4-0.8 m/s 7 181 0.6 (0.1) 2992 

(933) 

2557, 

3428 

3191 

(986) 

2726, 

3655 

6.8 

(3.0) 

4.6, 

9.0 

> 0.8 m/s 2 31 1.0 (0.2) 2556 

(512) 

1656, 

3455 

2639 

(512) 

1710, 

3567 

4.4 

(2.8) 

0.6, 

8.2 
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3.4 Discussion 

 With a Fitbit error less than 11% for the slowest speeds, this device is appropriate for 

monitoring walking activities within the inpatient stroke rehabilitation setting where therapy 

sessions include both walking and non-walking exercises.  As the majority of the monitored 

sessions were from participants who had a mean baseline walking speed less than 0.4m/s, and 

who progressed to a mean walking speed of 0.8 m/s, it also demonstrates that the device is valid 

for monitoring the recovery of those with severe walking impairments and thereby addresses a 

major void in the literature with respect to accurately monitoring step count for this population. 

The minimal clinical important difference (MCID) for step count during stroke inpatient 

rehabilitation has not been defined. Participants in our study demonstrated a mean step count 

change of 214% over the 4 week intervention period (Table 3.1) while another study reported a 

mean change of 525% in step counts over 3 weeks of stroke inpatient physical therapy sessions 

with a mean baseline walking velocity (0.44 m/s) similar to that in our study (0.41 m/s) (Table 

3.1) (Rand and Eng 2012).  Therefore, we expect that weekly goals to increase step counts would 

very likely exceed the 10% error rate of this device. 

Contrary to what the manufacturer recommends, but similar to other research findings, 

positioning the Fitbit at the ankle optimized the likelihood that it was primarily recording steps 

from accelerations of the non-paretic lower limb/ankle during weight-bearing, gait related 

activity (Klassen et al. 2015).  The greater Fitbit error observed with slow walking is likely 

secondary to decreased sensitivity of the device to respond to slow limb accelerations.   

While a truer gold standard would be video analysis of the steps, the SAM has recorded 96.1% 

accuracy when a variety of activities of daily living (e.g., kitchen activities, rising from a chair, 
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taking shoes on/off), including walking, are performed (Busse et al. 2009).  Furthermore, as the 

two devices were compared over a 60-minute session, the device accuracy may differ for a 

session of shorter or longer duration. 

3.5 Conclusion 

Objectively measuring therapy dose is essential to understanding and advancing stroke 

rehabilitation.  This study provides preliminary evidence that the Fitbit One may fill the gap of a 

clinically practical, commercially available, inexpensive device to accurately measure walking 

steps in individuals post-stroke during inpatient rehabilitation.  
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Bridging Statement III 

As discussed throughout this thesis, the advancement of stroke rehabilitation depends 

upon identifying the optimal therapeutic parameters (timing, intensity, dose) to maximize 

recovery.  Chapter 4 describes the protocol for the first stroke rehabilitation randomized clinical 

trial designed to systematically investigate the efficacy of higher exercise intensity and dose on 

walking recovery, function, cognition and quality of life early after stroke. The protocol uses the 

technology validated in Chapter 2 and 3, an ankle-positioned accelerometer, to enable the 

clinician to progress the walking intensity within the therapeutic intervention session.  

A version of Chapter 4 has been accepted for publication in the International Journal of 

Stroke:  

Klassen TD, Dukelow SP, Bayley MT, Benavente O, Hill MD, Krassioukov A, Liu-Ambrose T, 

Pooyania S, Poulin MJ, Yao J, Eng JJ.  Determining Optimal post-Stroke Exercise (DOSE):  

Study Protocol for a Randomized Controlled Trial Investigating Therapeutic Intensity and Dose 

on Functional Recovery During Stroke Inpatient Rehabilitation.  
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Chapter 4: Determining Optimal post-Stroke Exercise (DOSE):  Study 

Protocol for a Randomized Controlled Trial Investigating Therapeutic 

Intensity and Dose on Functional Recovery During Stroke Inpatient 

Rehabilitation 

4.1 Introduction 

A top research priority is determining the optimal timing, intensity, and dose of 

rehabilitation interventions in order to enhance stroke recovery (Veerbeek et al. 2014).  Contrary 

to expectations (Lohse et al. 2014), recent clinical trials have shown that increasing the therapy 

dose in both the acute and chronic stages post-stroke, had either adverse effects, or no effects, on 

the functional outcome (AVERT Trial Collaboration Group 2015; Lang et al. 2016).  It is 

possible that the timing of therapy in these studies influenced the results; data from stroke-

induced animal models demonstrate that an optimal therapeutic window for intensive task-

specific rehabilitation may exist between the acute and chronic stage post-stroke (Biernaskie et 

al. 2004).  

Here, we present a study designed to systematically investigate whether varying doses of 

a higher intensity, task-specific walking related intervention, measured and manipulated by 

wearable sensor instrumentation, and delivered in the early stage post-stroke (after acute care), 

can improve walking recovery, and secondarily, impact physical function, cognition, and overall 

well-being.   
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4.2 Methods 

4.2.1 Trial Design 

This multi-site, national clinical trial will use a randomized, controlled, open-label, parallel, 

single-blind (evaluators), 3-arm design.  Figure 1 provides an overview of the study procedures. 

Figure 4.1 Overview of study procedures 
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4.2.2 Patient Population 

Consecutive patient admissions to one of seven inpatient rehabilitation study sites, with a 

diagnosis of stroke, will be screened for study eligibility. Inclusion criteria are: within 10 weeks 

post-stroke with lower extremity hemiparesis; pre-stroke disability <2 on the Modified Rankin 

Scale; ability to ambulate ≧5 meters with up to one person maximum assist and 

assistive/orthotic device as required; over-ground walking speed <1.0m/s; able to understand and 

follow directions; greater than 18 years of age; and successful completion of a graded exercise 

stress test.  Individuals will be excluded from the study if they: have a pre-stroke health 

condition that includes a gait disorder, neurological condition (e.g. Multiple Sclerosis), serious 

medical or painful condition (e.g. active cancer or chronic pain); or participation in an 

experimental drug or exercise rehabilitation study. 

4.2.3 Randomization 

Participants will be randomized on a 1:1:1 ratio, stratified by age (<60 or ≧60), and 

capped at a maximum of 25 patients/group using an internet-based dynamic allocation 

randomization.  Allocation will be fully concealed using the web-based platform as it will be 

generated in real-time.   

4.2.4 Intervention 

It is expected that all participants will complete the intervention portion of the study (4- 

week duration), along with the baseline and post-evaluations, while admitted on the inpatient 

rehabilitation unit.  If a participant is discharged from the inpatient unit prior to completing all 

intervention sessions, then all attempts will be made to bring the participant back to the facility 

daily, as an outpatient, so the remaining intervention session(s) and the post-evaluation can be 

completed.  If it is not possible for the participant to return daily as an outpatient, then the post-
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evaluation will be completed at time of discharge from the inpatient rehabilitation unit.  The total 

number of completed intervention sessions for each participant will be recorded. 

Control Intervention (Usual Care) 

Participants randomized to the control intervention will receive usual care, inpatient 

physical therapy for four weeks, which typically progresses upper and lower limb functional 

exercises as tolerated.  The physical therapist(s) treating control participants will have no 

information on the study protocol.  During ten of the physical therapy sessions, the study 

coordinator will place monitoring equipment on the participant, but will not disclose any of the 

monitoring information to the participant or treating therapist. The study coordinator will advise 

the treating physical therapist to provide the participant’s usual physical therapy care, using the 

available equipment in a standard stroke rehabilitation setting (e.g., parallel bars, overhead 

harness, treadmill+/- support harness), when the participant is wearing the monitoring devices.  

The equipment will measure exertion (Alpha Mio heart rate monitor wrist watch, MioGlobal, 

Vancouver, BC) and stepping repetitions (Fitbit One, Fitbit Inc, San Francisco, CA; 

StepWatch
TM

 Activity Monitor (SAM), modushealth, Washington, DC).   

Experimental Interventions (DOSE1 or DOSE2) 

Some physical therapists on the inpatient rehabilitation team will be trained to deliver the 

DOSE1 intervention and the first session of the DOSE2 intervention.  These same physical 

therapists will also be approached to deliver the second DOSE2 intervention, which occurs 

outside of the regularly scheduled inpatient rehabilitation therapies, most commonly from 4-5pm 

daily.  As the second DOSE2 intervention takes place after standard work hours, therapists from 

the health authority or community will also be approached, and trained, to deliver the second 

DOSE2 intervention. DOSE therapists will not treat control participants.   
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Therapists participating in the DOSE study will all complete an intervention training 

program prior to treating their first participant.  The training program will be approximately 4 

hours in duration and will consist of both written materials and “hands-on” practical training.  

The written manual will provide the therapist with the specific details of the intervention 

protocol, including methods of progression, recording of data, and instructions on how to use the 

monitoring devices.  Therapists will receive ongoing support during the intervention from their 

site coordinator, and the site coordinator will check-in with the therapist on a minimum weekly 

basis to assess how the therapist is adhering to the intervention protocol guidelines.   

DOSE1 

Participants randomized to the DOSE1 intervention will have their standard inpatient 

physical therapy session replaced by the experimental intervention program for a total of 20 

sessions (1 hour/day, 5 days/week, for 4 weeks). The intervention protocol will focus on the 

completion of a minimum of 30 minutes of weight-bearing, walking-related activities that will 

progressively increase in intensity (heart rate and step count) over the four-week intervention 

period using the available equipment in a standard stroke rehabilitation setting (e.g., parallel 

bars, overhead harness, treadmill+/- support harness).  The remaining time in the 60-minute 

therapy session will be allocated to other physical therapy activities specific to the participant’s 

recovery (e.g. upper extremity exercises, home exercise program). Participants will wear the 

same monitoring equipment as the control group, but they will be worn in all 20 intervention 

sessions. The physical therapist will use the data collected from the Fitbit One and heart rate 

monitor to provide feedback to the participant and to progress the intervention over the 4-week 

period (Figure 4.2). 

DOSE2 
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Participants randomized to the DOSE2 intervention group will have their standard 

inpatient physical therapy session replaced by the exact same procedures that the DOSE1 group 

receives.  In addition, the DOSE2 group will also receive an extra, one hour exercise session, 5 

days/week, for 4 weeks, that will occur outside of the standard rehabilitation day (i.e., from 4-

5pm daily). The content of the second daily exercise session will be similar to the DOSE1 

protocol, in that it will contain a minimum of 30 minutes of weight-bearing walking related 

activities and the remaining time will be dedicated to weight-bearing lower extremity exercises 

(e.g., strengthening, balance exercises).  
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Figure 4.2 Progression of DOSE1 and DOSE2 Interventions 
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4.2.5 Outcome Measures 

Baseline descriptive measures will include: age, sex, date and type of stroke, and stroke 

severity. Trained and blinded study evaluators will conduct the outcome measures at four time 

points. Table 4.1 provides an overview of the assessment measures for each evaluation.  

 

Table 4.1 Overview of Study Outcome Measures 

 

Measure Domain 

Baseline 

Evaluation 

(T1) 

Post- 

Evaluation 

(T2) 

6 Month 

Evaluation 

(T3) 

12 Month 

Evaluation 

(T4) 

Primary Outcome Measure      

6 minute walk
1
 Function     

Secondary Outcome Measures      

Isometric Knee Extension
2
 Impairment     

5 meter walk
3
  

Function 

    

Functional Ambulation Classification
4
     

Berg Balance Scale
5
     

StepWatch
TM

 Activity Monitor
6 

    

Mean step count and heart rate Collected from 10 intervention sessions (Sessions 6-15) 

EQ-5D-5L
7
 Quality of 

Life 

    

Patient Health Questionnaire-9
8
     

Montreal Cognitive Assessment
9
 

Cognition 

    

Trails A+B
10

     

Digit Symbol Substitution Test
11

     
1
Fulk et al. 2008;

 2
Bohannon et al. 2012; 

3
Salbach et al. 2001; 

4
Mehrholz et al. 2007; 

5
Blum and 

Korner-Bitensky 2008; 
6
Mudge et al. 2007;

 7
Golicki et al. 2015;

 8
Williams et al. 2005;

 9
Toglia et 

al. 2011;
 10

Tamez et al. 2011;
 11

Zinn et al. 2007
 

 

Primary Outcome Measure 

The primary outcome measure is the 6-minute walk test measured at the post-evaluation. 

The 6-minute walk test is an established valid and reliable measure for assessing walking 

recovery early after stroke (Fulk et al. 2008). 

Secondary Outcome Measures 

The secondary outcome measures will assess stroke impairment, functional 

independence, quality of life, and cognition. 
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4.2.6 Sample Size Estimates 

Based on the assumption that participants in the experimental groups (DOSE1 and 

DOSE2) will cover at least 50m more in the 6-minute walk (175m total), compared to the control 

group (125m) at the post-evaluation (Perera et al. 2006; Barak et al. 2014), we calculated that a 

total sample of 75 participants is required (25/group) to detect a clinically relevant effect size of 

40%, with 85% power, at 0.05 alpha, and adjusted for an attrition rate of 15%. 

4.2.7 Statistical Analyses 

An intention-to-treat analysis will be used for all participants randomized to an 

intervention group.  Missing data will be assessed and analyzed as appropriate. 

Primary and Secondary Outcomes (all continuous variables) 

An analysis of co-variance (ANCOVA) will be conducted to detect group differences 

(Usual Care, DOSE1 and DOSE2) in the primary outcome measure (6-minute walk test) using 

the baseline 6-minute walk test as the co-variate.  The secondary measures will also utilize 

ANCOVA analyses.  The significance level will be set at 0.05 and all statistical tests will be two-

tailed. 

4.2.8 Safety and Adverse Event Monitoring 

Participant safety, during the duration of the study, will be of the utmost concern.  

Therefore, all sites will report minor and serious adverse events that occur from the baseline 

evaluation through to the 12-month follow-up evaluation. A Data Safety Monitoring Board will 

receive reports outlining adverse events and study enrollment three times a year. 

4.3 Discussion and Summary 

As this study design systemically manipulates exercise intensity and dose, at a critical 

time period of neurological recovery post-stroke, important knowledge will be acquired with 
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respect to the active therapy ingredients that influence the recovery of walking. Secondly, the 

novel use of monitoring equipment during the intervention portion of the study will enable the 

therapists to monitor and systematically progress each participant’s walking intensity, and also 

provide an overall quantification of walking dose during inpatient rehabilitation.  Finally, 

embedding the research study into clinical stroke rehabilitation units will support the seamless 

translation of the research findings into clinical practice at the study completion. 
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Bridging Statement IV 

Recruitment for the DOSE study began in March, 2014.  Over the course of the next three 

years, I started seven clinical study sites across the country to recruit the target sample 

population of 75 participants.  As of July 31, 2017, fifty-three participants were recruited for the 

DOSE study.  Taking into account both the lengthy study recruitment period and completion of 

three manuscripts contributing to my thesis, my supervisory committee supported a preliminary 

analysis of the DOSE study data collected up to July 31, 2017 to comprise Chapter 5.   The data 

in Chapter 5 will remain confidential until the entire study sample population is recruited and the 

complete data set is re-analyzed. 
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Chapter 5: Preliminary Analysis of the Determining Optimal post-Stroke 

Exercise (DOSE) Randomized Clinical Trial 

5.1 Introduction 

As thoroughly described in the previous chapters, it is essential to determine the 

appropriate timing and critical therapeutic components of stroke rehabilitation to maximize 

recovery for millions of stroke survivors worldwide.   

The culmination of years of research from both the stroke animal and human models 

suggests that a critical time period may exist, between about two weeks to 3-months post-stroke, 

when neural recovery is at its peak (Jorgensen et al. 1995b; Biernaskie et al. 2004; Teasell et al. 

2015). Understanding how therapeutic intensity and dose interacts with this period of maximal 

neural recovery is paramount to optimizing recovery in individuals post-stroke.  The 

Determining Optimal post-Stroke Exercise (DOSE) study is a randomized clinical trial 

specifically designed to address this important knowledge gap. 

The DOSE study enrolled its first participant in March, 2014 and is still ongoing, with a 

target goal of 75 participants.  This chapter describes the preliminary findings from an interim 

data analysis conducted on fifty-three participants recruited between March, 2014 – July, 2017.  

The analysis is comprised of data collected from both the participants’ interventions and 

outcome evaluations. Although the DOSE study now includes seven sites across Canada, only 

data from six sites is included in this analysis as the seventh site did not start recruitment until 

September, 2017. 



