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Abstract 

It is well established that physical activity can improve aspects of physical fitness in 
individuals with spinal cord injury (SCI). Despite reports of declining health and fitness 
post-discharge from rehabilitation, there is a limited amount of research exploring 
exercise status or interventions during this period. The purpose of this dissertation was to 
investigate the integration of structured exercise into the rehabilitation process following 
SCI, and to optimize the exercise prescription in the community setting. Findings from 
the first study indicated that exercise is well tolerated among individuals with sub-acute 
SCI; performance of a peak exercise test on an arm ergometer was feasible for all injury 
types. At this stage post-injury, interventions should be mindful of the greater risk of 
orthostatic intolerance in individuals with complete tetraplegia and focus on building task 
specific self-efficacy. The second study involved a direct referral and physical activity 
counselling intervention post-discharge. Adherence rates were excellent among those 
participants who received the intervention suggesting that this model of care can facilitate 
adherence to community exercise after discharge.   
 
The final two studies took place in the community. Several modes of adapted exercise 
were compared and findings indicated that while there were no differences in measures of 
physiological intensity or enjoyment between the different modes, arm-only exercise was 
perceived as safer than passive hybrid (arm and leg) exercise. Further, the validity of 
using ratings of perceived exertion (RPE) to attain prescribed exercise intensity was 
established.  The efficacy of the physical activity guidelines for improving fitness in 
adults with SCI were evaluated in a community-based randomized controlled trial and the 
results revealed that the guidelines were effective in improving both aerobic capacity and 
muscle strength. Taken together, this series of studies describes a model of care that links 
rehabilitation with community exercise and suggests options for sustained engagement.  
 

 

 

 

 

 

 
 
 
 
 
 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 iv 

Acknowledgments 
 

I would first like to thank and acknowledge the assistance of my supervisor, Audrey 
Hicks. Six years has gone by so fast and I have sincerely appreciated your endless support 
and all of the time you have spent editing my nonsense and giving me pep talks when I 
needed them. 
 
I would also like to acknowledge the advice and support of my committee: Dave Ditor, 
Kathleen Martin Ginis, and Neil McCartney, and include Amy Latimer-Cheung for her 
collaboration and patience. 
 
The projects described in this dissertation have been the result of numerous collaborations 
that have been essential to their success. The staff at Hamilton Health Sciences Regional 
Rehabilitation Hospital were vital for the completion of the first two projects. In 
particular, I must acknowledge Dr. Graham Jones, Michelle Read, and Dianne Schaible 
who gave so much of their time to help me with testing and recruitment.  These projects 
would also not have been possible without many research assistants and students at 
various study sites, namely: Renne Fougere, Teri Lynch, and Jessica Tat. Finally, the 
members of the Vascular Dynamics Lab who have been (and continue to be) great friends 
and collaborators, especially Julia Totosy de Zepetnek and Jason Au, and my own lab 
members Alyssa Fenuta and Lara Pilutti.   
 
I would like to express genuine appreciation to all the staff, volunteers, and members of 
MacWheelers. There have been too many faces over the years to name, but none of this 
work would have been possible without your continued enthusiasm and commitment. 
Particularly to the fearless leaders, and my good friends, Susie Ward and Jenn Hohol who 
have always been so generous with their time and display compassion and kindness that I 
have witnessed with great admiration. Finally, thank you to each of my participants for 
their patience, dedication, and friendship. 
 
Of course, as no research ever could be, these projects would not have been possible 
without the support from our funding sources, the Ontario Neurotrauma Foundation and 
the Risk Hansen Institute.  
 
 

 
 
 
 
 
 
 
 

 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 v 

Table of Contents 
 

 
Abstract iii 
Acknowledgements iv 
Table of Contents v 
List of Figures vii 
List of Tables viii 
List of Abbreviations ix 
Contribution to Papers with Multiple Authors x 
  
Chapter 1. Introduction and Literature Review 1 
1. Spinal Cord Injury 2 
     1.1 Prevalence and Epidemiology 2 
     1.2 Changes in Health and Disease Risk after Spinal Cord            
           Injury 

4 

2. Spinal Cord Injury Rehabilitation  5 
3. Exercise Capacity after Spinal Cord Injury 6 
     3.1 Physical Capacity 7 
     3.2 Muscle Strength and Morphology 8 
     3.3 Autonomic Function 10 
4. Exercise Interventions after Spinal Cord Injury 11 
     4.1 Exercise Interventions to Improve Health and Disease  
           Risk         

12 

     4.2 Exercise Interventions to Improve Physical Fitness 13 
            4.2.1 Exercise Prescription for Individuals with Spinal             
                     Cord Injury 

15 

     4.3 Exercise Interventions using Behavioural Theory 16 
5. Summary and Statement of Purpose 18 
6. References 21 
  
Chapter 2. Aerobic Capacity, Orthostatic Tolerance, and 
Exercise Perceptions at Discharge from Inpatient Spinal Cord 
Injury Rehabilitation 

31 

  
Chapter 3. Direct Referral and Physical Activity Counselling 
upon Discharge from Spinal Cord Injury Rehabilitation 

39 

  
Chapter 4. The Optimal Modes of Exercise for Individuals 
with Spinal Cord Injury: Consumer Preference and Metabolic 
Demand 

61 

 
 
 

 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 vi 

Chapter 5. Implementation of the Physical Activity 
Guidelines for Adults with Spinal Cord Injury: Effects on 
Aerobic Capacity and Muscle Strength 

88 

  
Chapter 6. Discussion and Conclusions 113 
  
Appendices.   
A. Chapter 2   
     A.1 Exercise Self-efficacy Questionnaire 123 
B. Chapter 3   
     B.1 Exercise Beliefs Questionnaire 127 
     B.2 Exercise Referral Form 131 
C. Chapter 4  
     C.1 Consumer Preference Questionnaire 132 
D. Chapter 5  
     D.1 Satisfaction with the Guidelines Questionnaire 137 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 vii 

List of Figures 
 

Chapter 2  
Figure 1. Mean SBP and DBP changes during a 30-minute sit-up test in 
participants with TP, HP, and LP 

35 

  
Chapter 3  
Figure 1. Adherence rate (% of prescribed sessions) for each participant during 
a 16-week follow-up period 

60 

  
Chapter 4  
Figure 1. Heart rate during 20-minutes of submaximal steady state exercise in 
participants with TP and PP  

86 

Figure 2. Oxygen consumption during 20-minutes of submaximal steady state 
exercise in participants with TP and PP 

87 

  
Chapter 5  
Figure 1. Muscle endurance following 16-weeks of exercise training 112 
  
  
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 viii 

List of Tables 
 

Chapter 2  
Table 1. Participant characteristics 34 
Table 2. Results of the peak exercise test 35 
Table 3. Prevalence of OH based on level and severity of injury 35 
Table 4. Blood pressure values before and after postural challenge 36 
Table 5. Mean composite scores for outcome value, outcome expectation, 
scheduling, and task self-efficacy 

36 

  
Chapter 3  
Table 1. Participant characteristics 57 
Table 2. Prevalence of barriers to physical activity participation 58 
Table 3. Mean composite scores for outcome value, outcome expectations, 
scheduling and task self-efficacy 

59 

  
Chapter 4  
Table 1. Participant characteristics 81 
Table 2. Results of the peak exercise test 82 
Table 3. Physiological variables during steady state submaximal exercise 83 
Table 4. Ratings of perceived exertion (10-point scale) during 20-minutes of 
steady state submaximal exercise 

84 

Table 5. Results of consumer preference questionnaire 85 
  
Chapter 5  
Table 1. Participant characteristics 108 
Table 2. Peak aerobic capacity pre and post 16-weeks of exercise training 109 
Table 3. Aerobic endurance pre and post 16-weeks of exercise training 110 
Table 4. Muscle strength pre and post 16-weeks of exercise training 111 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 ix 

List of Abbreviations 
 

1RM One Repetition Maximum 
ACE Arm Cycle Ergometry 
AG Arm Glider 
AIS American Spinal Injury Association Impairment Scale 
ALCE Arm + Leg Cycle Ergometer 
ALRS Arm + Leg Recumbent Stepper 
ANOVA Analysis of Variance 
BMI Body Mass Index 
CON Control 
CSA Cross-Sectional Area 
DBP Diastolic Blood Pressure 
ECG Electrocardiogram 
FES Functional Electrical Stimulation 
HP High Paraplegia 
HR Heart Rate 
LP Low Paraplegia 
LTPA Leisure Time Physical Activity 
MET Metabolic Equivalent 
NMES Neuromuscular Electrical Stimulation 
OH Orthostatic Hypotension 
PAG Physical Activity Guidelines 
PO Power Output 
PP Paraplegia 
RER Respiratory Exchange Ratio 
RPE Rating of Perceived Exertion 
SBP Systolic Blood Pressure 
SCI Spinal Cord Injury 
SE Self-Efficacy 
TP Tetraplegia 
VE Minute Ventilation 
VO2 Oxygen Consumption 
WCE Wheelchair Ergometry 
WP Wall Pulleys 
WS Weight Stack 
  
  

 
 
 

 
 

 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 x 

Contribution to Papers with Multiple Authors 
 
Please be advised that several of the manuscripts within this dissertation (Chapters 2-5) 
have been prepared for journal publication with multiple authors.  
 
Chapter 2.  
Pelletier CA, Jones G, Latimer-Cheung AE, Warburton DE, Hicks AL. Aerobic capacity, 
orthostatic tolerance, and exercise perceptions at discharge from inpatient spinal cord 
injury rehabilitation. Arch Phys Med Rehabil 2013, doi:10.1016/j.apmr.2013.05.011 
 
Contribution 
CAP, AELC, DEW, ALH were involved in study conception and design. Testing protocol 
and consistency between study sites was overseen by CAP and ALH. Testing was 
completed by CAP and GJ at the Hamilton study site, and DEW and research assistant 
Renee Fougere at the Vancouver site. Statistical analysis and manuscript preparation was 
completed by CAP, with editing contributions from GJ, AELC, DEW and ALH. 
 
Chapter 3. 
Pelletier CA, Latimer-Cheung AE, Warburton DE, Hicks AL. Direct referral and physical 
activity counselling upon discharge from spinal cord injury rehabilitation.  
 
Contribution 
Study protocol and materials were developed by CAP, AELC, and ALH. The counselling 
intervention was completed by CAP at the Hamilton, Ontario study site and research 
assistant Renee Fougere (supervised by DEW) at the Vancouver, British Columbia site. 
Statistical analysis and manuscript preparation was completed by CAP and edited by 
ALH.  
 
Chapter 4.  
Pelletier CA, Ditor DS, Latimer-Cheung AE, Warburton DE, Hicks AL. The optimal 
modes of exercise for individuals with spinal cord injury: consumer preference and 
metabolic demand. 
 
Contribution 
CAP, DSD, AELC, DEW, ALH were involved in study conception and design. Testing 
was overseen or completed at the various study sites by CAP (Hamilton, Ontario), DDS 
(St. Catherine’s, Ontario), AELC (Kingston, Ontario), and DEW (Vancouver, British 
Columbia). Statistical analysis and manuscript preparation was completed by CAP and 
edited by ALH. 
 
Chapter 5.  
Pelletier CA, Totosy de Zepetnek J, MacDonald M, Hicks AL. Implementation of the 
physical activity guidelines for adults with spinal cord injury: effects on aerobic capacity 
and muscle strength. 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 xi 

Contribution 
CAP, JTdZ, MM, ALH were involved in study conception and design. Exercise testing 
and training was completed by CAP and JTdZ. Statistical analysis and manuscript 
preparation was completed by CAP and edited by ALH.



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 1 

 

 

Chapter 1 

 

Introduction and Literature Review 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 2 

1. Spinal Cord Injury 
 
1.1. Prevalence and Epidemiology 

 
The prevalence of spinal cord injury (SCI) in Canada is estimated at 1 289 persons per 

million. There are approximately 43 974 individuals currently living with an SCI, and this 

number is nearly doubled to 85 556 if non-traumatic causes are included.1,2 The highest 

prevalence rates occur between ages 20-40, with a mean age at injury of 42.2 years.1,3 

However, owing to an increasingly aging population, a greater percentage of new injuries 

is occurring among individuals over the age of 60, and the age adjusted incidence rates 

are actually highest in this demographic.3,4 This increasing age at injury has potential 

implications for both the acute care and rehabilitation of people with SCI as it increases 

complication rates, the potential of existing medical conditions, length of hospital stay, 

and decreases long-term functional ability and recovery.3,4 In Canada, the most common 

cause of SCIs are motor vehicle accidents (35%), falls (31%), other vehicle accidents 

(12%), and sports/recreation accidents (9%).3 

 

Classifying SCIs involves the identification of which spinal segment (cervical, thoracic, 

lumbar, or sacral) is damaged and to what extent motor and sensory function is preserved. 

There are two general categories of SCI: tetraplegia, which encompasses all cervical level 

lesions (C1-C8), and paraplegia, which includes all lesions occurring in the thoracic, 

lumbar, or sacral regions. Often, paraplegia is further divided into two categories: high 

thoracic/paraplegia (T1-T6) and low thoracic/paraplegia (T7 and below). In Canada, it is 

estimated that there are currently 24 742 people living with tetraplegia and 19 232 people 
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living with paraplegia from traumatic causes.1,2 These statistics are reflective of 

epidemiological reports indicating the 56.7% of new injuries occur in the cervical 

segment and 43.3% at or below the thoracic segment of the spine.1,2,4 

 

In addition to level of injury, SCIs are also classified according to the severity or 

completeness of injury. The American Spinal Injury Association impairment scale (AIS) 

is the standard classification scheme used to describe completeness of injury and uses a 

scoring system from A-D. AIS A refers to a complete injury, with no motor or sensory 

function preserved in the sacral segments S4-S5.5 AIS B is an incomplete injury, with 

sensory but not motor function preserved below the neurological level of injury, including 

sacral segments S4-S5.5 AIS C is also an incomplete injury, when both motor and sensory 

functions are preserved, but with more than half of the key muscles below the level of the 

lesion having a muscle grade less than 3.5 AIS D refers to incomplete injuries when motor 

function is preserved below the level of the lesion but at least half of the key muscle 

below the neurological level have a muscle grade of 3 or more.5 

 

Finally, SCIs are divided based on time post-injury. An acute SCI is typically defined as 

the time period spanning up until one-year post injury and is considered to be the phase 

when the most significant and rapid changes to physiological function occur. Sub-acute 

SCI is considered to be the time during which rehabilitation is occurring. After one-year 

post injury, injuries are classified as chronic and physiological changes considered stable. 
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1.2.  Changes in Health and Disease Risk after Spinal Cord Injury 

 

Physiological changes after SCI are widespread and extend to all major bodily systems 

through dysfunctions in efferent and afferent neurological pathways. The consequential 

disruptions in motor, sensory, and autonomic functions have a significant impact on 

physical functioning, quality of life, and longevity. The profound physical deconditioning 

secondary to SCI is due to a combination of factors including paralysis and loss of 

voluntary motor control, but also an increased tendency for sedentary behaviour. This 

deconditioning creates a cycle of decreasing physical capacity leading to decreased 

activity, and so on. These factors combined with a negative shift in body composition 

lead to an increased cardiometabolic disease risk.  

 

Cardiovascular disease is the leading cause of mortality in persons with an injury more 

than 30 years in duration.6 The risk of cardiovascular disease after SCI is 16% greater 

among individuals with tetraplegia, and the presence of a complete injury results in a 44% 

increased risk.7 The prevalence of metabolic syndrome is 23% in individuals beyond the 

first year post injury, a percentage which is nearly double that reported in the able-bodied 

population.8  

 

Cross-sectional imaging studies have revealed that mean percent fat mass is 23-35% in 

men with chronic SCI, representing an 8-18% increase compared to age-, height-, and 

weight-matched controls.9-12 While body mass index (BMI; kg/m2) is traditionally used to 
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indicate weight status and disease risk in the able-bodied population, it has been 

suggested that traditional classifications of overweight (27 kg/m2) and obesity (30 kg/m2) 

be lowered for persons with SCI to reflect the decreased lean tissue mass and increased 

fat mass that are indistinguishable with traditional measures of body weight.10-13 Based on 

percentage of fat mass and biomarkers of inflammation, a BMI cut-off of 30 kg/m2 fails 

to recognize 73.9% of obese individuals with SCI, while a more conservative cut-off of 

22 kg/m2 more accurately identifies those at increased risk for cardiovascular disease.13 

Longitudinal studies have revealed that BMI increases significantly in the year 

immediately following discharge from inpatient SCI rehabilitation and up to 5 years later 

by 1.8 kg/m2, with a rise from 56% to 75% of the population being identified as 

overweight or obese.14,15 This change occurs simultaneously with muscle atrophy of 27-

56%, 16,17 and a decrease in physical activity by 33%.18  

 

2. Spinal Cord Injury Rehabilitation 

 

After SCI, individuals typically go through several phases of rehabilitation including 

acute care, inpatient rehabilitation, and outpatient rehabilitation services. In Canada, the 

discharge incidence from inpatient rehabilitation in 2010 was 1 389 (41 per million) for 

traumatic and 2 286 for non-traumatic SCI.1 Currently, the average length of stay in 

inpatient rehabilitation is 103 days (range: 41 – 336) with extensions typically resulting 

from increased complexity of injuries and secondary complications.19 At discharge, 42% 

of individuals return home (45% traumatic, 38% non-traumatic), while only 15% report 
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receiving outpatient rehabilitation services.19 It is estimated that the average health care 

cost of inpatient rehabilitation for traumatic SCI is $119 945 per person.20  

 

Current trends in rehabilitation practice are to decrease length of inpatient stay and 

increase the number of services received post-discharge.21,22 While this increased reliance 

on outpatient programs serves primarily to decrease cost, it has a potential long-term 

influence by hindering reintegration into the community. Services to enhance community 

participation are limited during the transitional period post-discharge, at a time when new 

obstacles to community participation appear.23 Reintegration and perceived control are 

positively influenced by educational programs, although limited long-term community-

based outpatient services diminish the opportunity for sustained effects.24 Recently, 

Rimmer25 described a projected health trajectory for individuals as they complete 

rehabilitation depicting a short-term gain in health and function during rehabilitation, 

followed by a plateau around the time of discharge. At twelve weeks post-discharge, an 

inflection point occurs which can be characterised by a decrease or increase in function 

depending on physical activity participation.25 

 

3. Exercise Capacity after Spinal Cord Injury 

 

Decreases in exercise capacity after SCI are well documented and include a decline in 

both cardiorespiratory aerobic fitness and muscle strength. Exercise capacity has many 

important implications as illustrated by demonstrated relationships with functional 
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ability,26,27 wheelchair skill performance,28 strain during activities of daily living,29 and 

return to work.30  

 

3.1. Physical Capacity 

 

Physical capacity is typically defined in terms of peak oxygen uptake (VO2peak) and peak 

power output (POpeak) achieved during a maximal exercise test. In the SCI population, the 

reliance on upper body exercise creates challenges for the accurate assessment of aerobic 

fitness as the smaller active muscle mass makes it difficult to achieve a true assessment of 

peak cardiovascular fitness.  Nonetheless, graded exercise tests can still be performed 

using wheelchair ergometry (WCE) or arm cycle ergometry (ACE).   

