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This study had four main objectives: (1) to assess the rate of and predictors for inferred 

compliance with lower extremity Step Activity Monitor (SAM) protocol, (2) to assess the 

relationship between gait speed and SAM derived home and community ambulation, (3) to 

examine the association of gait speed and SAM indices to mobility and social participation 

domains of the Stroke Impact Scale (SIS), and (4) to identify predictors of SAM derived home 

and community ambulation. Data in this study were derived from the Locomotor Experience 

Applied Post-Stroke (LEAPS) trail. Study participants consisted of individuals two-month post-

stroke with moderate to severe gait impairment.  

The results indicated high compliance rates in the first and second measurement days (72 and 

66%, respectively). However, only 54% of the participants complied with the SAM protocol in 

both measurement days. Older age, less severe balance control deficits, and moderate to high 

balance self-efficacy, predicted increased compliance. In addition, self-selected walking speed 

significantly correlated with step activity volume, most activity intensity indices, and one activity 

pattern outcome. However, balance control, walking endurance, lower extremity motor control, 

and balance self-efficacy distorted the association between walking speed and SAM outcomes. 

In addition, gait speed and certain SAM indices significantly correlated with both SIS mobility 
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and participation. Surprisingly, gait speed association with SIS was stronger than the association 

of numerous SAM indices with SIS.   

Balance control, walking endurance, executive function, stroke location, age, balance self-

efficacy, lower extremity motor control, and gait speed were all identified as home and 

community ambulation predictors. However, gait speed did not predict activity volume or 

important activity pattern outcomes such as activity randomness. Moreover, this model explained 

only up to 50% of the variation in SAM derived step activity. Therefore, other factors such as 

caregiver support may also contribute to home and community ambulation.  

In conclusion, walking in the real world is highly complex. Furthermore, for individuals at 

two months post-stroke, usual gait-speed does not associate with all the various aspects of home 

and community ambulation. However, the association of gait speed with home and community 

ambulation may be affected by the time since stroke.  
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CHAPTER 1 
INTRODUCTION 

1.1 Overview of the Research Topic 

Stroke is a significant contributor to long-term adult disability and burden of care,1, 2 due to 

the consequences of residual neurologic deficits on mobility.3 Inability to independently 

ambulate at home and in the community is a common mobility problem post-stroke4 and one of 

the most disabling aspects for stroke survivors.5 Consequently, a return to home and community-

based ambulatory activity is a major rehabilitation goal for many stroke survivors.3  

Due to the importance of ambulation in people who have survived a stroke, an accurate 

assessment of mobility at home and in the community is an important outcome measure in 

treatment and rehabilitation.6 A variety of methods for estimating the ability to independently 

ambulate at home and in the community post-stroke are available. However, selecting post-

stroke outcomes is a difficult process as stroke has various etiologies, heterogeneity of 

symptoms, and variability of severity.7 Incorporating a framework of health and disability can 

maximize clinical relevance in post-stroke outcome measures. The World Health Organization 

International Classification of Functioning, Disability and Health (ICF) model provides a 

standard language and a framework to describe consequences of disease (e.g., stroke), and 

physical and social environment on different health related domains.8 Thus, the ICF can be used 

to classify post-stroke walking outcome measures.  

Within the ICF system there are two different domains to assess or estimate stroke impact 

on walking and community ambulation. Walking and community ambulation can be estimated 

via activity and/or participation measures. Quality of life outcome measures may contain items 

that reflect community ambulation as well.  Measures such as gait speed and walking distance 

are examples of activity level measures. These measures are simple, fast, and related to the 
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severity of disability in the home and the community.9 However, such measures evaluate the 

individual in a non-familiar environment,10 attempt to derive mobility from brief  “snapshots” of 

walking performance,11 may not be sensitive to subtle changes in ambulatory recovery across the 

subacute stroke rehabilitation period (first 3 months at home),11, 12 and overall, do not directly 

assess persons’ free-living ambulation or mobility-driven social participation.12 Participation 

level measures may be ascertained with self-report of mobility via instruments such as the SIS. 

The SIS is a 64-item scale covering eight domains that assess dimensions of health related to 

quality of life. The mobility and participation domains include items which represent community 

ambulation and mobility aspects (e.g., the ability to climb flights of stairs and to participate in 

active recreation).13 Self-report approaches are especially useful in large population studies.14, 15 

However, such instruments do not take direct measures of individuals’ mobility level and rely on 

factors related to recall and cognitive ability which contribute to the inaccuracy of these 

approaches.16  

An alternative approach to participation level community ambulation measurement 

involves direct recording of ambulatory activity.14 Pedometers and microprocessor-based 

accelerometers, such as the SAM, enable direct and long-term monitoring of individuals’ normal 

activities conducted in their own environments.17, 18  Pedometers count the number of steps taken 

during ambulatory activity (an indication of volume of physical activity). However, pedometers 

are unable to breakdown activity minute-by-minute, therefore, they do not provide information 

on activity intensity and pattern. Furthermore, within the stroke population, pedometers do not 

provide accurate and reliable measure of stride counts.19 Pedometers inaccuracy within the stroke 

population may be due to stroke survivors’ slow gait speeds and irregular gait patterns. 

Pedometers are typically worn at the waist. Therefore, they tend to function best during vigorous 
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walking (gait speed > 0.9 m/s), when the motion of the hips is more pronounced.20-22 In addition, 

pedometers respond to vertical (up-and-down) displacement only and are not capable to detect 

movements in the sagittal (forward/backward) and frontal (right/left) planes. Therefore, 

pedometers tend to underestimate steps taken in irregular gait patterns.20, 21 

Unlike the pedometers, SAM was found to be valid, reliable,19, 23 and sensitive to 

change12 when used with individuals post-stroke. In addition, SAM provides minute-by-minute 

measurements. The resulting temporal series of data can be analyzed in a variety of ways:24  

(1) Activity volume, refers to activity quantity and/or duration (e.g., the number of steps an 

individual took in 24 hour period),25 (2) Activity intensity, as determined via step vigor 

(steps/min). Step vigor can be used to determine time spent in bouts of specific intensity 

categories (e.g., light, moderate, vigorous),26, 27 and (3) Activity pattern, represents the degree to 

which activity (e.g., number of steps) fluctuates minute-to-minute, and whether these minute-to-

minute fluctuations occur in an orderly, repetitive, or predictable manner.  

 Measurement of ambulation volume, intensity, and pattern is beneficial as they are 

potentially useful indicators of age and health associated walking function.14 Measures of 

activity intensity and pattern are especially valuable as they illustrate the manner in which a 

person accumulated their steps (two subjects with nearly the same step count could accumulate 

their steps in very different ways in terms of activity intensity and pattern). Consequently, the 

use of SAM as a post-stroke home and community ambulation outcome measure is promising. 

Nevertheless, habitual ambulation measurement post-stroke is not without its challenges and 

additional research is needed to provide recommendations on the best practice of home and 

community ambulation measurement post-stroke. 
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1.2 Home and Community Ambulation Measurement Current Research Needs 

Gait speed is commonly used as a measure of walking ability in both research and 

clinical settings. Correlations of gait speed with impairment severity, activity limitations, and 

participation have been established. Such correlations, including inferences to activities beyond 

the clinic, have validated its utility as an outcome measure for rehabilitation interventions aimed 

at improving walking ability after neurologic injury or disease. Unlike gait speed, recording 

community-based step activity with an accelerometer provides a window into actual walking 

behavior at home and in the community. However, similar to the course of scientific inquiry that 

established gait speed as a meaningful outcome measure, there is a need to systematically 

examine the use of step activity as an outcome measure. Towards that goal, I propose to address 

three critical steps. First, we need to establish the compliance rate for use of an accelerometer 

protocol by individuals post-stroke. Second, as gait speed has been the predominant outcome 

measure for rehabilitation research and walking, it will be valuable to understand its relationship 

to actual step activity at home and the community. Lastly, as with gait speed, we will examine 

factors that may influence step activity at home and the community. 

1.2.1 Inferred Compliance with a Step Activity Monitor Protocol to Measure Free 
Physical Activity in Moderate to Severe Sub-Acute Stroke Survivors 

SAM is a highly accurate microprocessor-based instrument that directly and continuously 

counts and records individuals’ number of steps taken while ambulating in their natural 

environment.14, 18 However, in order for the SAM to be a valuable tool in clinical trials, 

determining the inferred rate of compliance with SAMs’ protocol in persons with moderate to 

severe sub-acute stroke is essential, as participant compliance in wearing the monitor is critical 

for obtaining accurate physical activity measurement.15 In addition, it is vital to examine factors 

that are associated with accelerometer monitor protocol compliance within this population. 
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Understanding these factors may aid researchers in determining ways to ensure participant 

compliance in wearing the monitor. 

1.2.2 Clinical Based Gait Speed in Persons with Sub-Acute Stroke: Relationship to Home 
and Community Ambulation Activity 

A speed-based classification system has often been used as a proxy measure for 

community ambulation28 in post-stroke clinical trials, as is a reliable and valid measure of 

walking performance29-31 and recovery of walking ability.1 However, the use of gait speed to 

predict home and community ambulation post-stroke and clinical meaningfulness has been 

mainly validated with questionnaires.9, 32 Bowden et al. 33 validated the clinical based gait speed 

classification system against a quantitative and objective measure of home and community 

ambulation (SAM). However, this study recruited individuals with chronic stroke (more than 6 

months post-stroke) and validated the gait speed classification system against steps activity 

volume only. In order to validate speed-based classification system as a home and community-

ambulation outcome measure in the sub-acute phase of stroke recovery, there is a need to 

establish the relationship between speed-based classification system and actual home and 

community ambulation activity volume, intensity, and pattern. 

 Moreover, it is important to establish whether other variables (e.g., motor and sensory 

impairments, balance, walking endurance, and balance self-efficacy) significantly confound the 

relationship between speed-based classification and actual habitual ambulation. Finally, both 

SAM and gait speed do not provide information on what type of activities the person is actually 

doing in the community. Therefore, it will be useful to evaluate the association between gait-

speed classification system and the SAM with the commonly used SIS, as it provides 

information on how stroke has impacted the participant’s ability to conduct activities such as 

climb flights of stairs and to participate in active recreation.13 
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1.2.3 Ambulatory Activity during the Sub-Acute Phase of Stroke Recovery: Relationship 
to Impairment Level, Activity Limitations, and Personal Factors  

A myriad of factors contribute to home and community ambulation activity level. 

Quantifying post-stroke home and community ambulation activity and determining the 

relationship of patients’ impairment level, activity limitations, and personal factors with SAM 

derived home and community ambulation is important, as these relationships may reveal home 

and community ambulation underlying mechanisms. Thus, it may be beneficial in development 

of interventions resulting in better carryover of everyday ambulatory activity.34 In addition, these 

relationships will shed light on which clinically-based outcome measures best predict home and 

community ambulation level, and thus would be beneficial clinically and in research.  

The next section provides a literature review to orient the reader to the knowledge 

underlying the overall object of this project. The literature review is composed of the following 

seven sections: 1) stroke definition, epidemiology, and sequelae; 2) underlying dimensions of 

habitual ambulation and habitual ambulation in the post-stroke population; 3) the ICF as a 

conceptual framework for studying home and community ambulation; 4) post-stroke commonly 

used activity, participation, and quality of life home and community ambulation outcomes; 5) 

direct objective measurement of home and community ambulation; 6) SAM as a home and 

community ambulation outcome measure post-stroke; and 7) the LEAPS trial. 
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CHAPTER 2 
REVIEW OF THE LITERATURE 

2.1 Stroke Definition, Epidemiology, and Sequelae 

2.1.1 Definition  

 The World Health Organization defines stroke as “a rapid onset event of vascular origin 

reflecting a focal disturbance of cerebral function, excluding isolated impairments of higher 

function and persisting longer than 24 hours.”35 Stroke diagnosis can be confirmed by Magnetic 

Resonance Imaging or Computed Tomography. If scan is not available, stroke diagnosis can be 

confirmed also by clinical criteria.36  

2.1.2 Epidemiology  

Stroke is the most common serious neurologic disorder,36 and the primary cause of adult 

disability in the United States.37 Every year approximately 700,000 Americans suffer a stroke.9 

About 500,000 of these are first or new strokes, and 200,000 occur in people who have already 

had a stroke.38 Strokes can—and do—occur at any age. However, stroke incidence is related to 

age, being uncommon under age 50, and doubling each decade past age 55.36 

In addition, stroke is the third leading cause of death after heart disease and cancer,36 with 

over 160,000 people dying each year from stroke in the United States.38 “Most patients who die 

from acute stroke succumb in the first 30 days. The overall 30-day survival following a new 

stroke is reported to be 20% to 85%, survival being largely dependent on stroke type. There are 

two main types of stroke: ischemic and hemorrhagic. Ischemic stroke is the most common type 

of stroke—accounting for approximately 80% of all strokes. Ischemic stroke is caused by the 

presence of a blood clot or other blockage within an artery leading to the brain.39 According to 

the Trial of Org 10172 in Acute Stroke Treatment, Ischemic stroke can be further divided into 

five subtypes (see table 2-1). The 30 days survival of patients with cerebral infarction is around 
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85%.36 The highest 2-year survival is in persons with lacuner stroke and the lowest is in persons 

with cardioembolism.40 

Hemorrhagic stroke is due to rupture of a blood vessel or an abnormal vascular structure. 

There are two types of hemorrhagic stroke: intracerebral and subarachnoid. In intracerebral 

hemorrhagic stroke the blood from the ruptured artery is released into the brain. A subarachnoid 

stroke differs from intracerebral stroke in that the blood from the ruptured artery fills the space 

surrounding the brain rather than into the brain.39 The 30-day survival of patients with 

hemorrhagic stroke is only about 20%, most of the deaths occurring in the first 3 days.36  

Side of stroke is another important factor which has an impact on post-stroke outcomes as 

left-hemispheric and right-hemispheric strokes have different characteristics and symptoms. A 

left-hemispheric stroke often causes paralysis of the right side of the body. In addition, 

individuals with left-hemispheric stroke may suffer from an inability to solve problems, have 

impaired retention of information, are often more easily frustrated and angered, and may have 

apraxia or language difficulties.42 Language difficulties may transfer into difficulty 

understanding and following therapy directions. Right-hemispheric stroke frequently causes 

paralysis in the left side of the body. Moreover, persons with right-hemispheric stroke often 

experience difficulty with spatial-perceptual tasks, develop  impulsive style, tend to have greater 

balance problems, and may experience left-side neglect.42 Despite the differences between left 

and right-hemispheric stroke, side of stroke does not appear to be associated with independence 

in activities of daily living outcome43-47 or gait.48 Moreover, the available literature suggests that 

unilateral spatial neglect is a poor predictor of activities of daily living45, 46, 49 and gait speed.50 

2.1.3 Sequelae 

Approximately two thirds of stroke survivors experience residual neurologic deficits,3 

which impair, among others, the ability to sense, speak, understand, and remember.3 In addition, 
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stroke often results in impairments such as muscle weakness51, 52 and balance disorders53, 54  

which may lead to functional disability.1, 55-58 Accordingly, about 90% of stroke survivors suffer 

from functional disability, with mobility being a major impairment.59 Gait abnormalities are 

common mobility impairments post-stroke, which commonly persist through the chronic stages 

of stroke.  Such abnormalities have a negative impact on activities and instrumental activities of 

daily living, and the ability to function safely and effectively at home and within the 

community.60, 61  In addition, post-stroke impairments and gait abnormalities commonly lead to 

low levels of physical activity,34 which may predispose stroke survivors to common post-stroke 

secondary complications, such as osteoporosis, heart disease,62 skeletal muscle tissue 

alterations,63 and profound cardio-respiratory deconditioning.64 These secondary complications 

may further contribute to post-stroke gait abnormalities. Below is a review of post-stroke balance 

deficits, skeletal muscle tissue alteration, and cardiovascular deconditioning. 

2.1.3.1 Balance post-stroke 

 Balance problems are common after stroke.65-68 Tyson et al.69 reported that 83% of first 

time stroke survivors during the acute phase of stroke recovery had a balance disability. Of these, 

27% could sit but not stand, 40% could stand but not step, and 33% could step and walk but still 

had limited balance. Other studies of balance impairments post-stroke have shown that compared 

to age matched healthy volunteers, stroke survivors have greater postural sway,70-74 altered 

weight distribution patterns, and smaller excursions when moving weight around the base of 

support.75-83 In addition, a positive relationship between balance disability and other aspects of 

function, such as activities of daily living, mobility, and falls has been reported.83, 84 Moreover, 

numerous researchers reported a significant positive correlation between balance disability and 

strength, lower-limb control69, 85, 86 and sensation.69, 85, 86 On the other hand, it has been reported 

that age, gender, or side of stroke are not related to balance disability.69, 85 
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2.1.3.2 Skeletal muscle tissue alterations post-stroke 

 Stroke patients commonly experience a number of changes in skeletal muscle including, 

gross muscular atrophy,63 fiber phenotype shift,87 and increase in insulin resistance.88 Extreme 

gross muscular atrophy in paretic thigh has been reported, showing 20% lower muscle area 

compared to the non-paretic thigh. In addition, intramuscular fat area is 25% greater in the 

paretic thigh compared to the non-paretic thigh.63 Reduced muscle mass decreases stroke 

survivors ability to use oxygen because the amount of muscle tissue is partially responsible for 

the amount and rate of oxygen a person can utelize.64 Accordingly, Ryan and associates89 

reported a strong relationship between thigh muscle mass and peak oxygen consumption, with 

lean mass predicting over 40% of the variance in peak aerobic fitness. Moreover, muscular 

atrophy in the paretic limb is a strong predictor of gait deficit severity.64  

 Paretic leg muscle in stroke survivors show elevated proportions of fast type myosin 

heavy chain II fibers.87 Neurological alterations may be partially responsible for the shift of 

muscle phenotype. A shift to fast myosin heavy chain fibers can also occur as a result of muscle 

unloading or disuse. The shift to fast myosin heavy chain fibers in the stroke paretic leg muscle 

would be expected to result in a more fatigable and insulin resistant muscle fiber type.90  It was 

reported that in the paretic limb, the proportion of fast myosin heavy chain isoform is strongly 

inversely related to self-selected walking speed and that gait deficit severity may account for 

approximately 61% of the variance in fast myosin heavy chain isoform.87  

2.1.3.3 Cardio-respiratory system post-stroke 

Stroke leads to profound cardio-respiratory deconditioning. Chronic stroke patients’ peak 

oxygen consumption is approximately half that of age-matched controls.64, 91 Post-stroke 

decreased cardio-respiratory fitness is commonly attributed to reduced central neural drive, 
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secondary biological abnormalities in skeletal muscle, and impairments in paretic leg peripheral 

blood flow.64 

2.2 Underlying Dimensions of Habitual Ambulation and Habitual Ambulation in the 
Post-Stroke Population 

A return to home and community-based ambulatory activity is a major rehabilitation goal 

for many stroke survivors.3 Following is a review of the concept of “community ambulation,” the 

major determinants of community ambulation post-stroke, and of post-stroke community 

ambulation status. 

2.2.1 Community Ambulation-Definition 

 The definition of “community ambulation” varies in the literature.28 Lord and 

colleagues61 defined community ambulation as “locomotion outdoors to encompass activities 

such as visits to the supermarket, shopping malls, and back; social outings; vacations; and pursuit 

of leisure activities.” More recently, Lord et al.28 described community ambulation as the 

“…ability to integrate walking with other tasks in a complex environment.”  

According to the Patla and Shumway-Cook operational definition92 community 

ambulation consists of 8 environmental dimensions: ambient conditions (e.g., average 

temperature), terrain characteristics (e.g., stairs and curbs), external physical load (e.g., manual 

doors and weight of packages), attentional demands (e.g., distractions in the environment), 

postural transitions (e.g., number of times that a subject backed up and turned his/her head), 

traffic level (e.g., number of people within arms range and unexpected collisions), time 

constraints (e.g., subjects’ ability to maintain the same speed as those around them), and walking 

distance (mean distance walked). “These 8 dimensions do not simply catalogue the 

environmental features that one encounters in the community. Rather, they capture the 

interaction between the individual and the environment during the performance of activities of 
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daily living…”93  In a follow-up study, Patla and Shumway-Cook94 examined the influence of 

these 8 dimensions on mobility in older adults with and without mobility disabilities. The 

investigators concluded that temporal factors, postural transitions, physical load, and terrain, are 

all important dimensions. 

 For the purpose of this study, community ambulation was defined as steps activity 

volume, intensity, and pattern taken at home (e.g., walking from the kitchen to the bedroom) and 

outdoors (e.g., visits to shopping malls and social outings) with or without assistive devices. 

2.2.2 Major Determinants of Community Ambulation Function Post-Stroke 

The ability to ambulate at home and in the community may be influenced by several 

underlying factors. Below is a review of factors which may be important for safe and effective 

community ambulation. 

2.2.2.1 Motor control  

According to Lord and Rochester95 motor control is important for the performance of 

automatic movements such as walking in predictable environments (e.g., walking in a well-lit 

room without obstructions).The ability to perform automatic movements is an important aspect 

of movement control. However, higher levels of the nervous system are not essential for the 

generation of such rhythmic limb movements, as the generation of rhythmical patterns of motor 

activity is mediated by central pattern generators in the spinal cord in the absence of sensory 

input from peripheral receptors.96 In contrast, higher levels of motor control, which require 

cortical input and afferent feedback are required in order to adjust gait in less predictable 

environments, to initiate and terminate gait, and to perform complex tasks.97 

2.2.2.2 Balance  

Michael et al.23 quantified household and community ambulatory activity profiles of 

persons with chronic mild to moderate stroke, and examined the relative contributions of 
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mobility and cardiovascular fitness toward ambulatory activity levels. Ambulatory activity was 

quantified by stride counts obtained from SAMs. The authors reported that balance as established 

via the Berg Balance Scale (BBS), was the only predictor of ambulatory outcomes. The data 

suggested that persons with the poorest balance will have the lowest ambulatory activity levels.  

Balance may be important for habitual ambulation because ambulating in the community is 

characterized by initiating gait from various postures, terminating gait, changing direction and 

speed, adapting the step cycle to meet unpredictable terrain and environmental conditions, 

avoiding expected and unexpected obstacles, and postural shifts such as turning to look at 

something. These transitions stress the balance control system.98 For example, “gait initiation 

requires going from a stable standing posture to essentially falling (where the center of mass is 

moved outside the base of support), followed by recovery with the positioning of the swing limb. 

Gait termination requires the control of forward linear momentum, which, if not done properly, 

can be destabilizing.”92  

2.2.2.3 Endurance  

Michael et al.23 reported that in persons with chronic mild to moderate stroke, neither gait 

economy nor peak oxygen consumption were significantly related to stride counts obtained from 

SAMs. The authors hypothesized that the lack of a demonstrable relation between fitness 

outcomes and ambulatory activity may reflect a floor effect, attributable to the universally low 

peak oxygen consumption values and limited variability to reveal an association. Other 

researchers also suggested that walking endurance is less important for community ambulation in 

older adults.94 In contrast, van De Port and associates99 found that walking endurance was an 

important factor for outdoor mobility.  Numerous additional studies have demonstrated that 

walking endurance is crucial for community ambulation,23, 60, 61 and related to community 
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reintegration post-stroke,100, 101 especially in persons with gait speed > 0.48 m/s.102 In addition, 

walking distance of 300 to 500 continues meters is suggested for community ambulation.60, 103 

2.2.2.4 Gait speed  

Michael et al.23 concluded that post-stroke self-selected floor walking speed did not 

predict ambulatory outcomes (total daily step activity). In contrast, Lord et al.61 reported that 

post-stroke (mean time from stroke 16 weeks), individuals with different self-reported 

community ambulation levels had significantly different gait speeds. In addition, in an effort to 

assess requirements associated with community ambulation, Lerner et al.103 examined the 

mobility requirements associated with instrumental activities of daily living in the Los Angeles, 

California area. The authors recommended that for safe community ambulation, persons should 

be able to walk 1.16 m/s in order to cross a street in the time provided by a traffic light. Cohen 

and associates104 suggested a similar gait speed requirement of 1.21 m/s. Perry et al.9 reported 

that gait speed significantly predict community ambulation post-stroke. The authors 

recommended a threshold of 0.8 m/s for community ambulation. However, other investigators 

have suggested that this threshold may be too high.105 For instance, van de Port et al.99 reported 

that a cut-off point of 0.66 m/s was optimal to distinguish between community and non-

community walkers. Whereas, Hill and colleagues60 recommended a minimum gait speed of 0.48 

m/s.  

Differences between studies’ recommendations for minimal gait speed required for 

community ambulation may be due to several factors: (1) methods used to assess community 

ambulation, (2) methods used to assess gait speed, (3) time from stroke (chronic patients may use 

more compensatory strategies, which they have learned over the years), and (4) underlying 

factors which may confound the relationship between gait speed and community ambulation. 
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Factors which confound the relationship between gait-speed and community ambulation: 

Numerous factors have the potential to confound the relationship between gait speed and 

community ambulation.  According to van de Port and colleagues,99 the association between gait 

speed and community ambulation post-stroke, as determined by a self-administered 

questionnaire, was confounded by control of standing balance. Van de Port’s results99 are in 

agreement with those of previous studies.23, 60, 61 Accordingly, it has been reported that the ability 

to control posture while performing everyday functional tasks accounted for approximately 30% 

of ambulatory activity variance as measured by the number of steps performed per day.23  

Balance control may confound the relationship between gait speed and community ambulation, 

as it enables individuals to ambulate in the community despite slower gait speeds.99   

van de Port and associates,99 also reported that motor function, as determined by the 

Motricity Index, changed the regression coefficient of gait speed by more than 15%. Therefore, 

the authors concluded that motor function distorts the association between gait speed and 

community ambulation. Additionally, van de Port et al.99 concluded that walking endurance and 

the use of walking devices also confounded the relationship between gait speed and community 

ambulation. The authors hypothesized that the use of an assistive device may confound the 

relationship between gait speed and community ambulation, probably because it enables 

individuals to walk in the community despite lower gait speeds.99 Similarly, Logan et al.106 

reported that providing walking aids helps individuals increase mobility outdoors. Moreover, it is 

reasonable to believe that balance self-efficacy might also confound the relationship between gait 

speed classification system and community ambulation, as fear of falling may lead to the 

avoidance of activities that the individual remains capable of performing.107  Finally, van de Port 

and associates99 reported that age, hemisphere, living alone, history of falls, executive function, 
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fatigue or depression did not confound the association between gait speed and community 

ambulation.  

In summary, it appears that gait speed is an important factor related to community 

ambulation. Nevertheless, the ability to walk in the community is determined by numerous 

underlying factors such as endurance, assistive walking devices, motor control, and balance.99 In 

addition, there are clinical grounds to believe that balance self-efficacy will also confound this 

relationship.  However, the participation level measures of home and community ambulation 

used in the reviewed studies mainly consisted of self-administered questionnaires. Such 

instruments do not measure directly individuals’ mobility level and rely on factors related to 

recall and cognitive ability which contribute to the inaccuracy of these approaches.108 Therefore, 

further investigation which involves the direct measurement of habitual ambulation is warranted. 

2.2.2.5 Stairs management  

Safe community ambulation requires the ability to manage stairs and curbs.60, 104, 109 For 

instance, Lernier et al.103 state that safe community ambulation entails negotiating a 17.8- to 

20.3-cm (7- to 8-in) curb, and climbing 3 steps and a ramp without a handrail.103 In addition, Hill 

and colleagues60 recommended that for safe community ambulation, individuals should have a 

Functional Independence Measure (FIM) locomotion domain of at least 5, and at least 6 on the 

Functional Ambulation Classification (FAC). 

2.2.2.6 Cognitive flexibility  

Theoretically, cognitive flexibility may also be important for community ambulation, as 

walking in the real world is highly complex, and requires to address motor requirements while 

attending to a wide range of concurrent tasks and environmental stimuli.110 Executive function is 

an important aspect of cognition. The executive function system is a theorized cognitive system 

that controls and manages cognitive processes. “This system comprises a broad class of mental 
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processes involved in initiating and maintaining smooth information processing and coordinated 

actions in the central nervous system.”111 The mental processes involved in the executive 

function system include attention allocation, goal representation and maintenance, restraining 

and delaying responses, attending selectively, and planning.112, 113  Therefore, executive function 

involved in defining the problem at hand, which requires that one stop to plan and analyze rather 

than act.114 In addition, these functions are fundamental to inhibiting irrelevant actions and in 

setting future goals such as  performing complex motor acts.115 The executive function system 

may be important for independent and safe home and community ambulation because unlike 

ambulating in the clinic, ambulating outdoors is unpredictable, complex, requires planning of 

path selection, navigation, speed of information processing to enable adaptations to meet 

environmental demands, and the ability to divide attention between mobility and other tasks (e.g. 

conversing with a friend).92 

2.2.2.7 Balance self-efficacy  

Balance self-efficacy could be another potential covariate that could confound the 

relationship between gait speed and home and community ambulation. According to Bandura’s 

theory of self-efficacy116 persons with low self-efficacy for a particular activity will tend to avoid 

that activity. In contrast, individuals with high self-efficacy for a particular activity will engage 

in the activity with enhanced confidence. Thus, according to Bandura’s theory, individuals who 

have low confidence in their ability to ambulate at home and in the community without 

sustaining a fall might tend to avoid ambulation at home and in the community. 

2.2.3 Post-Stroke Community Ambulation Status 

 Approximately 75-85% of stroke survivors ultimately are discharged home.117, 118  

However, the majority suffer from mobility impairments59 that hamper their ability to 

independently walk at home and in the community. Several researchers assessed post-stroke 
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community ambulation status. Lord et al.61 assessed community ambulation ability via a self-

report questionnaire. The sample consisted of 130 post-stroke participants that lived at home. 

Participants were placed into one of the following four ambulation categories: (1) not ambulating 

outside of the home, (2) ambulating as far as the letterbox, (3) ambulating within the immediate 

environment, and (4) ambulating in a shopping center and/or other places of interest. The self-

report questionnaire indicated that 14.6% of the participants were unable to leave their home 

unsupervised, 16.9% were able to walk to the letterbox, 7.6% were limited to ambulating in their 

immediate environment, and 60.7% were able to ambulate within a shopping center and/or other 

places of interest. The study demonstrated that nearly one third of the sample was not able to 

ambulate independently within the community after stroke.  

In a more recent study, van de Port et al.99 assessed community ambulation of a relatively 

young group (mean age 59 years) of stroke survivors with moderate stroke severity. Community 

ambulation was determined according to the previously described Lord et al.61 self-administered 

community ambulation questionnaire. The authors reported that 26% of participants were non-

community or limited community walkers. Perry and associates9 reported that only 17% of 

stroke survivors could independently ambulate in the community post-stroke. The patients' level 

of functional walking ability at home and in the community was assigned by expert clinicians to 

one of the six categories of a modified Hoffer Functional Ambulation scale at least 3 months after 

discharge (see table 2-2). Other researchers reported that approximately 70% to 80% of stroke 

survivors will recover the ability to walk short distances on flat surfaces. However, only 50% 

achieve limited community ambulation119 and less than 20% have unlimited ambulation in the 

community.120 
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In summary, the available data suggest that approximately 20-70% of stroke survivors 

manage to walk independently in the community again.9, 61, 99 Differences between studies in the 

reported percentage of stroke survivors who can independently ambulate in the community may 

be due to different methods used to establish community ambulation and sample characteristics 

(e.g., age, time from stroke, and stroke severity).  

2.3 The International Classification of Functioning, Disability and Health as a 
Conceptual Framework for Studying Home and Community Ambulation 

A two part conceptual model adapted from the ICF model was specifically proposed to 

guide these research study questions. Part A of the conceptual model describes the variables that 

might influence ambulation in the community, and is based on the ICF model.121 Part B of the 

model addresses community ambulation descriptors: walking volume, intensity, and patterns. 

This part is an elaboration of the ICF participation domain (see figure 2-1). 

2.3.1 Conceptual Model Part A-Community Ambulation Barriers and Facilitators 

  The ICF framework is the most current and comprehensive disability model available. 

The ICF system organizes health-related information into two broad categories--functioning and 

disability, and contextual factors. The category of functioning and disability encompasses the 

components of Body Functions and Structures (impairment) and Activities and Participation. The 

category of contextual factors includes the components of Environmental Factors and Personal 

Factors. 

2.3.1.1 Health condition 

 In this study, the general health condition is: “stroke.” The World Health Organization 

have defined stroke as “a rapid onset event of vascular origin reflecting a focal disturbance of 

cerebral function, excluding isolated impairments of higher function and persisting longer than 
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24 hours.”35 The type of stroke and severity were included in the model as they are important 

aspects that may impact post-stroke community ambulation. 

2.3.1.2 Body functions and structures  

Body structures are the anatomical parts of the body and include organs, limbs, and their 

components. Body functions are the physiological or psychological functions of body systems.121 

In this study, stroke related body functions and structures include stroke related sensory, 

cognitive, and motor impairments, as they may have detrimental effects on ambulation. 

Depression and fear of falling were also included in the model. Depression after stroke is 

common,122 has been linked with greater impairments in activities of daily living,123-127 and 

increased mortality after stroke.  Fear of falling is a “disabling symptom of impaired mobility 

among frail older people that is significantly associated with depression, diminished performance 

in gait, and restricted instrumental activities of daily living.”128 Moreover, fear of falling may 

lead to the avoidance of activities that the individual remains capable of performing.107   

2.3.1.3 Activities 

 Activities can be defined as the execution of a task or action by an individual.121 

Mobility is a component of activity domain, and has been defined as the “ability to move from 

one place to another without assistance.”129 Mobility disability is defined by the inability of 

individuals to move effectively in their surroundings.130 Gait speed was included in this study’s 

activity domain, as mobility and mobility disability are commonly demonstrated by changes in 

gait velocities.131 Impaired ability to ambulate short distances and to maintain balance were also 

included in the model, as they are important mobility dimensions which might reduce the ability 

to move effectively and safely in the community. 
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2.3.1.4 Participation 

 Participation is the involvement in a life situation, relationships, community, social, and 

civic life, and it may include domestic life, and interpersonal interactions.121 Community 

ambulation may be considered a participation domain component as it refers to persons’ ability 

to ambulate in the community in order to achieve behavioral goals and to fulfill community, 

social, and civic life roles. This dissertation study focuses on post-stroke community ambulation 

characteristics, its relationship to the different components of the ICF model, and evaluates the 

utility of the SAM as a community ambulation outcome measure post-stroke. 

2.3.1.5 Personal factors 

 “Personal factors are the particular background of an individual’s life and living, and 

comprise features of the individual that are not part of a health condition or health states. These 

factors may include gender, race, age, other health conditions…and other characteristics….”121 

Age and co-morbidities were included in the model. Numerous studies have reported that age is 

an important outcome of mobility within the stroke population.132-134 Van de Port132 developed a 

prognostic model to predict mobility outcomes one year post-stroke. The authors reported 

significant association between mobility and co-morbidity (the presence of cardiovascular and/or 

respiratory disease, diabetes mellitus and co-morbidities of the locomotor system), but not 

between mobility and gender.  

2.3.1.6 Environmental factors  

“Environmental factors make up the physical, social and attitudinal environment in which 

people live and conduct their lives.”121 In this study, environmental factors will not be assessed, 

however, they are likely to affect step activity (e.g., the availability of public transportation is 

likely to influence the number of steps a person takes in 24 hours). 
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2.3.2 Conceptual Model Part B-Community Ambulation Descriptors 

Community ambulation via monitoring of step activity can be described in terms of 

ambulation volume, intensity, and pattern. 

2.3.2.1 Community ambulation volume  

 Ambulation volume refers to activity quantity and/or duration. Community ambulation 

volume can be described in terms of mean activity level (e.g., the number of minutes of walking 

each day), and total activity conducted (e.g., total number of steps taken, distance walked, and 

total kilocalories expended). However, ambulation volume can be an incomplete descriptor of 

function because two subjects with nearly the same community ambulation volume (e.g., step 

count) can accumulate their steps very differently14 in terms of ambulation intensity and pattern.  

2.3.2.2 Community ambulation intensity 

 Ambulation intensity refers to the overload on the cardiovascular system. The intensity 

can be described in terms of percent of max oxygen consumption.135 Because oxygen 

requirement is a function of walking speed,136 step vigor (steps/min) can be used to infer 

ambulation intensity (e.g., light, moderate, vigorous).26, 27 

2.3.2.3 Community ambulation pattern  

 Like other physiological signals, such as heart rate, gait measures are not constants but 

fluctuate with time.137 Community ambulation pattern include the following two concepts: (A) 

variability magnitude, which reflects the degree to which scores in a distribution are spread out 

or clustered together. Community ambulation variability magnitude variables may consist of the 

dispersion of 1-minute stride count values greater than zero, and the number of 1-minute 

intervals for which the subject switched from inactivity (stride count=0) to activity (stride count 

> 0);14 and (B) variability structure, assessment of whether the activity fluctuates in an orderly, 

repetitive, or predictable manner.  
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2.4 Post-Stroke Commonly Used Activity, Participation, and Quality of Life 
Community Ambulation Outcomes 

The World Health Organization ICF model8 can serve as the underlying framework for 

community ambulation assessment. Community ambulation outcomes can represent the ICF 

activity and/or participation domains. Below is a review of commonly used post-stroke activity 

and participation mobility outcomes.  

2.4.1 Post-Stroke Activity Level Mobility Outcomes 

Post-stroke activity level mobility outcomes consist of tasks that researchers and 

clinicians consider best representing community ambulation.28 Below is a description of eight 

commonly used post-stroke activity level mobility outcomes. Special attention will be given to 

gait speed. 

2.4.1.1 Gait speed 

Gait speed, measured using the 10-meter timed walk, is used in both research and clinical 

situations,28 as it is simple to measure, reliable, valid, and sensitive to post-stroke recovery 

stage.9, 138 Furthermore, gait speed is related to rehabilitation prognosis and discharge destination 

in stroke patients during inpatient rehabilitation,29 and the elderly.139, 140 Studenski et al.67 

established gait speed of less than 0.6 m/s as a predictor of declines in health status and future 

health care utilization in older adults (65 and older). Decreased gait speed has also been reported 

to be related to fear of falling, falls in elderly community dwellers,141 and to the ability to 

complete activities of daily living and instrumental activities of daily living in the community 

dwelling elderly population.67, 142 Moreover, gait speed is associated with motor recovery143 and 

kinetic variables during gait.144  

Perry and associates9 examined the relationship between gait speed and mobility in 

persons three months post-stroke. Six ambulation categories related to post-stroke mobility and 
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ambulation inside and outside of the house were developed. Five clinical outcome measures were 

used to place the participants into one ambulation category. The measures included: a walking 

ability questionnaire, motor control, proprioception, gait speed, and other stride characteristics. 