53 

 

5.2 Methods 

5.2.1 Trial Design and Oversight 

The study protocol and design for this ongoing phase II, national, multi-site, randomized 

controlled trial has been outlined in Chapter 4.  The study protocol was reported using the 

SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) guidelines (Chan 

et al. 2013).  In brief, this study uses an open-label, parallel, single-blind (evaluators), 3-arm 

design.  Ethics approval was obtained from the academic and health authority institutional 

review boards for each study site, and every enrolled study participant provided written informed 

consent.   

With respect to monitoring participant safety and study enrollment, a Data Safety and 

Monitoring Board was created at the onset of the study and reports were sent to them three 

times/year outlining adverse events and participant recruitment. 

 

5.2.2 Participants, Screening and Randomization 

Consecutive patient admissions into each of the six study inpatient rehabilitation units 

(British Columbia: G.F. Strong Rehabilitation Centre, Holy Family Hospital, Laurel Place; 

Alberta: Carewest Dr. Vernon Fanning Centre, Foothills Medical Centre; Ontario: Toronto 

Rehabilitation Institute) with a diagnosis of stroke, between March 1, 2014 - July 1, 2017, were 

screened for study eligibility.  Inclusion criteria included: within 10-weeks post-stroke with 

lower extremity hemiparesis; pre-stroke disability <2 on the Modified Rankin Scale; ability to 

ambulate ≥5 meters with up to one person maximum assist and assistive/orthotic device as 

required; over-ground walking speed <1.0m/s; able to understand and follow directions; greater 

than 18 years of age; and successful completion of a graded exercise stress test.  Individuals were 
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excluded from the study if they: had a pre-stroke health condition that included a gait disorder, 

neurological condition (e.g. Multiple Sclerosis), serious medical or painful condition (e.g. active 

cancer or chronic pain); were already enrolled in an experimental drug or exercise rehabilitation 

study. 

Individuals that met the inclusion criteria and consented to participate then proceeded to 

the baseline evaluation.  After the baseline evaluation, participants were randomized to an 

intervention group on a 1:1:1 ratio and stratified by age (<60 or ≥60), using a fully concealed 

internet-based dynamic allocation randomization that was generated in real-time. 

5.2.3 Outcome Measures 

The outcome evaluations, assessing the primary and secondary outcome measures, were 

conducted by trained and blinded study evaluators at four time points:  baseline, post-evaluation 

(approximately 5 weeks after the baseline evaluation), 6-months post-stroke, and 12-months 

post-stroke. Descriptive participant characteristics, including age, sex, date and type of stroke, 

and stroke severity were also collected at the baseline evaluation.  Each evaluation took 

approximately 60-90 minutes to complete.  All outcome measure assessment forms are in 

Appendix C. As the outcome measures were only listed in the DOSE study protocol paper 

(Chapter 4), they are more fully described here. 

5.2.3.1 Primary Outcome Measure 

The six-minute walk test, a valid and reliable measure to assess walking recovery early 

after stroke was measured at the post-evaluation (Fulk et al. 2008). During the assessment, the 

evaluation therapist instructed the participant, from a standardized protocol, to cover as much 

distance as possible walking on a 38m indoor oval track (or at least 30m straight path) with their 

customary walking/orthotic devices. If necessary, the minimum amount of external physical 
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assistance was provided to the participant to maintain personal safety (up to 1 person maximum 

assist).  The total distance covered (in meters) during the six-minute walk was used for the 

primary analysis. 

5.2.3.2 Secondary Outcome Measures 

The majority of the secondary outcome measures were assessed at all four time points, 

and included assessments of stroke impairment, function, quality of life, and cognition.  The 

StepWatch
TM

 Activity Monitor was only used at the 6 and 12 month evaluations and assessed the 

participant’s daily walking activity within their home and community.  The measures of intensity 

from the therapeutic intervention sessions (step count and heart rate) were also included as a 

secondary outcome. 

Intervention Therapeutic Intensity 

Step Count:  A Fitbit One monitor (Fitbit Inc, San Francisco, CA) was attached to a Velcro band 

and placed around each participant’s non-paretic ankle (above the lateral malleolus) and recorded 

the number of walking steps for the duration of the intervention session.  Participants in the study 

intervention groups (DOSE1 and DOSE2) wore the Fitbit One for all study intervention sessions.  

Individuals in the Usual Care group wore the Fitbit One for the middle 10 sessions (sessions 6-

15).  For the statistical analysis, the data from intervention sessions 6-15 was used for all study 

groups. 

Time spent at ≥40% heart rate reserve (HRR):  An Alpha Mio heart rate monitor wrist watch 

(MioGlobal, Vancouver, BC) was used to measure cardiac exertion and collected the amount of 

time during the intervention session that each participant spent equal to or above their 40% HRR.  

Each participant’s 40% HRR was calculated based on the heart rate values obtained from their 

study stress test at baseline, and this data was set in the participant’s own personalized 
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intervention heart rate watch. At the beginning of the intervention session, the watch was placed 

on the participant’s wrist and the timer started.  The timer was then stopped at the completion of 

the intervention session and the time spent ≥ 40% HRR was displayed on the watch and recorded 

on the intervention data sheet. Participants in the study intervention groups (DOSE1 and 

DOSE2) wore the heart rate monitor watch for all study intervention sessions, while individuals 

in the Usual Care group wore the watch for the middle 10 sessions (sessions 6-15) only.  For the 

statistical analysis, the data from intervention sessions 6-15 was used for all study groups. 

Stroke Impairment 

Isometric knee extension:  Using a standardized procedure, the participant’s bilateral lower 

extremity strength (maximal isometric quadriceps contraction) was measured using a handheld 

dynamometer.  This assessment has been demonstrated to be a reliable measure to assess lower 

extremity strength in individuals post-stroke (Bohannon, 1997).  A total of 3 repetitions were 

conducted on each lower extremity, and the average score of the paretic lower extremity (N/kg) 

was used.  

Function 

5-meter walk (5mWT): The 5mWT is a recommended measure to assess walking disability in the 

first five weeks post-stroke (Salbach et al. 2001).  The 5mWT was assessed by having the 

participant walk a distance of 9 meters at a comfortable pace, but only the time it took for the 

participant to walk the middle 5-meter distance was recorded by the evaluation therapist.  The 

participant used their preferred customary walking/orthotic devices and external physical 

assistance was provided, if necessary, to maintain personal safety (up to 1 person maximum 

assist).  The participant completed the walking distance two times, and an average time for the 5-



57 

 

meter distance was calculated.  The participant’s walking velocity over the 5 meters was 

calculated using the following equation: (5 meters)/ (average time to walk 5 meters) (in seconds).  

Functional Ambulation Classification (FAC):  The FAC is a 6-point scale that assesses walking 

independence (Holden et al, 1984).  This measure was used during the 6-minute walk test and 5-

meter walk evaluations to score the participant’s walking independence. 

Berg Balance Scale (BBS):  The BBS is a valid and reliable measure of balance in the post-

stroke population (Blum and Korner-Bitensky 2008). It includes 14 items, which progressively 

increase in balance difficulty, and each item is rated on a 4-point scale.  During the evaluation, 

the participant was not permitted to use an assistive device, but wore their customary orthotic 

device if needed.  The evaluation therapist only provided manual assistance to the participant 

during the assessment to ensure safety.  The maximum score that can be obtained on this 

assessment is 56. A higher score demonstrates less balance impairment. 

Quality of Life: 

EQ-5D-5L:  The EQ-5D-5L is one of the most widely used general health status questionnaires 

in individuals post-stroke, and has been validated in acute stroke (Golicki et al. 2015).  The 

questionnaire assesses the participant’s personal evaluation of their health across 5 domains 

(mobility, self-care, usual activities, pain, anxiety/depression) and also includes a health value 

score (/100).  For the health value score, the participants evaluate their own health on a visual 

scale from 0 – 100, with 0 being “the worst health you can imagine” and 100 being “the best 

health you can imagine”. The evaluation therapist explained the questionnaire to the participant 

and the participant completed it independently.  The participant’s health value score (/100) was 

used. 
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Patient Health Questionnaire (PHQ)-9:  The PHQ-9 is a self-report questionnaire that has been 

used with individuals post-stroke to assess depression (Williams et al. 2005).  The questionnaire 

includes 9 items that are rated on a scale of 0 (no daily effect) to 3 (significant effect daily), and 

a final tenth item that is reported on a 4-point scale.  The evaluation therapist explained the 

questionnaire to the participant and the participant independently completed it.  The participant’s 

total score on the 9 items (/27) was used.    

Cognition: 

Montreal Cognitive Assessment (MoCA):  The MoCA screening instrument (Version 1) was used 

to evaluate cognitive impairment and has been validated in the inpatient rehabilitation setting 

with individuals post-stroke (Toglia et al. 2011).  It assesses several cognitive domains: attention 

and concentration, executive function, memory, language, visuoconstructional skills, conceptual 

thinking, calculations, and orientation.  The assessment is scored out of a total of 30 points; 26 

points and above is considered normal (Nasreddine et al. 2005).  

Trail Making Test (Trails A+B):  The Trail Making Test was used to assess executive cognitive 

function, particularly visual scanning and letter/number recognition.  This measure has been used 

with stroke survivors, including those in the early phase post-stroke (Tamez et al. 2011).  A 

maximum of 8 minutes was provided to complete both tests (Hashimoto et al. 2006).  For both 

the Trails A + B, a rate of generation score (total numeric completed responses/total time to 

complete responses (in seconds)) was calculated.  A higher rate of generation score suggests 

better cognitive function. 

Digit Symbol Substitution Test (DSST):  The DSST was used to assess cognitive function, 

specifically working memory, visuospatial processing, and attention.  The DSST has been used 

in the acute stroke population to assess executive cognitive function (Zinn et al. 2007).  All 
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participants were given one minute to complete as many symbols as possible.  A total score was 

calculated (correct responses – errors).  

5.2.4 Study Intervention Protocols 

Participants in the study were randomized to one of three intervention groups:  Usual 

Care, DOSE1 or DOSE2. Front-line physical therapists were responsible for treating participants 

in the study. Within a clinical physical therapy team, only 1-2 therapists were trained to deliver 

the study intervention (DOSE1 and DOSE2) and participated in a 4-hour workshop to learn the 

study protocols.  The other physical therapists on the team did not learn the study protocol, and 

were therefore responsible for treating the participants randomized to the Usual Care group.  

When staff turnover occurred, the ratio of study intervention therapists (DOSE1/DOSE2) to 

Usual Care therapists was re-assessed, and more study intervention therapists were trained if 

necessary. 

5.2.4.1 Usual Care 

Participants randomized to the control intervention received usual care, inpatient physical 

therapy for four weeks, which typically progressed upper and lower limb functional exercises as 

tolerated. During ten of the physical therapy sessions (sessions 6-15), the monitoring equipment 

(Alpha Mio heart rate monitor wrist watch, Fitbit One, and StepWatch
TM

 Activity Monitor 

(SAM), was placed on the participant at the beginning of the physical therapy session and 

removed at the end of the physical therapy session.  The physical therapist was asked to continue 

the participant’s usual physical therapy care during these ten monitored sessions, using the 

available equipment within the stroke rehabilitation unit.  Data obtained from the monitoring 

equipment was not disclosed to the participant or treating therapist.  
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5.2.4.2 DOSE1 

Participants randomized to the DOSE1 intervention had their standard inpatient physical 

therapy session replaced by the experimental intervention program for a total of 20 sessions (1 

hour/day, 5 days/week, for 4 weeks). The intervention time was designed to match what was 

typically delivered during inpatient physical therapy (Usual Care).  The intervention protocol 

focused on the completion of a minimum of 30 minutes of weight-bearing, walking-related 

activities that progressively increased in intensity (heart rate and step count) over the four-week 

intervention period using the same therapy equipment that was available to the control group.  

The remaining time in the 60-minute therapy session was dedicated to other physical therapy 

activities specific to the participant’s recovery (e.g. upper extremity exercises, home exercise 

program). Participants wore the same monitoring equipment as the control group, but all 20 

intervention sessions were monitored. Data collected from the Fitbit One and heart rate monitor 

was used by the physical therapist to provide feedback to the participant and to progress the 

intervention over the 4-week period.  

5.2.4.3 DOSE2 

Participants randomized to the DOSE2 intervention group had their standard inpatient 

physical therapy session replaced by the exact same protocol that the DOSE1 group received 

(described above).  In addition, the DOSE2 group also received an extra, one hour exercise 

session, 5 days/week, for 4 weeks, that occurred outside of the standard rehabilitation day (i.e., 

typically from 4-5pm daily). The content of the second daily exercise session was similar to the 

DOSE1 protocol, in that it contained a minimum of 30 minutes of weight-bearing walking 

related activities, but the remaining time within the hour session was dedicated to weight-bearing 
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lower extremity exercises (e.g., strengthening, balance exercises).  The monitoring equipment 

was worn for all 40 intervention sessions. 

5.2.4.4 Progression of DOSE1 and DOSE2 Intervention Protocols 

 As mentioned in Chapter 4, the intervention protocols for both the DOSE1 and DOSE2 

groups were designed to achieve the following goals within a 60-minute intervention session: i) 

complete a minimum of 30 minutes at an intensity > 40% HRR, gradually progressing to >60% 

HRR by the end of the four weeks; ii) achieve greater than 2000 walking steps. Depending on 

each participant’s initial functional level, client-centered goals incorporating the intervention 

protocol parameters were created by the therapist and participant at the onset of the intervention, 

and gradually progressed throughout the four-week duration.   

5.2.5 Statistical Analyses 

Participants enrolled from March 1, 2014 - July 31, 2017 were included in this 

preliminary data analyses.  We analyzed the baseline and post-evaluation, but not the 6 and 12-

months post-stroke evaluations as there was not sufficient data to date.  In addition, the intensity 

(step count and heart rate) of the physical therapy sessions was analyzed.   

Based on previous literature, we hypothesized that participants in the experimental 

groups (DOSE1 and DOSE2) would cover at least 50m more in the 6-minute walk (175m total), 

compared to the control group (125m) at the post-evaluation (Perera et al. 2006; Barak et al. 

2014). It was calculated that a sample size of 75 participants (25/group) was required to detect a 

clinically relevant effect size of 40%, with 85% power, at 0.05 alpha, and adjusted for an attrition 

rate of 15%.  
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Demographics and baseline characteristics were summarized by treatment group using 

percentage and frequencies, or mean, median, standard deviation and range as appropriate. The 

distribution of all variables was visually and statistically assessed for normality.  

An intention-to-treat analysis was used for all participants randomized to an intervention 

group. The difference across treatment arms in the primary outcome, distance covered in the 6-

minute walk test at post-evaluation, was examined using an ANCOVA model with the baseline 

6-minute walk test results as the co-variate. All model assumptions were tested (Vickers 2005; 

Feng et al. 2014).  For the purpose of this analysis, an outlier was defined as a standardized 

residual greater than +/- 3 standard deviations.  If an outlier existed, then a sensitivity analysis 

was performed with the outlying data removed.   

 An ANCOVA, using the baseline 6MWT as a co-variate, was used to analyze the 

following secondary measures collected at the post evaluation: paretic lower extremity strength, 

5-meter walk, FAC (5-meter walk), Berg Balance Scale, EQ-5D-5L, PHQ-9, MoCA, Trails A, 

Trails B, and DSST.  The intervention data (heart rate intensity and step count) was analyzed 

using an ANOVA.   

For all analyses, the significance level was set at 0.05 and all statistical tests were two-

tailed.  If there was a significant main effect across the three treatment arms, then post-hoc 

analysis using Tukey’s test was completed to account for multiple comparisons.  SPSS (Version 

24) and R was used to conduct the analyses.  

5.3 Results 

Between March, 2014 - July, 2017, 1892 patients were admitted to one of the 

participating study sites, of which 1655 of them were assessed for study eligibility.  1496 

patients did not meet the study inclusion criteria. The three most frequent reasons for exclusion 
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upon patient interview/chart screening was that the participant: did not have hemiparesis 

(n=464); had a stroke that occurred greater than 10 weeks prior to being admitted to inpatient 

rehabilitation (n=271); was not able to ambulate 15 feet (n=146).  Fifty-three participants were 

recruited to the study and randomized to Usual Care (n=21), DOSE1 (n=20), or DOSE2 (n=12).  

All enrolled participants completed the post-evaluation, except one participant that had a cardiac 

episode during the intervention and was removed from the study by the study investigators.  This 

participant received cardiology follow-up over the course of a month and no cardiac concerns 

were identified.  Please see Figure 5.1 on the next page for participant recruitment and flow 

through the study from March, 2014 – July, 2017. 
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Figure 5.1 Participant Recruitment and Flow in the DOSE Study from March, 2014 – July, 

2017 
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Descriptive characteristics for the fifty-three participants can be observed in Table 5.1 

below.  At the baseline evaluation, there were similarities across all groups with respect to mean 

age, time from stroke to study randomization, and 5-meter walking velocity (de Boer et al. 