 

In a review of physical capacity in people with chronic SCI, Haisma et al.31 calculated a 

weighted mean of 2.10 L/min (range: 1.10-2.51 L/min) during WCE and 1.51 L/min 

(range: 1.03-2.34 L/min) during ACE in participants with paraplegia. Among participants 

with tetraplegia, scores were 0.89 L/min (range: 0.76-1.03 L/min) and 0.87 L/min (range: 

0.78-0.95 L/min) for WCE and ACE, respectively. In another review, Janssen et al.32 

developed normative values for both VO2peak and POpeak. The most important factor in 

predicting physical capacity was lesion level (37-47% variance explained), with each 

level lower representing an increase of 0.06 L/min. Individuals with incomplete lesions 

also had, on average, a 0.21 L/min higher VO2peak compared to individuals with complete 

lesions. Shoulder flexion strength has been shown to significantly correlate with VO2peak 
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and POpeak, with overall shoulder strength accounting for 68.4% of the variance in 

performance time.33  

 

While there have been few studies examining the physical capacity among adults with 

acute SCI, longitudinal investigations have revealed improvements both during inpatient 

rehabilitation and in 1 year post-discharge, especially among individuals with 

tetraplegia.34 VO2peak during rehabilitation also appears to be the best predictor of future 

VO2peak
35 and is negatively associated with complications post-discharge.36 

 

3.2. Muscle Strength and Morphology 

 

Alterations in skeletal muscle structure and function are some of the earliest and most 

significant changes that occur following SCI. Most prominent is a detrimental and 

substantial loss of muscle mass. Changes are also observed in muscle fibre composition 

toward fast fatiguable fibre type (Type IIa or IIx) and changes in muscle contractile 

properties, both of which contribute to a decrease in fatigue resistance, physical capacity, 

and functional independence.37,38  

 

Muscle atrophy after SCI is represented by a decrease in cross-sectional area (CSA) 

resulting from both a loss in the overall number of muscle fibers and shrinking in size of 

the fibres that remain. After complete SCI, muscle CSA has been reported as only 45-

80% of age- and sex- matched able-bodied controls,16,39 and is documented as early as 6 
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weeks post-injury.16,17 After incomplete SCI, the decrease is 24-31% and is greatest in the 

upper leg muscles.40 The rapid decrease in muscle mass has been shown to stabilize 

approximately 11 months post-injury.41,42 The loss of muscle CSA is accompanied by a 

126% increase in absolute and a three-fold increase in relative intramuscular fat,43,44 

placing individuals at increased risk for glucose intolerance and type 2 diabetes.45 Both of 

these changes have been shown to vary based on level of injury, and spasticity appears to 

provide a protective effect.44  

 

There are several theories proposed to explain the increased fatiguabily of skeletal muscle 

after SCI. One of the most obvious relates to the change in fibre type composition post-

injury: an increase in the percentage of type II muscle fibres and a decrease in the 

percentage of type I fibres. This transition occurs mostly within the first year and may not 

stabilize until 5.8 years post-injury.46 Faster rates of muscle contraction and relaxation 

have been noted in the quadriceps femoris,47 although this is not a consistent finding in 

tibialis anterior or soleus muscle.48-50 

 

Few studies have evaluated changes in muscle strength following SCI. Using electrical 

stimulation, studies have demonstrated a decrease in muscle torque produced by the 

quadriceps femoris51 and vastus lateralis,47 while there appears to be no change in the 

tibialis anterior muscle,49,50 and inconsistent findings in the soleus.49,50,52 A limited number 

of studies have examined voluntary muscle torque after SCI, but decreases have been 

observed in knee extensor52 and triceps strength in people with incomplete injuries.53  



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 10 

3.3. Autonomic Function 

 

In addition to the loss of voluntary muscle control, another significant change after SCI is 

the presence of autonomic dysfunction. Depending on the level of injury, this dysfunction 

creates many daily challenges in areas of blood pressure regulation, bladder and bowel 

management, and respiration. Because preganglionic neurons from the parasympathetic 

nervous system originate in the brainstem and sacral segments S2-S4, this branch of the 

autonomic nervous system is largely unaffected by SCI. Sympathetic preganglionic 

neurons reside in thoracic and upper lumbar sections T1-L2 and can be impaired 

following SCI. In particular, the heart has dual innervation from the parasympathetic 

(vagus nerve) and sympathetic nervous system (T1-T5). Any SCI originating at or above 

these spinal segments contributes to changes in heart rate and blood pressure regulation at 

rest, a blunted response during exercise, and an impairment in heart rate recovery.54,55 

 

While the mean resting blood pressure and heart rate is lower among individuals with 

lesions above T6, these individuals are prone to life-threatening episodes of extreme 

hypertension (up to 300 mmHg systolic blood pressure), known as autonomic 

dysreflexia.56 This sudden increase in blood pressure is typically provoked by noxious 

stimuli below the level of the lesion, such as bowel and bladder distension, spasms, or 

bladder catheterization. On the opposite end of the spectrum, individuals with complete 

injuries above T6 are also prone to orthostatic hypotension, which is defined as a drop of 

20 mmHg systolic and/or 10 mmHg diastolic blood pressure following a change to an 
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upright posture.57-59 This decrease in blood pressure is often associated with symptoms of 

lightheadednes, dizziness, and blurred vision and is most common in the acute phase of 

injury.57,58,60 In the first month post-injury, 74% of persons with cervical SCI experience 

orthostatic hypotension, while prevalence has been reported at 23% among those with 

longer standing injuries.60,61 

 

4. Exercise Interventions after Spinal Cord Injury 

 

Leisure time physical activity (LTPA) is defined as any activity (mild, moderate, or heavy 

intensity) that individuals choose to do in their free time. Despite reports of 80-90% of 

individuals expressing interest in exercise and perceiving benefits of regular 

participation,62,63 LTPA rates of any intensity are exceedingly low in the SCI population, 

with a mean of 27.14 ± 49.36 minutes per day, and up to 50% of individuals report no 

participation.62,64 Among non-exercisers, 86% report wanting to begin an exercise 

program, yet not having the knowledge or resources to do so.62,65 Among people who self-

report participating in LTPA, the greatest time is spent at a moderate intensity, with the 

smallest at a heavy intensity.66 Trends show that a longer time post-injury is associated 

with a decrease in participation in LTPA.64 A sharp decline (33%) occurs in the months 

immediately following discharge from inpatient rehabilitation.18  

 

There are numerous barriers to exercise participation among individuals with SCI, 

although internal/intrinsic barriers (i.e., lack of time and energy) and resource barriers are 
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reportedly the most strongly associated with exercise participation.62,67 Exercise 

perceptions (i.e., not liking exercise, not valuing exercise, not feeling it could help you) 

reduce the odds of being an exerciser more than resource or structural barriers (i.e., lack 

of in-home equipment, inability to pay for transportation or program costs).62 Barriers to 

exercise are reported as most important in the three months following discharge from 

rehabilitation and include emotional distress, problems with self-care, and mental health 

problems.63 

 

4.1. Exercise Interventions to Improve Health and Disease Risk 

 

While the link between exercise participation and health is well established the in able-

bodied literature, specifically cardiovascular disease risk, this relationship is only 

beginning to emerge in the SCI population, as many traditional risk factors (i.e., waist 

circumference, blood pressure, and BMI) cannot be accurately applied. The greatest risk 

factors for death following SCI are heart disease and diabetes,68 and it is further estimated 

that nearly one quarter of this population has metabolic syndrome and insulin resistance,8 

all risk factors that can potentially be modified with lifestyle interventions.  

 

Multiple studies have reported the efficacy of functional electrically stimulated (FES) leg 

cycling to improve glucose uptake and insulin sensitivity.69,70 This improvement has been 

attributed to changes in the expression of key regulatory proteins involved in glucose 

metabolism (i.e., GLUT 4).69,70 During periods of de-training, insulin sensitivity and 
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GLUT 4 concentration return to baseline levels.70 Being physically active has further been 

linked to a reduction in total body mass, fat mass, C-reactive protein, insulin, and leptin, 

and more favourable profiles are associated with individuals who begin regular activity 

closer to the point of their injury.71 

 

The relationship between aerobic exercise and indices of cardiovascular health are not as 

well established, although VO2peak has been shown to be predictive of insulin sensitivity,72 

and exercise training protocols using either ACE or WCE have been shown to improve 

high density lipoprotein-cholesterol concentrations and reduce the total cholesterol/high 

density lipoprotein-cholesterol (TC/HDL-C) ratio.73,74 

 

4.2. Exercise Interventions to Improve Physical Fitness 

 

Several reviews and high quality randomized controlled trials support that exercise 

improves many aspects of fitness after SCI.75-77 The majority of these studies have 

focused on adults with chronic SCI.75 

 

In terms of physical capacity, increases in VO2peak and POpeak with training programs using 

either ACE,72,73,78-80 WCE,74,81,82 or circuit training have been demonstrated.83,84 While the 

magnitude of these improvements varies based on the training protocol used, one high 

quality randomized control trial demonstrated improvements of 81% in submaximal PO 

after 9-months of twice-weekly training on an ACE at 70% maximum heart rate.79 Using 
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a WCE protocol of 45 minute exercise bouts 3 times per week, Bougenot et al.82 revealed 

increases of 16% in VO2peak and 63% in PO. Circuit training, consisting of a combination 

of ACE and resistance training done in sequence, has been shown to produce increases of 

29.7% in VO2peak.83 In one of the only studies on individuals with sub-acute SCI (mean 

116 ± 77 days post-injury), de Groot et al.72 reported training-induced increases of 150% 

and 117% in VO2peak in both a high (70-80% HR reserve) and low (40-50% HR reserve) 

intensity interval ACE training groups, respectively.  

 

In regard to muscle strength, several studies have evaluated the effects of both traditional 

voluntary strength training and protocols using electrically stimulated exercise. Increases 

in upper body strength of 19-34% have been reported following 9-months of twice-

weekly strength training at 70-80% one repetition maximum (progressive)79 and 11.9-

30% following 12-weeks of circuit training 3 times per week.83 The benefits of 

neuromuscular electrical stimulation (NMES) and FES training are that they can be used 

to activate paralyzed muscle. Training programs using various modes of NMES and FES-

induced exercise have shown to produce increases in quadriceps torque, fatigue 

resistance, and fibre area.85-87  
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4.2.1. Exercise Prescription for Individuals with Spinal Cord Injury 

 

The changes in physical capacity and autonomic function create difficulties with 

prescribing exercise to persons with SCI, because traditional methods of prescribing 

exercise intensity cannot be applied. Further, the reliance on upper body exercise requires 

an alternative to traditional guidelines used for able-bodied population in both frequency 

and time of exercise.  

 

Resting metabolic rate is reported as 14-27% lower among individuals with SCI 

compared to able-bodied controls, owing largely to a decrease in fat free mass and 

spontaneous physical activity.88-90 This decrease can lead to a positive energy balance and 

subsequent weight gain, obesity, and an increase in lifestyle-related disease risk. The 

baseline metabolic requirement of exercise (MET) has been reported as lower in the SCI 

population compared to the able-bodied population, with an estimate of 2.7 mL�kg-1�min-1 

compared to the standard 3.5 mL�kg-1�min-1.91 The energy cost of exercise has been 

shown to be greater using FES hybrid arm and leg exercise compared to using either arm 

or leg exercise alone, particularly among individuals with high level injuries.92,93 

 

The physical activity guidelines for adults with SCI were released in 2011 based on a 

systematic review of the evidence and an expert panel consensus meeting.75,94 The 

guidelines recommend exercise twice-weekly consisting of aerobic exercise at a moderate 

to vigorous intensity and strength training of 8-10 repetitions of each major muscle group. 
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4.3. Exercise Interventions using Behavioural Theory 

 

Several important theoretical constructs and subsequent interventions have been used to 

increase exercise participation among persons with SCI. Using the theory of planned 

behaviour, Latimer et al.95 identified intentions as an important predictor of LTPA 

participation, explaining 16% of the variance. Intentions are a crucial element in the 

theory of planned behaviour and are influenced by one’s attitudes, subjective norms 

(perceived social pressure to perform the behaviour), and perceived behavioural control 

(perceived ease or difficulty of performing the behaviour).96 Perceived behavioural 

control is also considered a co-determinant of behaviour, along with intentions.96 In order 

to encourage sustained LTPA participation, Latimer et al.95 suggested interventions 

should bolster intentions with specific programs designed to highlight the benefit of 

regular exercise, encourage physicians or other health care professional to recommend 

exercise, and provide easy instructions on how to do certain exercises and adapt them to 

one’s individual ability. Another way to strengthen the intention-behaviour relationship is 

the creation of implementation intentions, or action plans that identify when, where, and 

how a behaviour will be completed.97 These action plans may be especially relevant to the 

SCI population given the numerous barriers to participation. Latimer et al.98 demonstrated 

the efficacy of implementation intentions among a group of adults with SCI in completing 

a prescribed 30 minutes of moderate to heavy physical activity three times per week for 8 

weeks. The intervention further improved measures of self-efficacy, intentions, and 

perceived control.98 A second aspect of planning, coping planning, involves the 
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identification of anticipated barriers and self-regulatory strategies to overcome them.97 

Interventions using this form of planning have been shown to be more effective in cardiac 

rehabilitation99  and in persons with SCI compared to action planning alone.100  

 

Social cognitive theory is a theoretical framework that describes behaviour by means of a 

personal sense of control and that outlines perceived self-efficacy and outcome 

expectations as key constructs.101 Self-efficacy is defined as an individual’s belief in his 

or her ability to perform a specific task or behaviour and can be enhanced through 

mastery experiences, vicarious experiences, and verbal persuasion.101 Outcome 

expectations are the other core construct and represent the beliefs about the consequences 

of a particular behaviour.101 This theory outlines self-efficacy as the strongest predictor of 

behaviour directly and indirectly through outcome expectations and self-regulation (goal 

setting and planning).102 In a systematic evaluation of social cognitive theory as a 

predictor of behaviour after SCI, Martin Ginis et al.,103 found the model explained 39% of 

the variance in LTPA behaviour, with self-regulation being the only significant and direct 

predictor. Other studies have identified self-efficacy beliefs as a significant variable in 

predicting both intensity and frequency of aerobic and strengthening exercise in persons 

with SCI.104  
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5. Summary and Statement of Purpose 

 

Following an SCI, there are many immediate and substantial consequences pertaining to 

both health and fitness status that persist and worsen with increasing time post-injury. 

Physical activity trajectories for this population typically indicate decreasing participation 

with increasing time post-injury. This decrease in activity coincides with unfavourable 

trajectories of health status including increases in BMI, decreases in lean tissue mass, and 

decreases in physical capacity. Many of these changes can be favourably altered by 

exercise interventions; however, the effects appear to diminish following the cessation of 

training.70,105 This emphasises the need for long term, community-based interventions to 

encourage sustained participation. With a shift towards an increasing reliance on 

outpatient services for continued care of persons with SCI,22 there exists a great need for 

community exercise programming and protocols to compliment those services. A model 

recently proposed by Rimmer,25 suggested that, if exercise of sufficient dose is initiated 

near the end point of rehabilitation, individuals can maintain or improve upon health and 

functional gains achieved during rehabilitation. Further exploration of this concept has 

revealed a therapist-to-trainer model, wherein healthcare providers interact with exercise 

specialists during the transitional period at the end of rehabilitation to better formulate an 

exercise prescription and address salient barriers.106  

 

The purpose of this dissertation is to explore the integration of structured exercise into the 

rehabilitation for persons with SCI and to optimize the exercise prescription as 
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individuals reach a community setting.  This will be completed through a series of four 

projects spanning the various stages of rehabilitation following SCI.  

 

There is limited literature on exercise capacity or training status among individuals within 

the first year post injury. It is also not clear what exercise programming should involve in 

the early stages of rehabilitation and what intensity or exercise prescription might be 

appropriate. Further, since current VO2peak is the best predictor of future VO2peak, 

evaluating peak physical capacity early in the rehabilitation process may assist with the 

development of rehabilitation goals.35 The purpose of the first study was to describe the 

aerobic capacity, orthostatic tolerance, and exercise perceptions of adults with sub-acute 

SCI. It was predicted that there would be differences in physical capacity and the 

prevalence of orthostatic hypotension based on level of injury and that participants would 

have favourable opinions of exercise when discharged from inpatient SCI rehabilitation. 

 

Because of decreasing length of rehabilitation stays, the health care system is becoming 

increasingly reliant on outpatient services for the continued care of persons with SCI.19,22 

Despite established benefits, there is currently very limited, if any, infrastructure in place 

for long-term exercise services and no decisive process in place by which to encourage 

exercise engagement post-discharge.19 The purpose of the second study was to evaluate 

the efficacy and feasibility of a direct referral process to community exercise following 

discharge from either inpatient or outpatient rehabilitation and to provide counselling 
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support during this transitional period. It was predicted that this process would result in 

increased participation in regular exercise in the four months following discharge. 

 

While evidence-based physical activity guidelines for adults with SCI have been 

developed,75,94 there are still several aspects of the exercise prescription for this population 

that are not clear. First, there is currently no mode of exercise, either aerobic or 

resistance, that has been identified as superior, nor is there any way to accurately 

prescribe exercise intensity to this population. Considering the considerable changes in 

autonomic function and functional ability, traditional prescription methods and modes of 

exercise used in the able-bodied literature cannot be applied. The purpose of this third 

phase study was to compare various types of adapted exercise equipment in terms of 

cardiovascular demand, energy expenditure, and consumer preference. It was predicted 

that persons with SCI would prefer hybrid (arm and leg) exercise modes and that this type 

of exercise would provide the greatest cardiovascular and metabolic challenge.  

 

The purpose of the final study was to validate the physical activity guidelines for adults 

with SCI for improving aspects of fitness in a community setting. While these guidelines 

were developed from a robust evidence base and several training protocols have 

demonstrated increases in both aerobic and muscular fitness,72,75,79,80,82,84 their efficacy has 

yet to be established within a community-based setting. It was hypothesized that the 

physical activity guidelines would improve physical capacity and muscle strength 

following a 16-week intervention. 
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Aerobic Capacity, Orthostatic Tolerance, and Exercise
Perceptions at Discharge From Inpatient Spinal Cord Injury
Rehabilitation

Chelsea A. Pelletier, MSc,a Graham Jones, PhD, MD,b Amy E. Latimer-Cheung, PhD,c

Darren E. Warburton, PhD,d Audrey L. Hicks, PhDa

From the aDepartment of Kinesiology, McMaster University, Hamilton, ON; bDepartment of Medicine, McMaster University, Hamilton, ON;
cDepartment of Kinesiology, Queen’s University, Kingston, ON; and dExperimental Medicine Program, Cardiovascular Physiology and
Rehabilitation Laboratory, University of British Columbia, BC, Canada.

Abstract
Objective: To describe physical capacity, autonomic function, and perceptions of exercise among adults with subacute spinal cord injury (SCI).
Design: Cross-sectional.
Setting: Two inpatient SCI rehabilitation programs in Canada.
Participants: Participants (NZ41; mean age ! SD, 38.9!13.7y) with tetraplegia (TP; nZ19), high paraplegia (HP; nZ8), or low paraplegia
(LP; nZ14) completing inpatient SCI rehabilitation (mean ! SD, 112.9!52.5d postinjury).
Interventions: Not applicable.
Main Outcome Measures: Peak exercise capacity was determined by an arm ergometry test. As a measure of autonomic function, orthostatic
tolerance was assessed by a passive sit-up test. Self-efficacy for exercise postdischarge was evaluated by a questionnaire.
Results: There was a significant difference in peak oxygen consumption and heart rate between participants with TP (11.2!3.4;mL$kg"1$min"1

113.9!19.7beats/min) and LP (17.1!7.5mL$kg"1$min"1; 142.8!22.7beats/min). Peak power output was also significantly lower in the TP group
(30.0!6.9W) compared with the HP (55.5!7.56W) and LP groups (62.5!12.2W). Systolic blood pressure responses to the postural challenge
varied significantly between groups ("3.0!33.5mmHg in TP, 17.8!14.7mmHg in HP, 21.6!18.7mmHg in LP). Orthostatic hypotension was
most prevalent among participants with motor complete TP (73%). Results from the questionnaire revealed that although participants value
exercise and see benefits to regular participation, they have low confidence in their abilities to perform the task of either aerobic or
strengthening exercise.
Conclusions: Exercise is well tolerated in adults with subacute SCI. Exercise interventions at this stage should focus on improving task-specific
self-efficacy, and attention should be made to blood pressure regulation, particularly in individuals with motor complete TP.
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It is well established that exercise can improve multiple aspects of
physical fitness in adults with spinal cord injury (SCI). Because of
the less stabilized nature of autonomic regulation and recovery in
the first year postinjury, most research has focused on adults with

chronic SCI (>1y postinjury).1 Physical activity levels are typi-
cally reported as very low in the SCI population,2 with a signifi-
cant decrease shown to occur in the months immediately after
discharge from inpatient rehabilitation.3 This transitional period as
patients reintegrate into the community may be an ideal time to
introduce an exercise intervention in order to encourage sustained
participation.

