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Abstract 

A spinal cord injury (SCI) can lead to impairments that impact fitness, health and 

quality of life. Although advances in medical technology have increased survival rates, 

individuals with SCI continue to experience various health problems that may be 

associated with a decrease in overall fitness. Physical activity has the potential to improve 

health-related physical fitness levels. According to the most recent physical activity 

guidelines, individuals with SCI should participate in 20 minutes of moderate-to-vigorous 

intensity leisure time physical activity (LTPA) two times per week (Ginis et al., 2011). 

These physical activity guidelines also recommend 3 sets of 8 to 12 repetitions of 

strengthening exercises twice weekly targeting all major muscle groups. These guidelines 

are aimed towards improving fitness components, including cardiovascular endurance, 

and muscular strength. Of particular concern are results that suggest approximately 50% 

of individuals with SCI are already meeting or exceeding these recommendations (Ginis 

et al, 2010 b). Despite already exceeding the recommendations, many individuals with 

SCI continue to have lower levels of fitness, frequent health complications, and lower 

QOL (Noreau et al., 2000; Warburton et al., 2008). The purpose of this thesis was to 

examine the potential differences in health-related physical fitness components and 

quality of life between individuals with SCI who meet the SCI-specific physical activity 

guidelines and those individuals with SCI who do not. The study also examined the 

potential differences in the health-related physical fitness components between 

individuals with complete and incomplete injuries. This study used the methods that have 

been validated for individuals with SCI.  Using the Leisure Time Physical Activity 

Questionnaire for Individuals with SCI (Ginis et al., 2012), eight out of the 10 
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participants in this research study were meeting the recommended levels of physical 

activity. The results of this study also suggest that completeness of injury impacts  LTPA 

participation with all inactive participants having complete injuries. Subjective QOL as 

assessed using the World Health Organization Quality of Life -BREF (1998) was not 

significantly different between the active and inactive participants. Cardiovascular 

endurance was measured using a direct VO2peak test using arm crank ergometry as the 

mode of exercise. The VO2peak of active individuals was significantly higher than that of 

inactive individuals. Also, VO2peak was significantly higher for participants with 

incomplete injury versus complete injuries. Shoulder muscle fitness (strength and 

endurance) was assessed using an isokinetic dynamometer. Peak torque and total work 

done were significantly different between active and inactive participants. Participants 

with complete injuries had higher values of peak torque than participants with incomplete 

injuries. Ratios of the peak strength of antagonist muscles showed alterations from the 

normal ratios for most of the participants. Results of dual energy X-ray absorptiometry 

demonstrated significantly higher fat percentages among inactive participants than active 

participants. Alterations in body composition appear to be the most severe in lower 

extremities.  

Overall, participants who are inactive appear to have lower health-related physical 

fitness levels. All inactive participants in this study had complete injuries. Participants 

with complete injuries appear to have lower health-related fitness levels than participants 

with incomplete injuries.  
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CHAPTER 1: Introduction 

1.1. Demographics 

Spinal cord injuries (SCI) are debilitating and impact an individual’s health and 

quality of life. According to a report published by the Rick Hansen Institute, there were 

85,556 individuals living with SCI in Canada (Farry & Baxter, 2010).  Of those injuries, 

49% (41, 581 cases) were due to non-traumatic causes such as disease, tumour, or 

malformation of spinal cord and 51% (43, 974 cases) were due to traumatic causes such 

as motor vehicle accident, falls, or violence. Based on the same report, non-traumatic SCI 

are most often acquired among individuals aged 60 to 79 years (974 cases every year; 

39% of all non-traumatic injuries), while traumatic SCI are most commonly acquired by 

individuals aged 20 to 39 years (646 cases every year; 36 % of all traumatic injuries).  

With estimates of 4,259 new cases of SCI reported in Canada each year, the number 

of individuals with SCI in Canada is predicted to rise to approximately 121,000 by the 

year 2030 (Farry & Baxter, 2010).  Advances made in medical technology have increased 

survival rates following SCI. More specifically, there has been a 41% increase in number 

of individuals with SCI discharged from hospital every year and overall prevalence of 

individuals has increased by 62% since 1990. In recent years, the life expectancy of 

individuals with SCI living in Canada has increased at similar rates as the rest of the 

Canadian population. Although life expectancy is not significantly shorter, impairments 

resulting from SCI cause various health complications and may lower quality of life. 

In addition to impacting individuals with SCI, the health care system is also affected. 

The lifetime medical costs of one individual with SCI in Canada can range from $1.6 to 
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$3 million, depending on the level and severity of injury (Rick Hansen Institute, 2011). 

When considered together, the economic cost of all individuals with SCI living in Canada 

is estimated to be $3.6 billion a year, hence making a great impact on the economy (Rick 

Hansen Institute, 2011). Given these extensive costs, rehabilitation needs to consider 

alternative means to offset the burden on an already taxed health care system. A 

physically active lifestyle has the potential to lower the impact of impairments on body 

systems, prevent secondary impairments, and improve the overall health and quality of 

life of individuals with SCI (Galea, 2012; Hicks, Ginis, & Pelletier, 2011).  

1.2. Structure and Function of the Spinal Cord 

The spinal cord is a prime structure of body that consists of major bundle of nerves 

travelling down the spinal canal and is responsible for normal functioning of the body 

(Kirshblum et al., 2011). From cranium to tail, the vertebral column consists of 33 

vertebra: 7 cervical, 12 thoracic, 5 lumbar, 5 sacral (fused together), and 4 coccygeal 

(fused together). The spinal cord extends from the level of first cervical vertebra (C1) to 

the level of first (L1) or second lumbar vertebra (L2) (Kirshblum et al., 2011). Internally, 

the spinal cord consists of peripheral white matter surrounding the central gray matter 

(Bryce, Ragnarsson & Stein, 2006). The white matter consists of longitudinally oriented 

spinal tracts or processes of the nerve cells that carry nerve impulses between the bodies 

of the nerve cells. These bodies form the gray matter of the spinal cord. The gray matter 

is organized into anterior and posterior horn or segments that perform motor and sensory 

function respectively (Bryce et al., 2006).  
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The spinal cord and brain constitute the central nervous system while the nerves 

outside the brain and spinal cord make up the peripheral nervous system. The central and 

peripheral nervous systems work in close coordination with each other for normal 

functioning of the body. The peripheral nervous system consists of the voluntary somatic 

nervous system and the involuntary autonomic system. The somatic nervous system 

comprises of motor and sensory nerves (peripheral nerves) that connect with the spinal 

cord via segmental nerves or roots (Kirshblum et al., 2011). These peripheral nerves carry 

the motor and sensory information between the spinal cord and body. Motor nerve cells 

(neurons) that connect the brain and spinal cord are known as upper motor neurons, 

whereas motor neurons connecting the spinal cord to rest of the body are known as lower 

motor neurons.  

The autonomic nervous system consists of the parasympathetic and sympathetic 

systems and controls smooth muscles (i.e. muscles in blood vessels and other visceral 

organs), cardiac muscles, and glands (Bryce et al., 2006). The parasympathetic system is 

responsible for maintaining “at rest” functions such as digestion, mobility of 

gastrointestinal tract, regulation of heart rate, breathing, and blood pressure. The 

sympathetic system, on the other hand, is activated during stressful conditions to prepare 

the body for “fight or flight” by increasing the heart rate and blood pressure to increase 

the blood supply to the heart and skeletal muscles. The parasympathetic nerves leave the 

spinal cord at the level of cranial and sacral (S2-S4) segments and the sympathetic nerves 

leave the spinal cord at the level of thoracic and lumbar (T1-L2) segments (Bryce et al., 

2006).  
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The somatic nervous system is required for normal sensations and movements, 

whereas the autonomic nervous system maintains the normal internal environment for 

body to work. Central nervous system and peripheral nervous system works in close 

coordination with each other for normal functioning of the body. The peripheral nervous 

system depends upon the nerve signals carried by the spinal cord from the brain. Normal 

functioning of somatic and autonomic function is dependent upon the functioning of the 

spinal cord; therefore, injury to the spinal cord generally leads to impairments in the 

functioning of these systems and the rest of the body.  

Impairments of body structure and function contribute to additional impairments and 

a variety of secondary health complications that further reduce an individual’s overall 

level of functioning (Haisma et al., 2006).  Given this vicious cycle of impairment and 

reduced functioning, it is important to understand the relationship between function, 

disability, and health to understand how disability impacts the individual and the 

community. A better understanding of this relationship will help in developing and 

improving the delivery of rehabilitation for individuals with SCI. 

1.3. Function, Disability and Health 

Health is a state of complete physical, mental, and social well-being and should be 

conceptualized as being more than the absence of morbidity (illness) and mortality 

(death) (World Health Organization [WHO], 1998). Health is a complex entity that is 

intricately related to the levels of functioning and disability experienced by each 

individual, while also taking into account their environment and personal characteristics 

(i.e. age, gender and coping style). To examine health, disability, and function 
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collectively, it is important to understand the meaning of each as well as the relationship 

among these terms. 

Different models have been proposed to understand the relationship among these 

terms and to explain disablement (i.e. the process of limitation in functional levels that 

leads to disability) (Nagi 1965; WHO, 1980). Initial models viewed disablement as a 

unidirectional process. Where the process of disablement started as pathology at the 

cellular level and progressed to impairment in organ function, which lead to disability 

(WHO, 1980) or functional limitation (Nagi, 1965). Disability further restricted an 

individual from performing functions in society that were otherwise considered normal 

for them. This limitation in function at the level of society was considered permanent, 

which left no scope of improving health after a disability had occurred. By viewing 

disability as a unidirectional process, these models did not take into account the role of 

interventions or characteristics of the person’s environment that do influence the level of 

disability experienced by an individual. Moreover, these models did not include 

individual’s perceptions of their own health, which we have come to know play important 

role in one’s state of health (WHO, 1998).  

Subsequent models introduced the role of risk factors, interventions, and 

environment as they relate to the function and disability of an individual (Pope & Tarlov, 

1991; Verbrugge & Jette, 1994). Obesity is one example of a risk factor that can add to 

the disability of a person and cause various health complications other than those caused 

directly by the impairments (Blackmer & Marshall, 1997). Similarly, exercise based 

interventions (such as aerobic and strength training) after SCI can reduce the incidence of 

secondary complications, which in turn improves function and independence and further 
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reduces disability (Galea, 2012). Modifications made to the environment such as making 

community wheelchair accessible can improve the functional independence of a person, 

in turn reducing the overall level of disability they experience. The World Health 

Organization made major revisions to the International Classification of Impairment, 

Disability and Handicap model, creating the International Classification of Functioning, 

Disability and Health (ICF) to bridge the gaps in previous disablement models (2001).   

1.3.1. International classification of functioning, disability and health. This 

ICF classification system provides an approach to understand the interactions between 

health, disability and function. The model discussed in this review is derived using the 

above definitions and relationships described by ICF to study the process of disablement 

among individuals with SCI (Figure 1.1). 

Disability is used as an umbrella term for any difficulties that any individual 

experiences with respect to their overall level of functioning. These functional disabilities 

can take place at the level of body structure or function or in terms of an individual’s 

activity or participation (WHO, 2001). Disability at the level of structure (e.g., nervous, 

musculoskeletal, or cardiovascular system) or body function (e.g., seeing, hearing, body 

orientation, or immune system) can lead to impairment. Activity is the execution of a task 

or action by an individual without help of any adaptive assisting devices and irrespective 

of the environment. On the other hand, participation is the performance of any activity in 

any context or environment. For example, walking without brace in a clinic would be 

considered an activity whereas walking with the aid of leg braces in the community 

would be considered participation. With respect to each individual, disability at the level 

of activity and participation is referred to as activity limitation and performance 
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restriction, respectively. Although health is impacted by impairments resulting from SCI, 

impairments alone do not determine the health. Function and disability at different levels 

along with contextual factors including environment of the individual (such as home, 

workplace and society) and personal factors (such as age, gender, fitness and coping 

style) determines the overall health of an individual. Contextual factors indirectly 

influence the health of an individual by affecting their overall level of disability and 

functioning. Individuals who lead a physically active lifestyle can improve their health, 

fitness and overall quality of life (Galea, 2012).  

1.4. Impairments After Spinal Cord Injury 

Damage to the spinal cord causes interruption of conduction of signals through the 

nerves that leads to impairments in the sensory, motor, and autonomic functioning of an 

individual (Noreau, Proulx, Gagnon, Drolet, & Laramee, 2000). The severity of these 

impairments is dependent upon the severity and extent of the injury, which depends on 

the level and completeness of the injury respectively (Kirshblum et al., 2011). Individuals 

with damage to the thoracic, lumbar, or sacral segments of spinal cord develop 

impairments in sensory or/and motor function in their trunk, legs, and pelvic organs, 

while functioning of their arms remains intact (Kirshblum et al., 2011). This type of 

impairment is called paraplegia. Individuals with damage to the cervical segments of 

spinal cord develop impairments in the sensory or/and motor function in their arms, in 

addition to their trunk, legs, and pelvic organs (Kirshblum et al., 2011). This type of 

impairment is called tetraplegia. Individuals with tetraplegia have greater impairments 

due to interruption of nerve conduction at a higher level and to a larger area of the body. 
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Figure 1.1. Disablement model derived from ICF (WHO, 2001) 
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Level of injury is also a determinant of functioning of autonomic system after SCI. 

Injuries above the T6 level disrupts the sympathetic outflow, which leads to dominance 

of the parasympathetic system (Phillips, Kiratli, Sarkarati, & Weraarchakul, 1998). The 

autonomic nervous system is typically spared following injuries below the level of T6. 

The completeness of the injury is one determinant of the severity of impairments 

following SCI. Rarely an accident will lead to complete transection of the spinal cord 

(Beninato, O'Kane, & Sullivan, 2004). However, from a clinical perspective, an injury 

can be complete irrespective of the completeness of the lesion. According to the 

American Spinal Injury Association (ASIA), the completeness of the injury is decided 

according to the motor and sensory function below the level of injury, including the 

lowest sacral segments (S4-S5) (Kirshblum et al., 2011). An injury is said to be complete 

(Grade A) if there is an absence of sensory and motor function in the lowest sacral 

segments. Whereas injury is considered incomplete if there is preservation of any sensory 

and/or motor function below the neurological level; including the lowest sacral segments 

(Kirshblum et al., 2011). Depending upon the extent of motor and sensory function 

preservation, incomplete injuries can be divided into 3 grades (Grade B, C and D) with 

decreasing severity of motor and sensory function from B to D. Grade E is used in case of 

to indicate normal motor and sensory function.  

The level and completeness of injury is a strong determinant of the severity of 

impairments in motor, sensory and autonomic function resulting from SCI. These 

impairments may alter the functioning of various body systems that further leads to 

various health complications depends upon the severity of impairments. Different body 
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systems that might be involved include (a) neuromuscular, (b) cardiovascular, (c) 

metabolic, (d) respiratory and (e) autonomic systems (Bryce et al., 2006).  

1.4.1. Neuromuscular system. Injuries to the spinal cord interrupt the conduction 

of neural impulses through motor and sensory nerves that can lead to paralysis of muscles 

and loss of sensation below the level of lesion (Kirshblum et al., 2011). Loss of nerve 

signals to the muscles causes gradual deconditioning of the muscle, which over time 

affects the structure and function of these muscles (Biering-Sorensen, Kristensen, Kjaer, 

& Biering-Sorensen, 2009). As a result, individuals with SCI have lower muscle mass 

and smaller muscle fibre cross sectional area below the level of the lesion (Castro, Apple, 

Hillegass, & Dudley, 1999). There is also transformation from slow to fast muscle fibres 

in these denervated muscles (Talmadge, Castro, & Apple, 2002). These structural 

changes are progressive and over time lead to a decreased capacity to generate force 

(Nash, 2005). Depending on the level of lesion, there may also be alterations in the tone 

of the muscles (Bryce et al., 2006). There tends to be an increase in muscle tone 

(spasticity) with upper motor neuron lesions and a decrease in muscle tone (flaccidity) 

with lower motor neuron lesions.  

Paralysis of muscles eliminates the normal reciprocal stretching of a muscle group 

when opposing muscles contract, which leads to shortening of contracting muscle group 

and lengthening of paralyzed muscles (Bryce et al., 2006). Spasticity adds to shortening 

of the muscles by prolonged unopposed contraction whereas flaccid muscles are usually 

lengthened due to pull by gravity or other surrounding structures. Collectively, these 

changes lead to muscle imbalance that can lead to complications like joint instability, 

contractures, or eventual deformities of the joints.  
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1.4.2. Cardiovascular system. Functioning of the cardiovascular system is 

dependent upon the functioning of the heart muscles (myocardium) and the peripheral 

vascular structure (arteries and veins) (Phillips et al., 1998). Alterations in the structure 

and function of the heart or peripheral vascular structures affect the overall functioning of 

the cardiovascular system. Many alterations are seen in the structure and function of the 

heart among individuals with SCI. Injuries above the sixth thoracic level (T6) disrupt the 

sympathetic nervous system, which leads to a decrease in blood pressure at rest and 

during exercise (Bryce et al., 2006). As a result of this decrease in blood pressure there is 

a decrease in cardiac filling, which in turn leads to atrophy of the ventricular muscles. 

Ventricular atrophy further reduces the stroke volume. Peak heart rate is usually lower 

due to involvement of sympathetic nervous system. Lower peak heart rate and stroke 

volume reduces the peak cardiac output that can be achieved(Bhambani, 2002).  

Individuals with injuries below T6 usually have normal ventricular mass (Nash, 

2005). However, their stroke volume is usually reduced due to decrease in venous return 

from the paralyzed lower extremities (Nash, 2005). Although, resting cardiac output 

remains within normal ranges, it is at the cost of slightly higher resting heart rate (Nash, 

2005).  

Individuals with SCI also have lower blood volume and impaired circulation in the 

lower extremities, symptoms that are commonly referred to as circulatory hypokinesis 

(Jacobs, Mahoney, Robbins, & Nash, 2002). Hypokinesis results from impaired 

autonomic control and diminished blood flow by inside of walls of blood vessels (Jacobs 

et al., 2002). The reduction in blood volume also leads to an increase in coagulability of 

blood (Nash, 2005; Nash, Montalvo, & Applegate, 1996). Reduced blood circulation and 
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increased blood coagulability increases the chances of blood clotting inside the vessels. 

The loss of sympathetic vasoconstriction along with peripheral venous and splanchnic 

blood pooling in individuals with SCI may lead to a drop in blood pressure with change 

in position (lying-to-sitting or sitting-to-standing), which is known as postural 

hypotension (Beninato, O'Kane, & Sullivan, 2004). This is more common in individuals 

with injuries above T6 level, but may also be experienced by individuals with injuries at 

lower levels (Cariga, Ahmed, Mathias, & Gardner, 2002). Overall, greater cardiovascular 

impairments are seen in individuals with injuries above T6 level, which is due to 

involvment of sympathetic system. 

Changes in the structure and function of cardiovascular system place individuals with 

SCI at increased risk of developing cardiovascular diseases. Cardiovascular disease alone 

is one of the most frequent causes of death (40.5%) among individuals with SCI 

(Garshick et al., 2005). The common reasons for deaths due to cardiovascular problems 

include heart failure, atrial fibrillation, atherosclerosis, and ischemic heart diseases 

(Garshick et al., 2005). The incidence of cardiovascular diseases among individuals with 

SCI has paralleled the increase in survival rate and longevity following SCI (Groah, 

Spungen, & Bauman, 2009). 