2015). For all of the fifty-three participants, the mean age was 56(12), 40% were female, and 48 

had an ischemic stroke. Furthermore, participants, on average, were randomized to an 

intervention group within 4-weeks post-stroke, and their baseline 5-meter walking velocity was 

0.42m/s.  These baseline characteristics are very similar to other walking rehabilitation trials 

conducted during inpatient stroke rehabilitation (MacKay-Lyons et al. 2013).    

 

Table 5.1 Demographic and Baseline Clinical Characteristics of the Study Participants 

 ALL GROUPS 

(n=53) 

USUAL CARE 

(n=21) 

DOSE1 

(n=20) 

DOSE2 

(n=12) 

Age (yrs) - Mean ± SD 

(range) 

56±12 

(27-76) 

56±14 

(32-76) 

55±12 

(27-73) 

58±7 

(40-68) 

Male sex – n (%) 32 (60) 13 (62) 13 (65) 6 (50) 

Time from stroke to 

randomization (days)  

Mean ± SD (range) 

27±11 

(6-58) 

26±11 

(6-43) 

28±11 

(16-58) 

26±10 

(11-40) 

Side of hemiparesis L=29; R=24 L=13; R=8 L=8; R=12 L=8; R=4 

Dominant side L=0; R=53 L=0, R=21 L=0; R=20 L=0, R=12 

Type of Stroke Ischemic=48 

Hemorrhagic=5 

Ischemic=20 

Hemorrhagic=1 

Ischemic=17 

Hemorrhagic=3 

Ischemic=11 

Hemorrhagic=1 

Stroke Location Cortical=13 

Sub-Cortical=35 

Unknown=5 

Cortical=7 

Sub-Cortical=11 

Unknown=3 

Cortical=2 

Sub-Cortical=17 

Unknown=1 

Cortical=4 

Sub-Cortical=7 

Unknown=1 

Baseline 5m walk (m/s) 

Mean ± SD (range) 

0.42±0.22 

(0.07-1.08) 

0.39±0.21 

(0.07-0.86) 

0.45±0.25 

(0.15-1.08) 

0.43±0.20 

(0.17-0.88) 

NIH Stroke Scale (/42) 

Mean ± SD (range) 

5±3 

(0-11) 

5±3 

(1-11) 

4±3 

(0-10) 

5±2 

(0-8) 

*One-way ANOVA or Kruskal-Wallis H test used for continuous data; Chi-square or Fisher’s exact test 

used for categorical data 
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As stated earlier, the DOSE1 and DOSE2 intervention sessions were designed to be 

approximately one hour in duration, matching the customary inpatient rehabilitation physical 

therapy duration.  On average, the duration of the intervention sessions was the following: i) 

Usual Care = 42(11) minutes; ii) DOSE1=52(5) minutes and iii) DOSE2 = 105(11) minutes 

(50(9) minutes for session 1 and 55(6) minutes for session 2).  The secondary outcome 

intervention intensity data, collected from the step counter and heart rate monitor from the 10 

intervention therapy sessions (sessions 6-15 in each intervention group) is displayed in Table 5.2.   

A total of 195 sessions from the Usual Care group, 198 sessions from the DOSE1 group, 

and 219 sessions from the DOSE2 group were analyzed.  Within these physical therapy sessions, 

the Usual Care group spent approximately 26(23)% of the therapy time within an aerobic 

training zone (≥40% HRR), while the DOSE1 and DOSE2 groups spent 50(17)% or more time 

of each physical therapy session within an aerobic training zone.  Thus, the Usual Care group 

spent 11(10) minutes per day, DOSE1 group spent 26(10) minutes per day, while the DOSE2 

group spent a total of 57(25) minutes over the two sessions/day in an aerobic training zone.  

Furthermore, the mean step count for individuals in the Usual Care group within the therapy 

session was 534(370) steps.  More than 4-times the number of steps was completed per therapy 

session by participants in the DOSE1 or DOSE2 groups (2236(1044) and 4932(1278) 

respectively).  Thus, the DOSE2 group completed more than double the steps of the DOSE1 

group per day. No serious adverse events occurred for any participants during the intervention 

sessions.   

Using a one-way ANOVA, analysis of the intervention data between the groups 

demonstrated a significant difference on the two variables measured: total time spent in an 

aerobic training zone (≥40% HRR) within the therapy session and total steps taken within the 
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therapy session (p<0.005).  On post-hoc testing using Tukey test, all three groups (Usual Care 

and DOSE1, Usual Care and DOSE2, and DOSE1 and DOSE2) were significantly different from 

one another (p<0.005). 

Table 5.2 Summary of the Physical Therapy Intervention Data 

Values are means (SD) and [95% confidence intervals (CI)] 

Medians [interquartile ranges: 25-75%] 

All data obtained from intervention sessions 6-15 

 USUAL CARE 

(n=21) 
DOSE1* 

(n=20) 
DOSE2* 

(n=11) 

 Mean ± SD 

[95% CI] 

Median 

[25-75%] 

Mean ± SD 

[95% CI] 

Median 

[25-75%] 

Mean ± SD 

[95% CI] 

Median 

[25-75%] 

Total time 

spent above 

40% HRR 

during PT 

session 

(minutes) 

11±10 

[7-15] 

11 

[2-18] 

26±10 

[21-31] 

27 

[20-34] 

57±25 

[40-74] 

58 

[45-74] 

Total Fitbit 

step count 

during PT 

session 

534±370 

[365-702] 

507 

[296-702] 

2236±1044 

[1747-2724] 

2259 

[1476-2993] 

4932±1278 

[4074-5791] 

4783 

[4051-6221] 

* P-value<0.005 when comparing Usual Care to DOSE1, Usual Care to DOSE2 and DOSE1 to DOSE2 

with respect to all tested variables within the PT session (total time spent above 40% HRR, and total step 

count).  Analysis conducted using one-way ANOVA with post-hoc Tukey.  

 

The 6-minute walk test was completed by all 53 participants at baseline and 52 

participants at post-evaluation (98% completion rate) (Table 5.3).  There was no statistically 

significant difference for the main factor (group) in average distance walked at post-evaluation in 

the ANCOVA model (adjusted for baseline 6-minute walk test) (Table 5.3). A single outlier was 

identified in distance walked in the post evaluation (standardized residual of 3.74), and a 

sensitivity analysis was performed with the outlier removed (Table 5.4).  With the outlier 

removed, a larger difference in mean distance covered on the 6-minute walk between the usual 

care and the DOSE2 group was observed (control=259m, DOSE1=313m, DOSE2=333m; 



68 

 

p=0.078).  As the main effects across the three treatment arms was not significant, post-hoc 

analysis was not done, but effect sizes are presented demonstrating that the change in the 6-

minute walk distance from baseline to post-evaluation for the DOSE1 and DOSE2 groups are 0.4 

and 0.7 standard deviations respectively from the mean change in the Usual Care group. Both the 

DOSE1 and DOSE2 groups exceeded the minimal clinically important difference of 50m (54m 

and 74m respectively) on the 6-minute walk over the Usual Care group (Perera et al. 2006).  

 

Table 5.3 Primary Outcome Results:  6-Minute Walk Test (6MWT) at Post-Evaluation (m) 

Outcome 

Measure 
Group 

Participants 

(N) 

at baseline/ 

post-

evaluation 

Baseline 

Evaluation 

Mean (SE) 

[95% CI] 

Post-

Evaluation 

Mean (SE) 

[95% CI] 

 

p-

value* 

 

Effect size
#
 

[95% CI] 

6-Minute 

Walk  

(m) 

Usual 

Care 
21/21 

123 (16) 

[90-156] 

279 (24) 

[231-328] 

0.393 

- 

DOSE1 20/20 
135 (23) 

[86-183] 

313 (25) 

[263-362] 

0.24 

[-0.4-0.9] 

DOSE2 12/11 
142 (19) 

[100-184] 

333 (33) 

[266-400] 

0.49 

[-0.3-1.2] 
*ANCOVA (with baseline 6MWT as co-variate) 

#Hedge’s effect size relative to Usual Care 

 

Table 5.4 Primary Outcome Results: 6-Minute Walk Test (6MWT) at Post-Evaluation (m) 

With Outlier Removed 

Outcome 

Measure 
Group 

Participants 

(N)  

at baseline/ 

post-

evaluation 

Baseline 

Evaluation 

Mean (SE) 

[95% CI] 

Post-

Evaluation 

Mean (SE) 

[95% CI] 

p-

value* 

Effect size
#
  

[95% CI] 

6-Minute 

Walk  

(m) 

Usual 

Care 
20/20 

122 (17) 

[87-157] 

259 (21) 

[217–301] 
 

0.078 

 

- 

DOSE1 20/20 
135 (23) 

[86-183] 

313 (21) 

[270–355] 

0.44 

[-0.2-1.1] 

DOSE2 12/11 
142 (19) 

[100-184] 

333 (28) 

[276-391] 

0.73 

[0.0-1.5] 

*ANCOVA (with baseline 6MWT as co-variate) 

#Hedge’s effect size relative to Usual Care 
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For the secondary outcome measures (Table 4), there was no statistically significant 

difference for the main factor group on the assessed outcomes in ANCOVA models, with the 

exception of the health value score (/100) on the visual scale from the EQ-5D-5L. Post-hoc tests 

for the EQ-5D-5L demonstrated a statistically significant difference between the Usual Care and 

DOSE2 group (control=64, DOSE1=74, DOSE2=80, p=0.01), but not between other pair-wise 

comparisons.  The effect size for the mean change in the DOSE2 group was 0.6 standard 

deviations from the mean change in the Usual Care group. 
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Table 5.5 – Secondary Outcome Measure Results 
 

Domain 
Outcome 
Measure 

Intervention 
Group 

Participants 
(N) at 

baseline/ 
post-

evaluation 

Baseline 
Evaluation 
Mean (SE) 
[95% CI] 

Post-
Evaluation 
Mean (SE) 
[95% CI] 

p-
value* 

Effect size# 
[95% CI] 

Impairment 

Paretic 
LE 

Strength 
(N/kg) 

Usual Care 21/20 
15 (3) 

[10-20] 
19 (3) 

[14-25] 

0.846 

- 

DOSE1 18/19 
12 (2) 
[7-17] 

17 (3) 
[12-23] 

0.09 
[-0.5-0.7] 

DOSE2 12/11 
16 (4) 
[8-24] 

19 (4) 
[12-26] 

-0.07 
[-0.8-0.7] 

Function 

5-meter 
walk  
(m/s) 

Usual Care 21/21 
0.39 (0.05) 
[0.29-0.48] 

0.81 (0.06) 
[0.69-0.93] 

0.272 

- 

DOSE1 20/20 
0.45 (0.06) 
[0.33-0.57] 

0.90 (0.06) 
[0.77-1.02] 

0.12 
[-0.5-0.7] 

DOSE2 12/11 
0.43 (0.06) 
[0.30-0.56] 

0.97 (0.08) 
[0.81-1.14] 

0.53 
[-0.2-1.3] 

FAC:  
5-meter 

walk 
(/6) 

Usual Care 21/21 
3 (0.2) 
[3-3] 

5 (0.2) 
[4-5] 

0.999 

- 

DOSE1 20/20 
3 (0.2) 
[2-3] 

5 (0.2) 
[4-5] 

0.00 
[-0.6-0.6] 

DOSE2 12/11 
3 (0.4) 
[2-4] 

5 (0.3) 
[4-5] 

0.00 
[-0.7-0.7] 

Berg 
Balance 

Scale  
(/56) 

Usual Care 21/21 
32 (3) 

[26-39] 
47 (2) 

[44-50] 

0.210 

- 

DOSE1 20/20 
34 (3) 

[28-40] 
48 (2) 

[44-51] 
-0.07 

[-0.7-0.5] 

DOSE2 12/11 
34 (4) 

[26-42] 
51 (2) 

[47-56] 
0.14 

[-0.6-0.9] 

Quality  
of  

Life 

EQ-5D-5L 
(/100) 

Usual Care 21/20 
52 (6) 

[40-64] 
65 (3) 

[58-71] 

0.017† 

- 

DOSE1 20/20 
62 (4) 

[54-70] 
74 (3) 

[68-80] 
-0.04 

[-0.7-0.6] 

DOSE2 12/11 
52 (5) 

[41-62] 
80 (4) 

[71-88] 
0.61 

[-0.1-1.4] 

PHQ-9 
(/27) 

Usual Care 21/20 
7 (1) 

[5-10] 
6 (1) 
[3-8] 

0.620 

- 

DOSE1 20/20 
5 (1) 
[3-7] 

4 (1) 
[2-6] 

0.0 
[-0.6-0.6] 

DOSE2 12/11 
7 (1) 

[6-10] 
5 (2) 
[2-8] 

0.24 
[-0.5-1.0] 

*ANCOVA using 6-minute walk distance at baseline as the co-variate. 
†Post-hoc Tukey’s test = significant difference (0.01) between Usual Care and DOSE2 
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Domain 
Outcome 
Measure 

Intervention 
Group 

Number of 
participants 

(N) at 
baseline/ 

post-
evaluation 

Baseline 
Evaluation 
Mean (SE) 
[95% CI] 

Post-
Evaluation 
Mean (SE) 
[95% CI] 

p-
value* 

Effect size# 
[95% CI] 

Cognition 

MoCA 
(/30) 

 

Usual Care 21/20 
24 (1) 

[21-26] 
25 (1) 

[23-27] 

0.713 

- 

DOSE1 20/20 
23 (2) 

[20-26] 
25 (1) 

[23-27] 
0.14 

[-0.5-0.8] 

DOSE2 12/11 
24 (1) 

[22-27] 
26 (1) 

[23-29] 
0.24 

[-0.5-1.0] 

Trails A‡ 

Usual Care 21/20 
0.32 (0.04) 
[0.24-0.40] 

0.35 (0.05) 
[0.25-0.44] 

0.269 

- 

DOSE1 20/20 
0.40 (0.04) 
[0.32-0.48] 

0.46 (0.05) 
[0.36-0.55] 

0.16 
[-0.5-0.8] 

DOSE2 11/11 
0.35 (0.05) 
[0.25-0.46] 

0.42 (0.07) 
[0.29-0.55) 

0.23 
[-0.5-1.0] 

Trails B‡ 

Usual Care 20/20 
0.10 (0.01) 
[0.07-0.13] 

0.11 (0.02) 
[0.08-0.14] 

0.945 

- 

DOSE1 20/18 
0.10 (0.01) 
[0.07-0.13] 

0.12 (0.02) 
[0.09-0.15] 

0.24 
[-0.4-0.9] 

DOSE2 11/11 
0.10 (0.01) 
[0.08-0.14] 

0.12 (0.02) 
[0.08-0.16] 

0.26 
[-0.5-1.0] 

DSST 

Usual Care 21/20 
18 (2) 

[13-22] 
21 (2) 

[17-26] 

0.440 

- 

DOSE1 20/20 
21 (2) 

[17-26] 
25 (2) 

[20-30] 
0.11 

[-0.5-0.7] 

DOSE2 11/11 
22 (3) 

[16-28] 
26 (3) 

[20-33] 
0.10 

[-0.6-0.8] 

*ANCOVA using 6-minute walk distance at baseline as the co-variate. 
‡Rate of generation (ROG) calculated for Trails A and B.  Rate of generation = total numeric completed 
responses/total time to complete responses (in seconds). 
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Figure 5.2 below displays the relationship between the mean distance walked in the 6-

minute walk test/group at the completion of the 4-week intervention and the mean intervention 

session intensity (minutes spent > 40%HRR and step count/group).   

The curvilinear relationship of the mean 6-minute walk distance at post-evaluation to the 

step count (Figure 5.2a) shows that the most improvement (54m) in the 6-minute walk appears to 

be related to a mean intervention session count of just over 2000 steps, with a slight 

improvement (20m) when the step count increases to almost 5000 steps. Similarly, this 

relationship is also observed with the heart rate intensity data (Figure 5.2b).  The most 

improvement in the 6-minute walk (54m) appears to be in the first 30 minutes of aerobic 

intensive exercise, with a slight improvement (20m) when the heart rate intensity more than 

doubles in duration. 

Figure 5.2 Relationship of 6MWT at Post-Evaluation to Intervention Session Intensity 

(a) Post 6MWT and Step Count*   (b) Post 6MWT and Minutes ≥ 40%HRR*  

 

 

 

 

 

 

 

 

*Error bars represent 95% confidence intervals (CI)  
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5.4 Discussion 

Although this multi-site, randomized clinical trial is still ongoing, this preliminary 

analysis of 53 participants provides an interim examination of whether the experimental 

intervention protocols are being delivered and tolerated as designed, and the potential effects of 

these interventions on functional recovery, cognition, and quality of life early after stroke.  