Aerobic capacity is often represented in terms of peak oxygen
consumption (VO2peak) and has important implications for
cardiovascular health, functional independence, and overall

Supported by Rick Hansen Institute (grant no. 2010-80) and the Ontario Neurotrauma Foun-

dation (grant no. 2009-RHI-MTNI-801).

No commercial party having a direct financial interest in the results of the research supporting

this article has or will confer a benefit on the authors or on any organization with which the authors

are associated.

0003-9993/13/$36 - see front matter ª 2013 by the American Congress of Rehabilitation Medicine
http://dx.doi.org/10.1016/j.apmr.2013.05.011

Archives of Physical Medicine and Rehabilitation
journal homepage: www.archives-pmr.org

Archives of Physical Medicine and Rehabilitation 2013;-:-------



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 33 

	
  

quality of life.4,5 Aerobic capacity is typically decreased after
SCI because of a reliance on upper body exercise, decreased
muscle mass, and a decrease in physical activity. Although
clinical rehabilitation programs do provide a certain amount of
cardiovascular strain, it is unknown if this stimulus is enough to
improve measures of health-related physical fitness.6 Further,
because the current physical activity guidelines are designed for
adults with chronic SCI,7 the appropriate exercise prescription
for adults <1 year postinjury is currently unknown. Given that
VO2peak and peak power output (POpeak) are the strongest
predictors of future physical capacity,8 accurate assessment of
these outcomes early in the rehabilitation process may provide an
indication of future prognosis and aid in the development of
realistic rehabilitation goals together with an appropriate exercise
prescription.

Autonomic dysfunction after SCI is caused by damage to
autonomic pathways in the sympathetic nervous system and
manifests as a decrease in cardiovascular control at rest and during
exercise.9,10 Orthostatic hypotension (OH) is defined as a decrease
in systolic blood pressure (SBP) of 20mmHg or 10mmHg diastolic
blood pressure (DBP) when moving to an upright position,
regardless of symptoms.11 It is used as a clinical measure of
autonomic function and is particularly prevalent among individ-
uals in the acute phase of SCI and those with complete injuries
above T6.10,12-14

In order to create a comprehensive intervention designed to
promote the adoption of physical activity among individuals who
are newly injured, it is imperative that we first gauge opinions of
physical activity. Social cognitive theory provides a framework for
behavior change and identifies self-efficacy and outcome expec-
tations as important constructs for predicting behavior.15 In adults
with chronic SCI, social cognitive theory has been shown to
explain 39% of the variance in physical activity,16 and self-
efficacy specifically has been related to the frequency and inten-
sity of future aerobic and strengthening physical activity
participation.17

The purpose of this study was to assess aerobic capacity,
autonomic function, and perceptions about participating in regular
physical activity among adults prior to being discharged from
inpatient SCI rehabilitation. It was predicted that measures of
cardiorespiratory and autonomic function would vary based on
level of injury, with participants with tetraplegia (TP) showing the
most pronounced decrease in VO2peak, POpeak, and peak heart rate,
as well as having a greater propensity for orthostatic intolerance.
Further, it was predicted that individuals with subacute SCI would
demonstrate a willingness to engage in regular physical activity
postdischarge and this would not vary significantly based on level
of injury.

Methods

Participants

Participants were recruited from 2 inpatient SCI rehabilitation
centers in Hamilton, Ontario, Canada, and Vancouver, British
Columbia, Canada, from July 2010 to August 2012. Patients who
were 18 to 65 years old, were manual wheelchair dependent, and
could understand English were invited to participate in consulta-
tion with physiotherapists on their management team. Exclusion
criteria included an active acute infection or dependence on
ventilator support. Participants were classified according to level
of injury: TP (C7 and above), high paraplegia (HP; T1-6), or low
paraplegia (LP; T7 and below). These groups were chosen based
on previous research and anticipated differences in autonomic and
physical function.18,19 Written, informed consent was obtained
from each participant and ethics approval was obtained from the
relevant research ethics board at each study site.

Peak exercise test

Participants completed an incremental peak exercise test on an
arm ergometer.a

After a 1-minute warm-up, the resistance was increased every
minute by 5W for participants with TP and 10W for participants
with HP and LP.20 Participants were asked to continue arm cycling
until volitional fatigue or they were unable to maintain a cadence
of 40 revolutions per minute. All participants had experience using
an arm ergometer, and tensor bandages were used to secure the
hands of participants with insufficient grip strength. Expired gas
and ventilatory parameters were acquired throughout the protocol
using a metabolic cart that was calibrated before each test.
Continuous measurements of heart rate were also measured using
an electrocardiogram (ECG). Ten-point ratings of perceived
exertion were assessed every minute.21 Peak VO2, peak heart rate,
and peak minute ventilation were defined as the highest values
recorded over 20-second averages. Peak PO was defined, in watts,
as the greatest amount of resistance achieved during the arm bike
protocol and maintained for at least 15 seconds.

Sit-up test

Continuous noninvasive blood pressureb,c and 3-lead ECG moni-
toring was performed for 30 minutes during the procedure. After
15 minutes of supine rest, participants were passively moved into
a seated position by raising the head of the bed to 90! and by
lowering the bottom portion of the bed below the knee to 90!. This
position was maintained for 15 minutes.10 Change in SBP or DBP
was calculated for each injury category and defined as the
difference between mean seated and supine values (BPchange Z
BPseated"BPsupine, where BP stands for blood pressure).

Exercise Self-Efficacy Questionnaire

Participants were asked to complete a questionnaire to measure
individual perceptions and opinions about engaging in regular
leisure time physical activity (LTPA) in the next 3 months post-
discharge. LTPAwas defined as activities that require exertion that
individuals choose to do in their free time. This questionnaire

List of abbreviations:
DBP diastolic blood pressure
ECG electrocardiogram
HP high paraplegia
LP low paraplegia

LTPA leisure time physical activity
OH orthostatic hypotension

POpeak peak power output
SBP systolic blood pressure
SCI spinal cord injury
TP tetraplegia

VO2peak peak oxygen consumption
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was adapted from measures previously used in the SCI pop-
ulation16,22,23 to be relevant to patients in this stage of rehabilitation.

All self-efficacy itemswere rated on a 7-point scale from1 (not at
all confident) to 7 (completely confident). Task self-efficacy was
measured using 4 scales (moderate and heavy intensity aerobic and
strengthening activity), and participants were asked to rate their
confidence to engage in each activity for 10, 20, 30, 45, and 60
minutes without stopping.16 Scheduling self-efficacy was measured
by asking participants to rate their confidence in their ability to
include 30minutes of LTPA into their schedule 1, 2, 3, and>3 times
per week.22,23 Internal consistency was good for all self-efficacy
measures (aaerobicZ0.91, astrengtheningZ0.95, aschedulingZ0.86).24

Outcome value and outcome expectations were also rated on
a 7-point scale from 1 (completely disagree) to 7 (completely
agree). Outcome value had good internal consistency (aZ.86)24

and was measured with 3 items: in the next 3 months post-
discharge, engaging in regular LTPA is the most important thing
I can do; establishing a routine including regular LTPA in the
next 3 months postdischarge is a high priority for me; and
engaging in regular LTPA postdischarge would be extremely
valuable. Outcome expectations were measured with 12 items
that were preceded with the statement: “I think that engaging in
regular LTPA in the next 3 months postdischarge will.” Then
participants were asked to rate various health and lifestyle
outcomes specific to SCI.16 Internal consistency was
adequate (aZ.76).24

Data analysis

All data are presented as means ! SDs. Statistical analysis was
completed using IBM SPSS Statistics, Version 20.d Data were
evaluated and met assumptions for normality and equal variances
using the Shapiro-Wilk test and Levene statistic, respectively.
Group means were compared using a 1-way analysis of variance
and Tukey post hoc tests where appropriate. Further analysis was
performed within each injury category using a paired t test.
Significance was accepted at P<.05.

Results

Participants

Forty-one participants with subacute SCIs were recruited during
inpatient rehabilitation. Participant characteristics are summarized

in table 1. The most common cause of injury was motor vehicle
collisions (36.6%), sport or recreation accidents (21.9%), and falls
(19.5%), which are similar to nationally reported values for the
given age group (38.9!13.7y).25 Most participants were men
(65.8%). Time in rehabilitation varied between groups, because
participants with higher injuries were enrolled for longer
(79.3!30.3d in TP; 57.4!21.4d in HP; 67.2!26.2d in LP). This is
also reflected when examining group differences in time post-
injury as participants with TP had the longest duration of injury
(128.4!62.1d), followed by those with HP (104!44.1d) and LP
(99.3!41.4d); however, because of the high degree of individual
variability, these differences were not significant.

Peak exercise test

Thirty-eight participants completed the peak exercise test, and
there were no adverse exercise-related events or abnormal ECG
findings. Three participants declined participation in this portion of
the protocol. Results are summarized in table 2. Relative and
absolute VO2peak values were significantly different between TP
and LP groups (PZ.02 and PZ.01, respectively), as were peak
heart rate values (PZ.00). Peak PO varied significantly between
the TP and HP groups (PZ.00) and the TP and LP groups (PZ.00).
Mean peak respiratory exchange ratio values>1.0 in all groups and
mean 10-point ratings of perceived exertion values (8.2!1.76 in
TP, 8.4!1.30 in HP, 9.1!1.33 in LP) indicate that participants were
able to achieve maximal effort regardless of injury level.

Orthostatic tolerance

There were 37 participants who completed the passive sit-up test
and 4 participants who declined participation. Among participants
with TP, 9 (50%) experienced OH, but for those with motor
complete TP (ASIA Impairment Scale grade A or B), this rate
increased to 73%. In most cases (6 out of 9), the decrease in SBP
or DBP was accompanied with common symptoms of light-
headedness, dizziness, and/or vision changes. In the case of 4
participants, the test was terminated early because of symptoms,
and the participant was returned to the supine position. In the HP
group, 2 (29%) participants experienced a decreased SBP or DBP,
indicative of OH, but neither was associated with any reported
symptoms. In the LP group, 1 participant experienced OH, and the
test was terminated because of symptoms. The prevalence of OH
based on level and severity of injury is presented in table 3.

Table 1 Participant characteristics

Characteristic Overall TP HP LP

n 41 19 8 14
Age (y) 38.9!13.7 40.5!15.6 42.4!10.9 34.7!12.2
Sex (males/females) 27/14 14/5 6/2 7/7
BMI 25.2!5.5 24.5!4.9 26.9!5.7 25.3!6.4
Level of injury C3-L5 C3-7 T3-6 T7-L5
AIS score

Motor complete (grades A and B) 25 11 5 9
Motor incomplete (grades C and D) 16 8 3 5

Time postinjury (d) 112.9!52.5 128.4!62.1 104.0!44.1 99.3!41.4
Time in rehabilitation (d) 70.6!27.9 79.3!30.2 57.4!21.4 67.2!26.2

NOTE. All values are mean ! SD or as otherwise indicated.
Abbreviations: AIS, ASIA Impairment Scale; BMI, body mass index.

Exercise readiness in subacute SCI 3
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Overall, there was a significant increase in SBP in the HP
(PZ.02) and LP (PZ.00) groups when moving from a supine to
seated position, whereas the TP group had a decrease in SBP
(!3.0"33.5mmHg). Increases in DBP were significant in the TP
(PZ.05), HP (PZ.01), and LP (PZ.00) groups. Blood pressure
changes during the protocol are represented graphically in figure 1.

Group differences in blood pressure and heart rate

There were no significant group differences in supine SBP. In the
seatedposition, SBPwas significantly greater in both theHP (PZ.00)
and LP groups (PZ.01) compared with participants with TP.

There were also no significant differences in supine DBP
between groups. Seated values were significantly lower in the TP
group compared with the HP (PZ.02) group, but not the LP
group (PZ.08).

There were no significant group differences in heart rate in
either the supine or seated position. There was a significant
increase in heart rate in the TP (PZ.00) and LP (PZ.04) groups
during the protocol. Changes in SBP, DBP, and heart rate before
and after the postural challenge are presented in table 4.

Exercise Self-Efficacy Questionnaire

Forty-one participants completed the Exercise Self-Efficacy
Questionnaire. Mean composite scores are presented out of
a maximum of 7 (completely agree or completely confident) and
are summarized in table 5. Overall, the values for outcome value
(5.9"1.12), outcome expectations (5.6".77), and scheduling self-
efficacy (5.7"1.28) indicate that participants in all groups agree
with the respective statements about regular physical activity. Task
self-efficacy values were relatively lower for both aerobic
(4.0"1.20) and strengthening (4.2"1.57) activities. The
only significant group difference appeared in the measure of
outcome expectations, with the HP group demonstrating a signif-
icantly lower mean composite score compared with the LP
group (PZ.046).

Discussion

A novel aspect of the present study was to examine patients’
perceptions of their ability to participate in structured exercise on

Table 2 Results of the peak exercise test

Variable TP HP LP

Time to peak
(min:s)

6:07"2:35 6:08"0:55 7:13"0:55

VO2peak
(mL$kg!1$min!1)

11.23"3.39 15.23"4.82 17.09"7.50*

VO2peak (L/min) 0.82"0.27 1.22"0.31 1.20"0.45*

HRpeak
(beats/min)

113.94"19.68 130.14"20.75 142.77"22.71*

RERpeak 1.17"0.24 1.18"0.24 1.16"0.25
RPEpeak 8.19"1.76 8.38"1.30 9.07"1.33
VEpeak (L/min) 31.99"12.97 39.53"11.23 41.38"14.22
POpeak (W) 30.00"16.93 55.00"7.56y 62.50"12.21*

NOTE. Values are mean " SD.
Abbreviations: HRpeak, peak heart rate; RERpeak, peak respiratory
exchange ratio; RPEpeak, peak rating of perceived exertion (10-point
scale); VEpeak, peak minute ventilation.
* Significant difference between the TP group and LP group.
y Significant difference between the TP group and HP group.

Table 3 Prevalence of OH based on level and severity of injury

Cases of OH
(n/total sample)

SBP Change
(mmHg)

DBP Change
(mmHg)

TP
Motor complete 8/11 !18.7"34.9 3.3"15.4
Motor incomplete 1/7 21.7"15.5* 17.4"16.9*

Overall 9/18 !3.0"33.5 8.8"16.3*

HP
Motor complete 1/4 16.9"19.7 20.2"15.7
Motor incomplete 1/3 18.9"8.5 18.1"9.6
Overall 2/7 17.8"14.7* 19.3"12.4*

LP
Motor complete 0/7 19.3"11.2* 20.1"7.1*

Motor incomplete 1/5 24.9"27.3 17.7"18.2
Overall 1/12 21.6"18.7* 19.1"12.2*

NOTE. Values are mean " SD.
* Significant change (P<.05) in blood pressure when moving from

a supine to seated position.

Fig 1 Mean SBP and DBP changes during a 30-minute sit-up test in
participants with TP, HP, and LP.
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discharge from rehabilitation, in addition to evaluating cardio-
vascular parameters associated with exercise performance. Our
findings indicate that although there may be significant cardio-
vascular detraining and changes in autonomic regulation that
occur secondary to SCI,10,19,26 these changes should not interfere
with regular exercise participation or prescription. Further, in
agreement with our hypothesis, there was a significant difference
in VO2peak, peak heart rate, and POpeak between adults with TP and
adults with LP. OH was also more prevalent among adults with TP,
and there were significant differences in blood pressure responses
to the passive postural challenge based on level and completeness
of injury.

Several reports of physical capacity in individuals with chronic
SCI indicate that cardiorespiratory fitness is not considerably
different than in individuals with subacute SCI in the current
study.19,20,27 According to normative VO2peak values based on the
level of injury for the general SCI population, the mean group
averages from the current study would be classified as average
(10.01e13.39mL$kg!1$min!1) for the TP group, and fair (16.51e
22.70mL$kg!1$min!1) for the HP and LP groups.28 In a longitu-
dinal study of physical capacity over the first year postinjury,
Haisma et al29 showed progressive increases in VO2peak and POpeak

in participants with TP but not those with paraplegia. At
discharge, VO2peak values were higher than what was observed in

the current study, with values of 0.99L/min in participants with
TP, and 1.32L/min in participants with paraplegia; however, this is
likely because of the longer duration of inpatient rehabilitation in
the previous work.29 An increase in aerobic capacity after reha-
bilitation may be representative of an increase in upper limb
function and muscle strength, particularly among individuals with
TP. Most participants in the current study indicated the reason they
stopped the exercise test was because of arm muscle fatigue.
Given the relationship between muscle strength and cardiorespi-
ratory fitness in this population,30 it may be prudent to emphasize
upper body muscle strength throughout the rehabilitation process.

Our assessment of orthostatic tolerance reveals that OH is still
a considerable issue at the end of the formal rehabilitation
process for people with cervical SCI. Among individuals with
TP, 50% of participants had blood pressure decreases or symp-
toms indicative of OH. Among participants with motor complete
TP, the rate increased to 73%. These values are similar to what is
seen in the chronic and acute (1 month postinjury) SCI pop-
ulation.10,12 Among individuals with HP, 29% of participants
experienced clinical OH, with roughly similar rates between
those with motor complete (25%) and incomplete (33%) injuries.
This is slightly higher than what has been shown previ-
ously,10,12,13 although the relatively small number of participants
in this group (nZ8) limits the interpretation of the findings.

Resting blood pressure values and responses to the passive sit-
up test in the present study are also relatively similar to a sample
of individuals with chronic SCI,10 although reports of participants
with motor incomplete SCI show consistently higher SBP and
DBP values across all groups.13

The self-efficacy questionnaire indicated that participants
value exercise at this stage of rehabilitation and they perceive
many benefits to regular participation. Although participants rated
high levels of scheduling self-efficacy, task self-efficacy values
showed room for improvement.22 This may indicate that partici-
pants are not confident in their ability to perform the physical task
of aerobic and strengthening activities, regardless of level of
injury. This is not entirely unexpected given the relatively short
time postinjury and limited experience with adapting exercise to
accommodate their abilities. Using social cognitive theory as
a framework, interventions should be designed to increase task-
specific self-efficacy and include specific information on how to
complete various exercises as well as exposure to peers with
a similar disability status participating in exercise.15 One other
significant variable in social cognitive theory that is closely
implicated with future LTPA participation in the SCI population is
self-regulation, a measure of one’s ability to control specific
behaviors.16 We did not feel this measure would be appropriate
given the rehabilitation status of our participants; however, inter-
ventions that incorporate action and coping planning have proven
to be effective among adults with chronic SCI, and after discharge
from cardiac rehabilitation.22,31 Given that the months after
discharge are highly transitional as individuals work to establish
a new routine, it may be a critical time to introduce and encourage
new habits that incorporate regular LTPA.

Study limitations

One of the limitations of this study was our uneven group size,
which is the result of our convenience sample method of
recruitment. This limits the generalizability to the larger SCI
population. Further work should explore longitudinal assessment

Table 4 Blood pressure values before and after postural
challenge

Supine Seated

SBP (mmHg)
TP 105.5"22.2 102.5"21.6
HP 127.9"86.8 145.7"40.3*y

LP 112.4"24.0 133.9"25.9*y

DBP (mmHg)
TP 48.0"13.5 56.8"18.7*

HP 65.8"20.7 85.1"30.1*y

LP 55.5"10.7 74.6"18.3*

Heart rate (beats/min)
TP 69.5"13.7 79.3"14.1*

HP 74.4"9.4 80.5"13.3
LP 79.1"9.1 86.1"11.9*

NOTE. Values are mean " SD.
* Significant (P<.05) difference from supine to seated.
y Significant (P<.05) difference with the TP group.