Gait speed was the only clinical measure to significantly predict placement into the ambulation 

categories. Due to similarities in gait speed between household walkers, the classification system 

was condensed to depict four distinct gait speed classifications (see table 2-3). 

Recently, Schmid et al.32 evaluated whether changes in Perry et al.9 speed-based 

community ambulation classification were related to clinically meaningful changes in stroke 

related function and quality of life. Study population consisted of sub-acute stroke survivors with 

mild to moderate deficits.  The researchers assessed the effect of success versus failure to 

achieve a transition to the next class of function and quality of life according to domains of the 

SIS. After treatment, household ambulators who transitioned to limited or full community 

ambulation had significantly better SIS mobility and participation scores. Limited community 

ambulators who achieved the transition to full community ambulatory status had significantly 

better scores in SIS participation. Thus, the authors concluded that gait speed classification acts 

as a potentially meaningful indicator of clinical benefit. 

Lord et al.61 examined the relationships between post-stroke gait speed and mobility 

among 130 post-stroke participants who lived at home. Mobility outcome measures consisted of 

gait endurance, gait speed, walking ability (indoor and outdoor), functional mobility, and 

community ambulation, according to an unsupervised mobility self-report questionnaire. 

Participants were placed into one of four of the following ambulation categories: not ambulating 

outside of the home, ambulating as far as the letterbox, ambulating within the immediate 

environment, and ambulating in shopping center and/or other places of interest. The authors 
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concluded that gait speed was important to community ambulation as gait speed differed 

between the four categories (see table 2-4). 

The association of gait speed with other clinical measures of impairment and activity: 

According to Patterson et al.102 and Pang and associates,62 balance was the strongest predictor of 

gait speed in stroke survivors with severe impairments.  However, gait speed has also been 

reported to correlate significantly with cardiovascular fitness,102 especially in people with mild to 

moderate gait deficits.89 In addition, numerous studies show that paretic leg lower extremity 

muscle strength, especially that of the ankle plantar flexors, hip flexors, knee flexors, and knee 

extensors, is moderately to highly correlated (r=0.5-0.8) with self-paced or maximal gait 

speed.102,145, 146 Lower extremity muscle strength of the non-paretic leg, especially of the knee 

flexors and ankle plantar flexors, was also found to moderately-highly correlate with both 

habitual and maximal gait speed.102,145, 146 Accordingly, it has been reported that percentage of 

paretic leg lean mass and body fat significantly correlates with gait speed.102 Paretic lower 

extremity motor control, as measured by the Chedoke-McMaster Stroke Assessment or Fugl-

Meyer Assessment (FMA), was also found to moderately correlate (r= 0.5-0.75) with self or fast 

gait speed.147, 148 However, the available literature suggests that sensory impairment of the 

paretic lower extremity has low correlations with gait speed.147   

 Finally, there is conflicting evidence on how spasticity influences gait speed.  

Hsu et al.147 showed a negative correlation between spasticity and gait speed. Other studies found 

low or non-significant correlations between gait speed, spasticity, and passive joint stiffness of 

the ankle plantar flexors or knee extensors.147, 149, 150 

Overall, gait speed has been described as the “almost-perfect” mobility outcome measure 

in neurological populations.151 However, there are a few drawbacks: (1) early during 
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rehabilitation phase, patients may not be able to walk 10 meters and are therefore not testable; 

(2) as patients improve, 10 meters walking speed becomes a less credible measure of walking 

speed over more functionally relevant distances outside the home;152 (3) a ceiling effect is 

apparent at normal walking speeds (1.2-1.4 m/s);153 (4) measured indoors in a predictable, 

controlled, and uncluttered environment without consideration of environmental factors. Thus, 

clinical-based fast walk tests (e.g., 10 meter walk test) physical, psychological, and cognitive 

demands may not be similar to the demands of walking in the community;28 (5) it has been 

reported that the clinic-based 10 meter walk test is able to predict walking speed in a community 

setting of patients with chronic stroke with gait speeds of 0.8 m/s or greater. However, for those 

with gait speeds of less than 0.8 m/s in the clinic, gait speed in the community may be 

overestimated; and105 (6) there is evidence to suggest that although gait speed is an important 

determinant of community ambulation, the ability to walk in the community is determined by 

several underlying factors such as endurance, balance, and motor function.99 

2.4.1.2 Six-minute walk test  

The six-minute walk test (6MWT) is commonly used in clinical trials as it is simple,152 

well tolerated, reflects activities of daily living,154 is a continuous variable without floor or 

ceiling effects,152 is quick and easy to implement, and can be completed by many patients.155 

“The test measures the distance that a patient can quickly walk on a flat, hard surface in a period 

of 6 minutes. It evaluates the global and integrated responses of all the systems involved during 

exercise, including the pulmonary and cardiovascular systems, systemic circulation, peripheral 

circulation, neuromuscular units, and muscle metabolism.”156  

The association of 6MWT with other clinical measures of impairment and activity: Several 

investigators indicate that self-selected gait speed used for short distances is similar to gait speed 

in the 6MWT.31, 157, 158 However, contradicting results exist.159 Dobkin31 reported that the 
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comfortable walking speed over 10 meters overestimated the distance walked in the 6MWT of 

individuals with gait speed < 0.5 m/s. Differences between studies may be explained by 

differences in study participants in terms of time from stroke and stroke severity.  

There is conflicting evidence regarding the association between the 6MWT and 

cardiovascular fitness in stroke patients. Pang et al.62 examined the relationship between the 

maximal oxygen consumption during cycle ergometry and the distance covered in the 6MWT 

post-stroke. The 6MWT distance had a low correlation with the maximal oxygen consumption. 

Therefore, it was concluded that cardiorespiratory status does not influence the ambulatory 

capacity as measured by the 6MWT. The low correlation between the 6MWT distance and 

cardiovascular fitness may be explained by the presence of stroke specific impairments. 

According to Kelly et al.158 and Tang and associates157 the contribution of cardiovascular fitness 

to distance walked in the 6MWT has been found to be moderate to high (r=0.56-0.84) in sub-

acute stroke. During the chronic phase of stroke recovery, low to moderate (r=0.4-0.57) 

correlations have been reported.62, 160, 161 However, Patterson and associates102 reported that 

variance in the 6MWT was largely explained by cardiovascular fitness, especially for those with 

gait velocities > 0.48 m/s for short distances. Differences between studies in regard to 

contribution of cardiovascular fitness to 6MWT may be due to differences in sample 

characteristics (e.g., stroke severity, time from stroke, and co-morbidities) as well as the method 

used to determine cardiovascular fitness. For example, either cycle ergometry or treadmill 

walking protocols can be used to determine peak oxygen consumption. However, cycle 

ergometry underestimates cardiovascular fitness in healthy individuals162 and particularly in 

deconditioned populations,163 mainly because it recruits less muscle mass than treadmill walking 
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protocols. In addition, cycle ergometry and treadmill walking protocols yield different oxygen 

consumption values as they entail different muscle activation patterns.164 

 The available published data also suggest that 6MWT is related to lower extremity 

impairment and balance control. For instance, Pohl and associates165 concluded that the lower 

limb FMA and BBS scores explained 45% of the distance variance of the 6MWT. Pang et al.62 

reported that balance was the major contributor for 6MWT distance, accounting for 66.5% of its 

variance. Patterson et al.102 established that the variance in 6MWT was largely explained by 

balance, especially for those with gait velocities of < 0.48 m/s for short distances. Accordingly, 

Patterson and colleagues102 and Eng and associates148 reported moderate to high correlations 

(r=0.66-0.78) between the 6MWT and the BBS. 

6MWT also correlates with strength and lean mass. For example, Patterson and 

colleagues102 reported that the 6MWT correlated significantly with paretic leg strength, non-

paretic leg strength, and paretic lean mass, but not with percentage of body fat or non-paretic 

lean mass. Moreover, non-paretic leg strength was independently associated with the 6MWT. On 

the other hand, Pang et al.62 reported that leg strength and spasticity explained to a smaller extent 

6MWT distance. Finally, there is evidence that walking endurance, as assessed by the 6MWT, 

significantly correlates with community reintegration in people post-stroke.100, 101 

6MWT advantages and clinical uses are evident. However, there are a few challenges 

associated with this measure: (1) the 6MWT cannot assess other important aspects of gait such as 

quality of movement;152 (2) it has been suggested that the 6MWT provides insight into endurance 

level of persons with stroke, as heart rate and systolic blood pressure increase significantly with 

the test.165 However, there are a number of stroke specific impairments that could potentially 
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alter the outcome of the test (e.g., muscle weakness and balance impairment);148 and (3) the test 

is measured indoors rather than in the participants’ natural environments.28  

2.4.1.3 Timed Up and Go  

The Timed Up and Go test measures the overall time in seconds to complete the 

following functionally important tasks: standing up from a standard armchair, walking a distance 

of three meters, turning, walking back to the chair, and sitting down again.166 The Timed Up and 

Go test is reliable,167 quick, objective, easy to administer, can be accomplished in the 

community, and requires no specialized equipment or training.168 In addition, the test correlates 

well with strength and 6MWT, and is able to differentiate the patients from healthy elderly 

subjects.167   

In healthy community dwelling, persons 65-85 years of age performed the Timed Up and 

Go in less than 20 seconds, without an assistive device.169 In addition, in community-dwelling 

frail elders, a cut-off score of > 13.5 seconds predicts falling.170 Shumway-Cook171 reported that 

adults without neurological impairments, who are independent with mobility and balance, are 

capable of completing the test in less than 10 seconds.  

However, the test may not be suitable for use among individuals exhibiting cognitive 

impairment.172 In addition, the test attempts to derive mobility from brief observation, dependent 

on instructions given by the tester, and does not directly measure actual activity in the home 

environment. 

2.4.1.4 Functional Ambulation Classification 

 The FAC scale is a common gait assessment distinguishing 6 levels of walking ability, on 

the basis of level of physical support needed by persons to ambulate safely.173 This instrument is 

a quick and simple measurement of walking, and is cost effective (requires only stairs and 15 

meters of indoor floor).151 Furthermore, research indicates that the test has excellent reliability, 



 

45 

good concurrent and predictive validity, and is responsive to change over time in patients with 

hemiparesis after stroke.173 

 FAC score correlates well with walking speed, step length,174-176 the distance walked in 

the 6MWT,173 cadence, and temporal-distance measures.174, 175 Furthermore, FAC score is 

associated with standing balance control generated from the non-paretic side.177 In addition, 

Mehrholz et al.173 suggest that a dichotomized FAC (FAC > 4 and FAC < 4) may be useful in 

predicting level of community ambulation with high sensitivity and specificity. However, the use 

of FAC to predict function has been limited to validation with questionnaires and clinical 

examinations and has not been validated with a quantitative measure of walking at home and in 

the community.  

2.4.1.5 Rivermead Mobility Index  

 The Rivermead Mobility Index is a dichotomous scale consisting of 15 items assessing 

persons’ ability to perform common daily movements.178 This outcome measure has 7 items that 

assess locomotion, spanning a range of disabilities: walking inside with a device if needed, 

managing stairs without help, walking outside on even ground, walking inside with no aid, 

walking outside on uneven ground, going up and down four steps, and running.179 This measure 

is a widely used rehabilitation medicine outcome measure,179 as it is a simple quick test, requires 

no special equipment or training, and can be conducted in a variety of settings.179 In addition, the 

test has good validity within the stroke population,178, 180 is sensitive to change over time,180 and 

highly correlates with BBS and Barthel Index (BI) scores.180  

Despite Rivermead Mobility Index popularity, there is no published data regarding the 

psychometric properties of the items that assess locomotion. In addition, the test does not take 

into consideration increases in mobility achieved through assistive devices or environmental 
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modifications,179 is subjective as it is based on patients’ reported ability to ambulate, and does 

not provide direct measurement of ambulation in the ecological environment. 

2.4.1.6 Barthel Index 

BI is a commonly used stroke outcome measure assessing the extent to which persons can 

independently function. This measure was developed for use in persons post-stroke, and with 

other neuromuscular or musculoskeletal disorders.181 The measure consists of 10 common 

activities of daily living items (e.g., feeding, bathing, and dressing), including ambulation on 

level surfaces and stair climbing. The index yields a total score out of 100-higher scores, 

representing a greater degree of functional independence.182 A score of 0-20 suggests total, 21-60 

severe, 61-90 moderate, and 91-99 slight dependence.183   

 The measure has excellent reliability and validity,184 predicts length of inpatient 

hospitalization,185 and is widely used for stroke.3, 186 However, the psychometric properties of the 

locomotion items were not investigated. In addition, the measure has reported large ceiling and 

floor effects,187 and is established via self-report from the patient/friends/relatives/nurses,188 

rather than through direct measurement of what is completed within the community.  

2.4.1.7 Functional Independence Measure 

 The FIM is a widely used outcome measure post-stroke, assessing disability and burden 

of care.189 The FIM is comprised of 18 items (many of the same items of the BI) evaluating the 

following areas of function: self-care, sphincter control, mobility, locomotion (distance walked 

and ability to climb stairs), communication, and social cognition.190 The items fall into two 

domains: motor (13 items) and cognitive (5 items).  Each item on the FIM is scored on a seven 

point Likert-scale ranging from 1 (patient is dependent and able to perform less than 25% of the 

activity) to 7 (patient is independent without the use of assistive devices).191 The final summed 

score ranges from 18 (indicates the lowest level of function) to 126 (denotes the highest level of 
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function). In the literature different FIM values were used to denote mild, moderate and severe 

post-stroke impairments.189 Patients had the following FIM score ranges: 70192 to 97 for mild 

stroke,193 37192 to 54 for severe stroke,193  and moderate stroke ranging between these 

extremes.192, 193 Subscales score of the motor and cognitive domains can also be calculated.194  

The use of a 7-point scale increases FIM’s sensitivity.3 Moreover, the absolute admission 

FIM score is a strong predictor of outcome disability and discharge destination.189 However, the 

FIM suffers from a few shortcomings. First, there is no information regarding the psychometric 

properties of FIM locomotion items. Second, it has ceiling and floor effects at the upper and 

lower ends of function.3 Third, FIM reliability is dependent on tester.195 Finally, FIM ratings can 

be acquired by patient or telephone interview or medical records,196 rather than via objective 

observation of performance within the community.  

2.4.1.8 Frenchay Activities Index  

 Frenchay Activities Index is a stroke specific outcome184 which measures the ability to 

conduct a broad range of everyday life activities in the recent past.28 The measure contains 15 

items from three domains: domestic chores (e.g., preparing meals), leisure/work (e.g., social 

outings) and outdoor activities (e.g., walking outdoors for over 15 minutes). The measure is 

based on patient interview, with or without family, of what the patient did retrospectively at three 

and six months. It uses a four point scale ranging from 1 (never) to 4 (frequent).197 Within the 

stroke population, Frenchay Activities Index correlates well with BI198, 199 and the FIM motor 

subscale.200  In addition, the outdoor activity domain is strongly related to visuospatial ability.199  

The Frenchay Activities Index is simple, quick, and suitable to use with proxy administration.184 

Moreover, within the stroke population, Frenchay Activities Index has excellent validity201-203 

and reliability.184, 198, 201, 203, 204 However, the scale has several problems associated with it. First, 

there is no information regarding psychometric properties of the locomotion items. Additionally, 
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Frenchay Activities Index does not provide standard guidelines for administration184 and has a 

ceiling effect at six months post-stroke.205 Finally, the measure relies on recall, perception, and 

estimation of physical activity rather than direct measurement of performance in the 

community.10 

In summary, although quick, inexpensive, and psychometrically sound, post-stroke 

activity level mobility outcomes evaluate the individual at a specific point in time, in a non-

familiar environment, attempt to derive mobility from brief observations, and overall have 

limited accuracy in the assessment of actual daily activity of the population of interest in their 

natural environment.  For a summary of the strengths and weaknesses of the aforementioned 

commonly used post-stroke activity level mobility outcomes, see table 2-5.  

2.4.2 Post-Stroke Participation and Quality of Life Mobility Outcomes 

Measures of participation and quality of life often contain community ambulation items.28 

Below is a description of three commonly used post-stroke participation level and quality of life 

mobility outcomes.  

2.4.2.1 Stroke Impact Scale 

The SIS is a comprehensive and psychometrically robust stroke specific outcome 

measure,208, 209 which was developed from the patient, caregiver, and stroke expert 

perspective.208-210 It was designed to assess multidimensional health related quality of life stroke 

outcomes, including strength, memory and thinking, emotions, communication, activities of 

daily living, hand function, participation, and ability to be mobile at home and in the 

community.13 

Duncan et al.13 evaluated the concurrent validity of SIS version 2.0 with the BI, FIM, 

FMA, Mini Mental State Examination (MMSE), National Institutes of Health Stroke Scale 

(NIHSS), Medical Outcomes Study Short Form (MOS-SF36), Duke Mobility Scale, and 
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Geriatric Depression Scale. The authors reported high correlations between SIS Mobility domain 

and FIM Motor (r=0.83), BI (r=0.82), Duke Mobility Scale (r=0.83), and MOS-SF36 Physical 

Functioning (r=0.84). In addition, all domains of the SIS 2.0, with the exception of the memory 

and thinking and emotion, were able to differentiate between people based on stroke severity, as 

determined by the four Rankin levels of stroke severity. 

Duncan and associates13 also reported that SIS version 2.0 sensitivity is affected by stroke 

severity and time since stroke. For patients with mild stroke, all SIS domains show statistically 

significant change from 1 to 3 and 1 to 6 months post-stroke. However, statistically significant 

change was not observed between 3 and 6 months post-stroke for the following domains: hand 

function, mobility, activities and instrumental activities of daily living, and participation. For 

persons with moderate stroke, statistically significant change was also observed for all domains 

at both 1 to 3 and 1 to 6 months post-stroke. From 3 to 6 months post stroke, statistically 

significant change was observed for the domains of mobility, activities and instrumental 

activities of daily living, and participation. 

 More recently, Duncan and associates211 examined the concurrent validity of the SIS 

version 3.0 and SIS-16 using Pearson correlations. Various SIS domains were correlated with the 

Mini-Mental State Exam, BI, Lawton Instrumental Activities of Daily Living, and the Motricity 

Index. The authors reported adequate correlation between the MMSE and SIS memory domain 

(r=0.42), and excellent correlation between both BI and SIS activities of daily living/instrumental 

activities of daily living (r=0.72) and mobility domains (r=0.69).  

2.4.2.2 Medical Outcomes Study Short Form-36 

The MOS-SF36 questionnaire is a widely used3 multi-item scale that assesses eight health 

related quality of life domains: physical functioning, limitations in social activities because of 

physical or emotional problems, limitations in usual role activities because of physical health 

http://www.medicine.mcgill.ca/strokengine-assess/definitions-en.html#concurrent�
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problems, bodily pain, mental health, limitations in usual role activities because of emotional 

problems, vitality (energy and fatigue), and health perceptions. The physical functioning domain 

consists of numerous mobility items, such as the ability to run, walking more than a mile, and 

walking several blocks.212 Correlation coefficients of the MOS-SF36 physical functioning 

subscale and the BI in first-time stroke patients were reported to be excellent (r=0.81).213 

 The measure has excellent validity,214 is brief, can be self-administered or administered 

by phone or interview, is simple to administer, and215 standardized norms are available.214 

Furthermore, the measure is capable of discriminating those with first time stroke from their age 

and gender matched controls.216 However, patients with transient ischemic attack and stroke had 

similar scores, thus it is questionable whether MOS-SF36 is able to discriminate and respond to 

clinical changes in patients with stroke.187 In addition, the measure has possible floor3, 186 and 

ceiling effects,217 and low rated of agreement between proxy respondent and patient respondent 

ratings.218 Finally, the psychometric properties of MOS-SF36 within the first year post stroke are 

not well known, as most of the current data are from patients one year or more post-stroke.187  

2.4.2.3 EuroQol Quality of Life Scale  

EuroQol Quality of Life Scale (EQ-5D) is a self-administered questionnaire developed to 

assess self-perceived current health-related quality of life. The EQ-5D has two parts. The first 

section evaluates the level of difficulty (some, moderate, or extreme) individuals encounter at the 

time of assessment of task performance within the following five dimensions: mobility, self-care, 

usual activities, pain/discomfort, and anxiety/depression.219 The second part of the EQ-5D 

consists of a visual analogue scale. Respondents rate their present state of health from 0 (worst 

imaginable) to 100 (best possible).214 The measure is short and requires no special training to 

administer. In addition, within the stroke population the EQ-5D has a high response rate220 and 

has been evaluated for proxy use.221  
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Within the stroke population, EQ-5D significantly correlates with BI (r=0.7) and Frenchay 

Activities Index  (r=0.65).222  Johnson et al.223 reported that in adults (mean age 52 years) with 

considerable number of chronic medical conditions (e.g., diabetics, hypertension, and heart 

diseases), increasing age relates to all EQ-5 dimensions except for anxiety/depression.  

Moreover, employment status, education, household income, marital status, and presence of 

chronic medical conditions are all significantly related to all EQ-5D dimensions scores in the 

expected direction. It was also demonstrated that mobility, self-care and usual activities correlate 

with MOS-SF36 physical functioning (r=0.57, 0.65, and 0.63, respectively). Nevertheless, the 

ability of elderly acute care patients (65 years and over) to self-complete the questionnaire is 

directly related to age and cognitive function,224 the measure has low reliability with a proxy 

respondent post-stroke, 221 and is based on subjective assessment rather than direct observation 

of mobility level. 

In summary, participation and quality of life self-report approaches are especially useful in 

large population studies.14, 15 However, such instruments are subjective in nature and rely on 

factors related to recall and cognitive ability which contribute to the inaccuracy of these 

approaches.16 Nevertheless, outcomes such as the SIS, provide information on how stroke has 

impacted the participant’s ability to conduct specific activities.13 Therefore, it will be useful to 

evaluate the association between the SIS and other ambulation outcomes such as gait speed and 

SAM. This examination will assist in establishing how gait speed and SAM relate to what a 

person can actually do in the community. SAM is likely to have stronger association with the SIS 

because it reflects what a person is actually doing at home and in the community, rather than in 

the clinic. For a summary of the strengths and weaknesses of the aforementioned commonly used 

post-stroke participation and quality of life outcomes, see table 2-6. 
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2.5 Direct Objective Measurement of Home and Community Ambulation 

 The gold standard for walking activity and community ambulation should measure 

performance, the total ambulatory activity conducted by an individual in their environment while 

performing usual daily activities. The aforementioned activity and participation commonly used 

outcome measures were found to be psychometrically sound within the stroke population. 

However, none of these measures can meet the gold-standard requirements for community 

ambulation as they “rely on patient report or observer-rated standardized scales, or use 

laboratory-based measures to characterize locomotor performance. These conventional 

instruments do not measure free-living ambulatory behavior or mobility-driven social 

participation.”12 Below is a review of outcomes which enable an objective and direct 

measurement of physical activity at home and within the community. 

2.5.1 Doubly Labeled Water Method  

 Doubly labeled water method is regarded as the ‘gold standard’ for validation of other 

instruments measuring physical activity because it provides a highly accurate estimate of energy 

expenditure in free-living situations. It involves the ingestion of an isotopic form of water that is 

eliminated from the body through metabolism.225 With use of the doubly labeled water method, 

physical activity can be measured over a 2-week period, without interfering with the participants’ 

natural activity behavior.226 It is an easily applicable technique, which requires the collection of 

urine samples only. Unfortunately, it is high in cost and can be used to measure average physical 

activity level only.227  

2.5.2 Pedometers 

Pedometers can also be used to provide an objective estimate of community ambulation. 

Pedometers are movement monitors designed to measure number of the steps an individual takes 

during ambulatory activity, such as walking or running.24, 228, 229 These devices are relatively 
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inexpensive, capable of capturing intermittent or continuous activity, and accurate in counting 

steps of individuals without impairments or gait speeds of at least 0.9 m/s.230 However, 

pedometers are unable to provide information on the pattern or duration of specific activities 

(i.e., the number of steps a person accumulated at 4:00 PM) because they do not have an internal 

clock, and they may not take activity intensity into account. 

 Moreover, pedometers may underestimate steps taken at gait speeds of less than 0.9 

m/s20-22 or unsteady and irregular gait patterns.19-21, 231 Accordingly, within the stroke population, 

Macko et al.19 reported that the SAM, not the pedometer, provides accurate and reliable 

measurements. Pedometers inaccuracy within the stroke population may be due to stroke 

survivors slow gait speeds and irregular and unsteady gait patterns. Pedometers are typically 

worn at the waist. Therefore, they tend to function best during vigorous walking (gait speed > 0.9 

m/s), when the motion of the hips is more pronounced.20-22 In addition, pedometers respond to 

vertical (up-and-down) displacement only and are not capable to detect movements in the sagittal 

(forward/backward) and frontal (right/left) planes. Therefore, pedometers tend to underestimate 

steps taken at irregular gait patterns.20, 21  

2.5.3 Accelerometers 

 Accelerometers measure body motions in terms of acceleration.232 Acceleration is 

defined as the change in speed with respect to time. Speed is the change in position with respect 

to time.233  Numerous accelerometers are available in the market. The Minisun-Intelligent Device 

for Energy Expenditure and Activity (IDEEA) monitor and the SAM are often used in research. 

Minisun-IDEEA monitor is a system of lower extremity accelerometers that collects 

spatiotemporal data during walking. One accelerometer is attached to the chest, one to each 

thigh, and one to each medial foot. The system is capable to measure walking speed, cadence, 

stride length, single limb support, double limb support, stance, and swing time.232 Despite the 
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wide range of information that the Minisun-IDEEA provides, this review will mainly focus on a 

particular accelerometer, the SAM, for various reasons: (1) SAM is a highly accurate 

accelerometer that directly and continuously counts and records individuals’ number of steps 

taken while ambulating in their natural environment,14, 18 (2) SAM has a feature of adjustable 

calibration which enables it to accommodate numerous gait styles in both humans and 

animals,232 (3) SAM was designed to overcome the limitations of previously available devices by 

recording a detailed minute-by minute activity profile for extended periods,18 and (4) a variety of 

techniques are available to analyze SAM data.14  

Below is a review of the SAM as a home and community ambulation outcome measure 

post-stroke. 

2.6 Step Activity Monitor as a Home and Community Ambulation Outcome Measure 
Post-Stroke 

2.6.1 Psychometric Properties in Persons Post-Stroke 

 Numerous studies found that accelerometers are reliable indicators of habitual physical 

activity in healthy adults,234-238 elderly,239, 240 patients with chronic obstructive pulmonary 

disease,241, 242 peripheral arterial disease,243-245 neurological disorders (e.g., brain injury, multiple 

sclerosis, and Parkinson)246-249 and lower extremity amputation.250 Within the stroke population, 

Macko et al.19 investigated the accuracy and reliability of SAM against visually counted strides. 

Participants conducted two 6MWT (measured on two different days) at their usual pace, and two 

1-minute walks at their self-selected and fastest comfortable paces. The study’s sample consisted 

of 16 gait-impaired chronic hemiparetic stroke patients. SAM was found to be highly accurate 

during the 1-minute walk at self-selected speeds (98.7%), fastest comfortable walking paces 

(97.8%), and during the 6MWT (98.7%). The test-retest reliability for total number of strides 

measured during the 6MWT on separate days was high (r=0.975). Accordingly, the authors 
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concluded that the SAM was a valid and reliable method for measuring ambulatory activity in 

hemiparetic stroke patients with a broad range of gait deficits.  

 Haeuber and colleagues6 have investigated the reliability and validity of the SAM to 

quantify home and community ambulation post-stroke. Study participants were 17 chronic (> 6 

month post-stroke) ischemic stroke survivors with mild to severe gait impairments (gait speed 

ranged from 0.08-1.28 m/s). Within 3 weeks, each participant repeated the 48-hour monitoring 

period wearing both SAM and Caltrac (a device that estimates total energy expenditure). 

Intraclass correlation coefficients (ICC) were calculated to analyze the test-retest reliability of 

the SAM derived from the two 48 hour monitoring periods. Pearson correlation coefficients were 

used to analyze the strength of the relationship between Caltrac estimates of energy expenditure 

and total ambulatory activity, as derived by SAM. SAM total stride count per 24 hours across 

each 48-hour monitoring period showed excellent test-retest reliability (r=0.96). Simple 

regression analysis revealed a positive relationship between the Caltrac and SAM derived total 

stride counts over the two 48 hour monitoring periods (r=0.77). Thus, the investigators 

concluded that the SAM is a reliable and valid measure of free-living physical activity in this 

population.  

 Shaughnessy and associates12 compared SAM with established instruments (FIM 

mobility, SIS mobility and self selected gait speed over 30 foot) to assess ambulatory recovery in 

sub-acute stroke patients with severe post-stroke hemiparetic gait deficits (mean gait speed of 

0.37 m/s). Participants were assessed in the aforementioned outcome measures two weeks post 

rehabilitation discharge and three months later. Significant improvement was measured in SAM-

derived daily steps but not with self selected gait speed, FIM, or SIS mobility scales. The authors 
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concluded that SAM is a sensitive index of ambulation in sub-acute stroke patients that measures 

improvements not captured by other conventional outcome instruments.12 

 In summary, SAM has been found to provide reliable and valid information regarding 

habitual physical activity in the stroke population. SAM also has proven to be sensitive to 

changes in physical activity post-stroke.  Although SAM has sound psychometric properties 

within the stroke population, in order for the SAM to be a valuable tool in clinical trials, 

determining the inferred rate of compliance with SAM protocol post-stroke is essential, as 

participant compliance in wearing the monitor is critical for obtaining accurate physical activity 

measurement.15 

2.6.2 Protocol Compliance 

To date, no study has evaluated factors associated with lower extremity accelerometer 

monitoring protocol compliance within the stroke population. However, there is limited 

published data on factors associated with upper-extremity accelerometer monitoring compliance 

post-stroke and on lower extremity accelerometer monitoring compliance in non-stroke 

populations. Below is a review of methods to identify inferred accelerometer wearing period, 

identify minimal wear requirement for a valid day, potential factors which may have an impact 

on level of compliance, and reported pedometers and accelerometers levels of compliance.  

2.6.2.1 Identification of inferred accelerometer wearing period 

Identifying when a participant is not wearing the accelerometer is difficult because long 

continuous bouts of accelerometer inactivity (continuous zero readings) may mean either that the 

participant removed the accelerometer or was completely inactive (e.g., sleeping).251 Therefore, 

researchers need to infer participants’ compliance with the accelerometer protocol. 

A number of investigators have addressed the issue of compliance by quantitatively defining 

what constitutes a complete monitoring day. However, there is no general consensus on how to 
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estimate interruption in wearing time during the day, or the minimum number of hours the 

accelerometers should be worn each day.251 Masse et al.251 reviewed decision rules researchers 

have used in the past to process and summarize accelerometer data. Sixty four studies were 

identified. Only eight studies reported how they determined the wearing period. These studies 

used 10 min,252-258 15 min,255 20 min,259, 260 and 30 min261 of continuous zero counts to estimate 

interruptions in accelerometer wearing time. Masse et al.,251 provided three additional definitions 

for non-wearing time: 

1. Method 1:  One unit of non-wearing time was defined as 60 minutes of consecutive zero 
counts when counting began each time a zero count was encountered.251 

2. Method 2: One unit of non-wearing time was defined as 20 minutes of consecutive zero 
counts in a given day when the data was scanned in 20-min blocks.251 

3. Method 3: One unit of non-wearing time was defined as 20 minutes of consecutive zero 
counts in a given day when counting began each time a zero count was encountered.251 

No evidence in the literature supports an age-specific cut point for interruption in wearing 

time.251 However, stroke patients are typically older individuals with secondary motor deficits 

who are likely to remain still for long periods. Therefore, using a compliance definition which 

permits long periods of interruption in wearing time may be appropriate in this population. In 

addition, on account of the lack of standardized methods on how to estimate compliance with the 

accelerometer monitoring protocol, a pilot study was conducted to test several different methods 

to estimate inferred compliance with SAM protocol post-stroke (see Appendix B). Findings from 

this pilot were used to direct the methodology for chapter 3, inferred compliance with a SAM 

protocol to measure free physical activity in moderate to severe sub-acute stroke survivors. 

2.6.2.2 Identification of minimal wear requirement for a valid day 

What is the minimum of hours or proportion of the target monitoring period the 

accelerometers should be worn each day in order for a day to be included in the analysis?251A 
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number of investigators have addressed this issue of compliance by quantitatively defining what 

constitutes a complete monitoring day. However, there is no general consensus on the minimum 

number of hours the accelerometers should be worn each day.  

Masse et al.251 investigated the criteria that researchers use to determine minimal wear 

requirement for a valid day. The review revealed that out of the 64 studies identified only 21 

studies reported the criteria they used to determine whether the accelerometer was worn a 

significant proportion of the day. The identified studies used cut points of 1,262 4,263 5,37 6,264 

8,265-267 9,261 10,252-256, 258 11.20,268 12,269, 270 15.60,271 and 16.67259 hours per day. In post-stroke 

arm activity accelerometer monitoring studies, Uswatte et al.272, 273 deemed recordings invalid if 

they were of insufficient length to yield reliable data (< 8h of data on a single day or 16 hours of 

data total). The minimal wear requirement can also be based on percent of awake time in which 

the accelerometer was worn (e.g., 80% of waking hours). This definition of minimal wear 

requirement takes into account intraindividual and intraday variability in waking-sleeping 

patterns.251 Other investigators used the 70/80 rule. According to that rule, a day can be defined 

as the period during which at least 70% of the study population has recorded accelerometer data, 

and 80% of that observed period constitutes a minimal day for inclusion in data analysis.15, 251, 274  

Patient compliance can also be categorized as poor (0-25%), low (26-50%), moderate (51-75%), 

or high (76-100%).275  

2.6.2.3 Factors associated with accelerometer monitoring protocol compliance 

Personal factors: Uswatte and colleagues276 examined the psychometric properties of 

accelerometry for monitoring real-world arm activity in patients during the sub-acute phase of 

stroke recovery (3 to 9 months post-stroke), with mild to moderate hemiparetic arm motor 

impairment. The authors reported that compliance with accelerometer monitoring of real world 

arm activity post-stroke did not differ for older and younger individuals. However, the authors 
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did not report sample’s age variability. Therefore, the null findings may be attributable to limited 

variability in age. Despite Uswatte and colleagues276 results, there are theoretical grounds to 

hypothesis that advanced age will be associated with lower accelerometer monitoring non-

compliance. Impairment of motor skills, decreased vision, and cognitive decline are more 

common among the elderly and may influence the ability to handle the accelerometer.277 In 

addition, Uswatte and colleagues276 concluded that both gender and literacy were not related to 

compliance with upper extremity accelerometer monitoring either. The authors reasoned that 

highest level of education may not be related to accelerometer monitoring compliance per se, but 

rather may have an impact on the methods that should be used to promote compliance with the 

monitoring protocol and to describe appropriate use of the accelerometer to the study 

population.278 

Cognition: No study examined cognition effects on accelerometer monitoring compliance. 

Cognition may be associated with post-stroke accelerometer monitoring compliance for 

numerous reasons. First, cognitive declines may have an impact on prospective memory, which 

refers to the ability of an individual to remember to carry out a task in the future.279 Therefore, 

declines in prospective memory could affect an individual’s ability to remember to wear an 

accelerometer and could thus directly affect compliance to an accelerometer protocol.278 Second, 

impaired cognition may hamper the individual’s ability to understand the accelerometer protocol 

which may also result in decreased compliance. 

Depression: The effect of depression on compliance with medical treatment has been examined 

in numerous populations. DiMatteo et al.280 in their meta-analysis of the effects of depression on 

patient adherence with medical treatment reported greater noncompliance with medical treatment 

recommendations among individuals with symptoms of depression. Pappa and colleagues,281 also 
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concluded that higher rates of depression were a significant predictor of noncompliance with 

glaucoma treatment. Depression was also associated with poor treatment compliance in 102 

patients with asthma, ages 18-70.282  Depression may also be associated with decreased 

compliance with accelerometer monitoring protocol as common depression symptoms consisted 

of difficulty concentrating and remembering details.283 Therefore, an individual who is depressed 

may be more likely to forget to wear an accelerometer as instructed or forget how to wear it 

properly. In addition, other common symptoms of depression such as pessimism, persistent sad 

feelings, loss of interest in activities, hopelessness feelings, and fatigue, may also have a negative 

effect on the individual with depression motivation to wear the monitor.283  

Mobility impairment (gait, balance, and balance self-efficacy): Individuals with mild gait 

impairments, balance control impairment, and self-efficacy are more likely to comply with 

accelerometer protocol because they may place more importance on wearing the accelerometer 

than individuals with severe gait impairments, balance control impairment, and self-efficacy 

simply because they are performing the behavior being measured more frequently.278 Therefore, 

increased gait impairment, balance control, and balance self-efficacy may be associated with 

decreased accelerometer monitoring compliance. 

Upper extremity impairment: Though limitations in upper extremity motor control and 

dexterity due to stroke may make it difficult for the patient to use an accelerometer properly, it 

has been reported by Uswatte et al.276 that post-stroke level of arm function was not related to 

compliance with upper extremity accelerometer monitoring. One possible explanation for the 

luck of impact of upper extremity function on accelerometer compliance is that the study 

participants’ might have received support from their caregivers in applying the accelerometer.  
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Stroke related characteristics: Uswatte and associates276 reported that affected side and stroke 

etiology were not related to compliance with upper extremity accelerometer monitoring in 

patients with sub-acute stroke.  

 In summary, increased cognition, younger age, lower depression levels, decreased gait 

impairment, better balance control, and higher balance self-efficacy may be associated with 

increased compliance with accelerometer monitoring protocol post-stroke. Finally, gender, 

literacy, upper extremity impairment, and stroke related characteristics are likely to not be 

associated with post-stroke compliance with lower extremity accelerometer monitoring. 

2.6.2.4 Levels of compliance rates 

There is limited data on pedometer and accelerometer measurement levels of compliance. 