Firstly, with respect to the participant’s clinical characteristics and demographics at 

baseline, it appears that the study randomization, incorporating stratification by age, has been 

effective so far in balancing the clinical and personal characteristics between the intervention 

groups.  As the projected sample size in this study is relatively small (75 participants), it was 

initially determined that only one stratification variable would be applied at randomization based 

upon the stratification estimation calculations that were conducted (Kernan et al. 1999; Silcocks 

2012). Therefore, as age has been shown to have an impact on recovery after stroke (Kugler et al. 

2003), and the study sites differed in admitting age demographics, age was selected as the 

stratification variable.  From our current study population, our mean age across groups is on the 

younger side for individuals post-stroke (56±12; range = 27-76), but this is secondary to the 

majority of participants being recruited from study sites that have inpatient admission criteria for 

age being less than, or equal to, 60 years old.  Furthermore, as initial motor severity is another 

important variable that affects stroke recovery (Jorgensen et al. 1995a), it was decided a priori 

that the baseline 6-minute walk distance would serve as a co-variate when analyzing the primary 

and secondary outcomes measures.   

The therapeutic dose for the study intervention protocol was designed to build upon what 

is typically provided during stroke inpatient rehabilitation in Canadian hospitals, which is a 

similar health service model to many European, Australian, Asian, and United Kingdom 
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rehabilitation models.  Currently, patients in Canadian stroke inpatient rehabilitation centres 

receive approximately 60 minutes of physical therapy daily, and for the purpose of this trial, this 

represents ‘Usual Care’. ‘DOSE1’ was designed to increase the cardiovascular intensity and 

walking steps within the physical therapy session, while keeping the total duration of the session 

to the standard 60 minutes.  The ‘DOSE 1’ session duration of 60 minutes was consciously 

designed to be approximately the same length of time as a ‘Usual Care’ physical therapy session 

to optimize the future translation of the protocol into clinical practice, should it be found to be 

feasible and effective.  For ‘DOSE2’, the step count and heart rate intensity provided in 

‘DOSE1’ was applied two times/day, therefore providing an additional 20 hours of intervention 

over ‘DOSE1’participants. The additional 20 hours of intervention in ‘DOSE2’ exceeds the 

recommended amount (16 hours) of augmented therapy found to be necessary to observe a 

difference between control and experimental groups early after stroke (Kwakkel et al. 2004). 

Assessing the intervention protocol fidelity is essential to determining if the study 

protocol is being delivered as intended and if it is able to be tolerated by the participants.  In 

stroke rehabilitation exercise intervention trials, the delivery of rigorous, well-defined, 

intervention protocols can often be challenging secondary to the variability of participants’ 

personal characteristics and clinical presentations post-stroke.  

In this trial, the experimental intervention protocols (‘DOSE1’ and ‘DOSE2’) were 

designed to deliver a minimum of 30 minutes of weight-bearing, walking related exercise within 

the 60-minute therapy session, while keeping the participants’ heart rates above their 40% heart 

rate reserve during this time.  In the ‘DOSE1’ and ‘DOSE2’ groups, the aerobic intensive time 

delivered to the participants is very close to the protocol target time of 30 minutes/session (26 

and 57 minutes respectively), and is about 2.5 to 5 times longer than the time the ‘Usual Care’ 
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group spends above a 40% heart rate reserve. At this time, it appears that the greatest gain in 

walking (as measured by the 6-minute walk at post-evaluation) occurs with an increase in up to 

30 minutes of aerobic activity, with only a minimal improvement in walking distance when the 

aerobic intensity is increased over this time.  

With respect to the step count intensity, the DOSE1 and DOSE2 groups had a goal to 

complete approximately 2000 walking steps within each 60-minute intervention session.  This 

target was exceeded in both experimental groups, resulting in over 4-times the number of steps 

being completed by participants within each therapy session in DOSE1 and DOSE2 compared to 

participants in the Usual Care group.  Furthermore, similar to the relationship observed between 

heart rate intensity and walking distance covered on the 6MWT at post-evaluation, the most 

gains in the 6-minute walking distance at post-evaluation were observed when participants were 

completing up to 2500 steps/intervention session, with minor walking improvement when the 

step count/intervention session is doubled.   

Although the therapy sessions for both the DOSE1 and DOSE2 groups are approximately 

10 minutes longer over the Usual Care group, it would be extremely unlikely, based on the 

participants’ mean walking velocity from the baseline 6-minute walk (0.43m/s) that the 1700 

step count difference could be accounted for if an extra 10 minutes was provided in the therapy 

session, and walking was only completed during that time (Burioka et al. 2014). Even a very 

generous estimate of 1 step/second would only produce an additional 600 steps over the 10-

minute period.  

Overall, the experimental groups are meeting the study intervention protocol targets and 

being tolerated by the participants with respect to total therapy time, time spent in the aerobic 

training zone, and number of walking steps completed within a therapy session. 
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The primary outcome, the 6-minute walk, is being conducted at the post-evaluation, 

immediately after the 4-week intervention is completed.  This time-point was selected for two 

reasons: 1) it provided an opportunity to assess the immediate effect of the intervention and 2) it 

occurred within the early time period after the initial stroke onset.  The secondary outcomes are 

being collected at all four time points: baseline, post-evaluation, 6-months post-stroke and 12-

months post-stroke.  The 6 and 12-month evaluations were included to assess the long-term 

retention of the intervention programs (as no formal study intervention is being applied after the 

post-evaluation) and to also gain further insight into longitudinal functional recovery after stroke.  

The data from the 6 and 12-month evaluations are not included in this interim analysis secondary 

to the large number of enrolled participants that have not yet completed them. 

Although preliminary statistical analyses have been conducted on the primary and 

secondary measures, it is imperative to remember that the current sample size is not powered 

sufficiently to appropriately interpret the statistical results.  With that said, this interim analysis 

of the primary outcome, the 6-minute walk at post-evaluation, suggests that there is potential for 

the experimental groups (‘DOSE1’ and ‘DOSE2’) to achieve better outcomes on the 6-minute 

walk compared to participants in the ‘Usual Care’ group.   

The primary outcome data was first analyzed with all participants (n=53), and then a 

sensitivity analysis was conducted with one outlier removed, secondary to this data point having 

a standardized residual greater than 3 in the distance walked in the post-evaluation 6-minute 

walk.  The study participant that was removed was a young, very fit and healthy man, whose 

mechanism of stroke was secondary to a spontaneous event, a carotid artery dissection.  His pre-

stroke lifestyle and health was not consistent with the majority of individuals recruited into the 

study who had significant stroke risk factors (i.e., hypertension, obesity, diabetes, and/or 
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smoking).  Therefore, as this gentleman’s walking recovery was statistically different from the 

rest of the study population, his 6-minute post-evaluation walking data was excluded, and the 

sample population (n=52) was re-analyzed.  

Although there is no statistical difference as measured by the p-value (p<0.05) between 

Usual Care and the experimental groups (DOSE1 and DOSE2) on the 6-minute walk at post-

evaluation upon re-analysis, the medium effect sizes for DOSE1 and DOSE2 (0.44 and 0.73 

respectively) demonstrate a difference between the means of the intervention groups and usual 

care.  In addition, it is important to note that the increased walking distance in the experimental 

groups exceeded 50m over the control group, which is considered a meaningful clinical change 

in this measure, in this early period after stroke (Perera et al, 2006).   

With respect to the secondary outcome measures in this preliminary analysis, a 

significant difference was only observed on the total health score of the EQ-5D-5L, a quality of 

life measure, for participants in the DOSE2 group.  This may be interpreted in that individuals 

that received the 2x/day, higher intensity aerobic exercise intervention, perceived they had better 

health at the end of the 4-week intervention, compared to the participants that received the other 

intervention groups (‘DOSE1’ and ‘Usual Care’).  Furthermore, this improvement in health 

perception was observed without a comparable statistically significant improvement in recovery 

with respect to walking, overall function, and cognition. 

5.5 Conclusion 

Overall, this interim analysis of the 53 participants enrolled in the DOSE trial confirms 

that the three intervention groups are currently balanced with respect to participant demographics 

and clinical characteristics, and that the intervention protocols are being delivered as designed, 

and the higher intensity and dose can be tolerated by the participants.   
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Preliminary results from both the primary and secondary outcomes suggest that 

individuals that receive a four-week higher intensity aerobic exercise intervention during 

inpatient physical therapy stroke rehabilitation may have improved walking recovery and an 

improved perception of their health status immediately after completing the intervention.  

However, these findings need to be confirmed once recruitment is complete on a total study 

population of 75 participants, and appropriate conclusions made at that time.   
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Chapter 6: Overall Discussion and Future Directions 

Stroke is a serious global health concern. While advances in acute medical interventions 

and public health education over the last century have decreased mortality after stroke, this has 

resulted in more individuals living with disability.  Given the aging demographics of most 

countries, this population will continue to rise over the next 20 years.  The goal of effective 

rehabilitation is to maximize functional recovery, restore independent living, and return people to 

their activities of daily living as quickly as possible. The advancement and translation of stroke 

rehabilitation research into clinical practice is critical to ensure that we continue to decrease the 

burden of stroke on individuals, their family and caregivers, and society. 

Currently, one of the major limitations in stroke rehabilitation is understanding the 

optimal timing, therapeutic dose, and intensity to maximize recovery.  As research scientists 

strive to build this evidence-based knowledge, equal challenges exist in translating this 

information into clinical practice.  In particular, limitations in technologies to accurately measure 

therapeutic intensity present a significant barrier for clinicians.  Improved methodologies are 

needed for quantitative measurement of rehabilitation dose and intensity to enable clinicians to 

adjust rehabilitation and provide instantaneous feedback to patients.  

The research conducted for this thesis specifically addresses the aforementioned 

knowledge gaps.  Chapters 2 and 3 describe two studies that were conducted to identify a 

“clinically-friendly” device that could accurately measure walking step count during inpatient 

stroke rehabilitation with patients that have a wide variability of walking speeds and gait 

patterns.  Chapters 4-5 then describe the design and preliminary results of an ongoing multi-site 

randomized clinical trial that is assessing the effectiveness of varying doses of higher intensity 

exercise on walking, functional recovery, cognition, and quality of life. This study is specifically 
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looking at the effectiveness of exercise intervention strategies during the early phase after stroke, 

which is a critical time for neural recovery.  The findings from these studies will make 

significant contributions to the advancement of both stroke rehabilitation research and clinical 

practice. 

The study presented in Chapter 2 was designed to identify a monitoring device that was 

readily available, provided instantaneous feedback, and could accurately measure step count 

across a wide variability of walking speeds commonly observed in the early phase after stroke.  

Participants in this study were evaluated at varying walking speeds (0.3-0.9 m/s) and the Fitbit 

One device was placed on both the hip and ankle to assess step count accuracy.  When the Fitbit 

One was placed at the ankle, accurate readings were obtained when individuals in the chronic 

phase post-stroke walked a 15-meter distance at a variety of walking speeds; measurements had 

less than 10% error at 0.4 m/s walking speed, and the accuracy improved as the speed increased 

up to 0.9m/s.  This study, which was performed in a controlled research setting, was the first 

study to establish the accuracy of the Fitbit One device across a wide range of walking speeds in 

individuals post-stroke.  Since the device was economical, readily available, and provided 

instantaneous feedback, the confirmed accuracy of measurement motivated our next study 

(Chapter 3), which assessed the device’s accuracy when used in a clinical setting. 

In Chapter 3, I described a study to assess the accuracy of the Fitbit One device when 

used in a busy clinical therapeutic environment with patients in the early phase of recovery after 

stroke.  During a typical inpatient physical therapy session, individuals may participate in a 

variety of exercises, including walking; these varying types of movements were not evaluated 

during our initial testing of the device’s accuracy. Thus, it was essential to assess whether the 

accuracy of the device was maintained in a more realistic clinical setting. 
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Along with the Fitbit One, participants in this study also wore an additional device called 

the StepWatch
TM

 Activity Monitor (SAM). Although the SAM monitor is generally considered 

the “gold-standard” for measurement of step count in stroke rehabilitation research settings, it is 

not commonly used in the clinical setting. In large part, this occurs because it does not provide 

instantaneous step count, and is too expensive for public health authorities to purchase; the SAM 

costs approximately $2000 USD for one monitor and the required monitor loading dock and 

supporting software.   

The data from this study was collected from the one-hour, higher aerobic and walking 

intensity physical therapy session that participants completed within the multi-site randomized 

clinical trial described in Chapter 4.  Comparison of the accuracy of the two devices in 

measuring step count demonstrated that the two devices were almost identical in measuring step 

count, and that the accuracy of the Fitbit One in the clinical setting was almost the same as the 

research setting.  Combined, the findings from the studies conducted in Chapter 2 and 3 address 

a major gap in stroke rehabilitation by validating the use of a readily available, cost-effective, 

user-friendly device that can accurately measure step count in in stroke patients with a wide 

variability of walking speeds and patterns. 

How do we move forward and translate this new knowledge into clinical practice?  

Although previous research studies have endorsed step count monitors during inpatient 

rehabilitation, the devices were not “clinically-friendly” as they did not permit instantaneous 

feedback to the clinicians (Dorsch et al. 2015; Mansfield et al. 2015). Rather, a research assistant 

was required to download the data and translate the information back to the clinician and patient 

at a later time, a procedure that creates a serious barrier to adoption and integration of data within 

a clinical rehabilitation program.  Results from one of the studies found that providing step count 
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feedback to the patients did not alter their walking amount as compared to patients that were not 

provided step count feedback (Mansfield et al. 2015).  However, these results may have been 

different if the clinician provided the data to the patient immediately after completing the 

therapeutic session and target walking goals were made directly at that time.  Evidence from the 

chronic stroke population suggests that step count feedback is a strong motivator for patients to 

participate in walking (Sullivan et al. 2014). 

What if increasing walking activity during inpatient rehabilitation could be addressed by 

modifying the clinical stroke rehabilitation environment?  Imagine an inpatient rehabilitation 

ward where step count and heart rate monitors are placed on a patient’s wrist/ankle immediately 

upon admission to the unit and this information is transmitted wirelessly to monitors throughout 

the ward and hospital, providing the patient with verbal and visual feedback in real time 

throughout the day.  Clinicians could access the data at any moment during the day and make 

therapeutic goals with their patient.  Therapeutic intensity would very likely increase.  Patients 

would likely be more engaged. Future research in this area needs to explore the use of accurate 

wearable technologies that provide instantaneous feedback and ultimately transmit wirelessly to 

monitors so both patients and clinicians have access at all time to this data.  Do these devices 

increase therapeutic intensity and maximize patient’s recovery?  Furthermore, patient motivation 

and perceptions to wearable technologies have not been explored in the stroke inpatient 

rehabilitation setting.  Is this feedback motivating to patients and can it encourage an increased 

therapeutic intensity in a safe manner?  These research questions require further exploration to 

effectively and safely translate wearable monitors into inpatient stroke rehabilitation. 

Chapters 4 and 5 describe the design and preliminary results of an ongoing randomized 

controlled trial to systematically investigate how varying dose and intensity of exercise influence 
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walking and functional recovery, along with cognition and quality of life. This study is novel in 

two ways.  First, the intervention protocol varies exercise intensity and dose to test whether 

higher exercise intensity and dose can be delivered and tolerated during the early phase after 

stroke.  Second, this is the first study to test varying dose and intensity of exercise on walking 

recovery, overall function, cognition and quality of life during inpatient stroke rehabilitation, 

which is a critical time for neural recovery.  Results from this randomized controlled trial will 

contribute to the design of optimal therapeutic protocols for the delivery of stroke rehabilitation. 

In order to be proficient at a task, you must practice it.  In stroke rehabilitation, this 

common-sense rule is referred to as “task-specific training”.  Research has demonstrated that in 

chronic stroke survivors, stationery cycling will improve patients’ physical endurance to 

complete a walking test, but these patients will not, on average, cover as much distance on a 

walking test compared to someone that specifically trained with walking practice (Sullivan et al. 