Table 5 Mean composite scores for outcome value, outcome
expectation, scheduling, and task self-efficacy

Scale TP HP LP

Outcome value 5.9"1.23 5.5"1.07 6.1"0.99
Outcome expectations 5.7"0.72 5.0"0.96 5.8"0.58*

Scheduling self-efficacy 6.0"1.06 5.7"1.32 5.3"1.48
Task self-efficacy:
aerobic exercise

4.0"1.19 4.5"1.09 3.8"1.30

Task self-efficacy:
strengthening exercise

3.9"1.75 4.6"0.88 4.2"1.63

NOTE. Values are mean " SD.
* Significant (P<.05) difference with the HP group.

Exercise readiness in subacute SCI 5
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of cardiovascular and autonomic function throughout the reha-
bilitation process and beyond discharge.

Conclusions

To our knowledge, this is the first study to combine a physiolog-
ical assessment of cardiorespiratory fitness and autonomic func-
tion with an evaluation of psychological willingness and
perceptions for exercise among adults with subacute SCI. The
results of this study support the inclusion of regular structured
exercise during SCI rehabilitation and in the months after
discharge, because physical capacity does not appear to be
considerably different than what is observed among individuals
with longstanding injuries. Physical activity interventions should
be designed with special caution of orthostatic tolerance and
provide patients with additional counseling on how to adapt
exercises to accommodate their abilities.
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Study Design: prospective cohort 

Objectives: To evaluate the efficacy of direct referral from a health care provider to 

regular leisure time physical activity combined with 16-weeks of counselling support 

following discharge from either inpatient or outpatient spinal cord injury (SCI) 

rehabilitation. 

Setting: Two rehabilitation centers in Canada 

Methods: Seventeen participants (age 42.1 ± 10.6 years, C3 – T12, AIS A-C) were 

recruited at discharge from inpatient (n = 9; 5.2 ± 1.3 months post injury) or outpatient   

(n = 8; 14.2 ± 3.8 months post injury) rehabilitation and were given a referral for regular 

exercise in accordance with the physical activity guidelines for adults with SCI. 

Telephone counselling support was provided and adherence to the prescribed program 

was monitored for 16-weeks.  

Results: There was a non-significant difference in exercise adherence rates (percentage 

of available sessions attended) between participants discharged from inpatient (71.4 ± 

44.9%) and those from outpatient (39.5 ± 27.2%) rehabilitation programs.  The most 

common barriers to participation were physical health problems (50%) and transportation 

(36%). An exercise beliefs questionnaire revealed that participants value exercise at 

discharge from rehabilitation, despite the common report of a relative lack of confidence 

in their ability to perform or adapt aerobic and resistance exercises.  

Conclusions: A system of direct referral and ongoing counselling support following 

discharge from either inpatient or outpatient SCI rehabilitation appears to encourage 

sustained participation, although future health promotion strategies should continue to 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 41 

provide specific information about how to adapt and complete aerobic and resistance 

exercises.  

Sponsorship: Rick Hansen Institute and Ontario Neurotrauma Foundation 

Keywords: Exercise, disability, health promotion, community, rehabilitation, spinal cord 

injury 
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Introduction 
 
 

The spinal cord injury (SCI) population remains largely inactive, placing individuals at 

increased risk for lifestyle related chronic illness. While several systematic reviews and 

the development of physical activity guidelines specific to the SCI population identify 

many fitness, and presumably health, benefits to regular physical activity participation, 

there is a significant need for improved health promotion strategies.1,2  

 

One of the largest gaps in literature surrounds the acute and sub-acute phase of injury, 

specifically the point of discharge from rehabilitation. Leisure time physical activity 

(LTPA) rates decrease with increasing time post-injury,3 and longitudinal assessments 

have revealed a significant drop in activity status and an increase in body mass index in 

the months immediately following discharge from rehabilitation.4,5 From a theoretical 

perspective, many proven interventions incorporating plans to overcome barriers and 

translate intentions into behaviour would be ideal during this transitional period as 

individuals value exercise and can identify many benefits to regular participation; 

however, there also appears to be a high prevalence of barriers.6-9 A counselling program 

beginning during rehabilitation and continuing post-discharge has proven to be effective 

at increasing sport and physical activity participation at 9-weeks and 1-year post-

discharge.10,11 However, this intervention included participants with any neurological 

disorder, and was not specific to SCI.  
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In the chronic SCI population, social cognitive theory has been shown to be predictive of 

future physical activity participation.12 This theory of behaviour change incorporates 

aspects of perceived control over one’s behaviour, and includes outcome expectations and 

self-efficacy as important constructs.13 Self-efficacy specifically has been linked to future 

aerobic and resistance physical activity participation,14 although these relationships have 

not been demonstrated in adults with SCIs less than one year in duration.  

 

With a current trend towards decreasing length of rehabilitation stays, the health care 

system is becoming increasingly reliant on outpatient services for long-term maintenance 

of health and function after SCI.15,16 A recent evaluation of current rehabilitation programs 

in Canada revealed an absence of structured exercise programs and exercise 

professionals, indicating few opportunities to support exercise engagement post-

discharge.15 Less than half of people with SCI report receiving any information about 

physical activity from their health care provider, and even fewer report receiving specific 

information about how and when to exercise.17,18 This fact is of particular importance as 

traditional rehabilitation on its own does not appear to provide enough cardiovascular 

strain to improve fitness.19 Further, physicians are consistently recognized as an important 

source of LTPA information,20 and specific preparation for LTPA during rehabilitation 

can serve as an important facilitator for continued participation.8 In the cardiac 

rehabilitation model, the strength of physicians referral is the most significant predictor of 

long-term adherence,21 and literature reviews suggest that patients are more likely to 

adhere to programs when they are referred, educated, and have a high amount of self-
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efficacy.22 Thus, from a health promotion perspective, this transitional period may prove 

to be highly influential as individuals reintegrate into the community and form new habits 

while still maintaining regular contact with health care providers. 

 

The purpose of this study was to i) evaluate and compare the effectiveness of a direct 

referral to structured exercise and continued physical activity counselling upon discharge 

from either outpatient or inpatient SCI rehabilitation programs and ii) to evaluate the 

relationships between constructs of social cognitive theory and exercise adherence post-

discharge.  It was predicted that this system of direct referral and counselling would result 

in an increase in exercise participation among the study participants throughout the 16-

week follow-up period, and that the constructs of social cognitive theory (specifically 

self-efficacy) would have a strong correlation with LTPA participation. Further, it was 

predicted that adherence to the prescribed program and exercise self-efficacy would be 

greater among participants discharged from outpatient rehabilitation.  

 

Methods 

 

Participants 

 

Participants were recruited at discharge from either inpatient or outpatient programs at 

SCI rehabilitation centres in Hamilton, Ontario and Vancouver, British Columbia, Canada 

from July 2011-February 2013.  Participants were classified into one of two groups based 
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on discharge program (inpatient or outpatient). Individuals who were 18-65 years old, 

wheelchair dependent, and could understand English were invited to participate. Written, 

informed consent was obtained from each participant, and the relevant research ethics 

board at each study site approved the protocol.  

 

Physical Activity Referral and Counselling 

 

Participants received a physical activity referral from their physiotherapist prior to 

discharge from either SCI rehabilitation program. The referral advised regular exercise in 

accordance with the physical activity guidelines for adults with SCI2 and could be 

completed as unstructured LTPA or as part of a structured community exercise program. 

Injury-specific demographic information, physical limitations, and any relevant 

rehabilitation outcomes were also included and provided to the program coordinator, if 

applicable.  

 

In addition, participants received continuous physical activity counselling and support for 

a 16-week follow-up period after discharge. Trained research staff familiar with exercise 

in the SCI population completed the counselling protocol. The counselling was based on 

theoretical interventions previously used in this population and developed to be specific 

for participants at this stage of rehabilitation.6,7 Specifically, the protocol involved 

reviewing the benefits of LTPA, setting goals, and creating plans to both achieve goals 

(action planning) and overcome potential barriers (coping planning). After the initial 
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telephone counselling session (lasting approximately 1 hour), follow-up phone calls were 

conducted every 4-weeks to track LTPA, monitor and re-assess goals, and record salient 

barriers. If participants were not interested or willing to complete the counselling portion 

of the study, they were still included in the referral portion of the study and adherence 

was monitored.  

 

Adherence 

 

Adherence to the twice-weekly exercise prescription was monitored for a 16-week 

follow-up period. Adherence was monitored as attendance at a structured community 

exercise program or as self-report for those who chose to exercise at home. For self-

report, sessions were only counted if they fit within the exercise referral (i.e., at least 20-

minutes of aerobic exercise or 3 sets of 10 repetitions of resistance exercise). Adherence 

rate was calculated based on a percentage of a maximum of 32 exercise sessions (2 

times/week for 16-weeks). Reasons for not completing the exercise program were 

recorded as barriers, and prevalence was defined as the number of participants reporting 

each barrier at least once during the follow-up period.  

 

Exercise Beliefs Questionnaire 

 

Perceptions about exercise post-discharge were assessed with a questionnaire 

administered at the point of discharge, before the initial counselling session. Participants 
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were asked to provide their opinions about engaging in regular LTPA over the next 16-

weeks. LTPA was defined as any activity that individuals choose to do in their free time 

that require exertion. Specifically, the questionnaire was framed around the constructs of 

social cognitive theory and assessed outcome expectations, scheduling self-efficacy, and 

task self-efficacy.13 All questions were rated on a seven-point scale (1 = not at all 

confident or strongly disagree and 7 = completely confident or strongly agree).  Mean 

composite scores were calculated for each construct for each participant. 

 

Task self-efficacy was measured for four different types of exercise (moderate and heavy 

intensity aerobic and strengthening activity) and participants were asked to rate their 

confidence to engage in each activity for a) 10min, b) 20 min, c) 30 min, d) 45 min, and 

e) 60 min without stopping. Internal consistency was good for both measures (αaerobic = 

0.85, αstrengthening = 0.93).23 Scheduling self-efficacy was measured by asking participants to 

rate their confidence in their ability to include 30 minutes of LTPA into their schedule a) 

one, b) two, c) three, and d) more than three times per week (α = 0.67).   

 

Outcome value had acceptable internal consistency (α = 0.77)23 and was measured with 

three items: “in the next three months post discharge, engaging in regular LTPA is the 

most important thing I can do,” “establishing a routine including regular LTPA in the 

next three months post discharge is a high priority for me” and “engaging in regular 

leisure time physical activity post discharge would be extremely valuable.” Outcome 

expectations were measured with twelve items that were preceded with the statement “ I 
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think that engaging in regular leisure time physical activity in the next three months post-

discharge will…” and participants were asked to rate various health and lifestyle 

outcomes specific to SCI. Internal consistency was adequate (α = 0.71).23  

	
  

Data Analysis 

 

All data are presented as mean ± SD. Group differences in demographic information and 

self-efficacy constructs were compared with an independent t-test. Adherence rates 

between groups were compared using a one-way analysis of variance. Pearson’s 

correlation coefficients (r) were calculated between each self-efficacy construct and 

adherence. Significance was accepted at p < 0.05.  

 

Results 

 

Participants 

 

Seventeen participants were recruited to participate in this study and divided into groups 

based on discharge program: inpatient discharge (n = 9) and outpatient discharge (n = 8). 

Overall the mean age (42.13 ± 10.6 years), sex (76% male), and causes of injury: motor 

vehicle accidents (44%), falls (25%), non-traumatic causes (19%), and sport or recreation 

accidents (13%) are representative of the SCI population.24 The only significant group 
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difference was in time post-injury (p = 0.01), reflecting the two discharge time points. 

Participant characteristics are summarized in table 1.  

 

Adherence 

 

Two participants were lost to follow-up and are not included in adherence calculations; 

adherence for the remaining 15 participants is presented in figure 1. Overall, participants 

attended an average of 17.4 ± 12.4 sessions (out of a possible 32), corresponding to an 

adherence rate of 54.4 ± 38.8%.  For participants discharged from inpatient rehabilitation, 

the mean number of sessions attended was 22.9 ± 14.4, equating to 71.4 ± 44.9%. 

Participants discharged from an outpatient rehabilitation setting completed a mean of 12.6 

± 8.7 sessions or 39.5 ± 27.2%. Among the participants discharged from outpatient 

rehabilitation, 4 were not interested in the follow-up counselling, but were still given the 

referral. The values were different for these two groups (referral plus counselling: 50.0 ± 

18.2%; referral only: 28.9 ± 33.2%). None of these group differences in attendance rates 

were significant (p > 0.05). Prevalence of common barriers is presented in table 2.  

 

Exercise Beliefs Questionnaire 

 

Results from the exercise beliefs questionnaire and correlations between the constructs of 

social cognitive theory and adherence are presented in table 3. There were no significant 
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differences (p > 0.05) in any of the constructs measured between groups. There were also 

no significant correlations between any of the constructs and adherence rates.  

 

Discussion 

 

The purpose of this study was to evaluate the effectiveness of direct referral to regular 

exercise upon discharge from inpatient or outpatient SCI rehabilitation. In addition, we 

aimed to explore if a continued health promotion strategy involving telephone counselling 

support would be beneficial to long-term LTPA participation post-discharge. Findings of 

this pilot project indicate the potential role of such an initiative in the rehabilitation 

process, as promising adherence rates support the efficacy of this model of care.  

 

The exercise adherence rates of 71% and 50% among those who completed the 

counselling protocol are a favourable finding, and 6 of the 11 participants who finished 

the protocol had adherence rates above 75%, with 4 reporting rates of 100%. While 

comparisons to other reported adherence rates are difficult, these rates do appear to be 

higher than LTPA rates typically reported in this population and seemingly counteract the 

decrease in participation that has been reported during this time period.4,17,18 It is also 

encouraging to note the difference in adherence rates between participants who received 

the counselling and those that did not (64% vs. 28.9%). While the sample for this portion 

of the study is small and the high amount of individual variability likely contributes to the 

lack of statistical significance, it offers putative support for the importance of the 
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counselling component during the critical first months after discharge from rehabilitation. 

The adherence rates reported in the current study are similar to those that have been 

reported in a cardiac rehabilitation model, in which a combined action and coping 

planning intervention produced a 71% adherence rate to the prescribed exercise program, 

versus just 42% in a control condition.25 

 

The most common barriers to exercise participation in the present study were physical 

health problems (i.e., urinary tract infections and general illness), transportation, and 

personal life situations (i.e., moving and return to work). These findings are consistent 

with those that have been reported previously with respect to regular physical activity 

among individuals who are newly discharged.8 While several studies in the chronic SCI 

population indicate internal barriers (i.e., motivation) as a strong predictor of 

behaviour,17,18 this was not  reported in the present study. Although we did not measure 

motivation or changes in the constructs of social cognitive theory as a result of our 

counselling intervention, the counselling support may have helped participants maintain 

interest in exercise. Similarly, resource barriers (i.e., accessibility of facilities and 

knowledgeable staff) is one of the most commonly reported barriers for exercise 

participation8,17,26 and community reintegration after SCI,27 and was not reported by the 

participants in the present study. The differences in reported barriers may be due to a 

combination of factors including the counselling intervention but also community 

exercise programs available near the study sites. 
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Another interesting finding is the similarity between self-efficacy scores between people 

being discharged from inpatient and those from outpatient rehabilitation programs. These 

values are similar to what we have recently reported in the sub-acute SCI population 

during inpatient rehabilitation;9 that these self-efficacy values were not higher following 

an outpatient rehabilitation program is perhaps reflective of the lack of specific 

community-based exercise education and opportunities available to this population. It is 

also interesting to note the lack of relationship between the self-efficacy constructs and 

LTPA participation, as social cognitive theory has been shown to be a predictor of 

exercise behaviour in previous studies in the chronic SCI population.12,14 Task and 

scheduling self-efficacy have also been associated with adherence to maintenance cardiac 

rehabilitation programs.28 The reasons for this discrepancy may be due to the relatively 

low levels of task self-efficacy reported in the current study and the high amount of 

variability reported in adherence rates. One limitation of this work is that we did not re-

administer the questionnaire following the counselling protocol or at the end of the 

intervention. Further investigation may reveal stronger associations between the 

constructs of social cognitive theory and exercise behaviour post-discharge.  

 

Recently, Rimmer29 proposed a model describing the short-term gains in health and 

function achieved during rehabilitation, which then plateau following discharge. During 

this transitional period, individuals reach a point at which their health trajectory can either 

increase or decrease depending on the initiation of an effective exercise program. Further 

a transitional therapist-to-trainer model has been proposed, similar to the intervention 
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used in the current study, wherein collaboration is fostered between health care providers 

(i.e., physiotherapists) and qualified exercise specialists to develop an exercise 

prescription that addresses specific physiological, environmental, and motivational 

challenges that individuals face post-discharge from rehabilitation.30 While this model 

remains theoretical, this study has been the first to examine a means by which to translate 

it into practice, and future studies should be encouraged to expand on this system of care. 

 

Conclusions 

 

The results of this study support the effectiveness of adding an exercise referral from a 

health care provider and counselling support from specialized staff to the rehabilitation 

model after SCI. The linking of rehabilitation to community exercise may be an important 

model for health promotion and education in other areas of self-care as individuals 

reintegrate into the community following disability. 
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Table 1. Participant characteristics 
 
 

 
 
 
Values are mean ± SD. * indicates a significant difference between groups (p < 0.05) 
Abbreviations: AIS, ASIA impairment score 

Variable Overall Inpatient  
Discharge 

Outpatient 
Discharge 

Sample size (n) 17 9 8 
Age (years) 42.1 ± 10.6 38.6 ± 10.6 46.7 ± 9.4 
Sex (males/females) 13/4 7/2 6/2 
Level of Injury C3 – T12 C4 – T12 C3 – T12 
AIS A - C A - C B - C 
Time Post Injury (months) 8.43 ± 5.1 5.2 ± 1.3 14.2 ± 3.8* 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 58 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.  Prevalence of barriers to physical activity participation 
 
 
Barrier Prevalence (number of participants) 

Physical Health Problems 7 (50%) 

Transportation 5 (36%) 

Personal Life Situation 4 (29%) 

Mental Health Issues 1 (7%) 

  
  
!
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Table 3. Mean composite scores for outcome value, outcome expectation, scheduling, and task 
self-efficacy. 
 
 

Scale Inpatient 
Discharge 

Outpatient 
Discharge 

Correlation with 
Adherence 

Outcome Value 6.3 ± 0.75 6.1 ± 0.75 r = 0.03, p = 0.94 

Outcome Expectations 6.0 ± 0.70 6.0 ± 0.50 r = -0.16, p = 0.64 

Scheduling SE 6.0 ± 0.90 5.9 ± 1.0 r = 0.46, p = 0.10 

Task SE: Aerobic Exercise 4.0 ± 1.0 4.7 ± 1.3 r = 0.49, p = 0.07 

Task SE: Strengthening Exercise 4.5 ± 1.3 4.5 ± 1.4 r = 0.24, p = 0.42 

 
Values are mean ± SD. Abbreviations: SE, self-efficacy.  
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Figure 1. Adherence rate (% of prescribed sessions) for each participant during a 16-
week follow-up period 
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Chapter 4 
 
 

The Optimal Modes of Exercise for Individuals with Spinal Cord 
Injury: Consumer Preference and Metabolic Demand 
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Study Design: cross-sectional 

Objectives: To compare four types of aerobic exercise equipment: arm cycle ergometer 

(ACE), arm glider (AG), arm + leg recumbent stepper (ALRS), and arm + leg cycle 

ergometer (ALCE) and two pieces of resistance exercise equipment: wall pulleys (WP) 

and weight stack (WS) in adults with tetraplegia (TP; C3-C8) and paraplegia (PP; T3-

T12).  