1.4.3. Autonomic system. Disruption of sympathetic outflow leads to dominance 

of the parasympathetic system among individuals with injuries above T6 (Phillips et al., 

1998). As discussed previously, autonomic system involvement can make these 

individuals prone to cardiovascular problems. In addition to this, autonomic system can 

directly cause complications like autonomic dysreflexia and impaired temperature 

regulation. 
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Autonomic dysreflexia is a life threatening condition commonly seen in individuals 

with SCI at or above T6, although it has also been reported occasionally in individuals 

with lower thoracic lesions (Braddom & Rocco, 1991; Furusawa et al., 2011). Autonomic 

dysreflexia occurs as a result of the activation of reflex sympathetic activity by a noxious 

stimulus (e.g., distended bladder or rectum, defecation, ingrown toenails, orgasms) below 

the injury level that leads to a sudden increase in blood pressure (Phillips et al., 1998). 

The symptoms include pounding headache, shivering, profuse sweating, anxiety, nausea, 

flushing of the face, neck, or shoulders, and nasal congestion. The presence of one or 

more of these above symptoms along with an increase in resting blood pressure by 20mm 

of Hg in individuals with SCI above T5 – T6 level is considered to be autonomic 

dysreflexia (Krassioukov et al., 2007). This hypertension can result in cerebral 

haemorrhage and even death (Phillips et al., 1998). 

Body temperature is normally controlled by the hypothalamus, where hot and cold 

signals are carried from the peripheral regions of the body to the hypothalamus by 

sensory nerves (Krassioukov et al., 2007). When there is an increase in core body 

temperature, the hypothalamus inhibits the sympathetic nervous system.  This inhibition 

leads to increased vasodilatation and sweating in order to cool the body. When there is a 

decrease in core body temperature, the hypothalamus stimulates the sympathetic system 

to initiate vasoconstriction and shivering in an effort to increase the body temperature. 

Following SCI (especially injuries above T6 level), temperature regulation is impaired 

due to interruption of sympathetic system (Bryce et al., 2006). These changes make 

individuals with SCI increasingly susceptible to heat-related stress because it gets 

difficult to maintain body temperature close to the resting value of 37
0
C (Bryce et al., 
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2006). Stress from heat can lead to headache, dizziness, loss of consciousness and 

convulsions; in severe cases it can lead to death (Occupational Health and Safety Council 

of Ontario, 2009). 

1.4.4. Respiratory system. Depending upon the level of injury, SCI can impair 

the functioning of the respiratory muscles, leading to various complications of the 

respiratory system (Zimmer, Nantwi, & Goshgarian, 2007). Muscles of respiration 

include the diaphragm (C3-C5), intercostals (T1-T11), abdominals (T6-L1) and muscles 

of the neck and shoulder girdle including scalene (C3-C8), sternocleidomastoid (C2-C4), 

and trapezius (C1-C4). The diaphragm is the primary muscle of inspiration.  The 

intercostals, scalenes, sternocleidomastoid, and trapezius are the accessory muscles that 

help in inspiration during the increase in ventilatory demands such as during exercise. 

The abdominals (T6-L1) help in events requiring forceful expiration such as required 

during coughing and clearing of secretions in the chest.  

Individuals with injuries at or above the level of C4 require mechanical ventilation 

due to impairment of the diaphragm (Bryce et al., 2006). Although individuals with 

injuries between C5 and C8 can have normal and independent breathing at rest, they tend 

to have difficulties during forceful breathing (Bryce et al., 2006). Individuals with 

injuries at the thoracic level usually have independent ventilation and can clear secretion 

with or without assistance (Bryce et al., 2006). Individuals with tetraplegia are vulnerable 

to respiratory complications such as pneumonia, chronic airway obstruction, and pleural 

effusion (Garshick et al., 2005). Respiratory complications are the second most common 

cause (24.3 %) of mortality after cardiovascular complications in individuals with SCI 

(Garshick et al., 2005).  
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1.4.5. Metabolic system. Metabolic syndrome is the clustering of risk factors like 

increased insulin resistance, lower levels of high density lipoproteins cholesterol, higher 

levels of low density lipoprotein cholesterol, obesity, or hypertension that increase an 

individual’s risk of developing cardiovascular disease and type-2 diabetes (Duvnjak & 

Duvnjak, 2009). When compared to able body individuals, individuals with SCI have 

increased insulin resistance (Bauman & Spungen, 1994), lower levels of high density 

lipoproteins cholesterol and higher levels of low density lipoprotein cholesterol (Bauman 

et al., 1999; Manns et al., 2005), and a higher incidence of obesity (Anson & Shephard, 

1996; Buchholz et al., 2003).  The presence of these risk factors increases the chances of 

individuals with SCI developing cardiovascular diseases and diabetes-2 mellitus (Manns 

et al., 2005). 

Impairments in the body structure and function after SCI affects an individual’s level 

of physical fitness, which is closely related to health. Participation in leisure time 

physical activity (LTPA) of moderate-to-vigorous intensity also positively affects the 

fitness levels and health of able-body individuals (Kesaniemi et al., 2001). For able body 

individuals, different organizations have recommended a minimum amount of physical 

activity participation for maintaining and improving health (Tremblay et al., 2011; WHO, 

2010). However, the amount of activity participation required for health benefits might 

not be same for individuals with SCI due to impairments in the structure and functioning 

of their various body systems. The purpose of this study is to examine potential 

differences in health-related physical fitness components between participants who meet 

the SCI-specific guidelines and those participants who do not meet the guidelines.
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CHAPTER 2: Literature Review 

2.1. Physical Fitness 

Physical fitness is a physiological state of well-being that is required to meet the 

demands of daily living and/or sports performance (Warburton, Nicol, & Bredin, 2006). 

It is the collective physical capacity of a variety of physiological systems, including 

neuromuscular, cardiovascular, and respiratory systems, to perform physical activity. 

Greater fitness levels contribute to more efficient performance during physical activity 

pursuits, in turn leading to better health (Kesaniemi et al., 2001). Physical fitness is a 

strong predictor of health, with higher incidence of morbidity and mortality being found 

among individuals with lower fitness levels (Warburton et al., 2006).  

Physical fitness can be divided into skill- and health-related components (ACSM, 

2009b). Skill-related components are related to the skill level and sports performance, but 

do not necessary relate to health of an individual. Common skill related physical fitness 

components are (a) agility, (b) coordination, (c) balance, (d) power, (e) reaction time, and 

(f) speed (ACSM, 2009b). This review will focus on the health related components of 

physical fitness including (a) body composition, (b) cardiovascular endurance, and (c) 

muscle strength. These components are closely related to the health of an individual, with 

decreased levels being associated with a variety of health complications and premature 

death (Warburton et al., 2006). These fitness components are also related to each other.  

People with higher percentages of fat mass tend to have lower aerobic fitness (Bjorn & 

Svanborg, 1993). Similarly lean body mass and muscle strength are both associated with 

bone mineral density (Spector, 1997). 
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These fitness components generally depend on different factors including age, 

gender, genetic endowment, and physical activity participation (McArdle, Katch, & 

Katch, 1994). Fitness levels start to decrease after a certain age due to the changes in the 

structure and functioning of various body systems (Bjorn & Svanborg, 1993; Karakelides 

& Nair, 2005). Women have comparatively lower fitness levels than males, which can be 

attributed mainly to lower muscle mass in women (McArdle et al., 1994). Individuals’ 

genetic makeup is also a significant predictor of their fitness level (Spector, 1997). Age, 

gender and genetic endowment are factors that cannot be modified to change the fitness 

levels. Physical activity participation is a factor that can be modified to improve the 

fitness levels and slow the rate of decline associated with aging, even among individuals 

with disabilities, chronic diseases or health complications (Kesaniemi et al., 2001).  

Apart from these factors, fitness levels also depend upon the method of assessment 

and the health state of an individual. Different modes of testing may yield different 

values with certain methods yielding more accurate results than others. Not all methods 

are appropriate for use with individuals with different health states. So, the method of 

assessment should be suitable for the individual being tested. All these factors should be 

taken into account during the assessment of health-related physical fitness components. 

2.2. Body Composition  

The human body is composed of fat mass and fat-free mass. Fat-free mass is further 

composed of bone, muscle, and residual mass such as non-bone minerals (Withers et al., 

1998). Body composition is related to health outcomes and functional ability of an 

individual. Adiposity refers to an excess of fat accumulation that often leads to various 
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health complications such as hypertension, metabolic syndrome, type-2 diabetes, and 

coronary artery disease (Manns et al., 2005). Similarly, excessively low bone mass 

density can lead to osteopenia (T-score of 1 to 2.5 standard deviations below average) 

and osteoporosis (T-score of less than 2.5 standard deviations below average) thereby 

increasing an individuals’ susceptibility to fractures that can lead to further health 

complications. Decreased muscle mass leads to lower metabolism and resting energy 

expenditure (Brenes, Dearwater, Shapera, LaPorte, & Collins, 1986). Lower amounts of 

functional muscle mass also leads to reduced independence (Beninato, O'Kane, & 

Sullivan, 2004; Fujiwara, Hara, Akaboshi, & Chino, 1999) and limits the ability of an 

individual to perform physical activity. Lower metabolism and resting energy 

expenditure, and reduced independence collectively lead to lower total energy 

expenditure, which further contributes to excess fat accumulation.  

2.2.1. Assessment. Body composition can be assessed using simple methods that 

provide a general estimate of body composition or more specific laboratory methods that 

provide more accurate values. Simple methods like body weight, girth, body mass index 

(BMI), and skinfolds provide a general measure of body composition.  

The first three of these methods provide an indication of adiposity or fat composition 

and are easy to perform and do not require any specialized equipment. Although 

commonly used, body weight does not differentiate between bone and muscle, which 

makes it difficult to compare two individuals of different age, height, and overall build 

using body mass alone. Girth measurements also cannot differentiate between the 

contribution of fat, muscle and bone. The ratio of body weight to squared height is used 

to obtain a BMI value (BMI = kg/m
2
). Body fat composition is underestimated when 
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measured using BMI, especially individuals with disabilities, for example, individuals 

with SCI have significantly greater total body fat and lower lean mass than able body 

individuals with similar BMI values (Jones, Legge, & Goulding, 2003; Spungen et al., 

2003). 

Although these measures are very general, and may not provide an accurate estimate 

of body composition, these measures have been used to predict the risk of health 

complications for an individual.  An abdominal circumference greater than 102 cm in 

men and 88 cm in women is considered as a risk factor for metabolic syndrome (Duvnjak 

& Duvnjak, 2009).  Individuals with BMI values exceeding 25 kg/m
2
 and 30 kg/m

2
 are 

considered as overweight and obese respectively, which places these individuals at a high 

risk for health complications (WHO, n.d.).  

Skinfolds can be used to predict the percentage of the fat mass of an individual. The 

estimate of body composition includes measurement of skinfold thickness at three (chest, 

abdomen and thigh) or more (such as chest, midaxillary, triceps, subscapular, abdomen, 

suprailiac and thigh) sites (ACSM, 2009b). Equations developed for individuals of 

different age, gender, and race are then used to predict fat percentage from skinfolds 

obtained (ACSM, 2009b). However skinfold method are based on assumptions that the 

distribution of fat subcutaneously is similar for all individuals and the subcutaneous fat is 

proportional to the total amount of body fat (ACSM, 2009b), which might not be true for 

individuals with SCI due to alterations in body composition (Mojtahedi, Valentine, & 

Evans, 2009). 

Commonly used laboratory methods include (a) hydrodensitometry, (b) air 

displacement plethysmography, (c) bio-electrical impedance, and d) dual energy X-ray 
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absorptiometry. Hydrodensitometry estimates the volume of the body by measuring the 

volume of water that is displaced when the body is immersed in water (Gater & Clasey, 

2006). This body volume is then used to calculate whole body density, which is then used 

to predict the percentage body fat based on different equations (Brozek, Grande, 

Anderson, & Keys, 1963). Although the accuracy for measuring body density is second 

to none, hydrodensitometry makes several assumptions for calculating body fat, which 

may compromise its accuracy. For example, the density of fat (0.901 g/ml) and fat free 

mass (1.10 g/ml) is assumed to be same for all individuals (Brozek et al., 1963). 

Hydrodensitometry also requires the immersion of an individual into water that can be 

problematic and unsafe especially with individuals with SCI (Kocina, 1997).  

Air displacement plethysmography (ADP) uses air displacement instead of water 

displacement to provide a more convenient means of calculating body volume (Demerath 

et al., 2002). Like hydrodensitometry, ADP uses body volume measures to calculate body 

fat composition. Both ADP and hydrodensitometry produces similar values of body fat 

content when used for body composition assessment (Demerath et al., 2002; Gater & 

Clasey, 2006). Neither of the two techniques can provide the body composition values for 

different regions of the body.  

Bioelectrical impedance (BIA) uses a bio-impedance analyzer to measure the 

impedance to the flow of electrical current through the body, which then gives the value 

of fat mass. Body composition values of different segments can be assessed using 

different BIA devices (Heyward, 2001). However, hydrodensitometry, ADP and BIA 

cannot provide the bone mineral content and bone density values.  
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Dual energy X-ray absorptiometry (DEXA) uses two low energy X-ray beams to 

provide body composition values (Duren et al., 2008; Withers et al., 1998). DEXA can 

provide individual values for fat and lean mass as well as bone mineral content and bone 

density. Since, DEXA can estimate the fat free mass to greater accuracy by 

differentiating between the bone mass and lean mass, it provides more accurate 

estimation of body fat content than hydrodensitometry and ADP (Prior et al., 1997). 

Furthermore, DEXA can measure specific regions (arms, trunk and legs) to provide a 

better indication of body composition, which is particularly important in individuals with 

SCI where body fat distribution is altered (Jones, Goulding, & Gerrard, 1998).  

2.2.2. Body composition among individuals with spinal cord injury. Body 

composition is severely altered following SCI, especially in the areas below the level of 

lesion. Changes in body composition are similar to that seen with ageing, but in 

individuals with SCI the changes occur prematurely and at a faster rate (Spungen et al., 

2003). Individual with SCI typically have greater percentage of total body fat than 

recommended values of 10 to 22% in healthy males and 20 to 32% in healthy females 

(ACSM, 2009b). This greater fat mass results in overweight and obesity, which are major 

risk factors for the development of various health complications.  

When the body composition of 8 individuals with paraplegia was compared with 

their able-body twins using DEXA, significantly higher fat percentage (7%) and fat mass 

(4.8 kg) per unit body mass index were found among individuals with paraplegia 

(Spungen, Wang, Pierson, & Bauman, 2000). Total body lean mass was also found to be 

significantly lower (47.5 +/- 6.7 vs. 60.1 +/- 7.8) among individuals with paraplegia. 

Similar results were found when body composition of individuals with SCI was 
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compared with that of able body individuals using a variety of methods, including DEXA 

(Jones et al., 1998; Jones et al., 2003; Maggioni et al., 2003; Spungen et al., 2003) and 

total body water (Buchholz et al., 2003).  

Greater fat mass is due to lower resting energy expenditure and lower physical 

activity levels resulting from lower muscle mass and functional capacity, respectively 

(Buchholz et al., 2003). The lower muscle mass is primarily due to denervation of the 

muscles below the level of lesion that causes disuse atrophy of the muscles. Changes in 

lean mass composition may occur rapidly for approximately 6 months and then at a 

slower rate for up to 2 years following injury before becoming relatively stable (Kocina, 

1997). The greatest proportions of loss in from the lower extremities can be up to eight 

kg of muscle mass for every decade after the injury, which is double the value for able 

body individuals (Spungen et al., 2000).  

Individuals with SCI tend to have lower bone mineral content and bone density 

below the level of injury (Giangregorio et al., 2006; Spungen et al., 2003). The neuronal, 

and vascular factors leading to increased calcium resorption and negative calcium 

balance are the major reasons for bone loss following SCI (Chantraine, 1978-79; Jiang, 

Dai, & Jiang, 2006).  

Loss of functional muscle mass, usual weight bearing daily activities, and hormonal 

factors further contribute to bone demineralization (Spungen et al., 2003). 

Demineralization of bones is rapid during first 2-5 years post injury after which bone 

mineral demineralization becomes more gradual (Giangregorio et al., 2006; Kocina, 

1997). Differences are more apparent in lower extremities and trunk with lesser or no 

difference in upper extremities (Jones et al., 1998; Jones et al., 2003; Spungen et al., 
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2003; Spungen et al., 2000). This is because of complete loss of innervation in legs with 

trunks and arms being relatively or completely spared depending upon the extent and 

severity of injury. Individuals with tetraplegia are found to have significantly lower 

muscle mass than individuals with paraplegia (Spungen et al., 2003).  However, no 

significant differences were observed in total body fat percentage or bone mineral 

content. These findings suggest that individuals with SCI have severe alteration in body 

composition confirming the premature adverse changes in body composition.  

2.3. Cardiovascular Endurance  

Cardiovascular endurance, also referred to as the aerobic capacity or aerobic fitness 

of the individual, is the ability of circulatory and respiratory systems to supply and utilize 

oxygen during sustained physical activity (ACSM, 2009b). Cardiovascular endurance is 

strongly related to health outcomes, including mortality due to cardiovascular and other 

diseases (Blair et al., 1996; Farrell et al., 1998).  

The cardiovascular endurance of an individual can be determined by measuring the 

maximum amount of oxygen that can be utilized by that individual in one minute.  This 

amount is most often referred to as VO2max. The amount of oxygen being used is 

dependent on the amount of blood being pumped by the heart in one minute (i.e. cardiac 

output) and also the amount of oxygen being extracted by the muscle tissue (i.e. mixed 

arterio-venous difference (a-v) O2diff). Limitations in either cardiac output (central factor) 

or (a-v)O2diff (peripheral factor) determines the capacity of an individual to perform 

aerobic activity (Bassett, & Howley, 2000). Studying the central and peripheral factors 
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along with VO2max can give deeper understanding of cardiovascular factors limiting the 

exercise. 

2.3.1. Assessment. Cardiovascular endurance can be assessed using direct and 

indirect tests. Direct tests measure the amount of oxygen utilized during exercise directly 

and therefore provide the most accurate value of VO2max (ACSM, 2009b). A direct test 

provides an indication about other ventilatory responses to exercise such as fractions of 

expired gases, respiratory exchange ratio, and ventilatory volume, which gives more 

information about physiological responses during the exercise. Indirect tests, on the other 

hand, predict VO2max values from physiological responses (e.g., heart rate) or 

performance (e.g., time to run 1 or 1.5 miles) during submaximal or maximal exercises 

(ACSM, 2009b). Although indirect tests are often used to provide indications of 

cardiovascular endurance, direct tests are always recommended if equipment for direct 

testing is available and participants can perform exercise of maximal intensity.  