In a feasibility study of the use of accelerometers to measure physical activity in young 

adolescents, the percentage of students with complete accelerometer data for > 3 days was 

92%.284 Cooper et al.285 reported a 77.7% compliance rate for a 7-day accelerometer 

measurement in normal, overweight, and obese adults. According to Stel and colleagues,286 the 

feasibility of obtaining complete 7-day pedometer data from men and women age 65 years and 

older was 84%. Silver et al.287 reported an 89% pedometer 10-day compliance rate among 

community dwelling Hispanic older Americans. Within the stroke population, Uswatte et al.276 

reported that the participants wore accelerometers on both upper and lower extremity for 

approximately 86% of their waking hours. In a more recent study, Uswatte et al.272 reported that 

sub-acute stroke patients wore upper extremity accelerometers for approximately 76% of their 

waking hours. 

In summary, studies reported compliance rate varied according to the measured 

population, device used, number of recording days, and definition of non-compliance. It is 

reasonable to assume that stroke patients, due to possible post-stroke depression, mental 
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processing deficits, and impaired gait, will have lower compliance rates than previously reported 

populations. Participants’ compliance in wearing the monitor is critical for obtaining accurate 

physical activity measurement,15 as non-compliance is usually considered a source of bias. 

Therefore, in order to assess whether the SAM could be a valuable tool in clinical trials, it is 

important to establish post-stroke compliance rate with accelerometer monitoring. Based on the 

importance of compliance with accelerometer monitoring protocol and on the available literature 

on accelerometer monitoring compliance, primary aim number 1 was established. 

2.6.3 Primary Aim Number One 

2.6.3.1 Specific Aim 1 

 To assess the rate of and predictors for inferred compliance with an accelerometer 

monitoring protocol two months post-stroke. 

2.6.3.2 Hypothesis 1 

 Increased cognition, younger age, lower depression scores, decreased gait impairment, 

and higher levels of balance control and balance self-efficacy will predict increased inferred 

protocol compliance. Gender, education, upper extremity motor control, stroke location, and 

stroke type will not predict inferred protocol compliance.  

Knowledge of compliance rate with the SAM protocol will enable researchers to make 

decisions regarding who accelerometer monitoring is appropriate for and how to increase 

participant compliance in wearing the monitor. For example, if severe depression will be 

significantly associated with diminished protocol compliance, it will indicate that it may not be 

appropriate using the SAM as an outcome measure in persons post-stroke with severe depression 

until methods to increase compliance in this population were established. 
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2.6.4 Identifying Spurious Data 

Care should be taken in cleaning accelerometer data from data points that are outside the 

range of plausibility.15 Accelerometer data can be corrupted by brief periods of device 

malfunction,15 errors in initializing or downloading stored records,251 and possible tampering by 

research participants.251 Nevertheless, studies utilizing accelerometers in field settings to monitor 

activity patterns commonly do not report the manner in which spurious data was identified. 

Masse et al.251 reviewed decision rules researchers used in the past to analyze accelerometer data. 

The authors reported that identifying spurious data was mentioned only in one out of 64 studies 

evaluated. In this study, data with distinct non-physiological patterns (i.e. greater than 9 standard 

deviations away from the median) should be regarded as spurious data.252 On the other hand, 

Uswatte et al.,272 in an investigation of upper extremity accelerometer monitoring within the 

stroke population, defined spurious data as values exceeding 3 standard deviations (SD) above 

the mean. It may be appropriate to define spurious data within the stroke population with a 

smaller SD from the mean or median, as the range of physical abilities of persons with stroke is 

smaller than in healthy individuals. 

Other methods to identify spurious data have been suggested. Masse et al.251 evaluated 

the impact of spurious data on outcome variables. Four conditions were evaluated, in three of 

them spurious data was defined as (1) > 20,000 counts, (2) > 16,000 counts, (3) no counts for 10 

min, and (4) Spurious data were included in the analysis. Comparisons of the 4 different 

approaches and sensitivity analysis failed to demonstrate the impact of spurious data on the 

outcome variables (wearing time, average activity, time spent in moderate and vigorous physical 

activity). 
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2.6.5 Data Outcomes 

SAM data provides information on individuals’ community ambulation volume, intensity 

and pattern. 

2.6.5.1 Ambulation volume outcomes 

Ambulation volume refers to activity quantity and/or duration. The following ambulation 

volume outcomes can be derived from SAM: 

1. Number of steps taken over 24 hours. Number of steps per day is defined as twice the total 
stride count in 24 hours.285Number of steps taken over 24 hours is the most commonly 
reported SAM index. Unfortunately, this outcome can be an incomplete descriptor of 
function because two subjects with nearly the same step count could accumulate their steps 
in very different manners (see figure 2-2). 

2. Total activity level. Total activity level is defined as the tally of the number of one-minute 
intervals with stride counts of > 1. Can be presented as the percentage of the total time in a 
24-hour period where steps are recorded.25 

3. Number of steps in one min intervals. The mean, median, minimum, and mode of number 
of steps taken in active 1 min intervals. 

4. Number of steps in five minutes intervals. Number of steps in five minutes intervals is 
defined as the mean, median, minimum, and mode of number of steps taken in 5-minute 
intervals in which activity was recorded. 

2.6.5.2 Ambulation intensity outcomes 

 Ambulation intensity refers to the overload on the cardio-respiratory system. The 

following ambulation intensity outcomes can be derived from SAMs: 

1. Peak activity index. Peak activity index represents the maximal number of steps a person 
took in a predetermined period of time (e.g., 1 and 5- min intervals).  

2. Time spent in low, medium, and high absolute activity intensity.  Absolute step activity 
intensity can be stratified as low (less than 10 steps per minute), medium (10-20 steps per 
minute) and high (more than 20 steps per minute).   

3.  Percentage of the day spent in low, medium, and high relative activity intensity. Training 
on less than 60% of heart rate reserve is considered low intensity training, 60%-85% is 
moderate intensity and > 85% is high intensity.135 Similarly, low relative intensity can be 
defined as walking at less than 60% of peak activity index, moderate intensity 60-85% of 
peak activity index, and high intensity > 85% of peak activity index. 
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2.6.5.3 Ambulation pattern outcomes 

 Like other physiological signals, such as heart rate, gait measures are not constants but 

fluctuate with time.137 The following activity pattern outcomes can be evaluated: 

1. Number of activity bouts. Number of activity bouts is defined as the number of 1-min 
intervals for which the subject switched from inactivity (stride count=0) to activity (stride 
count > 0).14  

2. Number of steps in an activity bout. Number of steps in an activity is defined as activity 
bout mean, median, minimum, maximum, and mode number of steps.  

3. One minute variability of activity.  One minute variability of activity is defined as the 
coefficient of variation (CV) of 1-min of stride count values, excluding those 1 min 
intervals with zero steps.14 CV is a measure of variability calculated as the SD of the 
measures expressed as a percentage of the mean (CV=SD/mean X 100) One of the CV 
advantages is that it accounts for differences in the magnitude of the mean (a measure of 
relative variation).288 

4. Five minute variability of activity. Five minute variability of activity is defined as the stride 
counts CV of 5-min intervals in which activity was recorded. 

5. Activity bouts variability. Activity bouts variability is defined as the CV of number of steps 
in activity bouts.  

6. Activity randomness. Activity randomness is defined as the amount of randomness of 
minute-to-minute activity fluctuations in each day of recorded ambulatory activity.” 
Randomness of activity can be quantified by analyzing 1-minute stride counts using 
approximate entropy.289 Approximate entropy can be used to determine the probability that 
sequences of consecutive 1-minute stride counts repeated throughout the longer temporal 
sequence of 1,440 daily 1-minute intervals. Approximate entropy generates a unitless 
number between 0 and 2. Zero values correspond to a time series in which short sequences 
of data points are perfectly repeatable. Values of 2 correspond to time series for which any 
repeating sequences of points occur by chance alone.290   

In summary, SAM data can be analyzed in a variety of ways. However, certain SAM derived 

outcomes may be potentially more useful than others for detecting differences in ambulatory 

activity according to age and health. Therefore, researchers face the decision of which SAM 

derived outcomes to use in their studies. Understanding steps activity daily values, between day 

patterns of activity, and SAM indices relationships to other outcome measures, may aid 

researchers in making an informative decision on which SAM indices to analyze.   
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2.6.6 Daily Values  

2.6.6.1 Ambulation volume 

Mean number of steps taken per day: A value of 10,000 steps per day is recommended for 

health promotion.291, 292 A value of 10,000 steps/day is approximately equivalent to an energy 

expenditure of 300 to 400 kcal/day (depending on body size and walking speed).293 This specific 

value originated from Japanese walking clubs and a Japanese manufacturer who introduced the 

pedometer to the market in 1965, under the name of manpo-kei, which translates to ‘ten thousand 

steps meter.’293 Nevertheless, there is evidence that 10,000 steps/day is associated with indicators 

of good health including decreased body fat and blood pressure.293-295 

According to Tudor-Locke,294 healthy adults take between 7000 to 13,000 steps per day. 

However, “these values may reflect individual participation in exercise and sports as part of 

habitual activity. The impact of these activities must be considered separately if we are to 

identify a value more typical of uninterrupted daily activity.”295 Welk and associates296 reported 

that on days without physical activity, young adults (mean age of 29) took approximately 7400 

steps. Bassett and colleagues10 reported that healthy adults (average age 40 years), took 

approximately 6000 steps/day, not including number of steps taken during sports and recreation. 

Similar values were reported by Tudor-Locke et al.297 (i.e. 6000 steps/day) in a non-exercise day 

sample with an average age of 69 years. Thus, current evidence supports that healthy adult usual 

daily activity is approximately 6000-7000 steps/day (excluding volitional sport or exercise).295 A 

recent study by Cavanaugh et al.14 examined the number of daily steps taken by younger (aged 

36.6 + 2.6) and older healthy adults (aged 83.7 + 2.3), and older adults with functional 

limitations (aged 79.3 + 4.5). The authors reported no significant differences in the number of 

daily steps between healthy younger and older adults (healthy younger adults: 11,074 steps; older 

adults: 9,981 steps). However, older adults with functional limitations accumulated significantly 
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fewer daily steps than healthy younger adults (healthy older adults with functional limitations: 

7,681 steps, healthy older adults: healthy younger adults: 11,074). 

 Within the stroke population it has been reported that at discharge from inpatient 

rehabilitation (mean days post-stroke at discharge was not reported), the average number of steps 

taken per day was 1536, and at three months post discharge-2765 steps/day.12 Four studies used 

accelerometer measurement with mild to severe stroke survivors during the chronic phase of 

stroke rehabilitation (between 10 to 41 months post-stroke). The average number of steps 

participants took in these studies was 2520 steps/day (between 1380 to 3035 steps per day).6, 23, 

34, 298 As expected, the aforementioned data suggest that stroke patients take considerably less 

steps/day than healthy adults. Moreover, the average number of steps participants took in these 

studies is far below the recommended 10,000 steps per day for health promotion.291, 292  

Mean activity levels: Healthy older and younger adults are active approximately 60% of the 

day.14, 299 In contrast, Cavanaugh et al.14 reported that healthy younger adults were active 

approximately 30% of the day, healthy older adults 25% of the day, and older adults with 

functional limitations 20% of the day. Persons with neurological disorders and/or functional 

limitations/illness are also active approximately 20% of the day.14, 190, 300 Knowledge of mean 

activity levels is important as it is a good indicator of progress in rehabilitation programs and of 

ambulatory activity associated with age.14 

2.6.6.2 Ambulation intensity 

Meijer et al.299 reported that healthy elderly spend 82% of the day at low, 15% at 

moderate, and 4% at high intensity. Michael et al.34 quantified community ambulatory activity 

profiles in terms of step counts and intensity (low intensity < 16 steps per minute; medium 

greater than or equal to 16 and < 30 steps per minute; and high greater than or equal to 30 steps 

per minute), along with cardiovascular fitness in terms of peak oxygen consumption, in a 
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convenience sample of community-dwelling volunteers with mild to moderate (NIHSS 

mean=3.57 points) chronic (mean time post-stroke=10 month) hemiparetic stroke.  Participants 

spend 45% of their activity at low, 46% at medium, and less than 3 minutes a day at high 

intensities. However, consideration needs to be taken when comparing the aforementioned study 

results, as each study used different definitions to determine activity intensity. 

2.6.6.3 Ambulation pattern 

Number of activity bouts and activity randomness: Only one study reported number of 

activity bouts and randomness.14 The authors reported that “healthy older adults accumulated a 

similar number of steps (and minutes of activity) as did healthy younger adults, but did so in 

fewer bouts” (healthy older adults: 67 activity bouts; healthy younger adults: 77 activity bouts).14 

This finding “may indicate that initiating ambulatory activity becomes more difficult with age. 

Whether this phenomenon relates to physiological, psychological, or other mechanisms is not yet 

known”14 Older adults reporting functional limitations accumulated fewer bouts of activity and 

less random minute to minute activity fluctuations than healthy younger adults (older adults with 

functional limitations: 62 activity bouts and 0.38 approximate entropy; healthy younger adults: 

77 activity bouts and 0.492 approximate entropy). Older adults reporting functional limitations 

displayed no significant differences from healthy older adults in both activity bouts and activity 

randomness.  

Activity variability: Busse et al.25 reported 30% daily activity variability in neurological 

patients with mobility restrictions. According to Cavanaugh and associates,14 healthy and older 

adults with functional limitations display less variable minute-to-minute activity  than healthy 

younger adults (older adults with functional limitations CV=85.2%; healthy younger adult 

CV=100%). Thus, variability of minute-to-minute ambulatory activity may represent a 

potentially useful indicator of age associated walking. 
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In summary, SAM values are sensitive to age, functional limitations, and illness. 

Appendix A provides information on SAM values of healthy younger and older adults, persons 

post-stroke, and persons with functional limitations due to illnesses other than stroke.  

2.6.7 Analysis of Between Day Patterns of Activity Differences 

To estimate consistency of physical activity behaviors across days, ICC have been used. 

A multiple day ICC of .80 is the usually desired value.301 For example, the daily physical activity 

levels of individuals with peripheral arterial disease were examined over two-day periods, 

separated by one week. The authors’ reported ICC of .86 for steps per day. These results suggest 

that 2 days of monitor was sufficient to capture the activity level of the study participants, and 

that a shorter sampling period may be sufficient for the sedentary population.302   

2.6.8 Relationships of Step Activity Monitor Volume, Intensity, and Pattern Indices with 
Impairment and Activity Measures 

2.6.8.1 Ambulation volume 

Petrella et al.303 examined differences in daily pedometer measured ambulation activity 

between community-dwelling older adults above and below an empirically derived physical 

threshold that has been linked to independence. Twenty community-dwelling older adults were 

categorized into groups based on functional performance.  The high functioning group took 

significantly more steps/day (9503 + 4623) compared to the low functioning group 

(5048 + 2917). Cooper et al.285 determined the levels and patterns of daily activity in groups of 

normal-weight, overweight, and obese adults using accelerometry. Hour-by-hour physical 

activity patterns demonstrated that obese participants have less step counts than the non-obese 

for nearly every hour of everyday. Similarly, numerous investigators reported that physical 

activity measured with a pedometer is inversely correlated with body mass index,294, 304 waist 

circumference,304 and percentage body fat.294 
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The data from Cavanaugh et al.14 indicated “the number of daily minutes of ambulatory 

activity did not distinguish between healthy younger and older adults, but did distinguish 

between healthy younger adults and older adults with functional limitations” (healthy younger 

adults: 399.9 + 17.4; healthy older adults: 355.7 + 18.1; older adults with functional limitations: 

298.0 + 27.6).   

Busse and colleagues25 investigated the reliability and validity of SAM in mobility 

restricted neurological patients (motor neuron disease, hereditary spastic paraparesis, peripheral 

neuropathy, myasthenia gravis, myositis, muscular dystrophy, thyroid myopathy, and 

Parkinson’s disease) and healthy subjects. They reported a moderate correlation between 7 days 

mean step count and gait speed (as measured at a self-selected walking pace over 10 meters) in 

the group of neurological patients, but not the Rivermead Mobility Index. In a more recent study, 

Busse et al.300 aimed to determine walking mobility in the community in individuals with lower 

limb weakness due to neurological conditions. Five groups of patients with neurological 

conditions were recruited, namely extra-pyramidal, pyramidal (upper motor neurons lesions), 

lower motor neuron disorders with no or minor sensory loss, peripheral nerve disorder with 

sensory loss, and primary muscle or neuromuscular junction disorders. The investigators 

reported that daily mean step counts were significantly correlated with the score of Rivermead 

Mobility Index, time required to stand upright, and self-selected gait speed. However, self-

selected gait speed was the only significant predictor in the regression analysis. Quadricep and 

hamstring muscle strength was not significantly correlated with daily mean steps. Pearson et al., 

193 in a review article on walking mobility in neurological disorders, reported that compared with 

healthy individuals, patients with multiple sclerosis have reduced mean steps/24 hours over 7 

days and increased percent inactivity over 24 hours.  
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Shaughnessy and colleagues12 compared SAM-derived daily steps with established 

instruments to assess ambulatory recovery in community-dwelling men and women with mild-

to-moderate post-stroke hemiparetic gait deficits at discharge from inpatient rehabilitation. The 

authors reported that SAM-derived daily steps were strongly related to FIM mobility scores at 

discharge from inpatient rehabilitation and three months later, but not to SIS mobility and self-

selected gait speed. Michael et al.23 evaluated ambulatory activity in a sample of community-

dwelling individuals with mild to moderate chronic stroke. Ambulatory activity was quantified 

by stride counts obtained from SAM. The authors reported that the participants’ mean 

ambulatory activity profiles were extremely low, and were strongly associated with BBS scores 

and self-selected gait speed. In a more recent study by Michael and associates,298 fatigue level 

showed no relationship to total daily step activity in a sample of community-dwelling subjects 

with chronic hemiparetic stroke. 

Finally, symptoms of depression such as pessimism, persistent sad feelings, loss of 

interest in activities, hopelessness feelings, and fatigue,283 may have a negative effect on the 

individual with depression motivation to ambulate at home and in the community. Therefore, it is 

reasonable to hypothesis that depression may be associated with activity volume as well.  

2.6.8.2 Ambulation intensity 

Michael et al.34 quantified community ambulatory activity profiles in terms of step counts 

and intensity in a convenience sample of community-dwelling volunteers with mild to moderate 

(NIHSS mean=3.57 points) chronic (mean time post-stroke=10 month) hemiparetic stroke. Total 

low and high intensity ambulatory activity were associated with peak oxygen consumption. 

Therefore, the authors concluded that step activity intensity is strongly associated with 

cardiovascular fitness. 
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Pearson et al.190 and Busse et al.25 reported that healthy subjects have higher sustained 

activity and mean peak levels than individuals with decreased physical functioning. Thus, it was 

concluded that fatigue and related impairments may limit neurological patients by restricting the 

actual number of steps they are able to maintain for an extended period of time.25 Similarly, 

numerous studies have reported that activity intensity varies between groups with different health 

status.285, 299, 300 

Hoos and associates227 reported that the amount of time spent on low-intensity activities 

was smaller in children than in young adults and elderly persons, while the amount of time spent 

on high-intensity activities was larger. In addition, physical activity level showed an inverse 

relation with the percentage of time spent on low-intensity activities, and a positive relation with 

the percentage of time spent on high-intensity activities. Finally, Cooper et al.285 reported that 

obese participants spent significantly less time in activity of at least moderate intensity than the 

non-obese. 

Activity intensity is a measure of the maximal number of steps a person takes in a 

predetermined period of time. Thus, it is influenced by how fast a person can walk. Therefore, it 

is reasonable to speculate that maximal gait speed will be associated with activity intensity 

outcomes. In addition, because balance is a strong predictor of gait speed,62, 102 balance is likely 

to be associated with activity intensity as well. Finally, as with activity volume, based on clinical 

grounds, depression may also be associated with activity intensity.  

2.6.8.3 Ambulation pattern 

Healthy younger adults have higher minute-to-minute activity variability than older adults. 

Thus, older individuals have narrower ranges of ambulatory behavior, probably due to inability 

to perform a range of ambulatory tasks under various environmental conditions.14 These results 
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suggest that this metric is a potentially useful indicator of age and health associated walking 

function. 

Cavanaugh and associates14 reported that healthy older adults accumulated a similar number 

of steps and minutes of activity as healthy younger adults, but did so in fewer bouts (healthy 

older adults: 67.8 + 2.7 bouts; healthy younger adults: 77.3 + 2.6 bouts). These findings indicate 

that initiating ambulatory activity becomes more difficult with age. Thus, this measure is 

particularly important because it may be more sensitive to differences between groups with 

varying functional statuses.14  

In addition, number of activity bouts metric represents the frequency in which an in 

individual initiated and terminated gait. As high levels of motor control via cortical input and 

afferent feedback are important to initiate and terminate gait,95 number of activity bouts might be 

associated with measures of motor control such as the FMA. Moreover, initiating and 

terminating gait stresses the balance control system.98 For example, gait initiation requires going 

from a stable standing posture to essentially falling. Gait termination requires the control of 

forward linear momentum, which, if not done correctly, may be destabilizing.92 Therefore, 

balance control is likely to have an impact on activity bouts measure.  

Number of steps in a bout may be related to both muscular endurance and cardiovascular 

fitness. Muscular endurance may be related to these indices because they assess the ability of the 

lower extremity muscle groups to maintain a specific percentage of the maximum voluntary 

contraction for a prolonged period of time. Cardiovascular fitness might be associated with these 

indices as well because they reflect the ability to perform large muscle, dynamic exercise 

(walking) for prolonged periods. Accordingly, it has been reported that fatigue may limit 
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individuals with decreased physical functioning by restricting the actual number of steps they are 

able to maintain for an extended period of time.25   

Community ambulation is also characterized by adapting and modifying gait (e.g., 

changing walking speed) to both expected and unexpected challenges to locmotion.305 SAM 

activity variability and randomness measures assess the extent in which walking fluctuates 

minute-to-minute and whether these fluctuations occur in orderly, repetitive and predictable 

pattern. Such measures reflect one’s ambulatory activity range and hypothetically may reflect 

ones capability to adjust gait to unpredictable changes in task demands or environmental 

conditions. Cortical input and afferent feedback act to adjust gait when the environment is less 

predicted.95 Therefore, SAM indexes of activity variability and randomness may also be related 

to measures of motor control. Moreover, these indexes may also be affected by the person’s 

cognitive flexibility to alter gait pattern. Executive function is an important aspect of cognition 

flexability.111 The Trail Making Test Part B (TMT-B) can be used to measure executive function. 

The test requires the patient to draw lines alternating between numbers and letters in consecutive 

order. Performance is assessed by the time taken to complete the trial correctly.306 It has been 

reported that performance in Part B is indicative of executive function, executive control, and the 

ability to flexibly shift the course of an ongoing activity.307 

Activity pattern represents the degree to which number of steps fluctuates minute-to-

minute. Individuals with mild gait impairments are likely to have greater ability than individuals 

with severe gait impairment to fluctuate there minute-to-minute number of steps, simply because 

their gait speed range is bigger. Therefore, maximal gait speed is likely to be associated with 

activity pattern. Finally, as with activity volume and intensity, based on clinical grounds it is 

reasonable to hypothesis that depression may also influence activity pattern performance.  
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Several variables may not associate with SAM activity volume, intensity or pattern. Side 

of stroke is an important factor which has an impact on post-stroke outcomes as left-hemispheric 

and right-hemispheric strokes have different characteristics and symptoms. Nevertheless, side of 

stroke may not have an impact on SAM activity as side of stroke does not appear to be associated 

with independence in activities of daily living outcome43-47 or gait.48 In addition, because 

walking chiefly involves rhythmic movements of the lower extremity, upper extremity 

impairment is also likely not to affect SAM activity. Finally, gender may not have an impact on 

SAM activity, as no significant correlation between gender and functional outcomes following 

stroke were reported.308, 309  

In summary, within the stroke population there is evidence that SAM derived walking 

activity volume correlates with FIM and BBS. There is conflicting information regarding 

whether SAM volume correlates well with self-selected gait speed. Moreover, it is reasonable to 

hypothesis that activity volume is also associated with depression. There is evidence that SAM 

derived activity intensity correlates with cardiovascular fitness. In addition, activity intensity 

may also be associated with balance, gait speed, and depression. Within the stroke population 

there is no information on the association between SAM patterns and clinical based outcomes. In 

other neurological populations, older adults with or without functional limitation, and in healthy 

younger adults, there is evidence that SAM volume correlates with functional limitation, body 

composition, and self-selected gait speed. SAM intensity is associated with functional 

limitations, age, and body composition. SAM pattern is associated with health and age. In 

addition, there are clinical grounds to hypothesize that SAM pattern will be associated with gait-

speed, depression, motor control, balance, muscle endurance, cardiovascular fitness, and 

cognition as well. Overall, short distance gait speed test reflects the person’s ability to maintain 
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gait speed for short distances. It does not reflect person’s ability to initiate, terminate, and alter 

gait. The ability to initiate, terminate, and alter gait is crucial for successful performance in SAM 

pattern outcomes. Therefore, gait speed is more likely to reflect successful performance in SAM 

volume and intensity outcomes rather than in SAM pattern outcomes. 

SAM temporal series of data can be analyzed in a variety of ways. Therefore, a pilot 

study was conducted to examine processes for accelerometer data reduction, including selection 

of outcomes, correcting outcome variables for days with no activity, analyzing the first and 

second measurement days separately or both days together, and defining low, moderate, and 

vigorous physical activity (see Appendix C). In addition, this dissertation will focus on the 

following outcomes only: (1) activity volume outcomes- number of steps taken over 24 hours 

and total activity level;(2) ambulation intensity outcome- time spent in low, medium, and high 

absolute activity intensity; and (3) activity pattern outcomes- number of activity bouts, mean 

number of steps in an activity bout, one minute variability of activity, and activity randomness.  

These outcomes were selected mainly because the literature supports the utility of these 

outcomes to detect differences in ambulatory activity associated with age, functional limitation, 

or health.6, 12, 14, 23, 25, 34, 285, 299, 300, 302, 303, 310 Although number of steps in an activity bout has not 

been previously used in research, it will  also be included in this dissertation as based on 

physiological grounds it could be potentially a good indicator of  both muscular endurance and 

cardiovascular fitness. In addition, it has previously been suggested that the minimum walking 

distance required for community ambulation is 300-500 continuous meters.60, 103 Although SAM 

does not provide information on walking distance, it is reasonable to assume that number of steps 

taken in an activity bout (continues walking) is related to continues walking distance. Therefore, 

knowing number of steps in an activity bout might be a good indicator of the ability to ambulate 



 

77 

functionally in the community (e.g., covering the distance from the car to the restaurant). Other 

variables which will not be included in this project, such as number of steps in one minute 

intervals, may also be useful indicators of health and age-associated walking function.  

Therefore, tertiary analysis of these variables will be conducted in the future. 

Based on the available literature on the association between gait speed and community 

ambulation, factors which confound the association between gait and community ambulation, 

and the relationship between SAM and other clinical measures, the dissertation primary aims 

number 2 and 3 were developed. 

2.6.9 Primary Aim Number Two 

2.6.9.1 Specific Aim 2a 

 To explore the relationship between speed-based classification system and SAM derived 

home and community ambulation, and whether lower extremity sensory and motor impairment, 

balance, walking endurance, and balance self-efficacy, significantly confound this relationship in 

persons with moderate to severe sub-acute stroke. 

2.6.9.2 Specific Aim 2b 

 To explore the association of speed-based classification system and SAM derived 

ambulation outcomes to mobility and social participation domains of the SIS. 

2.6.9.3 Hypothesis 2a 

 The speed-based classification system will have significantly stronger correlations with 

SAM derived ambulation volume and intensity than with ambulation pattern.  

 In the case of which the speed-based classification system will have significantly stronger 

correlations with SAM derived ambulation volume and intensity outcomes, it may indicate that 

the performance in the speed-based classification system reflects better the human-body systems 

that contribute to habitual ambulation volume and intensity rather than to ambulation pattern. 
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Therefore, the speed-based classification ability to reflect habitual ambulation volume and 

intensity is better than its ability to reflect ambulation pattern.   

2.6.9.4 Hypothesis 2b 

Potential variables that could significantly distort the relationship between speed-based 

classification system and home/community ambulation are balance, lower extremity motor 

control, walking endurance, and balance self-efficacy.  

 Variables which will be found to distort the relationship between speed-based 

classification system and SAM-derived home and community ambulation outcomes will 

represent underlying factors which determine the ability to walk at home and in the community.   

2.6.9.5 Hypothesis 2c 

  SAM derived outcomes and gait speed will have moderately strong to very strong (r > 

0.60) positive correlations with SIS. However, SAM derived ambulation outcomes will have 

significantly stronger associations with SIS than gait speed. 

 In the state of which SAM-derived outcomes will have stronger associations than the 

speed based classification system with the SIS, it will indicate that SAM reflects better activities 

that a person partakes in at home and in the community (e.g., shopping and visiting friends).  

2.6.10 Primary Aim Number Three 

2.6.10.1 Specific aim 3 

To determine whether patients’ impairment level, activity limitations, and personal 

factors can predict SAM derived community ambulation volume, intensity, and pattern during 

the sub-acute phase of stroke rehabilitation. 
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2.6.10.2 Hypothesis 3a 

In a community dwelling individuals two month post-stroke balance, lower extremity 

motor control, body composition, depression, and walking endurance will predict activity 

volume (number of steps taken over 24 hours and total activity level).  

2.6.10.3 Hypothesis 3b 

Balance, self-selected gait speed, walking endurance, lower extremity motor control, 

body composition, age, and depression will predict step activity intensity (absolute activity 

intensity, relative activity intensity, and peak activity index). 

2.6.10.4 Hypothesis 3c 

Balance, executive function, walking endurance, lower extremity motor control, age, 

depression, and body composition will predict step activity pattern (number of activity bouts, 

number of steps in an activity bout, one min variability, and activity randomness).  

2.6.10.5 Hypothesis 3d 

Gender, stroke location, and upper limb motor control will not predict step activity volume, 

intensity, and pattern. 

 Variables which will be found to predict SAM volume, intensity, or pattern will represent 

constructs which are essential for home and community ambulation volume, intensity, or pattern. 

For instance, if the 6-min walk test (a measure of walking endurance), TMT-B (a measure of 

executive function), and the BBS (a measure of balance impairment) will be found to predict 

activity pattern, it will indicate that walking endurance, executive function, and balance are 

important for attaining high levels of activity pattern at home and in the community. 
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2.7 Locomotor Experience Applied Post-Stroke (LEAPS) Trial 

 Data in this study will be derived from a parent study; an ongoing 5-year, phase-III, 

single-blind, 5-site, randomized controlled trial, the LEAPS trial.311 The parent study pre-

randomization data from 2-month post-stroke baseline assessments will be used. 

2.7.1 Objective 

 The primary purposes of the LEAPS trial are to determine if a specialized locomotor 

training program that incorporates a body weight support system and treadmill as a treatment 

modality can produce a functionally significant improvement in walking of persons post-stroke 

compared to a control group (non-specific, low intensity exercise program), and whether timing 

of therapy (early or late delivery), severity of locomotor impairment, and the number of 

treatments affects locomotor outcome. All research procedures conducted during the LEAPS trial 

were approved by an Institutional Review Board at each participating site.311  

2.7.2 Inclusion and Exclusion Criteria 

2.7.2.1 Stroke definition 

 Stroke was defined as, “a rapid onset event of vascular origin reflecting a focal 

disturbance of cerebral function, excluding isolated impairments of higher function and 

persisting longer than 24 hours.”35 Stroke diagnosis is confirmed by Magnetic Resonance 

Imaging or Computed Tomography or, if scan is not available, by clinical criteria. 311 

2.7.2.2 Inclusion criteria 

Those eligible for the LEAPS study had an ischemic or hemorrhagic stroke within 30-

days. Additional LEAPS trial inclusion criteria consisted of > 18 years, residual paresis in the 

lower extremity (lower extremity FMA score < 34), able to walk at least 10 feet with maximum 

one person assist, able to follow a three step command, and provide informed consent.311 
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2.7.2.3 Exclusion criteria 

LEAPS trial exclusion criteria for participation include: (1) lived in nursing home prior to 

stroke, (2) unable to ambulate at least 150 feet prior to stroke, (3) serious cardiac conditions 

(e.g., New York Heart Association criteria for Class 3 or Class 4 heart disease), (4) history of 

serious chronic obstructive pulmonary disease, (5) severe weight bearing pain, (6) preexisting 

neurological disorders such as Parkinson’s disease, (7) history of major head trauma, (8) lower 

extremity amputation, (9) legal blindness, (10) severe arthritis that limit passive ranges of motion 

of lower extremity, (11) major post-stroke depression, (12) uncontrolled diabetes, (13) severe 

hypertension, (14) lives more than 50 miles from the training sites, (15) unable to travel three 

times per week for outpatient training programs, (16) and intracranial hemorrhage related to 

aneurismal rapture or an arteriovenous malformation.311  

2.7.3 Assessments 

All measures selected have established reliability and validity and are captured according 

to standardized protocols by blinded per diem therapists.311 A manual of procedures has been 

developed during the LEAPS planning phase. The manual of procedures includes the study 

procedures for data collection, blinded evaluator procedures, and standardization. For a list of 

LEAPS enrollment, screening, and baseline assessments, see table 2-7.  

For further details about the LEAPS design, outcomes, and inclusion and exclusion 

criteria, please refer to Duncan et al.311 
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Table 2-1.  Trial of Org 10172 in Acute Stroke Treatment Classification of subtypes of ischemic 
stroke  

Ischemic stroke subtype Definition 
Large-artery 
atherosclerosis 
(embolus/thrombosis) 

Cortical or cerebellar lesions and brain stem or subcortical 
hemispheric infarcts greater than 1.5 cm in diameter are 
considered to be of potential large-artery atherosclerotic origin. 
These patients will have clinical and brain imaging findings of 
either significant stenosis or occlusion of a major brain artery or 
branch cortical artery, presumably due to atherosclerosis. Clinical 
findings include those of cerebral cortical impairment (aphasia, 
neglect, restricted motor involvement, etc.). 

Cardioembolism This category includes patients with arterial occlusions 
presumably due to an embolus arising in the heart. Clinical and 
brain imaging findings are similar to those described for large 
artery atherosclerosis. 

Small-artery occlusion 
(lacune) 

Lacunar strokes are caused by occlusion of a single small 
nonbranching end artery, which arise directly from larger arteries 
(e.g., the anterior and middle cerebral arteries). The patients 
should have a brain stem or subcortical hemispheric lesion with a 
diameter of less than 1.5 cm.  

Stroke of other determined 
etiology 

This category includes patients with nonatherosclerotic, 
hypercoagulable, or hematologic causes of stroke. 

Stroke of undetermined 
etiology 

Cases in which the cause of stroke cannot be determined with any 
degree of confidence. 

Note: Adapted from Adams HP, Jr., Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, 
Marsh EE, 3rd. Classification of subtype of acute ischemic stroke. Definitions for use in a 
multicenter clinical trial. TAST. Trial of org 10172 in acute stroke treatment. Stroke. 
1993;24:35-41.41 
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Table 2-2.  Level of functional walking ability at home and in the community  
Ambulation 

level 
Ambulation ability Percentage 

of 
participants 

Physiological 
walker 

Walks only for exercise or in therapy 10.2% 

Limited 
household 
walker 

Requires assist for some walking activities, does walk during 
some home activities 

18.3% 

Unlimited 
household 
walker 

Able to walk for all household activities, has difficulty with 
stairs and uneven terrain, not able to enter and leave the house 
independently 

18.3% 

Most-limited 
community 
walker 

Able to enter and leave their home independently, able to 
ascend and descend curbs, able to manage stairs with 
assistance, independent in at least one community activity, but 
need assistance with others 

17.6% 

Least-limited 
community 
walker 

Independent in stairs, all moderate community activities, and in 
local stores and un-crowded shopping centers 

17.6% 

Community 
walker 

Independent in all home and community activities, can walk 
with crowds and on uneven terrain, and able to be independent 
in shopping centers 

17.6% 

Note: Adapted from Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking 
handicap in the stroke population. Stroke. 1995;26:982-989.9 
 
 
Table 2-3.  Gait speed classification   

Gait speed, m/s Gait impairment Ambulation ability 
< 0.4 Severe Household ambulation 

0.4-0.8 Moderate Limited community ambulation 
> 0.8 Mild Community ambulation 
1.33 None Normal, healthy elderly population 

Note: Adapted from Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking 
handicap in the stroke population. Stroke. 1995;26:982-989.9 
 
 
Table 2-4.  Community ambulation classification  

Community ambulation level Gait speed (m/s) 
Unable to leave home 0.52 
Able to walk to the letter box 0.66 
Limited to immediate environment 0.82 
Ambulate in shopping center 1.14 
Note: Adapted from Lord SE, McPherson K, McNaughton HK, Rochester L, Weatherall M. 
Community ambulation after stroke: how important and obtainable is it and what measures 
appear predictive? Arch Phys Med Rehabil. 2004;85:234-239.61 
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Table 2-5.  Activity level post-stroke outcomes summary table  
Test Name Strengths Weaknesses 

Ten meters gait 
speed206 

Simple; fast; related to 
impairment severity;9 less 
likely to have a ceiling 
effect;30 high validity and 
reliability;207 sensitive 
measure of mobility 
recovery;9 and a gait speed 
gain that results in a 
transition to a higher class 
of ambulation results in 
better function and quality 
of life.32 

Early during rehabilitation phase, patients 
may not be able to walk 10 meters and are 
therefore not testable. As patients improve, 
10 meters walking speed becomes a less 
credible measure of walking speed over 
more functionally relevant distances outside 
the home;152 and measured in a controlled 
environment.28 

Six minute 
walk test148 

Simple;152 well tolerated; 
reflects activities of daily 
living;154 a continuous 
variable without floor or 
ceiling effect;152 quick and 
easy to implement; and can 
be completed by many 
patients.155 

Cannot assess other important aspects of 
gait such as quality of movement;152 usually 
described as a measure of endurance and 
cardiovascular fitness,31 but there are a 
number of stroke specific impairments that 
could potentially alter the outcome of the 
test (e.g., muscle weakness and balance 
impairment);148 and measured indoors.28 

Timed Up and 
Go184 

Quick; easy to administer; 
can be accomplished in the 
community; requires no 
specialized equipment and 
training;168and has 
excellent reliability.184 

May not be suitable for use among 
individuals exhibiting cognitive 
impairment;172 attempts to derive mobility 
from brief observation; dependent on 
instructions given; and does not measure 
directly actual activity in the home 
environment. 

Functional 
Ambulation 
Classification174 

Useful in predicting level 
of community ambulation 
with high sensitivity and 
specificity.173 

Does not take into consideration 
environmental factors and does not measure 
actual mobility ability in the community. 