2007).  This knowledge was one component that was incorporated into the novel design of the 

intervention protocol that was used in the randomized controlled trial described in Chapters 4 

and 5.  The primary goal of the intervention protocol was to improve individuals’ walking 

recovery while they were admitted in inpatient rehabilitation.  To be successful, the intervention 

protocol needed to meet several criteria: include over-ground walking activities; use the 

equipment available in a standard inpatient rehabilitation setting; have a selection of exercises so 

that the intervention could be personalized to each enrolled participant, yet still meet the required 

minimum of 30 minutes at > 40% HRR; be able to be progressed in intensity on a weekly basis; 

be monitored by devices that provided the clinicians with instantaneous feedback that could be 

recorded and immediately reported back to the participant; and be delivered within a standard 

one hour inpatient physical therapy session.  Furthermore, the comparison of the experimental 
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groups (DOSE1 and DOSE2) allowed for the systematic assessment of how dose, in addition to 

therapeutic intensity, may influence walking and functional recovery. 

This intervention protocol sought to address knowledge gaps in stroke rehabilitation 

pertaining to the role of therapeutic dose and intensity on walking recovery in the early phase 

after stroke.  In recent years, two studies have separately investigated higher therapeutic dose and 

higher therapeutic intensity delivered during inpatient rehabilitation (MacKay-Lyons et al. 2013; 

English et al. 2015). This is the first intervention protocol to systematically combine both factors 

and investigate the effects. An important component of this intervention protocol is that it 

incorporated clinicians working on the rehabilitation unit to deliver the intervention protocols.  

As research has shown that the translation of research evidence into clinical practice can be 

arduous and prolonged (Westfall et al. 2007), intentionally including clinicians from the 

beginning was a conscious decision by the study investigators to aid with the clinical translation 

of the research findings at the completion of the trial. 

As described in Chapter 5, adherence to the intervention protocol guidelines appears to be 

successful based on the preliminary analysis.  Individuals receiving the experimental intervention 

groups (DOSE1 and DOSE2) are close to the targeted minimum of 30 minutes of higher 

intensity aerobic exercise (>40%HRR) and are completing, at minimum, four-times as many 

steps within each intervention session.  Furthermore, no serious adverse events have occurred 

and no participants have voluntarily withdrawn during the intervention period.  

Future research directions with this novel intervention protocol will need to explore how 

to successfully integrate the protocol into clinical practice.  Success with this endeavour will 

depend upon both clinician and patient uptake of delivering, and participating, in higher intensity 

exercise.  Although not included in this thesis, a study has been conducted that explores the 
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DOSE study therapists’ perceptions to administering the intervention protocol (Connell et al. 

2017). This study found that, in general, the clinicians had positive experiences providing the 

high intensity intervention.  However, the therapists also expressed that they may need to adapt 

the intervention protocol to accommodate their beliefs about ensuring that the patients had 

appropriate movement quality during the intervention. Furthermore, it was also suggested that 

the implementation of a higher intensity intervention protocol during inpatient stroke 

rehabilitation would require some system changes at the level of the facility/health authority to 

support the clinicians and patients to endorse the delivery and uptake of higher intensity exercise 

in the early phase after stroke.  Some of this support may include, but is not limited to: purchase 

of step counter and heart rate monitoring devices; clinician education regarding the delivery of 

higher intensity exercise; and incorporation of an initial cardiac assessment to ensure higher 

intensity exercise is safe for each patient. 

Finally, it will be important to replicate the study described above in assessing clinicians’ 

perceptions regarding the delivery of higher intensity exercise during stroke inpatient 

rehabilitation with the DOSE study participants. This will help to identify and understand the 

potential barriers from the patient’s perspective in completing higher intensity exercise early 

after stroke.  By obtaining both the clinicians’ and participants’ perspectives on delivering and 

participating in higher intensity exercise, the successful uptake of the intervention protocol into 

standard inpatient stroke rehabilitation will likely be greatly enhanced. 

Aristotle said that “the whole is greater than the sum of its parts” and this is an apt 

description of the research comprising this thesis.  Both the identification and validation of an 

improved monitoring device, and the study of exercise dose and intensity, are important 

contributions to stroke rehabilitation research.  However, when combined, they have enabled a 
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multi-site randomized controlled trial that will provide new insights into how higher intensity 

exercise and dose affects walking and functional recovery, as well as cognition and quality of 

life.  

To our knowledge, the study described in Chapters 4 and 5 is the first randomized 

controlled trial to systematically investigate the effect of higher intensity exercise on walking 

and functional recovery, cognition, and quality of life at a time when maximal neurological 

recovery is occurring.   

The first key component of this trial is the timing of the study.  The trial is occurring 

during inpatient rehabilitation, which usually occurs within the first three months post-stroke, 

where the animal literature has identified that maximal neurological recovery is occurring 

(Biernaskie et al. 2004).  It is not known in humans if recovery after stroke can be optimized 

with the addition of a higher intensity and higher dose of exercise delivered within this same 

period. This is vital knowledge to obtain as research has shown that higher dose exercise 

delivered early after stroke (within the first 7 days) has deleterious effects on recovery (AVERT 

Trial Collaboration Group 2015). Furthermore, as the majority of stroke rehabilitation research 

occurs with the chronic stroke population (greater than 6-months post-stroke), results from this 

study may encourage future research within this critical neural recovery time frame within all 

aspects of stroke rehabilitation. 

It is crucial to remember that the results reported in Chapter 5 are preliminary findings 

from an incomplete sample population; the final analysis must be conducted when the trial has 

recruited the complete sample population of 75 participants (25 individuals/intervention group).  

Only myself, and three of the DOSE principal investigators, have been exposed to these 

preliminary results; this preliminary data will absolutely not be shared with any of the DOSE 
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therapists or assessors until the complete sample population of 75 have been recruited and the 

primary and secondary outcomes are re-analyzed.  Furthermore, an embargo will be put on this 

thesis, thus not making it available to the public and retaining the confidentiality of this 

preliminary analysis.  The embargo will be maintained until the primary and secondary outcomes 

have been re-analyzed with the complete study population and published.   

Although there is no statistical significance between the intervention groups on the 

primary outcome, walking recovery immediately after the 4-week intervention, there is a trend 

that the experimental intervention groups (DOSE1 and DOSE2) walk farther on the 6-minute 

walk test compared to the control group. Most importantly, participants are able to tolerate the 

high doses of exercise during inpatient stroke rehabilitation.  In DOSE 2, participants completed, 

on average, 57 minutes of exercise above 40% HRR, and 4932 walking steps within the two 

intervention sessions. Although the relationship between the intervention intensity and walking 

performance seems to have the greatest benefit with the DOSE1 intervention, there are still 

meaningful gains with the additional time provided in the DOSE2 intervention. 

Another interesting result at this time is the significant finding within the secondary 

outcomes, with the total health score on the quality of life measure, the EQ-5D-5L.  It is 

interesting to see that individuals that receive a higher intensity, higher dose exercise 

intervention during inpatient rehabilitation perceive their health as being better, despite there not 

being a significant difference in their functional recovery compared to individuals that don’t do 

as much exercise.  It may be of interest in future neurorehabilitation trials that the primary 

outcome measure assesses the effect on the participant’s quality of life (participation level of the 

International Classification of Functioning, Disability and Health) instead of at the traditional 

impairment and activity level.   This sentiment was also endorsed in a recent trial investigating 
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dose-response in post-stroke upper extremity recovery during inpatient rehabilitation (Winstein 

et al. 2016b).  In this study, no significant differences were found on the primary outcome, an 

activity level measurement (Wolf-Motor Function Test) by delivering a higher dose of upper 

extremity exercise.  However, one of the suggestions from the authors for future 

neurorehabilitation trials was to consider selecting primary outcomes that are sensitive to patient 

participation and quality of life. 

Finally, not included in Chapter 5, but vital to the overall conclusions from the 

randomized clinical trial is the long-term retention of the intervention protocol.  This data is 

being collected at the 6 and 12-month post-stroke follow-up evaluations and will be analyzed 

when the total sample population is recruited.  Previous research investigating the long-term 

outcomes of physical function after an exercise intervention was delivered in the first year post-

stroke found that individuals’ activity was maintained four years later when tested (Langhammer 

et al. 2014).  It will be interesting to see if any differences observed at the post-evaluation, 

immediately after the intervention protocol, are sustained at the 6 and 12 month evaluations, or if 

all the exercise groups equalize.  This knowledge will have an important impact on the design of 

future research trials investigating exercise post-stroke and whether it may be beneficial to 

implement follow-up exercise intervention periods, after the initial intervention exercise bout, to 

maintain or potentially improve function, cognition and quality of life. 

In addition to the future research directions that have been suggested above, the natural 

progression from the Phase II clinical trial described in Chapters 4 and 5 will be to conduct a 

Phase III clinical trial to examine efficacy further.  If the preliminary data holds true when the 

complete participant population is recruited, we will have learned that the higher intensity 

intervention protocol is feasible, safe, and potentially effective.  A future trial may be expanded 
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into more sites, to achieve a greater sample population, and a stepped wedge cluster randomised 

controlled trial could be incorporated to avoid potential control group contamination and to 

maximize the clinical translation of the protocol at all sites (Hemming et al. 2015). 

In conclusion, the research conducted for this thesis will makes a significant contribution 

to both stroke rehabilitation research and clinical practice.  It excites me to see how this work 

may ignite future research and impact clinical practice to maximize the quality of life for those 

recovering from stroke.    
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Appendices 

 

Appendix A  Chapter 2: Study Participant Data Form 

 

Fitbit Study 

Participant Data Form #1 

 

Lab Person/Assistant’s Initials: __/___(First/Last)  Assessment Date: __________(MM/DD/YR) 

TO BE COMPLETED BY THE PARTICIPANT: 

1. Participant’s ID:_____________________________ 

2. Gender:  M□    F□   

3. Date of Birth: M____D_____Yr____ 

4.   Date of Stroke:  M____D____YR_____ 

5.   Do you have any other known medical conditions:   □Yes    □No 

 If yes, please write down the name(s) of the medical condition: 

______________________________________________________________________________

________________________________________________________________________ 

6. Have you had any surgery in the past 12 months:  □Yes    □No 

 If yes, please write down the type of surgery and date: 

______________________________________________________________________________

________________________________________________________________________ 
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STUDY CRITERIA (Lab Person) 

1. Participants meets all inclusion criteria:  □ Yes     □ No 

 a)  At least 3 months post-stroke 

 b)  Able to follow 3 step commands 

 c)  Able to walk independently for at least 100 feet with an orthotic/assistive device 

 d)  No MAJOR medical conditions (MS, PD, angina, heart attack) 

 e)  No MAJOR surgery in the past 12 month (hip replacement, heart surgery) 

 f)   > 19 years of age 

 

2.  Participant signed consent form?     □ Yes     □ No 

 

WALKING ANALYSIS (Assistant) 

1. Most Affected Side:  □ R      □ L    □ Weakness on both sides 

2. Limb(s) Affected:     □ UE     □ LE  

3.     Assistive Device: □  None 

    □ Single point cane 

    □  Quad cane 

    □ 2 wheeled walker 

    □  4 wheeled walker 

    □ Other________________ 

4.  Ankle-Foot Orthosis (AFO):  □ Yes    □ No 

5. Walking Pattern (check all that are appropriate): 

 □ paretic knee hyperextension in stance 

 □ paretic knee flexion in stance 

 □ paretic pelvic hike and/or circumduction in swing 

 □ minimal paretic hip flexion and knee flexion in swing 

 □ paretic foot clearance difficulties during swing (e.g., not wearing AFO) 

□ ataxic gait  

 □ paretic arm spasticity/flexion/add/int rotation (limited hemiparetic arm swing) 

 □ shuffling gait 

 □ normal gait patterns, but slow  

 

Self-Selected Walking Speed (15 m distance):                      (seconds)                                  m/s 

Walking 

Speed 

Time 

(Seconds) 

STEPS: HIP Fitbit 

      Start                    End 

STEPS: ANKLE 

Fitbit 

   Start               End 

Video  

(Steps) 

0.3 m/s       

0.5 m/s       

0.4 m/s       

0.6 m/s       

0.8 m/s       

0.9 m/s       

0.7 m/s       

 



106 

 

Appendix B  Chapter 4: Participant Screening Data Form 

 

1.  Interviewer’s Initials: __  __ (First/Last)  Interview Date: M____D_____Yr____ 

2. Screening ID: ________________  

3. Participant signed consent form? Yes No 

4. Date of Consent:  M_____D______Yr______  □N/A 

5. Sex:  M□    F□   

6. Date of Birth: M____ Yr____  Age:_____ 

7. Date of Stroke: M____D_____Yr____ 

8. Date of Admission to Inpatient Rehabilitation:  M_____D_____Yr_____ 

9. Brain Hemisphere Affected:  □R   □L 

10. Limb(s) affected:   □R □L □UE □LE  □No paresis 

11. Stroke Type:  □Infarct   □Hemorrhagic 

       11a.  If infarct, lacunar: □Yes  □No 

12.  Stroke Location:  □Cortical □Sub-cortical  □Unknown 

13.  Other co-existing conditions:  □Hypertension □Diabetes Mellitus  □Arthritis  

  □Respiratory Disease   □Other 

 Comments:_____________________________________________________    

 

14. Inclusion Criteria: 

Participant is included in the study if: 

a) Yes No Within 10 weeks post hemorrhagic or ischemic CVA with hemiparesis 

(confirmed by medical chart or motor assessment)    

b) Yes No Pre-stroke disability <2 (less than 2) on the Modified Rankin Scale. 

0 - No symptoms. 

1 - No significant disability. Able to carry out all usual activities, despite some 

symptoms. 

2 - Slight disability. Able to look after own affairs without assistance, but unable to carry 

out all previous activities. 

3 - Moderate disability. Requires some help, but able to walk unassisted. 

4 - Moderately severe disability. Unable to attend to own bodily needs without assistance, 

and unable to walk unassisted. 

5 - Severe disability. Requires constant nursing care and attention, bedridden, 

incontinent. 

6 - Dead. 

 

c) Yes No Able to ambulate at least 15 feet (5 m distance).  May use assistive  

  and/or orthotic device and maximum one person assist. 

d) Yes No Overground walking speed less than 1.0m/s (over a 5 m distance)  

e) Yes No Able to understand and follow directions 

f) Yes No Greater than or equal to 19 years of age. 
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15. Exclusion Criteria: 

Participant is excluded in the study if: 

a) Yes No Pre-stroke health included a gait disorder or disease that affected  

  ambulation (musculoskeletal conditions, amputation, etc.)  

b) Yes No Pre-stroke health included a neurological condition (such as Parkinson’s  

disease or Multiple Sclerosis) or other serious medical condition (active 

cancer)  

c) Yes No Current health includes serious medical condition (uncontrolled diabetes, 

uncontrolled hypertension, active cancer, etc.)  

d) Yes No Excessive pain in the body/joint preventing participation in an exercise  

  intervention. 

e) Yes No Participating in an experimental drug field study. 

f) Yes No Participating in another formal exercise rehabilitation clinical trial. 

 

16. □ Yes   □ No Participant meets study criteria and would like to proceed with study. 

17. □ Yes   □ No Participant meets study criteria, but does not want to proceed with study. 

  Comment:___________________________________________________  

18. □ Yes   □ No Participant does not meet study criteria. 

  Comment:___________________________________________________ 

 

Other comments: 
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Appendix C  Chapter 4: DOSE Study Evaluation Protocols and Forms 

 

OUTCOME OF EVALUATIONS AND ESTIMATED TIME 
 Recommended order (ascending to descending) for Baseline/Post/6 and 12 month evaluations to 

allow for the participant to be fully rested for walking measures. 
 

Screening 
Evaluation 

Baseline 
Evaluation 

Post  
Evaluation 

6 month 
Evaluation 

12 month 
Evaluation 

Consent MOCA 
8 minutes  

MOCA MOCA MOCA 

Participant 
Screening Form 

6 minute walk 
10 minutes  

6 minute walk  6 minute walk  6 minute walk  

Cardiac Stress Test 
(if participant 

consents and meets 
all study criteria) 

Trails A+B 
10 minutes 

Trails A+B Trails A+B Trails A+B 

Participant 
Baseline 

Information Form 

5 meter walk 
(comfortable) 

5 minutes 

5 meter walk 
(comfortable) 

5 meter walk 
(comfortable) 

5 meter walk 
(comfortable) 

Participant 
Personal 

Information Form 

Berg Balance Scale 
15 minutes 

Berg Balance Scale Berg Balance Scale Berg Balance Scale 

SAM Calibration 
(or at Baseline) 

Isometric Knee 
Extension 
5minutes 

Isometric Knee 
Extension 

 

Isometric Knee 
Extension 

 

Isometric Knee 
Extension 

 

 EQ-5D-5L 
5 minutes 

EQ-5D-5L EQ-5D-5L EQ-5D-5L 

 DSST 
3 minutes 

DSST DSST DSST 

 PHQ-9 
10 minutes 

PHQ-9 PHQ-9 PHQ-9 

 NIH Stroke Scale 
5 minutes 

   

 Godin Leisure Time 
Exercise 

Questionnaire 
1 minute 

   

 Participant 
Randomization 

Form 

6 and 12 month 
Follow Up 

Information Form 

6 and 12 month 
Follow Up 

Information Form 

6 and 12 month 
Follow Up 

Information Form 

   Step Activity 
Monitor Form 

Step Activity 
Monitor Form 

 Total est. time:   
87 minutes 

Total est. time: 
81 minutes 

Total est. time: 
71 minutes 

Total est. time: 
71 minutes 
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IMPAIRMENT MEASURES 

Isometric Knee Extension Using Hand-Held Dynamometry 

Protocol 

Description:  Reliable measure to assess lower extremity strength in individuals post-stroke. 