Different modes of exercise can be used when testing for VO2max. Commonly used 

methods include treadmill running, stationary biking, and upper extremity exercises 

which can be further divided into arm crank exercises (ACE) and wheelchair exercises 

(WCE). Treadmill tests have shown to produce highest VO2max values followed by bike 

and upper extremity exercises (McArdle et al., 1994), with VO2max values obtained using 

upper extremity exercises being around 70% of that obtained using treadmill tests 

(McArdle et al., 1994). This difference is due to difference in physiology of lower and 

upper extremity exercises (Sawka, 1986). Smaller upper extremity muscles get fatigued 

before actual VO2max value is obtained, therefore the term peak oxygen uptake (VO2peak) 

is used instead of VO2max (Bhambani, 2002).  
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Individuals with SCI have been tested using both ACE and WCE exercises and 

conflicting results have been found. Some research studies obtained higher VO2peak 

during WCE and suggested the reason to be the mode of testing being more specific to 

everyday ambulation and also to activation of more muscle mass during WCE (Gass & 

Camp, 1984). Research studies that obtained higher values using ACE suggested that 

discontinuous and complex arm movement during the WCE makes it less efficient than 

ACE (Dallmeijer, Zentgraaff, Zijp, & van der Woude, 2004). Other research did not find 

significant differences between VO2max values obtained using the two methods (Gass & 

Camp, 1984; Martel, Noreau, & Jobin, 1991). Therefore, specificity of testing exercise to 

daily mode of ambulation and also the efficiency of testing exercise should be considered 

while comparing the results.  

Following SCI, there are changes in the cardiovascular system such as decrease in 

stroke volume, and increase or decrease in heart rate (Hopman, Pistorius, Kamerbeek, & 

Bikhorst, 1992) that must be taken into account., There might even be changes in the (a-

v)O2diff in individuals with tetraplegia indicating changes in capacity of exercising 

muscles to enhance oxygen (Bhambani, 2004; Figoni, 1993). Studying peripheral 

oxygenation trends can contribute to understanding cardiovascular limitations to exercise 

in individuals with SCI.  This is particularly important in individuals with higher levels of 

injury who have more significant changes in cardiovascular functioning due to the 

involvement of autonomic functions. 

2.3.2. Cardiovascular endurance among individuals with spinal cord injury. 

Like in able-body individuals, VO2peak in individuals with SCI is dependent upon age, 

gender, physical activity and genetic makeup. However, individuals with SCI tend to 
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have lower cardiovascular endurance as compared to age, gender and physical activity 

matched able-body individuals (Figoni, 1993; Hopman et al., 1992). This lower 

cardiovascular endurance can be attributed to lower functional muscle mass or/and 

impairments in the cardiovascular system. VO2peak values are also dependent upon the 

level and completeness of injury and time since injury (Janssen, Dallmeijer, Veeger, & 

van der Woude, 2002). Level of injury is found to be the strongest predictor of VO2peak 

and has shown to account for 37-47% of the variance in the VO2peak among individuals 

with SCI (Janssen et al., 2002). Individuals with complete injuries tend to have lower 

VO2peak values than individuals with the same level of incomplete injury. In contrast, a 

positive correlation has been found between time since injury and VO2peak values (Janssen 

et al., 2002). Although impairment typically increases with time since injury due to 

secondary health complications and ageing, VO2peak values have shown to be positively 

related to time since injury. This positive correlation can be because the upper extremity 

muscles keep adapting to take over the mobility functions of lower extremity muscles 

(Janssen et al., 2002). 

These results suggest an inverse relationship between the extent and degree of 

impairments and cardiovascular endurance in individuals with SCI.  Individuals with 

tetraplegia and high-level paraplegia have lower stroke volume at rest and during exercise 

(Bhambani, Holland, Eriksson, & Steadward, 1994). Also, individuals above T6 level 

typically have autonomic system involvement leading to lower heart rate at rest and 

during exercise. Lower stroke volume and heart rate leads to lower cardiac output at rest 

and during the exercise causing lower cardiovascular endurance. The (a-v)O2diff at same 

absolute VO2peak is found to be higher in individuals with tetraplegia when compared 
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with able-body individuals indicating individuals with tetraplegia rely more on peripheral 

extraction of oxygen to meet the increased oxygen demands of exercise (Figoni, 1993). 

Individuals with paraplegia usually have lower stroke volume at rest and during exercise 

than able-body individuals due to lower venous blood return from the paralyzed lower 

extremity muscles (Hopman et al., 1992; Hopman, Pistorius, Kamerbeek, & Binkhorst, 

1993). However, their cardiac output might not be affected due to compensatory increase 

in heart rate at rest and during exercise (Hopman et al., 1992; Hopman et al., 1993; 

Martel et al., 1991).  

Overall, individuals with different levels of injury adapt differently to meet the 

oxygen demands of exercise. However, individuals with SCI have lower VO2peak than 

able-body individuals of similar age, gender and physical activity participation. Within 

individuals with SCI, individuals with comparatively greater impairments due to higher 

or complete level of injury have lower VO2peak values. 

2.4. Muscle Fitness 

Muscle fitness is an important health-related component that includes muscle 

strength and endurance (ACSM, 2009b). Muscle strength is the ability of a muscle to 

produce force by generating active tension, whereas muscle endurance is the muscle’s 

ability to perform for successive exertions or many repetitions (ACSM, 2009b). Muscle 

tissues are responsible for maintaining resting energy expenditure and metabolism, 

thereby improving glucose metabolism and preventing metabolic disorders like type-2 

diabetes (ACSM, 2009b). Muscle strengthening exercises cause mechanical loading of 

the bones, which influences bone formation (Haskell et al., 2007). The contraction of the 
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lower extremity muscles helps to return the blood from lower extremities’ veins back to 

the heart which helps in maintaining normal blood circulation (Nash et al., 1996). Muscle 

strength and endurance are also related to the performance of activities of daily living and 

therefore are important for the normal functioning and overall health of an individual 

(Beninato et al., 2004).  

2.4.1. Assessment. Muscle fitness can be assessed using a variety of ways, most 

commonly used objective measures being hand held dynamometers (HHD) and isokinetic 

dynamometers. Strength assessment using HHD is performed by resisting a maximal 

voluntary contraction that is produced by the individual (make technique) or applying 

sufficient force to overcome the individual’s force (break technique). It has shown 

moderate to strong correlation with other accurate objective measures such as isokinetic 

dynamometers (May, Burnham, & Steadward, 1997; Noreau & Vachon, 1998). However, 

HHD measures strength at one joint position at a time and cannot measure strength in the 

complete range of motion or provide a measure of muscle endurance. 

Isokinetic dynamometers measure the torque that is produced by a specific muscle 

group. Torque is measured throughout the available range of motion of a joint at a 

specific joint velocity in Newton-meters or Foot-pounds (ACSM, 2009b). Different joint 

movements can be tested in different planes. Individuals are positioned in different 

positions depending upon the joint and movement to be tested. The basic principle of 

positioning is to align the axis of the joint to be tested with that of the lever arm of the 

machine and to stabilize some of the body parts that are not being tested (Burdett, & Van 

Swearingen, 1987). Isokinetic dynamometers can also measure the muscle endurance by 

calculating the reduction in strength over time and also by calculating the total amount of 
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work done during those contractions (Burdett & Swearingen, 1987). Isokinetic 

dynamometers are highly reliable and valid for assessing muscle strength and endurance 

of different joint muscles therefore considered as the gold standard for the measurement 

of muscle fitness (ACSM, 2009b). 

2.4.2. Muscle fitness among individuals with spinal cord injury. Injury to the 

spinal cord leads to the denervation of muscles below the level of the lesion, which 

causes weakness or paralysis in those muscles.  The extent and severity of the 

denervation and paralysis depends on the completeness and level of injury, with complete 

or higher level injuries leading to greater levels of impairment (Biering-Sorensen et al., 

2009).  Denervation leads to structural and functional changes below the level of lesion 

with transformation of type 1 muscle fibres to type 2 (Castro et al., 1999; Talmadge et al., 

2002), atrophy of the muscles and an increase in intramuscular fat (Elder et al., 2004; 

Gorgey et al., 2007). All these changes show gradual progression, reducing the capacity 

of the muscles to produce force (Belanger, Stein, Wheeler, Gordon, & Leduc, 2000; 

Rodgers et al., 1991).  

Impairments in denervated muscles forces individuals with SCI to rely on intact 

muscles above the lesion (i.e., upper extremity muscles) for their daily activities. 

Research has shown strong correlation between upper extremity muscles and functional 

independence in individuals with SCI (Beninato et al., 2004; Fujiwara, Hara, Akaboshi, 

& Chino, 1999). Therefore, it becomes important for individuals with SCI to have 

stronger upper extremity muscles for more functional independence. 
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2.5. Physical Activity and Health-Related Fitness  

Physical activity is a modifiable factor that can improve the physical fitness of 

individuals with different age, gender, body composition and health state. In individuals 

with SCI, different modes of physical activities have shown improvements in 

cardiovascular endurance, body composition, and muscle fitness. 

The VO2max values of athletes with paraplegia (34.5 mL/kg/min) are comparable to 

untrained able body individuals (31.5 mL/kg/min) and significantly higher than 

individuals with paraplegia who are sedentary (23.9 mL/kg/min) (Huonker et al., 1998). 

Improvements have been seen in the aerobic power of individuals with tetraplegia and 

paraplegia by 118% and 45% respectively after a 9-month program of twice-weekly 90 to 

120 minutes sessions of progressive moderate-intensity exercise training using arm 

(Hicks et al., 2003).  Similarly, a 99% increase in VO2max values (from 12.1 to 23.5 

mL/kg/min) has been shown in individuals with tetraplegia after moderate-vigorous 

intensity aerobic training (arm crank ergometer exercise) of 8 weeks with 3 sessions per 

week (DiCarlo, 1988). Similar results have been observed by other research studies 

(Davis, Plyley, & Shephard, 1991; deGroot, Hjeltnes, Stal, & Birkland, et al., 2003). 

These results show the potential of physical activity in improving the cardiovascular 

functioning among individuals with SCI of different levels of injury. Greater 

improvements among individuals with tetraplegia indicate more room for improvements 

and greater potential than expected among these individuals. 

Similarly, different modes of physical activities can slow down (de Bruin et al., 

1999; Giangregorio et al., 2006) or to some extent reverse (Belanger et al., 2000; Mohr et 

al., 1997) the detrimental changes in body composition that are seen following SCI. 
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Prevention of decrease in bone density has been observed in lower extremity bones 

(femur and tibia) after one year of three-times weekly body weight supported treadmill 

(BWST) training (Giangregorio et al., 2006). In the same study there was loss of bone 

density in individuals whose time since injury was less than 2 years, which can be 

accounted for by an accelerated loss of bone density in first few years after injury.  

However, individuals with SCI who participate early in physical activity have shown 

to have slower decline in bone mass (of tibia) than individuals with SCI who are inactive 

(de Bruin et al., 1999). Also, participants in these studies experienced increase in muscle 

cross-sectional area in lower extremities in all individuals including individuals with 

acute injuries (2-6 months post injury).  

Passive mechanical loading has also been shown to preserve bone mass of femoral 

shaft in individuals with paraplegia (Goemaere, Laere, Neve, & Kaufman, 1994). The use 

of functional electrical stimulation (FES) has also shown improvements in muscle cross 

sectional areas and preservation of bone density in individuals with different levels of 

SCI (Belanger et al., 2000; Mohr et al., 1997; Rodgers et al., 1991). Some studies have 

even shown recovery of bone density in lumbar, distal femur, or proximal tibia using FES 

(Belanger et al., 2000; Bloomsfield, Mysiw, & Jackson, 1996; Mohr et al., 1997). Other 

studies using FES found maintenance, but no improvements in bone density of lumbar 

and different regions of femur bone (BeDell, Scremin, Perell, & Kunkel, 1996; 

Bloomsfield et al., 1996; Leeds, Klose, Ganz, Serafini, & Green, 1990). The difference in 

results could be due to the difference in the intensities of FES used. In the former studies 

high intensities of FES training were used in terms of power (>18 W), duration or 
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frequency. Also, it is suggested improvements are seen more in the specific regions 

exercised during the FES. 

Physical activity participation has shown improvements in the muscle strength in 

individuals with SCI.  Hicks et al. (2003) showed significant improvements (19-34%) in 

1RM for bench press, elbow flexion and shoulder flexion after 9 months of twice-weekly 

exercise training. Jacobs, Nash & Rusinowski (2001) showed significant improvements 

in shoulder muscles after 12 weeks of exercise training performed three times weekly.  

Overall, physical activity is a modifiable factor that can lead to improvements in 

health-related physical fitness components in individuals with SCI. Different guidelines 

have recommended different amounts of physical activity for maintaining and improving 

fitness levels in individuals with SCI (Buchholz et al., 2003; Ginis, Hicks, Latimer, & 

Warburton, 2011; Myslinski, 2005). These guidelines will be discussed later in this 

literature review. Most of the guidelines are based on different research studies showing 

the beneficial effects of physical activity on health related fitness levels. However, these 

research studies are inconsistent in terms of exercise protocols, and assessment methods, 

making it difficult to make between-study comparisons about the effects of exercise 

(Ginis et al., 2011). 

2.6. Quality of Life 

Quality of life (QOL) is an important component of one’s health and improvement in 

QOL is frequently a primary goal during rehabilitation (Hill, Noonan, Sakakbara, & 

Miller, 2010). Achievements in physical, social, and emotional domains that contribute to 

the overall wellbeing of an individual are encompassed within QOL. From an objective 
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perspective, achievement made in each of these domains is relative to what society deems 

to be important.  Whereas from a subjective perspective, achievement is defined by an 

individuals’ expectations of themselves in those domains (Dijkers, 2005). The subjective 

nature of QOL is reflected by the World Health Organization, where it is defined as being 

an “individuals’ perception of their position in life in the context of the culture and value 

systems in which they live and in relation to their goals, expectations, standards and 

concerns” (1998).  

2.6.1. Assessment. According to the two perspectives, objective and subjective 

questionnaires have been developed to assess QOL. Objective QOL questionnaires 

measure the impact of impairments such as spasticity (Cook et al., 2007), urinary 

problems (Bonniaud, Bryant, Parratte, & Guyatt, 2008), or functional status (Ware & 

Sherbourne, 1992) on the activities of daily living, social life and independence of an 

individual. These questionnaires assume these aspects have an equal importance among 

all individuals. As such, any impairment or loss of function will have the same effect on 

the life experiences and overall QOL for all individuals.  The Patient Reported Impact of 

Spasticity Measure (PRISM) is an objective questionnaire that asks individuals about the 

impact of involuntary movements on activity (e.g., stretching) or function (e.g., going out 

with friends) (Cook et al., 2007). High scores reflect higher levels of reported QOL; 

however, these activities or functions might be very important for some individuals and 

not for others. If an individual does not find a particular activity or function to be of that 

much importance in their lives, a low score on that question does not necessary mean 

they have lower overall QOL. Objective QOL instruments do not capture the subjective 
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nature of well-being that takes into consideration the perception of individuals regarding 

various domains considered important for them.  

In subjective questionnaires, QOL is viewed from a perspective in which individuals 

determine the importance of various domains in their lives. A subjective QOL instrument 

would ask about the level of satisfaction an individual has regarding their ability to 

perform activities of daily living instead of asking about their ability to perform those 

activities (WHO, 1998). The questionnaire captures the satisfaction of the individual in 

performing a particular activity and not the ability or capability of performing that 

activity. Commonly used subjective QOL instruments include (a) World Health 

Organization Quality of Life-100 (WHOQOL-100); (b) World Health Organization 

Quality of Life-BREF (WHOQOL-BREF), and (c) Sense of Well-Being Inventory (SWBI). 

The WHOQOL-100 was developed for assessing the QOL of individuals with a 

variety of health conditions (WHO, 1998). It is a 100-item questionnaire composed of 24 

specific subdomains and 1 overall score that reflects general QOL. Four items are 

included in each subdomain, which are further grouped into 6 domains reflecting (a) 

physical capacity, (b) level of independence, (c) psychological, (d) social relationships, 

(e) environment, and (e) spirituality/religion/personal beliefs. It has shown good internal 

consistency and moderate to good test-retest reliability (WHO, 1998). The WHOQOL-

100 has also been validated to discriminate between healthy individuals and those with a 

variety of health complications (WHO, 1998).  

The WHOQOL-BREF consists of 26 items from the original WHOQOL-100 (WHO, 

1998). One item is included from each of the 24 subdomains included in the WHOQOL-

100 and 2 additional items were chosen to reflect overall QOL and health. These items 
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are divided into the same 4 domains, (a) physical capacity, (b) psychological, (c) social 

relationships and (d) environment (see Appendix A). Domains of WHOQOL-100 and 

WHOQOL-BREF are strongly correlated (WHO, 1998). The WHOQOL-BREF has also 

shown good internal consistency when used with able body individuals and individuals 

with SCI (Jang, Hsieh, Wang, & Wu, 2004; Lin, Hwang, Chen, & Chiu, 2007). 

Furthermore, the WHOQOL-BREF has been shown to discriminate between able body 

individuals and individuals with SCI (Jang et al., 2004). 

The Sense of Well-Being Inventory (SWBI) was originally developed to measure 

QOL in individuals with physical disabilities (Chapin, Miller, Ferrin, Chan, & Rubin, 

2004). It consists of 36 items grouped into 5 subdomains, (a) physical well-being, (b) 

psychological well-being, (c) family and social well-being, (d) financial well-being, and 

(e) medical care. For using it with individuals with SCI, a factor analysis was run. As a 

result, 26 items representing four sub-domains remained, eliminating the medical care 

subdomain (Chapin et al., 2004). The two items of medical care subdomain were moved 

to the physical well-being and financial well being as they appeared to provide greater 

internal consistency to the questionnaire. The SWBI shows moderate to strong internal 

consistency and moderate to strong correlation with domains of WHOQOL-BREF, when 

used with individuals with SCI (Chapin et al., 2004).   

Health is more than just the absence of disease and therefore objectively measuring 

the impact of disease cannot give a complete understanding of one’s well-being.   These 

subjective instruments capture well-being of these individuals in a variety of domains that 

are essential constituents of one’s life. Also, these instruments take into account each 

individual’s perspective with respect to the level of importance they place on each 
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domain in their lives.  Therefore, subjective questionnaire of quality of life helps in 

understanding health from a different perspective.  

2.6.2. Quality of life among individuals with spinal cord injury. Various 

researchers have assessed the QOL of individuals with SCI using objective (Krahn, 

Suzuki, & Horner-Johnson, 2009; Westgren & Levi, 1998) and subjective (Lin et al., 

2007; Rintala, Loubser, Castro, & Hart, 1998) measures. When QOL is assessed using 

objective measures, it is always found to be lower in individuals with SCI when 

compared to able-body individuals (Krahn et al., 2009; Westgren & Levi, 1998). This is 

because QOL from an objective perspective depends on the impairments or levels of 

functioning of individuals.  

However, conflicting results have been found using subjective measures of QOL 

following SCI. The QOL has been found to be lower (Jang et al., 2004; Rintala et al., 

1998) or unaffected(Stensman, 1994) following SCI. This is because according to 

subjective perspective, an individual’s coping style and satisfaction in life are strong 

determinants of QOL. For the same reasons, QOL as assessed by subjective measures 

may or may not be dependent upon factors like age, gender, time since injury, and level 

and completeness of injury.  