Rivermead 
Mobility 
Index184 

Short; simple; requires no 
special equipment or 
training; and can be 
conducted in a variety of 
settings.179  

Does not take into consideration increases 
in mobility achieved through assistive 
devices or environmental modifications,179  
no information on the psychometric 
properties of locomotion items, and does 
not provide direct measurement of persons’ 
community ambulation.  

Barthel Index184 Excellent reliability and 
validity,184  widely used for 
stroke,3, 186 and predicts 
length of stay in hospital.185  

Large reported ceiling and floor effects;187 
the psychometric properties of the 
locomotion items are unknown; and does 
not provide direct and objective 
measurement of locomotion ability in the 
community.  
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Table 2-5.  Continued 
Test Name Strengths Weaknesses 

Functional 
Independence 
Measure184 

Excellent reliability;184 7-
point scale increases 
sensitivity;3 and a strong 
predictor of outcome 
disability and  discharge 
destination.189  

Ceiling and floor effects at the upper and 
lower ends of function;3 reliability is 
dependent on tester;195 there is no 
information regarding the psychometric 
properties of the locomotion items; and 
ratings are not necessarily acquired via 
objective observation of person’s 
performance in the community. 

Frenchay 
Activities 
Index197  

Excellent validity; stroke 
specific; simple to 
administer; and suitable to 
use with proxy 
administration.184 

Relies on perception and estimation of 
physical activity;10 lacking standard 
guidelines for administration;184 ceiling 
effect has been reported at 6 months post-
stroke; 121 there is no information on the 
psychometric properties of the locomotion 
items; and does not directly measure 
ambulation in the community. 

 
 
Table 2-6.  Participation and quality of life post-stroke outcomes summary table 

Measure Strengths Weaknesses 
Stroke Impact Scale186 Excellent validity;214 does not 

have significant ceiling or 
floor effects; and validated 
with telephone and proxy 
administration.211 

Mobility level assessment 
is not based on direct 
measurement of what the 
person can do in the 
community. 

Medical Outcomes Study 
Short Form-36214 

Excellent validity;214 widely 
used;3 brief; can be self-
administered or administered 
by phone or interview; simple 
to administer;215 and 
standardized norms are 
available.214 

Possible floor effect in 
seriously ill patients;3, 186 
low rated of agreement 
between proxy respondent 
and patient respondent 
ratings;218 and mobility 
level assessment is 
subjective and not based on 
direct measurement of what 
the person can or cannot 
do. 

EuroQol Quality of Life 
Scale214 

Short and simple; high 
response rate;221and has been 
evaluated for proxy use.214 

The ability to self-complete 
is directly related to age 
and cognitive function;224 
low reliability with a proxy 
respondent;221 and mobility 
level assessment is 
subjective. 
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Table 2-7.  Locomotor Experience Applied Post-Stroke enrollment, screening, and baseline 
assessments 

Assessment Screening and 
enrollment (5-30 
days post-stroke) 

Screening and 
enrollment (45-60 days 

post-stroke) 

Baseline (2 
month post-

stroke) 
Primary Outcome Measures    
Ten meter walk (Functional 
Ambulation Classification) 

  X 

Six minute walk test   X 
Step activity monitor   X 
Secondary Outcome Measures    
Exercise tolerance test  X  
Mini Mental State Examination   X 
Patient Health Questionnaire 
Nine- item Depression Scale 

  X 

Fugl-Meyer Assessment   X 
Berg Balance Scale   X 
Activities-specific Balance 
Confidence Scale 

  X 

Stroke Impact Scale (version 
3.0) 

  X 

Trail Making Test (Part A and 
Part B) 

  X 

Height, Weight, Waist 
Circumference 

  X 

Orpington Prognostic Scale X   
National Institutes of Health 
Stroke Scale 

X   

Co-morbidity Index X   
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PART A: COMMUNITY AMBULATION BARRIERS AND FACILITATORS   PART B: COMMUNITY AMBULATION DESCRIPTORS  
 (The International Classification of Functioning, Disability and Health)  

 

 

 

 
Figure 2-1.  The International Classification of Functioning, Disability and Health as a conceptual framework for studying community 

Ambulation [Adapted from WHO. Introduction. World Health Organization: International Classification of Functioning, 
Disability and Health: ICF. Geneva: WHO Library Cataloguing-in-Publication Data;2001:3-25.]121 
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Figure 2-2.  One day of step activity data. This figure illustrates one day of step activity data 

from two subjects who took similar number of steps but demonstrated varying 
activity patterns.  
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CHAPTER 3 
INFERRED COMPLIANCE WITH A STEP ACTIVITY MONITOR PROTOCOL TO 

MEASURE FREE PHYSICAL ACTIVITY IN MODERATE TO SEVERE SUB-ACUTE 
STROKE SURVIVORS 

3.1 Introduction  

Stroke is frequently a significant contributor to long-term adult disability and burden of 

care,1,2 as following stroke, individuals commonly have residual neurologic deficits, which 

impair mobility.3 An inability to walk safely and functionally at home and within the community 

is a common mobility problem post-stroke.4 Consequently, a return to home and community-

based ambulatory activity is a major rehabilitation goal for many stroke survivors.3  

Due to the importance of ambulation in people who have survived a stroke, quantifying 

mobility at home and in the community is an important outcome measure in treatment and 

rehabilitation.6 Stroke research relies heavily on activity measures such as gait speed and 

walking distance to predict community ambulation ability. These measures are simple, fast, and 

related to the severity of impairment in the home and the community.9 However, such measures 

evaluate the individual in a non-familiar environment,10 attempt to derive mobility from brief  

“snapshots” of walking performance,11 are not sensitive to subtle changes in function,11, 12 and do 

not directly assess persons’ free-living ambulation or mobility-driven social participation.12 Self-

reported questionnaires which have community ambulation and mobility items, such as the SIS, 

are also commonly used to assess community ambulation levels. Self-report approaches are 

especially useful in large population studies.14, 15 However, such instruments rely on factors 

related to recall and cognitive ability which contribute to the inaccuracy of these approaches.16  

An alternative approach to participation level home and community ambulation 

measurement involves direct recording of ambulatory activity14 with microprocessor-based 

accelerometers, such as the SAM. In stroke clinical trials SAM is being used with increasing 
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regularity.6, 12, 23, 34, 298, 311 However, participants’ compliance in wearing the monitor is critical 

for obtaining accurate physical activity measurement,15 as non-compliance is usually considered 

a source of bias. Therefore, in order to assess whether the SAM could be a valuable tool in 

clinical trials, it is important to establish post-stroke inferred compliance with accelerometer 

monitoring. Compliance with the accelerometer monitoring protocol is inferred because 

identifying when a participant is not wearing the accelerometer is difficult, as  long continuous 

bouts of accelerometer inactivity (zero counts) may mean either that the participant was 

completely inactive (e.g., sleeping or napping) or removed the accelerometer.251 Therefore, 

researchers develop decision rules to evaluate inferred compliance with the accelerometer 

monitoring protocol. Understanding factors that predict post-stroke inferred compliance with 

accelerometer measurement protocol may aid researchers in determining the profiles of stroke 

survivors for whom accelerometer measurement is appropriate and how to increase 

accelerometer measurement compliance in this population. 

Numerous factors may be associated with inferred accelerometer monitoring compliance 

post-stroke. Increased cognition, younger age, lower depression scores, reduced gait impairment, 

and higher levels of balance control and balance self-efficacy may predict increase in inferred 

protocol compliance. Cognitive declines may have an impact on individual’s ability to remember 

to carry out a task in the future.279 Therefore, declines in cognition could affect an individual’s  

ability to remember to wear an accelerometer and could thus directly affect compliance with an 

accelerometer protocol.278 In addition, impaired cognition may hamper the individual’s ability to 

understand the accelerometer protocol which may also result in decreased compliance. Age may 

also be an important compliance predictor. Uswatte and colleagues276 reported that compliance 

with accelerometer monitoring of real world arm activity did not differ for older and younger 
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individuals. However, the authors did not report the sample’s age range. The study’s null results 

may be attributable to limited variability in age. Age related changes such as motor skills 

impairments, decreased vision, and cognitive decline are common among the elderly and may 

influence the ability to handle the accelerometer.277 Therefore, despite Uswatte and colleagues276  

results, younger age has the potential to predict post-stroke lower extremity accelerometer 

monitoring compliance. Lower depression scores may be associated with increased inferred 

compliance in accelerometer monitoring protocol as well. Common depression symptoms 

consisted of difficulty concentrating and remembering details,283 pessimism, persistent sad 

feelings, loss of interest in activities, hopelessness feelings, and fatigue.283  Consequently, an 

individual who is depressed may be more likely to forget and not to be motivated to wear an 

accelerometer as instructed. Reduced gait and balance control impairment, as well as higher 

balance self-efficacy, may also predict increased inferred post-stroke accelerometer measurement 

protocol compliance. Individuals who have reduced gait and balance control impairment, and 

higher balance self-efficacy, are more likely to walk on a regular basis than individuals with 

more severe gait9 and balance control impairment, and low balance self-efficacy. Therefore, 

these individuals may place more importance on wearing the accelerometer simply because they 

are performing the behavior being measured more frequently.278 Finally, the literature suggests 

that within the stroke population, gender, literacy, stroke location, stroke type, and upper 

extremity motor control are not associated with inferred upper extremity accelerometer protocol 

compliance.276 

The purpose of this study was to assess the rate of and predictors for inferred compliance 

with lower extremity accelerometer monitoring protocol two months post-stroke. We 

hypothesized that increased cognition, lower depression scores, younger age, mild (or less) gait 
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impairment, and higher levels of balance control and balance self-efficacy, will predict increased 

inferred protocol compliance. Finally, gender, education, stroke location, stroke type, and upper 

extremity motor control impairment will not predict inferred protocol compliance. Knowledge of 

compliance rate with the SAM protocol will enable researchers to make decisions regarding for 

who the SAM use will not be appropriate. For example, if severe depression will be found to 

predict diminished protocol compliance, it will indicate a need to implement compliance 

strategies in persons post-stroke with severe depression.  

3.2 Methods 

3.2.1 Design 

Data in this cross-sectional study was derived from a parent study, the LEAPS, pre-

randomization data from two-month post-stroke baseline assessments. The LEAPS is an ongoing 

5-year, phase-III, single-blind, 5-site, randomized controlled trial. Details about design, 

outcomes, and inclusion and exclusion criteria of this study are published elsewhere.311 Briefly, 

the LEAPS trial recruits individuals post-stroke over the age of 18, five to thirty days post-

stroke. Individuals with uncontrolled health conditions for which exercise is contraindicated 

(e.g., serious cardiac conditions, severe arthritis or orthopedic problems, severe hypertension, 

and uncontrollable diabetes) are excluded. 

The primary purposes of the LEAPS trial are to determine if a specialized locomotor 

training program that incorporates a body weight support system and treadmill as a treatment 

modality can produce a functionally significant improvement in walking of persons post-stroke 

compared to a control group (non-specific, low intensity exercise program), and whether timing 

of therapy (two or six months post-stroke), severity of locomotor impairment (moderate or 

severe), and the number of treatments affects locomotor outcome. The LEAPS trial primary 
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outcome is the proportion of participants who successfully recover walking one year post-stroke, 

based on the gait speed classification system.311  

3.2.2 Testing Procedures and Measurements 

3.2.2.1 Ambulatory activity  

Habitual ambulatory activity was assessed with the SAM. Within the stroke population, 

SAM was found to be valid, reliable,19, 23 and sensitive to change.12 SAMs were programmed 

with an initial generic calibration.19 Participants performed a one-minute walk test. SAM counts 

of strides were compared with visual counts. Adjustments were made to the calibration setting 

and the timed walks were repeated to ensure greater than 90% accuracy against visual counts. To 

achieve optimal sensitivity for step detection, the SAM was programmed and applied above the 

malleolus of the less-involved limb with two adjustable elastic straps. Participants wore the SAM 

for a period of two consecutive days, throughout the day, removing the SAM only to bathe, 

shower, swim, or sleep. A demonstration and written instructions regarding appropriate use of 

the device were provided to subjects. In an effort to enhance compliance, the written directions 

included what days the subjects were to wear the SAM. In addition, there was an attempt to 

conduct follow-up phone calls to remind the subjects to wear the SAM. However, the reminder 

calls were not fully successful due to scheduling conflicts to making calls, LEAPS team member 

and patient/family did not speak the same language, or no one answered the phone and there was 

not an opportunity to leave a message. 

Data reduction: On completion of a 48-hour monitoring period, SAM data were downloaded 

using an infrared docking port. SAM’s raw data from the manufacturer software were imported 

into Microsoft Excel. Data were expressed as stride counts every 60 seconds during the 48 hours. 

Identification of inferred accelerometer compliance rate: Inferred compliance in 24 and 48 

hours were established in three time periods (windows) of six hours: (1) 6:00AM-12:00PM, (2) 
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12:01PM-6:00PM, and (3) 6:01PM-12:00AM. It is reasonable to assume that most individuals 

sleep between 12:00AM to 6:00AM or are engaged in sedentary activities such as reading or 

watching television. Therefore, compliance in wearing the accelerometer was inferred only for 

18 waking hours of the day, between 6:00AM to 12:00AM.  If activity was recorded in only one 

portion of a window it was inferred that the person wore the accelerometer throughout the 

window as participants are not likely to remove accelerometers multiple times per day. In 

addition, windows with long recording epochs were selected because stroke patients are typically 

older individuals with secondary motor deficits. Thus, they are more likely to be inactive 

compared to younger and healthy individuals. According to this method, a compliant person in 

24 and 48 hours was defined as a participant who has activity recorded in each of the three or six 

recording windows, respectively. The sample’s inferred compliance with the accelerometer 

monitoring protocol was categorized as poor (0-20%), low (21-40%), moderate (41-60%), high 

(61-80%), or very high (81-100%) based on the percentage of the sample with activity in all the 

three or six windows. Figure 3-1 illustrates the use of the six hours windows method to identify 

inferred accelerometer wearing activity. 

3.2.2.2 Accelerometer monitoring inferred compliance predictors  

The potential of cognition, depression, age, gait impairment, balance control, and balance 

self-efficacy to predict compliance were investigated. These predictors were included based on 

the available literature284 and clinical grounds. In addition, the association of the following 

variables with compliance were investigated: gender, education, stroke location, stroke type, and 

upper extremity motor control impairment. These variables’ associations with compliance were 

examined as there is limited data suggesting these variables have no impact on post-stroke upper 

extremity accelerometer monitoring compliance.272 
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All measures selected to assess the potential predictors have established reliability and 

validity and were captured according to standardized protocols by blinded per diem therapists.311 

Demographic: The age, gender, and highest level of education achieved (< high school, high 

school or GED, some college, Associate’s degree, Bachelor’s degree, and advanced degree) were 

obtained from patient and/or family members’ interviews, and were confirmed via medical 

records review. 

Cognition: The MMSE and the TMT-B were used to evaluate cognitive function two months 

post-stroke. The MMSE assesses orientation to time and place, immediate recall, short-term 

verbal memory, calculation, language, and constructs ability.312 Folstein, Folstein, McHugh, and 

Fanjiang 313 recommended the following cutoff scores: scores > 27 represent no cognitive 

impairment; 21-26, mild cognitive impairment; 11-20, moderate impairment; and < 10 severe 

impairment.313 The TMT-B requires the patient to draw lines alternating between numbers and 

letters in consecutive order. Performance was assessed by the time taken to complete the trial 

correctly.306 Performance in TMT-B reflects executive function, executive control, and the 

ability to flexibly shift the course of an ongoing activity.307 

Depression: The Patient Health Questionnaire nine-item depression scale (PHQ-9) was used to 

measure depression two month post-stroke. The PHQ-9 usefulness as a depression screening and 

diagnostic instrument has been established recently for stroke survivors.314 The PHQ-9 scores 

range from 0 to 27. Cutoff points of 5, 10, 15, 20 represent the thresholds for mild, moderate, 

moderately severe, and severe depression.13 

Stroke location and type: Stroke location (right/left hemisphere, brainstem, or bilateral with no 

bilateral paresis) were confirmed by Computed Tomography or Magnetic Resonance Imaging 
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scans. Stroke type (ischemic, hemorrhagic, or uncertain) was determined from reviewing the 

participant’s medical records. 

Upper extremity motor control impairment: The upper extremity motor function portion of 

the Fugl-Meyer Assessment (FM-UE) was used to determine upper extremity motor control 

impairment two months post-stroke. The FMA is one of the most commonly used and 

comprehensive scales of motor and sensory recovery following stroke. Standardized protocols 

for administration were followed.315 

Gait impairment: Gait impairment was assessed via gait speed measured during a 10-meter 

walk. The time that it took to traverse the 10 meters at the subject’s comfortable pace using their 

usual assistive devices or orthoses was recorded. Gait speed has been described as the “almost-

perfect” mobility outcome measure in neurological populations151 as it is simple to measure and 

is reliable, valid, and sensitive to post-stroke recovery stage.9, 138 Furthermore, gait speed is 

related to rehabilitation prognosis29, 139 and discharge destination.140  

Balance control: Balance was measured by the BBS.324 The BBS consists of 14 items which 

assess subjects’ ability to maintain movements or positions of increasing difficulty via 

decreasing the base of support.324 Each item is graded 0 to 4. The global score of the BBS ranges 

is from 0 to 56 points. A score of 56 indicates functional balance, scores <45 indicate that a 

person may be at greater risk of falling.325  Therefore, the BBS score was dichotomized into 

more severe balance deficits (scores < 45) and less severe balance deficits (scores > 45).325 The 

test has been used in a stroke population and has well-established validity and reliability.324 A 

standardized protocol for administration was followed.324 

Balance self-efficacy: Activities-Specific Balance Scale (ABC) was used to assess perceived 

confidence in maintaining balance while performing common community related activities such 



 

97 

as bending, reaching, and walking both inside and outside the house. This measure has good 

reliability and internal consistency.327 Myers et al.328 found that in a group of community-

dwelling older adults, ABC scores of <50 indicated a low level of physical functioning (home 

care clients); ABC of more than 50 and less than 80 indicated a moderate level of functioning 

(older adults in a retirement home setting); and ABC scores of > 80 indicated high functioning 

(physically active older adults). Accordingly, in this  study ABC scores were dichotomized into 

low level of physical functioning (ABC < 49 points) and moderate to high level of physical 

functioning (ABC > 50 points). 

3.2.3 Data Analysis 

The initial step was to determine the percentage of participants who complied with the 

accelerometer measurement protocol in the first day, second day, and in both days (participants 

who wore the device on the first and the second measurement days). In a second step, 

demographic and clinical characteristics of the participants who comply and did not comply with 

the SAM protocol during the first day, second day, and both days was described by descriptive 

statistics. Demographic and clinical characteristics of subjects who complied with the SAM 

protocol were compared to those who did not comply with the SAM protocol, with independent t 

tests for normally distributed interval variables, Wilcoxon rank-sum test for not-normally 

distributed interval variables, and by Chi-square test or Fisher’s exact test for categorical 

variables. In a third step, backward logistic regression based on maximum likelihood estimates 

was used to identify predictors for compliance in the first day, second day, and both days. Data 

were analyzed with SAS version 9.1 Statistical software. 

A priori power analysis was conducted. Within the stroke population, in individuals with 

sub-acute to chronic stroke (3-166 months post-stroke) correlations between SAM outcomes and 

other clinical outcomes range from 0.316 (with peak oxygen consumption) 23 to 0.62 (with FIM 
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mobility).12 Based on the lowest correlation reported (r=0.316), with 10 predictors, and an 

adjusted alpha level of 0.005, a sample size of 62 will be needed to get a power of 0.80. 

3.3 Results 

3.3.1 Study Population 

The sample consisted of 228 individuals two months post-stroke. The average age of the 

participants was 63.92 + 12.87 (SD) years. The sample represents 51% women. The majority of 

study participants had ischemic stroke (82%) and right hemisphere stroke (47%). Eighteen 

percent of the sample had less than high school education. The average self-selected walking 

speed was 0.39 + 0.22.  

3.3.2 Compliance Rates 

 Compliance rates in the first and second measurement days were high (72 and 66%, 

respectively). However, only 55% of the participants wore the SAM in both the first and the 

second measurement days (moderate both days compliance rate) (Figure 3-2). Table 3-1 presents 

the demographic and clinical characteristics of the participants by compliance in day one, day 

two, and in both days. Statistical tests of mean difference at p < 0.05 indicated that only the 

differences in gait speed (in day 2 and in both days), age (in day two and in both days), balance 

control (in day 2), and balance self-efficacy (in day 1 and in both days), were found to be 

significant between compliers and non-compliers. Participants who complied with SAM protocol 

were no different from those who did not comply with the measurement protocol with respect to 

cognition, depression, gender, education, stroke type, stroke location, and upper extremity motor 

control (Table 3-1). Out of the 228 participants, five were primarily wheelchair users. Eighty 

percent of the primarily wheelchair ambulators complied with the first measurement day, as 

opposed to 60% in the second and in both measurement days. 
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3.3.3 Compliance Predictors 

It was hypothesized that increased cognition, lower depression scores, younger age, 

decreased gait impairment, and higher balance control scores and balance self-efficacy will 

predict increased inferred protocol compliance, whereas gender, education, stroke location, 

stroke type, and upper extremity motor control will not be associated with inferred protocol 

compliance. Logistic regression analysis indicated that none of the considered independent 

variables predicted compliance in the first day. However, the model indicated that compared to 

younger individuals, older patients have higher probability to comply with SAM protocol in the 

second measurement day and in both days (odds ratio=1.046 and 1.043, respectively) (Tables 3-2 

and 3-3).  

In addition, as hypothesized, individuals with more severe balance control deficits were 

less likely than individuals with less severe balance control deficits to comply with SAM 

protocol on day two(odds ratio of  individuals with more severe balance control deficits=0.380) 

(Table 3-2).Similarly, individuals with low balance self-efficacy were less likely to comply with 

SAM protocol than individuals with moderate to high levels of self-efficacy on both 

measurement days (odds ratio of persons with low level of balance self-efficacy=0.520) (Table 

3-3). 

3.4 Discussion 

3.4.1 Compliance Rates 

Inferred compliance with the monitoring protocol is of critical importance in any study 

using accelerometers (e.g., SAM) to quantify physical activity at home and in the community. 

The results of the present study revealed high compliance rates with the SAM protocol in the 

first and second measurement days. However, compliance rate dropped from 72% in the first 

measurement day to 66% in the second measurement day. Furthermore, only 55% of the 
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participants were in compliance for two consecutive days. To the best of our knowledge, the 

present study is the first to report inferred compliance rates with lower extremity accelerometer 

monitoring post-stroke. The topic of compliance has received relatively little attention in other 

populations as well.317  In a feasibility study of the use of accelerometers to measure physical 

activity in young adolescents, the percentage of students with complete accelerometer data for > 

three days was 92%.284 Cooper et al.285 reported a 78% compliance rate for a 7-day 

accelerometer measurement in normal, overweight, and obese adults. These reported compliance 

rates are considerably higher than the compliance rates of the participants in our study. However, 

caution should be taken when comparing compliance rates across studies as differences in study 

population and methods to infer compliance may be accountable for the observed differences. 

 On the account of the observed decrease in compliance rate from the first measurement 

day to the second it may be appropriate to implement strategies to improve compliance if data is 

being collected for more than one day. Different strategies can be used to promote compliance 

with SAMs. These strategies may be categorized as participant or investigator-based. Participant-

based approaches require the persons wearing the accelerometers to complete specific tasks that 

may promote greater compliance (e.g., participant records the time the accelerometer is on and 

off and the activities performed without the monitor). Investigator-based compliance strategies 

consisted of activities that performed by the research staff that assist study participants remember 

to wear the monitor (i.e., making reminder calls, providing participants with written materials to 

display on refrigerators to prompt wearing the monitor, providing incentives contingent on 

compliance, and educating family members and caregivers about the wearing protocol).317 

3.4.2 Compliance Predictors 

Interestingly, the parameter estimates for age were greater than one. This means that the 

older an individual is the more likely he or she is to comply with wearing the SAM device. 
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Within other populations, it has also been reported that older age is associated with greater 

likelihood of compliance with various medical treatment regimens.318-320 Within the stroke 

population, Usawate et al.272 examined factors associated with upper extremity accelerometry 

monitoring in individuals three to nine months post-stroke with mild to moderate hemiparetic 

arm motor impairment. The authors reported that compliance with accelerometer monitoring of 

real world arm activity post-stroke did not differ for older and younger individuals. However, the 

authors did not report sample’s age variability. Therefore, the null findings may be attributable to 

limited variability in age.  

In contrary to our hypothesis, cognition, depression, and gait speed did not predict 

compliance with SAM monitoring. Cognition may not have been an important predictor for 

compliance with SAM in this study because individuals with severe cognitive impairment, who 

could not perform a three-step command, were excluded from the study. In addition, the 

accelerometer is user friendly. Therefore, individuals with mild and moderate cognitive deficits 

may not encounter difficulties understanding the accelerometer measurement protocol. 

Depression was found to be a significant predictor of noncompliance with medical treatment in 

numerous populations.280-282 However, in this study decreased depression was not a significant 

predictor of compliance. One explanation to this lack of association between depression and 

compliance may be accountable to the study inclusion and exclusion criteria. Individuals with 

major post-stroke depression as indicated by a PHQ-9 score of greater than 10 (moderate to 

severe depression) were included in the study only if there was documented management of the 

depression by a health care provider. Therefore, the study depression variability was limited. 

Finally, gait impairment was not a significant predictor of compliance either. The null results 
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may be accountable to the reduced variability in the samples gait speed as individuals with very 

mild gait impairment (> 0.8 m/s) were excluded.  

As hypothesized, individuals with less severe balance control impairment and higher 

levels of balance self-efficacy were more likely to comply with SAM protocol. It is reasonable to 

hypothesize that individuals with better balance control and balance self-efficacy are more likely 

to comply with SAM because they are more likely to walk on a regular basis than individuals 

with more severe impairments. Therefore, individuals with less severe balance and self-efficacy 

deficits may place more importance on wearing the accelerometer simply because they are 

performing the behavior being measured more frequently.  

As expected, the logistic regression analysis also indicated that stroke location, stroke 

type, upper extremity motor control impairment, gender, and education did not predict 

compliance with SAM protocol. Accordingly, Uswatte and colleagues272 concluded that stroke 

location, stroke type, upper extremity motor control impairment, gender, and education did not 

predict compliance with upper extremity accelerometry protocol post-stroke. The authors 

reasoned that highest level of education may not be related to accelerometer monitoring 

compliance per se, but rather may have an impact on the methods that should be used to promote 

compliance with the monitoring protocol and to describe appropriate use of the accelerometer to 

the study population.  

3.4.3 Study Limitations 

 Our study has a number of limitations. First, our study excluded individuals with severe 

untreated depression, severe cognitive impairment, and mild gait impairment. Therefore, the 

effect of these variables on compliance with SAM monitoring can not be fully established. 

Second, despite the widespread use of accelerometers, there is no standardized way to assess 

compliance with the monitoring protocol. Therefore, the definition developed to assess 
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compliance in this study is likely to have an impact on compliance rates and predictors. Third, 

study participants consisted of individuals during the sub-acute phase of stroke recovery (two 

month post-stroke). Therefore, it is unclear how generalizable our findings are to individuals 

during the acute and chronic phase of stroke recovery. Finally, the study was not designed to 

evaluate how different factors might improve compliance. Testing the differences of 

effectiveness of the different strategies to promote compliance would be a contribution for others 

using activity monitors.  

3.5 Conclusion 

Understanding the factors that influence SAM protocol compliance is an important aspect 

of clinical trials which use accelerometery as mobility outcome measure. This study 

demonstrates high compliance rates with SAM monitoring protocol in the first and second 

measurement days (72 and 66%, respectively). However, compliance rate dropped from the first 

to the second measurement day by six percent. In addition, compliance rate in both days was as 

low as 55% (moderate compliance).Therefore, it is recommended to implement strategies to 

improve compliance, especially in studies which attempt to collect data for more than one day, 

and in samples that are mostly consisted of younger individuals, persons with relatively severe 

balance control deficits (BBS < 45), and low levels of balance self-efficacy (ABC <50). These 

strategies may consist of making reminder calls, providing participants with written materials to 

display on refrigerators to prompt wearing the monitor, providing incentives contingent on 

compliance, educating family members and caregivers about the wearing protocol, and etc.317 

Participants’ compliance in wearing the monitor is critical for obtaining accurate physical 

activity measurement,15 as non-compliance is usually considered a source of bias. Therefore, 

having compliance rate of at least 80% may be an appropriate goal. 
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No variable predicted compliance in the first measurement day. Age and balance control 

predicted compliance in the second measurement day. However, age and balance self-efficacy 

predicted compliance in both measurement days. Cognition, depression, gait impairment, 

education, stroke location, stroke type, and upper extremity motor control impairment did not 

predict SAM protocol inferred compliance. Finally, this study consisted of approximately 50% of 

the LEAPS participants. Due to the drop in inferred compliance rate from the first to the second 

measurement days and the moderate compliance rate in both measurement days, we are currently 

using additional strategies to enhance LEAPS participants SAM compliance over the last phase 

of the trial (e.g., better reinforcement of follow-up phone calls). Within the stroke population, 

Uswatte et al.272 reported that the participants wore accelerometers on both upper and lower 

extremity for approximately 86% of their waking hours. Therefore, it is reasonable to aim to 

raise LEAPS participants’ inferred compliance to at least 80%. 
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Table 3-1.  Demographics and clinical characteristics of the participants by compliance status 
Characteristics of patients Compliance in first day Compliance in second day Compliance in both day 

Yes  
N=165  
(72.4 %) 

No 
N=63    
(27.6%) 

Yes 
N=151  
(66.2 %) 

No 
N=77   
(33.8%) 

Yes 
N=125 
(54.8 %) 

No 
N=103   
(45.2 %) 

Gait speed (SD) (m/s) 0.41(0.21) 0.33(0.22) 0.41(0.21)* 0.33(0.22) 0.41(0.22)* 0.35(0.22) 
Age (SD) (years) 64.6(12.9) 62.2(12.7) 65.4(12.3)* 61.1(13.5) 66.6(11.7)* 60.7(13.6) 
Mini Mental State Examination 
(SD) 26.2(3.31) 26.0(3.2) 26.2(3.1) 25.9(3.6) 26.3(3.1) 25.9(3.5) 
Trail Making Test Part B (SD) 
(sec) 217.2(94.6) 225.9(105.9) 213.3(94.3) 232.0(103.3) 212.9(93.8) 227.8(101.9) 
Patient Health Questionnaire 
(SD) 4.6(5.0) 4.6(5.5) 4.5(5.1) 4.9(5.1) 4.4(4.9) 4.8(5.4) 
Fugl-Meyer Assessment-upper 
extremity (SD) 37.6(21.1) 33.0(19.9) 37.6(20.6) 33.9(21.0) 38.3(20.8) 33.9(20.6) 
Berg Balance 
Scale 

Less impaired 33.3% 27.0% 36.4%* 22.1% 36.0% 26.2% 
More 
impaired 66.7% 73.0% 63.6%* 77.9% 64.0% 73.8% 

Activities 
Specific Balance 
Scale 

Moderate to 
high level 49.4%* 33.9% 49.0% 37.3% 51.2%* 37.6% 
Low level 50.6%* 66.1% 51.0% 62.7% 48.8%* 62.4% 

Gender 
 

Male  50.3% 47.6% 53.0% 42.9% 51.2% 47.6% 
Female  49.7% 52.4% 47.0% 57.1% 48.8% 52.4% 

Education  < high school  20.00% 15.9% 19.9% 16.9% 20.0% 17.5% 
High school 
or GED 28.5% 28.6% 26.5% 32.5% 27.2% 30.1% 
Some college 20.0% 30.2% 20.5% 27.3% 18.4% 28.2% 
Associate’s 
degree 9.7% 3.2% 10.6% 2.6% 12.0% 2.9% 
Bachelor’s 
degree 15.2% 9.5% 13.2% 14.3% 14.4% 12.6% 
Advanced 
degree 6.7% 12.7% 9.3% 6.5% 8.0% 8.7% 

Stroke type  Ischemic 83.0% 81.0% 84.1% 79.2% 84.8% 79.6% 
Hemorrhagic 15.8% 15.9% 14.6% 18.2% 13.6% 18.4% 
Uncertain 1.2% 3.2% 1.3% 2.6% 1.6% 1.9% 

Stroke location  Right 
hemisphere 44.8% 54.0% 44.4% 53.2% 43.2% 52.4% 
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Table 3-1  Continued 
Characteristics of patients Compliance in first day Compliance in second day Compliance in both day 

Yes  
N=165  
(72.4 %) 

No 
N=63    
(27.6%) 

Yes 
N=151  
(66.2 %) 

No 
N=77   
(33.8%) 

Yes 
N=125 
(54.8 %) 

No 
N=103   
(45.2 %) 

 Left 
hemisphere 38.2% 34.9% 39.7% 32.5% 40.0% 34.0% 
Brainstem 15.2% 11.1% 15.2% 11.7% 16.0% 11.6% 
Bilateral 1.8% -- 0.7% 2.6% 0.8% 1.9% 

SD=standard deviation; *differences between compliers and non-compliers are significant at the < 0.05 level (2-tailed). 
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Table 3-2.  Second day predictors for compliance with step activity monitor  
Covariate Odds Ratio 95% Confidence 

Interval 
P-value 

Age 1.046 (1.011, 1.067) 0.005 
More severe balance control impairment 0.380 (0.181, 0.796) 0.010 
 
 
Table 3-3.  First and second days predictors for compliance with step activity monitor  
Covariate Odds Ratio 95% Confidence 

Interval 
P-value 

Age 1.043 (1.017, 1.070) 0.001 
Low balance self-efficacy 0.520 (0.282,0.960) 0.036 

 
 
 
 
 
                                           Window 1                  Window 2                Window 3 
                                   (6:00AM-12:00PM)  (12:01PM-6:00PM)  (6:01PM-12:00AM) 
 

 

Figure 3-1.  Inferred wearing activity based on the windows method. The Figure illustrates 
activity in all three windows. Therefore, the person in this figure has complete 
compliance with the monitoring protocol [adapted from Franklin PD, McLaughlin J, 
Boisvert CB, Li W, Ayers DC. Pilot study of methods to document quantity and 
variation of independent patient exercise and activity after total knee arthroplasty. J 
Arthroplasty. 2006;21:157-163.].109 
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Figure 3-2.  Compliance with the step activity monitor by day. This figure illustrates the drop in 
inferred compliance rate from the first measurement day to the second measurement 
day (a six percent drop). However, the percentage of  individuals who wore the step 
activity monitor in the first and the second measurement days (both days compliance) 
was the lowest. 
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CHAPTER 4 
CLINICAL BASED GAIT SPEED IN PERSONS WITH SUB-ACUTE STROKE: 
RELATIONSHIP TO HOME AND COMMUNITY AMBULATION ACTIVITY 

4.1 Introduction 

Stroke is the leading cause of long-term disability among adults in the United States.37 

An inability to independently ambulate at home and in the community is one of the most 

disabling aspects for stroke survivors.5 Gait restoration is therefore one of the most important 

components of post-stroke rehabilitation.321 Consequently, measuring the ability to ambulate 

safely and effectively at home and in the community is crucial. Gait speed is an activity level 

outcome measure which has often been used as a proxy measure for home and community 

ambulation28 in post-stroke clinical trials.322   

However, gait speed may not be a perfect measure of home and community ambulation 

as it evaluates the individual in a non-familiar environment,10 derives mobility from brief  

“snapshots” of walking performance,11 is not sensitive to subtle changes in function,11, 12 and 

overall, does not directly assess persons’ free-living ambulation or mobility-driven social 

participation.12  Thus, the skills necessary to perform gait speed tests likely do not automatically 

transfer to mobility at home and in the community.28 Therefore, it is important to understand the 

relationship between gait speed and participation level measures of home/community ambulation 

and whether this relationship is confounded by other variables.  

Participation level measures of home/community ambulation may be ascertained with 

self-report mobility questionnaires or via direct measures of step activity in the community. The 

SIS is an example of a psychometrically robust post-stroke self-report which includes items that 

assess the ability to be mobile at home and in the community. Recently, Schmid et al.32 evaluated 

whether changes in speed-based community ambulation classification were related to meaningful 

changes in stroke-related function and quality of life as measured by the SIS. The study 
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population consisted of sub-acute stroke survivors with mild to moderate deficits. The authors 

concluded that the gait-speed classification system is associated with mobility in the community 

as a gait speed gain that results in a transition to a higher class of ambulation also results in better 

SIS mobility and participation scores. 

Although Schmid et al.’s32 study supports the use of the speed-based classification as a 

proxy measure of community ambulation, numerous factors might confound this relationship. 

According to van de Port et al.,99 association between post-stroke gait speed and community 

ambulation was confounded by control of standing balance, motor function, the use of walking 

devices, and walking endurance. Van de Port’s and associates results99 are in agreement with 

those of previous studies.23, 60, 61 Moreover, balance self-efficacy might also confound the 

relationship between gait speed classification system and community ambulation, as fear of 

falling may lead to the avoidance of activities that the individual remains capable of 

performing.107  Finally, van de Port and associates99 reported that age, lesion location by 

hemisphere, living alone, history of falls, executive function, fatigue or depression did not 

confound the association between gait speed and community ambulation.  

 The aforementioned studies provide valuable information on the association between 

gait-speed and community ambulation and on confounders to this relationship. However, these 

studies used self-administered questionnaires to assess community ambulation. Self-administered 

questionnaires rely on factors related to recall and cognitive ability which contribute to the 

inaccuracy of these approaches.108 Therefore, it is important to validate the speed-based 

classification system against a direct measure of community ambulation as well.  