Setting: Community exercise programs in Ontario and British Columbia, Canada 

Methods: Thirty-six participants (age: 41.1 ± 12.1 years, 11.4 ± 10.7 years post-injury) 

completed 20 minutes of submaximal aerobic exercise or 3 sets of 10 repetitions of 

resistance exercise on each type of equipment. Heart rate (HR), oxygen uptake (VO2), and 

10-point ratings of perceived exertion (RPE) were measured during aerobic exercise. A 

questionnaire was administered to evaluate consumer opinions.  

Results: There were significant group but not equipment differences in HR (TP: 101.4 

bpm; PP: 124.9 bpm) and VO2 (TP: 6.5 mL�kg-1�min-1; PP: 10.5 mL�kg-1�min-1) during 

submaximal exercise. There was a significant increase in RPE among participants with 

TP during both ACE and ALRS exercise. While all participants were willing to use ACE, 

only 65% of TP and 68% of PP groups were willing to use ALRS due to difficulties with 

transferring.  ACE, AG, ALRS, WP, and WS were perceived as more safe by participants 

with PP than by those with TP. 

Conclusions: There appears to be no metabolic or cardiovascular advantage to passive 

hybrid exercise versus arm-only exercise in participants with TP or PP. Health promotion 
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strategies should promote arm-only exercise modes as they appear to be better received 

by a broader range of individuals with spinal cord injury. 

Sponsorship: Rick Hansen Institute and Ontario Neurotrauma Foundation 

Keywords: tetraplegia, paraplegia, energy expenditure, exercise prescription 
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Introduction 

 

The evidence-informed physical activity guidelines for adults with spinal cord injuries 

(SCI) recommends twice-weekly exercise consisting of 20-minutes of moderate to 

vigorous aerobic exercise and 3 sets of 10-12 repetitions of strengthening exercise of each 

major muscle group.1,2 There is currently limited information regarding which mode of 

exercise is ideal for achieving this prescription or which types of exercise the consumer 

prefers. Further, for individuals with SCI above T6, the abnormal heart rate (HR) 

response to exercise makes it difficult to prescribe or predict exercise intensity.  

 

A significant health concern following SCI is a negative change in body composition 

marked by a decrease in fat free mass and an increase in fat mass, placing individuals at 

increased risk for cardiovascular and metabolic diseases.3-5 These changes, combined with 

a decrease in physical activity, contribute to a 14-27% decrease in resting metabolic rate 

which further perpetuates a positive energy balance.3,6,7 The metabolic cost of exercise 

relative to rest is also presumably lower after SCI; the value of one metabolic equivalent 

(1 MET) has been estimated at 2.7 mL�kg-1�min-1 compared to the traditional 3.5 mL�kg-

1�min-1 used in the able-bodied literature.8  

 

There are few studies that have attempted to compare metabolic demand between adapted 

exercise modes in the SCI population. The majority have used functional electrical 

stimulated (FES) exercise and have reported greater oxygen requirements for hybrid FES 
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rowing compared to arms only rowing9 and between FES hybrid cycling and arm 

cycling.10 Further, a study by Hasnan et al.11 revealed that both arm exercise and hybrid 

FES arm and leg exercise elicited a higher oxygen demand and HR response compared 

with FES leg exercise alone. Accordingly, electrically stimulating paralyzed muscle may 

provide a certain amount of metabolic advantage during exercise, although the equipment 

is expensive and not typically available in community exercise facilities.   

 

Due to the autonomic dysfunction and reliance on arm exercise following SCI, traditional 

relationships between HR and oxygen consumption (VO2) cannot be assumed. Thus, 

common indices used for prescribing exercise intensity, such as a percentage of 

maximum HR, cannot be applied for this population. Several studies have explored 

alternative means to prescribe exercise intensity, most commonly Borg’s ratings of 

perceived exertion (RPE).12 While some previous studies using arm cycle ergometry have 

reported a poor relationship between RPE and measures of HR or VO2,13,14 others have 

demonstrated a strong correlation between these variables.15 RPE has also been shown to 

be effective in regulating exercise at a moderate or vigorous intensity.16  

 

One important component of advancing the exercise prescription (and ensuring 

compliance) is identifying which type of equipment the consumer (individuals with SCI) 

prefers. It is critical from health promotion perspectives to identify which pieces of 

equipment are preferred and should thus be purchased (and encouraged) by community 

service providers.  There is very limited information available on consumer preference of 
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exercise equipment; one study has shown that people with SCI prefer exercise equipment 

with the lowest energy cost,17 although this study was limited and involved a comparison 

of only two pieces of exercise equipment.  

 

The purpose of this study was to compare four types of commercially available aerobic 

exercise equipment and two types of resistance exercise equipment in terms of 

cardiovascular response, metabolic demand, and consumer preference based on level of 

injury. It was predicted that hybrid arm and leg aerobic exercise would be both preferred 

by the consumer and would elicit a higher cardiovascular and metabolic response and that 

there would be no difference in preference between wall pulley and traditional weight 

stack resistance exercise modes. It was also hypothesized that individuals with tetraplegia 

would have a lower VO2 and HR response to submaximal exercise compared to those 

with paraplegia, and there would be no difference in any measure of consumer preference 

based on level of injury.  

 

Methods 

 

Participants 

 

Participants were recruited from four community exercise programs for adults with SCI in 

Ontario and British Columbia, Canada. Inclusion criteria were adults with a chronic SCI 

(> 1 year post injury) who were 18-65 years old, wheelchair dependent, and able to 
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understand English. Participants were classified according to level of injury: tetraplegia 

(TP; C1-C8) and paraplegia (PP; T1-T12).  Written, informed consent was obtained from 

each participant, and ethics approval was obtained from the relevant Research Ethics 

Board at each study site. 

 

Submaximal Aerobic Exercise  

 

Participants were asked to complete 20-minutes of submaximal aerobic exercise at a 

moderate to vigorous intensity (3-6 on the 10-point RPE) to simulate the recommended 

exercise prescription for this population.1 HR was continually monitored throughout the 

30-minute protocol (5-minutes of rest, 20-minutes of exercise, 5-minutes of recovery) 

with a chest monitor (Polar Electro Canada, Lachine, Quebec, Canada), and RPEs were 

recorded every 5 minutes.12 Each testing session was completed on separate non-

sequential days, and the order of testing was randomized. Tensor bandages were used to 

secure the hands of participants with insufficient grip strength. Four categories of aerobic 

exercise equipment were compared: arm cycle ergometer (ACE; Monark Arm Ergometer 

Rehab Trainer, Patterson Medical Supply Inc., Mississauga, Ontario, Canada); arm glider 

(AG; Vitaglide Pro Glider, RMT Fitness, Miami, Florida, United States); hybrid arm and 

leg recumbent stepper (ALRS; NuStep T5XR Recumbent Cross Trainer, NuStep Inc., 

Ann Arbor, Michigan, United States; SCI Fit 7000 Total Body Recumbent Stepper, SCI 

Fit Ltd., Tulsa, Oklahoma, United States); and hybrid arm and leg cycle ergometer 

(ALCE; SCI Fit Pro 2 Total Body with Adjustable Cranks, SCI Fit Ltd., Tulsa, 
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Oklahoma, United States). Each study site had a different combination of exercise 

equipment available; however, all study sites followed a mutually agreed upon protocol, 

and sessions were completed by trained staff familiar with the equipment and exercise 

training in this population. Participants were allowed to choose which pieces of 

equipment they were comfortable using and were not required to use all four pieces of 

aerobic exercise equipment in order to participate.  

 

Metabolic Demand 

 

In a subset of participants (n = 9) at one study site, VO2 (VO2000 Metabolic Measurement 

System, MGC Diagnostics Corp., St. Paul, Minnesota, United States) was measured 

throughout the exercise protocol on each of three pieces of aerobic exercise equipment 

(ACE, AG, ALRS) to obtain an assessment of metabolic demand.  Steady state HR and 

VO2 were defined as the mean value during 20-minutes of submaximal exercise. Prior to 

this assessment, participants completed a peak exercise test on an ACE (Lode B.V., 

Groningen, the Netherlands; Moxus Metabolic System, AEI Technologies, Inc., Bastrop, 

Texas, United States). This protocol has been used previously in this population18,19 and 

included an incremental ramp protocol where the resistance was increased by 5W/min for 

those with TP and 10W/min for those with PP until volitional fatigue. VO2peak and HRpeak 

were defined as the maximal value achieved in a 30-second interval. Peak power output 

(POpeak) was defined as the maximal resistance achieved and maintained for at least 15 

seconds. 
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Resistance Exercise 

 

Two pieces of resistance exercise equipment were evaluated, wall pulleys (WP; 

Endorphin Pulleys, Patterson Medical Canada, Mississauga, Ontario, Canada) and 

traditional weight stack equipment (WS; Equalizer Multi-station, Equalizer Exercise 

Machines, Red Deer, Alberta, Canada; Cybex VR3 Total Access, Fitness Town 

Commercial, Vancouver, British Columbia, Canada). Participants were asked to complete 

3 sets of 10 repetitions of one exercise using each major muscle group (i.e., chest, back, 

biceps, triceps), depending on their own abilities.1 Wrist cuffs and clips were used for 

participants with insufficient grip strength.  

 

Consumer Preference Questionnaire 

 

Participants were asked to complete a questionnaire to assess their thoughts about each 

piece of exercise equipment immediately following use. Pain was measured using three 

scales modified from the brief pain inventory and were rated on a 7-point scale (1 = none 

at all, 7 = a lot).20,21 Participants were asked to rate how much shoulder pain, bodily pain, 

and physical discomfort they typically experience and how much they experienced using 

the specific piece of exercise equipment. Internal consistency was good for both measures 

(αtypical = 0.84, αspecific = 0.81).22 Perceived safety of using each piece of equipment was 

also assessed with two items by asking participants to rate how confident they were (1 = 

not at all confident, 7 = completely confident) in their ability to use each piece of exercise 
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equipment a) without assistance and b) safely without causing injury. Internal consistency 

was acceptable for these items (α = 0.74).22 Perceived enjoyment of using each type of 

equipment was measured using one scale “How much did you like using this specific 

piece of exercise equipment?”, and answers were rated from 1 = not at all to 7 = a lot.  

 

Finally, the questionnaire included specific questions to assess whether participants felt 

they could use each piece of aerobic and resistance exercise equipment to meet the 

physical activity guidelines for adults with SCI.1 Both resistance and aerobic exercise 

equipment questionnaires included the item, “Assuming that you are very motivated and 

fit, how many times per week could you imagine yourself using this specific piece of 

exercise equipment?” Participants were asked to select a) 1, b) 2, c) 3, d) 4, or e) more 

than 4.  For aerobic exercise, participants were asked to selected how many minutes they 

could imagine using each specific piece of equipment: a) less than 5 min, b) 5 min, c) 10 

min, d) 15 min, e) 20 min, f) 25 min, g) 30 min, or h) other. Resistance equipment was 

specifically evaluated by two items: “Assuming you are very motivated, how many sets 

could you imagine doing while using this specific piece of exercise equipment”, with 

options of a) less than 1, b) 1, c) 2, d) 3, and e) more than 3, and “Assuming you are very 

motivated, in one exercise session, how many repetitions could you imagine doing in each 

set using this specific piece of exercise equipment?” with options of a) less than 5, b) 5-8, 

c) 8-10, d) 10-12, e) 12-15, and f) more than 15.  
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Data Analysis 

 

All data are presented as means ± SD and were analysed using Microsoft excel and IBM 

SPSS (Version 20.0, SPSS Inc., Chicago, Illinois, United States).  Due to participants 

choosing not use certain exercise modes and the high number of missing data sets, 

independent t-tests were used to compare results between groups (TP vs. PP) and between 

equipment types (ACE, AG, ALRS, ALCE) for the consumer preference questionnaire.  

Group differences (TP vs. PP) in peak exercise test results were also compared using an 

independent samples t-test. Steady state HR and VO2 were analyzed with a two-way 

(group x equipment) analysis of variance (ANOVA). RPE was analyzed using a two-way 

(group x time) repeated measures ANOVA, using the Greenhouse-Geisser correction 

where the assumption of sphericity was violated.  

 

Results 

 

Participants 

 

Participant characteristics are presented in table 1. Thirty-six participants were recruited 

to participate in this study.  Of these subjects, 9 were recruited to complete the assessment 

of metabolic demand (age 40.1 ± 10.8 years, 8 males and 1 female, C3-T10, 10.2 ± 11.5 

years post-injury). The most common causes of injury were motor vehicle accidents 
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(35%), falls (23%), and sports/recreation (15%), percentages which are consistent with 

national averages.23 

 

Cardiovascular and Metabolic Responses to Submaximal Aerobic Exercise 

 

Results of the peak exercise test revealed a significant difference in POpeak (p = 0.02) and 

relative VO2peak (p = 0.03) between TP and PP groups (Table 2). Physiological responses 

to submaximal exercise bouts are presented in Table 3, Figure 1 (HR), and Figure 2 

(VO2). There was a significant main effect for group for steady state HR (p < 0.01), 

absolute VO2 (p < 0.01), relative VO2 (p < 0.01), and %HRpeak (p = 0.03) across three 

equipment types (ACE, AG, ALRS), where TP achieved lower values than PP for all 

variables. There was a significant group x time interaction for RPE during ACE (p = 

0.01), ALRS (p = 0.02), and ALCE (p = 0.04), with a greater increase seen in TP across 

all exercise modes. RPE data are presented in Table 4.  

 

Consumer Preference 

 

Results of the consumer preference questionnaire are presented in Table 5.  All 

participants in both groups completed the exercise bout using ACE (100%), while only 

some were willing to complete the exercise bout using either ALRS (TP: 65%. PP: 68%) 

or ALCE (TP: 29%, PP: 58%).  The majority of participants had experience with ACE 

(TP: 88%, PP: 100%), while fewer had previously used AG (TP: 45%, PP: 36%), ALRS 
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(TP: 64%, PP: 54%), or ALCE (TP: 0%, PP: 14%). There were group differences in 

typical (p = 0.04) and specific pain (p = 0.04) after using ACE. There were no group or 

equipment differences in perceived enjoyment. Perceived safety was significantly lower 

in the TP group when comparing ACE to ALRS (p = 0.04) and AG to ALRS (p < 0.01). 

Similar results were seen in the PP group when comparing ACE to ALRS (p = 0.02), 

ACE to ALCE (p < 0.01), AG to ALRS (p = 0.02), and AG to ALCE (p < 0.01).  

 

In the resistance training equipment, while most participants were willing to use both WP 

(TP: 91%, PP: 100%) and WS (TP: 100%, PP: 100%), not as many were familiar with 

WP (TP: 70%, PP: 75%). As with the aerobic equipment, perceived safety was lower in 

TP than PP for both WP (p = 0.01) and WS (p = 0.02), and there were no differences in 

perceived enjoyment. 

 

Mean scores indicate that participants feel confident in their ability to use the aerobic and 

resistance exercise equipment to meet or exceed the physical activity guidelines.  

 

Discussion 

 

The purpose of this study was to identify the ideal mode of exercise for individuals with 

SCI in terms of cardiovascular response, metabolic demand, and consumer preference 

based on level of injury. Contrary to our hypothesis, there were no differences in HR or 

VO2 responses to steady state submaximal exercise between modes, but there were 
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differences when comparing individuals with TP and PP. Similarly, there were no group 

or equipment differences in overall enjoyment of the various types of aerobic or 

resistance exercise equipment. There were significant group and equipment differences in 

terms of perceived safety of using arm only (ACE and AG) and hybrid equipment (ALRS 

and ALCE).  

 

The lack of differences in energy expenditure between hybrid and arm only exercise was 

unexpected.  Given that some individuals with incomplete SCI may retain the capacity to 

voluntary activate some muscles in the lower limbs, we anticipated that there might be 

greater muscle activation with the arm-leg exercise equipment than with arm-only. While 

previous work has shown a greater metabolic demand for hybrid vs. arms- or legs-only 

exercise in this population,8-11 all of these studies have utilized FES to activate lower body 

muscles. Therefore, it appears that in order for there to be any significant metabolic 

advantage to hybrid exercise, the equipment must involve electrical stimulation of 

inactive muscle tissue regardless of residual muscle activation.  

 

One other interesting finding was the increase in RPE seen among participants with TP 

during submaximal exercise using ACE, ALRS, and ALCE despite no increase in PO or 

VO2. Similar results have been noted by Cowan et al.,14 who suggested that participants 

may be using RPE as an indicator of peripheral rather than central fatigue. There are 

inconsistent reports of the validity of RPE in prescribing exercise in the SCI population. 

Lewis et al.13 reported limited significant correlations between HR and VO2 in either TP 
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or PP during a peak graded exercise test, particularly at a moderate intensity of effort. 

Conversely, Goosey-Tolfrey et al.16 have validated the use of RPE to prescribe exercise 

intensity, demonstrating no difference between an imposed or self-selected intensity 

submaximal exercise trial at a moderate or vigorous intensity; however participants in this 

study were given instructions on rating fatigue using the RPE. In the present study, 

participants were instructed to exercise according to verbal anchors of “moderate” and 

“very hard” used on the RPE scale, yet the corresponding oxygen uptakes represented 

only 40-50% of VO2peak (TP: 40.8-46.2%; PP: 44.4-50.8%).  These findings might suggest 

that participants will naturally select the ‘easiest’ intensity when presented with a range to 

achieve, and to attain the intensity of effort associated with the physical activity 

guidelines perhaps an RPE range of 4-7 would be more appropriate.12  

 

It was encouraging to note that there were no significant differences in steady state VO2 

or %VO2peak between equipment modes, suggesting that on different testing days, using 

different pieces of exercise equipment, subjects are able to self-select a consistent 

intensity based on RPE. It may be prudent, however, to provide more specific information 

about when and how exercisers should feel fatigued (i.e., at the end of exercise your heart 

should be racing and breathing should be difficult) and to divide exertion into both central 

and peripheral components to encourage an adequate intensity to stress both systems.  

 

The unique aspect of this study was the combination of both physiological responses with 

consumer opinions of various exercise modes. While the results of the questionnaires 
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revealed that all pieces of aerobic exercise equipment were equally well liked, it is 

interesting and important to acknowledge that only 65% of participants with TP and 68% 

of those with PP were willing to use ALRS, whereas 100% were willing and able to use 

ACE. Even among participants willing to use the hybrid equipment, perceived safety was 

significantly less among participants with TP than for those with PP across all equipment 

types and was lower when comparing aerobic hybrid exercise to arm-only exercise 

regardless of injury level. The reasons cited for not wanting to use the hybrid exercise 

equipment was the associated transfer or being unable to properly secure feet to the 

machine. Considering there was no cardiovascular or metabolic advantage to using hybrid 

exercise, it may be important to promote the use of arm-only exercise, because it appears 

to be palatable to a broader scope of individuals with SCI. 

 

Consumer opinions about the resistance exercise equipment were similar, as there were 

no differences between equipment types in terms of perceived enjoyment. Roughly all 

participants in both groups were willing to use both types of equipment; however, 

perceived safety was greater among participants with PP for both modes (WS and WP) 

than it was for those with TP. This group difference is likely reflective of the need for 

assistance in completing many of the resistance exercise manoeuvres (i.e., attaching wrist 

cuffs) and changing the equipment settings. It is difficult to distinguish an ideal method 

for resistance training on these findings alone, although the differences in the types of 

exercises that can be completed on each machine and the amount of weight that can be 
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lifted would suggest a specific need for both equipment types in a comprehensive 

exercise prescription.  

 

An obvious limitation to this study was that the metabolic assessments were only done in 

a subsample of the study participants.  Another related limitation was the use of ACE to 

complete the peak exercise tests and to then use this VO2peak to compare the relative 

intensity of each exercise mode. Although the potential exists for differences in VO2peak 

and HRpeak based on exercise mode, our finding that there were no differences in steady 

state submaximal VO2 or HR across the different modes suggests that there would also be 

no significant differences in peak values.  