Stensman (1994) found the QOL of individuals with SCI not to be affected by level 

of injury, gender, occupation, or levels of independence. The QOL of some individuals 

was not affected at all due to their greater coping levels. However, individuals who 

reported lower QOL also had the most difficulty in coping during first half year after SCI. 

Other factors that led to lower QOL were age (over 35 years) and severity of pain. The 

cumulative nature of these factors could have led to lower energy levels, which would 
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have detrimentally impacted their ability to cope and adjust to life (Stensman, 1994). 

Similarly, pain was associated with more depressive symptoms, perceived stress and 

overall quality of life (Rintala et al., 1998). Subjective questionnaires have shown social 

support to be positively related to QOL of individuals with SCI (Cushman & Hassett, 

1992), whereas employment and education was not found to be related (Cushman & 

Hassett, 1992). Physical activity participation has shown to improve the subjective well-

being following SCI (Gins et al., 2010) indicating physical activity can improve the 

physical functioning and quality of life of these individuals.  

2.7. Physical Activity 

Physical activity is defined as any bodily movement that is produced by the 

contraction of skeletal muscles and results in a substantial increase in energy expenditure 

(Caspersen, Powell, & Christenson, 1985).  Daily physical activity can be broadly 

classified according to the nature of the activity -- lifestyle or leisure-time (Ginis, 

Latimer, Hicks, & Craven, 2005). Lifestyle activities include activities that are a part of 

one’s daily routine such as personal hygiene, household chores, and work-related 

activities.  On the other hand, leisure-time physical activity (LTPA) describes activities 

that an individual participates in during their free time, according to their personal 

interests such as taking a dog for a walk, gardening, exercising, or participation in sports. 

Participation in LTPA is important to achieve fitness and health benefits for able-body 

individuals (Tremblay et al., 2011), individuals with SCI (Ginis et al., 2005; Myslinski, 

2005) and other disabling conditions (Dodd, Taylor, & Damiano, 2002; Mostert & 

Kesselring, 2002). 
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Depending upon the system engaged for producing energy, LTPA can be of 

anaerobic or aerobic in nature (Howley, 2001). Anaerobic activities involve quick and 

short bursts of high intensity exercises where a large portion of the energy is provided by 

anaerobic metabolism (McArdle et al., 1994). Strength training or resistance exercises 

that involve using muscle against considerable amounts of resistance to improve strength, 

endurance, or power are considered to be anaerobic exercises. Strength training can be 

quantified using the total number of sets, number of repetitions in each set, or the amount 

of resistance used for each exercise (ACSM, 2009b). Resistance can be expressed in 

absolute terms (i.e., kilogram, pound or Newton) or relative to the physiological capacity 

of any individual (i.e., 1 repetition maximum).  

Aerobic activities are those that involve large muscle groups, are dynamic in nature, 

and can be sustained for longer periods of time such as biking and walking (McArdle et 

al., 1994). Aerobic activities are important for improvements in the functioning of 

cardiovascular system. Energy for sustaining this type of activity is provided by the 

aerobic metabolism. Aerobic activities can be quantified using frequency, duration, and 

intensity of exercise, where the volume or total energy expenditure of aerobic physical 

activity can be determined using the product of these variables (Kesaniemi et al., 2001).  

Frequency is the number of exercise or activity sessions per day, week, or month, 

whereas, duration is the amount of time in each session. Frequency and duration are 

simple to assess however, intensity can be assessed using a variety of methods. 

2.7.1. Intensity of physical activity. The intensity of physical activity refers to 

the effort required to perform an exercise and can be expressed in either absolute or 

relative terms (Howley, 2001). Absolute measures provide information about the actual 
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rate of energy expenditure such as calories or joules of energy per minute, oxygen uptake, 

or the metabolic equivalent of task (MET; ACSM, 2009b). Each of these expressions 

measures a certain physiological response of the body. Calories and joules are actual 

measures of heat energy dissipated by the body, whereas oxygen uptake is an indicator of 

capacity of aerobic metabolism. The MET is the ratio of metabolic rate during activity to 

the same individual’s resting metabolic rate (RMR). In terms of oxygen consumption, 

one MET is the amount of oxygen consumed under normal resting condition and is 

known as RMR. For each litre of oxygen consumed there is equal amount of heat energy 

released. Under normal resting conditions, an individual typically consumes 3.5 mL 

oxygen. kg 
-1

. min
-1 

and generates 1 kilocalorie. kg
-1

. hr
-1  

or 4.18 kilojoule. kg
-1

. hr
-1

 of 

energy (Howley, 2001).  

Depending on age, gender, health, and level of fitness, different individuals will 

expend different amounts of energy doing the same task (Collins et al., 2010; Shetty, 

2005). For example, if a 20-years old man expends 3 METs walking down 4 flights of 

stairs, a 60-years old man might expend spend 4 METs walking down the same stairs 

because he would have a less efficient physiological system (e.g., limited dynamic 

balance, lower muscle mass and cardiac output). Similarly, individuals with better 

aerobic fitness levels as indicated by better VO2max values (VO2max = 12 METs) might 

find an exercise requiring 3.2 METs of energy expenditure as a very light intensity 

activity whereas another individual with comparatively lower aerobic fitness levels 

(VO2max = 5 METs) might find the same activity to be of moderate intensity (Kesaniemi 

et al., 2001). To account for these differences, measures of energy expenditure relative to 
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an individual’s own maximum physiological responses such as VO2max, and maximum 

heart rate can be used (Kesaniemi et al., 2001; Table 2.1).  

Energy expenditure can also be expressed relative to reserve physiological responses 

such as oxygen uptake reserve (VO2R) or heart rate reserve (HRR). The VO2R is 

determined by subtracting one MET from the subjects VO2max whereas HRR is the 

different between maximal and resting heart rate (Howley, 2001). The absolute and 

relative measures can be used to categorize physical activity into mild, moderate and 

heavy intensities.  

Exercise intensity can also be expressed subjectively using measures of perceived 

exertion (Borg, 1982), or physiological (breathing or heart rate, skin, or muscles 

temperature) and psychological (concentration) changes during exercises (Ginis et al., 

2005). These subjective scales or classification charts typically categorize physical 

activity into mild, moderate, and heavy intensity categories by associating responses of 

individuals during exercises at each intensity level with physiological responses like heart 

rate, and VO2 values. Moderate-to-vigorous intensity LTPA is associated with various 

health and fitness benefits (Haskell et al., 2007); therefore, assessment of LTPA 

participation can provide some indication about health and fitness.  
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Table 2.1  

Classification of physical activity intensity  

 

 

 

 

 

 

 

 

 

 

Measures Relative Measures Absolute Measures 

 All fitness levels VO2max = 12 VO2max = 5 

Intensity % VO2R 

% HRR 

% HRmax RPE METs METs 

     

Very Light < 20 < 50 < 10 < 3.2 < 1.8 

Light 20-39 50 - 63 10 - 11 3.2 – 5.3 1.8 – 2.5 

Moderate 40-59 64-76 12 -13 5.4 – 7.5 2.6 – 3.3 

Hard 60-84 77-93 14 - 16 7.6 – 10.2 3.4 – 4.3 

Very Hard ≥ 85 ≥ 94 17 - 19 ≥ 10.3 ≥ 4.4 

Maximal 100 100 20 12 5 
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2.7.2. Assessment of physical activity. Physical activity can be assessed using 

direct laboratory methods such as calorimetry, and VO2 measurement (Seale, Rumpler, 

Conway, & Miles, 1990) and indirect methods such as doubly labeled water (Livingstone 

et al., 1990), accelerometers (Colley & Tremblay, 2011), heart rate monitoring 

(Livingstone et al., 1990), and physical activity recall questionnaires (Canada Fitness and 

Lifestyle Research Institute, 1982; Sallis et al., 1985). Laboratory methods are the most 

accurate measures of energy expenditure during physical activity (Seale et al., 1990), but 

these methods cannot be used for assessment of LTPA outside the laboratory due to the 

equipment needed. 

Other indirect methods such as doubly labeled water, accelerometers, heart rate 

measurement, and physical activity recall questionnaires are validated for measuring 

intensity of physical activity against the laboratory methods and used for assessing 

physical activity outside the laboratory. Doubly labeled water technique assesses energy 

expenditure from the rate of carbon dioxide production as estimated from isotopic water 

excretion through urine (Livingstone et al., 1990).  Doubly labeled water technique has 

also been used with individuals with SCI for the assessment of daily activity participation 

(Tanhoffer, Tanhoffer, Raymond, Hills, & Davis, 2012).  

Accelerometers assess daily activities by sensing and recording the acceleration of 

the body in one or more directions as counts per minute. These counts per minute are 

compared to the intensity level (such as VO2 value) and cut points are developed to 

categorize physical activity into sedentary, light, moderate or vigorous (Colley et al., 

2011). Although both doubly labeled water and accelerometers have been used for 

measuring daily activities among able body individuals and individuals with SCI, no 
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method has been developed to categorize the assessed physical activity levels into LTPA 

or lifestyle activities. Heart rate is based on the assumption of a linear relationship 

between the heart rate and energy expenditure.  Heart rate has also been used to assess 

daily energy expenditure with individuals with paraplegia (Buchholz et al., 2003). 

However heart rate methods cannot be used accurately in individuals with autonomic 

dysfunction due to changes in functioning of heart such as in individuals with SCI above 

T6 levels. Autonomic dysfunction can lead to blunted heart rate response with peak heart 

rates in the mid-120 beat per minute range (Nash, 2005).  

Recall questionnaires ask a series of questions that require an individual to reflect on 

the type, frequency, duration and intensity of physical activity (Canada Fitness and 

Lifestyle Research Institute, 1982; Sallis et al., 1985; Suzuki, Kawakami, & Shimizu, 

1998). The intensity of activities can be reported using the compendium of physical 

activities that includes MET values of 821 physical activities as measured in the 

laboratory (Ainsworth et al., 2000). The total amount of physical activity is then 

calculated by multiplying the frequency, duration, and intensity of the exercise.  

Questionnaires can also differentiate total physical activity into different categories 

of intensity (such as mild, moderate, and severe), reporting weekly, or daily minutes of 

physical activity in these categories (Sallis et al., 1985). The knowledge of weekly 

participation in mild, moderate, and vigorous intensity makes it easy to compare the 

values with the physical activity recommendations by different guidelines (Tremblay et 

al., 2011; WHO, 2010). The use of physical activity recall questionnaires have been 

questioned given their subjective nature whereby results can be biased due to social 

desirability and recall difficulties. Despite these limitations, physical activity recall 



 44 

 

  

questionnaires have been validated for assessing daily activities (Suzuki et al., 1998) and 

LTPA (Hagstromer, Oja, & Sjostrom, 2005).   

However, questionnaires developed to assess physical activity in able body 

individuals are not suitable for use as intensity values of physical activities cannot be 

applied to individuals with SCI. This is because of the differences in energy expenditure 

associated with rest and for a given activity for individuals with SCI due to the changes in 

their body structure and function (Buchholz et al., 2003; Collins et al., 2010). Many 

individuals with SCI use wheelchairs as their primary means for ambulation whereas 

questionnaires for able body individuals focus on activities that involve independent 

ambulation (Ginis et al., 2005). Questionnaires have been developed to assess physical 

activity in individuals with physical disabilities (Rimmer, Riley, & Rubin, 2001; 

Washburn, Zhu, McAuley, Frogley, & Figoni, 2002), with two physical activity 

questionnaires specifically developed for individuals with SCI. 

The Physical Activity Recall Assessment for People with Spinal Cord Injury (PARA-

SCI) is a semi-structured recall questionnaire developed to assess daily activity among 

individuals with SCI who use a wheelchair as their primary mode of mobility (Ginis et 

al., 2005). Individuals are asked to recall the type, frequency, duration and intensity of 

physical activity performed over the previous three days. The validation of this scale 

involved the development of an energy expenditure classification system specifically for 

individuals with SCI.  

Activities were divided into three categories reflecting light (20-39 % VO2R), 

moderate (40- 59% VO2R) and vigorous (60 % VO2R or more) activity. Activities falling 

into these three categories of intensity were associated with physiological (i.e. muscle and 
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skin warmth) and psychological (i.e. alertness and concentration levels) responses felt 

during exercise. These psychological and physiological responses are used to answer 

questions about the intensity of physical activity in the PARA-SCI (Ginis et al., 2005). 

The PARA-SCI has been validated for individuals with complete or incomplete injury and 

individuals with all levels of injury (Ginis et al., 2005; Tanhoffer et al., 2012). The daily 

energy expenditure derived using PARA-SCI correlates with energy expenditure obtained 

using doubly labeled water (Tanhoffer et al., 2012).  

The Leisure Time Physical Activity Questionnaire for People with SCI (LTPAQ-SCI) 

was also developed to assess the LTPA among individuals with SCI (Ginis, Phang, 

Latimer, & Arbour-Nicitopoulos, 2012). This questionnaire assesses the duration, 

frequency, intensity and type of LTPA over a 7-day period. The energy expenditure 

classification system used for this questionnaire is same as the PARA-SCI. The LTPA 

levels obtained using LTPAQ-SCI is correlated with that obtained using PARA-SCI (Ginis 

et al., 2012). Furthermore, the pattern of reporting of daily mild, moderate, and heavy 

intensity LTPA over previous 7-days using the LTPAQ-SCI, makes it easy to compare the 

results with the weekly physical activity recommendations for individuals with SCI 

(Ginis et al., 2012). 

2.7.3. Physical activity levels after spinal cord injury. Based on heart rate and 

VO2 values, adults with paraplegia expend an average of 2260.37 kilocalories of total 

energy in a day (Buchholz et al., 2003). Similar mean values (2345 kcal) were obtained 

using doubly labeled water method among adults with paraplegia and tetraplegia 

(Tanhoffer et al., 2012). Like able body individuals, men with SCI expend more energy 

(2490 kilocalories) than women (1870 kilocalories) in a day (Buchholz et al., 2003). On 
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average, able-body adult men and women expend 3154 kcal and 2405 kcal per day 

(Shetty, 2005), which is more than the energy expended by men and women with SCI. 

This lower total energy expenditure among individuals with SCI can be accounted for by 

the decrease in resting energy expenditure and/or lower levels of physical activity 

participation (Buchholz et al., 2003; Collins et al., 2010). When total energy expenditure 

was obtained relative to their basal metabolic rate, the mean value was found to be 1.56 

for individuals with SCI (Buchholz et al., 2003), which is lower than what has been 

reported for able body individuals (1.64 – 1.85) (Shetty, 2005) and recommendations 

from the WHO (> 1.75) (WHO, 2000). This shows that there is a greater reduction in 

energy expenditure associated with lower physical activity levels among individuals with 

SCI. 

Individuals with SCI reported participating in an average of 184 to 189 minutes per 

day of physical activity (Ginis et al., 2005). Out of this total amount, they participated in 

32 to 35 minutes of LTPA of moderate to vigorous intensity each day. In another study 

on 695 individuals with SCI (Ginis, Latimer, et al., 2010), reported an average of 27.12 

minutes of LTPA per day. However, 50% of all participants in this study reported no 

LTPA at all. Looking more specifically at those 50% individuals who did participate in 

LTPA, an average of 55.15 minutes per day and median value of 33.33 minutes per day 

of activity was reported, indicating most people participated in LTPA for more than 30 

minute per day (Ginis, Nicitopoulos, et al., 2010). Out of 55.15 minutes of average 

LTPA, 37 minutes of LTPA was of moderate intensity or higher.  
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2.7.4. Physical activity recommendations. Among able body individuals, a dose 

response relationship has been established between the volume of physical activity and 

various chronic health related outcomes like incidence of cardiovascular diseases, chronic 

heart disease, type 2 diabetes (Kesaniemi et al., 2001).  This means the risk of health 

complications reduces linearly with increase in physical activity levels. Physical 

inactivity is a modifiable risk factor for health complications and is widely accepted as an 

effective preventable measure for a variety of health risks across all age, gender, ethnic 

and socioeconomic subgroups (Tremblay et al., 2011). Physical activity guidelines are 

used to provide recommendations for encouraging individuals (especially inactive 

individuals) to increase their daily physical activity levels to maintain or gain health 

benefits (Haskell et al., 2007). But, still very few Canadian adults (15%) meet these 

recommended guidelines (Tremblay et al., 2011) 

The Canadian Society for Exercise Physiology (CSEP) published Canadian physical 

activity guidelines for promoting health among able body adults (Tremblay et al., 2011). 

According to these recommendations, every week adults should participate in a minimum 

of 150 minutes of moderate-to-vigorous intensity physical activity, in bouts of 10 minutes 

or more. This recommended physical activity should be over and above the routine light-

intensity activities of daily living.  The CSEP also recommends 8 to12 strengthening 

exercises that involve major muscle groups of the body using resistance that results in 

fatigue in 8 to 12 repetitions. Similar guidelines have been proposed by other health 

organizations, including ACSM and American Heart Association (AHA) and WHO.  
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Table 2.2 provides an overview of the physical activity recommendations for able 

body adults. These recommendations are directed towards the maintenance of good 

health. Levels of physical activity above and beyond these recommendations are required 

to improve fitness and to gain additional health benefits. Surprisingly only 15% of 

Canadian adults are accumulating 150 minutes of leisure activity of moderate-to-vigorous 

intensity (Colley et al., 2011). Physical inactivity is a major reason for the increased 

incidence of obesity and chronic health complications among able-body individuals in 

Canada (Colley et al., 2011).  