Pedometers and microprocessor-based accelerometers, such as the SAM enable direct 

recording of ambulatory activity. Pedometers count the number of steps taken during ambulatory 
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activity. However, pedometers are unable to breakdown activity minute-by-minute, therefore, 

they do not provide information on activity intensity and pattern. Furthermore, within the stroke 

population, pedometers do not provide accurate and reliable measure of stride counts.19 

Pedometers inaccuracy within the stroke population may be due to stroke survivors slow gait 

speeds and irregular gait patterns. Unlike the pedometers, the SAM was found to be valid, 

reliable,19, 23 and sensitive to change12 when used with individuals post-stroke. In addition, SAM 

provides minute-by-minute measurements. The resulting temporal series of data can be analyzed 

in a variety of ways:24 (1) Activity volume, refers to activity quantity and/or duration (e.g., the 

number of steps an individual took in 24 hour period),25 (2) Activity intensity, as determined via 

step vigor (steps/min),26, 27 and (3) Activity pattern, represents the degree to which step activity 

fluctuates minute-to-minute, and whether these minute-to-minute fluctuations occur in an 

orderly, repetitive, or predictable manner.                                              

Michael et al.23 used the SAM to evaluate ambulatory activity (stride counts) in a sample 

of community-dwelling individuals with mild-to-moderate chronic stroke. The authors reported 

that the participants’ mean ambulatory activity profiles were strongly associated with self-

selected gait speed. More recently, Bowden et al.33 demonstrated that classifying individuals 

with chronic stroke (greater than six-months post-stroke) by self-selected gait speed is associated 

with walking behavior in the community as quantified by daily steps counts. However, 

contrasting results exist. Shaughnessy and colleagues12 reported that SAM-derived daily steps 

were not related to self-selected gait speed in persons with mild-to-moderate post-stroke 

hemiparetic gait deficits at discharge from inpatient rehabilitation and three months later. 

Similarly, Mudge and Stott343 concluded that SAM-derived number of steps/day and percentage 

of the day with no steps did not significantly correlate with habitual gait speed in persons with 
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chronic stroke (greater than six months post-stroke) and moderate post-stroke hemiparetic gait 

deficits (mean gait speed =0.67 m/s). However, Mudge and Stott343 reported that habitual gait 

speed significantly correlated with numerous activity intensity outcomes (e.g., step rate of the 

fastest 30 minutes and the highest step rate in one minute). 

The association between gait speed and step activity pattern is unknown. Knowledge on 

the association between gait speed and step activity pattern is also important as two subjects who 

took similar number of steps might demonstrate varying step activity patterns. Therefore, gait 

speed-classification system might be associated with step activity volume and intensity but not 

with step activity pattern. There is also a need to establish factors which confound the association 

between gait speed and community ambulation with quantitative measures of walking 

performance in the community. This knowledge will help in determining when it is appropriate 

to use the gait speed classification system as a proxy measure of community ambulation. For 

instance, if severe balance control deficits distort the relationship between gait speed and step 

activity in the community, gait speed may not be a good proxy measure of community 

ambulation for persons with severe balance control deficits. Finally, examining the association of 

gait speed and SAM with a measure of participation such as the SIS will assist in determining 

what type of community-based activities people with certain gait speeds and step activity profiles 

are capable of doing. For instance, is a person with gait speed of 0.4 m/s capable of climbing one 

flight of stairs? Does a person with an average of a 1000 steps per day find it difficult to go 

shopping?  

The purpose of this study is to assess the relationship between gait speed and SAM 

derived home and community ambulation, and whether lower extremity motor control 

impairment, balance control, walking endurance, and balance self-efficacy, significantly 
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confound this relationship in persons with moderate-to-severe sub-acute stroke. In addition, we 

explored the association of gait speed and SAM step activity to mobility and social participation 

domains of the SIS. It was hypothesized that habitual gait speed will mainly correlate with SAM 

volume and intensity outcomes but not with SAM pattern indices. In addition, it was 

hypothesized that potential variables that could significantly distort the relationship between gait 

speed and home/community ambulation are balance control, lower extremity motor control 

impairment, walking endurance, and balance self-efficacy. Finally, it was hypothesized that 

SAM derived outcomes and gait speed will have moderately strong to very strong (r > 0.60) 

positive correlations with SIS. However, SAM derived ambulation outcomes will have 

significantly stronger associations with SIS than gait speed. 

4.2 Methods 

4.2.1 Design 

Data in this cross-sectional study were derived from a parent study, the LEAPS, pre-

randomization data from two-month post-stroke baseline assessments. The LEAPS is an ongoing 

5-year, phase-III, single-blind, 5-site, randomized controlled trial. Details about design, 

outcomes, and inclusion and exclusion criteria of this study are published elsewhere.311 Briefly, 

the LEAPS trial recruits individuals post-stroke over the age of 18, five to thirty days post-

stroke. Individuals with uncontrolled health conditions for which exercise is contraindicated 

(e.g., serious cardiac conditions, severe arthritis or orthopedic problems, severe hypertension, 

and uncontrollable diabetes) are excluded. 

The primary purposes of the LEAPS trial are to determine if a specialized locomotor 

training program that incorporates a body weight support system and treadmill as a treatment 

modality can produce a functionally significant improvement in walking of persons post-stroke 

compared to a control group (non-specific, low intensity exercise program), and whether timing 
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of therapy (two or six months post-stroke), severity of locomotor impairment (moderate or 

severe), and the number of treatments affects locomotor outcome. The LEAPS trial primary 

outcome is the proportion of participants who successfully recover walking one year post-stroke, 

based on the gait speed classification system.311  

4.2.2 Testing Procedures and Measurements 

4.2.2.1 Ambulatory activity 

Habitual ambulatory activity was assessed with the SAM. SAMs were programmed with 

an initial generic calibration.19 Participants performed a one-minute walk test. SAM counts of 

strides were compared with visual counts. Adjustments were made to the calibration setting and 

the timed walks were repeated to ensure greater than 90% accuracy against visual counts. To 

achieve optimal sensitivity for step detection, the SAM was programmed and applied above the 

malleolus of the less-involved limb with two adjustable elastic straps. Participants wore the SAM 

for a period of two days, throughout the day, removing the SAM only to bathe, shower, swim, or 

sleep. A demonstration and written instructions regarding appropriate use of the device were 

provided to subjects.   

Data reduction: On completion of a 48-hour monitoring period, SAM data were downloaded 

using an infrared docking port. SAM’s raw data from the manufacturer software were imported 

into Microsoft Excel. Data were expressed as stride counts every 60 seconds during the 48 hours.  

There were no significant differences in SAM indices between the first and the second 

measurement days (Table 4-1).  

Furthermore, inferred compliance rate was highest in the first measurement day (72.4%), 

followed by the second measurement day (66.2%) and in both days (54.8%). Inferred compliance 

in 24 and 48 hours was established in three time periods (windows) of six hours: (1) 6:00AM-

12:00PM, (2)12:01PM-6:00PM, and (3) 6:01PM-12:00AM. According to this method, a 
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compliant person in 24 and 48 hours was defined as a participant who has activity recorded in 

each of the three or six recording windows, respectively. Participants’ compliance in wearing the 

monitor is critical for obtaining accurate physical activity measurement,15 as non-compliance is 

usually considered a source of bias. Therefore, on account of the highest compliance rate in the 

first measurement day and the lack of differences in SAM indices between the first and the 

second measurement days, the analyses in this study are based on the data obtained in day one 

only. Moreover, all analyses were conducted for all participants (individuals with and without 

activity in each of the first day three windows) and for compliant patients only (individuals with 

activity in each of the first measurement day three windows).  

Identifying when a participant is not wearing the accelerometer is difficult as long 

continuous bouts of accelerometer inactivity (continuous zero readings) may mean either that the 

participant removed the accelerometer, was completely inactive (e.g., sleeping),251 or the monitor 

was malfunctioning. Therefore, in an effort to ensure that the SAM data included in the analyses 

represent the construct to which they refer (home and community ambulation), FAC of 

individuals with non-active days (less than 20 steps per day) was determined. Comparing the 

FAC and SAM step activity enabled to discover inconsistencies between functional ambulation 

level and step activity due to incompliance or SAM malfunctioning. Mehrholz et al.173 suggest 

that a dichotomized FAC (FAC > 4 and FAC < 4) may be useful in predicting level of 

community ambulation with high sensitivity and specificity. Therefore, it is likely that 

individuals with FAC > 4 with non-active days either did not wear the monitor or the monitor 

was malfunctioning. Consequently, it will be appropriate to remove these individuals’ files from 

the dataset in order to prevent false low SAM activity counts. In contrast, individuals with FAC 

< 4, non-active days are probably not due to being non-compliant with the monitoring protocol 
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but simply because they did not walk. Therefore, it will be appropriate to include these 

individuals’ files in the analysis in order to prevent false high SAM step activity counts. Figure 

4-1 illustrates data analyses decision making flow chart. 

Ambulation volume outcomes: 

1. Number of steps taken over 24 hours.  Number of steps per day was defined as twice the 
total stride count in 24 hours.285  

2. Total activity level.  Total activity level was defined as the tally of the number of one-
minute intervals with stride counts of > 1. Presented as the percentage of the total time in a 
24-hour period where steps are recorded.25   

 
Ambulation intensity outcomes: 

1. Peak activity index. Peak activity index represents the maximal number of steps a person 
took in a one minute interval.  

2. Percentage of the day spent in low, medium, and high absolute activity intensity.  Absolute 
step activity intensity were stratified as low (less than 16 steps per minute), medium (16-30 
steps per minute) and high (more than 30 steps per minute). Percentage of time spent at 
each level was calculated. Minutes in which activity was not recorded were excluded from 
the analysis. 

3. Percentage of the day spent in low, medium, and high relative activity intensity. Low 
relative activity intensity was defined as walking at less than 60% of peak activity index, 
moderate intensity 60-85% of peak activity index, and high intensity > 85% of peak 
activity index. 

 
Ambulation pattern outcomes: 

1. Number of activity bouts. Number of activity bouts was defined as the number of 1-min 
intervals for which the subject switched from inactivity (stride count=0) to activity (stride 
count > 0).14  

2. Number of steps in an activity bout. Number of steps in an activity bout was defined as 
activity bout mean number of steps.  

3. One minute variability of activity. One minute variability of activity was defined as the  
CV of 1-min of stride count values, excluding those one min intervals with zero steps.14 
CV is a measure of variability calculated as the standard deviation of the measures 
expressed as a percentage of the mean (CV=standard deviation/mean X 100). One of the 
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CV advantages is that it accounts for differences in the magnitude of the mean (a measure 
of relative variation).288  

4. Activity randomness. Activity randomness was defined as “the amount of randomness of 
minute-to-minute activity fluctuations in each day of recorded ambulatory activity.” 
Randomness of activity was quantified by analyzing 1-minute stride counts using 
approximate entropy.289 Approximate entropy was used to determine the probability that 
sequences of consecutive 1-minute stride counts repeated throughout the longer temporal 
sequence of 1,440 daily 1-minute intervals. Approximate entropy generates a unitless 
number between zero and two. Zero values correspond to a time series in which short 
sequences of data points are perfectly repeatable. Values of two correspond to time series 
for which any repeating sequences of points occur by chance alone.290   

 
4.2.2.2 Mobility impairment 

 Mobility deficit severity was determined by gait speed. Gait speed was measured during a 

10-meter walk. The time that it took to traverse 10 meters at the subject’s usual pace, using their 

usual assistive devices or orthoses, was recorded. Participants were stratified into two functional 

groups by self-selected gait speed per the Perry9 classification system: the household ambulators 

walked < 0.4 m/s, and the limited community ambulators walked from 0.4 to 0.8 m/s. 

4.2.2.3 Mobility and social participation 

The SIS was used to measure mobility and social participation. The SIS is a 

comprehensive and psychometrically robust stroke specific outcome measure,13, 208 which was 

developed from the patient, caregiver, and stroke expert perspective.13, 208, 210 It was designed to 

assess multidimensional health related quality of life stroke outcomes, including strength, 

memory and thinking, emotions, communication, activities of daily living, hand function, social 

participation, and ability to be mobile at home and the community.13  The social participation 

and mobility domains include items which represent community ambulation and mobility aspects 

(e.g., the ability to climb flights of stairs and to participate in active recreation).13 
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4.2.2.4 Potential covariates 

Four potential covariates were investigated: (1) lower extremity motor control 

impairment, (2) balance control, (3) walking endurance, and (4) balance self-efficacy. These 

variables were chosen on the basis of the results of previous studies12, 14, 23, 34, 294 and on clinical 

grounds.  

The lower extremity motor function portion of the Fugl-Meyer Assessment (FM-LE) was 

used to determine lower extremity motor control impairment.315, 323 The Fugl-Meyer Assessment 

is one of the most commonly used and comprehensive scales of motor recovery following stroke. 

The FM-LE includes items that assess reflex activity, synergies, and coordination. Each item is 

graded on a three point scale (0 cannot perform, 1 partly performs, and 2 performs fully).315, 323 

The maximum lower extremity motor performance score is 34 points. A > 10 points change in 

Fugl-Meyer motor scores may represent clinically meaningful improvement based on stroke 

neurologists and physical therapists.315 The LE-FM was dichotomized into mild lower extremity 

motor control impairment (scores=24-34) and moderate-to-severe lower extremity motor control 

impairment (scores= 0-23). Standardized protocols for administration were followed.315 

Balance control was measured by the BBS.324 The BBS consists of 14 items which assess 

subjects’ ability to maintain movements or positions of increasing difficulty via decreasing the 

base of support.324 Each item is graded 0 to 4. The global score of the BBS ranges is from 0 to 56 

points. A score of 56 indicates functional balance, whereas, scores < 45 indicate that a person 

may be at greater risk of falling.325 Therefore, the BBS score was dichotomized into more severe 

balance deficits (scores < 45) and less severe balance deficits (scores > 45).325 The test has been 

used in a stroke population and has well-established validity and reliability.324 A standardized 

protocol for administration was followed.324 
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Walking endurance was determined via the 6MWT. The 6MWT was originally 

developed to assess cardiopulmonary function in cardiac patients.326 However, it is commonly 

used as an endurance measure in the elderly and in individuals who suffered a stroke.165  

Participants performed the 6MWT using a previously standardized protocol.165 According to the 

protocol, during the 6MWT, the participants were allocated six minutes to walk as far as they can 

at their comfortable pace. The distance they covered in six minutes was recorded. During the 

test, participants used their customary orthotics and assistive devices. Walking distance of 300 to 

500 continues meters is suggested for community ambulation.60, 103 However, in this study 

walking distance variability was small (zero to 315 meters). Walking distance mean and median 

was 128 and 126 meters, respectively. Thus, overall the sample had poor walking endurance 

function. Therefore, walking distance was dichotomized on the basis of the sample’s median 

walking distance (126 meters).   

ABC was used to assess perceived confidence in maintaining balance while performing 

common community related activities such as bending, reaching, and walking both inside and 

outside the house. This measure has good reliability and internal consistency.327 Myers et al.328 

found that in a group of community-dwelling older adults, ABC scores of < 50 indicated a low 

level of physical functioning (home care clients); ABC of more than 50 and less than 80 

indicated a moderate level of functioning (older adults in a retirement home setting); and ABC 

scores of > 80 indicated high functioning (physically active older adults). Accordingly, in this  

study ABC scores were dichotomized into low level of physical functioning (ABC < 49 points) 

and moderate to high level of physical functioning (ABC > 50 points).  

4.2.3 Data Analysis 

All SAM indices but for peak activity index were not normally distributed. Therefore, 

group differences were analyzed using the Wilcoxon rank-sum test for non-normally distributed 
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variables. Relationships between gait speed and SAM derived parameters were determined via 

Spearman’s Rank Order Correlation coefficients. Association of SAM outcomes and gait-speed 

to SIS were determined via Spearman’s Rank Order Correlation as well. Fisher’s Z 

transformation of the correlation test was used to test the differences between SAM and gait 

speed associations with SIS. Spearman’s Rank Order Correlation and Fisher’s Z transformation 

were used to establish confounders to the association between gait speed and SAM indices. All 

statistics but for Fisher’s Z transformation were run using SAS version 9.1. R version 2.81 

software was used to conduct Fisher’s Z transformation. All hypotheses were tested in a 2-tailed 

fashion with a P < 0.05 level of significance. 

A priori power analysis was conducted. Within the stroke population, in individuals with 

sub-acute to chronic stroke (3-166 months post-stroke) correlations between SAM-derived 

outcomes and other clinical outcomes range from  0.316 (with peak oxygen consumption)23 to  

0.62 (with Functional Independence Measure mobility).12 Thus, with a sample size of 228, an 

alpha level of 0.05, and power of 0.80, there was sufficient power to detect correlations as low as 

0.184. 

4.3 Results 

4.3.1 Sample Characteristics 

Data were collected from 228 individuals two months post-stroke. When all the participants 

were included in the analyses, incongruence between FAC scores and step activity level in the 

first measurement day was detected for three subjects only. However, when only the compliers 

were analyzed, no incongruences between FAC scores and step activity level were detected. Due 

to the small number of subjects with incongruent data, theses subjects were included in the 

analyses. The sample’s mean age (all patients) was 63.9 + 12.9 years. The sample represents 

50% women. The majority of study population had ischemic stroke (82%) and right hemisphere 
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stroke (47%). The subjects who complied with SAM protocol in the first day mean age was 64.6 

+ 12.9 years. Fifty percent of the compliers were women. The majority of the compliers had 

ischemic stroke (83%) and right hemisphere stroke (45%). 

4.3.2 Daily Ambulatory Activity of Household and Limited Community Ambulators  

4.3.2.1 First measurement day-all patients 

The results show significant differences between the two ambulation functional groups in 

all SAM outcomes but for percentage of the day in relative low activity intensity (an activity 

intensity outcome) and activity variability (an activity pattern outcome) (Table 4-2).  

4.3.2.2 First measurement day-compliers only 

Household ambulators differed from the limited community ambulators in all SAM 

outcomes but for one activity intensity outcome (percentage of the day in relative high activity 

intensity) and three activity pattern outcomes (number of activity bouts, activity variability, and 

activity randomness) (Table 4-3).  

4.3.3 Correlations between Habitual Gait Speed and Step Activity Monitor Indices 

 It was hypothesized that gait speed will significantly correlate with both SAM activity 

volume and intensity outcomes, but not with SAM activity pattern outcomes. A summary of the 

results for all the patients and for the compliers group only follows. 

4.3.3.1 First measurement day-all patients 

As hypothesized, self-selected walking speed was significantly positively correlated with 

both number of steps/day (r= 0.531) and percentage of the day active (r= 0.327). In addition, 

self-selected gait speed significantly correlated in the expected direction with all activity 

intensity outcomes but for percentage of the day in relative high activity intensity. Finally, gait 

speed significantly correlated with all activity pattern outcomes but for activity variability (Table 

4-4).  
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4.3.3.2 First measurement day-compliers only 

As expected, self-selected walking speed was significantly positively correlated with both 

number of steps taken in a day (r= 0.599) and percentage of the day active (r= 0.295). In 

addition, similar to all patients’ analysis, self-selected gait speed significantly correlated with all 

activity intensity outcomes but for percentage of the day in relative high activity intensity. 

However, self-selected gait speed significantly correlated with only one out of the four activity 

pattern outcomes (number of steps in an activity bout, r= 0.528) (Table 4-4).  

4.3.4 Confounders to the Association between Gait Speed and Step Activity Monitor 
Outcomes        

In order to establish the confounders to the association between gait speed and SAM 

indices, we compared the correlations between gait speed and SAM indices based on the various 

levels of the hypothesized confounders (e.g., gait speed of individuals with less severe balance 

deficits correlation with percentage of the day active vs. gait speed of individuals with more 

severe balance control deficits correlation with percentage of the day active). A variable was 

considered a confounder to the association between gait speed and SAM when gait speed of 

persons with different impairment levels (e.g., more and less severe balance control deficits) 

correlation with SAM was significantly different. Following, are the results for all the patients 

and for the compliers only. 

4.3.4.1 First measurement day-all patients 

Balance control confounded the relationship between gait speed and step activity volume 

(steps/day and percentage of the day active). Balance control also confounded the relationship 

between gait speed and four out of the seven activity intensity outcomes (peak activity index and 

percentage of the day in absolute low, moderate, and high activity intensity). However, balance 

control did not confound the relationship between gait speed and relative activity intensity 
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indices (percentage of the day in relative mild, moderate, and high activity intensity). Finally, 

balance control confounded the relationship between gait speed and one of the activity pattern 

outcomes (number of steps in an activity bout) (Table 4-5). Lower extremity motor control 

confounded the relationship between gait speed and percentage of the day in absolute medium 

activity intensity solely (an activity intensity outcome). Finally, walking endurance and balance 

self-efficacy did not confound the relationship between gait speed and any of the 13 SAM 

indices (Table 4-5). 

4.3.4.2 Fist measurement day-compliers only 

 Balance control confounded the relationship between gait speed and activity volume 

(steps/day and percentage of the day active), three out of the seven activity intensity outcomes 

(peak activity index, percentage of the day in absolute low, and percentage of the day in absolute 

high), and one out of the four activity pattern outcomes (number of steps/activity bout).Walking 

endurance confounded the relationship of one activity volume index (steps/day), three activity 

intensity indices (percentage of the day in absolute low, medium, and high activity intensity), 

and one activity pattern outcome (number of steps/activity bout). Lower extremity motor control 

confounded the relationship between gait speed and activity volume indices (steps/day and 

percentage of the day active), two activity intensity indices (peak activity index and percentage 

of the day in medium absolute activity intensity), and one activity pattern outcome (number of 

steps/activity bout). Finally, balance self-efficacy confounded the relationship between gait 

speed and activity volume (percentage of the day active) and activity pattern (activity 

randomness) (Table 4-6).  

Figure 4-2 illustrates the possible confounding effects of individuals’ clinical 

characteristics on the relationship between gait speed and SAM indices of two subjects who 

complied with the SAM protocol during the first SAM measurement day. The gait velocity of the 
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person illustrated in blue and red is similar (0.45 m/s and 0.43 m/s, respectively). However, these 

two individuals differed in terms of their step activity (Figure 4-2 and Table 4-7) and clinical 

characteristics (Table 4-8) 

For instance, the individual with data reported in pink accumulated greater number of 

steps/day than the individual with data reported in blue (1802 and 575 steps/day, respectively). 

Furthermore, the individual in pink percentage of the day active and peak activity index are 

clearly greater than that of the individual in blue. The individual depicted in pink also spent less 

time than the person in blue in relative high activity intensity (0.3% vs. 4.8%, respectively). In 

addition, the two individuals have remarkably different activity patterns (number of activity 

bouts, activity variability, and activity randomness) (Table 4-7). For example, the person in pink 

took 81 activity bouts whereas the person in blue took only a total of 24 activity bouts. The two 

individuals have similar levels of balance control (Berg Balance Score=45). However, their 

6MWT, FM-LE, and ABC scores appear to be different (Table 4-8). Therefore, walking 

endurance, lower extremity motor control, and balance self-efficacy may be responsible for the 

observed differences between the two individuals in SAM indices despite their very similar gait 

speeds (0.45 m/s and 0.43 m/s). 

4.3.5 Correlations of Step Activity Monitor Outcomes and Habitual Gait Speed with 
Stroke Impact Scale Mobility and Participation Domains 

 Table 4-9 presents results of the associations of SAM outcomes and habitual gait-speed 

with SIS mobility and participation using Spearman Rank correlation coefficients for all the 

patients and the compliers only.  

4.3.5.1 First measurement day-all patients 

The results showed that gait speed significantly correlated with both SIS mobility 

(r=0.546) and SIS participation (r=0.212). Similarly, most SAM indices significantly correlated 
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with SIS mobility. The only SAM outcomes that did not significantly correlate with SIS mobility 

are: percentage of the day in relative low activity intensity, percentage of the day in relative high 

activity intensity, and activity variability. However, only four out of the 13 SAM indices 

significantly correlated with SIS participation (steps/day, peak activity index, percentage of the 

day in absolute high, and number of steps in an activity bout) (Table 4-9).  

4.3.5.2 First measurement day-compliers only 

 The compliers only analysis yielded similar results to all patients’ analysis. Following, is 

a description of the differences between the two sets of analyses: 

1. Unlike, all patients’ analysis, when the compliers were analyzed separately, percentage of 
the day in absolute high activity intensity no longer significantly correlated with SIS 
participation (table 4-9). 

2. In the all patients’ analysis percentage of the day in relative low activity intensity did not 
correlate with SIS mobility or SIS participation. However in the compliers only analysis 
percentage of the day in relative low activity intensity significantly correlate with SIS 
mobility (Table 4-9). 

3. In all patients’ analysis, number of steps in an activity bout significantly correlated with 
both SIS mobility and participation. However, in the compliers only analysis number of 
steps in activity bout significantly correlated with SIS mobility only (Table 4-9). 

 
4.3.6 Differences between step activity monitor and gait speed strength of associations 

with Stroke Impact Scale   

When all patients were included in the analysis, the association of gait speed with SIS 

mobility was stronger than all SAM indices association with SIS mobility. However, when only 

the compliers were included in the analysis the association of gait speed with SIS mobility was 

stronger than all SAM indices association with SIS mobility, but for number of steps/day. When 

all patients or compliers only were included in the analysis, the association of gait speed with 

SIS participation was stronger than the association of four SAM indices with SIS participation 
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(percentage of the day in absolute low, percentage of the day in relative medium, percentage of 

the day in relative high, and activity variability) (Table 4-10). 

4.4 Discussion 

4.4.1 Differences between All Patients and Compliers Only Analyses 

In this study we analyzed the data set in two different ways. In the first approach all 

patients’ data from the first measurement day were included in the analyses. However, in the 

second approach, only the data of individuals who complied with SAM protocol on the first 

measurement day were included in the analyses. Analyzing all patients data and compliers data 

only yielded different results in terms of differences between the two ambulation functional 

groups in SAM indices (Tables 4-2 and 4-3); correlation coefficients between habitual gait speed 

and SAM indices (Table 4-4); confounders to the association between gait speed and SAM 

indices (Tables 4-5 and 4-6); correlation coefficients between habitual gait speed, SAM indices 

and SIS (Table 4-9); and differences between SAM and gait speed strength of associations with 

SIS (Table 4-10). The observed differences in the study’s results in the two different analyses 

approaches (all patients day one SAM data vs. compliers only day one SAM data) clearly imply 

that compliance with the SAM protocol is of critical importance.317 Consequently, because the 

data obtained from the compliers only is more likely to accurately represent the subjects true 

home and community ambulation level, the following discussion pertains to the compliers results 

only.   

4.4.2 Daily Ambulatory Activity of Household and Limited Community Ambulators  

Stratifying individuals post-stroke based on self-selected walking speed is associated with 

percentage of the day active and number of steps/day. The latter finding is in agreement with 

those of Bowden et al.33 who found that steps/day were significantly different between 

household, limited community, and community ambulators. Gait-speed classification system is 
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also associated with all activity intensity indices, but for percentage of the day in relative high 

activity intensity. Accordingly, Mudge and Stott343 reported that in individuals with moderate 

gait impairment (mean gait speed=0.67 m/s) during the chronic phase of stoke recovery (more 

than six months post-stroke), habitual gait speed significantly correlated with numerous absolute 

activity intensity outcomes, namely, number of steps at low rate (< 30 steps/min), average step 

rate of the fastest 30 minutes, and highest step rate in one minute. However, in our study, the two 

functional groups differed only in one out of the four activity pattern outcomes (number of steps 

in an activity bout). Thus, this study demonstrated that classifying individuals two months post-

stroke by self-selected walking speed is mainly associated with actual home and community 

ambulation volume. However, the gait-speed classification system only partly represents actual 

habitual ambulation intensity and pattern. 

Assessing ambulation intensity and pattern is especially important as ambulation volume 

can be an incomplete descriptor of function because two subjects with nearly the same 

community ambulation volume (e.g., step count) can accumulate their steps very differently14 in 

terms of ambulation intensity and pattern. Moreover, activity pattern outcomes may potentially 

be useful in determining the individual’s ability to ambulate in complex environments. 

Community ambulation is characterized by adapting and modifying gait (e.g., changing walking 

speed) to both expected and unexpected challenges to locmotion.305 SAM activity pattern 

measures (i.e. activity variability and activity randomness) assess the extent in which walking 

fluctuates minute-to-minute and whether these fluctuations occur in orderly, repetitive and 

predictable pattern. Such measures reflect one’s ambulatory activity range and hypothetically 

may reflect ones capability to adjust gait to unpredictable changes in task demands or 

environmental conditions. Because household ambulators do not significantly differ from limited 
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community ambulators in terms of activity variability and randomness, the gait speed 

classification system may not well represent one’s ability to adapt gait and to ambulate in 

complex and unpredictable environments two months post-stroke.  

The household and limited community ambulators also did not differ in terms of number 

of activity bouts. Number of activity bouts metric represents the frequency in which an 

individual initiated and terminated gait. Initiating and terminating gait stresses the balance 

control system.98 For example, gait initiation requires going from a stable standing posture to 

essentially falling. Gait termination requires the control of forward linear momentum, which, if 

not done correctly, may be destabilizing.92 The ability to initiate and terminate gait is crucial for 

adjusting gait in an unpredictable environment (e.g., crowded street) or when performing 

complex tasks.95 

4.4.3 Confounders to the Association between Gait Speed and Step Activity Monitor 
Outcomes     

Although walking speed significantly correlated with numerous home and community 

ambulation indices (Table 4-4), the present study also shows that the correlation between 

walking speed and home and community ambulation was distorted by balance control, walking 

endurance, lower extremity motor control, and balance self-efficacy (Table 4-6). This latter 

finding is in agreement with those of previous studies.23, 60, 61,99 However, the current study 

examined these confounders using quantitative measures of self-selected walking behavior. 

Balance control may confound the relationship between gait speed and community ambulation, 

as it enables individuals to ambulate in the community despite slower gait speeds.99 Balance self-

efficacy may also be a significant confounder as fear of falling may lead to the avoidance of 

activities that the individual remains capable of performing.107 These results suggest that at two 

months post-stroke, gait speed may not be the best predictor of home and community ambulation 
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volume, intensity, and pattern in individuals with more severe balance control deficits (BBS< 

45), more severe walking endurance impairment (less than 126 meters in the 6MWT), moderate- 

to-severe lower extremity motor control impairment (FM-LE= 0-23), and low level of balance 

self-efficacy (ABC < 49).     

4.4.4 Correlations between Step Activity Monitor Outcomes and Habitual Gait Speed to 
Stroke Impact Scale Mobility and Participation Domains 

Gait speed significantly correlated with both SIS mobility and participation. Our results are in 

agreement with those of Schmid et al.32 which reported that in subacute stroke survivors (stroke 

within 30 to 150 days), among household ambulators (gait speed < 0.4 m/s), those who 

transitioned to limited or full community ambulation (gait speed 0.4 to 0.8 m/s and > 0.8 m/s, 

respectively) had significantly better mobility SIS scores. Schmid and associates32 also reported 

that household ambulators who transitioned to limited or full community ambulation had 

significant better participation SIS scores. Moreover, limited community ambulators who 

achieved the transition to full community ambulatory status had significant better SIS 

participation scores as well.  

The results also indicated that all SAM indices but for percentage of the day in relative 

high and activity variability significantly correlated with SIS mobility. However, only two SAM 

indices significantly correlated with SIS participation, namely, number of steps per day and peak 

activity index. Our results are in disagreement with those of Shaughnessy et al.12 that reported 

that in a sample of community-dwelling men and women during the sub-acute phase of stroke 

recovery (at discharge from inpatient rehabilitation), number of steps/day did not significantly 

correlate with SIS mobility. Differences in participants’ gait impairment may explain the 

discrepancies between the two studies. Shaughnessy and associates12 recruited people with mild-
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to-moderate post-stroke hemiparetic gait deficit, whereas the current study recruited individuals 

with moderate-to-severe gait impairment.  

Both gait speed and SAM outcomes correlations with SIS mobility and participation were 

weaker than expected (r > 0.60). The lower associations may be due to certain SIS items which 

may not be influenced by gait speed and steps activity in the community. For instance, SIS 

mobility item “get in and out of a car” may be more effected by what car type a person has rather 

than by their gait speed and activity variability. Similarly, the participation items ability to 

engage in “quiet recreation” and “participation in spiritual or religious activities” may be more 

effected by factors such as the individual’s attention span and transportation rather than by their 

gait speed and activity randomness.  

4.4.5 Differences between Step Activity Monitor and Gait Speed Strength of Associations 
with Stroke Impact Scale Mobility and Participation   

The degree of association between gait speed and SIS mobility was significantly stronger 

than the association of SAM with SIS mobility in all but for one of the 13 comparisons 

(steps/day) (Table 4-10). In addition, the degree of association between gait speed and SIS 

participation was significantly stronger than the association of four SAM indices with SIS 

participation (percentage of the day in absolute low activity intensity, percentage of the day in 

relative medium and high activity intensity, and activity variability). The nature of SIS mobility 

and participation items, gait speed test, and SAM indices may explain these unexpected results. 

Gait speed tests and SIS mobility and participation items may not represent mobility in a 

complex environment. Gait speed tests measured indoors in a predictable, controlled, and 

uncluttered environment without consideration of environmental factors. Similarly, SIS mobility 

items such as “walk fast” reflect a person ability to simply initiate gait and maintain gait speed. 

In both gait speed tests and items such as “walk fast” the individual is not being tested or asked 
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on their ability to alter their walking speed, adapt to unpredicted environmental demands, or to 

initiate/terminate gait. Therefore, gait speed and SIS items may not reflect the person’s ability to 

walk in more complex environments such as crowded areas, uneven or slippery surfaces, and 

conducting activities that require often changes in walking directions and gait speed (e.g., 

shopping). Unlike, gait speed and SIS, SAM outcomes (namely pattern outcomes) reflect the 

person’s ability to alter their gait to both expected and unexpected environmental demands and 

their ability to initiate and terminate gait. 

4.4.6 Study Limitations 

The study consisted of individuals two months post-stroke with moderate-to-severe 

hemiparetic gait impairment. Therefore, the results may not be generalizable to people with mild 

gait impairment and individuals during the chronic phase of stroke recovery. In addition, we may 

have not included in the model other factors which may affect the association between gait speed 

and home and community ambulation (e.g., the use of assistive devices). Finally, the activities 

that the person can perform in the community (e.g. walk one block) were evaluated with a self-

report instrument (the SIS). Self-report approaches are especially useful in large population 

studies.14,15 However, such instruments do not take direct measures of individuals’ mobility level 

and rely on factors related to recall and cognitive ability which contribute to the inaccuracy of 

these approaches.16  

4.5 Conclusion 

 Gait speed is strongly related to numerous SAM derived home and community 

ambulation indices. However, balance control, walking endurance, lower extremity motor 

control impairment, and balance self-efficacy, significantly distorted the relationship between 

walking speed and home and community ambulation. Moreover, gait speed did not significantly 

correlate with SAM indices which may reflect one’s ability to ambulate in complex and 
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unpredictable environments (i.e., one minute variability of activity, activity randomness, and 

number of activity bouts). Taken together, the results suggest that gait speed may not be an 

optimal indicator of actual step activity at home and in the community two months post-stroke. 

Nevertheless, significant correlations of gait speed with SIS mobility and participation suggest 

that gait speed may be a good indicator of the ability to be mobile in non-complex environments 

(e.g., move from bed to chair and walk fast).  

Finally, this is the first study to assess the relationship between gait-speed and home and 

community ambulation two months post-stroke. The results suggest that simply improving stroke 

survivors’ gait speed may not be sufficient for them to regain home and community 

ambulation.99 Other factors such as balance control, walking endurance, lower extremity motor 

control, and balance self-efficacy may also be important to consider. Additional factors which 

were not included in this study’s analyses may be important for home and community 

ambulation as well (e.g., caregiver support and use of walking aids). However, this study 

consisted of individuals who had experienced a stroke two months earlier (sub-acute stroke). 

Thus, the relationship between gait speed and SAM derived home and community ambulation 

may be different in individuals with chronic stroke. 
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Table 4-1. First and second days step activity monitor characteristics 
Step activity monitor variables First measurement 

day (n=228) 
Second 

measurement day 
(n=228) 

Steps activity 
volume 

Number of steps/day 2300.5 (2518.8) 2278.772 (2671.99) 
Percentage of the day active 9.3 (7.1) 9.5 (7.7) 

Steps activity 
intensity 

Peak intensity index 52.8 (32.3) 49.5 (31.1) 
Percentage of the day in absolute low  68 (21) 71 (21) 
Percentage of the data in absolute 
medium  15 (10) 

 
15 (10) 

Percentage of the day in absolute high  15 (14) 14 (13) 
Percentage of the day in relative low 86 (13) 83 (22) 
Percentage of the day in relative 
medium 7.3 (6) 

 
7.4 (6) 

Percentage of the day in relative high 6 (13) 9 (22) 
Steps activity 
pattern 

Number of activity bouts 99.72 (98.22) 103.1 (103.47) 
Number of steps in an activity bout 26.10 (27.58) 24.29 (28.68) 
Activity variability (coefficient of 
variation %) 

 
84.68 (32.72) 

 
81.16 (37.54) 

Activity randomness (approximate 
entropy) 0.21 (0.13) 

 
0.21 (0.95) 

Note: values are mean (standard deviation); based on Wilcoxon tests at the < 0.05 level (2-tailed), there 
were no significant differences in step activity monitor indices between the first and second 
measurement days. 
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Table 4-2.  Summary statistics of step activity monitor indices by functional groups (all patients) 

SAM indices 
Household ambulators 
(gait speed < 0.4 m/s) 

 

Limited community 
ambulators 

(gait speed 0.4-0.8 m/s) 

P value  
 

Activity 
volume 

Number of steps/day 1143.1(1339.4) 3457.8(2872.1) <0.001* 
Percentage of the day 
active 0.07(0.06) 0.11(0.07) <0.001* 

Activity 
intensity 

Peak activity index 36.93 (24.96) 68.58 (31.20) <0.001* 
Percentage of the day 
in absolute low  0.79(0.18) 0.57(0.18) <0.001* 
Percentage of the day 
in absolute medium 0.12(0.10) 0.18(0.08) <0.001* 
Percentage of the day 
in absolute high 0.07(0.10) 0.23(0.13) <0.001* 
Percentage of the day 
in relative low 0.87(0.13) 0.85(0.14) 0.033* 
Percentage of the day 
in relative medium 0.06(0.06) 0.08(0.05) 0.005* 
Percentage of the day 
in relative high 0.06(0.12) 0.06(0.13) 0.313 

Activity 
pattern 

Number of activity 
bouts 80.11(83.64) 119.34(107.74) 0.002* 
Number of steps in an 
activity bout 17.86(23.72) 34.34(28.79) <0.001* 
Activity variability 
(coefficient of 
variation)  85.77(27.58) 83.59(37.23) 0.825 
Activity randomness 
(approximate entropy) 0.19(0.14) 0.23(0.12) 0.004* 

Values are mean (standard deviation); * significant differences between the two functional 
groups at the < 0.05 level (2-tailed) 
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Table 4-3.  Summary statistics of step activity monitor indices by functional groups (compliers 
only) 

SAM indices 
Household ambulators 
(gait speed < 0.4 m/s) 

 

Limited community 
ambulators 

(gait speed 0.4-0.8 m/s) 

P value  
 

Activity 
volume 

Number of steps/24 
hours 1491.05(1419.56) 3834.72(2858.88) <0.001* 
Percentage of the day 
active 0.09(0.06) 0.12(0.06) 0.002* 

Activity 
intensity 

Peak activity index 43.81(20.16) 72.72(24.67) <0.001* 
Percentage of the day 
in absolute low 0.77(0.16) 0.54(0.15) <0.001* 
Percentage of the day 
in absolute medium 0.14(0.09) 0.20(0.07) <0.001* 
Percentage of the day 
in absolute high 0.08(0.09) 0.25(0.12) <0.001* 
Percentage of the day 
in relative low 0.89(0.08) 0.86(0.06) 0.009* 
Percentage of the day 
in relative medium 0.07(0.06) 0.08(0.04) 0.011* 
Percentage of the day 
in relative high 0.03(0.03) 0.04(0.04) 0.254 

Activity 
pattern 

Number of activity 
bouts 108.90(86.75) 131.63(105.18) 0.186 
Number of steps in 
an activity bout 18.93(21.72) 35.96(26.34) <0.001* 
Activity variability 
(coefficient of 
variation)   98.00(23.51) 92.23(16.93) 0.127 
Activity randomness 
(approximate 
entropy) 0.25(0.13) 0.26(0.10) 0.342 

Values are mean (standard deviation); *significant differences between the two functional groups 
at the < 0.05 level (2-tailed). 
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Table 4-4.  Spearman correlation coefficients between habitual gait speed and step activity  
monitor indices  

Step activity monitor indices 
All patients Compliers only 
R P-value R P-value 

Activity 
volume 

Number of steps/ 24 hours 0.531 <0.0001* 0.599 <0.0001* 
Percentage of the day active  0.327 <0.0001* 0.295 <0.0001* 

Activity 
intensity 

Peak activity index 0.552 <0.0001* 0.620 <0.0001* 
Percentage of the day in 
absolute low  

-0.574 <0.0001* -0.674 
 

<0.0001* 

Percentage of the day in 
absolute medium   

0.400 <0.0001* 0.452 
 

<0.0001* 

Percentage of the day in 
absolute high       

0.583 <0.0001* 0.659 
 

<0.0001* 

Percentage of the day in 
relative low       

-0.131 0.048* -0.233 
 

0.002* 

Percentage of the day in 
relative medium  

0.199 0.003* 0.241 
 

0.002* 

Percentage of the day in 
relative high     

0.018 0.785 0.090 
 

0.250 

Activity 
pattern 

Number of activity bouts         0.205 0.002* 0.127 0.103 
Number of steps in an activity 
bout      

0.453 <0.0001* 0.528 <0.0001* 

Coefficient of variation for one 
minute steps 

-0.0518 0.436 -0.147 0.058 

Activity randomness       0.192 0.004* 0.100 0.201 
*Significant correlations between step activity indices and habitual gait speed at the < 0.05 level 
(2-tailed). 
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Table 4-5.  Comparisons of the correlations between gait speed and step activity monitor indices based on categories of balance, 
walking endurance, lower extremity motor control impairment, and balance self-efficacy (all patients). 