 

Conclusion 

 

Passive hybrid exercise appears to provide no advantage in terms of metabolic or 

cardiovascular demand in people with SCI. Individuals with SCI are able to accurately 

attain a consistent exercise intensity using RPE on any type of exercise equipment, 

although may require specific instructions on how to assess central and peripheral fatigue. 

It may be ideal for health promotion strategies to promote the use of arm-only exercise, 

particularly among persons with TP because the transfer associated with hybrid machines 

can pose certain challenges.  
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Table 1. Participant Characteristics 
 
 
 

 
Values are mean ± SD. 
Abbreviations: TP, tetraplegia; PP, paraplegia 

Characteristic Overall TP PP 

Sample Size (n) 36 17 19 

Age (years) 41.1 ± 12.2  40.6 ± 14.2 41.5 ± 10.4 

Sex 29 males, 7 females 11 males, 6 females 18 males, 1 female 

Level of Injury C3 – T11 C3 – C8 T3 – T12 

Time Post Injury (years) 11.4 ± 10.7 13.2 ± 12.0 9.89 ± 9.22 
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Table 2.  Results of the Peak Exercise Test  
!
!
!

Variable TP (n = 5) PP (n = 4) 
Body Mass (kg) 85.1 ± 18.2 80.5 ± 26.4 
VO2 (L/min)   

Resting 0.29 ± 0.10 0.29 ± 0.07 
Peak 1.31 ± 0.45 1.76 ± 0.37 

VO2 (mL!kg-1!min-1)   
Resting 3.38 ± 0.57 3.75 ± 0.52 

Peak 15.1 ± 3.35 22.8 ± 4.81* 
RERpeak 1.00 ± 0.09 1.09 ± 0.03 
VEpeak (L/min) 54.1 ± 20.6 53.1 ± 34.3 
HR (bpm)   

Resting 72.6 ± 16.8 73.0 ± 10.1 
Peak 129 ± 15.9 144 ± 24.9 

POpek (W) 53.6 ± 30.5 100 ± 9.13* 
 

Values are mean ± SD, * indicates a significant difference between groups (p < 0.05) 
Abbreviations: VO2, oxygen uptake; RER, respiratory exchange ratio; VE, minute ventilation; 
HR, heart rate; PO, power output; TP, tetraplegia; PP, paraplegia 
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Table 3. Physiological Variables during 20-Minutes of Steady State Submaximal Exercise 

 

 

Values are means ± SD 
Abbreviations: ACE, arm cycle ergometer; AG, arm glider; ALRS, arm and leg recumbent  
stepper; HR, heart rate; VO2, oxygen uptake; TP, tetraplegia; PP, paraplegia 
 

Variable ACE AG ALRS 

Steady State HR (bpm)    
TP  104.6 ± 15.5 102.0 ± 12.9 97.6 ± 10.5 
PP 122.8 ± 24.2 128.3 ± 20.8 123.8 ± 18.6 

% HRpeak     
TP 81.6 ± 10.1 79.9 ± 11.4 76.4 ± 9.40 
PP 85.2 ± 3.73 89.6 ± 7.24 86.4 ± 6.40 

Steady State VO2 (L/min)    
TP  0.56 ± 0.31 0.52 ± 0.19 0.60 ± 0.29 
PP 0.78 ± 0.16 0.91 ± 0.29 0.80 ± 0.28 

Steady State VO2 (mL!kg-1!min-1)    
TP 6.49 ± 3.19 6.11 ± 1.71 6.90 ± 2.57 
PP 10.1 ± 1.99 11.4 ± 1.57 10.1 ± 1.23 

% VO2peak    
TP 41.8 ± 12.8 40.8 ± 7.74 46.2 ± 14.9 
PP 44.4 ± 1.45 50.8 ± 6.77 45.5 ± 10.8 
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Table 4. Ratings of Perceived Exertion (10-point scale) During 20-Minutes of Steady State 
Submaximal Exercise 
!
!

 
Values are mean ± SD. 
Abbreviations: ACE, arm cycle ergometer; AG, arm glider; ALRS, arm and leg recumbent 
stepper; ALCE, arm and leg cycle ergometer; TP, tetraplegia; PP, paraplegia 
 

Time ACE AG ALRS ALCE 
5min     

TP 2.5 ± 1.46 3.2 ± 0.79 3.2 ± 1.17 3.5 ± 0.71 
PP 3.1 ± 1.41 2.9 ± 0.64 3.0 ± 0.85 4.3 ± 1.03 

10min     
TP 3.9 ± 1.52 3.9 ± 1.10 4.5 ± 1.13 3.5 ± 0.71 
PP 3.7 ± 1.54 3.5 ± 0.76 3.6 ± 0.79 4.8 ± 1.33 

15min     
TP 4.4 ± 1.45 4.4 ± 1.35 5.0 ± 1.41 3.5 ± 0.71 
PP 4.1 ± 1.41 4.0 ± 1.15 4.3 ± 0.97 4.6 ± 0.89 

20min     
TP 5.6 ± 2.33 5.6 ± 2.45 6.7 ± 2.00 3.5 ± 0.71 
PP 4.6 ± 1.50 4.4 ± 0.98 4.8 ± 0.98  5.2 ± 0.84 
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Table 5. Results of Consumer Preference Questionnaire  
 
 

 
 
 

Variable ACE AG ALRS ALCE WP WS 
Sample Size        

TP 17 (100) 11 (100) 11 (65) 2 (29) 10 (91) 12 (100) 
PP 19 (100) 10 (91) 13 (68) 7 (58) 12 (100) 13 (100) 

Used Previously       
TP 15 (88) 5 (45) 7 (64) 0 (0) 7 (70)  11 (92) 
PP 19 (100) 4 (36) 7 (54) 1 (14) 9 (75) 13 (100) 

Perceived Pain - 
typical 

      

TP 3.1 ± 1.8 2.8 ± 1.6 2.5 ± 1.3 1.0 ± 0.0 3.0 ± 1.7 2.4 ± 1.5 
PP 2.0 ± 1.0* 2.1 ± 0.8 2.3 ± 1.0 2.3 ± 1.1* 1.9 ± 1.1 1.7 ± 0.9 

Perceived Pain - 
specific 

      

TP 2.9 ± 1.7 2.6 ± 1.7 2.1 ± 1.3 1.3 ± 0.5a 2.9 ± 1.9 2.5 ± 1.4 
PP 1.9 ± 1.2* 1.8 ± 0.9 1.6 ± 0.9 2.3 ± 1.2 2.3 ± 1.6 1.7 ± 1.0 

Perceived 
Enjoyment 

      

TP 5.5 ± 1.8 5.4 ± 1.4 5.4 ± 1.6 4.5 ± 0.7 5.7 ± 0.9 6.1 ± 1.4 
PP 5.8 ± 1.4 4.7 ± 1.7 5.9 ± 1.6 4.6 ± 2.4 6.3 ± 0.9 6.3 ± 0.9 

Perceived 
Safety 

      

TP 5.6 ± 1.5 6.0 ± 0.8 3.9 ± 2.0a,b 4.0 ± 4.2 4.4 ± 1.9 4.5 ± 2.0 
PP 7.0 ± 0.0* 7.0 ± 0.0* 5.5 ± 1.7*a,b 2.9 ± 1.7a,b 6.5 ± 1.2* 6.3 ± 1.2* 

Predicted 
Minutes of Use 

      

TP 25 ± 8.5 20 ± 4.5 30 ± 5.5 30 ± 3.5 - - 
PP 25 ± 6.0 25 ± 7.5 25 ± 7.0 20 ± 5.0 - - 

Predicted 
Times/week 

      

TP 4 3 3 3 4 3 
PP 4 3 3 2 4 3 

Predicted 
Number of Sets 

      

TP - - - - 3 + 3+ 
PP - - - - 3 3 

Predicted 
Repetitions/Set 

      

TP - - - - 10 - 12 10 - 12 
PP - - - - 10 - 12 10 - 12 

Values are presented as n (% of eligible participants) or mean composite score ± SD. 
Note: Pain, enjoyment, and safety measures are scored out of 7 (1 = none at all/not at all 
confident, 7 = a lot/completely confident) 
Abbreviations: ACE, arm cycle ergometer; AG, arm glider; ALRS, arm and leg recumbent 
stepper; ALCE, arm and leg cycle ergometer; WP, wall pulleys; WS, weight stack; TP, 
tetraplegia; PP, paraplegia 
 
* indicates a significant difference between groups (TP vs. PP; p < 0.05). 
a indicates a significant difference compared to ACE (p < 0.05) 
b indicates a significant differences compared to AG (p < 0.05) 
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Figure 1. Heart Rate during 20-Minutes of Steady State Submaximal Exercise in Participants 
with Tetraplegia (TP) and Paraplegia (PP) 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
50
60
70
80
90

100
110
120
130
140
150

ACE PP

AG PP

ALRS PP

ACE TP

AG TP

ALRS TP

Time (minutes)

H
R

 (b
pm

)



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 87 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 2. Oxygen Consumption during 20-Minutes of Steady State Submaximal Exercise in 
Participants with Tetraplegia (TP) and Paraplegia (PP) 
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Chapter 5 
 
 

Implementation of the Physical Activity Guidelines for Adults with 
Spinal Cord Injury: Effects on Aerobic Capacity and Muscle Strength 

 
 
 

Authors: Chelsea A. Pelletier, Julia Totosy de Zepetnek, Maureen MacDonald,  
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Study Design: Randomized controlled trial 

Objectives: To evaluate the effectiveness of the physical activity guidelines (PAG) for 

adults with spinal cord injury for improving aspects of fitness in a community cohort. 

Setting: Community exercise program for adults with chronic spinal cord injury 

Methods: Sixteen participants (age: 42.6 ± 11.6 years, C1-T11, 12.1 ± 9.2 years post-

injury) were randomized into PAG training (n = 8) or active control (CON, n = 8) groups. 

PAG training was 2x/week for 16-weeks and involved at least 20 minutes of aerobic 

exercise at a moderate to vigorous intensity and 3 sets of 10 repetitions (at 50-70% 1 

repetition maximum; 1RM) using each major muscle group of the upper body. The CON 

group were members in a twice-weekly exercise program but were not provided with 

guidance to achieve a certain training intensity.  Pre- and post-testing included a peak 

exercise and aerobic endurance test on an arm ergometer, 1RM testing, a muscle 

endurance test, and a questionnaire to evaluate consumer satisfaction with the PAG.  

Results: There was a significant (group x time interaction; p < 0.05) increase in peak 

aerobic capacity (17.1%) and power output (peak: 9.7%, submaximal: 12.6%) in the PAG 

group only. Increases in strength ranged from 9.8-46.0% and were significantly different 

from CON (p < 0.05) for vertical bench press, seated row, and rickshaw press. Adherence 

to the exercise program was 87.9 ± 7.9% for PAG, 48.7 ± 34.4% for CON (p < 0.05). 

Participants in the PAG group were highly satisfied with both the aerobic and resistance 

aspects of the training.  
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Conclusions: The PAG for adults with spinal cord injury are sufficient to improve 

aspects of aerobic and muscular fitness and should be promoted as a means to improve 

physical capacity.  

Sponsorship: Ontario Neurotrauma Foundation 

Keywords: Exercise, disability, health promotion, aerobic fitness, muscle strength 
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Introduction 

 

Individuals with spinal cord injury (SCI) are at increased risk for many lifestyle related 

illnesses due to the physical inactivity, changes in body composition, and obesity that are 

common in this population. Specifically, cardiovascular disease is the leading cause of 

mortality among persons with SCI, and the prevalence of metabolic syndrome is nearly 

double that of the able-bodied population.1,2 While the risk factors for cardiovascular 

disease have not been well established in this population, physical inactivity is an 

independent risk factor and has indirect effects through its impact on body mass index, 

glucose homeostasis, and blood lipids.  Physical fitness is not only important for 

cardiovascular health but can be linked to many aspects of quality of life including return 

to work,3 functional ability,4 and activities of daily living.5 Thus, there is an urgent need 

for health promotion strategies to encourage the adoption of regular physical activity.   

 

The physical activity guidelines for adults with SCI were released in 2011 in order 

provide clinicians and exercise professionals information from which to form an exercise 

prescription. The guidelines recommend twice weekly exercise involving aerobic exercise 

at a moderate to vigorous intensity for at least 20 minutes, and resistance exercise of 3 

sets of 10 repetitions using each major muscle group.6 These guidelines consider not only 

scientific evidence previously shown to improve aspects of fitness but also the 

considerable barriers to exercise participation among individuals with a physical 

disability.7 
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There is strong evidence to support the efficacy of exercise to improve aspects of physical 

fitness in the SCI population. Improvements in cardiovascular fitness have been 

demonstrated following aerobic exercise training using arm cycle8,9 or wheelchair10,11 

ergometry, and improvements in muscle strength have been demonstrated with both 

neuromuscular electrical stimulation12 and voluntary muscle contraction training 

protocols.13 Hardly any studies have demonstrated the efficacy of combined aerobic and 

resistance exercise training programs. A 9-month training protocol of combined 

resistance (2-3 sets of 50-80% 1 repetition maximum; 1RM) and aerobic exercise (70% 

maximum heart rate or 3-4 on rating of perceived exertion (RPE) scale) resulted in an 

increase in submaximal power output of 81%, and a 19-34% increase in muscle 

strength.14 Circuit training (arm cycle ergometry and resistance training done in sequence) 

has also resulted in improvements of 10.4% in peak aerobic capacity and an increase in 

muscle strength of 38.6-59.7% after 4-months of training three times per week.15 In a 

shorter circuit training protocol lasting 10-weeks, improvements were seen in peak 

aerobic capacity (29.7%) and strength (11.9-30 %).16 Now that the physical activity 

guidelines have been released, an important next step is to implement the guidelines in a 

practical community setting over a defined time period and to establish their validity in 

improving aspects of physical fitness in adults with chronic SCI.  

 

Thus, the purpose of this study was to evaluate the efficacy of the physical activity 

guidelines for adults with SCI for improving aspects of fitness in a community-based 

sample. It was predicted that 16-weeks of training following the physical activity 
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guidelines would result in significant increases in aerobic fitness and muscle strength 

when compared to an active control group.  

 

Methods 

 

Participants 

 

Participants with chronic SCI (> 1 year post injury), who were 18-65 years, wheelchair 

dependent, and able to understand English were recruited to participate from April 2012-

June 2013 through advertisements at local community organizations. Exclusion criteria 

included any progressive loss of neurologic function within the previous six months.  The 

Hamilton Health Sciences Research Ethics board approved the study protocol, and 

informed written consent was obtained from each participant.  After baseline testing was 

completed, participants were randomized into a physical activity guidelines training 

(PAG) or active control (CON) group using computer software (GraphPad Software, Inc., 

La Jolla, California, United States).  

 

Peak Aerobic Capacity 

 

To measure peak oxygen consumption (VO2peak), participants performed a symptom-

limited graded arm cycle ergometer test (Lode B.V, Groningen, the Netherlands). 

Resistance was increased by 5 W/min for participants with tetraplegia and 10 W/min for 
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participants with paraplegia.17,18 In some cases, this protocol was modified slightly to 

ensure the test was 8-12 minutes in duration. Expired gas and ventilatory parameters were 

acquired throughout the protocol using the Moxus Metabolic System (AEI Technologies, 

Inc., Bastrop, Texas, United States) allowing for the determination of VO2peak. Central 

(i.e., breathing) and peripheral (i.e., arm fatigue) RPE (Borg 10-point scale)19 were 

assessed every minute. Continuous measurements of heart rate (HR) were recorded 

throughout the protocol (Polar Electro Canada, Lachine, Quebec, Canada). VO2peak, 

HRpeak, and peak minute ventilation (VEpeak) were defined as the greatest value achieved in 

a 30-second interval. Peak power output (POpeak) was defined as the greatest resistance 

achieved and maintained for at least 15-seconds.  

 

Aerobic Endurance  

 

Participants were asked to complete an aerobic endurance test on an arm cycle ergometer 

(Lode B.V, Groningen, the Netherlands). After a 1-minute warm-up, resistance (W) was 

set to the corresponding value achieved at 70% of VO2peak. HR (Polar Electro Canada, 

Lachine, Quebec, Canada) and VO2 (Moxus Metabolic System, AEI Technologies, Inc., 

Bastrop, Texas, United States) were continuously monitored. Participants were instructed 

to continue until volitional fatigue and were stopped if they reached 20:00 minutes or 

were unable to maintain at least 40 revolutions per minute.  
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Muscle Strength 

 

Muscle strength testing was completed on a multi-station wheelchair accessible weight 

training system (Equalizer Exercise Machines, Red Deer, Alberta, Canada) or unilateral 

wall pulleys (Endorphin Pulleys, Patterson Medical Canada, Mississauga, Ontario, 

Canada). 1RM was assessed in a variety of upper body exercises: latissimus pull-down, 

vertical bench press, seated row, bicep curl (right and left), and rickshaw press. The order 

of exercises was standardized, and there was sufficient rest between exercises to 

minimize the potential influence of developing muscle fatigue.  

 

Muscle Endurance 

 

As part of post-testing, participants completed an assessment of muscle endurance. This 

test involved lifting each of the pre-training exercises for as many repetitions as possible 

using the pre-training 1RM. 

 

Training Intervention 

 

Participants in the PAG group completed a 16-week progressive exercise program that 

followed the physical activity guidelines for adults with SCI. The twice-weekly program 

consisted of 20 minutes of aerobic exercise at a moderate to vigorous intensity (RPE 3-6 

on 10-point scale) and 3 sets of 10 repetitions (50-70% 1RM) of resistance exercise using 



PhD Thesis – Chelsea A. Pelletier – McMaster University - Kinesiology 
	
  

 96 

each major muscle group of the upper body. The aerobic exercise equipment used was an 

arm cycle ergometer (Monark Arm Ergometer, Patterson Medical Supply Inc., 

Mississauga, Ontario, Canada), arm glide ergometer (Vitaglide, RMT Fitness, Miami, 

Florida, United States), or hybrid recumbent stepper (NuStep T5XR Recumbent Cross 

Trainer, NuStep, Inc., Ann Arbor, Michigan, United States) as per the choice of the 

participant. Resistance exercise was completed using a combination of multi-station 

accessible weight stack equipment (Equalizer Exercise Machines, Red Deer, Alberta, 

Canada), wall pulleys (Endorphin Pulleys, Patterson Medical Canada, Mississauga, 

Ontario, Canada), and free weights.  

 

Participants in the CON group were members in a twice-weekly community exercise 

program geared for adults with SCI, but were given no specific guidance or 

encouragement with respect to attaining the minimum exercise intensity associated with 

the physical activity guidelines.  

 

Adherence 

 

Adherence was calculated based on the percentage of a maximum of 32 sessions 

(2x/week for 16-weeks). If participants in the PAG group missed any sessions during the 

training period they were given 4-weeks to complete the additional sessions. Adherence 

rates are presented as i) during the 16-week period only (for comparison with CON) and 

ii) total number of sessions completed (including make-up sessions). 
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Satisfaction with the Guidelines 

 

A questionnaire to assess consumer satisfaction with the physical activity guidelines was 

administered to participants in the PAG group at the end of the training protocol. All 

questions were rated from 1 = strongly disagree to 7 = strongly agree, and mean 

composite scores were calculated for each set of items. Satisfaction with aerobic exercise 

(α = 0.84) and resistance exercise (α = 0.91) was evaluated with five scales each, asking 

whether the participants felt the training program was appropriate in terms of time, 

intensity, ability, if it was enjoyable, and if it improved physical fitness. Perception of 

pain was measured with one item: “I was able to complete the exercises without any 

additional pain or discomfort.” Enjoyment was also measured with one item: “Overall, I 

enjoyed the exercise program.” 