These able-body physical activity guidelines are not necessarily appropriate for 

individuals with SCI due to changes in the body structure, and functioning of individuals 

with SCI (Ginis et al., 2005). Table 2.3 shows the variety of physical activity 

recommendations have been developed specifically for individuals with SCI (Buchholz et 

al., 2003; Ginis et al., 2011; Myslinski, 2005). Men and women with SCI would need to 

expend at least 309 kcal and 231 kcal respectively each day over and above their daily 

total daily energy expenditure in order to maintain or improve their current levels of 

health (Buchholz et al., 2003).  This additional amount of energy expenditure was based 

on the difference between the total daily energy expenditure values relative to RMR 

found among men and women with SCI (1.6 and 1.49 respectively) (Buchholz et al., 

2003) and those recommended for obesity prevention (1.75) among able body adults 

(WHO, 2000). However, the recommendations based on energy expenditure alone lacked 

the recommendations about the characteristics of physical activity in terms of frequency, 

duration and type. This makes it difficult to be understood by the people, making the 

application of these guidelines difficult.  
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Table 2.2 

Minimum physical activity recommendations for able body adults 

Organization Intensity and type Frequency and duration Benefits 

ACSM / AHA 

(Haskell et al., 

2007) 

Moderate Intensity aerobic 

exercises or 

Vigorous intensity aerobic 

exercises 

30 minutes / day, 5 days / week 

 

20 minutes / day, 3 days / week 

To maintain 

health 

Strengthening exercises using 

major muscle group 
8-12 repetitions / day for 2 days 

 

WHO (2010) Moderate intensity aerobic 

exercises or 

Vigorous intensity aerobic 

exercises 

150 minutes per week 

75 minutes per week 

To maintain 

health 

Strengthening exercises using 

major muscle group 
2 days per week 

 

CSEP 

(Tremblay et 

al., 2011) 

Moderate to vigorous intensity 

physical activity 
150 minutes per week 

To maintain 

health 

Strengthening exercises using 

major muscle groups 
2 days per week 
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Table 2.3 

Minimum physical activity recommendations for adults with SCI 

Research / 

Organization 
Intensity and type of exercise Frequency and duration Benefits 

Buchholz et al 

(2003) 

Men – 309 kcal/day 

Women – 231 kcal/day 

- To prevent obesity 

Myslinski   

(2005) 

Moderate to vigorous intensity 

(40 – 80% HRR) 

30 minutes / day for  

2-3 times / week 

General benefits of exercise 

participation 

Strengthening exercises 2-3 sets of 10 repetitions 

per day for 2 days / week 

 

ACSM        

(2009) 

Moderate to vigorous intensity 

(40 – 90% VO2R) 

20-60 minutes per day for 

3-5 days / week 

General benefits of exercise 

participation 

Strengthening exercises 2-3 sets of 8-12 repetitions 

per day for 2-4 days / week 

 

Ginis et al    

(2011) 

Moderate to vigorous intensity 20 minutes / day for           

2 times / week 

To maintain muscle strength 

and cardiovascular endurance 

Strengthening exercises using 

major muscle groups 

3 sets of 8-10 repetitions 

2 days per week 
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These exercise guidelines for individuals with SCI were developed according to the 

four principles of exercise training used for able body individuals (Myslinski, 

2005).These four principles include overload, specificity, individuality, and reversibility 

principles. These recommendations stated that individuals with SCI should perform 

moderate-to-vigorous physical activity for 20 to 60 minutes, and two to four times per 

week. Anaerobic exercises should also be performed 2 to 4 times a week, which should 

include 2 to 3 sets of 8 to 12 repetitions at 50 to 80 % of one repetition maximum. These 

recommendations are remarkably similar to the guidelines proposed for able body 

individuals. Although the development of these guidelines was not based on any 

standardized guideline development protocol, these guidelines are based on evidence 

from research that shows various health and fitness benefits associated with physical 

activity among individuals with SCI (Myslinski, 2005).  

According to the most recent guidelines, adults with SCI should perform a minimum 

of 20 minutes of moderate (40 to 59% VO2R) to vigorous intensity (60% VO2R or more) 

aerobic leisure-time physical activity for two times a week in addition to strengthening 

exercises (Ginis et al., 2011). Strengthening exercises should include 3 sets of 8 to 10 

repetitions of resistance exercises involving major muscle groups at least two times a 

week. The weekly format used for exercise prescription by these guidelines is similar to 

that used for able body individuals and very easy to be understood by people as compared 

to the other guidelines for individuals with SCI. Furthermore, the development of these 

guidelines adopted the internationally recognized Appraisal of Guidelines, Research and 

Evaluation protocol (Brouwers et al., 2010) for developing guidelines, which was also 

adopted by CSEP for developing new Canadian Physical Activity Guidelines (Tremblay 
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et al., 2011). These guidelines are proposed to maintain and improve the muscle strength 

and cardiovascular endurance of individuals with SCI as these components are important 

predictors of overall health.   

According to the most recent guidelines, individuals with SCI require less physical 

activity than able body individuals for maintaining and improving muscle strength, and 

cardiovascular endurance. Individuals with SCI who already participate in some form of 

LTPA are already exceeding the recommendations (Ginis et al., 2010b). Furthermore, the 

50% of individuals with SCI who are meeting the SCI- specific physical activity 

guidelines is more than the 15% of able-body individuals who are meeting the 

recommended guidelines. 

Despite already exceeding the recommendations, many individuals with SCI 

continue to have lower levels of fitness, frequent health complications (Hitzig et al., 

2008; Noreau, Proulx, Gagnon, Drolet, & Laramee, 2000), and lower QOL (Galea, 2012; 

Haisma et al., 2006; Jang et al., 2004). Individuals with SCI may require greater amounts 

of moderate-to-vigorous physical activity than able-body individuals to compensate for 

lower resting energy expenditure (Monroe et al., 1998), more hours spent in sedentary 

activities (Buchholz et al., 2003), or to overcome impairments and health complications 

commonly associated with SCI. More research is required to understand the relationship 

between the amounts of physical activity especially LTPA of moderate-to-vigorous 

intensity and objective and subjective indicators of health such as health-related physical 

fitness components and quality of life. This is even more important for individuals with 

tetraplegia who have greater impairments and lower functional levels, making them prone 

to more health complications than individuals with paraplegia. 
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2.8. Research Objectives 

The specific aims of this thesis were:  

1. To examine the potential differences in health-related physical fitness components 

between active and inactive individuals with SCI above T6 level.  

2. To examine the potential differences in health-related physical fitness components 

between individuals with complete and incomplete injuries above T6 level. 

3. To examine the potential differences in domains of quality of life between active 

and inactive individuals with SCI above T6 level. 

2.9.  Hypotheses 

1. As per the recommended SCI-specific physical activity guidelines (Ginis, et al., 

2011), participants who met the recommended amount of LTPA per week are 

expected to have higher levels of cardiovascular endurance and shoulder muscle 

fitness compared to participants who do not meet the guidelines.  Physical 

activity has also been shown to result in improvements in body composition 

among individuals with SCI (Belanger et al., 2000; Giangregorio et al., 2006).  

As a result, we would expect those participants who meet the recommended 

amount of LTPA per week to have less fat percentage, and greater lean mass and 

bone mineral content.   

2. Completeness of injury has also been shown to influence health-related fitness 

levels of physical fitness (Janssen et al., 2002; Spungen et al., 2003). Based on 

these findings, we would expect that at relatively similar level of injury, 

individuals with complete injuries would have lower levels of cardiovascular 
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endurance and shoulder muscle fitness. Also, individuals with complete injuries 

would have greater fat percentage, and lower lean mass and bone mineral 

content.  

3. Previous research has indicated that participation in LTPA may have a positive 

impact on an individual’s perspective about their well-being (Ginis et al., 2010).  

Given these previous findings, LTPA is expected to have a positive influence on 

subjective QOL in this research. Based on this, we would expect participants 

meeting the recommended amounts of LTPA to have better quality of life in each 

domain i.e. physical, psychological, social and environment domains.
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CHAPTER 3: Methods 

3.1. Participants 

Participants were recruited through posters displayed at Wascana Rehabilitation 

Centre, First Steps Wellness Centre, Aspen Medical Centre, Dr. Paul Schwann Centre, 

and the Centre for Student Accessibility at the University of Regina.  Recruitment posters 

were also uploaded on the website of the Centre for Student Accessibility and the 

Saskatchewan branch of the Canadian Paraplegic Association. With the help of URO 

Medical Supplies (Regina), recruitment information was emailed to their clients with a 

SCI. Participants were also asked if they could inform other prospective participants that 

they knew about the research study. 

Twelve individuals with traumatic SCI (C4– T4) were recruited to participate in this 

research. All participants had injuries above T6 level, which kept the sample homogenous 

in terms of the extent of involvement of the autonomic system.  All participants obtained 

clearance from their doctors to participate in the exercise testing either through written 

confirmation or completion of the PARmed-X (Appendix D). The primary researcher 

explained all of the information included in the consent form and each participant 

provided informed consent to participate in the study. 

3.2. Procedures 

The research study was approved from the Research Ethics Board of the University 

of Regina and the Regina Qu’Appelle Health Region. All data collection occurred in the 

Faculty of Kinesiology and Health Studies at the University of Regina, either in the Dr. 

Paul Schwann Centre or the Exercise and Physiology laboratory. Data collection took 
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place over 3 days. Height and body weight were measured on the first day. 

Height was measured in centimeters using a measuring tape while participants lay supine 

on a table. Body mass was obtained using a force platform (OR6-7 AMTI, Watertown, 

MA) by transferring the participant on to a chair kept on the force platform. The data was 

extracted using the Nexus software (Vicon, Centennial, Denver). The force platform 

provided the value of body weight for each participant in Newton. Their body mass (kg) 

was calculated by dividing the weight by acceleration due to gravity (= 9.81m/s
2
). 

Weekly leisure time physical activity levels were obtained using the Leisure Time 

Physical Activity Questionnaire for People with Spinal Cord Injury and the World Health 

Organization Quality of Life - BREF questionnaire was used to assess quality of life.  

Each physical fitness test - cardiovascular endurance, shoulder muscle strength and 

endurance, and body composition was completed on a different day. The order of fitness 

testing depended on the availability of participants and access to the equipment. 

Individuals were asked to refrain from ingesting food, alcohol, or caffeine or using 

tobacco products for 3 hours prior to any fitness testing. They were also asked to avoid 

any significant exertion or exercise on the day of the assessment and to empty their 

bladder or leg bag to avoid bladder over-distension or overfilling of the leg bag during 

the exercise. Blood pressure in sitting position was measured before and after the 

cardiovascular endurance, and shoulder muscle strength and endurance test. Procedures 

of testing were explained to the participants before starting each test and necessary 

adaptations were made according to the needs of each participant. For example, adaptive 

gloves were used for nine individuals with tetraplegia who did not have sufficient grip 
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function during cardiovascular endurance, and muscle strength and endurance 

tests. A trained research assistant helped with all lifts and transfers during testing. 

3.3. Measures 

3.3.1. Leisure time physical activity. Leisure time physical activities (LTPA) 

include activities that an individual chooses to participate in their free time such as 

exercising and playing sports (Ginis et al., 2012). LTPA was assessed using the LTPAQ-

SCI (see Appendix B), a questionnaire that was developed specifically for individuals 

with SCI. The LTPAQ-SCI provides a self-report estimate of the duration, frequency, 

intensity, and type of LTPA in which they participated over the previous 7 days. The 

LTPAQ-SCI has shown moderate to strong test-retest reliability (r = 0.62-0.93) for 

different intensities of LTPA (Ginis et al., 2012). Except mild LTPA, all LTPA scores 

obtained using LTPAQ-SCI has been shown moderate to strong correlation with LTPA 

scores obtained using the only other SCI-specific physical activity assessment 

questionnaire - Physical Activity Recall Assessment for People with Spinal Cord Injury 

(PARA-SCI; Ginis, Phang, Latimer & Nicitopoulos, 2012).  

The PARA-SCI can be used to assess LTPA, activities of daily living, and cumulative 

activities (combination of LTPA and lifestyle activities), whereas, the LTPA-SCI was 

developed specifically to assess the LTPA of individuals with SCI. The information (i.e. 

duration, frequency and intensity) and the reporting timeframe (1 week) makes it easy to 

compare the overall LTPA reported by the LTPAQ-SCI with the recommended amount of 

LTPA each week (Ginis et al., 2012). Recommended amounts of LTPA include 20 
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minutes of moderate to heavy intensity LTPA at least 2 times per week and 3 

sets of 8-10 repetitions of strength training exercises for 2 times per week (Ginis et al., 

2011).  

Intensity is determined using the intensity classification chart (Appendix B) that 

contains SCI-specific definitions of four PA intensity levels – nothing at all (no physical 

effort), mild (very light physical effort), moderate (some physical effort), and heavy 

(maximum physical effort) (Ginis et al., 2005). This intensity classification system was 

developed for individuals with SCI by comparing the exercise intensity levels as 

measured by percentage of VO2peak, and 1 repetition maximum with responses during a 

structured interview that was given after the exercise session (Ginis et al., 2005). The 

interview was structured to record the physiological (e.g. tiredness in the exercising 

muscles) and psychological (e.g. concentration levels) states during the exercise. This 

intensity classification chart was used to classify intensity as mild, moderate, or vigorous. 

During the interview, the researcher went through the questionnaire and the intensity 

classification chart, and then asked the participants to recall and report the number of 

days they participated in LTPA over the past 7 days. Participants reported how many 

minutes they spent performing LTPA at each of the 4 intensity levels. Participants were 

also asked if their last seven days were the same or different in terms of LTPA 

participation from their usual physical activity in last 2 months. If participation in LTPA 

in the last week was different from the usual week, they were asked to report the 

difference. To facilitate comparison with recommended physical guidelines, participants 

were also asked whether the activities that they performed were aerobic or strength 

training in nature.  
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3.3.2. Quality of life. The World Health Organization Quality of life 

(WHOQOL)-BREF questionnaire (WHO, 1998), an abbreviated form of the WHOQOL-

100, was used to assess quality of life. Although shorter, the WHOQOL-BREF has shown 

to be strongly correlated (r > 0.89) with the WHOQOL-100 (WHO, 1998). The 

WHOQOL-BREF has also shown good internal consistency when used with able body 

individuals and individuals with SCI (Jang et al., 2004; Lin et al., 2007). Furthermore, the 

WHOQOL-BREF has also been shown to discriminate between able body individuals and 

individuals with SCI in terms of QOL (Jang et al., 2004). 

The WHOQOL-BREF provides a subjective measure of QOL by asking 

individuals about their own perceptions of their quality of life.  These perceptions are an 

important aspect to consider when examining the overall well being of an individual. It 

contains 26 questions grouped into four domains – physical health, psychological, social 

relationships and environment.  Scores for each domain can be calculated as an indication 

of quality of life in that particular domain. A composite score can be also be obtained by 

adding together the scores from the four domains; this composite score reflects the 

overall quality of life of each individual.  

All the participants were given the questionnaire and instructions for completion 

on the first day. Participants took it home to complete and returned on the second day of 

testing. They were told to contact the researcher if they had any questions while 

completing the questionnaire. Questionnaires were scored as per WHO’s guidelines. Raw 

scores were converted into domain scores on a scale of 4 to 20 to make it comparable 

with WHO-100 scores (WHO, 1998). 
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3.3.3. Body composition. Body composition was assessed using a Dual 

Energy X-Ray Absorptiometry (DEXA) scan (Discovery Wi, Hologic Inc, Bedford, MA). 

Participants were instructed to wear gym clothes and to remove all metal (i.e., jewelry, 

under-wire bra's) before testing. All shoes were removed and the participant’s feet were 

taped together to keep their legs together and stationary during the scan. 

Total and regional body composition of the arms, legs and trunk were assessed 

using a DEXA scan while the participants lay supine on the table. Regional body 

composition is particularly important in individuals with SCI due to alterations in body 

composition in areas below the level of injury. Outcome measures included total and 

regional fat mass, lean mass, bone mineral content, and bone mineral density. Values of 

percentage fat for the total body and individuals regions were also provided.    

3.3.4. Cardiovascular endurance. Cardiovascular endurance, also referred to as 

the aerobic capacity or aerobic fitness of the individual, is the ability of circulatory and 

respiratory systems to supply and utilize oxygen during sustained physical activity 

(ACSM, 2009b). Cardiovascular endurance can be best assessed by directly measuring 

the maximum volume of oxygen (VO2 max) utilized by the individual in a minute during 

an incremental exercise as VO2 max depends directly on the body’s capacity to circulate 

and utilize oxygen. Participants in this research study performed an incremental arm 

cranking exercise (ACE) while seated in their wheelchair with their feet resting on the 

footrest. Free weights were kept on the base of the arm ergometer table and in front and 

back of the rear wheel of the wheelchair to prevent any movement of the table or the 

chair during the test. The arm ergometer (Monark Rehab Trainer 881E, Vansbro, 

Sweden) was adjusted so that the centre of the ergometer’s crankshaft was aligned with 
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the individual’s shoulder joint and there was a slight bend at the elbow joint 

when hand was at the farthest position. In their direct line of vision, the participants could 

see the revolutions per minute (rpm). The researcher increased the resistance (Watts) in 

increments relative to protocol using the knob located at the bottom of the arm ergometer.  

The protocol for incremental ACE used in this research study has been previously 

established by (Ginis et al., 2005).  Protocols using ACE have been shown to produce 

similar results as obtained using WCE protocols (Gass et al., 1995: Martel et al., 1991). 

Individuals participating in wheelchair sports might obtain higher values when tested on 

WCE (versus ACE) due to the specificity principle (Bhambani, 2002).  Using ACE was 

therefore better suited for this sample as some of the participants were participating in 

wheelchair sports and could have obtained higher values using WCE.  This could have 

resulted in greater differences between those participants who were active (particularly in 

wheelchair sport) and those who were inactive based on the protocol alone.  Participants 

warmed up on the arm ergometer at a self- selected speed and 0W workload for 2 to 3 

minutes prior to starting the test. Following the warm up, their nose was clipped and 

participants breathing through a mouthpiece that was connected to the metabolic cart. 

A continuous test with multiple stages of increasing workload was used for this 

research, following a protocol that has been established for use with individuals with SCI 

(Ginis et al., 2005). All individuals were instructed to maintain rpm of 50, with initial 

resistance of 0 W and 25 W for individuals with tetraplegia and paraplegia respectively. 

The first three increments in workload (cycling rate and/or resistance) began after 2 

minutes and the remaining increments were made after every minute thereafter. 

Increments in workload were based on the level of lesion and gender. For both men and 
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women with tetraplegia, increments were made by increasing the resistance by 

5 W. For individuals with paraplegia, increments were made by increasing the resistance 

by 10 W in women and 15 W in men.  For participants who reached the maximum 

resistance (100 W) on the arm ergometer before reaching volitional fatigue, the resistance 

was kept constant while cycling rate was increased by 5 rpm every minute. Verbal 

encouragement was given to the participants during the test. Protocol was slightly 

modified during the final stages of the test for two participants as they were unable to 

maintain the required rpm of 50.  No further increments were made and they continued 

until there was no further increase in volume of oxygen consumed. 

For all other participants, the VO2 test was continued until voluntary exhaustion or 

when one of the two termination conditions was met: (a) when a plateau is observed in 

the volume of oxygen consumed over two consecutive stages, indicating the point of 

maximum oxygen consumption, or (b) if the respiratory exchange ratio (RER) value 

reached over 1.10, indicating maximum aerobic metabolism (Bhambani et al., 1994).  

During the test, respiratory gas exchange measurements were continuously 

monitored using a metabolic measurement cart (TrueMax 2400, Parvo Medics, Salt Lake 

City, Utah USA). Gas calibration was done using commercially available precision gases 

(16% oxygen, 4% carbon dioxide, balance nitrogen). Flowmeter calibration was done 

using a 3-litre calibration syringe. Heart rate was recorded using a chest strap and a polar 

heart rate monitor and noted down at the end of every minute during the test.  

Data from the metabolic cart was sampled at 30-second sampling intervals. The 

output measures included: a) Absolute VO2peak (L/minute), b) VCO2peak (L/minute), c) 

VO2peak relative to body mass, c) VCO2peak relative to body mass, d) pulmonary 
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ventilation (VE), and e) respiratory exchange ratio (RER). The VO2peak indicates 

the maximum volume of oxygen consumed and VCO2peak indicates the maximum volume 

of carbon dioxide produced during the test. The ratio of VO2peak and VCO2peak gives the 

RER value, which tells about the relationship between oxygen consumed and carbon 

dioxide produced during the test. The VE of any individual tells about the volume of air 

expired during the test and when used with VO2peak, it provides an indication about the 

economy of ventilation during the test.  

3.3.5. Shoulder muscle strength and endurance.  The major muscle groups of 

the upper extremities are strongly related to functional independence in individuals with 

SCI (Beninato et al., 2004; Fujiwara et al., 1999). An isokinetic dynamometer (Cybex 

6000, Ronkonkoma, NY) was used to assess the concentric muscle strength and the 

endurance of six upper extremity muscle groups (shoulder flexors, extensors, abductors, 

adductors, external and internal rotators) on the dominant side for each participant. 