Participant position:   

 Have the participant sit on a firm chair with the 
back of the chair positioned against a wall. 

 Ensure the participant’s bottom is at the back of 
the chair so that the thighs are maximally 
supported. If necessary, put a belt around the 
participant’s waist and attach it behind the 
chair. 

 Position the participant’s bilateral hips/knees in 
90 degrees flexion, with his/her feet dangling 
just above the floor.  Adjust the participant’s 
position (pillow behind the back, higher or 
lower chair) to ensure this position is attained. 

 The participant’s upper extremities should rest 
comfortably in his/her lap. 

 

 

Procedure: 
1. Assess the participant’s NON-PARETIC lower extremity first.   
2. Position the testing belt around the participant’s distal tibia and chair so that it is taut in the 

lower extremity testing position (see above photo).  
3. Provide manual resistance to the participant’s distal anterior tibia, just above the malleoli. 
4. With the participant’s hip/knee in 90 degrees flexion and arms resting in lap, give the participant 

the following instructions: 
“Try to straighten your leg.  I will resist you from moving it. Hold this for 5 seconds” 
(This is a maximal isometric contraction of knee extension).  Do a trial of the contraction without 
the use of the dynamometer. 

5. After the trial contraction, put the hand-held dynamometer anterior, on the distal tibia, just 
proximal to the malleoli and position the testing belt around it.   

6. Provide resistance to permit an ISOMETRIC contraction.  Hold for 5 seconds.  Allow the 
participant to rest 30 seconds between trials.  Repeat 3 times. 

7. Record the information on the data form. 
8. Repeat the above procedure on the PARETIC lower extremity.  
9. The therapist can provide distal stability to the paretic thigh (just above the knee) to decrease 

synergistic movements during the contraction.   
10. Record as “0” if the participant is unable to obtain the testing position or generate an isometric 

contraction.  
Reference:  Pang MY et al. (2005); Bohannon et al. (2012)  

Bohannon et al (2012) 
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Data Form 

Isometric Knee Extension 

1. Participant’s Study ID: _____________________ 
 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 

 

 

Paretic lower extremity: □ R    □ L Trial 1   __   ___   ___.___ newtons/kg 

      Trial 2   __   ___   ___.___ newtons/kg 
      Trial 3   __   ___   ___.___ newtons/kg 
 
       
 
  

Non-paretic lower extremity:  □ R    □ L  Trial 1   __   ___   ___.___ newtons/kg 

      Trial 2   __   ___   ___.___ newtons/kg 
      Trial 3   __   ___   ___.___ newtons/kg 
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NIH Stroke Scale (NIHSS) 

Protocol 

 The National Institutes of Health Stroke Scale, or NIH Stroke Scale (NIHSS), is a tool used by 
healthcare providers to objectively quantify the impairment caused by a stroke.  

 The NIHSS is composed of 11 items, each of which scores a specific ability between a 0 and 4.  

 For each item, a score of 0 typically indicates normal function in that specific ability, while a higher 
score is indicative of some level of impairment.  

 The individual scores from each item are summed in order to calculate a patient's total NIHSS score. 
The maximum possible score is 42, with the minimum score being a 0. 

 Assessment of the items in the scale may be obtained from other aspects of the DOSE Baseline 
evaluation. 

 If the scale needs to be completed in its entirety, then: 
o Administer the stroke items in the order listed 
o Record performance on the participant’s first attempt.  Scores should reflect what the participant 

does, not what the clinician thinks the participant can do. 
o Follow the instructions for each exam technique. 
o Do not go back and change scores. 

 If necessary, use the materials in the Appendix (pages 12-14) to complete the tasks in the “Best 
Language” and “Dysarthria” Domains 
 

 

Score Stroke Severity 

0 No Stroke Symptoms 

1-4 Minor Stroke 

5-15 Moderate Stroke 

16-20  Moderate to Severe Stroke 

21-42 Severe Stroke 

  
 

 

 

 

 

 

References:  http://www.ninds.nih.gov/doctors/NIH_Stroke_Scale_Booklet.pdf 
 http://en.wikipedia.org/wiki/National_Institutes_of_Health_Stroke_Scale 
 
   

http://www.ninds.nih.gov/doctors/NIH_Stroke_Scale_Booklet.pdf
http://en.wikipedia.org/wiki/National_Institutes_of_Health_Stroke_Scale


112 

 

Data Form 

1. Participant’s Study ID: _____________________ 
2. Evaluation:  1. Baseline  
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 

 

MEASUREMENT INSTRUCTIONS 

 Administer the stroke items in the order listed 

 Record performance on the patient’s first attempt.  Scores should reflect what the patient does, not what the clinician thinks the patient can do. 

 Follow the instructions for each exam technique. 

 Do not go back and change scores. 
 

Item Instructions Scale 
(Circle the correct answer) 

Level of 
Consciousness 

 0:  Alert, keenly responsive 
1:  Not alert; but arousable by minor stimulation to obey, 
answer, or respond. 
2:  Not alert; requires repeated stimulation to attend, or is 
obtunded and requires strong or painful stimulation to make 
movements. 
3:  Responds only with reflex motor or autonomic effects or 
totally unresponsive, flaccid and areflexic.  

Level of 
Consciousness 

Questions 

Ask the patient the month and his/her age. 
The answer must be correct – there is not partial credit for 
being close.   
Aphasic patients will score 2 

0:  Answers both questions correctly 
1:  Answers one question correctly 
2:  Answers neither question correctly 

Level of 
Consciousness 

Ask the patient to: 
1. Open and close the eyes, then 

0:  Performs both tasks correctly 
1:  Performs one task correctly 
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Commands 2. Grip and release the non-paretic hand 
Credit is given if an unequivocal attempt is made but not 
completed due to weakness 

2:  Performs neither task correctly 

Best Gaze Test horizontal eye movements 0:  Normal 
1:  Partial gaze palsy; gaze is abnormal in one or both eyes, 
but forced deviation or total gaze paresis is not present. 
2:  Forced deviation; or total gaze paresis is not overcome by 
the oculocephalic maneuver. 

Visual  Visual fields (upper and lower quadrants) are tested by 
confrontation, using finger counting or visual threat. 
Score 1 only if a clear cut asymmetry if found. 

0:  No visual loss 
1:  Partial hemianopia 
2:  Complete hemianopia 
3:  Bilateral hemianopia (blind including cortical blindness) 

Facial Palsy Ask the patient to: 
1.  Show teeth, then 
2. Close eyes 
Score symmetry of movement 

0:  Normal symmetrical movements 
1:  Minor paralysis (flattened nasolabial fold, asymmetry on 
smiling) 
2:  Partial paralysis (total or near-total paralysis of lower face) 
3:  Complete paralysis of one or both sides (absence of facial 
movement in the upper and lower face). 

Motor Arm Test both UEs, starting with the non-paretic UE. 
Choose a position:   
1.Sitting with 90 degrees shoulder flexion, palm down  
OR  
2. Supine, 45 degrees shoulder flexion, palm down. 
 
Have the patient hold the arm in the position for 10 seconds. 
Drift is scored if the arm falls before 10 seconds 
 

0:  No drift; limb holds 45 degrees (or 90) for full 10 seconds 
1:  Drift; limb holds 45 degrees (or 90), but drifts down before 
full 10 seconds; does not hit bed or other support 
2:  Some effort against gravity; limb cannot get to or maintain 
(if cued) 45 degrees (or 90), drifts down to bed, but has some 
effort against gravity. 
3:  No effort against gravity; limb falls 
4:  No movement. 
5:  Amputation or joint fusion; explain. 
 

Left UE Score: Right UE Score: 
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Motor Leg Test both LEs, starting with the non-paretic LE, in SUPINE. 
Place the participant’s extended leg in 30 degrees hip flexion. 
Have the patient hold the leg in this position for 5 seconds. 
Drift is scored if the leg falls before 5 seconds. 
 

0:  No drift; leg holds 30 degree position for full 5 seconds 
1:  Drift; leg falls by the end of the 5 second period, but does 
not hit the bed. 
2:  Some effort against gravity; leg falls to bed by 5 seconds 
but has some effort against gravity 
3:  No effort against gravity; leg falls to bed immediately. 
4:  No movement. 
5:  Amputation or joint fusion; explain. 

Left LE Score: Right LE Score: 

Limb Ataxia This item is aimed at finding evidence of a unilateral 
cerebellar lesion 
Do a finger-nose-finger test with both UEs 
Ataxia is scored only in proportion to weakness and is absent 
in the patient who is paralyzed. 

0:  Absent 
1:  Present in one limb 
2:  Present in two limbs 
UN:  Amputation or joint fusion:  explain. 

Sensory Only sensory loss attributed to stroke is scored as abnormal. 
Examiner should test as many body areas (arms-not hands, 
legs, trunk,face) as needed to accurately check for hemi-
sensory loss. 

0:  Normal; no sensory loss 
1:  Mild-to-moderate sensory loss; patient feels pinprick is less 
sharp or is dull on the affected side; or there is a loss of 
superficial pain with pinprick, but patient is aware of being 
touched. 
2:  Severe or total sensory loss; patient is not aware of being 
touched in the face, arm, and leg. 
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Best Language Have the patient: 
1. Describe what is happening in the attached picture. 
2. Name the items on the attached naming sheet. 
3. Read from the attached list of sentences 
Comprehension is judged from responses here, as well as to 
the other commands in the examination. 

0:  No aphasia; normal. 
1:  Mild-to-moderate aphasia; some obvious loss of fluency or 
facility of comprehension without significant limitation on 
ideas expressed or form of expression.  Reduction of speech 
and/or comprehension, however, makes conversation about 
provided materials difficult or impossible.  For example, in 
conversation about provided materials, examiner can identify 
picture or naming card content from patient’s response. 
2:  Severe aphasia; all communication is through fragmentary 
expression; great need for inference, questioning, and 
guessing by the listener.  Range of information that can be 
exchanged is limited; listener carries burden of 
communication.  Examiner cannot identify materials provided 
from patient response. 

Dysarthria If the patient’s speech is thought to be normal, have the 
patient read or repeat words from the attached list. 
If the patient has severe aphasia, the clarity of articulation of 
spontaneous speech can be rated. 

0:  Normal 
1:  Mild to Moderate Dysarthria; patient slurs at le3ast some 
words and at worst, can be understood with some difficulty. 
2:  Severe dysarthria; patient’s speech is so slurred as to be 
unintelligible in the absence of or out of proporation to any 
dysphasia, or is mute/anarthric. 

Extinction and 
Inattention  

(formerly Neglect) 

Neglect can be identified during the prior testing. 0:  No abnormality 
1:  Visual, tactile, auditory, spatial or personal inattention, or 
extinction to bilateral simultaneous stimulation in one of the 
sensory modalities. 
2:  Profound hemi-inattention or extinction to more than on 
modality; does not recognize own hand or orients to only one 
side of space. 

TOTAL SCORE: 
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MOBILITY MEASURES 

Six-Minute Walk  

Protocol 

REQUIRED EQUIPMENT 
1. Stopwatch 
2. Lap counter  
3. Measured and marked course  
4. Chairs set up along the walking course  
5. Data form and 6 minute walk instructions on a clipboard  
6. Automatic blood pressure cuff 
7. Telephone  
 
PARTICIPANT PREPARATION 
1. Comfortable clothing should be worn.  
2. Appropriate shoes for walking should be worn.  
3. Participants should use their usual walking aids during the test (cane, walker, orthosis, etc.) 
4. The participant’s usual medical regimen should be continued.  
5. A light meal is acceptable before early morning or early afternoon tests. Participants should not have 
exercised vigorously within 2 hours of beginning the test. 
 
ADMINISTRATION: 
1. A measured course indoors is established with a minimum length of 15 meters in a straightaway.  

Position chairs around the distance as appropriate.  
 
 
 
 
 
 
2. Baseline/post/follow-up testing should be performed about the same time of day to minimize 

intraday variability. 
 
3. A “warm-up” period before the test is NOT permitted.  
 

4. The 6 minute walk will be completed after the MOCA, so the participant will have rested for about 10 
minutes in a chair.  At the completion of the MOCA, prior to starting the 6 minute walk, measure the 
participant’s pulse and blood pressure, check for contraindications to testing, and make sure that the 
participant’s clothing and shoes are appropriate. Record this information on the data form. 

 
CONTRAINDICATIONS to starting the 6 minute walk: 
1. Unstable angina and/or MI during the previous month (ATS guidelines) 

Resting HR > 120 bpm; SBP>180 mm Hg; DBP>100 mm Hg (ATS guidelines) 
 
5. Tell the participant the following instructions: 

Min. 15 meters 
Min. 15 

meters 
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 “The object of this test is to walk AS FAR AS POSSIBLE in 6 minutes.”  
 If appropriate for the participant:  “You are not allowed to jog or run.” 

 You will walk back and forth in this hallway around the cones (or around the “track”).  

 You are permitted to slow down, to stop, and to rest as necessary. You may lean against the wall 
or sit in the chair while resting, then continue walking whenever you feel able as your time will not 
stop when you are resting.  

 I will stay with you as we walk and you are allowed to use your assistive device (walker, cane, 
etc.).   

 We will not talk during the walk as this may affect your performance.   

 I will inform you of the time that has passed. 

 Please let me know if you are uncomfortable or have pain. The idea is for you to walk at a 
comfortable pace but cover as much ground as possible in the six minutes.  Do you have any 
questions?  I will now show you how you are going to do it.” 

 
6. Demonstrate by walking one lap yourself. Walk and pivot around a cone/course briskly. 

“Are you ready to do that? Remember that the object is to walk AS FAR AS POSSIBLE for 6 minutes.”  
 
7. Put a transfer belt on the participant if appropriate.  Position the participant at the starting line and 

stand beside him/her.   
 

8. Provide the minimum amount of manual assistance necessary to maintain patient safety.   
 
9. When you instruct the participant to “GO”, start the timer. Stay beside the participant for the entire 

test period.  When the participant is walking, walk behind them and on their affected side. The test 
should be stopped for any of the following reasons: 
a) Participant complains of angina symptoms (eg: chest pain or tightness) 

b) Participant exhibits any of the following symptoms: 

 Light-headedness 

 Confusion 

 Ataxia, staggering unsteadiness 

 Pallor 

 Cyanosis 

 Nausea 

 Marked dyspnea 

 Unusual fatigue 

 Signs of peripheral circulatory insufficiency 

 Claudication or other significant pain 

 Facial expression signifying distress 
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*If the test is terminated for a) or b), the participant’s nurse should be immediately notified. 
 
10. The participant and tester should not be distracted during the test. The tester should use an even 

tone of voice when providing the standard phrases of encouragement.  The tester must watch the 
participant closely and provide close supervision. The tester should only provide hands-on 
assistance to the participant if he/she is at risk for a fall/maintain safety.   
 
 
 

11. Only the following verbal encouragement can be provided to the participant during the test.  Do not 
use other words of encouragement (or body language to speed up). 
1. At 1 minute:  Tell the participant (in even tones): “You are doing well. You have 5 minutes to 

go.” 
2. At 2 minutes:  “Keep up the good work. You have 4 minutes to go.” 
3. At 3 minutes: “You are doing well. You are halfway done.” 
4. At 4 minutes:  “Keep up the good work. You have only 2 minutes left.” 
5. At 5 minutes: “You are doing well. You have only 1 minute to go.” 
6. At 5 minutes, 45 seconds:  “In a moment I’m going to tell you to stop. When I do, just stop right 

where you are.” 
 
When the timer rings (or buzzes), tell the participant to “Stop!” Have a chair available so the 
participant can sit down. Mark the spot where the participant stopped by placing a bean bag or a 
piece of tape on the floor.  Congratulate the participant on good effort and offer a drink of water. 

 
12. If the participant stops walking during the test and needs a rest, say this:  

“You can stop or sit in the chair if you would like; then continue walking whenever you feel able.”  
 
Do not stop the timer.  
 