 

Data Analysis 

 

Data were analyzed using Microsoft Excel (Microsoft Canada, Mississauga, Ontario, 

Canada) and IBM SPSS (Version 20.0, SPSS Inc., Chicago, Illinois, United States) 

software. Participant demographic information, adherence rates, and pre-testing data were 

compared between groups using a one-way analysis of variance or the Welch F-test 

where the assumption of equal variances was violated. Pre- and Post-training values were 

compared between groups using a two-way (group x time) repeated measures analysis of 

variance.  
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Results 

 

Participants  

 

Sixteen participants (age 42.6 ± 11.6 years, C1-T11, 12.1 ± 9.2 years post injury) were 

recruited to participate; 8 were randomized into the PAG group and 8 into the CON 

group. Two participants in the CON group did not complete the study: one dropped out 

immediately following randomization due to dissatisfaction with group allocation, and 

one did not complete post-test due to the re-occurrence of a chronic shoulder injury (not 

study-related). There were no significant differences in demographic information between 

groups, and this information is presented in table 1. The most common causes of injury 

were motor vehicle accidents (37.5%), followed by sports and recreation accidents (25%), 

non-traumatic (25%), fall (6.3%), and surgery (6.3%), which are consistent with national 

averages.20 

 

Peak Aerobic Capacity 

 

Results of the peak exercise test are presented in table 2.  There were no significant 

differences between groups at baseline. There was a significant increase in relative 

VO2peak (group x time interaction; p = 0.03) in the PAG group following training. There 

was also a significant increase in POpeak in the PAG group (group x time interaction; p = 
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0.047).  The CON group experienced no change in either VO2peak or POpeak over the 16-

week period. 

 

Aerobic Endurance 

 

There were no significant differences between groups at baseline for any of the variables 

(table 3). Post-training, the PAG group completed the submaximal test at a higher PO 

than the CON group (group x time interaction, p = 0.02), despite similar submaximal HR 

and VO2. While there was an increase in performance time for both PAG (+ 2:07 min) 

and CON (+ 1:23 min) groups, these increases did not reach significance.  

 

Muscle Strength 

 

Changes in muscle strength are presented in table 4. There were no significant differences 

between PAG and CON at baseline. There was a significant group x time main effect for 

vertical bench press (p = 0.048), seated row (p = 0.04), and rickshaw press (p = 0.03), 

reflective of mean strength increases in the PAG group of 7.1 kg, 8.7 kg, and 27.4 kg, 

respectively.   
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Muscle Endurance 

 

The muscle endurance test results are presented in figure 1. The PAG group was able to 

lift more repetitions of the pre-training 1RM for all manoeuvres except biceps curl; 

however, the group differences were only significant for vertical bench press (p = 0.01). 

 

Adherence 

 

Mean adherence rates during the 16-week training period were 87.9 ± 7.7% (range 75-

100%) among participants in the PAG group and 48.7 ± 34.4% in CON (p = 0.02). When 

the make-up sessions were included, mean adherence was 98.4 ± 3.3% in the PAG group. 

The most prevalent barriers were personal health issues (80%), other commitments 

(18.8%), transportation (12.5%), medical appointments (12.5%), and vacation (6.3%) 

among participants in the PAG group.  The barriers most likely to prevent attendance 

were personal health issues (15), followed by transportation (6), other commitments (6), 

medical appointments (3), and vacation (1).  

 

Satisfaction with the Guidelines 

 

Satisfaction with both the aerobic (mean: 6.3 ± 0.73) and resistance (mean: 6.6 ± 0.6) 

aspects of the PAG and the training protocol were very high (maximum score of 7). 
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Enjoyment of the exercise program was also high (mean: 6.9 ± 0.38, maximum score of 

7). Mean score for perceived pain was 5.4 ± 1.8, with a maximum score of 7.  

 

Discussion 

 

The purpose of this study was to evaluate the efficacy of the physical activity guidelines 

for adults with SCI to improve aspects of physical fitness over a defined time period in a 

sample of individuals living in the community. The findings suggest a significant 

improvement in physical capacity in terms of both VO2peak (+17.1%) and POpeak (+9.7%). 

Strength gains ranged from 9.8-46.0% and were statistically significant for vertical bench 

press (+14.4%), seated row (+20.4%), and rickshaw press (+46.0%) manoeuvres. 

Adherence rate for the prescribed 16-week exercise program was excellent (mean: 87.9%, 

range: 75-100%), and participants were highly satisfied with the training program. 

 

The improvements observed in physical capacity in the present study are consistent with 

previous studies, which report a range in VO2peak increases from 8.6-29.7% following 

training programs incorporating aerobic and/or resistance exercise.10,15,16,21 This finding is 

promising given that the current protocol involved exercise only twice per week, at a self-

selected intensity (moderate-vigorous, RPE 3-6) and exercise mode. Therefore, given the 

correct instruction and equipment, individuals are able to (or should be able to) select an 

appropriate exercise intensity (based on a defined RPE) to improve physical fitness.  
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The increase in submaximal PO during the aerobic endurance test in the PAG group 

(+12.6%) indicates that participants were able perform significantly more work at the 

same HR and RPE.  Similar results have been reported in previous training studies and 

are likely reflective of both increases in muscle strength and cardiovascular capacity.10,14 

The absence of any training effect on submaximal performance time may be explained by 

the insensitivity of the testing protocol. PO for this assessment was set based on the 

corresponding value achieved at 70% VO2peak, and several participants (6/14) were able to 

achieve the maximum of 20 minutes during baseline testing. While this performance time 

may indicate a relatively high level of fitness in our participants, it may also be reflective 

of the difficulties in obtaining a true assessment of VO2peak in this population.  RPE values 

indicate that, on average, participants stopped the peak exercise test based on peripheral 

(i.e., arm or shoulder) fatigue, thus the PO selected may have been an underestimation.  

 

The improvements in muscle strength in the present study are similar to other 

improvements involving voluntary muscle strength training.14-16 The fact that increases in 

1RM and muscle endurance were present for all manoeuvres, but only statistically 

significant compared to CON for some muscle groups, is likely reflective of the high 

degree of individual variability and voluntary muscle function.   

 

The utilization of an active CON group was both a strength and limitation of this study.  

While it is true that an inactive CON group would have provided the best opportunity to 

evaluate the effectiveness of the physical activity guidelines, using a control group that 
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was recreationally active at the same frequency per week as our intervention group could 

be more representative of a community sample.  The adherence rate of the CON group 

was quite variable (mean: 48.7 ± 34.4%, range: 0-93.8%) compared to the PAG group 

(mean: 87.9 ± 7.7%, range: 75-100%), suggesting there was likely a significant amount of 

motivation provided by participating in the study and experiencing the one-on-one 

attention during training. Similarly, Ditor et al22 reported a significant drop in adherence 

rates from 80.6% to 42.7% in just 3-months following a 9-month training study. The high 

adherence rate can also be attributed to the fact that participation in the present study 

eliminated some of the most commonly reported barriers to exercise participation in the 

SCI population: resource and facility accessibility, program cost, knowledge about 

exercise, and equipment accessibility.23-25 This emphasizes the efficacy of creating 

personalized training opportunities and fitness facilities specific to individuals with SCI 

to encourage sustained participation. 

 

Conclusions 

 

The results of this study establish the effectiveness of implementing the physical activity 

guidelines for adults with SCI living in the community and demonstrate their efficacy for 

improving physical fitness. High adherence rates and satisfaction with the training 

program indicate that these guidelines are well received by the consumer and should thus 

be incorporated into various health promotion strategies. Future studies should now be 

undertaken to determine if following the guidelines would also result in improved 
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cardiovascular health or a decrease in cardiovascular disease risk factors in this 

population.  
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Table 1. Participant Characteristics 

 
Characteristic PAG CON 
Sample size (n) 8 8 
Age (years) 40.0 ± 12.3 (25 – 56) 45.9 ± 11.5 (26 – 65) 
Sex (male/female) 8/0 7/1 
BMI (kg/m2) 27.8 ± 6.28 (17.2 – 35.1) 25.6 ± 4.74 (19.1 – 31.1) 
Level of Injury C3 – T10 C1 – T11 
Time Post Injury 15.0 ± 8.52 (1 – 28) 9.25 ± 10.0 (2 – 31) 
AIS A: 2, B: 2, C: 3, D: 1 A: 4, B: 0, C: 3, D: 1 
 

Values are mean ± SD (range). Abbreviations: AIS, American Spinal Injury Association 
Impairment Score; BMI, body mass index 
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Table 2. Peak A
erobic Capacity Pre and Post 16-w

eeks of Exercise Training 

!!V
alues are m

ean ± SD
.  

* indicates a significant group x tim
e m

ain effect (p < 0.05) 
A

bbreviations: V
O

2peak , peak oxygen consum
ption; H

R
peak , peak heart rate; V

E
peak , peak m

inute 
ventilation; RER

peak , peak respiratory exchange ratio; PO
peak , peak pow

er output; RPE
central , central 

rating of perceived exertion (10-point scale); RPE
peripheral , peripheral rating of perceived exertion 

(10-point scale) 
 V

ariable 
PA

G
 

C
O

N
 

 
Pre 

Post 
Change (%

) 
Pre 

Post 
Change (%

) 

Sam
ple size (n) 

8 
8 

- 
8 

6 
- 

Tim
e to Peak 

(m
in:sec) 

9:19 ± 2:50 
9:33 ± 2:41 

- 
9:51 ± 1:31 

8:37 ± 1:53 
- 

V
O

2peak (L/m
in) 

1.39 ± 0.60 
1.53 ± 0.56 

10.1 
1.31 ± 0.41 

1.30 ± 0.43 
- 0.76 

V
O

2peak                     
(m

L
!kg

-1!m
in

-1) 
15.8 ± 6.06 

18.5 ± 7.03 
17.1* 

17.9 ± 6.04 
17.6 ± 7.12 

- 1.7 

H
R

peak  (bpm
) 

129.6 ± 
25.7 

130.8 ± 
25.1 

0.93 
144.6 ± 

22.8 
138.7 ± 

24.6 
- 4.1 

V
E

peak  (L/m
in) 

55.2 ± 23.7 
57.8 ± 18.0 

4.71 
51.2 ± 19.1 

52.7 ± 14.8 
2.9 

RER
peak  

1.06 ± 0.10 
1.07 ± 0.06 

- 
1.11 ± 0.15 

1.09 ± 0.09 
- 

PO
peak  (W

) 
70.1 ± 31.5 

76.9 ± 35.7 
9.70*  

76.1 ± 34.6 
77.5 ± 38.1 

1.8 
RPE

central  
7.0 ± 2.27 

7.0 ± 2.54 
- 

6.88 ± 2.70 
7.17 ± 2.32 

- 
RPE

peripheral  
8.6 ± 1.69 

9.0 ± 1.20 
- 

9.0 ± 1.07 
8.3 ± 1.97 

- 
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Table 3. Aerobic Endurance Pre and Post 16-weeks of Exercise Training 
 
Variable PAG CON 
 Pre Post Pre Post 
Sample size (n) 7 7 7 6 
Power Output (W) 57.1 ± 22.2 64.3 ± 21.7* 51. 4 ± 21.7 51.7 ± 25.0 
Performance Time 
(min:sec) 

15:18 ± 4:45 17:25 ± 3:33 14:59 ± 5:53 16:22 ± 5:10 

Steady state HR 
(bpm) 

126.3 ± 25.7 130.3 ± 27.8 132.0 ± 22.5 129.7 ± 24.3 

Steady state VO2 
(mL!kg-1!min-1) 

14.8 ± 5.65 17.8 ± 6.95 14.8 ± 7.8 17.7 ± 6.87 

RPEcentral 6.7 ± 1.38 6.4 ± 2.07 7.3 ± 1.98 6.7 ± 1.97 
RPEperipheral 7.9 ± 1.21 8.0 ± 1.41 8.4 ± 1.81 7.8 ± 2.1 
 
Values are mean ± SD. 
* indicates a significant (p < 0.05) group x time interaction 
Abbreviations: HR, heart rate; VO2, oxygen consumption; RPEcentral, central rating of perceived 
exertion (10-point scale); RPEperipheral, peripheral rating of perceived exertion (10-point scale) 
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Table 4.  M
uscle Strength Pre and Post 16-w

eeks of Exercise Training 

!!!V
alues are m

ean (kilogram
s) ± SD

 
* indicates a significant (p<0.05) group x tim

e interaction. 
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) 
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C

hange (%
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8 
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- 
8 
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us pull-

dow
n  

55.2  ± 12.4 
60.6 ± 11.7 

9.78 
48.8  ± 16.6 

47.7 ± 17.1 
-2.3 

V
ertical B

ench 
Press 

49.2 ± 9.67 
56.3 ± 13.2 

14.4* 
44.9 ± 24.9 

40.6 ± 27.2 
-9.6 

Seated row
 

42.7 ± 22.8 
51.4 ± 20.6 

20.4* 
47.3 ± 18.3 

45.2 ± 14.5 
-4.4 

B
icep curl - 

right 
32.9 ± 14.9 

37.3 ± 14.7 
12.7 

27.9 ± 8.58 
28.9 ± 10.2 

3.6 

B
icep curl - left 

33.0 ± 12.3 
37.2 ± 13.4 

12.7 
30.4 ± 7.28 

31.8 ± 8.16 
4.6 

Triceps Press 
59.6 ± 6.3 

87.0 ± 20.6 
46.0* 

65.6 ± 32.7 
65.2 ± 31.4 

-0.6 
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Figure 1. Muscle Endurance Following 16-weeks of Exercise Training 
 
* indicates a significant difference (p<0.05) between PAG and CON groups 
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Chapter 6 
 
 
 

Discussion and Conclusions 
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The purpose of this dissertation was to evaluate the role of exercise in the rehabilitation 

process after spinal cord injury (SCI). Taken together, this series of studies presents a 

potential model for integrating exercise into the continuity of care from inpatient 

rehabilitation through to discharge into the community.  The importance of physical 

activity to the SCI population is becoming more and more evident as the growing body of 

literature is revealing important links between physical activity, cardiovascular health,1 

metabolic disease,2 and functional ability.3,4 The results from this dissertation have 

confirmed the effectiveness of the physical activity guidelines for adults with SCI and 

have provided new information on how to optimize the exercise prescription for adults 

living in the community.   

 

There is a negative health trajectory following rehabilitation5 and it is also a time 

characterised by a decrease in physical activity6 and an increase in body mass index.7 This 

decrease in health and function can theoretically be influenced by engagement in exercise 

at a suitable intensity,5,8 however, there are very few studies that have explored potential 

interventions at this stage. Further, decreasing length of stays in rehabilitation has resulted 

in a shift towards a reliance on outpatient services, despite a considerable lack of 

community infrastructure in place to support access to these services and/or engagement 

in exercise.9,10 This dissertation takes the first steps to fill some of the substantial gaps in 

knowledge surrounding the transitional phase after formal SCI rehabilitation is complete. 

One of the novel aspects of this dissertation is the combination of both physiological and 

psychosocial aspects related to exercise behaviour and prescription with the goal of 
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encouraging the development of comprehensive interventions and health promotion 

strategies.  

 

The purpose of the first study was to describe the aerobic capacity, orthostatic tolerance, 

and exercise perceptions among individuals prior to being discharged from inpatient SCI 

rehabilitation. This was an important first step to describe the overall readiness for 

exercise among individuals in the sub-acute phase of injury, and to begin identifying the 

focus for exercise interventions. The main findings of this study confirmed that peak 

oxygen consumption (VO2peak), power output (POpeak), and heart rate were significantly 

lower among individuals with sub-acute tetraplegia compared to paraplegia. There was 

also a significant group difference in the response to the sit-up test, with 73% of 

participants with complete tetraplegia displaying a drop in blood pressure indicative of 

orthostatic hypotension compared with 25% and 0% of those with high or low complete 

paraplegia, respectively. The results of the exercise perceptions questionnaire revealed 

that participants at this stage of rehabilitation value exercise and see benefits to 

participation, however, they are generally not confident in their abilities to complete the 

task of either aerobic or resistance exercise training.  Thus, while there is a certain 

amount of cardiovascular detraining and autonomic dysfunction that occurs secondary to 

SCI,11,12 it should not interfere with exercise participation. This is important new 

information that should be used to begin incorporating exercise testing and structured 

exercise training in the early phases of rehabilitation. 
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Recently, a model of referral and cooperation between health care professionals and 

exercise specialists has been proposed during the transition from rehabilitation into the 

community,13 as educational programs have been shown to increase community 

reintegration post-discharge.14 The purpose of the second study was to evaluate the 

efficacy and feasibility of direct referral from rehabilitation to regular leisure time 

physical activity in accordance with the physical activity guidelines for adults with SCI15 

combined with 16-weeks of telephone counselling support. The findings of this study 

support the efficacy of the system of direct referral and follow-up counselling, with 

adherence rates of 71% among those discharged from inpatient and 50% among those 

discharged from outpatient rehabilitation programs. While the efficacy of similar 

interventions have been demonstrated in the cardiac rehabilitation model,16 this was the 

first to explore its potential application to the rehabilitation of the SCI population.  These 

findings offer preliminary support of direct referral and continued support for the first few 

months post-discharge, and conceivably could also be applied to other long-term 

rehabilitation outcomes (ie. self-care).  

 

Once individuals are considered to have a chronic SCI (>1 year post injury), there are 

now specific physical activity guidelines that describe the amount of exercise needed to 

improve aspects of fitness.15,17 These guidelines, however, have yet to be evaluated within 

a community setting.  The final two studies of this dissertation focused on individuals 

with chronic SCI living in the community with the goal of both validating the guidelines 

and refining the exercise prescription process for these individuals. The purpose of the 
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first study was to identify the optimal mode of aerobic and resistance exercise in terms of 

cardiovascular demand, energy expenditure, and consumer preference.  The results of this 

study reveal that while no piece of exercise equipment was specifically preferred, the 

arm-only aerobic exercise modes were perceived as safer than hybrid (arm and leg) 

aerobic exercise modes. Safety was also rated as significantly higher among participants 

with paraplegia compared to those with tetraplegia for all aerobic and resistance exercise 

equipment types. There was no cardiovascular or metabolic advantage to using arm-only 

versus hybrid aerobic exercise types, suggesting that arm-only exercise may be the most 

appropriate exercise modality especially among community programs with limited 

resources. This study also confirmed the appropriateness of using ratings of perceived 

exertion to achieve a desired exercise intensity in people with SCI. 

 

The final study in this dissertation validated the physical activity guidelines for adults 

with SCI in terms of improving aspects of physical fitness in a community sample. This is 

one of few randomized controlled exercise training studies in this population, and the first 

to evaluate the guidelines specifically. The results of this study revealed significant 

increases in aerobic capacity (VO2peak, POpeak, submaximal PO), muscle strength (vertical 

bench press, seated row, rickshaw press), and muscle endurance (vertical bench press) 

compared to an active control group. Adherence rates were also excellent in the training 

group (87.9 ± 7.9%) and statistically significant compared to the active controls (48.7 ± 

34.4%).  
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By removing some of the most commonly reported barriers to exercise participation (ie. 

resource and facility accessibility, knowledge, cost),18,19 these studies have demonstrated 

strong adherence rates to the physical activity guidelines both within the community and 

at the point immediately following discharge from rehabilitation. Future investigations 

should now be directed at designing longitudinal interventions to encourage sustained 

participation in exercise programs (beyond the 4-month period). Improved cooperation 

between health care professionals and exercise specialists at outpatient or community 

programs may be a promising means by which to promote exercise as individuals 

reintegrate into the community, and identifies a unique role for a Kinesiologist in the 

health care model.  