Shoulder external and internal rotators were tested with participants seated upright in 

their wheelchair. To test the shoulder extensors, flexors, abductors, and adductors 

participants were transferred to an upper body exercise testing (UBXT) table that comes 

with Cybex 6000 Isokinetic Dynamometer. Shoulder extension/flexion was performed in 

lying position and shoulder abduction/adduction was performed in a reclined sitting 

position.  Straps, belts, yoga blocks, and yoga mats were used to stabilize the participants 

in different positions. 

Isokinetic testing involves the assessment of maximal muscle force throughout a 

range of motion set at a constant angular velocity. For each muscle group, participants 

performed 3 warm up repetitions. Following warm up and a resting period of 1-minute, 
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participants performed 3 maximal concentric contractions at an angular 

velocity of 60
0
/sec

 
to assess strength. After a 1-minute resting period, participants 

performed 25 concentric contractions at 180
0
/sec for endurance assessment.  The angular 

velocities used for the testing were based on the methods used in other research with 

individuals with SCI (Noreau & Shephard, 1992; Davis & Shephard, 1990) and pilot 

testing on able body individuals and individuals with SCI. All measurements were done 

on the dominant side. The same protocol, but different positioning was used for testing 

different movements. A rest period of at least 5-minutes was given between different 

movements. Pilot study ensured that 1-minute rest period between strength and endurance 

test, and at least 5-minutes rest period between different muscle groups was sufficient to 

prevent fatigue. 

Output measures included peak torque, fatigue index, and total work done.. Peak 

torque is the maximum torque produced during the strength test and is a measure of 

muscle strength. The fatigue index is the percentage of decline in peak torque (between 

the first and last three repetitions) and total work done is the total work performed over 

the 25 repetitions during the endurance test. Fatigue index and total work done are 

measures of muscle endurance. Each of the output measures was averaged for all the 

movements to obtain overall indicator of shoulder joint peak torque, fatigue index, and 

total work done for each individual (Noreau et al., 1993). These 3 overall values were 

also normalized relative to the body mass for each individual.  

The muscles were tested in the following order: a) internal and external rotation, 

b) extension and flexion and c) abduction and adduction. This order was chosen due to 

convenience of changing positions and was consistent for all of the participants.  
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Shoulder internal and external rotation. The strength and endurance of 

internal and external rotators of the shoulder was performed while participants were 

sitting in their wheelchair with their testing arm abducted to 90
0
. The elbow joint rested 

on the elbow stabilization pad and the dynamometer was adjusted so the elbow was 

flexed to 90
0 

and the axis of rotation of the shoulder joint aligned with the center of the 

dynamometer. The participant’s feet rested on the wheelchair’s footrest. Sufficient force 

was applied to hold the wheelchair in place to prevent the wheelchair from moving.   

Shoulder flexion and extension. Participants were transferred to the UBXT to 

measure the strength of shoulder flexors and extensors. The backrest of UBXT was 

positioned to lowest position and the seat to the highest position. The height of 

dynamometer was adjusted so that the axis of rotation of the shoulder joint was aligned 

with the center of the dynamometer.  Belts were used to stabilize the participant’s torso, 

pelvis and feet. A yoga block was kept between their feet and a rolled mat between their 

legs before legs were strapped and stabilized against the leg of UBXT. 

Shoulder abduction and adduction. With the participant laying on the UBXT, the 

backrest of the UBXT was positioned to the highest position and the seat to the middle 

position. This brought the participant to reclining position. Participants were re-strapped 

for stability again once the correct position was attained. The dynamometer was inclined 

to an angle of 35
0
 and raised to a height so the axis of rotation of the shoulder joint was 

aligned with the center of the dynamometer in the neutral position.  
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3.4. Data Analysis 

In total, 12 individuals completed all of the assessments; however, the results of two 

participants were not included for between-group analyses. One of these participants was 

the only female participant. Females typically have lower cardiovascular endurance, 

muscle strength, lean mass and BMC, and greater fat percentage than males (ACSM, 

2009 b). The other one was the only participant with paraplegia. Individuals with 

paraplegia typically have higher cardiovascular endurance (Janssen et al., 2002), lean 

mass, and BMC (Spungen et al., 2003) than individuals with tetraplegia. Therefore, the 

data from the female participant and the participant with paraplegia were excluded from 

the data analysis. However, their data is included at the bottom of the tables showing 

values for individual participants (Table 4.1 – Table 4.15). The final sample of 10 

participants was homogenous in terms of level of injury and sex as all the included 

participants were males with tetraplegia. 

Participants were divided into active and inactive groups according to their 

aerobic PA levels. Participants meeting the aerobic PA recommendations (i.e. 40 minutes 

per week of moderate-to-vigorous aerobic PA) were assigned to the active group. 

Participants not meeting the recommendations were assigned to the inactive group. As 

per the definition, physical therapy is not included as LTPA (Ginis et al., 2012). 

However, one participant who was participating in intensive physical therapy five times a 

week was included in the active group as he was meeting the recommended amount of 

moderate to vigorous physical activity. Mann-Whitney U test was run to examine the 

differences in moderate-to-vigorous aerobic LTPA between active and inactive groups. 

Participants were also divided into complete and incomplete groups depending on their 
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completeness of injury. Completeness of injury provided an indication of level 

of impairments in participants with comparable level of injury. 

Multiple Mann-Whitney U tests were conducted to examine differences in 

dependent variables between active and inactive, or complete and incomplete groups. 

Non-parametric tests were used because of a small sample size and unequal number of 

participants in each group. Differences were examined for relative values of health-

related physical fitness components (VO2peak, peak torque, total work done, fatigue index, 

and total and regional values of percentage fat, bone mineral content, and lean mass) 

between active and inactive groups, and complete and incomplete groups. Relative values 

were used to control the effect of total body mass on any of the fitness components. 

VO2peak was also looked at relative to body lean mass to control for the effect of amount 

of lean mass on VO2peak.  

The WHO domain scores were transformed on a scale of 4 to 20 for each domain 

as per WHO instructions to make it comparable to WHOQOL-100 scores. Differences in 

these transformed individual domain scores of QOL were also examined between active 

and inactive, and complete and incomplete groups. Significant was tested at p ≤ 0.05 for 

all analyses, which were conducted using SPSS Statistics software version 21.  Since, 

version 21 does not run a one-tailed non-parametric test, all significant values were 

divided by two to obtain one-tailed results. To support these results, the critical one-tailed 

U values for a Mann-Whitney independent groups test were used.  Significant results 

were obtained for U ≤ 1 for active (n = 8) versus inactive (n = 2), and U ≤ 3 for complete 

(n = 4) versus incomplete (n = 6) groups. A Pearson’s correlation test was run to 

examine any significant correlation between different domains scores of QOL.  
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CHAPTER 4: Results 

4.1. Characteristics of the Participants 

 The characteristics of the participants are shown in Tables 4.1 and 4.2. The age of 

the participants ranged from 23 years to 59 years (36.50±10.96 years). The time since 

injury ranged from 1 year to 18.50 years (7.25±5.25 years). The body mass of the sample 

ranged from 45.11 kg to 101.50 kg (73.32±15.50 kg) and the height varied from 1.62 to 

1.85 m (1.78±0.08 m). Based on BMI scores, seven individuals were in the normal range 

(18.5 to 24.5 kg/m
2
), one individual was slightly underweight (17.19 kg/m

2
) and three 

individuals were overweight (25.64 to 29.66 kg/m
2
). 

4.2. Leisure Time Physical Activity 

The weekly LTPA levels of the participants are reported in the Table 4.3. The 

total weekly aerobic LTPA ranged from 0 minutes to 1370 (441.00 ± 458.07) minutes, 

where as the total weekly strength LTPA ranged from 0 minutes to 650 minutes (230.50 

± 218.98 minutes). The weekly aerobic LTPA of moderate-to-vigorous intensity ranged 

from 0 to 530 minutes (234.00 ± 203.41 minutes). The weekly strength LTPA of 

moderate-to vigorous intensity ranged from 0 to 610 minutes (187.50 ± 202.57 minutes). 

The active and inactive groups were found to be significantly different in terms of 

moderate-to-vigorous aerobic PA levels, U = 0.00, p = 0.02.



Running head: PHYSICAL ACTIVITY EFFECTS IN SCI 

 

  

69 

Table 4.1 

Injury Characteristics 

 

 

 

 

 

 

 

N Injury Characteristics Gender Age 

 Level Completeness Time since  (Years) 

1 C6/C7 Complete 15 M 30 

2 C4/C5 Complete 8 M 30 

3 C-5 Incomplete 3 M 48 

4 C-6 Incomplete 3 M 59 

5 T-4 Complete 6 M 23 

6 C-7 Complete 18.5 M 37.5 

7 C-6 Incomplete 7 M 28 

8 C6/C7 Incomplete 2.5 M 51.5 

9 C-5 Complete 6 F 32 

10 C-7 Incomplete 1 M 28 

11 C-5 Complete 11 M 39 

12 C4/C5 Incomplete 6 M 32 

M±SD - 6 Complete 

6 Incomplete 

7.25±5.25 1 Female 

11 Male 

36.50±10.96 

    



Running head: PHYSICAL ACTIVITY EFFECTS IN SCI 

 

  

70 

Table 4.2 

Physical characteristics 

 

 

 

N Mass (kg) Height (m) BMI (kg/m
2
) 

1 69.40 1.85 20.28 

2 64.13 1.68 22.72 

3 66.81 1.76 21.57 

4 69.42 1.85 20.28 

5 101.5 1.85 29.66 

6 74.40 1.73 24.86 

7 65.13 1.83 19.45 

8 65.91 1.73 22.02 

9 45.11 1.62 17.19 

10 78.53 1.75 25.64 

11 99.90 1.90 27.67 

12 79.63 1.80 24.58 

M±SD 73.32±15.50 1.78±0.08 22.99±3.61 
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Table 4.3 

Weekly LTPA participation in minutes 

Participant Mild Moderate Vigorous Moderate-Vigorous 

 Aerobic Strength Aerobic Strength Aerobic Strength Aerobic Strength 

Inactive         

1 0 0 0 0 0 0 0 0 

11 50 35 0 30 0 0 0 30 

Active         

2 200 0 45 90 45 45 90 135 

3 0 0 125 405 270 0 395 405 

4 60 0 400 150 0 60 400 210 

6 0 0 100 0 360 0 460 0 

7 840 0 160 200 120 120 280 320 

8 840 40 180 220 350 390 530 610 

10 80 40 30 30 0 0 30 30 

12 0 315 135 135 20 0 155 135 

M 207.00 43.00 117.50 126.00 116.50 61.50 234.00 187.50 

±SD ±339.15 ±97.27 ±118.66 ±126.62 ±151.33 ±122.16 ±203.41 ±202.57 

Excluded         

5 0 15 110 40 0 0 110 40 

9 0 0 15 15 0 0 15 15 
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4.3. Body Composition 

Absolute and relative total body composition values for each participant are 

displayed in Table 4.4. Table 4.16 shows the mean and standard deviation of relative 

values of total body composition for the active and inactive groups. Relative total bone 

mineral content for the active and inactive group was 0.036 ± 0.005 and 0.030 ± 0.001, 

respectively. Relative total lean mass for the active and inactive group was 0.69 ± 0.06 

and 0.57 ± 0.04, respectively. Total fat percentage for the active and inactive group was 

26.09 ± 7.00 % and 37.80 ± 3.54 %, respectively. The test was significant for relative 

values of total lean mass, U = 1.00, p = 0.045, and percentage fat, U = 1.00, p = 0.045.  

Table 4.17 shows the mean and standard deviation of relative values for total body 

composition for the complete and incomplete groups. Relative total bone mineral content 

for the complete group and incomplete group was 0.030 ± 0.001 and 0.039 ± 0.004, 

respectively. Relative total lean mass for the complete and incomplete group was 0.59 ± 

0.03 and 0.71 ± 0.05, respectively. Total fat percentage for the complete and incomplete 

group was 31.32 ± 10.48 % and 26.50 ± 6.16 %, respectively. For complete and 

incomplete groups, the test was significant for relative values of total BMC, U = 0.00, p 

= 0.005, and total lean mass, U = 0.00, p = 0.005.  

4.3.1 Leg region. Absolute and relative regional body composition values for the leg 

region are shown in Tables 4.5. Table 4.16 shows the mean and standard deviation of 

relative values of leg region composition for the active and inactive group. Relative leg 

bone mineral content for the active and inactive group was 0.012 ± 0.003 and 0.007 ± 

0.001, respectively. Relative leg lean mass for the active and inactive group was 0.20 ± 

0.03 and 0.18 ± 0.02, respectively. 
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Table 4.4 

Total Body Composition 

 

  
N Fat Mass Lean Mass Bone Mineral Content 

 (Kg) (%) (Abs., Kg) (Rel.) (Abs., Kg) (Rel.) 

Inactive       

1 24.00 35.30 41.89 .604 2.13 .031 

11 39.06 40.30 54.78 .548 2.97 .030 

Active       

2 22.82 36.20 38.25 .597 2.00 .031 

3 10.44 16.20 51.51 .771 2.57 .038 

4 20.11 29.40 45.41 .654 2.96 .043 

6 24.34 33.50 46.19 .621 2.13 .029 

7 13.78 21.50 47.50 .729 2.80 .043 

8 12.38 19.10 49.84 .756 2.43 .037 

10 18.52 24.50 54.01 .688 3.04 .039 

12 22.19 28.30 53.52 .672 2.70 .034 

M 20.76 28.43 48.29 0.664 2.57 0.036 

±SD ±8.13 ±7.99 ±5.48 ±0.073 ±0.39 ±0.005 

5 36.39 36.50 60.10 0.592 3.28 0.032 

9 18.02 41.30 24.37 0.540 1.28 0.028 
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Table 4.5 

Body composition for the leg region 

 

 

 

N Fat Mass Lean Mass Bone Mineral Content 

 (Kg) (%) (Abs., Kg) (Rel.) (Abs., Kg) (Rel.) 

Inactive       

1 6.95 34.15 12.98 .187 0.43 .006 

11 13.43 43.70 16.47 .165 0.84 .008 

Active       

2 7.65 41.00 10.50 .164 0.50 .008 

3 3.74 18.35 15.74 .236 0.91 .014 

4 7.41 38.00 11.07 .160 1.02 .015 

6 6.90 35.95 11.82 .159 0.48 .006 

7 5.10 25.05 14.38 .221 0.90 .014 

8 4.05 19.50 15.89 .241 0.81 .012 

10 5.95 25.60 16.20 .206 1.11 .014 

12 7.82 29.65 17.66 .222 0.93 .012 

M 6.90 31.10 14.27 0.196 0.79 0.011 

±SD ±2.72 ±8.84 ±2.52 ±0.033 ±0.24 ±0.004 

Excluded       

5 11.83 38.10 18.28 0.180 0.94 0.009 

9 6.58 49.80 6.34 0.141 0.28 0.006 
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Leg region fat percentage for the active and inactive group was 29.13 ± 8.49 % 

and 38.92 ± 6.75 %, respectively. There were no significant differences between active 

and inactive groups for the leg region composition values. 

Table 4.17 shows the mean and standard deviation of relative values of leg region 

composition for the complete and incomplete groups. Relative leg bone mineral content 

for the complete group and incomplete group was 0.007 ± 0.001 and 0.014 ± 0.001, 

respectively. Relative leg lean mass for the complete and incomplete group was 0.17 ± 

0.01 and 0.21 ± 0.03, respectively. Leg region fat percentage for the complete and 

incomplete group was 33.04 ± 10.63 % and 29.80 ± 8.23 %, respectively. Significant 

differences were found when comparing complete and incomplete groups for relative 

values of leg BMC U = 0.00, p = 0.005 and lean mass, U = 3.00, p = 0.035. 

4.3.2. Trunk region. Absolute and relative regional body composition values for the 

trunk region are shown in Tables 4.6. Table 4.16 shows the mean and standard deviation 

of relative values of trunk region composition for the active and inactive groups. Relative 

trunk bone mineral content for the active and inactive group was 0.010 ± 0.002 and 0.007 

± 0.001, respectively. Relative trunk lean mass for the active and inactive group was 0.35 

± 0.02 and 0.28 ± 0.01, respectively. Trunk region fat percentage for the active and 

inactive group was 26.11 ± 7.75 % and 40.40 ± 1.13 %, respectively. The test was 

significant for relative values of trunk lean mass, U = 0.00, p = 0.02, and percentage fat, 

U = 0.00, p = 0.02.  
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Table 4.6 

Body composition for the trunk region 

 

 

N Fat Mass Lean Mass 
Bone Mineral 

Content 

 (Kg) (%) (Abs., Kg) Rel. (Abs., Kg) Rel. 

Inactive       

1 13.69 39.60 20.29 .292 0.56 .008 

11 20.02 41.20 27.89 .279 0.72 .007 

Active       

2 11.98 36.90 19.98 .312 0.54 .008 

3 4.70 15.10 25.82 .386 0.60 .009 

4 9.49 27.20 24.61 .354 0.81 .012 

6 13.61 36.00 23.70 .319 0.54 .007 

7 6.28 20.40 23.72 .364 0.78 .012 

8 5.77 19.20 23.66 .359 0.55 .008 

10 10.02 26.00 27.67 .352 0.89 .011 

12 10.73 28.10 26.81 .337 0.68 .009 

M 10.63 28.97 24.42 0.335 0.67 0.009 

±SD ±4.57 ±9.12 ±2.76 ±0.034 ±0.13 ±0.002 

Exclude

d 
      

5 19.38 38.90 29.30 0.289 1.09 0.011 

9 8.69 38.30 13.62 0.302 0.37 0.008 
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Table 4.17 shows the mean and standard deviation of relative values of 

leg region composition for complete and incomplete groups.  Relative trunk bone mineral 

content for the complete and incomplete group was 0.008 ± 0.001 and 0.010 ± 0.002, 

respectively. Relative trunk lean mass for the complete and incomplete group was 0.30 ± 

0.02 and 0.36 ± 0.02, respectively. Trunk region fat percentage for the complete and 

incomplete group was 32.98 ± 12.11 % and 26.30 ± 6.35 %, respectively. For complete 

and incomplete groups, the test was significant only for relative values of trunk BMC, U 

= 1.00, p = 0.015, and trunk lean mass, U = 0.00, p = 0.005.  

4.3.3. Arm region. Absolute and relative regional body composition values for 

the arm region are shown in Tables 4.7. Table 4.16 shows the mean and standard 

deviation of relative values of arm region composition between the active and inactive 

groups. Relative arm bone mineral content for the active and inactive group was 0.006 ± 

0.001 and 0.006 ± 0.001, respectively. Relative arm lean mass for the active and inactive 

group was 0.09 ± 0.01 and 0.07 ± 0.01, respectively. Arm region fat percentage for the 

active and inactive group was 20.95 ± 6.87 % and 32.72 ± 6.68 %, respectively. No 

significant differences were found between the active and inactive groups for any of the 

arm composition values. 