If the participant is resting when it is time to provide encouragement change the encouragement 
statement to: 
"It's been _____ minute(s).  Rest as long as you need to and let me know when we can get started 
again." 
 
If the subject continues to rest through the next minute, state: 
"_____minute(s) is/are left in the test.  You may continue to rest or resume walking when you feel 
able." 
Repeat this statement at each minute if the participant continues to rest.   
 
If the participant stops before the 6 minutes are up and refuses to continue (or you decide that they 
should not continue), wheel the chair over for the participant to sit on, discontinue the walk, and 
note on the data form the distance, the time stopped, and the reason for stopping pre-maturely.  
 

13. Post-test: Calculate the total distance walked, rounding to the nearest meter, and record it on the 
data form.  Also, record the participant’s assistive device/orthotic (if necessary) and FAC. 

 
Reference:  ATS Statement: Guidelines for the Six-Minute Walk Test (2002) 
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Data Form 

1. Participant’s Study ID: _____________________ 
 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 
 
5.   Rest HR: ___________  ;  Rest BP: ________ /  ________ 
 
 
6.  Distance covered in 6 minutes: ____________meters 
 
 
7.  Assistive Device: ___   □  None 
      □  Single point cane 
      □ Quad cane 
      □ 2 wheeled walker 
      □ Standard walker 
      □ Other________________ 
 
 
8. Type of AFO: ___     □  None 
      □ Rigid Plastic (no joint) 
      □ Rigid Plastic (with joint) 
      □ Other________________ 
 
9. FAC:___    2  Ambulator – Dependent for Physical Assistance Level II 
     3  Ambulator – Dependent for Physical Assistance Level I 
     4  Ambulator – Dependent for Supervision 
     5  Ambulator – Independent, Level surfaces only 
     6  Ambulator – Independent, Level and non-level surfaces 
 
10. Reason for stopping the 6 minute walk: 

 □Challenging to breathe   □Generalized fatigue/whole body 
 □Limb fatigue:  L    R    UE    LE   □Mental fatigue 
 □Feeling of nausea    □Feeling of dizziness 

□Other (describe):  
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5 Meter Walk  

Protocol 

Description:  The five meter walk test is a measure of walking speed. 
Equipment:  Digital stopwatch, tape. 
Note:  The participant may use an assistive device and/or orthosis for the assessment. 
Administration:   
1. A measured course indoors is established with a total length of 9 meters.  Lines are drawn with 

tape at 0 meters, 2 meters, 7 meters and 9 meters.  Pylon markers can be placed at 0m and 9m. 
 
 
 
 
 
2. Explain to the participant that he/she is going to walk a distance of 9 meters, two times.  Instruct 

the participant that the two trials will be completed at a "comfortable pace." 
 

3. Explain to the participant that you will be beside him/her while he/she is walking, but will ONLY 
provide hands-on assistance if his/her safety is a concern.  Put a transfer belt on the participant if 
necessary.   

 

4. Have the participant proceed to the start line (0 meters).   
Instructions:   

 “I am going to measure your comfortable walking speed.”   

 “The command will be "READY, SET, GO…" and when I say “GO”, walk in a straight line at a 
pace which is safe and comfortable for you, until you reach the pylon and I say “STOP”. 

 “Do you have any questions before we start?” 
 

*If the participant starts before you say “GO”, stop the test and try again. 
 

5. START THE STOPWATCH when the participant's first foot crosses the plane of the 2 meter line 
and STOP THE STOPWATCH when the participant's first foot crosses the plane of the 7 meter 
line.  Have the participant continue walking until he/she reaches the chair after the 9 meter line. 

 

6. Record (in seconds – XX.XX) the time it took for the participant to walk the five meter distance 
between the 2m line and the 7m line. 

 

7. Have the participant sit in the chair at the 9 meter line until he/she feels he/she is adequately 
rested to repeat the test again.  

 

8. Have the participant repeat the EXACT SAME procedure described above for the 2nd trial at a 
“comfortable pace” - except the participant will be walking from the 9m line to the 0m line.  
START the stopwatch at the 7m line, and STOP the stopwatch at the 2m line.   

 

9. Record the time (in seconds) for the 2nd trial at a “comfortable pace”.  The participant can rest in 
the chair at the 0m line.   

 

10. Record the assistive device, type of AFO (if appropriate) and FAC on the data form.  
 
Reference:  Salbach NM et al. (2001) 

0m 2m 7m 9m 

5 Meter measurement distance 
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Data Form 

1. Participant’s Study ID: _____________________ 
 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 

 
5 METER WALK TEST 
 
Time (in seconds) to walk 5 meters: 
“Comfortable” (Self-Selected)Pace: 
a. Trial 1:  “Comfortable Pace” - Number of  seconds: ___ ___ ___.___ ___sec 
b. Trial 2:  “Comfortable Pace” - Number of  seconds: ___ ___ ___.___ ___sec 
 
 

c.    Assistive Device: ___   □  None 

      □ Single point cane 

      □  Quad cane 

      □ 2 wheeled walker 

      □  Standard walker 

      □ Other________________ 
 

d.    Type of AFO: ___     □  None 

      □ Rigid Plastic (no joint) 

      □ Rigid Plastic (with joint) 

      □ Other________________    
    
 
e)     FAC:___    2  Ambulator – Dependent for Physical Assistance Level II 
     3  Ambulator – Dependent for Physical Assistance Level I 
     4  Ambulator – Dependent for Supervision 
     5  Ambulator – Independent, Level surfaces only 
     6  Ambulator – Independent, Level and non-level surfaces  
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Functional Ambulation Classification (FAC) 

 Rate the participant at the level s/he performs during the 5 meter walk and 6 minute walk. 

FAC Level Ambulation 
Description 

Definition 

1 Nonfunctional Unable to ambulate 
Ambulates only in parallel bars 
Requires supervision or physical assistance 
from > 1 person 

2 Dependent, Level II Requires manual contact of one person during 
ambulation on level surfaces 
Manual contact is continuous and necessary to 
support body weight and/or to maintain balance 
or assist coordination 

3 Dependent, Level I Requires manual contact of one person during 
ambulation on level surfaces 
Manual contact is continuous or intermittent 
light touch to assist balance or coordination 

4 Dependent, Supervision Ambulation occurs on level surfaces without 
manual contact of another person 
Requires stand-by guarding of one person 
because of poor judgment, questionable 
cardiac status, or the need for verbal cuing to 
complete the task 

5 Independent, Level 
Surfaces Only 

Ambulate is independent on level surfaces 
Requires supervision/physical assistance to 
negotiate stairs, inclines, or unlevel surfaces. 

6 Independent, Level and 
Non-Level Surfaces 

Ambulation is independent on unlevel and level 
surfaces, stairs, and inclines. 

 
(References:  Holden et al., 1984; www.rehabmeasures.org) 
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FUNCTIONAL MEASURES 
Berg Balance Scale 
Protocol 

In most items, the participant is asked to maintain a given position for a specific time.  Progressively 
more points are deducted if the time or distance requirements are not met, if the participant's 
performance warrants supervision, of if the participant touches an external support or receives 
assistance from the examiner.  Participants should understand that they must maintain their balance 
while attempting the tasks.  The choices of which leg to stand on, which side to transfer to, or how far to 
reach are left to the participant.  Poor judgment will adversely influence the performance and the 
scoring. 
 
The participant CAN NOT use an assistive device for this test.  If the participant wears an orthotic 
device, this is permitted.  The same orthotic device should be worn for all follow-up evaluations on this 
test. 
 
Equipment required:  stopwatch or watch with a second hand, a 30cm (12 inch) measuring tape/ruler 
that can indicate lengths of 2, 5 and 10 inches (5, 12.5 and 25 cm), chairs used during testing should be 
of reasonable height. Either a step or a stool height of 6 inches (15cm) may be used for item #12.  
 

 Complete the assessments in the measure.  Give instructions as written to the participant for each 
activity and demonstrate when indicated.  See the data form for the instructions. 

 The examiner will guard the participant during performance of each task.  Assistance will be 
provided as needed to complete the task and/or prevent a fall. 

 Score each activity.  If all criteria are not met at a given level, score should be adjusted downward.  If 
physical contact is actually required to keep the participant from falling, then the task would be 
scored lower (eg:  "needs help" or whatever lower category pertains to that particular task). 

 Items should be scored based on the participant's first attempt.  If participant fails the first time 
but then attempts a 2nd or 3rd time and succeeds, the score corresponding with the first attempt is 
the score given, unless explicitly indicated otherwise. 

 All timing starts when the position for the required task is attained. 

 
Operational definitions: 

 Supervision refers to standby assistance (no physical contact) that is provided because the 
person is unsteady and may require physical intervention to keep from falling. 

 Assistance refers to human contact. 

 Minimal assistance refers to physical contact in the form of light support or guidance. 

 Moderate-maximal assistance refers to effort required on the part of the examiner to keep 
participant from losing balance to help them complete task safely. 
 

References:  1. Smith PS et al (2004) 
2. www.rehabmeasures.org (http://www.fallpreventiontaskforce.org/pdf/BergBalanceScale.pdf) 

 

http://www.rehabmeasures.org/
http://www.fallpreventiontaskforce.org/pdf/BergBalanceScale.pdf
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Data Form 

1. Participant’s Study ID: _____________________ 
 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 

 

1. Sitting to Standing  

Instructions:  Please stand up.  Try not to use your hands for support. 

4: Able to stand no hands and stabilize independently. 

3: Able to stand independently using hands. 

2: Able to stand using hands after several tries. 

1: Needs minimal assistance to stand or to stabilize. 

0: Needs moderate or maximal assistance to stand. 

 

2. Standing Unsupported 

Instructions:  Please stand for two minutes without holding. 

4: Able to stand safely 2 minutes. 

3: Able to stand 2 minutes with supervision. 

2: Able to stand 30 seconds unsupported. 

1: Needs several tries to stand 30 seconds unsupported. 

0: Unable to stand 30 seconds unassisted. 

 

If a participant is able to stand 2 minutes unsupported, score full points for sitting unsupported.  

Proceed to item #4. 

 

3. Sitting With Back Unsupported But Feet Supported on Floor or on a Stool  

Instructions:  Please sit with arms folded for two minutes. 

4: Able to sit safely and securely 2 minutes. 

3: Able to sit 2 minutes under supervision. 

2: Able to sit 30 seconds. 

1: Able to sit 10 seconds. 

0: Unable to sit without support 10 seconds. 
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4. Standing to Sitting 

Instructions:  Please sit down. 

4: Sits safely with minimal use of hands. 

3: Controls descent by using hands. 

2: Uses back of legs against chair to control descent. 

1: Sits independently but has uncontrolled descent. 

0: Needs assistance to sit. 

 

5. Transfers 

Instructions:  Arrange chair(s) for a pivot transfer.  Ask the participant to transfer one way toward a 

seat with armrests and one way toward a seat without armrests.  You may use two chairs (one with 

and one without armrests) or a bed and a chair.  If a bed/plinth is used, it should be at the chair 

height. 

4: Able to transfer safely with minor use of hands. 

3: Able to transfer safely definite need of hands. 

2: Able to transfer with verbal cuing and/or supervision. 

1: Needs one person to assist. 

0: Needs two people to assist or supervise to be safe. 

 

6. Standing Unsupported with Eyes Closed 

Instructions:  Please close your eyes and stand still for 10 seconds. 

4: Able to stand 10 seconds safely. 

3: Able to stand 10 seconds with supervision. 

2: Able to stand 3 seconds. 

1: Unable to keep eyes closed 3 seconds but stays steady. 

0: Needs help to keep from falling. 

 

7. Standing Unsupported with Feet Together 

Instructions:  Place your feet together and stand without holding. 

4: Able to place feet together independently and stand 1 minute safely. 

3: Able to place feet together independently and stand for 1 minute with supervision. 

2: Able to place feet together independently but unable to hold for 30 seconds. 

1: Needs help to attain position but able to stand 15 seconds with feet together. 

0: Needs help to attain position and unable to hold for 15 seconds. 

 

8. Reaching Forward with Outstretched Arm While Standing 

Instructions:  Lift arm to 90 degrees.  Stretch out your fingers and reach forward as far as you can.  

(Examiner places a ruler at end of fingertips when arm is at 90 degrees.  Fingers should not touch the 

ruler while reaching forward.  The recorded measure is the distance forward that the fingers reach 

while the subject is in the most forward lean position.  When possible, ask the participant to use both 

arms when reaching to avoid trunk rotation). 

4: Can reach forward confidently more than 10 inches (>25cm) 

3: Can reach forward more than 5 inches safely (>12.5cm) 

2: Can reach forward more than 2 inches safely (>5cm) 

1: Reaches forward but needs supervision. 

0: Needs help to keep from falling.                                            * _________inches 
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9. Pick Up Object from the Floor from a Standing Position 

Instructions:  Pick up the shoe/slipper which is placed in front of your feet. 

4: Able to pick up slipper safely and easily. 

3: Able to pick up slipper but needs supervision. 

2: Unable to pick up but reaches 1 to 2 inches (2-5cm) from slipper and keeps balance 

independently. 

1: Unable to pick up and needs supervision while trying. 

0: Unable to try/needs assistance to keep from losing balance or falling. 

 

10. Turning to Look Behind Over Left and Right Shoulders While Standing 

Instructions:  Turn to look directly behind you over your left shoulder.  Repeat to the right. 

4: Looks behind from both sides and weight shifts well. 

3: Looks behind one side only; other side shows less weight shift. 

2: Turns sideways only but maintains balance. 

1: Needs supervision when turning. 

0: Needs assistance to keep from losing balance or falling. 

 

11. Turn 360 Degrees 

Instructions:  Turn completely around in a full circle.  Pause.  Then turn a full circle in the other 

direction. 

4: Able to turn 360 degrees safely in less than 4 seconds each side. 

3: Able to turn 360 degrees safely one side only – less than 4 seconds. 

2: Able to turn 360 degrees safely but slowly. 

1: Needs close supervision or verbal cuing. 

0: Needs assistance while turning. 

 

12. Placing Alternate Foot on Step or Stool While Standing Unsupported 

Instructions:  Place each foot alternately on the step/stool.  Continue until each foot has touched the 

step/stool four times. 

4: Able to stand independently and safely and complete 8 steps in 20 seconds. 

3: Able to stand independently and complete 8 steps in more than 20 seconds. 

2: Able to complete 4 steps without aid with supervision. 

1: Able to complete more than 2 steps – needs minimal assistance. 

0: Needs assistance to keep from falling/unable to try. 

 

13. Standing Unsupported One Foot in Front 

Instructions:  (DEMONSTRATE to subject.)  Place one foot directly in front of the other.  If you feel 

that you cannot place your foot directly in front, try to step far enough ahead that the heel of your 

forward foot is ahead of the toes of the other foot.   (To score 3 points, the length of the step should 

exceed the length of the other foot and the width of the stance should approximate the subject’s 

normal stride width.) 

4: Able to place foot tandem independently and hold 30 seconds. 

3: Able to place foot ahead of the other independently and hold 30 seconds. 

2: Able to take small step independently and hold 30 seconds. 

1: Needs help to step but can hold 15 seconds. 

0: Loses balance while stepping or standing. 
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14. Standing on One Leg 

Instructions:  Stand on one leg as long as you can without holding. 

4: Able to lift leg independently and hold more than 10 seconds. 

3: Able to lift leg independently and hold 5 to 10 seconds. 

2: Able to lift leg independently and hold at least 3 seconds. 

1: Tries to lift leg, unable to hold 3 seconds but remains standing independently. 

0: Unable to try or needs assistance to prevent fall. 
 

 

TOTAL SCORE:____/56 
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COGNITIVE MEASURES 

Montreal Cognitive Assessment (MoCA)  

Protocol  

 The MoCA is a screening instrument to assess for cognitive impairment. 

 It assesses several cognitive domains:  attention and concentration, executive function, memory, 

language, visuoconstructional skills, conceptual thinking, calculations, and orientation. 

 The assessment is scored out of a total of 30 points; 26 points is considered normal 

 If a participant has expressive aphasia and is getting frustrated in attempting to answer the following 

verbal questions, then they may be modified in this manner: 

o Naming:  The participant can write on a piece of paper the names of the animals. 

o Memory:  The participant can write down the words.  This piece of paper will then be discarded.   

o Attention:   

Read list of digits:  The participant can write down the numbers after the examiner says them. 

Serial 7’s:  The participant can write down the numbers. 

o Language:  The participant can write down the sentences and the words that begin with “F”. 

o Abstraction:  The participant can write down the similarity between the words. 

o Delayed Recall:  The participant can write down the words. 

o Orientation:  The participant can write down the answers. 

 Record the participant’s score on the data form.   