 

The physical activity guidelines for adults with SCI appear to be effective in improving 

measures of physical fitness among people living in the community. While there is 

currently insufficient evidence in the acute SCI population to develop a separate set of 

guidelines, the results of this series of studies indicate no reason why the guidelines 

cannot be applied to individuals who are more recently injured.  From our testing, mean 

values for VO2peak do not appear to vary significantly between adults with sub-acute (14.5 

mL�kg-1�min-1) and chronic (15.8 mL�kg-1�min-1) SCI, although there are larger 

differences between POpeak (sub-acute: 49.2 W; chronic: 70.1 W). These comparisons 

suggest that changes in exercise capacity post-rehabilitation are most likely due to 

increases in muscle strength rather than central changes in cardiovascular efficiency or 
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oxygen utilization. Therefore, for example, the exercise prescription for the sub-acute SCI 

population may be modified slightly to increase the focus on resistance training. 

 

Identifying a means to accurately prescribe exercise intensity, especially among persons 

with tetraplegia, remains as an important research question. Findings from the present 

investigation support the use of ratings of perceived exertion (RPE) as a practical means 

to achieve a desired intensity, although splitting the prescription into central and 

peripheral components may important to ensure participants are exercising at a high 

enough cardiovascular intensity.21  

 

In conclusion, this dissertation has presented a process to incorporate physical activity 

throughout the rehabilitation stages after SCI. It has been demonstrated that people with 

SCI are physiologically ready to participate in exercise at discharge from inpatient 

rehabilitation, but work is still needed to improve their confidence in their ability to 

perform exercise.  The data show that direct referral to community exercise (from a 

healthcare provider) is well received by newly injured individuals, but that an initial 

period of counselling support may help participants adhere with their community exercise 

program.  Finally, it’s been shown that the physical activity guidelines are easily 

implemented within a community setting, and that they are effective in improving aspects 

of fitness.  
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A. Chapter 2 

A.1 Exercise Self-Efficacy Questionnaire 

 

 

  
 
 

Self-efficacy for Exercise Post-Discharge  
 

Instructions 
We are interested in your opinions about engaging in leisure time physical activity after you have been 
discharged from rehabilitation.  Please use the following definition of regular leisure time physical 
activity as you respond to these questions: 

• Leisure Time Physical Activity:  All of the activities that you choose to do during your free 
time that requires physical exertion (e.g., exercise, sports).  To be considered “regular” these 
activities should be done for at least 30 minutes a day most days of the week.  The 30 minutes 
may be accumulated throughout the day.  

 
Outcome value 
 
 Strongly 

Disagree 
   Strongly 

Agree 
In the next three months post-discharge, engaging in regular 
leisure time physical activity is the most important thing I can do  

1 2 3 4 5 6 7 

Establishing a routine including regular leisure time physical 
activity in the next three months post-discharge is a high priority 
for me  

1 2 3 4 5 6 7 

Engaging in regular leisure time physical activity post-discharge 
would be extremely valuable 

1 2 3 4 5 6 7 

 
Outcome expectations 
I think that engaging regular leisure time physical activity in the next three months post-discharge will… 
 Strongly 

Disagree 
   Strongly 

Agree 
increase my mobility  1 2 3 4 5 6 7 
put me at risk of experiencing autonomic dysreflexia 1 2 3 4 5 6 7 
interfere with my healing 1 2 3 4 5 6 7 
increase the pain I am experiencing 1 2 3 4 5 6 7 
make my activities of daily living (e.g. getting dressed, housework) 
easier to perform  

1 2 3 4 5 6 7 

increase my energy level  1 2 3 4 5 6 7 
increase my confidence to do the things I need or want to do  
(e.g. transferring in and out of your chair) 

1 2 3 4 5 6 7 

prevent secondary health conditions (e.g. pressure sores) 1 2 3 4 5 6 7 
increase my self-esteem 1 2 3 4 5 6 7 
increase my confidence in social situations   1 2 3 4 5 6 7 
be very risky 1 2 3 4 5 6 7 
be very dangerous 1 2 3 4 5 6 7 
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Self-efficacy beliefs 

Assuming that you are very motivated, in the next three months post-discharge, how confident 
are you that you can fit 30 min of leisure time physical activity into your weekly schedule: 

 Not at all 
confident 

 Completely 
confident 

once per week 1 2 3 4 5 6 7 
twice per week 1 2 3 4 5 6 7 
three times per week 1 2 3 4 5 6 7 
more than three times per week 1 2 3 4 5 6 7 

In the next three months post-discharge, how confident are you that you can: 

 Not at all 
confident 

 Completely 
confident 

Set realistic goals for engaging in regular leisure time 
physical activity 

1 2 3 4 5 6 7 

Develop a plan for reaching your leisure time physical 
activity goals 

1 2 3 4 5 6 7 

Coordinate the resources I will need to engage in 
regular leisure time physical activity within my own 
home  

1 2 3 4 5 6 7 

Coordinate the resources I will need to engage in 
regular leisure time physical activity within my 
community 

1 2 3 4 5 6 7 

 

The next few questions ask about AEROBIC leisure time physical activity.  This includes 
activities that typically increase heart rate and breathing such as wheeling, cycling on an arm 
ergometer, swimming, and basketball. 
 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of MODERATE intensity AEROBIC activity without stopping. 

!

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 
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Considering how you feel right now, how confident are you that you could physically do the 
following amounts of HEAVY   intensity AEROBIC activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 

How confident are you that you can…  

 Not at all 
confident 

 Completely 
confident 

Perform aerobic fitness exercises correctly 1 2 3 4 5 6 7 
Adapt aerobic fitness exercises to accommodate your 
ability 

1 2 3 4 5 6 7 

Design an aerobic training program to achieve your 
aerobic fitness goals 

1 2 3 4 5 6 7 

Engage in aerobic fitness activities at home safely 1 2 3 4 5 6 7 
Recognize when you need assistance with an aerobic 
fitness activity  

1 2 3 4 5 6 7 

The next few questions ask about STRENGTHENING activities.  These are activities that work 
your muscles, such as lifting weights and using exercise bands. 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of MODERATE intensity STRENGTHENING activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 
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Participant ID:_____________                 Interviewer:__________                                            Date:______________ 

 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of HEAVY   intensity STRENGTHENING activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 

How confident are you that you can…  

 Not at all 
confident 

 Completely 
confident 

Perform strengthening exercises correctly 1 2 3 4 5 6 7 
Adapt strengthening exercises to accommodate your 
ability 

1 2 3 4 5 6 7 

Design a strengthening training program to achieve 
your strength goals 

1 2 3 4 5 6 7 

Engage in strengthening activities at home safely 1 2 3 4 5 6 7 
Recognize when you need assistance with a 
strengthening activity  

1 2 3 4 5 6 7 
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B. Chapter 3 
 
B.1 Exercise Beliefs Questionnaire 
 
 

 

Self-efficacy for Exercise Post-Discharge  
 

Instructions 
We are interested in your opinions about engaging in leisure time physical activity after you have 
been discharged from rehabilitation.  Please use the following definition of regular leisure time 
physical activity as you respond to these questions: 

• Leisure Time Physical Activity:  All of the activities that you choose to do during your 
free time that requires physical exertion (e.g., exercise, sports).  To be considered 
“regular” these activities should be done for at least 30 minutes a day most days of 
the week.  The 30 minutes may be accumulated throughout the day.  

 
Outcome value 
 
 Strongly 

Disagree 
  Strongly 

Agree 
In the next four months post-discharge, engaging in regular 
leisure time physical activity is the most important thing I 
can do  

1 2 3 4 5 6 7 

Establishing a routine including regular leisure time physical 
activity in the next four months post-discharge is a high 
priority for me  

1 2 3 4 5 6 7 

Engaging in regular leisure time physical activity post-
discharge would be extremely valuable 

1 2 3 4 5 6 7 

 
Outcome expectations 
I think that engaging regular leisure time physical activity in the next four months post-discharge 
will… 
 
 Strongly  

Disagree 
 Strongly 

Agree 
increase my mobility  1 2 3 4 5 6 7 
put me at risk of experiencing autonomic dysreflexia 1 2 3 4 5 6 7 
interfere with my healing 1 2 3 4 5 6 7 
increase the pain I am experiencing 1 2 3 4 5 6 7 
make my activities of daily living (e.g. getting dressed, 
housework) easier to perform  

1 2 3 4 5 6 7 

increase my energy level  1 2 3 4 5 6 7 
increase my confidence to do the things I need or want to do  
(e.g. transferring in and out of your chair) 

1 2 3 4 5 6 7 

prevent secondary health conditions (e.g. pressure sores) 1 2 3 4 5 6 7 
increase my self-esteem 1 2 3 4 5 6 7 
increase my confidence in social situations   1 2 3 4 5 6 7 
be very risky 1 2 3 4 5 6 7 
be very dangerous 1 2 3 4 5 6 7 
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Self-efficacy beliefs 
Assuming that you are very motivated, in the next four months post-discharge, how confident are 
you that you can fit 30 min of leisure time physical activity into your weekly schedule: 

 

In the next four months post-discharge, how confident are you that you can: 

 Not at all 
confident 

 Completely 
confident 

Set realistic goals for engaging in regular leisure time 
physical activity 

1 2 3 4 5 6 7 

Develop a plan for reaching your leisure time physical 
activity goals 

1 2 3 4 5 6 7 

Coordinate the resources I will need to engage in 
regular leisure time physical activity within my own 
home  

1 2 3 4 5 6 7 

Coordinate the resources I will need to engage in 
regular leisure time physical activity within my 
community 

1 2 3 4 5 6 7 

 

The next few questions ask about AEROBIC leisure time physical activity.  This includes 
activities that typically increase heart rate and breathing such as wheeling, cycling on an arm 
ergometer, swimming, and basketball. 
 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of MODERATE intensity AEROBIC activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 

!

 Not at all 
confident 

 Completely 
confident 

once per week 1 2 3 4 5 6 7 
twice per week 1 2 3 4 5 6 7 
three times per week 1 2 3 4 5 6 7 
more than three times per week 1 2 3 4 5 6 7 
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Considering how you feel right now, how confident are you that you could physically do the 
following amounts of HEAVY   intensity AEROBIC activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 

How confident are you that you can…  

 Not at all 
confident 

 Completely 
confident 

Perform aerobic fitness exercises correctly 1 2 3 4 5 6 7 
Adapt aerobic fitness exercises to accommodate your 
ability 

1 2 3 4 5 6 7 

Design an aerobic training program to achieve your 
aerobic fitness goals 

1 2 3 4 5 6 7 

Engage in aerobic fitness activities at home safely 1 2 3 4 5 6 7 
Recognize when you need assistance with an aerobic 
fitness activity  

1 2 3 4 5 6 7 

The next few questions ask about STRENGTHENING activities.  These are activities that work 
your muscles, such as lifting weights and using exercise bands. 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of MODERATE intensity STRENGTHENING activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 
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Participant ID:____________                Interviewer Initials:____________                              Date:____________ 

Considering how you feel right now, how confident are you that you could physically do the 
following amounts of HEAVY   intensity STRENGTHENING activity without stopping. 

 Not at all 
confident 

 Completely 
confident 

10 min 1 2 3 4 5 6 7 
20 min 1 2 3 4 5 6 7 
30 min 1 2 3 4 5 6 7 
45 min 1 2 3 4 5 6 7 
60 min 1 2 3 4 5 6 7 

How confident are you that you can…  

 Not at all 
confident 

 Completely 
confident 

Perform strengthening exercises correctly 1 2 3 4 5 6 7 
Adapt strengthening exercises to accommodate your 
ability 

1 2 3 4 5 6 7 

Design a strengthening training program to achieve your 
strength goals 

1 2 3 4 5 6 7 

Engage in strengthening activities at home safely 1 2 3 4 5 6 7 
Recognize when you need assistance with a strengthening 
activity  

1 2 3 4 5 6 7 
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B.2. Exercise Referral Form 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Exercise Referral Form 

 
Patient’s Name:_______________________________       
Date:____________  
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
For more information about MacWheelers contact the program 
coordinator, Susie Ward.  
e-mail:  bwstt@mcmaster.ca  
phone: (905)525-9140 ext. 22576 

!

!

 

 

 

 

Clearance for participation in physical activity 

(To be completed by health care professional) 
 

1. Spinal Cord Injury Level: _________________  
2. Functional Classification (ASIA score): __________ 
3. Date of Injury: ________________ 
4. Medical Conditions that may affect exercise tolerance (ie. 

Cardiovascular, metabolic, infection, lung, CNS, blood, 
musculoskeletal) : 
 
 
 

5. Medications (indicate any exercise-related precautions):  
 
 

 
6. Based on a current review of the health status of the above person,  
I recommend: 

! Unrestricted Physical Activity 
! Progressive Physical Activity, 

 
with avoidance of_____________________ 
____________________________________ 
 
with inclusion of_______________________ 

                             ______________________________ 
 

 

Health care 
professional’s  name:          

 

_________________________________ 

Address: _________________________________ 

Telephone: __________________________________ 

Fax:  _________________________________ 

Signature: _________________________________ 

HEALTH CARE PROFESSIONAL’S 
RECOMMENDATION 

Commit to improving your health by attending 
MacWheelers twice a week.  For maximum benefit, 
be sure to perform the following activities during 
each visit: 
○ aerobic exercise 
○ strength exercise 
○ flexibility exercise 
 
Signature: _________________________ 
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C. Chapter 4 
 
C.1 Consumer Preference Questionnaire 
 
 

 
 
 

Equipment Evaluation 
 
 
Equipment name:_________________________________ 

Equipment type (check all that apply):   ○ Resistance  ○ Flexibility 

   ○ Aerobic               ○ Other:____________ 
 

Have you used this piece of equipment before?  ○ Yes  ○ No 
 
If yes, how often do you use this piece of equipment? 
 

○ rarely      ○ once or twice per month                      

○ once per week     ○ twice per week            

○ more than two times per week 
 
 
Evaluation of experience 
 
What number best represents how you feel right now? 
 

 
 
Using the scale below, indicate the extent to which each word describes how you feel right now. 
Record your responses on the line next to each work.  

 

 
 
 

 
 

-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 
very 
bad 

 

 moderately 
bad 

 

 somewhat 
bad 

 somewhat 
good 

 

 moderately 
Good 

 very 
good 

0 = do not feel  1 = feel slightly 2 = feel moderately 3 = feel strongly 4 = feel very strongly 

1.Calm  4. Energetic  7. Tired  10. Peaceful  
 
2. Fatigued 

  
5. Worn-out 

  
8. Happy 

  
11. Upbeat 

 

 
3. Refreshed 

  
6.  Relaxed 

  
9. Enthusiastic 

  
12. Revived 
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During a typical exercise session… 
 
 

 
When using this specific piece of exercise equipment…. 
 
 

 
 
Opinions and Recommendations 

 

How confident are you that you can use this specific piece of exercise equipment: 

!

 
 

 None at 
all  

  A lot 

How much shoulder pain do you usually experience 1 2 3 4 5 6 7 
How much bodily pain do you usually experience 1 2 3 4 5 6 7 
How much physical discomfort do you usually experience 1 2 3 4 5 6 7 

 None at 
all  

  A lot 

How much shoulder pain did you experience 1 2 3 4 5 6 7 
How much bodily pain did you experience  1 2 3 4 5 6 7 
How much physical discomfort did you experience  1 2 3 4 5 6 7 

     Not at all    A lot 
How much did you like using this specific piece of exercise 
equipment? 

1 2 3 4 5 6 7 

 Never   Always 
If the exercise facility you attended had this piece of 
equipment, how often would you use it 

1 2 3 4 5 6 7 

 Not at all 
confident 

 Completely 
confident 

Without assistance 1 2 3 4 5 6 7 
Safely without causing injury 1 2 3 4 5 6 7 
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In your opinion, who could safely use this specific piece of exercise equipment (check all that 
apply) 
 
Exercise status Injury Characteristics Other 

○ New exercisers ○ ASIA A     ○ ASIA B      ○ ASIA C     

○ ASIA D 

 

○ Experienced exercises ○ Paraplegia      ○ Tetraplegia      
 

○ Someone with low fitness 
levels 

  

○ Someone with high fitness 
levels 

  

 
 
Do you have any other comments about this specific piece of exercise equipment to share? 
 
 
 

 Definitely  
not 

 Definitely  
yes 

Would you recommend that exercise facilities purchase 
this specific piece of exercise equipment 

1 2 3 4 5 6 7 

 Not at all   Very much 
How useful would this piece of equipment be for 
improving your fitness to help you perform of your 
activities of daily living  

1 2 3 4 5 6 7 
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Aerobic Equipment 
 
In your opinion, what is the most appropriate use for this piece of equipment (check all that 
apply): 

○ Warm-up   ○ Aerobic training  ○ Cool down  

○ No use whatsoever ○ Unsure 
 

Assuming that you are very motivated and fit, for how many minutes could you imagine 
yourself using this specified piece of exercise equipment without stopping?   

○ less than 5 min ○ 5 min ○ 10 min ○ 15 min                                             

○ 20 min  ○ 25 min ○ 30 min       ○ Other: __________ 
 
 
Assuming that you are very motivated and fit, how many times per week could you imagine 
yourself using this specific piece of exercise equipment? 
 

○ 1         ○ 2     ○ 3                                 

○ 4    ○ more than 4 
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Participant: __________                                 Interviewer:__________ Date:___________ 
 

 
Resistance Equipment 
 
In your opinion, what is the most appropriate use for this piece of equipment (check all that 
apply): 

○ Warm-up   ○ Increasing muscle strength ○ Cool down  

○ No use whatsoever ○ Unsure 
 

Assuming that you are very motivated, in one exercise session, how many sets could you 
imagine doing while using this specific piece of exercise equipment?   

○ less than 1        ○ 1     ○ 2                                 

○ 3    ○ more than 3  
 
Assuming that you are very motivated, in one exercise session, how many repetitions could you 
imagine doing in each set using this specific piece of exercise equipment? 
 

○ less than 5       ○ 5-8                ○ 8-10                   

○ 10-12   ○ 12-15    ○ more than 15 
 
 
Assuming that you are very motivated and fit, how many times per week could you imagine 
yourself using this specific piece of exercise equipment? 
 

○ 1         ○ 2     ○ 3                                 

○ 4    ○ more than 4 
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D. Chapter 5 
 
D.1 Satisfaction with the Guidelines Questionnaire 
 
 
 

 

Version date: April 13, 2011 
!

Considering the exercise program you have been completing over the last 4 months, please rate the 
following statements: 
  
 Strongly 

Disagree 
   Strongly 

Agree 
The exercise program was easy to fit into my schedule 1 2 3 4 5 6 7 
The exercise program was appropriate for my ability 1 2 3 4 5 6 7 
I was able to complete the exercises without any additional pain or 
discomfort 

1 2 3 4 5 6 7 

I was able to complete each exercise session in a reasonable amount 
of time 

1 2 3 4 5 6 7 

Overall, I enjoyed the exercise program 1 2 3 4 5 6 7 
 
The next few questions ask about the AEROBIC exercise.  This includes the exercise that you 
did that increased your heart rate and breathing such as arm biking, NuStep, and the vita glide. 
 
 
 Strongly 

Disagree 
   Strongly 

Agree 
The time of each exercise session was easy for me to complete 1 2 3 4 5 6 7 
The intensity was appropriate 1 2 3 4 5 6 7 
The types of exercise I performed were appropriate for my ability 1 2 3 4 5 6 7 
I enjoyed the types of exercise that I completed 1 2 3 4 5 6 7 
The exercise program improved my physical fitness 1 2 3 4 5 6 7 

 

The next few questions ask about STRENGTHENING activities.  These are activities that work 
your muscles, such as lifting weights and using the pulleys. 
 
 
 Strongly 

Disagree 
   Strongly 

Agree 
The number of exercises I did was appropriate 1 2 3 4 5 6 7 
The amount of weight I lifted was appropriate 1 2 3 4 5 6 7 
The types of exercises I performed were appropriate for my ability 1 2 3 4 5 6 7 
The number of repetitions of each exercise was suitable 1 2 3 4 5 6 7 
The exercise program increased my strength 1 2 3 4 5 6 7 

 