Table 4.17 shows the mean and standard deviation of relative values of arm 

region composition between the complete and incomplete groups. Relative arm bone 

mineral content for the complete and incomplete group was 0.006 ± 0.001 and 0.007 ± 

0.001, respectively. Relative arm lean mass for the complete and incomplete group was 

0.08 ± 0.01 and 0.09 ± 0.13, respectively. Arm region fat percentage for the complete and 

incomplete group was 25.54 ± 10.83 % and 21.82 ± 6.51 %, respectively.  
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Table 4.7 

Body composition for the arm region 

 

N Fat Mass Lean Mass Bone Mineral Content 

 (Kg) (%) (Abs., Kg) (Rel.) (Abs., Kg) (Rel.) 

Inactive       

1 2.19 28.00 5.25 .076 0.37 .005 

11 4.18 37.45 6.38 .064 0.57 .006 

Active       

2 1.99 30.05 4.32 .067 0.32 .005 

3 0.92 11.25 6.84 .102 0.46 .007 

4 2.15 23.00 6.66 .096 0.55 .008 

6 2.58 25.45 7.13 .096 0.43 .006 

7 1.27 16.10 6.15 .094 0.45 .007 

8 1.44 16.10 7.06 .107 0.42 .006 

10 1.55 16.70 7.26 .092 0.50 .006 

12 2.44 28.95 5.61 .070 0.40 .005 

M 2.07 23.31 6.27 0.086 0.45 0.006 

±SD ±0.91 ±8.14 ±0.95 ±0.016 ±0.08 ±0.001 

Exclude

d 
      

5 3.92 29.35 8.90 0.088 0.55 0.005 

9 1.91 47.20 1.95 0.043 0.19 0.004 
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No significant differences were found between the complete and incomplete 

groups for any value of arm composition. 

4.3.4. Bone mineral density. Table 4.8 shows the bone mineral density for total 

body, lumbar, and hip regions for all the participants. The lumbar bone density for active 

and inactive groups was 1.04 ± 0.11 g/cm
2
 and 1.09 ± 0.23 g/cm

2
. The lumbar bone 

density for complete and incomplete groups was 1.03 ± 0.15 g/cm
2
 and 1.07 ± 0.12 

g/cm
2
.  The bone density of the hip region could not be obtained for two participants. One 

participant had heterotrophic ossification in the hip region that did not allow X-rays to 

scan the hip region and the second participant was unavailable for the hip region scan. 

The femoral bone density for active and inactive groups was 0.72 ± 0.22 g/cm
2
 and 0.58 

± 0.23 g/cm
2
. The femoral bone density for complete and incomplete groups was 0.55 ± 

0.13 g/cm
2
 and 0.82 ± 0.20 g/cm

2
. 

4.4. Peak Cardiovascular Responses 

The peak cardiovascular responses during incremental arm ergometer exercise to the 

maximum are reported in the Table 4.9. The maximum VO2 values obtained will be 

referred to as VO2peak as individuals might not have reached their true VO2max value due 

to peripheral fatigue. Table 4.16 shows the mean and standard deviation of absolute and 

relative values of VO2peak for the active and inactive groups. The VO2peak relative to body 

mass for the active and inactive group was 5.78 ± 1.95 mL/kg/min and 12.39 ± 2.46 

mL/kg/min, respectively. For the active and inactive groups, significant differences were 

found for absolute VO2peak, U = 0.00, p = 0.02, relative to lean mass, U = 1, p = 0.045, 

and relative to total body mass, U = 0.000, p = 0.02 (Table 4.16).  
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Table 4.8 

Bone Mineral Density 

 

  

N Total Body Lumbar Hip 

 (g/cm
2
) T-score (g/cm

2
) T-score (g/cm

2
) T-score 

Inactive       

1 1.10 -1.3 0.93 -1.5 0.42 -4 

11 1.20 -0.4 1.26 1.5 0.74 -2 

Active       

2 1.06 -1.6 0.96 -1.2 0.53 -3.3 

3 1.20 -0.4 0.91 -1.7 0.59 -2.9 

4 1.29 0.4 1.14 0.5 0.96 -0.5 

6 1.13 -1 0.98 -1 0.52 -3.4 

7 1.30 0.6 1.13 0.4 - - 

8 1.17 -0.6 0.99 -0.9 - - 

10 1.31 0.6 1.24 1.4 1.02 -0.1 

12 1.18 -0.6 1.01 -0.7 0.70 -2.2 

M 1.19 -0.43 1.06 -0.32 0.69 -2.30 

±SD ±0.09 ±0.77 ±0.13 ±1.18 ±0.21 ±1.40 

Excluded       

5 1.40 1.4 1.19 0.9 0.91 -0.8 

9 0.93 -2 0.76 -2.6 0.51 -3.5 
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Table 4.9  

Peak cardiovascular responses 

Note.  VO2peak: Peak Oxygen Uptake; HRpeak: Peak Heart Rate; VE: Pulmonary Ventilation; RER: Respiratory Exchange Ratio 

N VO2peak HRpeak O2 Pulse VE RER Timemax 

 
Absolute 

(L/min) 

Relative (mL/kg of 

body weight/min) 

Relative (mL/kg 

of lean mass/min) 
(beats/min) (mL/beat) (L/min)  (min) 

Inactive         

1 0.50 7.16 11.86 93 5.34 30.60 1.22 7.28 

11 0.44 4.40 8.03 - - 18.18 1.18 9.17 

Active         

2 0.60 9.31 11.59 117 5.10 23.29 1.5 4.58 

3 1.08 16.14 28.18 128 8.42 41.94 1.22 13.18 

4 0.72 10.30 15.75 - - 28.44 1.11 9.33 

6 0.74 9.99 16.09 - - 31.47 1.27 10.08 

7 0.80 12.33 16.91 - - 27.50 1.11 10.76 

8 1.01 15.28 20.20 - - 27.76 1.05 12.72 

10 1.02 12.98 18.87 130 7.84 36.16 1.24 16.6 

12 1.02 12.81 19.06 103 9.90 44.82 1.12 9.56 

M 0.79 11.07 16.65 114.20 7.32 31.02 1.20 10.33 

±SD ±0.23 ±3.60 ±5.58 ±15.99 ±2.06 ±8.10 ±0.13 ±3.31 

Excluded         

5 1.40 13.79 23.29 172 8.13 45.70 1.25 7.35 

9 0.36 7.89 14.61 138 2.57 22.20 1.34 3.18 
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Table 4.17 shows the mean and standard deviation of absolute and relative 

values of VO2peak for the complete and incomplete groups. The VO2peak relative to body 

mass for the complete and incomplete group was 7.72 ± 2.51 mL/kg/min and 13.30 ± 

2.11 mL/kg/min, respectively. The test was significant for complete and incomplete 

groups for absolute VO2peak, U = 1.00, p = 0.01, relative to lean mass, U = 1, p = 0.01, 

and relative to total body mass, U = 0.000, p = 0.005.  

The total time taken to reach the maximum intensity (Timemax) and the RER values 

of each participant are reported in Table 4.9. The Timemax for the active and inactive 

groups was 10.85±3.49 minutes and 8.22 ± 1.34 minutes. The Timemax for the complete 

and incomplete groups was 7.78 ± 2.43 minutes and 12.02 ± 2.73 minutes. 

 Eight out of ten participants reached to the RER value of 1.10 that was one of the 

criteria for determining VO2peak. One participant reached volitional fatigue at RER value 

of 1.05. The RER value for the active and inactive groups was 1.20 ± 0.14 and 1.20 ± 

0.03. The RER value for the complete and incomplete group was 1.29 ± 0.14 and 1.14 ± 

0.07. 

The peak heart rate of 5 participants was not available because the heart rate monitor 

stopped receiving the signal during testing, which might be due to excessive trunk 

movement. The peak heart rate of rest of other 5 participants ranged from 93 beats per 

minute to 130 beats per minute (114.20 ± 15.99 beats / minute).  

4.5. Shoulder Strength and Endurance 

Tables 4.10, 4.11, and 4.12 show the peak torques and ratios for flexors-extensors, 

internal-external rotators, and abductors-adductors muscle groups, respectively for each 
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participant. Table 4.13 shows the value for fatigue index and total work done of 

all the muscle groups for each participant. The overall absolute and relative values of 

shoulder muscle strength and endurance are shown in Table 4.14.  

Table 4.16 shows the relative values of shoulder muscle fitness for the active and 

inactive group. Relative peak torque value for the active and inactive groups was 0.76 ± 

0.27 Nm/kg and 0.35 ± 0.06 Nm/kg, respectively. Relative fatigue index value for the 

active and inactive groups was 0.07 ± 0.10 and -0.02 ± 0.26, respectively. Relative total 

work done values for active and inactive group was 17.33 ± 7.17 Nm/kg and 7.56 ± 0.41 

Nm/kg respectively. No significant differences were observed between the active and 

inactive groups for any relative value of shoulder muscle fitness.  

Table 4.17 shows the relative values of shoulder muscle fitness for the complete 

and incomplete groups. Relative peak torque values for the complete and incomplete 

groups were 0.46 ± 0.27 Nm/kg and 0.82 ± 0.22 Nm/kg, respectively. Relative fatigue 

index values for the complete and incomplete groups were 0.00 ± 0.20 and 0.08 ± 0.07, 

respectively. Relative total work done values for the complete and incomplete groups 

were 10.33 ± 7.18 Nm/Kg and 18.74 ± 6.14 Nm/Kg respectively. For complete and 

incomplete groups, the test was significant for the relative values of peak torque U = 3, p 

= 0.03, and total work done, U = 3, p = 0.03. 

Two participants, due to weakness of muscles, could not finish the endurance test 

for two movements (flexion/extension and internal/external rotation); therefore, 

individual values were not obtained for those movements and the averages were 

calculated using the other four endurance values (Table 4.13). Both participants had 

complete and high level injuries at C4 and C5 levels.
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Table 4.10 

Peak isokinetic concentric torque for shoulder flexors and extensors 

 

 

 

 

 

N Extensors  (Nm) Flexors (Nm) Ratio 

Inactive    

1 23 39 171 

11 31 45 143 

Active    

2 9 26 271 

3 81 68 83 

4 75 72 96 

6 92 56 60 

7 47 80 169 

8 92 53 57 

10 99 72 73 

12 35 35 100 

M 58.40 54.60 122.30 

±SD ±33.02 ±18.17 ±67.00 

Excluded    

5 99 72 73 

9 12 18 144 
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Table 4.11 

Peak isokinetic concentric torque for shoulder internal and external rotators 

 

 

 
N 

Internal Rot. 

(Nm) 

External Rot. 

(Nm) 
Ratio 

Inactive    

1 20 23 113 

11 26 33 126 

Active    

2 5 12 225 

3 43 39 91 

4 26 27 105 

6 50 38 76 

7 65 35 54 

8 53 37 69 

10 77 47 61 

12 22 23 106 

M 38.70 31.40 102.60 

±SD ±22.60 ±10.16 ±49.12 

Excluded    

5 38 35 93 

9 8 11 133 
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Table 4.12 

Peak isokinetic concentric torque for shoulder abductors and adductors 

N Abductors (Nm) Adductors (Nm) Ratio 

Inactive    

1 41 16 250 

11 22 30 73 

Active    

2 24 27 90 

3 60 89 67 

4 60 79 76 

6 52 98 53 

7 62 68 92 

8 45 89 50 

10 47 99 48 

12 35 27 130 

M 44.80 62.20 92.90 

±SD ±14.44 ±33.40 ±60.43 

Excluded    

5 49 108 45 

9 19 19 100 
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Table 4.13 

Muscle endurance for different shoulder movements 

 

  

N Extensors Flexors Abductors Adductors Internal Rot. External Rot. 

 F.I. TWD F.I. TWD F.I. TWD F.I. TWD F.I. TWD F.I. TWD 

Inactive             

1 -169 452 21 926 24 610 -5 235 24 461 18 586 

11 50 445 17 1101 5 530 -12 697 28 563 5 1022 

Active             

2 - - - - 6 419 5 332 -34 151 -7 439 

3 -1 1738 8 2045 35 1134 -17 1591 1 1342 -10 1117 

4 25 1538 10 1648 14 1144 5 1186 -24 932 0 778 

6 28 2335 10 1253 25 963 -18 2142 21 1643 13 1022 

7 13 633 17 1927 24 1157 9 1124 -1 1180 9 765 

8 -32 2364 25 1169 8 803 -4 169 16 153 7 1026 

10 14 2814 18 2770 36 907 12 2395 -22 2030 5 1124 

12 9 645 12 866 42 636 5 487 -31 589 9 583 

M -7.00 1440.44 15.33 1522.78 21.90 830.30 -2.00 1035.80 -2.20 904.40 4.90 846.20 

±SD 64.71 928.07 5.70 629.55 13.28 272.28 10.84 796.77 24.01 634.70 8.58 249.15 

Excluded             

5 -9 3094 24 2267 19 1002 -36 2567 -128 1006 -8 1243 

9 -1 71 13 274 19 221 24 171 - - - - 

Note.  FI: Fatigue Index; TWD: Total Work Done 
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Table 4.14 

Overall values of shoulder muscle strength and endurance 

 

 

  

N Absolute Values Relative to Body Mass 

 
Peak 

Torque 

Fatigue 

Index 

Total 

Work Done 

Peak 

Torque 

Fatigue 

Index 

Total 

Work Done 

Inactive       

1 27.00 -14.50 545.00 0.39 -0.21 7.85 

11 31.17 15.50 726.33 0.31 0.16 7.27 

Active       

2 17.17 -7.50 335.25 0.27 -0.12 5.23 

3 63.33 2.67 1494.50 0.95 0.04 22.37 

4 56.50 5.00 1204.33 0.81 0.07 17.35 

6 64.33 13.17 1559.67 0.86 0.18 20.96 

7 59.50 11.83 1131.00 0.91 0.18 17.37 

8 61.50 -2.00 1437.33 0.93 -0.03 21.81 

10 73.50 10.50 2006.67 0.94 0.13 25.55 

12 29.50 7.67 634.33 0.37 0.10 7.97 

M 48.35 4.23 1107.44 0.67 0.05 15.37 

±SD ±19.87 ±9.70 ±533.69 ±0.30 ±0.13 ±7.55 

Excluded       

5 66.83 -23.00 1863.17 0.66 -0.23 18.36 

9 14.50 13.75 184.25 0.32 0.30 4.08 
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4.6. Quality of Life 

The scores for general health and overall QOL ranged from 2 to 5 (3.80 ± 0.79) and 1 

to 4 (3.30 ± 0.95), respectively on a scale of 1-5. Table 4.15 shows the QOL domain 

scores for all participants on a scale of 4-20. The scores for physical, psychological, 

social, and environmental domain ranged from 9.14 to 17.71 (14.23 ± 3.03), 8 to 16.67 

(14.60 ± 2.58), 8 to 17.33 (14.27 ± 2.74), and 12.50 to 18 (15.65 ± 1.76), respectively. 

Table 4.16 shows the mean and standard deviation for all domains for the active and 

inactive groups. When the active group was compared with the inactive group, none of 

the domain scores were found to be significantly different. The correlation coefficients 

for different domains of QOL are shown in the Table 4.18. A positive and significant 

correlation was observed between all domain scores except the physical and social 

domains. For the physical and social domains, the correlation was positive but not 

significant.
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Table 4.15 

Quality of life scores  

Note. GH: General Health; OQOL: Overall Quality of Life 

Participant GH OQOL Physical Psychological Social Environmental 

Inactive       

1 4.00 4.00 17.14 16.00 13.33 16.50 

11 4.00 3.00 12.00 16.00 13.33 14.00 

Active       

2 4.00 3.00 12.57 14.67 16.00 14.00 

3 4.00 4.00 15.43 16.00 13.33 16.50 

4 3.00 4.00 9.14 13.33 13.33 15.50 

6 5.00 4.00 17.71 16.67 16.00 17.00 

7 4.00 4.00 16.00 14.67 17.33 18.00 

8 2.00 1.00 10.86 8.00 8.00 12.50 

10 4.00 3.00 13.71 14.00 14.67 15.00 

12 4.00 3.00 17.71 16.67 17.33 17.50 

M 3.80 3.30 14.23 14.60 14.27 15.65 

±SD ±0.79 ±0.95 ±3.03 ±2.58 ±2.74 ±1.76 

Excluded       

5 5.00 4.00 19.43 18.00 20.00 17.50 

9 4.00 3.00 10.86 10.67 12.00 10.50 
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Table 4.16 

Mean and standard deviation of various health-related fitness components for inactive and active groups 

 

 

Variable Inactive (N=2)  Active (N=8) U Significance 

 Relative Total Body Composition     

BMC 0.030 ± 0.001 0.036 ± 0.005 2.5 0.09 

Lean Mass 0.57 ± 0.04 0.69 ± 0.06 1 0.045* 

Fat Percentage, % 37.80 ± 3.54 26.09 ± 7.00 1 0.045* 

Relative Leg Composition     

BMC 0.007 ± 0.001 0.012 ± 0.003 2 0.09 

Lean Mass 0.18 ± 0.02 0.20 ± 0.03 6 0.35 

Fat Percentage, % 38.92 ± 6.75 29.13 ± 8.49 3 0.13 

Relative Trunk Composition      

BMC 0.007 ± 0.001 0.010 ± 0.002 2.5 0.09 

Lean Mass 0.28 ± 0.01 0.35 ± 0.02 0 0.02* 

Fat Percentage, % 40.40 ± 1.13 26.11 ± 7.75 0 0.02* 

Relative Arm Composition     

BMC 0.006 ± 0.001 0.006 ± 0.001 4.5 0.2 

Lean Mass 0.07 ± 0.01 0.09 ± 0.01 2 0.09 

Fat Percentage, % 32.72 ± 6.68 20.95 ± 6.87 2 0.09 

Cardiovascular Endurance     

VO2peak Absolute, L/min 0.46 ± 0.04 0.87 ± 0.17 0 0.02* 

VO2peak Relative to Lean Mass, mL//kg/min 9.94 ± 2.70 18.33 ± 4.79 1 0.045* 

VO2peak Relative to Body Mass, mL/kg/min 5.78 ± 1.95 12.39 ± 2.46 0 0.02* 

Relative Shoulder Muscle Fitness     

Peak Torque, Nm/kg 0.35 ± 0.06 0.76 ± 0.27 3 0.13 

Fatigue Index, /kg -0.02 ± 0.26 0.07  ± 0.10 6 0.35 

Total Work Done, Nm/kg 7.56 ± 0.41 17.33 ± 7.17 2 0.09 

Note. *p ≤ 0.05  
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Table 4.17 

Mean and standard deviation of various health-related fitness components for complete and incomplete groups 

 Variable Complete (N=4) Incomplete (N=6) U Significance 

Relative Total Body Composition     

BMC 0.030 ± 0.001 0.039 ± 0.004 0 0.005* 

Lean Mass 0.59 ± 0.03 0.71 ± 0.05 0 0.005* 

Fat Percentage, % 31.32 ± 10.48 26.50 ± 6.16 8 0.24 

Relative Leg Composition     

BMC 0.007 (0.001) 0.014 (0.001) 0 0.05* 

Lean Mass 0.17 (0.01) 0.21 (0.03) 3 0.035* 

Fat Percentage, % 33.04 (10.63) 29.80 (8.23) 10 0.38 

Relative Trunk Composition     

BMC 0.008 (0.001) 0.010 (0.002) 1 0.015* 

Lean Mass 0.30 (0.02) 0.36 (0.02) 0 0.005* 

Fat Percentage, % 32.98 (12.11) 26.30 (6.35) 7 0.18 

Relative Arm Composition     

BMC 0.006(0.001) 0.007 (0.001) 5 0.075 

Lean Mass 0.08 (0.01) 0.09 (0.13) 4.5 0.6 

Fat Percentage, % 25.54 (10.83) 21.82 (6.51) 10 0.38 

Cardiovascular Endurance     

VO2peak Absolute, L/min 0.57 (0.13) 0.94 (0.14) 1 0.01* 

VO2peak Relative to Lean Mass, mL/kg/min 11.89 (3.30) 19.83 (4.40) 1 0.01* 

VO2peak Relative to Body Mass, mL/kg/min 7.72 (2.51) 13.30 (2.11) 0 0.005* 

Relative Shoulder Muscle Fitness     

Peak Torque, Nm/kg 0.46 (0.27) 0.82 (0.22) 3 0.03* 

Fatigue Index, /kg 0.00 (0.20) 0.08 (0.07) 10.5 0.38 

Total Work Done, Nm/kg 10.33 (7.18) 18.74 (6.14) 3 0.03* 

Note. *p ≤ 0.05  
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Table 4.18 

Mean and standard deviation of quality of life scores in various domains 

 

 

 

 

 

 

 

 

 

  

QOL Domain Inactive (N=2) Active (N = 8) U Significance 

Physical 14.57 (3.64) 14.14 (3.14) 8 0.50 

Psychological 16 (0.00) 14.25 (2.80) 5 0.26 

Social 13.33 (0.002) 14.50 (3.05) 3 0.13 

Environmental 15.25 (1.76) 15.75 (1.87) 6 0.35 
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Table 4.19 

Correlation coefficients for quality of life domains 

 

  

 

 Physical Psychological Social Environment 

Physical 1 0.655* 0.577 0.768* 

Psychological  1 0.763* 0.686* 

Social   1 0.733* 

Environment    1 

Total     

Note. *p ≤ 0.05  
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CHAPTER 5: Discussion 

With improvements in medical services, survival following SCI has increased. There 

has been a 41% increase in number of individuals with SCI discharged from hospital every 

year and overall prevalence of individuals has increased by 62% since 1990 (Farry & Baxter, 

2010). Although survival has increased, the impairments following SCI continue to cause a 

variety of health complications. As such, lifestyle following SCI has a strong influence on an 

individual’s overall health and well-being.  