Step activity monitor indices Balance  
(Berg  

Balance Scale)  

Walking endurance 
 (six minute walk 

test) 

Lower extremity  
motor control  
(Fugl-Meyer  
Assessment) 

Balance self-efficacy 
 (Activities-specific  
Balance Confidence  

Scale) 
Less 

impaired 
(n=72) 

More 
impaired 
(n=156) 

Less 
impaired 
(n=113) 

More 
impaired 
(n=114) 

Mild 
impairment 

(n=153) 

Moderate to 
severe 

impairment 
(n=75) 

Moderate 
to high 

confidence  
(n=102) 

Low 
confidence 

(n=124) 

Steps/ day 0.047 0.402* 0.220 0.280 0.416 0.584 0.431 0.448 
% of the day active -0.110 0.200* 0.140 0.138 0.214 0.406 0.124 0.293 
Peak activity index 0.209 0.440* 0.208 0.257 0.428 0.570 0.556 0.452 
% of the day in absolute low  -0.192 -0.458* -0.280 -0.332 -0.523 -0.551 -0.585 -0.484 
% of the day in absolute 
medium  

0.090 0.340* 0.163 0.327 0.292 0.499* 0.392 0.334 

% of the day in absolute 
high  

0.176 0.489* 0.246 0.352 0.507 0.574 0.579 0.499 

% of the day in relative low -0.004 -0.149 -0.065 -0.121 -0.080 -0.082 -0.146 -0.101 
% of the day in relative 
medium 

-0.042 0.173 0.120 0.219 0.188 0.186 0.158 0.167 

% of the day in relative high 0.104 0.042 0.081 -0.094 0.003 -0.113 0.109 -0.039 
Number of activity bouts 0.000 0.050 0.159 0.018 0.170 0.248 -0.010 0.192 
Steps/ activity bout -0.008 0.387* 0.100 0.271 0.325 0.490 0.501 0.354 
Coefficient of variation -0.074 0.003 -0.081 -0.029 -0.085 0.074 -0.044 -0.128 
Activity randomness -0.126 0.097 0.096 0.050 0.113 0.269 -0.017 0.185 

*The strength of association between gait speed of individuals with different levels of balance control, walking endurance, lower 
extremity motor control, and balance self-efficacy with step activity indices is significant at the < 0.05 level (2-tailed). 
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Table 4-6.  Comparisons of the correlations between gait speed and step activity monitor indices based on categories of balance, 
walking endurance, lower extremity motor control impairment, and balance self-efficacy (compliers only). 

Step activity monitor indices Balance  
(Berg Balance Scale) 

Walking endurance 
(six minute walk 

test) 

Lower extremity  
motor control 

(Fugl-Meyer Assessment) 

Balance self-efficacy 
(Activities-specific 
Balance Confidence 

scale) 
Less 

impaired 
(n=72) 

More 
Impaired 
(n=156) 

Less 
impaired 
(n=113) 

More 
impaired 
(n=114) 

Mild 
impairment 

(n=153) 

Moderate 
 to severe 

impairment 
(n=75) 

Moderate  
to high 

confidence 
(n=102) 

Low 
confidence 

(n=124) 

Steps/day -0.018 0.488* 0.136 0.409* 0.404 0.655* 0.443 0.616 
% of the day active -0.226 0.167* 0.047 0.168 0.096 0.388* 0.065 0.362* 
Peak activity index 0.165 0.546* 0.114 0.342 0.413 0.643* 0.568 0.619 
% of the day in absolute low -0.201 -0.592 -0.259 -0.517* -0.571 -0.704 -0.636 -0.660 
% of the day in absolute 
medium 

0.189 0.392 0.207 0.449* 0.305 0.647* 0.422 0.453 

% of the day in absolute high 0.122 0.611* 0.184 0.485* 0.526 0.656 0.612 0.651 
% of the day in relative low -0.097 -0.264 -0.163 -0.402 -0.223 -0.246 -0.250 -0.243 
% of the day in relative 
medium 

0.049 0.229 0.151 0.373 0.228 0.280 0.284 0.211 

% of  the day in relative high 0.156 0.125 0.153 0.111 0.098 0.025 0.164 0.083 
Number of activity bouts -0.043 -0.049 0.057 -0.040 0.036 0.184 -0.082 0.171 
Steps/Activity bout 0.007 0.503* 0.109 0.422* 0.374 0.602* 0.571 0.495 
Coefficient of variation -0.066 -0.031 -0.181 -0.032 -0.221 0.021 -0.078 -0.190 
Activity randomness -0.236 0.010 -0.013 0.042 -0.044 0.222 -0.119 0.191* 
*The strength of association between gait speed of individuals with different levels of balance control, walking endurance, lower 
extremity motor control, and balance self-efficacy with step activity indices is significant at the < 0.05 level (2-tailed)
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Table 4-7.  Step activity of two individuals with a similar gait speed 
Step activity variables The person depicted by 

the blue color 
The person depicted by the 

pink color 
Number of steps/day 575 1802 
Percentage of the day active 5% 20% 
Peak activity index (steps/min) 46 72 
Percentage of the day in relative 
high activity intensity 

4.8% 0.3% 

Number of activity bouts 24 81 
Activity variability  
(coefficient of variation) 

81 91 

Activity randomness  
(approximate entropy) 

0.10 0.42 

 
 
Table 4-8.  Clinical characteristics of two study participants with a similar gait speed   
Clinical characteristics The person depicted by the 

blue color 
The person depicted by the 

pink color 
Berg Balance Score 45 45 
Six minutes walk test (meters) 164 147 
Fugl-Meyer Lower extremity 
score 

29 25 

Activities-Specific Balance 
Confidence Scale 

36 57 

 
 



 

140 

Table 4-9.  Spearman correlation coefficients between habitual gait speed, step activity monitor 
indices, and Stroke Impact Scale mobility and participation domains 

 All patients Compliers only 
Mobility Participation Mobility Participation 

Gait Speed 0.546* 0.212* 0.535* 0.226* 
Activity 
volume 

Steps/day 0.372* 0.153* 0.421* 0.212* 
Percentage of 
the day active 

0.299* 0.119 0.292* 0.145 

Activity 
intensity 

Peak activity 
index 

0.307* 0.177* 0.336* 0.247* 

Percentage of 
the day in 
absolute low 

-0.323* -0.122 -0.391* -0.140 

Percentage of 
the day in 
absolute 
medium 

0.299* 0.113 0.376* 0.076 

Percentage of 
the day in 
absolute high 

0.314* 0.137* 0.337* 0.161 

Percentage of 
the day in 
relative low 

-0.120 0.086 -0.173* 0.067 

Percentage of 
the day in 
relative 
medium 

0.202* -0.036 0.248* -0.084 

Percentage of 
the day in 
relative high 

-0.009 -0.069 -0.014 -0.043 

Activity 
pattern 

Number of 
activity bouts 

0.239* 0.061 0.223* 0.082 

Steps/activity 
bout 

0.260* 0.136* 0.281* 0.141 

Activity 
variability 
(coefficient of 
variation)  

0.004 0.031 -0.091 0.043 

Activity 
randomness 
(approximate 
entropy) 

0.238* 0.087 0.196 0.116 

*The correlation between gait speed or step activity monitor indices with Stroke Impact Scale is 
significant at the < 0.05 level (2-tailed). 
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Table 4-10.  Differences between step activity monitor and gait speed strength of associations 
with Stroke Impact Scale mobility and participation.    

*Correlation is significantly different at the < 0.05 level (2-tailed). 
 
 
 
 
 

Correlation differences with Stroke Impact Scale 
mobility 

All Patients Compliers only 
Z P value Z P value 

R(Gait speed) – R(steps/24 hours)=0 2.358 0.009* 1.327 0.092 
R(Gait speed) – R(% active)=0 3.231 0.001* 2.662 0.004* 
R(Gait speed) – R(Peak index)=0 3.130 0.001* 2.226 0.013* 
R(Gait speed) – R(% at absolute low intensity)=0 10.052 <0.001* 9.089 <0.001* 
R(Gait speed) – R(% at absolute medium intensity)=0 3.228 0.001* 1.809 0.035* 
R(Gait speed) – R(% at absolute high intensity)=0 3.049 0.001* 2.209 0.014* 
R(Gait speed) – R(% at relative low intensity)=0 7.777 <0.001* 6.940 0.000* 
R(Gait speed) – R(% at relative medium intensity)=0 4.320 <0.001* 3.091 0.001* 
R(Gait speed) – R(% at relative high intensity)=0 6.595 <0.001* 5.495 <0.001* 
R(Gait speed) – R(activity bouts)=0 3.909 <0.001* 3.332 <0.001* 
R(Gait speed) – R(steps in an activity bout)=0 3.680 0.001* 2.768 0.003* 
R(Gait speed) – R(activity variability)=0 6.452 <0.001* 6.192 <0.001* 
R(Gait speed) – R(one minute activity randomness)=0 3.929 <0.001* 3.584 <0.001* 

Correlation differences with Stroke Impact Scale 
participation Z P value Z P value 

R(Gait speed) – R(steps/24 hours)=0 0.642 0.260 0.131 0.448 
R(Gait speed) – R(% active)=0 1.010 0.156 0.757 0.224 
R(Gait speed) – R(Peak index)=0 0.387 0.350 -0.201 0.420 
R(Gait speed) – R(% at absolute low intensity)=0 3.576 0.001* 3.341 <0.001* 
R(Gait speed) – R(% at absolute medium intensity)=0 1.079 0.140 1.378 0.084 
R(Gait speed) – R(% at absolute high intensity)=0 0.820 0.206 0.604 0.273 
R(Gait speed) – R(% at relative low intensity)=0 1.365 0.086 1.464 0.072 
R(Gait speed) – R(% at relative medium intensity)=0 2.658 0.004* 2.825 0.002* 
R(Gait speed) – R(% at relative high intensity)=0 3.011 0.001* 2.454 0.007* 
R(Gait speed) – R(activity bouts)=0 1.633 0.051 1.329 0.092 
R(Gait speed) – R(steps in an activity bout)=0 0.829 0.204 0.792 0.214 
R(Gait speed) – R(activity variability)=0 1.952 0.025* 1.679 0.047* 
R(Gait speed) – R(one minute activity randomness)=0 1.353 0.088 1.017 0.155 
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Second measurement 
day 

 

First measurement 
 day  

 

Sample size: 
N=228  

Inferred 
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Figure 4-1.  Data analyses decision making flow chart. The analyses in this study are based on 
the first measurement day step activity monitor data. The first analysis consisted of all 
subjects’ day one step activity monitor files. Whereas, the second analysis consisted 
of day one step activity monitor files of individuals who were in complete compliance 
with step activity monitor protocol. 

         

 
Figure 4-2.  Step activity of two individuals with a similar gait speed 
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CHAPTER 5 
AMBULATORY ACTIVITY DURING THE SUB-ACUTE PHASE OF STROKE 

RECOVERY: RELATIONSHIP TO IMPAIRMENT LEVEL, ACTIVITY LIMITATIONS, 
AND PERSONAL FACTORS 

5.1 Introduction 

A return to home and community-based ambulatory activity is a major rehabilitation goal 

for many individuals with stroke.3 Therefore, understanding factors which are associated or 

predict ambulatory activity (e.g., impairment level, activity limitation, and personal factors) is 

important, as they may reveal underlying mechanisms contributing to community ambulation.  

Surprisingly, there is limited published data on factors which are associated with or predict 

ambulatory activity. Lai et al.329 showed that in a sample of mostly mild and moderate stroke 

patients, baseline National Institutes of Health Stroke Scale scores predicted one, three, and six 

months post-stroke Medical Outcomes Study Short Form-36 physical functioning. The Medical 

Outcomes Study Short Form-36 physical functioning includes items which represent home and 

community ambulation such as running, climbing one flight of stairs, and walking several 

blocks. Other studies propose that gait speed is significantly related to community ambulation.9, 

61, 99  However, the ability to walk in the community is determined by several other underlying 

factors such as balance, motor function, endurance, and assistive walking device.99 Although 

these studies provide valuable information on post-stroke community ambulation, self-report 

questionnaires were used to determine community ambulation. Though self-report approaches 

are especially useful in large population studies,14, 15 they rely on factors related to recall and 

cognitive ability, which contributes to the inaccuracy of these approaches.16  

An alternative approach to community ambulation measurement involves direct 

recording of ambulatory activity.14 Microprocessor-based accelerometers, such as the SAM, 

enables direct and long-term monitoring of individuals’ normal activities conducted in their own 
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environments.17,18 In addition, SAM provides minute-by-minute measurements. The resulting 

temporal series provides an array of information.24 For instance, the number of steps a person 

took in a 24 hour period provides insight into the person’s activity volume, step vigor (steps/min) 

sheds light on an individual’s activity intensity, whereas fluctuations in number of steps a person 

takes per minute provides information on activity pattern. Measures of activity intensity and 

pattern are especially valuable for numerous reasons: (1) they illustrate the manner in which a 

person accumulated their steps (two subjects with nearly the same step count could accumulate 

their steps in very different ways in terms of activity intensity and pattern), and (2) activity 

pattern is an especially useful mean of quantifying physiological improvement/decline resulting 

from rehabilitation intervention,14 as it reflects capability to respond quickly and effectively to 

sudden and unpredictable changes in task demands or environmental conditions.14 

Within the stroke population, activity volume correlates well with the Functional 

Independence Measure mobility subscale,12 BBS,23 and age.343 However, there are conflicting 

data regarding whether activity volume significantly correlates with self-selected gait speed.12, 

23,343 Moreover, during the chronic phase of stroke recovery (at least six months post-stroke), 

activity intensity significantly correlates with cardiovascular fitness (peak oxygen 

consumption),34 6MWT, habitual gait speed, age, and Rivermead Mobility Index.343 To date, 

there are no data on the association between demographic and clinical outcomes association with 

activity pattern post-stroke.     

Considering the limited data to guide clinicians and researchers on the association of 

demographic and clinical outcomes with step activity volume and intensity, and the absence of 

data on the association between demographic and clinical outcomes with step activity pattern, it 

may be valuable to establish these relationships. This knowledge may be beneficial in 



 

145 

development of interventions resulting in better carryover of everyday ambulatory activity. In 

addition, it will shed light on which clinically-based outcome measures best predict home and 

community ambulation level, and thus would be beneficial clinically and in research. 

The objective of this study was to determine whether patients’ impairment level, activity 

limitations, and personal factors can predict SAM derived home and community ambulation 

volume, intensity, and pattern during the sub-acute phase of stroke rehabilitation. On the basis of 

the results of previous studies12, 14, 23, 34, 294,343 and on clinical grounds four hypothesizes were 

developed: 

1. In a community dwelling individuals two months post-stroke balance control, balance self-
efficacy, lower extremity motor control impairment, body composition, depression, and 
walking endurance will predict activity volume (number of steps taken over 24 hours and 
total activity level).  

2. Balance control, balance self-efficacy, self-selected gait speed, walking endurance, lower 
extremity motor control impairment, body composition, age, and depression will predict 
step activity intensity (absolute activity intensity, relative activity intensity, and peak 
activity index). 

3. Balance control, balance self-efficacy, executive function, walking endurance, lower 
extremity motor control impairment, age, body composition, and depression will predict 
step activity pattern (number of activity bouts, number of steps in an activity bout, activity 
variability, and activity randomness).  

4. Gender, stroke location, and upper limb motor control impairment will not predict step 
activity volume, intensity, and pattern. 

 
5.2 Methods 

5.2.1 Design 

Data in this cross-sectional study were derived from a parent study, the LEAPS, pre-

randomization data from two-month post-stroke baseline assessments. The LEAPS is an ongoing 

5-year, phase-III, single-blind, 5-site, randomized controlled trial. Details about design, 

outcomes, and inclusion and exclusion criteria of this study are published elsewhere.311 Briefly, 
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the LEAPS trial recruits individuals post-stroke over the age of 18, five to thirty days post-

stroke. Individuals with uncontrolled health conditions for which exercise is contraindicated 

(e.g., serious cardiac conditions, severe arthritis or orthopedic problems, severe hypertension, 

and uncontrollable diabetes) are excluded. 

The primary purposes of the LEAPS trial are to determine if a specialized locomotor 

training program that incorporates a body weight support system and treadmill as a treatment 

modality can produce a functionally significant improvement in walking of persons post-stroke 

compared to a control group (non-specific, low intensity exercise program), and whether timing 

of therapy (two or six months post-stroke), severity of locomotor impairment (moderate or 

severe), and the number of treatments affects locomotor outcome. The LEAPS trial primary 

outcome is the proportion of participants who successfully recover walking one year post-stroke, 

based on the gait speed classification system.311  

5.2.2 Testing Procedures and Measurements 

 All measures selected have established reliability and validity and are captured according 

to standardized protocols at two months post-stroke by blinded per diem therapists. 311 

5.2.2.1 Dependent variables (habitual ambulatory activity) 

Habitual ambulatory activity was assessed with the SAM. Within the stroke population, 

SAM was found to be valid, reliable,19, 23 and sensitive to change.12 SAMs were programmed 

with an initial generic calibration.19 Participants performed a one-minute walk test. SAM counts 

of strides were compared with visual counts. Adjustments were made to the calibration setting 

and the timed walks were repeated to ensure greater than 90% accuracy against visual counts. To 

achieve optimal sensitivity for step detection, the SAM was programmed and applied above the 

malleolus of the less-involved limb with two adjustable elastic straps. Participants wore the SAM 

for a period of two consecutive days, throughout the day, removing the SAM only to bathe, 
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shower, swim, or sleep. A demonstration and written instructions regarding appropriate use of 

the device were provided to subjects.  

Data reduction: On completion of a 48-hour monitoring period, SAM data were downloaded 

using an infrared docking port. SAM’s raw data from the manufacturer software were imported 

into Microsoft Excel. Data were expressed as stride counts every 60 seconds during the 48 hours.  

There were no significant differences in SAM indices between the first and the second 

measurement days (Table 4-1).  

Furthermore, inferred compliance rate was highest in the first measurement day (72.4%), 

followed by the second measurement day (66.2%) and in both days (54.8%). Inferred compliance 

in 24 and 48 hours was established in three time periods (windows) of six hours: (1) 6:00AM-

12:00PM, (2)12:01PM-6:00PM, and (3) 6:01PM-12:00AM. According to this method, a 

compliant person in 24 and 48 hours was defined as a participant who has activity recorded in 

each of the three or six recording windows, respectively. Participants’ compliance in wearing the 

monitor is critical for obtaining accurate physical activity measurement,15 as non-compliance is 

usually considered a source of bias. Therefore, on account of the highest compliance rate in the 

first measurement day and the lack of differences in SAM indices between the first and the 

second measurement days, the analyses in this study are based on the data obtained in day one 

only. Moreover, all analyses were conducted for all participants (individuals with and without 

activity in each of the first day three windows) and for compliant patients only (individuals with 

activity in each of the first measurement day three windows).  

Identifying when a participant is not wearing the accelerometer is difficult as long 

continuous bouts of accelerometer inactivity (continuous zero readings) may mean either that the 

participant removed the accelerometer, was completely inactive (e.g., sleeping),251 or the monitor 
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was malfunctioning. Therefore, in an effort to ensure that the SAM data included in the analyses 

represent the construct to which they refer (home and community ambulation), FAC of 

individuals with non-active days (less than 20 steps per day) was determined. Comparing the 

FAC and SAM step activity enabled to discover inconsistencies between functional ambulation 

level and step activity due to incompliance or SAM malfunctioning. Mehrholz et al.173 suggest 

that a dichotomized FAC (FAC > 4 and FAC < 4) may be useful in predicting level of 

community ambulation with high sensitivity and specificity. Therefore, it is likely that 

individuals with FAC > 4 with non-active days either did not wear the monitor or the monitor 

was malfunctioning. Consequently, it will be appropriate to remove these individuals’ files from 

the dataset in order to prevent false low SAM activity counts. In contrast, individuals with FAC 

< 4, non-active days are probably not due to being non-compliant with the monitoring protocol 

but simply because they did not walk. Therefore, it will be appropriate to include these 

individuals’ files in the analysis in order to prevent false high SAM step activity counts. Figure 

4-1 illustrates data analyses decision making flow chart. 

Ambulation volume outcomes: 

1. Number of steps taken over 24 hours.  Number of steps per day was defined as twice the 
total stride count in 24 hours.285  

2. Total activity level.  Total activity level was defined as the tally of the number of one-
minute intervals with stride counts of > 1. Presented as the percentage of the total time in a 
24-hour period where steps are recorded.25   

 
Ambulation intensity outcomes: 

1. Peak activity index. Peak activity index represents the maximal number of steps a person 
took in a one minute interval. 

2. Percentage of the day spent in low, medium, and high absolute activity intensity.  Absolute 
step activity intensity was stratified as low (less than 16 steps per minute), medium (16-30 
steps per minute) and high (more than 30 steps per minute). Percentage of time spent at 
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each level was calculated. Minutes in which activity was not recorded were excluded from 
the analysis. 

3. Percentage of the day spent in low, medium, and high relative activity intensity.  Low 
relative intensity was defined as walking at less than 60% of peak activity index, moderate 
intensity 60-85% of peak activity index, and high intensity > 85% of peak activity index. 

 
Ambulation pattern outcomes: 

1. Number of activity bouts. Number of activity bouts was defined as the number of 1-min 
intervals for which the subject switched from inactivity (stride count=0) to activity (stride 
count > 0).14  

2. Number of steps in an activity bout. Number of steps in an activity bout was defined as 
activity bout mean number of steps.  

3. One minute variability of activity.  One minute variability of activity was defined as the  
CV of 1-min of stride count values, excluding those 1 min intervals with zero steps.14 CV 
is a measure of variability calculated as the standard deviation of the measures expressed 
as a percentage of the mean (CV=standard deviation/mean X 100). One of the CV 
advantages is that it accounts for differences in the magnitude of the mean (a measure of 
relative variation).288  

4. Activity randomness. Activity randomness was defined as “the amount of randomness of 
minute-to-minute activity fluctuations in each day of recorded ambulatory activity.” 
Randomness of activity was quantified by analyzing 1-minute stride counts using 
approximate entropy.289 Approximate entropy was used to determine the probability that 
sequences of consecutive 1-minute stride counts repeated throughout the longer temporal 
sequence of 1,440 daily 1-minute intervals. Approximate entropy generates a unitless 
number between 0 and 2. Zero values correspond to a time series in which short sequences 
of data points are perfectly repeatable. Values of 2 correspond to time series for which any 
repeating sequences of points occur by chance alone.290   

 
5.2.2.2 Independent variables 

Gait impairment: Gait impairment was assessed via gait speed measured during a 10-meter 

walk. The time that it takes to traverse the 10 meters at the subject’s usual pace using their usual 

assistive devices or orthoses was recorded. Gait speed has been described as the “almost-perfect” 

mobility outcome measure in neurological populations151 as it is simple to measure, reliable, 
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valid, and sensitive to post-stroke recovery stage.9, 138 Furthermore, self-selected gait speed is 

related to rehabilitation prognosis29, 67 and discharge destination.140  

Balance control: Balance was measured by the BBS.324 The BBS consists of 14 items which 

assess subjects’ ability to maintain movements or positions of increasing difficulty via 

decreasing the base of support.324 A score of 56 indicates functional balance, scores < 45 indicate 

that a person may be at greater risk of falling.325 Therefore, the BBS score was dichotomized into 

more severe balance deficits (scores < 45) and less severe balance deficits (scores > 45).325 The 

test has been used in a stroke population and has well-established validity and reliability.324 A 

standardized protocol for administration was followed.324  

Balance self-efficacy: ABC was used to assess perceived confidence in maintaining balance 

while performing common community related activities such as bending, reaching, and walking 

both inside and outside the house. This measure has good reliability and internal consistency.327 

Myers et al.328 found that in a group of community-dwelling older adults, ABC scores of < 50 

indicated a low level of physical functioning (home care clients); ABC of more than 50 and less 

than 80 indicated a moderate level of functioning (older adults in a retirement home setting); and 

ABC scores of > 80 indicated high functioning (physically active older adults). Accordingly, in 

this  study ABC scores were dichotomized into low level of physical functioning (ABC < 49 

points) and moderate to high level of physical functioning (ABC > 50 points). 

Walking endurance: Walking endurance was determined via the 6MWT. The 6MWT was 

originally developed to assess cardiopulmonary function in cardiac patients.326 However, it is 

commonly used as an endurance measure in the elderly and in individuals who suffered a 

stroke.165  Participants performed the 6MWT using a previously standardized protocol.165 

According to the protocol, during the 6MWT, the participants were allocated six minutes to walk 
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as far as they can at their comfortable pace. The distance they covered in six minutes was 

recorded. During the test, participants used their customary orthotics and assistive devices. 

Walking distance of 300 to 500 continues meters is suggested for community ambulation.60, 103 

However, in this study walking distance variability was small (0 to 315 meters). Walking 

distance mean and median was 128 and 126 meters, respectively. Thus, overall the sample had 

poor walking endurance function. Therefore, walking distance was dichotomized on the basis of 

the sample’s median walking distance (126 meters).   

Upper and lower limb motor control impairment: The upper and lower extremity motor 

function portions of the Fugl-Meyer Assessment (FM-UE and FM-LE, respectively) were used 

to determine both upper and lower extremity motor control impairment. The Fugl-Meyer 

Assessment is one of the most commonly used and comprehensive scales of motor and sensory 

recovery following stroke. The minimal clinically important difference on the Fugl-Meyer is not 

yet known.315 However, a > 10 points change in Fugl-Meyer motor scores may represent 

clinically meaningful improvement based on stroke neurologists and physical therapists.315 

Therefore, the FM-LE scores were grouped in > 10 points increments: 0-11 points= severe lower 

extremity motor impairment, 12-23=moderate lower extremity motor impairment, and 24-

34=mild lower extremity motor impairment. The FM-UE scores were also grouped into three 

categories in >10 increments: scores of 0-22=severe upper extremity motor impairment, 23-44= 

moderate upper extremity motor impairment, and 45-66=mild upper extremity motor 

impairment. Standardized protocols for administration were followed.315   

Body composition: Body composition was assessed via the waist circumference measure. Waist 

circumference is an effective way to measure abdominal obesity in adults330 and is an important 

predictor for metabolic complications and mortality in both adult men and women.331-333 In 
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addition, waist circumference may be better predictor of cardiovascular disease risk than body 

mass index in adults.334 Waist circumference was measured at the narrowest part of the waist 

above the umbilicus and below xiphoid processes. Waist circumference was dichotomized into 

“normal” (< 102 cm and 88 cm for men and women, respectively) and “increased risk” (> 102 

cm and 88 cm for men and women, respectively).335  

Depression: The PHQ-9 was used to measure depression. The PHQ-9 usefulness as a depression 

screening and diagnostic instrument has been established recently for stroke survivors.314 The 

PHQ-9 scores range from 0 to 27.  Cutoff scores of 5, 10, 15, 20 were used to represent the 

thresholds for mild, moderate, moderately severe, and severe depression.13 

Executive function: The TMT-B was used to assess executive function. The TMT-B requires 

the patient to draw lines alternating between numbers and letters in consecutive order. 

Performance is assessed by the time taken to complete the trial correctly.306 It has been reported 

that performance in TMT-B is indicative of executive function, executive control, and the ability 

to flexibly shift the course of an ongoing activity.307 According to Lezak et al.,336completion of 

the TMT-B in > 273 seconds indicates a deficiency in the executive function. Accordingly, in 

this study a cut-off score of 273 seconds was used (>273 seconds=deficient).336  

Side of Lesion: Side of lesion was confirmed by Computed Tomography or Magnetic 

Resonance Imaging scans. 

5.2.3 Data Analysis 

Data were analyzed by using SAS version 9.1. All variables were examined by 

descriptive statistics. Data departure from normality was verified visually with probability plots, 

and statistically with the skewness and kurtosis test for normality. Differences in step activity 

indices based on subjects’ characteristics (e.g., differences between individuals with normal and 

abnormal executive function in percentage of the day active) were analyzed using Wilcoxon 
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rank-sum test. Differences in step activity indices in variables with more than two levels (FM-

UE, FM-LE, and PHQ-9) were analyzed using Kruskal-Wallis Test. Regression analysis with 

backward method was used to identify SAM indices predictors. Natural logarithm of steps/day, 

number of activity bouts, and mean number of steps in an activity bout were used in the 

regression analysis. No transformation was applied for the other variables. A difference was 

regarded as statistically significant at P < 0.05 (two-tailed). Adjusted R2 values were used to 

show the extent (percentage) which variability of ambulatory activity variables can be explained 

by the independent variables. Presence of multicollinearity among independent variables was 

assessed via the variance of inflation factor.309, 316 Multicollinearity was defined as variance of 

inflation factor exceeding 10. Based on this definition there was no multicollinearity between 

variables in the model.     

A priori power analysis was conducted. Within the stroke population, in individuals with 

sub-acute to chronic stroke (3-166 months post-stroke) correlations between SAM-derived 

outcomes and other clinical outcomes range from 0.316 (with peak oxygen consumption)23 to  

0.62 (with Functional Independence Measure mobility).12 Thus, with a sample size of 228, an 

alpha level of 0.05, and power of 0.80, there was sufficient power to detect correlations as low as 

0.184. 

5.3 Results 

5.3.1 Sample Characteristics 

Data were collected from 228 individuals two months post-stroke. When all the participants 

were included in the analyses, incongruence between FAC scores and step activity level in the 

first measurement day was detected for three subjects only. On account of the small number of 

individuals with incongruent data, these individuals’ data were included in the all patients’ 

analyses. However, when only the day one compliers were analyzed (n=165), no incongruences 
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between FAC scores and step activity level were detected. All patients mean age was 63.9 + 

12.9. The sample represents 50% women. The majority of study population had right hemisphere 

stroke (47%). The subjects who complied with SAM protocol in the first day mean age was 64.6 

+ 12.9 years. Fifty percent of the compliers were women. The majority of the compliers had right 

hemisphere stroke (45%). For additional demographic and clinical characteristics of all patients 

and compliers only, see Table 5-1. 

Table 5-2 summarizes all patients and compliers only SAM indices. Because the SAM 

indices of all patients and compliers appear to be different, in order to increase the accuracy of 

the results in this study, the data of day one compliers only (n=165) were included in the 

regression analyses. 

5.3.2 Step Activity Monitor Volume, Intensity, and Pattern Predictors 

The backward multiple linear regression analysis constructed a model with age, gender, 

body composition (waist circumference), stroke location, lower and upper extremity motor 

control, balance control, balance self-efficacy, self-selected gait speed, walking endurance, 

depression, and executive function. 

5.3.2.1 Activity volume predictors 

Balance control, walking endurance, and executive function were identified as significant 

activity volume predictors (Table 5-3). For individuals with more severe balance control deficits, 

average number of steps/day is 0.440 times as large as that of individuals with less severe 

balance control deficits (1792 and 4765 steps/day, respectively) (Table 5-4). In addition, for 

persons with more severe walking endurance disability, average number of steps/day is 0.494 

times as large as that of persons with less severe walking endurance disability (1423 and 3983 

steps/day, respectively). Moreover, subjects with deficient executive function, average number of 

steps/day is 0.707 times as large as that of subjects with normal executive function (2497 and 
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3076 steps/day, respectively). Similarly, individuals with more severe balance deficits and 

deficient executive function spend smaller percentage of the day active (parameter estimates =    

-5.016 and -2.930, respectively) (Tables 5-4 and 5-5).  

As expected, SAM activity volume indices were independent of self-elected gait speed, 

age, gender, stroke location, and upper extremity motor control impairment. However, in 

contrary to the hypothesis, balance self-efficacy, lower extremity motor control, body 

composition, and depression score did not predict any of the activity volume indices. The model 

adjusted R2 shows that the variables in the model were able to explain 38% of the variation in the 

number of steps taken in a day and 23% of the variation in the percentage of the day active 

(Table 5-3). 

5.3.2.2 Activity intensity predictors 

 Activity intensity was affected significantly by balance control, walking endurance, gait 

speed, executive function, and left hemisphere stroke (Table 5-5). A shift from less to more 

severe balance deficits resulted in an 11.454% decrease in peak activity index (77 and 50 

steps/min, respectively). Similarly, a shift from less to more severe walking endurance 

impairment resulted in a 26.259% decrease in peak activity index (74 and 42 steps/min, 

respectively) (Tables 5-6 and 5-7).  

Both gait speed and balance control predicted percentage of the day in absolute low and 

medium activity intensity. Faster gait speed resulted in smaller percentage of the day in absolute 

low (effect estimate= -4.567) and greater percentage of the day in absolute medium activity 

intensity (effect estimate= 1.351). A shift from less to more severe balance control deficits 

resulted in a 9.463% increase in percentage of the day in absolute low (50.33 and 70.02%, 

respectively) and a 4.332% decrease in percentage of the day in absolute medium activity 

intensity (22.71 and 14.76%, respectively) (Tables 5-6 and 5-7). 
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Gait speed and walking endurance predicted percentage of the day in relative low and 

medium activity intensity. An increase of gait speed by 0.1 m/s resulted in a 1.968% decrease in 

percentage of the day in relative low and a 1.037% increase in percentage of the day in relative 

medium activity intensity. A shift from less to more severe walking endurance disability resulted 

in a decrease in percentage of the day in relative low activity intensity (effect estimate= -5.308) 

and an increase in percentage of the day in relative medium activity intensity (effect 

estimate=3.262). Executive function was an important predictor of percentage of the day in 

relative low activity intensity. A shift from normal to deficient executive function resulted in a 

decrease in percentage of the day in relative low activity intensity (effect estimate= -3.211) 

(Tables 5-6 and 5-7). In addition, having a left hemisphere stroke predicted greater percentage of 

the day in relative medium activity intensity (effect estimate=1.86). 

As hypothesized, gender and upper limb motor control impairment did not predict any of 

the SAM intensity outcomes. However, in contrary to the hypothesis, balance self-efficacy, 

lower extremity motor control, body composition, age, and depression did not predict SAM 

intensity outcomes either. The model adjusted R2 show that the variables in the model were able 

to explain 38% of the variation in peak activity index, up to 50% of the variation in absolute 

intensity activities, and up to 25% of the variation in relative intensity activities (Table 5-5). 

However, assumptions of normality and homoscedasticity were not held for percentage of the 

day in absolute and relative high activity intensities. Therefore, further analyses are needed in 

order to establish high absolute and relative activity intensity predictors. 

5.3.2.3 Activity pattern predictors 

 Age, balance control, balance self-efficacy, executive function, gait speed, and lower 

extremity motor control predicted SAM pattern outcomes (Table 5-7). More specifically, age, 

balance control, balance self-efficacy, and executive function were all important predictors of 
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number of activity bouts. As patients’ age increases in one unit the mean number of activity 

bouts decreased by one percent (effects estimate= 0.990). Individuals with more severe balance 

control deficits average number of activity bouts is 0.724 times as large as that of individuals 

with less severe balance control deficits (101.58 and 161.16 activity bouts, respectively). 

Similarly, persons with low balance self-efficacy average number of activity bouts is 0.740 times 

as large as that of persons with moderate to high balance self efficacy (98.7 and 143.63 activity 

bouts, respectively). Moreover, patients with deficient executive function mean number of 

activity bouts is 0.749 times as large as that of patients with normal executive function (98.53 

and 136.62 activity bouts, respectively) (Tables 5-8 and 5-9). 