 If the participant has expressive aphasia, two scores will be recorded.  The total score, with “0” given 

for every modification made, will be calculated.  An “expressive aphasia” score will also be calculated, 

accounting for the participant’s correct responses to the questions that could be modified with 

written responses.  Record this value on the data form under “Expressive Aphasia score”. 

 

Adapted from MoCA Version August 18, 2010 
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Detailed Instructions 
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Data Form 
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MOCA Data Form 

 

 

Visuospatial/Executive ___ /5 

 

Naming   ___ /3 

 

Memory   No points 

 

Attention  

 Digits   ___ /2 

 Letters   ___ /1 

 Serial Subtraction ___ /3 

 

Language 

 Repeat   ___ /2 

 Fluency  ___ /1 

 

Abstraction   ___ /2 

 

Delayed Recall  ___ /5 

 

Orientation   ___ /6 

 

Education   ___  
(add one point if < 12 years) 

 

 

TOTAL SCORE   __  __/30 

 

 

Expressive Aphasia  □ Yes  Expressive Aphasia Score:   __  __/30  

  □ No 

  

 

 

 

 

 

 

1. Participant’s Study ID: _______ 

2. Evaluation:  1. Baseline  

   2. Post-Treatment  

  3. 6 month follow up 

  4. 12 month follow up 

 

3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 

           Month        Day                  Year 

   

4. Evaluator’s Initials:       

        First/Last 
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DOSE Participant MOCA Work Sheet      
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Digit Symbol Substitution Test (DSST) 

Protocol 

1. Have the participant sit comfortably in a chair at a table with a pen. 
 
2. Put the DSST in front of the participant. 
 
3. Provide the following explanation to the participant: 

“In the top row, there are 9 digit symbol pairs.  Each number is associated with its very own symbol.  For 
example, 1 is represented by a horizontal line, 2 is represented by an upside down T and so on.  In the next 
row, I would like you to copy down the corresponding symbol under each number.” 
 

4. Give the participant 30 seconds to complete the practice row. 
 

5. Give the participant the following instructions: 
“Now, I would like you to do the same thing, but this time I will give you one minute to fill out as many boxes 
as you can.  Do you understand?  On you mark, get so, go!” 
 

6. Start the time as soon as you say “Go” and tell the participant to stop writing when one minute is up. 
 

7. Record on the data form how many correct symbols were completed and how many errors were made in the 
one minute. 
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Evaluation Measure 
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Data Form 

DSST DATA FORM 

1. Participant’s Study ID: _______ 

2. Evaluation:   1. Baseline  

   2. Post-Treatment  

   3. 6 month follow up 

   4. 12 month follow up 

 

3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 

           Month        Day                  Year 

   

4. Evaluator’s Initials:       

          First/Last 

 

 

5.  DSST Results: ___   ___ Number of correct symbols in 1 minute 

   ___   ___ Number of incorrect symbols in 1 minute 
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Trail Making A+B 

Protocol 

Part A Testing Instructions: 
 
1. Place the Part A warm-up sheet in front of the participant.   

 
2. Give the participant the following instructions: 

“This is a warm-up test.  On this page (point), there are some numbers. Begin with the number one (point to 
“1”) and draw a line from one to two, (point to “2”), two to three (point to “3”), three to four (point to “4”), 
and so on, in order, until you reach the end (pointing to the circle marked “END”). Draw the lines as fast as 
you can. Do not lift the pencil from the paper. Ready! Begin!” 

 
3. Start the stopwatch when you say “Begin”.  The participant has a maximum of 30 seconds to complete the 

warm-up.  If the participant makes an error during the tests, DO NOT stop the timing.  Call it to the 
participant’s attention and have him/her proceed from the point at which the mistake occurred (i.e. from the 
most recent correct number).   
 

4. At 30 seconds, tell the participant to “Stop” and move onto Trail A. 
 
5. Place the Trail A sheet in front of the participant.  
 
6. Give the participant the following instructions:  

“On this page, there are numbers from 1 to 25. Do the same thing as you did in the warm-up test. Begin at 
number one (point) and draw a line from one to two (point), two to three (point), and so on, in order, until you 
reach the end (point). Remember, work as fast you can and do not lift the pencil from the paper. Ready! 
Begin! 

 
7. Start the stopwatch when you say “Begin”.  The participant has a maximum of 8 minutes to complete the 

test.  If the participant makes an error during the tests, DO NOT stop timing.  Call it to the participant’s 
attention and have him/her proceed from the point at which the mistake occurred (i.e. from the most recent 
correct number).  Put a star beside where the participant made an error on the Trail sheet. 

 
8. If the participant has not completed the test at 8 minutes, tell the participant to “Stop” and move onto the 

Part B warm-up. Record the time (in seconds) and number of errors on the data sheet.   
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Part B Testing Instructions: 
 
1. Place the Part B warm up sheet in front of the participant. 

 
2. Give the participant the following instructions: 

“On this page (point), there are some numbers and letters. Begin at number one (point) and draw a line from 
one to A (point), A to two (point), two to B (point), B to three (point), and so on; in order until you reach the 
end (point to circle marked “END”). Remember, first you have a number (point to “1”), then a letter (point to 
“A”), then a number (point to “2”), then a letter (point to “B”), and so on. Draw the lines as fast as you can. Do 
not lift the pencil from the paper. Ready! Begin!” 

 
3. Start the stopwatch when you say “Begin”.  The participant has a maximum of 30 seconds to complete the 

warm-up.  If the participant makes an error during the tests, DO NOT stop the timing.  Call it to the 
participant’s attention and have him/her proceed from the point at which the mistake occurred (i.e. from the 
most recent correct number or letter).   
 

4. At 30 seconds, tell the participant to “Stop” and move onto Trail B. 
 

5. Place the Trail B sheet in front of the participant.  
 

6. Give the participant the following instructions: 
“On this page, there are both number and letters. Do the same thing you did in the warm-up. Begin with 
number one (point) and draw a line from one to A (point), A to two (point), two to B (point), B to three (point), 
and so on, in order; until you reach the end (point to circle marked “END”). Remember, first you have a 
number (point), then a letter (point), and so on. Draw the lines as fast as you can. Do not lift the pencil from 
the paper. Ready! Begin!” 

 
7. Start the stopwatch when you say “Begin”.  The participant has a maximum of 8 minutes to complete the 

test.  If the participant makes an error during the tests, DO NOT stop the timing.  Call it to the participant’s 
attention and have him/her proceed from the point at which the mistake occurred (i.e. from the most recent 
correct number or letter).  Put a star beside where the participant made an error on the Trail sheet. 

 
9. If the participant has not completed the test by 8 minutes, tell the participant to “Stop”. Record the time (in 

seconds) and number of errors on the data sheet.   
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Evaluation Form – Part A 

 

Warm Up Test 
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Trail Making – Part A  



146 

 

Evaluation Form – Part B  

 

Warm Up Test 

 

  



147 

 

Trail Making – Part B 
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Data Form 

1. Participant’s Study ID: _______ 

2. Evaluation:   1. Baseline  

   2. Post-Treatment  

   3. 6 month follow up 

   4. 12 month follow up 

 

3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 

           Month        Day                  Year 

   

4. Evaluator’s Initials:       

        First/Last 

5.  Trail Making Results: 

TRAIL Completion Number / Letter Time (Seconds (xxx.xx)) Number of Errors (__ __ __) 

A    

B    
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WELL-BEING MEASURES 

EQ-5D-5L 

Protocol 

 

 This assessment is designed to be completed independently by the participant.  Please ensure that the 
participant is seated comfortably at a chair with the assessment and a pen.  
  

 The evaluator can assist the participant by reading the instructions at the top of each section: 
 

1.  Part A:  “Under each heading, please tick the ONE box that best describes your health TODAY” 
 
2.  Part B:  “We would like to know how good or bad your health is TODAY.  This scale is numbered from 0 to 
100.  100 means the BEST health you can imagine.  0 means the WORST health you can imagine.  Mark an X 
on the scale to indicate how your health is TODAY.  Now, please write the number you marked on the scale in 
the box below. 
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Data Form                         

1. Participant’s Study ID: _____________________ 
 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 
 

PART A: 
Instructions:  Under each heading, please tick the ONE box that best describes your health TODAY. 
 
MOBILITY 

□ I have no problems in walking about   

□ I have slight problems in walking about   

□ I have moderate problems in walking about   

□ I have severe problems in walking about   

□ I am unable to walk about   

 
SELF-CARE 

□ I have no problems  washing or dressing myself   

□ I have slight problems washing or dressing myself   

□ I have moderate problems washing or dressing myself   

□ I have severe problems washing or dressing myself   

□ I am unable to wash or dress myself   

 
USUAL ACTIVITIES (e.g. work, study, housework, family or leisure activities) 

□ I have no problems doing my usual activities   

□ I have slight problems doing my usual activities   

□ I have moderate problems doing my usual activities   

□ I have severe problems doing my usual activities   

□ I am unable to do my usual activities   
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PAIN / DISCOMFORT 

□ I have no pain or discomfort   

□ I have slight pain or discomfort   

□ I have moderate pain or discomfort   

□ I have severe pain or discomfort   

□ I have extreme pain or discomfort   

 
 
ANXIETY / DEPRESSION 

□ I am not anxious or depressed   

□ I am slightly anxious or depressed   

□ I am moderately anxious or depressed   

□ I am severely anxious or depressed   

□ I am extremely anxious or depressed 
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PART B: 

Instructions:   

 

PART B:  Health Value:  ___   ___   ____ (/100) 
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PHQ-9 

Protocol 

 This assessment is designed to be completed independently by the participant.  Please ensure that 
the participant is seated comfortably at a chair with the assessment and a pen.  
 

 The evaluator can assist the participant by reading the instructions at the beginning of the 
assessment: 
“Over the last 2 weeks, how often have you been bothered by any of the following problems?” 

 The evaluator can orient the participant to the listed problems on the left side of the table, and then 
instruct the participant to select an answer that reflects his/her feelings over the last 2 weeks. 

 
Interpreting the PHQ-9: 

 If the evaluation therapist has concern about the study participant’s well-being and personal safety, 
then the evaluation therapist should express his/her concern to the participant and ask permission to 
share the results with the participant’s nurse and medical team.  
 

  A major depressive disorder is suggested if: 
1. Of the 9 items, 5 or more are checked as at least ‘more than half the days’ 
2. Either item 1 or 2 is positive, that is, at least ‘more than half the days’ 

 

 Other depressive syndrome is suggested if: 
1. Of the 9 items, 1, 2, or 3, are checked as at least ‘more than half the days’ 
2. Either item 1 or 2 is positive, that is, at least ‘more than half the days’. 

 

 Also, PHQ-9 scores can be used to plan and monitor treatment. To score the instrument, tally each 
response by the number value under the answer headings, (not at all=0, several days=1, more than 
half the days=2, and nearly every day=3). Add the numbers together to total the score on the bottom 
of the questionnaire. Interpret the score by using the guide listed below. 

 

 Guide for Interpreting PHQ-9 Scores 
Score Action 

0-4: The score suggests the patient may not need depression treatment 

5-14: Mild major depressive disorder. Physician uses clinical judgment about treatment, 
based on patient’s duration of symptoms and functional impairment. 

15-19: Moderate-major depressive disorder. Warrants treatment for depression, using 
anti- depressant, psychotherapy or a combination of treatment. 

20 or higher: Severe major depressive disorder. Warrants treatment with antidepressant, with 
or without psychotherapy, follow frequently. 
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Data Form 

1. Participant’s Study ID: _____________________ 
2. Evaluation:  1. Baseline  
   2. Post-Treatment  

  3. 6 month follow up 
  4. 12 month follow up 
 
3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 
           Month        Day                  Year 
   

4. Evaluator’s Initials:       
        First/Last 

Over the last 2 weeks, how often have you been bothered by any of the following problems? 
 Not at all Several 

days 

More than 

half the days 

Nearly 

every day 

1. Little interest or pleasure in doing 
things 

 

0 1 2 3 

2. Feeling down, depressed, or hopeless 0 1 2 3 

3. Trouble falling or staying asleep, or 
sleeping too much 

 

0 1 2 3 

4. Feeling tired or having little energy 0 1 2 3 

5. Poor appetite or overeating 0 1 2 3 

6. Feeling bad about yourself—or that 
you are a failure or have let yourself 
or your family down 

0 1 2 3 

7. Trouble concentrating on things, 
such as reading the newspaper or 
watching television 

0 1 2 3 

8. Moving or speaking so slowly that 
other people could have noticed. Or 
the opposite—being so fidgety or 
restless that you have been moving 
around a lot more than usual 

0 1 2 3 

9. Thoughts that you would be better 
off dead, or of hurting yourself in 
some way 

0 1 2 3 

Add columns:    _______    +     _______   +      _______ 

TOTAL:  

10. If you checked off any problems, how difficult have 
these problems made it for you to do your work, 
take care of things at home, or get along with other 
people? 

Not difficult at all              _______ 
Somewhat difficult           _______ 
Very difficult                      _______ 
Extremely difficult            _______ 
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Godin Leisure-Time Exercise Questionnaire 

Protocol 

 The participant is asked to complete a self-explanatory, brief, four-item query of usual leisure-time 
exercise habits. 
 

 The assessment is designed to be completed independently by the participant.  Please ensure that 
the participant is seated comfortably at a chair with the assessment and a pen.   

 

 There are 2 questions in the questionnaire.  Question 1 is comprised of 3 separate questions and 
question 2 has a single question. 

 

INSTRUCTIONS to the participant: 

1.  “Prior to your stroke, during a typical 7-Day period (a week), how many times on the average 
did you do the following kinds of exercise for more than 15 minutes during your free time? 
Ask this question for each component and write on each line the appropriate number. 

 
2. “Prior to your stroke, during a typical 7-Day period (a week), in your leisure time, how often do 

you engage in any regular activity long enough to work up a sweat (heart beats rapidly)? 

 
CALCULATIONS: 
1. For the first question, weekly frequencies of strenuous, moderate, and light activities are multiplied 
by nine, five, and three, respectively. Total weekly leisure activity is calculated in arbitrary units by 
summing the products of the separate components, as shown in the following formula: 
Weekly leisure activity score = (9 × Strenuous) + (5 × Moderate) + (3 × Light) 
 
EXAMPLE: 
Strenuous = 3 times/wk 
Moderate = 6 times/wk 
Light = 14 times/wk 
Total leisure activity score = (9 × 3) + (5 × 6) + (3 × 14) = 27 + 30 + 42 = 99 
 
2. For the second question, please put a “check mark” in the box corresponding to the participant’s 
answer. 
 
 
REFERENCE: 
Godin, G., Shephard, R. J.. (1997) Godin Leisure-Time Exercise Questionnaire. Medicine 
and Science in Sports and Exercise. 29 June Supplement: S36-S38. 
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Data Form 

 
 
 
 

 

 

Godin Leisure-Time Exercise Questionnaire 
 
1. During a typical 7-Day period (a week) before your stroke, how many times on the average do you 

do the following kinds of exercise for more than 15 minutes during your free time (write on each line 
the appropriate number). 
 
 
 

 
a) STRENUOUS EXERCISE (HEART BEATS RAPIDLY) Times Per Week  Score 
(e.g., running, jogging, hockey, football, soccer, 
squash, basketball, cross country skiing, judo,   __________  x9= ________ 
roller skating, vigorous swimming, 
vigorous long distance bicycling) 
 
b) MODERATE EXERCISE  (NOT EXHAUSTING)  
 (e.g., fast walking, baseball, tennis, easy bicycling, 
volleyball, badminton, easy swimming, alpine skiing,  __________  x5=_________ 
popular and folk dancing) 
 
c) MILD EXERCISE (MINIMAL EFFORT) 
(e.g., yoga, archery, fishing from river bank, bowling, 
horseshoes, golf, snow-mobiling, easy walking)   __________  x3=_________ 
 
        

Total Leisure Activity Score     __________ 
 
 
 
 
 
2. During a typical 7-Day period (a week) before your stroke, in your leisure time, how often do you 
engage in any regular activity long enough to work up a sweat (heart beats rapidly)? 

□ Often    □ Sometimes       □ Never/Rarely 

5-7 days/week    2-4 days/week    0-1 days/week 

 

  

1. Participant’s Study ID: _______ 

2. Evaluation:  1. Baseline  

 

3. Evaluation Date:  ___  ___/___ ___/___ ___ ___ ___ 

  Month        Day                  Year 

   

4. Evaluator’s Initials: ______/_______ 

                            First/Last 
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Appendix D  Chapter 4:  DOSE Study - Intervention Intensity, Progression, and 

Cardiovascular Safety Guidelines 
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