Age and balance control were also important predictors of number of steps in an activity 

bout. Surprisingly, one unit increase in patients’ age resulted in a 1.1% increase in the mean 

number of steps in an activity bout. In addition, individuals with more severe balance impairment 

mean number of steps in an activity bout is 0.645 times as large as that of individuals with less 

severe balance impairment (22.8 and 39.37 steps/activity bout, respectively) (Tables 5-8 and 5-

9). Moreover, a gait speed increase of 0.1 m/s results in a 0.18 times increase in mean steps in an 

activity (effect estimate=1.180) (Table 5-7). 

 Balance and lower extremity motor control impairment predicted one minute variability 

of activity. Unexpectedly, a shift from less to more severe balance control impairment resulted in 

an 8.058% increase in one minute variability of activity (89.38 and 97.54% coefficient of 

variation, respectively). Similarly, a shift from one FM-LE category to the other (base 

category=mild impairment) results in a 4.721% increase in one minute variability of activity. 

Balance, balance confidence, and executive function were significant predictors of activity 

randomness. As expected, a shift from less to more severe balance control deficits resulted in a 
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5.852% decrease in activity randomness (0.3 and 0.24 approximate entropy, respectively). A 

shift from moderate/high balance confidence to low balance confidence resulted in a 4.413% 

decrease in activity randomness (0.29 and 0.23 approximate entropy, respectively). Accordingly, 

a shift from normal to deficient executive function resulted in a 7.168% decrease in activity 

randomness (0.3 and 0.21 approximate entropy, respectively) (Tables 5-8 and 5-9) 

As hypothesized, gender, stroke location, and upper extremity motor control did not 

predict any of the activity pattern indices. However, in contrary to the hypothesis, walking 

endurance, body composition, and depression did not predict any of the activity pattern indices 

either. Overall, the regression model explains approximately 21% of the variation in number of 

activity bouts, 32% in number of steps in an activity bout, 6% in one minute variability of 

activity, and 17% in activity randomness (Table 5-7). 

5.4 Discussion 

5.4.1 Post-Stroke Step Activity Profiles 

 This study quantified household and community ambulatory activity profiles in a sample 

of patients with sub-acute stroke, and it examined the relative contributions of demographic and 

clinical characteristics toward ambulatory activity level. We found that individuals with sub-

acute stroke had extremely low ambulatory activity profiles in terms of activity volume, 

intensity, and pattern. The ambulatory activity volume and pattern were well below the range of 

healthy younger adults, healthy older adults, and older adults with functional limitations.14, 38 

Moreover, 65 to 68% of total ambulatory activity fell into the low absolute intensity category. 

Whereas, Michael et al.34 found that the average percentage of the day stroke patients spend in 

low absolute activity intensity was about 45%. Differences in sample characteristics are likely to 

be responsible for the discrepancy in absolute activity intensity levels between our study and 

Michael and associates.34 Our study recruited individuals with moderate-to-severe gait 
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impairment two months post-stroke, whereas Michael and colleagues34 sample consisted of 

individuals with milder gait deficits during the chronic phase of stroke recovery. It is expected 

that individuals during the chronic phase of stroke recovery with milder gait impairments will 

spend smaller percentage of the day in low absolute intensity activities.  

5.4.2 Step Activity Predictors 

This study confirms our hypotheses that lower extremity motor control impairment, balance 

control, balance self-efficacy, walking endurance, gait speed, executive function, and age are all 

important predictors of home and community ambulation. In addition, as expected, upper limb 

motor control impairment and gender did not significantly predict any of the SAM volume, 

intensity, or pattern indices. However, surprisingly, body composition and depression also were 

not important home and community ambulation predictors, whereas stroke location predicted 

activity intensity.  

5.4.2.1 Lower extremity motor control as a home and community ambulation predictor 

 In contrast to our hypothesis, lower extremity motor control predicted one minute 

variability of activity only (activity pattern). Theses results suggest that overall changes in lower 

extremity motor control impairment do not relate to changes in home and community ambulation 

volume and intensity. Furthermore, the association between lower extremity motor control 

impairment and one minute variability of activity was in an unexpected direction. An increase in 

lower extremity motor control impairment resulted in an increase in one minute variability of 

activity. Theses unexpected results may be due to the limited variability of lower extremity 

motor control impairment. Sixty-seven percent of the sample had mild lower extremity motor 

control impairment (FM-LE=24-34), whereas only 3% of the sample had severe lower extremity 

motor control impairment (FM-LE=0-11).  
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5.4.2.2 Balance control as a home and community ambulation predictor 

Our results indicated that balance control is an important predictor of SAM volume, 

intensity, and pattern indices. Consistent with our study results, Michael et al.23 in a sample of 

community-dwelling individuals with mild-to-moderate chronic stroke reported that the 

participants’ mean ambulatory activity in term of steps/day (activity volume) were strongly 

associated with balance as measured by the BBS. To date, no study explored the association of 

activity intensity and pattern outcomes with balance. However, based on clinical grounds it is 

expected that balance will be associated with both activity intensity and pattern for numerous 

reasons. For instance, the activity intensity outcome peak activity index, measures the maximal 

number of steps a person takes in a minute. Thus, it is likely to be influenced by how fast a 

person walks (gait speed). Therefore, it is reasonable to speculate that gait speed is associated 

with activity intensity outcomes. Moreover, according to Patterson et al.102 and Pang and 

associates,62 balance was the strongest predictor of gait speed in stroke survivors with severe 

impairments. Because SAM intensity indices are likely to be influenced by gait speed, and on 

account of the strong association between balance and gait speed, it is not surprising that balance 

is an important predictor of activity intensity. 

 Considering the nature of activity pattern outcomes, it was also not surprising that balance 

control was found to be an important predictor of activity pattern. For instance, the measure of 

number of activity bouts represents the frequency in which a person initiated and terminated gait. 

Initiating and terminating gait stresses the balance control system98 as gait initiation requires 

moving from a stable standing posture to essentially falling and gait termination requires the 

control of forward linear momentum, which, if not performed correctly or well, may be 

destabilizing.92  
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5.4.2.3 Balance self-efficacy as a home and community ambulation predictor 

 It was hypothesized that balance self-efficacy will predict SAM volume, intensity, and 

pattern. However, the results show that balance self-efficacy was an important predictor of 

activity pattern only (number of activity bouts and activity randomness). These results indicate 

that balance self-efficacy may effect mainly the degree to which an individual feels confident to 

initiate and terminate gait often (number of activity bouts) which requires high levels of balance 

control, and to fluctuate unpredictably their stepping pattern (activity randomness). 

5.4.2.4 Walking endurance as a home and community ambulation predictor 

 In our study walking endurance predicted both activity volume and intensity. Similarly, 

Michael et al.34 quantified community ambulatory activity profiles in terms of step counts and 

intensity in a convenience sample of community-dwelling volunteers with mild-to-moderate 

(National Institutes of Health Stroke Scale mean=3.57 points) chronic (mean time post-

stroke=10 months) hemiparetic stroke. Total number of steps/day and total low and high absolute 

intensity ambulatory activity were associated with peak oxygen consumption. Therefore, the 

authors concluded that step activity volume and intensity are strongly associated with 

cardiovascular fitness. Moreover, Mudge and Stott343 multiple regression showed that in 

individuals during the chronic phase of stroke recovery (at least six months post-stroke) with 

moderate gait impairment (mean gait speed=0.67 m/s), the 6MWT predicted number of 

steps/day, percentage of the day active, low absolute activity intensity (<30 steps/min), high 

absolute activity intensity (>60 steps/min), the average step rate of the fastest 30 minutes over 24 

hours, highest step rate in 60 minutes, and the highest step rate in one minute.    

5.4.2.5 Habitual gait speed as a home and community ambulation predictor 

Our study shows that gait speed is not an activity volume predictor. This is consistent 

with Shaughnessy and colleagues’12 study which compared SAM-derived daily steps (activity 
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volume) with established instruments to assess ambulatory recovery in community-dwelling men 

and women with mild-to-moderate post-stroke hemiparetic gait deficits at discharge from 

inpatient rehabilitation. The authors reported that SAM-derived daily steps were not strongly 

related to self-selected gait speed. Similarly, Mudge and Stott343 reported that in a sample of 

individuals with chronic stroke (at least six months post-stroke) and mean gait speed of 0.67 m/s 

(moderate gait impairment), gait speed was not a significant predictor of number of steps/day 

and percentage of the day with no steps. The findings of the present study, however, are in 

contrast to those of Michael et al.23 and Bowden and associates33 who reported that the 

participants’ mean ambulatory activity profiles in terms of steps/day were strongly associated 

with self-selected gait speed. Discrepancies in the results may be due to differences between 

studies in sample stroke characteristics. People with chronic stroke participated in their studies, 

whereas the participants in the present study had sub-acute stroke. In addition, the lack of 

relationship between gait speed and SAM outcomes in our study may reflect a floor effect, 

attributable to the sample’s slow gait speeds (mean gait speed = 0.40 + 0.23 m/s) and limited 

variability to reveal a relationship.   

Our findings also show that habitual gait speed is an important predictor of activity 

intensity (percentage of the day in absolute low/medium, and percentage of the day in relative 

low/medium activity intensity). These findings are in contrast to those of Mudge and Stott343 

who reported that gait speed did not predict SAM absolute activity intensity outcomes. 

Discrepancies in the results may be due to differences between studies in sample stroke 

characteristics. People with chronic stroke participated in Mudge and Stott343 study, whereas the 

participants in the present study had sub-acute stroke. Moreover, Mudge and Stott’s343 study 

used different absolute low and high activity intensity definitions. We defined low and high step 
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activity intensity as taking less than 16 steps/min and greater than 30 steps/min, respectively. 

Whereas, Mudge and Stott343 defined low and high step activity intensity as taking less than 30 

steps/min and greater than 60 steps/ minute, respectively.  

Finally, in our study, habitual gait speed was found to be an important predictor of 

number of steps in an activity bout (activity pattern) only. The lack of association in our study 

between gait speed and more complex activity pattern outcomes (i.e. one minute variability of 

activity and activity randomness) suggests that gait speed does not affect one’s ability to alter 

gait to unexpected environmental demands.  

5.4.2.6 Executive function as a home and community ambulation predictor 

 Consistent with the study hypothesis, executive function predicted activity pattern 

(number of activity bouts and activity randomness). SAM activity pattern variables such as 

activity randomness assess whether minute-to-minute fluctuation in gait occurs in orderly, 

repetitive and predictable pattern. Such measure reflects one’s ambulatory activity range and 

hypothetically may reflect ones capability to adjust gait to unpredictable changes in task 

demands or environmental conditions. The executive function system may be important for 

activity pattern outcomes such as activity randomness because unlike ambulating in the clinic, 

ambulating outdoors is unpredictable and complex. Therefore, executive function may be 

important for determining the person’s ability to process information and adapting gait to meet 

environmental demands.92  

Unexpectedly, executive function also predicted activity volume (number of steps/day 

and percentage of the day active). The executive function system may be important for 

independent and safe community ambulation volume because ambulating outdoors requires 

planning of path selection, navigation, speed of information processing to enable adaptations to 

meet environmental demands, and the ability to divide attention between mobility and other tasks 
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(e.g. conversing with a friend).92 Therefore, individuals with better executive function may be 

more inclined to leave the house and to ambulate in the community more frequently than 

individuals with low levels of executive function.  

5.4.2.7 Age as a home and community ambulation predictor 

Our study showed that age is not a significant predictor of activity volume (number of 

steps/day and percentage of the day active). Accordingly, Mudge and Stott343 in a recent study 

reported that age did not predict mean steps/day and percentage of the day active of individuals 

with a mean gait speed of 0.67 m/s during the chronic phase of stroke recovery.  

In addition, our findings show that older individuals have a smaller number of activity bouts. 

Similarly, Cavanaugh and associates14 reported that healthy older adults accumulated a similar 

number of steps and minutes of activity as healthy younger adults, but did so in fewer bouts 

(healthy older adults: 67.8 + 2.7 bouts; healthy younger adults: 77.3 + 2.6 bouts).14 Cavanaugh 

and associates14 suggest that the decreased number of activity bouts in the older individuals may 

indicate that initiating gait becomes more difficult with age.  

In contrast to Cavanaugh and colleagues,14 our study failed to show that age is a predictor of 

activity variability. Cavanaugh et al.14 showed that younger adults have higher minute-to-minute 

activity variability than older adults. Thus, older individuals have narrower ranges of ambulatory 

behavior, probably due to inability to perform a range of ambulatory tasks under various 

environmental conditions.14 These results suggest that this metric is a potentially useful indicator 

of age associated walking function. Discrepancies in the results between our study and 

Cavanaugh and associates14 study are likely due to demographic differences between the two 

studies. Cavanaugh et al.14 compared the activity patterns of healthy younger adults with a mean 

age of 36.6 years to these of healthy older adults with a mean age of 83 years. However, our 
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study participants were mainly older adults (mean age=63.84 + 12.93) with limited variability in 

age.  

5.4.2.8 Body composition as a home and community ambulation predictor 

 We hypothesized that body composition will predict SAM volume, intensity, and pattern. 

Surprisingly, body composition did not predict any of the 13 SAM indices. The lack of 

association between body composition and activity volume and intensity is in contrast to Cooper 

et al.’285 study which determined the levels and patterns of daily activity in groups of normal-

weight, overweight, and obese adults using accelerometry. Hour-by-hour physical activity 

patterns demonstrated that obese participants have less step counts than the non-obese for nearly 

every hour of everyday. Similarly, numerous investigators reported that physical activity 

measured with a pedometer is inversely correlated with body mass index,294, 304 and percentage 

body fat.294  Cooper et al.285 also reported that obese participants spent significantly less time in 

activity of at least moderate intensity than the non-obese. Differences between our study and the 

previously reported studies may be due to the different methods used to assess body 

composition. We used the waist circumference measure to assess body composition whereas 

other studies, such as Cooper et al.285 used the body mass index method or percentage of body 

fat.294  In addition, previous studies recruited healthy adults, whereas our study recruited 

individuals post-stroke who suffer from stroke-specific impairments (e.g., muscle weakness and 

spasticity) that could potentially alter the relationship of body composition with home and 

community ambulation.  

5.4.2.9 Depression as a home and community ambulation predictor 

 The PHQ-9 scores enable to classify individuals into five levels of depression: (1) no 

depression (0-4 points), (2) mild depression (5-9 points), (3) moderate depression (10-14 points), 

(4) moderately severe depression (15-19 points), and (5) severe depression (20-27 points). We 
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hypothesized  that higher depression levels will be associated with lower levels of activity 

volume, intensity, and pattern as common depression symptoms consisted of  persistent sad 

feelings, loss of interest in activities, hopelessness feelings, and fatigue.283 However, our results 

failed to show a relationship between depression and SAM volume, intensity, or pattern. The 

literature indicates that the association between functional impairment and post-stroke depression 

has not been fully established as previous studies on post-stroke depression and functional 

impairment reported conflicting results.126 A number of studies have shown a significant 

association between depression and functional impairment during the initial period post-

stroke,337-339 whereas other researchers did not.340  Therefore, it appears that the association 

between depression and functional impairment is complex.126 Similarly, the association between 

depression and home and community ambulation may be complex as well. Moreover, our null 

results may be accountable to the study inclusion and exclusion criteria. Individuals with major 

post-stroke depression as indicated by a PHQ-9 score > 10 (moderate-to-severe depression) were 

included in the study only if there is a documented management of the depression by a health 

care provider. In addition, the majority of the sample did not suffer from depression (68% of the 

sample), whereas only three and 2% of the sample had moderately severe and severe depression, 

respectively. The exclusion of individuals with untreated major depression and the limited 

number of individuals with high levels of depression may be responsible for the null results.   

5.4.2.10 Stroke location as a home and community ambulation predictor 

In contrary to the hypothesis, left hemisphere stroke predicted greater percentage of the day 

in relative medium activity intensity. This indicates that individuals with left hemispheric stroke 

were more likely to engage in relative higher activity intensities than individuals with right 

hemispheric stroke, bilateral stroke, or brainstem stroke. Relative intensity is the effort required 

to do an activity. Less fit people generally require a higher level of effort than fitter people to do 
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the same activity (e.g., walking to the kitchen). However, do individuals with left, right, bilateral, 

and brainstem strokes engage in similar activities? In our study we did not examine the type of 

activities individuals with various stroke etiologies partake in. However, considering the 

common symptoms and characteristics of left, right, bilateral, and brain stem strokes it is likely 

that each group engages in different types of activities. For instance, individuals with left-

hemispheric stroke may suffer from an inability to solve problems, have impaired retention of 

information, are often more easily frustrated and angered, and may have apraxia or language 

difficulties.42 Persons with right-hemispheric stroke often experience difficulty with spatial-

perceptual tasks, develop impulsive style, tend to have greater balance problems, and may 

experience left-side neglect.42 Whereas, brain stem strokes are especially devastating as they may 

result in paralysis in one or both sides of the body, loss of sensation, trouble with visual 

perception, impaired cognitive function, and difficulty coordinating daily tasks such a 

walking.342 Considering each stroke type unique characteristics, individuals with right stroke 

which may suffer from left side neglect, greater balance problems, and difficulties with spatial-

perceptual tasks, and individuals with brain stem stroke are less likely than individuals with left 

stroke to engaging in absolute moderate and vigorous intensity activities (e.g., walking briskly 

and gardening) which require higher levels of efforts as well.  

5.4.3 Study Limitations 

The present study has several limitations. First, the regression models that were used 

accounted for less than 50% of the variance of the different SAM outcomes. That is, more than 

50% of the variance in SAM home and community ambulation volume, intensity, and pattern 

remained unexplained. One explanation is that home and community ambulation is complex and 

may involve multiple determinants, some of which were not included in the model (e.g., use of 

assistive device, co-morbidities, social network, caregiver support). Nevertheless, this is the first 
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study to report the amount of variance in SAM derived home and community ambulation at two 

months post-stroke. Second, all participants in the present study were two months post-stroke 

with moderate-to-severe hemiparetic gait impairment. Therefore, the results may not be 

generalizable to people with mild gait impairment and individuals during the chronic phase of 

stroke recovery. Home and community ambulation determinants at two months post-stroke may 

certainly differ than those at six or 12 months post-stroke. Future comparisons across these time 

periods will be important in assessing the factors that contribute to community-based step 

activity post-stroke.  

5.5 Conclusion 

The results of this study suggest that at two months post-stroke, walking in the real world 

may involve multiple determinants. Balance control, walking endurance, executive function, age, 

balance confidence, lower extremity motor control impairment, and gait speed are all important 

factors involved in determining a person’s home and community ambulation function. However, 

usual gait-speed did not predict activity volume and it predicted only four out of the seven 

activity intensity outcomes. Moreover, gait speed was not an important predictor of complex 

activity pattern outcomes which represent activity variability and randomness. Activity 

variability and randomness are important as they may reflect one’s ambulation range, ability to 

ambulate in non-predictable environments (e.g., a crowded street), and ability to successfully 

adapt to environmental demands.  

An in-depth understanding of the predictors of SAM derived home and community 

ambulation is beneficial in development of interventions resulting in better carryover of everyday 

ambulatory activity.34 In addition, understanding ambulation predictors will shed light on which 

clinically-based outcome measures best predict home and community ambulation level, and thus 

would be beneficial clinically and in research. Finally, in the LEAPS study SAM derived step 
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activity is also measured at six and 12 month post-stroke. In future work, the effect of time since 

stroke, gait training with a treadmill and a body weight support system, and home-based exercise 

program on SAM derived step activity at home and the community will be examined.  
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Table 5-1.  All subjects and compliers only demographic and clinical characteristics  
Characteristic All Patients Compliers only 
Age a(SD) (years) 63.9 (12.9) 64.6 (12.9) 
Gender (male) 49.6% 50.3% 
Stroke location 
                 Right hemisphere 
                 Left hemisphere 
                 Brainstem 
                 Bilateral 

 
47% 
37% 
14% 

1% 

45% 
38% 
15% 

2% 
Berg Balance Scale (SD) 36.37 (13.70) 36.8 (13.7) 
Habitual gait speed (SD) (m/s) 0.39 (0.22) 0.40 (0.23) 
Six minute walk test (SD) (meters) 128.05 (77.75) 133.0 (77.7) 
Upper extremity motor function portion of the Fugl-
Meyer Assessment (SD)  36.34 (20.81) 37.6 (21.1) 
Lower extremity motor function portion of the Fugl-
Meyer Assessment (SD)  25.28 (6.39) 25.5 (6.4) 
Waist circumference (SD) (cm) 94.45 (17.89) 93.8 (14.3) 
Patient Health Questionnaire Nine-item Depression 
Scale (SD)  4.63 (5.11) 4.63 (4.98) 
Trail Making Test Part B (SD) (seconds) 219.48 (97.51) 217.2 (94.6) 
Activities-Specific Balance Scale (SD)  44.46 (23.26) 46.2 (23.1) 

aSD= standard deviation 
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Table 5-2.  Sample step activity monitor characteristics 
Step activity monitor variables All Patients 

(n=228) 
Compliers only 

(n=165) 
Steps 
activity 
volume 

Number of steps taken over 24 hours 2300.5 (2518.8) 3783.6 (2597.9) 
 
Percentage of the day active 9 (7) 

 
11 (7) 

Steps 
activity 
intensity 

Peak intensity index 52.8 (32.3) 59.8 (26.9) 
Percentage of the day in absolute low  68 (21) 65 (19) 
Percentage of the data in absolute medium  15 (10) 17 (9) 
Percentage of the day in absolute high  15 (14) 18 (14) 
Percentage of the day in relative low 86 (13) 88 (7) 
Percentage of the day in relative medium 7 (6) 8 (6) 
Percentage of the day in relative high 6 (13) 4 (4) 

Steps 
activity 
pattern 

Number of activity bouts 99.72 (98.22) 121.4 (97.7) 
Number of steps in an activity bout 26.10 (27.58) 28.3 (25.8 
One minute variability of activity 
(coefficient of variation %) 

84.68 (32.72) 94.8 (20.3) 

Activity randomness (approximate entropy) 0.21 (0.13) 0.26 (0.12) 
Note: values are mean (standard deviation).  

Table 5-3.  Step activity volume predictors 
Step activity volume 

outcomes Predictor Estimate P value Adjusted R-square 

Number of steps/24 
hours  

(natural logarithm) 

Balance 
(more severe deficits) 0.440 0.000* 0.379 
Walking endurance 
(more severe deficits)  0.494 0.000*   
Executive function 
(deficient)        0.707 0.016*   

Percentage of the day 
active 

Balance  
(more severe deficits) -5.016 0.000* 0.234 
Balance confidence 
(low) -1.786 0.071   
Executive function 
(deficient)        -2.930 0.003*   

*Significant predictor at the < 0.05 level (2-tailed). 
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Table 5-4.  Step activity volume summary statistics based on subjects’ characteristics 
Demographics and clinical characteristics 

(percentage of the population) 
Number of steps/day Percentage of the day 

active 
Gender: 
Male (50%) 
Female (50%) 

 
2617.18 (2606.44) 
2952.10 (2594.33) 

 
10.77 (5.93) 
11.99 (7.33) 

Stroke location: 
Right hemisphere (45%) 
Left hemisphere (38%) 
Brainstem (15%) 
Bilateral (2%)                               

 
2673.35 (2399.08) 
2678.25 (2699.96) 
3519.76 (2957.15) 

1582 (1641.88) 

 
11.64 (6.21) 
10.80 (7.09) 
12.43 (7.25) 

8.43 (3.81) 
Balance: 
Less severe deficits (33%) 
More severe deficits (67%) 

 
4765.16 (2956.64)* 

1792.85 (1688.83) 

 
15.34 (6.53)* 

9.40 (5.83) 
Walking endurance:  
Less severe deficits (54%) 
More severe deficits (46%) 

 
3983.55 (2853.74)* 

1423.92 (1296.46) 

 
13.04 (6.53)* 

9.5 (6.4) 
Upper extremity motor control impairment: 
Mild (46%) 
Moderate (22%) 
Severe (32%) 

 
3424.85 (2612.48)a  

3106 (3172.40) a  
1651.17 (1622.30) 

 
12.44 (6.35) a  
12.19 (7.6) a  

9.32 (6.04) 
Lower extremity motor control impairment: 
Mild (67%) 
Moderate (30%) 
Severe (3%) 

 
3348.85 (2822.7)a 
1711.47 (1557.38) 

742.8 (590.93) 

 
12.31 (6.87) 

9.42 (5.83) 
9.83 (6.57) 

Waist circumference: 
Normal (57%) 
Increased risk (43%) 

 
2813.63 (2645.9) 

2803.83 (2575.63) 

 
11.51 (6.76) 
11.36 (6.62) 

Depression: 
No depression (68%) 
Mild (21%) 
Moderate (6%) 
Moderately severe (3%)  
Severe (2%) 

 
2858.88 (2720.31) 
2629.88 (2084.86) 
2102.60 (1646.83) 

1322.40 (813.89) 
2386 (2762.68) 

 
11.76 (6.8) 
10.6 (6.5) 

10.43 (5.52) 
7.66 (4.18) 
8.08 (5.25) 

Executive function:  
Normal (56%) 
Abnormal (44%) 

 
3076.05 (2614.93)* 

2497.85 (2608.2) 

 
13.04 (6.48)* 

9.28 (6.27) 
Balance confidence:  
Moderate-high level (51%) 
Low level (49%) 

 
3294.74 (2570.14)* 

2299.59 (2557.42) 

 
12.98 (6.53)* 

9.8 (6.51) 
Values are mean (standard deviation); *the two levels of the variable are significantly different at 
the < 0.05 level (2-tailed); astatistically significant differences (P < 0.05) relative to severe 
impairment. 
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Table 5-5.  Step activity intensity predictors 
Step activity monitor 
intensity outcomes Predictor Estimate P value Adjusted R-square 

Peak activity index 

Balance (more severe 
deficits) -11.454 0.006* 0.384 
Walking endurance 
(more severe deficits)  -26.259 0.000*   

Percentage of the day in 
absolute low 

Gait Speed (0.1m/sec) -4.567 0.000* 0.497 
Balance (more severe 
deficits) 9.463 0.001*   
Stroke location (Left 
hemisphere) -4.035 0.085   
Stroke location 
(Brainstem) -5.716 0.075   

Percentage of the day in 
absolute medium 

Gait Speed (0.1m/sec) 1.351 0.000* 0.494 
Balance (more severe 
deficits) -4.332 0.006*   

Percentage of the day in 
relative low 

Gait Speed (0.1m/sec) -1.968 0.000* 0.247 
Walking endurance 
(more severe deficits)  -5.308 0.019*   
Upper extremity motor 
control impairment -1.491 0.075   
Executive function 
(deficient)        -3.211 0.007*   

Percentage of the day in 
relative medium 

Gait speed (0.1m/sec) 1.037 0.004* 0.068 
Walking endurance 
(more severe deficits)  3.262 0.043*   
Stroke location (Left 
hemisphere) 1.860 0.032*   

*Significant predictor at the < 0.05 level (2-tailed). 
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Table 5-6.  Step activity intensity summary statistics based on subjects’ characteristics 
Demographics and 

 clinical 
 characteristics  
(percentage of 

 The population) 

Peak 
 activity index  

(steps/min) 

Percentage of 
the day in  

absolute low 

Percentage of the 
day in absolute 

medium 

Percentage of 
 the day in 

 absolute high 

Percentage of 
 the day in 

relative low 

Percentage of 
 the day in 

relative medium 

Percentage of  
the day in 

relative high 

Gender: 
Male (50%) 
Female (50%) 

 
57.11 (27.61) 
62.44 (26.04) 

 
66.19 (20.1) 

63.38 (18.43) 

 
16.52 (9.17) 
18.31 (8.68) 

 
17.29 (14.24) 
18.31 (13.22) 

 
87.54 (7.26) 
88.23 (7.67) 

 
8.09 (5.18) 
8.01 (5.85) 

 
4.38 (3.79) 
3.76 (4.06) 

Stroke location: 
Right hemisphere (45%) 
Left hemisphere (38%) 
Brainstem (15%) 
Bilateral (2%)                               

 
58.11 (27.7) 

58.54 (25.57) 
68.96 (28.08) 
49.33 (13.61) 

 
67.93 (18.8) 

63.45 (19.11) 
57.78 (19.58) 
73.88 (22.58) 

 
16.61 (9.13) 
17.53 (8.73) 
19.82 (8.69) 

14.56 (11.81) 

 
15.46 (13.75) 
19.02 (13.05) 
22.4 (14.56) 

11.57 (10.91) 

 
88.69 (7.42) 
86.07 (8.02) 
89.88 (4.92) 
89.24 (8.76) 

 
7.35 (5.18) 
9.33 (6.2) 

7.17 (4) 
5.88 (6.08) 

 
3.96 (4.65) 

4.6 (3.5) 
2.95 (2.15) 
4.88 (3.7) 

Balance: 
Less severe deficits (33%) 
More severe deficits (67%) 

 
77.31 (22.75)* 

50.98 (24.46) 

 
50.33 (12.13)* 

72.02 (18.12) 

 
22.71 (5.72)* 
14.76 (9.11) 

 
26.97 (11.82)* 

13.22 (12.25) 

 
87.27 (6.33) 
88.19 (7.96) 

 
8.96 (4.08)* 

7.6 (6.06) 

 
3.78 (3.65) 
4.21 (4.07) 

Walking endurance: 
Less severe disability (54%) 
More severe disability (46%) 

 
74.75 (23.31)* 

42.74 (19.61) 

 
53.75 (14.8)* 
77.19 (15.77) 

 
20.55 (6.86)* 
13.94 (9.73) 

 
25.7 (12.07)* 

8.87 (9.18) 

 
87.59 (6.58) 

88.1 (8.36) 

 
8.36 (4.59) 
7.77 (6.42) 

 
4.05 (3.84) 
4.13 (4.06) 

Upper extremity 
 motor control  
impairment: 
Mild (46%) 
Moderate (22%) 
Severe (32%) 

 
 
 

68.45 (24.93)a 
58.59 (25.21)a 
48.26 (26.67) 

 
 
 

57.61 (16.71)a 

64.79 (18.96)a 

74.96 (18.62)  

 
 
 

20.43 (8.11)a,b  
16.2 (7.38) 

13.98 (9.74) 

 
 
 

21.96 (12.66) 
19.01 (14.66) 

11.07 (12) 

 
 
 

88.29 (6.18) 
86.01 (7.84) 

88.6 (8.65) 

 
 
 

8.05 (4.64) 
9.24 (5.08) 
7.22 (6.74) 

 
 
 

3.66 (3.36) 
4.75 (5.33) 
4.17 (3.51) 

Lower extremity  
motor control 
impairment: 
Mild (67%) 
Moderate (30%) 
Severe (3%) 

 
 
 

66.74 (26.23)a,b 
46.86 (22.13) 
31.2 (20.96) 

 
 
 

59.76 (17.89)a 

73.08 (17.62)a 

95.26 (3.81)  

 
 
 

18.86 (8.36)a 
15.48 (9.24)a 

4.05 (2.83) 

 
 
 

21.38 (13.59)a,b  
11.44 (10.85)a 

0.69 (1.18) 

 
 
 

87.57 (6.65) 
87.87 (8.98) 
94.92 (5.16) 

 
 
 

8.2 (4.74) 
8.23 (6.9) 

2.91 (4.31) 

 
 
 

4.23 (4.12) 
3.89 (3.63) 
2.17 (1.56) 

Waist circumference: 
Normal (57%) 
Increased risk (43%) 

 
60.41 (27.34) 
59.8 (26.27) 

 
65.44 (19.8) 

63.21 (18.43) 

 
16.88 (9.02) 

18.46 (8.7) 

 
17.67 (13.89) 
18.33 (13.64) 

 
87.93 (7.71) 
87.86 (7.28) 

 
8.23 (6.03) 
7.85 (4.87) 

 
3.84 (3.18) 
4.29 (4.76) 

Depression: 
No depression (68%) 
Mild (21%) 
Moderate (6%) 
Moderately severe (3%)  
Severe (2%) 

 
59.71 (27.31) 
60.35 (26.98) 
55.4 (27.65) 
53.6 (14.31) 

62 (34.7) 

 
65.43 (19.38) 
62.32 (18.97) 
68.63 (19.94) 
70.99 (5.32) 

65.07 (30.49) 

 
16.86 (8.57) 

19.48 (10.12) 
15.06 (8.06) 
16.48 (4.19) 

17.85 (16.16) 

 
17.71 (14.26) 
18.2 (11.82) 

16.31 (14.24) 
12.53 (4.21) 

17.09 (21.16) 

 
87.71 (7.84) 
88.19 (6.72) 
86.79 (7.38) 
88.79 (6.65) 
93.64 (5.23) 

 
8.03 (5.54) 
8.3 (5.52) 

9.33 (6.26) 
6.41 (4.28) 
2.4 (2.42) 

 
4.26 (4.45) 
3.51 (2.42) 
3.89 (2.6) 
4.8 (3.45) 

3.96 (3.15) 
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Table 5-6 Continued. 
Demographics and clinical 

 characteristics (percentage of 
 the population) 

Peak 
 activity index  

(steps/min) 

Percentage of 
the day in  

absolute low 

Percentage of the 
day in absolute 

medium 

Percentage of 
 the day in 

 absolute high 

Percentage of 
 the day in 

relative low 

Percentage of 
 the day in 

relative medium 

Percentage of  
the day in 

relative high 
Executive function: 
Normal (56%) 
Abnormal (44%) 

 
62.88 (26.07) 
58.18 (28.26) 

 
64.48 (17.92) 
64.09 (21.24) 

 
18.18 (8.22) 
16.49 (9.52) 

 
17.33 (13.41) 
19.42 (14.55) 

 
89.28 (6.46)* 
86.13 (8.54) 

 
7.62 (4.91) 
8.47 (6.32) 

 
3.11 (3.08)* 

5.41 (4.68) 
Balance confidence: 
Moderate-high level (49%) 
Low level (51%) 

 
64.74 (26.42)* 

54.65 (26.63) 

 
61.1 (17.59)* 
68.13 (20.28) 

 
18.9 (7.93)* 
16.07 (9.67) 

 
20 (13.36)* 
15.8 (13.82) 

 
88.15 (6.42) 

87.5 (8.33) 

 
8.05 (4.3) 

8.15 (6.46) 

 
3.8 (3.69) 

4.36 (4.17) 
Values are mean (standard deviation); *the two levels of the variable are significantly different at the < 0.05 level (2-tailed); 

astatistically significant differences (P < 0.05) relative to severe impairment; bstatistically significant differences (P < 0.05) relative to 
moderate impairment.
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Table 5-7.  Step activity pattern predictors 
Step activity monitor pattern 

outcomes Predictor Estimate P value Adjusted R-square 

Number of activity bouts  
(natural logarithm) 

Age 0.990 0.027* 0.213 
Balance (more 
severe deficits) 0.724 0.011*   
Balance confidence 
(low) 0.740 0.013*   
Depression (base 
level=no depression) 0.876 0.071   
Executive function 
(deficient)        0.749 0.014*   

Mean steps in an activity bout 
(natural logarithm) 

Age 1.011 0.030* 0.319 
Gender (female) 1.203 0.135  
Gait speed 
(0.1m/sec) 1.180 0.000*   
Balance (more 
severe deficits) 0.645 0.008*   
Depression (base 
level=no depression) 1.114 0.124   

Activity variability  
(one minute variability of 

activity) 

Balance (more 
severe deficits) 8.058 0.021* 0.058 
Lower extremity 
motor control 
impairment (base 
level=mild 
impairment) 4.721 0.028*   
Upper extremity 
motor control 
impairment (base 
level=mild 
impairment) -6.070 0.082   

Waist circumference 
(increased risk) -4.846 0.130   

Activity randomness 
(approximate entropy) 

Gait speed  
(0.1 m/sec) -0.836 0.086 0.170 

Balance (more 
severe deficits) -5.852 0.012*  

Balance confidence 
(low) -4.413 0.021*  

Executive function 
(deficient) -7.168 0.000*  

*Significant predictor at the < 0.05 level (2-tailed). 
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Table 5-8.  Step activity pattern summary statistics based on subjects’ characteristics 
Demographics and 

 clinical characteristics 
(percentage of 

 the population) 

Number of  
activity bouts 

Number of 
 steps in an 

activity bout 

Activity 
variability 

(coefficient of 
variation) 

Activity 
randomness 

(approximate 
entropy) 

Gender: 
Male (50%) 
Female (50%) 

 
119.47 (83.97) 

123.44 (110.41) 

 
25.69 (26.05) 

31 (25.33) 

 
95.8 (19.27) 

93.84 (21.35) 

 
0.25 (0.11) 
0.27 (0.13) 

Stroke location: 
Right hemisphere (45%) 
Left hemisphere (38%) 
Brainstem (15%) 
Bilateral (2%)                               

 
117.49 (89.91) 

115.25 (104.53) 
149.44 (106.33) 
115.67 (44.55) 

 
28.83 (26.6) 

28.43 (25.52) 
28.53 (25.63) 
11.96 (8.63) 

 
96.36 (21.53) 
94.55 (19.26) 
89.17 (18.09) 

109.62 (24.89) 

 
0.27 (0.12) 
0.25 (0.13) 
0.27 (0.13) 
0.22 (0.05) 

Balance: 
Less severe deficits (33%) 
More severe deficits (67%) 

 
161.16 (117.95)* 

101.58 (79.26) 

 
39.37 (28.1)* 
22.8 (22.68) 

 
89.38 (13.88)* 

97.54 (22.4) 

 
0.3 (0.11)* 
0.24 (0.12) 

Walking endurance: 
Less severe disability (54%) 
More severe (46%) 

 
134.27 (105.13) 
106.24 (87.32) 

 
37.74 (27.79)* 

17.75 (18.14) 

 
92.63 (15.66) 
96.99 (24.39) 

 
0.27 (0.1) 

0.25 (0.14) 
Upper extremity motor 
control impairment: 
Mild (46%) 
Moderate (22%) 
Severe (32%) 

 
 

124.13 (97.9) 
142.16 (106.16) 
103.17 (89.56) 

 
 

35.57 (27.43)a,b  
25.03 (24.2) 

20.38 (21.63) 

 
 

92.07 (16.97)a 

91.78 (20.62)a 

100.84 (23.25)  

 
 

0.27 (0.11) 
0.27 (0.14) 
0.24 (0.13) 

Lower extremity motor 
control impairment: 
Mild (67%) 
Moderate (30%) 
Severe (3%) 

 
 

128.04 (104.7) 
109.04 (84.35) 

96.6 (29.64) 

 
 

33.45 (28.07)a  
18.88 (16.3) 
7.22 (4.93) 

 
 

94.29 (20.64) 
96.55 (19.53) 
89.85 (22.73) 

 
 

0.27 (0.12) 
0.24 (0.11) 
0.31 (0.16) 

Waist circumference: 
Normal (57%) 
Increased risk (43%) 

 
123.25 

119.64 (97.74) 

 
27.75 (25.68) 
29.89 (26.23) 

 
96.61 (19.24) 
92.29 (21.51) 

 
0.26 (0.13) 
0.26 (0.12) 

Depression: 
No depression (68%) 
Mild (21%) 
Moderate (6%) 
Moderately severe (3%)  
Severe (2%) 

 
135.03 (106.55) 

81.76 (62.66) 
110.7 (65.39) 
77.4 (37.83) 

76 (54.62) 

 
25.44 (23.21) 
39.58 (31.51) 
21.78 (12.3) 
18.26 (8.99) 

43.56 (63.16) 

 
95.4 (19.57) 

91.66 (22.84) 
90.85 (16.33) 
112.7 (15.49) 

105.06 (28.79) 

 
0.27 (0.13) 
0.23 (0.1) 

0.27 (0.13) 
0.21 (0.08) 
0.19 (0.07) 

Executive function: 
Normal (56%) 
Abnormal (44%) 

 
136.62 (101.09)* 

98.53 (88.13) 

 
29.28 (25.81) 
29.4 (27.08) 

 
96.11 (17.44) 
93.7 (23.29) 

 
0.3 (0.12)* 
0.21 (0.1) 

Balance confidence: 
Moderate-high level (49%) 
Low level (51%) 

 
143.63 (107.51)* 

98.7 (81.94) 

 
29.96 (25.88) 
26.99 (25.75) 

 
93.94 (16.17) 
95.08 (23.17) 

 
0.29 (0.l2)* 
0.23 (0.12) 

Values are mean (standard deviation);*The two levels of the variable are significantly different at 
the < 0.05 level (2-tailed); astatistically significant differences (P < 0.05) relative to severe impairment; 
bstatistically significant differences (P < 0.05) relative to moderate impairment.
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CHAPTER 6 
CONCLUSION 

 The present study aimed to establish the compliance rate for use of an accelerometer 

protocol by individuals post-stroke, the relationship of gait speed to actual step activity at home 

and the community, and to examine factors that may influence step activity at home and the 

community in individuals who had experienced a stroke two months earlier. In Chapter Two, we 

presented a two part conceptual framework as the foundation for this research (Figure 2-1). The 

framework indicates that post-stroke body functions and structures (e.g., sensory, cognitive, and 

motor impairments), activity limitations (e.g., reduced walking endurance and balance), and 

personal factors (e.g. age and gender) may have an impact on the utility of gait-speed as a proxy 

measure of home and community ambulation. In addition, post-stroke impairments severity, 

activity limitations, and personal factors might also influence home and community ambulation 

level in terms of steps activity volume, intensity and pattern.  

 Our findings show promise for use of SAM in studies of physical functioning post-stroke. 

The first study indicates that the sample’s inferred compliance rate was moderate-to-high. 

However, inferred compliance rate dropped in 6% from the first to the second measurement day 

(72 vs. 66%, respectively) and in 18% from the first measurement day to both days (72 vs. 54%, 

respectively).  In addition, younger age, more severe balance control deficits, and low balance 

self-efficacy were associated with non-compliance. Stroke type, stroke location, gait impairment, 

cognition, depression, upper extremity motor control function, gender, and education were not 

associated with SAM inferred compliance. Therefore, researchers are encouraged to implement 

strategies to increase compliance with SAM post-stroke (e.g., making reminder calls and 

providing incentives contingent on compliance), especially in studies which attempt to collect 

SAM data for more than one day, and when the sample is mainly consisted of younger 
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individuals, participants with more severe balance control deficits (BBS <45), and low levels of 

balance self-efficacy (ABC < 49). However, further studies examining the effectiveness of the 

various available strategies to improve compliance are warranted. Moreover, future research is 

necessary to establish SAM compliance rates during the chronic phase of stroke recovery.   

The second study also supports the use of SAM as a post-stroke home and community 

ambulation outcome measure. Certain SAM indices significantly correlated with both SIS 

mobility and participation. SIS mobility assesses one’s ability to be mobile at home and in the 

community (e.g., walk without losing balance, walk one block, and walk fast), whereas SIS 

participation evaluates how stroke affected the stroke survivor ability to participate in activities 

which are meaningful to him or her (e.g., social activities, active recreation, and quiet 

recreation). However, SAM outcomes correlations with SIS were weaker than expected (r > 

0.60). The lower associations may be due to certain SIS items which may not be influenced by 

steps activity (e.g., engage in “quiet recreation” and “participation in spiritual or religious 

activities”). 

 When the compliers data were included in the analysts, the second study indicated that 

the gait-speed classification system validity as a home and community ambulation is limited at 

two months post-stroke as the two gait-speed functional groups (household ambulators and 

limited community ambulators) did not differ in numerous important activity pattern indices 

(number of activity bouts, activity variability, and activity randomness). The lack of differences 

between the two functional groups in SAM pattern indices, may indicate that the speed-based 

classification system does not well represent one’s ability to adapt and modify gait (e.g., 

changing walking speed) which are important in order to walk in complex environments (e.g. in 

a crowded street). When gait-speed was treated as a continues variable similar results were 
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obtained. The compliers group gait-speed significantly correlated with the steps activity volume 

outcomes, most of activity intensity indices, but only with one out of the four activity pattern 

outcomes. These results also confirm that gait speed association with activity pattern is limited. 

Moreover, when only the compliers were included in the analyses, the association of gait speed 

with the SAM outcomes was significantly distorted by balance control, walking endurance, 

lower extremity motor control, and balance self-efficacy.  

Accordingly, study number three indicated that gait-speed was a significant predictor of 

five out of the 13 SAM indices only (four activity intensity outcomes and one activity pattern 

outcome). Taken together, these results suggest that gait-speed may not always reflect one’s 

ability to walk at home and in the community two month post-stroke. In addition, improving gait 

speed may not yield improvements in home and community ambulation level, especially in less 

predicted environments which require high levels of activity variability and randomness. 

The results indicated that balance control, walking endurance, executive function, gait 

speed, stroke location, age, balance self-efficacy, and lower extremity motor control impairment 

are all important factors involved in determining a person’s home and community ambulation 

function. This is important as it may assist researchers in developing outcome measures which 

will better predict steps activity at home and in the community and in developing interventions 

resulting in better carryover of everyday ambulatory activity. For instance, programs that are 

designed to improve ambulation typically focus on reducing physical activity limitations (e.g., 

improving balance control and walking endurance). However, our results indicate that factors 

such as balance self-efficacy and executive function are also important for home and community 

ambulation. Therefore, in order to improve home and community ambulation at two-month post-
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stroke, it may be appropriate to integrate into the rehabilitation program interventions which 

target balance self-efficacy and executive function.   

 In conclusion, the present studies provide support that walking in the real world is highly 

complex and may involve multiple determinants. However, our regression model was able to 

explain only zero to 50% of the variation in steps activity at home and in the community. 

Therefore, in order to better understand home and community ambulation determinants, there is 

a need to investigate additional factors that may be important for home and community 

ambulation such as social support and the use of assistive device. The studies also demonstrate 

that usual gait-speed, although commonly used as a proxy measure for home and community 

ambulation does not reflect all the various aspects of home and community ambulation. 

Therefore, continued reliance on gait-speed as a proxy measure for home and community 

ambulation at two-months post-stroke may be misplaced.28 Collectively, this research promotes 

our understanding of home and community ambulation prerequisites two-months post-stroke. 

This knowledge is important as it may assist in establishing a theoretical framework for home 

and community ambulation. Such a framework can be used to develop interventions which will 

yield greater improvements in home and community ambulation function and a battery of 

measurements which will better predict one’s ability to ambulate in his or her ecological 

environment. 
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APPENDIX A 
STEP ACTIVITY MONITOR VALUES IN DIFFERENT POPULATIONS 
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Population Ambulation volume Ambulation intensity Ambulation patterns 
Type Characteristics Number of 

 steps in a 
day  

Activity or 
inactivity 

 time   

Activity 
intensity 

 

Peak activity 
index (steps/ 

Minute) 

Number of 
activity bouts 

 

Activity 
variability 

(coefficient of 
variation) 

Randomness 
(approximate 

entropy) 
 

Stroke Mild-severe 
chronic stroke.6 

3035+1944; 
Range: 400-
6472 

Not reported Not reported Not reported Not reported Not reported Not reported 

Mild-moderate 
sub-acute 
stroke12 

At discharge 
from 
inpatient 
rehab: 
1536+106; 
Three 
months post 
discharge: 
2765+1677 

Not reported Not reported Not reported Not reported Not reported Not reported 

Mild-moderate 
chronic stroke23 

2837+1503 Not reported Not reported Not reported Not reported Not reported Not reported 

Mild-moderate 
chronic stroke 34 

1389+797 Not reported Low: 45% of 
activity (624 
+289 steps).  
Range: 120-
1,545 steps; 
medium: 46% 
of activity (640 
+536 steps).  
Range: 12-3,217 
steps;  
high: less than 3 
min a day 
(83+168 steps). 
Range: 0-846 
steps 

Not reported Not reported Not reported Not reported 

Mild to 
moderate 
chronic stroke298 

2821+1527 Not reported Not reported Not reported Not reported Not reported Not reported 
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Population Ambulation volume Ambulation intensity Ambulation patterns 

Type Characteristics Number of 
 steps in a 

day  

Activity or 
inactivity 

 time   

Activity 
intensity 

 

Peak activity 
index (steps/ 

Minute) 

Number of 
activity bouts 

 

Activity 
variability 

(coefficient of 
variation) 

Randomness 
(approximate 

entropy) 
 

Neurological 
patients 

Neurological 
disorders with 
leg 
weakness300 

 3090+1902 19.1 hours of 
inactivity 

Low 3.7+1.42 
hours, medium 
0.96+0.62 
hours, high 
0.15+0.24 
hours. 

Not reported Not reported Not reported Not reported 

Mobility 
restricted 
Neurological 
patients25 

3268 (range: 
689-5391) 

Not reported Not reported 36  Not reported Day to day: 
30; week to 
week:12 

Not reported 

Multiple 
sclerosis25 

21179 
(range: 2000-
3876) 

 79.5% 
inactivity 

Not reported 29.6 (range: 5.7-
44.5) 

Not reported Not reported Not reported 
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Population Ambulation volume Ambulation intensity Ambulation patterns 

Type Characteristics Number of 
 steps in a 

day  

Activity or 
inactivity 

 time   

Activity 
intensity 

 

Peak activity 
index (steps/ 

Minute) 

Number of 
activity bouts 

 

Activity 
variability 

(coefficient of 
variation) 

Randomness 
(approximate 

entropy) 
 

Persons with 
functional 
limitations 
and illnesses 

Low 
functioning 
community 
dwelling 
elderly303 

5048+2917 Not reported Not reported Not reported Not reported Not reported Not reported 

People with 
disabilities and 
chronic 
illnesses 

3500-5500 Not reported Not reported Not reported Not reported Not reported Not reported 

Patients with 
diabetic foot 
ulceration 
(mean age 
65.0+7.6) .310 

1219.1+821 Not reported Not reported Not reported Not reported Not reported Not reported 

Patients with 
peripheral 
arterial disease 
(mean age 
65.0+7.0).302 

4556.5+ 
2803.5 

Not reported Not reported Not reported Not reported Not reported Not reported 

Obese (mean 
age 
40.2+7.9)285 

Not reported Not reported Moderate 
activity:  
31.3+14.0, hard- 
0.8+1.7, very 
hard- 0.2+0.5 

Not reported Not reported Not reported Not reported 

Persons aged 
79.3+4.514 

7,681.5+844 298+27.6 
minutes of 
activity 

Not reported Not reported 62.5+4.1 85.2+2.9 0.383+ 0.03 



 

 

186 

 
Population Ambulation volume Ambulation intensity Ambulation patterns 

Type Characteristics Number of 
 steps in a 

day  

Activity or 
inactivity 

 time   

Activity 
intensity 

 

Peak activity 
index (steps/ 

Minute) 

Number of 
activity bouts 

 

Activity 
variability 

(coefficient of 
variation) 

Randomness 
(approximate 

entropy) 
 

Healthy 
adults and 

older adults 

Healthy older 
adults (aged 
83.7+2.3) 14  

9,981.7 
+552.8 

355.5.7+ 
18.1 min of 
activity 

Not reported Not reported 67.8+2.7 92.4+1.9 0.454+ 
0.02 

Healthy older 
adults.38 

6000-8500 Not reported Not reported Not reported Not reported Not reported Not reported 

Sedentary 
older adults 
who are free of 
disabilities.295 

< 5000 
steps/day for 
sedentary 
lifestyle, 
5,000-7,499 
steps/day for 
low activity, 
7,500 to 
9,999 
steps/day for 
somewhat 
active, 
10,000 to 
12,499 
steps/day for 
active, and > 
12,500 
steps/day for 
highly active. 

Not reported Not reported Not reported Not reported Not reported Not reported 

High 
functioning 
elderly303 

9503+4623 Not reported Not reported Not reported Not reported Not reported Not reported 

Elderly.299 Not reported Active-14.4 
hours/day 
(range: 11.7-
17.2) 

Low- 82% of 
the day; 
moderate 15% 
of the day; high 
4% of the day  

Not reported Not reported Not reported Not reported 
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Healthy adults 
(mean age 
51.3+17.9)25 

6214 (range: 
2886-10002) 

Not reported Not reported 59  Not reported Day to day: 
28%, week to 
week: 8.8% 

Not reported 

Healthy 
adults190 

38391 
(range: 
19672-
68464) 

74.6% 
inactivity 

Not reported 49.2 (range: 37.3-
62.7) 

Not reported Not reported Not reported 
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Population Ambulation volume Ambulation intensity Ambulation patterns 

Type Characteristics Number of 
 steps in a 

day  

Activity or 
inactivity 

 time   

Activity 
intensity 

 

Peak activity 
index (steps/ 

Minute) 

Number of 
activity bouts 

 

Activity 
variability 

(coefficient of 
variation) 

Randomness 
(approximate 

entropy) 
 

Healthy 
younger 
adults 

Healthy, 
younger 
adults.38 

7000-13,000 Not reported Not reported Not reported Not reported Not reported Not reported 

Young 
adults.299 

Not reported Active- 13.7 
hours/day 
(range 10.9-
16.1 

Low 65 (range 
52-82); 
moderate 25 
(range 11-36), 
high 9 (range 3-
15) 

Not reported Not reported Not reported Not reported 

Healthy 
younger adults 
(aged 
36.6+2.6) 14 

11,074.7+ 
534.1; 

399.9+ 
17.4 minutes 
of activity 

Not reported Not reported 77.3+2.6 100.0+1.8 0.492+0.02 

Non-obese 
(aged 
39.7+9.2)285 

Not reported Not reported During the week 
activity level 
(minutes/day): 
moderate 
activity: 
39.8+19.5, hard- 
3.9+5.8, very 
hard- 1.5+4.5 

Not reported Not reported Not reported Not reported 

Healthy (gait 
speed 1.2 m/s) 
300 

6374+1819 Healthy: 17.4 
hours of 
inactivity 

low 4.2+0.8, 
medium 
1.5+0.5, high 
0.8+0.5 

Not reported Not reported Not reported Not reported 

Note: values are mean (standard deviation).
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APPENDIX B 
PILOT WORK: INFERRED COMPLIANCE WITH ACCELEROMETER MONITORING 

PROTOCOL 

The purpose of this pilot was to test several different methods to estimate inferred 

compliance with SAM protocol post-stroke. Findings from this pilot were used to direct the 

methodology for chapter three, inferred compliance with a SAM protocol to measure free 

physical activity in moderate to severe sub-acute stroke survivors.  

B.1 Methods 

B.1.1 Design  

Data in this cross-sectional study was derived from a parent study, the LEAPS.311  

B.1.2 Testing Procedures and Measurements 

B.1.2.1 Ambulatory activity  

Habitual ambulatory step activity was assessed with the SAM. SAMs were programmed 

with an initial generic calibration.19 Participants performed a one-minute walk test. SAM counts 

of strides were compared with visual counts. Adjustments were made to the calibration setting 

and the timed walks were repeated to ensure greater than 90% accuracy against visual counts. To 

achieve optimal sensitivity for step detection, the SAM were programmed and applied above the 

malleolus of the less-involved limb with two adjustable elastic straps.  Participants wear the 

SAM for a period of two consecutive days, throughout the day, removing the SAM only to bathe, 

shower, swim, or sleep. A demonstration and written instructions regarding appropriate use of 

the device were provided to subjects.  On completion of a 48-hour monitoring period, SAM data 

were downloaded using an infrared docking port. SAM’s raw data from the manufacturer 

software were imported into Microsoft Excel. Data were expressed as stride counts every 60 

seconds during the 48 hours.  
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B.1.2.2 Quantification of inferred accelerometer compliance rate 

Three methods to establish compliance rate were developed. The first method (six hours 

windows method) established inferred compliance in three time periods (windows) of six hours: 

(1) 6:00AM-12:00PM, (2) 12:01PM-6:00PM, and (3) 6:01PM-12:00AM. It is reasonable to 

assume that most individuals sleep between 12:00AM to 6:00AM or are engaged in sedentary 

activities such as reading or watching television. Therefore, compliance in wearing the 

accelerometer is inferred only for 18 waking hours of the day, between 6:00AM to 12:00AM.  If 

activity was recorded in only one portion of a window it was inferred that the person wore the 

accelerometer throughout the window as participants are not likely to remove accelerometers 

multiple times per day. According to this method, a compliant person in 24 hours period is 

defined as a participant who has activity recorded in each of the 3 windows. The sample’s 

inferred compliance with the accelerometer monitoring protocol was categorized as poor (0-

25%), low (26-50%), moderate (51-75%), or high (76-100%),275 based on the percentage of the 

sample with activity in all the three windows. Figure 3-1 illustrates the use of the six hours 

windows method to identify inferred accelerometer wearing time. 

According to the second method (3 hours windows method), periods in which no activity 

(zero counts) was recorded for over three hours were considered periods in which the monitor 

was not worn. Therefore, these periods were subtracted from the 24 hours of the day. This 

method compliance rate’ categories are similar to method number one. For example, it is inferred 

that a person with four periods of no activity for over three hours, wore the accelerometer for 12 

hours only (24 hours minus 12 hours with no activity). Therefore, it is inferred that the person 

wore the accelerometer for 50% of the day (moderate compliance rate). 

The third method (activity method) is based on the percent of the 24 hours in which 

activity was recorded (number of 1 minute intervals with step counts > 1). This method 
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underlying assumption is that when ever activity was rerecorded, the person wore the 

accelerometer. As with the previous methods, 24 hours inferred compliance rate was categorized 

as poor (0-25%), low (26-50%), moderate (51-75%), or high (76-100%).275 For example, a 

person who has 600 minutes with step counts > 1 wore the accelerometer for 10 out of the 24 

hours of the day. This will be equivalent to 41.6% compliance rate (low compliance).  

B.1.3 Data Analysis 

Inferred compliance rate in the first and second days was calculated for each of the three 

inferred compliance methods. Compliance in each window of the six hours windows method was 

also reported. Within group differences in compliance in the first and second measurement days 

were analyzed using the student’s dependent t-test.  All analyses were conducted in a 2-tailed 

fashion with a 0.05 alpha level. Statistical analyses were conducted using SAS version 9.1.  

B.2 Results 

Two-hundred and thirty sub-acute stroke patients (two-month post-stroke) with moderate 

to severe gait impairments (gait speed < 0.8 m/s) participated in this study. An examination of 

the 230 SAM files revealed deviations from the LEAPS study manual of procedures. According 

to the LEAPS manual of procedures, SAMs should be programmed to take 60 seconds recording 

intervals. Nevertheless, only 85 SAM files were in 60 seconds-intervals, whereas 127 and 18 

data files were in ten and six seconds-intervals, respectively. Six 10 seconds-intervals can be 

analyzed as one 60 seconds-interval. Similarly, ten 6 seconds-intervals can be analyzed as one 

60-seconds-interval. However, 60 and 10 seconds-intervals cannot be analyzed in shorter 

intervals (e.g., a 60 seconds-interval cannot be treated as a 10 or 6 seconds-interval). Therefore, 

in order to be able to use all the SAM data files, SAM data will be analyzed in 60 seconds-

intervals.   
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Overall, the six hours windows method yielded the highest inferred compliance rate 

(moderate compliance in both the first and second days), whereas the three windows and activity 

methods yielded the lowest inferred compliance rates (three hours windows method-low 

compliance on both days, activity method-poor compliance on both days). In addition, in the six 

windows method, the highest compliance rate with a specific window was observed between 

12:00PM to 6:00PM whereas the lowest compliance between 12:00AM to 6:00AM. Finally, 

statistically significant differences between the first and the second days were found in the six 

windows method between 12:00AM to 6:00AM. Despite the observed statistically significant 

differences, compliance in these windows fall in the same inferred compliance category (low 

compliance). Table B-1 reports each compliance method rates of inferred compliance with the 

accelerometer monitoring protocol. 

B.3 Discussion 

Three methods to establish inferred compliance with accelerometer monitoring protocol 

post-stroke were examined. Overall, it appears that using different compliance methods affected 

the inferred compliance rate with the monitoring protocol. From the six hours windows method it 

was concluded that the sample had moderate inferred compliance rates with the accelerometer 

monitoring protocol. The three hours windows and activity methods yielded low and poor 

inferred compliance rates, respectively. The six hours windows method yielded the highest 

compliance rate because in order to conclude that a person did not wear the accelerometer, a long 

period of interruption in wearing time (accelerometer counts of zero) is required (six hours). No 

evidence in the literature supports an age-specific cut point for interruption in wearing time.251 

However, stroke patients are typically older individuals with secondary motor deficits who are 

likely to remain still for long periods. Therefore, using a compliance definition which permits 

long periods of interruption in wearing time may be appropriate in this population. In addition, 
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participants are not likely to remove accelerometers multiple times per day.251 Thus, it is 

reasonable to assume that an individual with steps activity in each six hours wore the 

accelerometer throughout these windows or removed it for legetimic reasons (e.g., showering, 

swimming, or sleeping). Therefore, the three hours windows and activity methods are likely to 

underestimate the participants’ true compliance rate with the accelerometer monitoring protocol. 

Finally, the data confirms that most individuals were not active between 12:00AM to 6:00AM. It 

is likely that most participants were sleeping or engaging in sedentary activities during this 

period of time. Therefore, it is appropriate to omit this period of time from the compliance 

analysis.  

Table B-1.  Inferred compliance rate with the accelerometer monitoring protocol 
Step activity outcomes All data 

Day 1 
(standard 
deviation) 

Day 2 
(standard 
deviation) 

Day 1- 
Day 2 

(standard 
deviation) 

Six hours 
windows 
method 

Percent of sample with activity 
between 12:00AM-6:00AM 

0.1 
(0.300) 

0.165 
(0.372) 

-0.065 
(0.407)* 

Percent of sample with activity 
between 6:00AM-12:00PM 

0.839 
(0.368) 

0.813 
(0.390) 

0.026 
(0.457) 

Percent of sample with activity 
between 12:00PM-6:00PM 

0.895 
(0.306) 

0.856 
(0.351) 

0.039 
(0.431) 

Percent of sample with activity 
between 6:00-PM-12:00AM 

0.795 
(0.404) 

0.752 
(0.432) 

0.043 
(0.483) 

Overall percent compliance 
(6:00AM-12:00AM) 

0.713 
Moderate  
compliance 
 

0.657 
Moderate  
compliance 
 

0.056 
 

Three hours 
windows 
method 

Overall percent compliance 0.45 
(5.1574) 
Low  
compliance 

0.437 
(6.0286) 
Low 
compliance 

-2.7 
(6.2117) 

Activity 
method 

Overall percent compliance 0.092 
(0.071) 
Poor 
compliance 

0.094 
(0.077) 
Poor  
compliance 

-0.002 
(-0.001) 

*Statistically significant differences (P < 0.05) between the first and the second days. 
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APPENDIX C 
PILOT WORK: COMPUTING ACCELEROMETER OUTCOME MEASURES  

The purpose of this pilot was to examine processes for accelerometer data reduction, 

including selection of outcomes, correcting outcome variables for days with no activity, 

analyzing the first and second measurement days separately or both days together, and defining 

low, moderate, and vigorous physical activity. 

C.1 Methods 

C.1.1 Design 

 Data in this cross-sectional study was derived from a parent study, the LEAPS.311  

C.1.2 Testing Procedures and Measurements 

C.1.2.1  Ambulatory activity  

Habitual ambulatory activity was assessed with the SAM. SAM is a highly accurate 

microprocessor-based instrument that directly and continuously counts and records individuals’ 

number of steps taken while ambulating in their natural environment for extended periods.14, 18  

SAMs were programmed with an initial generic calibration.19 Participants performed a one-

minute walk test. SAM counts of strides were compared with visual counts. Adjustments were 

made to the calibration setting and the timed walks were repeated to ensure greater than 90% 

accuracy against visual counts. To achieve optimal sensitivity for step detection, the SAM were 

programmed and applied above the malleolus of the less-involved limb with two adjustable 

elastic straps.  Participants wore the SAM for a period of two consecutive days, throughout the 

day, removing the SAM only to bathe, shower, swim, or sleep. A demonstration and written 

instructions regarding appropriate use of the device were provided to subjects.  On completion of 

a 48-hour monitoring period, SAM data were downloaded using an infrared docking port. 
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SAM’s raw data from the manufacturer software were imported into Microsoft Excel. Data were 

expressed as stride counts every 60 seconds during the 48 hours.  

C.1.2.2  Outcome measures 

Ambulation volume outcomes:  

1. Number of steps taken over 24 hours.  Number of steps per day is defined as twice the total 
stride count in 24 hours.285  

2. Total activity level.  Total activity level is defined as the tally of the number of one-minute 
intervals with stride counts of > 1. Will be presented as the percentage of the total time in a 
24-hour period where steps are recorded.25   

Ambulation intensity outcomes: Percentage of the day spent in low, medium, and high absolute 

activity intensity.  Absolute step activity intensity will be stratified as low (less than 10 steps per 

minute), medium (10-20 steps per minute) and high (more than 20 steps per minute). Percentage 

of time spent at each level will be calculated. Minutes in which activity was not recorded will be 

excluded from the analysis. 

Ambulation pattern outcomes:  

1. Number of activity bouts. Number of activity bouts is defined as the number of 1-min 
intervals for which the subject switched from inactivity (stride count=0) to activity (stride 
count > 0).14  

2. Number of steps in an activity bout. Number of steps in an activity bout is defined as the 
mean number of steps in an activity bout.  

3. One minute variability of activity.  One minute variability of activity is defined as the  CV 
of 1-min of stride count values, excluding those 1 min intervals with zero steps.14 CV is a 
measure of variability calculated as the SD of the measures expressed as a percentage of 
the mean (CV=SD/mean X 100). One of the CV advantages is that it accounts for 
differences in the magnitude of the mean (a measure of relative variation).288  

4. Activity randomness. Activity randomness is defined as “the amount of randomness of 
minute-to-minute activity fluctuations in each day of recorded ambulatory activity.” 
Randomness of activity will be quantified by analyzing 1-minute stride counts using 
approximate entropy.289 Approximate entropy will be used to determine the probability 
that sequences of consecutive 1-minute stride counts repeated throughout the longer 
temporal sequence of 1,440 daily 1-minute intervals. Approximate entropy generates a 
unitless number between 0 and 2. Zero values correspond to a time series in which short 
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sequences of data points are perfectly repeatable. Values of 2 correspond to time series for 
which any repeating sequences of points occur by chance alone.290   

C.1.3 Data Analysis 

All variables were examined by descriptive statistics (mean and SD). Statistical 

procedures were conducted before and after excluding days in which no activity was recorded 

(zero 24 hours strides count). Within group differences in the first and second measurement days 

were analyzed using the student’s dependent t-test.  All analyses were conducted in a 2-tailed 

fashion with a 0.05 alpha level. Statistical analyses were conducted using SAS version 9.1.  

C.2 Results 

Two-hundred and thirty sub-acute stroke patients (two-month post-stroke) with moderate 

to severe gait impairments (gait speed < 0.8 m/s) participated in this study. In the first and 

second measurement days 18 and 19 participants had no step activity, respectively. However, 

only five participants had no step activity in both the first and the second days. 

Figure C-1 illustrates 24 hours step activity collected from two people who took 

considerably different number of steps per day (575 vs.1684 steps per day). Visual inspection of 

the two activity records provides a gross indication that the person that accumulated fewer steps 

was also active for fewer minutes, had lower peak activity index, spent greater percentage of the 

day in absolute low activity intensity, and apparently engaged in fewer bouts of activity.   

Figure C-2 illustrates 24 hours step activity collected from two subjects with nearly the 

same steps count (1067 vs.1084 steps per day). Visual inspection of the two activity records 

demonstrates that the two subjects accumulated their steps in very different manners. Compares 

to the person who accumulated 1067 steps, the person with 1084 steps per day spent greater 

percentage of the day in lower activity intensities, was active for more minutes, had lower peak 

activity index, and engaged in greater number of activity bouts.   
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Table C-1 summarizes the results of step activity volume, intensity, and pattern 

outcomes. Significant differences between the first and the second measurement days were found 

for percentage of time spent in absolute low and high activity intensity, and number of steps in 

an activity bout. In addition, excluding non-active days from the analysis resulted in higher 

values in all variables, but for the percentage of time spent in absolute low intensity. Finally, 

between 54-60% of total ambulatory activity fell into absolute low intensity category. The 

absolute medium activity made up 15-18%, whereas absolute high intensity activity 23 to 29%.  

C.3 Discussion 

Number of steps taken over 24 hours is the most commonly reported SAM index. 

However, from a visual inspection of the data it appears that this outcome can be an incomplete 

descriptor of function because two subjects with nearly the same step count can accumulate their 

steps in very different manners in terms of activity intensity and pattern (see Figure C-2). 

Other investigators also reported that number of steps taken over 24 hours is not a 

sufficient descriptor of activity. For example, Cavanaugh et al.14 reported that healthy older 

adults accumulated a similar number of steps and minutes of activity as did healthy younger 

adults (healthy older adults: 9,981 steps; healthy younger adults 11,074 steps), but did it in fewer 

activity bouts (healthy older adults: 67; healthy younger adults: 77) and variability (healthy older 

adults: CV=92.4; healthy younger adults: CV=100).  These findings demonstrate that measures 

of activity intensity and pattern are especially valuable as they illustrate the manner in which 

activity unfolds over the course of the day. 

All statistical procedures were conducted before and after excluding non-active days as 

non-active days may indicate that the monitor was not worn throughout the day. As expected, 

analysis after excluding non-active days yielded higher SAM values. However, for most 

variables, the differences between the mean values before and after excluding non-active days 
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are negligible and probably not clinically significant. For instance, day one number of steps in an 

activity bout before excluding non-active days is 25 steps, whereas after excluding non-active 

days is 28 steps (three steps difference). LEAPS participants consisted of individuals with 

moderate to severe gait impairment. Participants with severe gait impairments might be non-

functional ambulators and wheelchair users. These individuals might have non-active days not 

because they did not wear the accelerometer but simply because they are predominantly 

wheelchair users for mobility. Therefore, excluding these individuals from the analysis might 

falsely increase SAM values. However, individuals with moderate gait impairment which are 

functional ambulators, non-active days are likely to be accountable for not wearing the monitor 

or monitor malfunctioning rather than to not ambulating throughout the day. Consequently, 

including their non-active days in the analysis might falsely lower SAM values. Thus, in an 

effort to ensure that the SAM data included in the analysis represents the construct to which they 

refer (home and community ambulation), it may be beneficial to establish the FAC of individuals 

with non-active days. This will enable to discover inconsistencies between functional ambulation 

level and SAM step activity. The FAC scale is a common gait assessment distinguishing six 

levels of walking ability, on the basis of level of physical support needed by persons to ambulate 

safely (see table C-2).173  

Mehrholz et al.173 suggest that a dichotomized FAC (FAC > 4 and FAC < 4) may be 

useful in predicting level of community ambulation with high sensitivity and specificity. 

Therefore, it is likely that individuals with FAC > 4 with zero step counts did not wear the 

monitor rather than not walked throughput the day. Consequently, it may be appropriate to 

remove these individuals’ files from future analyses. In contrast, individuals with FAC < 4 with a 

24 hours zero steps count might not have step activity not because they did not wear the monitor 
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but simply because they did not walk. Therefore, it will be appropriate to include theses 

individuals’ files in future analyses.   

Results of within-group comparisons established that for the most part, SAM values in the 

first and second measurement days were not significantly different. Significant differences 

between the first and the second measurement days were observed for one variable (absolute 

high intensity) when all data was included in the analysis and for three variables (absolute low 

intensity, absolute high intensity, and number of steps in an activity bout) after excluding non-

active days.  However, the magnitude of mean difference between the first and second days is 

probably not clinically meaningful. For instance, when all data was included in the analysis, the 

mean difference between the first and the second measurement days in percentage of time spent 

in absolute high intensity was merely 0.023 percent. Statistical significant results for small mean 

differences may be attributable to the large sample size.341 Therefore, for future data analysis 

purposes it will be appropriate to aggregate SAM data in the first and second days measurement 

days.  

Finally, higher intensity activities place greater physiological load on the human systems. 

Accordingly, high intensity activities are hard to maintain for long period of times.135 Therefore, 

people are more likely to spend the majority of the day in low or moderate intensity activities 

rather than in intense activities. However, according to the absolute intensity definitions of this 

pilot study, participants spend greater percentage of the day in high intensity activities rather 

than in moderate activity intensity (23-29% vs. 15-17%, respectively). Therefore, it will be 

appropriate to modify our definition of absolute activity intensity. Michael et al.34  reported that 

in a convenience sample of community-dwelling volunteers with mild to moderate (NIHSS 

mean=3.57 points) chronic (mean time post-stroke=10 month) hemiparetic stroke, participants 
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spend 45% of their activity at low (< 16 steps per minute), 46% at medium (16 to 30 steps per 

minute), and less than 3 minutes a day at high intensities (>30 steps per minute). Because 

Michael’s et al.34 study results adhere to basic science, this study’s absolute intensity activity 

level definition will be used in future post-stroke SAM studies.  

 In summary, the pilot study findings show that measures of activity intensity and pattern 

are especially valuable as they have the potential to differentiate between individuals who 

accumulated similar number of steps per day. Moreover, non-active days of individuals with 

FAC < 4 will be included in the analysis, whereas non-active days of persons with FAC > 4 will 

be excluded. In addition, for future data analysis purposes it will be appropriate to aggregate the 

mean values of the first and second measurement days. Finally, Michael and associates’34 

definition of absolute activity intensity will be used in future analysis of the LEAPS SAM data. 
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Table C-1.  Step activity volume, intensity, and pattern outcomes 
Step activity monitor outcomes All After excluding non-active days 

Day 1 
(standard 
deviation) 

Day 2 
(standard 
deviation) 

Day 1- 
day 2 

(standard 
deviation) 

Day 1 
(standard 
deviation) 

Day 2 
(standard 
deviation) 

Day 1-Day 2 
 

Steps activity 
volume 

Number of steps taken over 24 
hours 

2281.844 
(2515.783) 

2258.965 
(2668.726) 

22.8783  
(1953.335) 

2547.505 
(2527.940) 

2663.436 
(2706.726) 

-115.931 
 

Total activity level (min) 133.065 
(102.267) 

135.569 
(111.102) 

-2.504 
(94.326) 

148.519 
(96.865) 

159.712 
(103.536) 

-11.193 
 

Steps activity 
intensity 

Absolute low intensity 
(%) 

0.588 
(0.249) 

0.603 
(0.255) 

-0.015 
 (0.2106) 

0.542 
(0.220) 

0.541 
(0.212) 

-0.001** 
 
 

Absolute medium intensity (%) 0.152 
(0.092) 

0.160 
(0.114) 

-0.008 
 (0.112) 

0.167 
(0.078) 

0.179 
(0.080) 

-0.012 

Absolute high intensity (%) 0.259 
(0.195) 

0.236 
(0.188) 

0.023 
(0.150)* 

0.290 
(0.183) 

0.278 
(0.1737) 

0.012** 
 
 

Steps activity 
pattern 

Number of activity bouts 99.165 
(98.037) 

102.165 
(103.464) 

-3.000 
(74.260) 

110.674 
(97.266) 

120.323 
(102.263) 

-9.648 
 

Number of steps in an activity 
bout 

25.898 
(27.559) 

24.094 
(28.645) 

1.804 
(23.965) 

28.794 
(27.698) 

28.084 
(29.350) 

0.709** 
 

1-min variability (coefficient 
of variation) 

84.298 
(33.048) 

80.458 
(38.139) 

3.840 
(41.919) 

93.057 
(20.149) 

94.005 
(21.159) 

-0.947 
 

Activity randomness 0.2135 
(0.1389) 

0.2139 
(0.1485) 

-0.0004 
(0.1383) 

0.2381 
(0.1254) 

0.2515 
(0.1292) 

-0.0134 
 

*Statistically significant differences (P < 0.05) relative to day one when all data was included in  the analysis; **Statistically 
significant differences (P < 0.05) relative to day one after  excluding non-active days from the analysis. 
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Table C-2.  Functional Ambulation Classification scale  
Functional Ambulation Classification level Description 
0  (nonfunctional ambulator) Indicates a patient who is not able to walk at all 

or needs the help of 2 therapists. 
1 (ambulator, dependent on physical   
    Assistance level II) 

Indicates a patient who requires continuous 
manual contact to support body weight as well 
as to maintain balance or to assist coordination. 

2 (ambulator, dependent on physical   
    Assistance level I) 

Indicates a patient who requires intermittent or 
continuous light touch to assist balance or 
coordination. 

3 (ambulatory, dependent on supervision) Indicates a patient who can ambulate on level 
surface without manual contact of another 
person but requires standby guarding of one 
person either for safety or for verbal cueing. 

4 (ambulator, independent, level surface   
    Only) 

Indicates a patient who can ambulate 
independently on level surface but requires 
supervision to negotiate (e.g., stairs, inclines, 
nonlevel surfaces). 

5 (ambulatory, independent) Indicates a patient who can walk everywhere 
independently, including stairs. 

Note: adapted from Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. Clinical gait 
assessment in the neurologically impaired. Reliability and meaningfulness. Phys Ther. 
1984;64:35-40.174 
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Figure C-1.  Twenty-four hours ambulatory activity data of two subjects who took different 
number of steps. 
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Figure C-2.  Twenty-four hours ambulatory activity data of two subjects who took similar 

number of steps. 
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