Physical activity is a modifiable factor that needs to be considered for improving 

health (Galea, 2012; Hicks et al., 2011). Individuals with SCI tend to have lower energy 

expenditure at rest and during daily activities (Bauman, Spungen, Wang, & Pierson, 2004; 

Collins et al., 2010; Buchholz 2003).  Lower resting energy expenditure is due to lower 

muscle mass, which compounds increased sedentary activities.  Collectively, these factors 

contribute to lower total energy expenditure among individuals with SCI. Greater reductions 

in lean mass leads to further reductions in energy expenditure (Bauman et al., 2004). 

Participation in physical activity of moderate-to-vigorous intensity is associated with 

various health benefits (Warburton et al., 2006). According to the most recent physical 

activity guidelines, it is recommended that individuals with SCI should participate in 20 

minutes of moderate-to-vigorous intensity LTPA two times per week (Ginis et al., 2011). 

These physical activity guidelines also recommend 3 sets of 8 to 12 repetitions of 

strengthening exercises twice weekly targeting all major muscle groups. Higher PA levels 

among individual with SCI might be warranted to compensate for lower resting energy 

expenditure, physical impairments and frequent health problems (Buchholz et al., 2003).  
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Higher PA levels might be even more important for individuals with higher level of 

injury due to greater impairments. 

The primary purpose of this research study was to compare the health-related physical 

fitness levels and quality of life of individuals with high level SCI who meet and who do not 

meet the physical activity levels recommended by SCI-specific guidelines (Ginis et al., 

2011). This study also compared the health-related physical fitness components of 

individuals with high level complete and incomplete injuries. The results of this research 

study suggest that participants who were meeting the recommended levels and intensities of 

aerobic LTPA had significantly greater levels of cardiovascular endurance, and total and 

regional relative (trunk) lean mass than those not meeting the recommendations. Active 

participants also had significantly lower total and regional (trunk) percentage fat than 

inactive participants. Although, not significantly different, active individuals had greater 

bone mineral content, peak torque, and total work done that inactive participants.  

Results also suggest that participants with incomplete injuries had significantly 

greater levels of cardiovascular endurance, total and regional (legs and trunk) relative bone 

mineral content, total and regional relative (leg and trunk) lean mass, and relative peak torque 

and total work done than those with complete injuries. Participants with incomplete injuries 

also, although not statistically significant, had lower fat percentage than participants with 

complete injuries.  

5.1. Physical Activity Levels 

The sample included for data analysis in this research was fairly active with eight (of 

10) participants meeting the SCI-specific aerobic LTPA recommendations. Some of the 
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active participants were participating in intensive exercise at a specialized recovery 

centre. Exercise sessions typically included intensive aerobic, resistance, and functioning and 

walking training. A few of the active participants were involved in adapted sports like 

wheelchair rugby and water-skiing. One participant who was only one year post C7 level 

injury was participating in intense supervised 30-minutes of physical therapy sessions for 4-5 

times a week and was included in the active group. None of the other participants were 

participating in any kind of intensive physical therapy.  

When the data was examined individually, the levels of LTPA in this research did not 

appear to be related to the level of injury. However, previous research has reported 

correlations between physical activity levels and level of injury (deGroot et al., 2010).  The 

reason for the difference could be a more homogenous sample in this study, with all 

participants having tetraplegia. Previous research has included individuals with SCI spanning 

across both tetraplegia and paraplegia. Including participants with a variety of levels of injury 

could have affected overall PA levels. 

In support of previous findings (Ginis et al., 2010a), the majority of participants with 

complete injuries were less active than participants with incomplete injuries. A possible 

reason for this could be that completeness of injury among individuals with tetraplegia might 

lead to greater dependence on others, which can limit the participation at community level. 

5.2. Body Composition 

Mean BMI of eight individuals was within the normal range, with only two 

individuals having BMI in the overweight category (Table 4.2). When looking at total body 

fat percentage from the DEXA scans, only three participants had percentages in a range 
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indicative of satisfactory health, with the other seven participants having 

percentages indicative of poor or very poor health (Figure 1; ACSM, 2009 b). These results 

provide additional report to suggest that BMI may not be an accurate indicator of adiposity 

among individuals with SCI (Jones et al., 2003; Spungen et al., 2003).   

Previous research has suggested a linear relationship between BMI and adiposity 

following SCI (Spungen et al., 2003); however, the results of this research found that some 

individuals with lower BMI also had greater percentages of fat when compared to 

participants who had a higher BMI. Regional body composition results provide further 

support that greater changes in body composition are found below the level of injury (Jones 

et al., 2003; Spungen et al., 2000; Spungen et al., 2003) with the greatest percentage of fat 

being found in the legs, followed by the trunk and arms in most participants. 

Participants who were meeting the SCI-specific guidelines had significantly lower 

total and trunk fat percentage, and higher total and trunk lean mass (Table 4.16). However, it 

must be noted that all participants who were not meeting the recommended physical activity 

level also had complete injuries. Completeness of injury could have affected the differences 

in the body composition between the active and inactive groups. Participants with incomplete 

injuries had significantly higher total and segmental (leg and trunk) BMC, and total and 

segmental (leg and trunk) lean mass than participants with complete injuries (Table 4.17).
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Figure 5.1. Total body fat percentage for all participants. Solid and dotted lines indicate 

lower and upper limits for normative values for men and women respectively. Asterisk (*) 

marks indicate inactive participants. Black arrows indicate excluded participants.  
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However, participants with complete injuries did not have significantly greater 

total or regional fat percentage than participants with incomplete injuries (Table 4.17). This 

might suggest greater effects of physical activity levels than completeness of injury on fat 

percentage, but a smaller sample size and unequal group size could have affected the results. 

Previous research also has shown greater sparing of lean mass and bone mineral content in 

individuals with incomplete injuries (Spungen et al., 2000; Spungen et al., 2003). Whereas, 

total and regional fat percentage has not been reported to be significantly different between 

individuals with complete and incomplete injuries (Spungen et al., 2003). Results of this 

study suggests that individuals with complete injuries might have greater loss of lean mass 

and BMC than individuals with incomplete injuries, and active individuals might have lesser 

fat percentage than inactive individuals. 

Bone mineral density of the participants was found to be lowest in the hip region, 

followed by the lumbar region and the arm region (Table 4.9). In the lumbar region, one 

participant had osteoporosis and four had osteopenia (Figure 2 A). In the femoral region, five 

participants had osteoporosis and two had osteopenia (Figure 2 B). The lower bone density in 

hip region can be accounted to greater impairments in the lower extremities following SCI 

(Jiang et al., 2006). Unloading of lower extremity bones due to lack of weight bearing 

activities after SCI further lowers the bone density. Weight bearing exercises and functional 

electrical stimulation has shown to slow down the rate of bone loss (Giangregorio, et al., 

2005) or even regain (Belanger, et al., 2000) bone after SCI. However, participants of this 

study were not asked about specifically about the activities they were participating in. Other 

neuronal and hormonal reasons are also important determinant of bone density in individuals 

with SCI and could have affected the bone density of the participants. 
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(B) 

Figure 5.2. (A) Lumbar, and (B) Femoral T scores. Normal = Values between 1 and -1. 

Osteopenia = Values between -1 and -2.5 indicated by the area between solid and dotted 

lines. Osteoporosis =Values less that -2.5. Asterisk (*) marks indicate inactive participants. 

Black arrows indicate excluded participants.  
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5.1 Cardiovascular Endurance 

The VO2peak values relative to body mass obtained (Figure 3) during the test were 

spread across the normative values for individuals with SCI (Janssen et al., 2002). The 

difference in relative values of VO2peak was found to be significant between active and 

inactive groups (Table 4.16). This suggests that VO2peak values correctly reflected the LTPA 

participation of the participants. However, the data also needs to be interpreted with caution 

as the inactive group had only two participants and both had complete injuries. 

The difference between complete and incomplete groups was found to be statistically 

significant for relative values of VO2peak (Table 4.17). This significant difference in the 

VO2peak values between both group comparisons corresponds with the significant difference 

in the total and regional lean mass, which could be a contributing factor for the difference in 

the absolute VO2peak between both groups comparisons. However, the difference was still 

significant when absolute values were normalized using total lean mass indicating the 

difference in the lean mass was not the only reason for differences in the VO2peak values.
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Figure 3. VO2peak values relative to body mass for all participants. Black arrows indicate 

excluded participants. Asterisk (*) marks indicate inactive participants. 
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5.3. Muscle Fitness 

Overall values of peak torque, fatigue index, and total work done were used as 

measures of shoulder muscle fitness. Relative peak torque was used as an indicator for 

muscle strength, whereas relative values of fatigue index and total work done were used as 

indicators of muscle endurance. None of the measures were found to be significantly 

different between active and inactive groups (Table 4.16). For complete and incomplete 

groups, the relative values of peak torque and total work done was significantly higher for 

complete group. 

When results were looked at individually (Figure 4 and 5), participants with complete 

and incomplete C4 level injuries, and complete C5 and C6 level injuries appeared to have 

lower shoulder muscle fitness than rest of the participants. Given the roots of nerves 

supplying most of the shoulder muscles emerge from C4 – C6 level, this lower shoulder 

muscle fitness has a plausible explanation. With respect to the fatigue index, four participants 

had negative values indicating the average strength during last three repetitions exceeded the 

average strength during the first three repetitions during the endurance tests. A possible 

explanation of this could be that the participants took a few repetitions to get used to the 

testing movement, resulting in lower values of strength for the first three repetitions.  
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Figure 5.4. Relative peak torque of shoulder for all participants. Black arrows indicate 

excluded participants. Asterisk (*) marks indicate inactive participants. 
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Figure 5.5. Relative total work done of shoulder for all participants. Black arrows 

indicate excluded participants. Asterisk (*) marks indicate inactive participants.
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There were also alterations in the normal ratios of the peak torque of 

opposite muscle groups of the shoulder joint. These altered ratios could be due to the direct 

effect of impairments or due to overuse of certain muscles during day-to-day life activities. 

There was only one person with flexor-extensor muscle ratio in the normal range and three 

individuals with abductor-adductor and internal-external ratio in the normal range. 

Individuals with complete and incomplete C4 and complete C5 level injuries had the greatest 

alterations in their ratios. Among individuals with lower level of injuries, active individuals 

had ratios that were closer to or within the normal ranges. Also, on observation, it appears 

among active individuals the ratios were not related to the amount of LTPA. These findings 

may suggest that these ratios might be related more so to the type of LTPA being performed. 

Individuals doing functional electrical stimulation (FES) to improve muscle mass in lower 

extremities would not improve shoulder strength. Perhaps, individuals who had better 

shoulder strength ratios were benefiting from upper body training to correct and/or maintain 

the normal shoulder ratios.  

It is important to understand the individuals with SCI are different from able body 

individuals in terms of functioning, and therefore have specific exercise-related needs. The 

general format of physical activity guidelines that is used for able-body individuals might not 

be best for individuals with SCI. Because of effect of paralysis and lifestyle changes, 

individuals with SCI need to focus on strengthening certain muscle groups more than others. 

For example, shoulder muscle imbalance is commonly seen among manual wheelchair users 

due to increase in anterior muscles activity during wheelchair propulsion (Collinger et al., 

2008). This is also apparent from the results of this study when examining the ratio of 

shoulder muscle forces. Shoulder muscles imbalance is common cause of shoulder pain in 



Running head: PHYSICAL ACTIVITY EFFECTS IN SCI 

 

  

108 

manual wheelchair users, so the strengthening exercises should focus on 

correcting the normal balance between the opposing muscles in individuals with SCI. 

5.4. Quality of Life 

Participants in this study had higher individual domain scores than previous reported 

studies that have used the same questionnaire (Jang et al., 2004). All domain scores were 

found to be positively and significantly correlated with the total QOL score and other domain 

scores except the correlation between physical and social domains. Most of the participants 

were associated with a specialized SCI-recovery centre and participated actively in other 

community events, which could have positively influenced their perception of their quality of 

life in different domains. Furthermore, a better infrastructure and accessible environment of a 

developed county could have had a positive effect on the environment and other domains. 

When looking at the individual scores, the QOL did not appear to be related to time 

since injury or physical activity levels. Other studies have found quality of life to be related 

with time since injury (Stensman, 1994). Physical activity participation has also shown to 

improve subjective well-being in individuals with SCI (Hicks et al., 2003). The differences in 

the findings can be due to larger sample size and difference in the nature of studies – the 

latter two being longitudinal, and or qualitative.  

The individual or total domain scores did not appear to be related with level and 

completeness of injury. This is in accordance with other studies that used subjective measure 

of QOL (Cushman, & Hassett, 1992; Stensman, 1994). This might suggest that subjective 

QOL may be more heavily influenced by coping mechanisms and adjustments following SCI 

(Stensman, 1994).  
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5.5. Limitations 

This exploratory study relied on a small number of participants with a high level SCI 

to understand the role of physical activity on measures of health-related physical fitness. 

However, the homogeneity of this group of participants with high level of SCI adds valuable 

information to existing pool of literature describing the fitness levels of individuals with SCI 

and low functional levels. The two participants, who were classified as being inactive, also 

had complete injuries and at higher level (i.e., C5 and C6) which constrained the 

comparisons being made. Self-report measures of physical activity may also have influenced 

the results due to recall difficulties and bias from social desirability (Colley, et al., 2011).  

Some of the data was lost during testing. This included bone density values for hip 

region of two participants, which was not obtained due unavailability of one of the 

participants, and heterotrophic ossification in the hip region of another participant. Shoulder 

endurance values lost for two participants, as they could not perform the movement in 

complete range against the gravity. Since ACE was used for VO2peak testing, the values 

obtained might be lower as compared to other studies using WCE as mode of exercise. 

Furthermore, protocol was modified for two participants according to their functional 

capacity, which could have affected the VO2peak values. 

The strength activity recommendations according to the PA guidelines are in form of 

number of sets and repetitions, and not in the form of weekly minutes. The LTPAQ-SCI 

questionnaire records the activity participation in minutes and not in sets and repetitions. Due 

to difference in the method of recording strength activity, the strength activity was not used 

as a criterion for meeting or not meeting the guidelines. Furthermore, physical activity 

participation and fitness levels of the participants before injury were not known. Nutrition 



Running head: PHYSICAL ACTIVITY EFFECTS IN SCI 

 

  

110 

and dietary habits can affect the body composition of any individual, however 

they were not monitored for this study. 

5.6. Conclusion and Future Directions 

In the future, a longitudinal research design, or intervention-based research can 

provide a better understanding of the effects of physical activity on health-related physical 

fitness by studying the same individual over time, thereby controlling additional factors that 

influence fitness levels among individuals with SCI. All participants who did not meet the 

guidelines also had complete injuries, therefore looking at the data collectively did not allow 

to separate the impact of completeness of injury and physical activity participation on 

components of health-related physical fitness. Visual inspection of each participant’s data 

provided an indication of the amount of LTPA required to see beneficial effects in fitness 

levels. The high fitness levels of very active participants demonstrate that high levels of 

fitness can be achieved by individuals with tetraplegia. However, required levels of physical 

activity are likely to vary for each individual, depending on their level of impairments with 

individuals with greater impairments requiring more physical activity.  

One of the research participants was 30 years old (younger than the mean group age) 

with a complete injury at C4 level. The time since injury for this individual was eight years 

(approximately same as the mean group time since injury).  The participant met the SCI-

specific guidelines and had better fitness levels when compared to the fitness levels of two 

inactive individuals with complete injuries at C5 or C6 levels. Some participants with 

complete and incomplete tetraplegia with very high activity levels had fitness levels 

comparable to those of the individual with paraplegia (who was excluded for data analysis). 
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This anecdotal evidence suggests the effect of impairments would limit the 

individuals to achieve high fitness levels, but also suggests that physical activity can reduce 

some of the effect of impairments on fitness levels. Based on these results, it would seem that 

the greater the impairment, higher the levels of physical activity are required to achieve 

higher fitness levels. However, interventional research design can help to study the effects of 

physical activity on individuals with SCI better by controlling the other factors such as age, 

gender, and level, completeness, and time since injury, which are otherwise very difficult to 

control, especially for this population. 

Physical activity participation alone cannot completely offset the effects of direct 

impairments on the fitness levels. Therefore, it will be important to study the relationship 

between health-related physical fitness components and health in individuals with SCI 

especially in individuals with greater impairments. It is possible that the range of scores that 

are typically seen among able body individuals is decreased for individuals with SCI, which 

would skew the relationship between the fitness. Despite having decreased levels of fitness, 

active individuals with high levels of impairments might be able to lead a healthy lifestyle if 

they are able to achieve fitness levels that may be considered low for able-body individuals. 

There appears to be need of SCI-specific normative values for fitness levels of individuals 

with different levels of injury.  

Participants in this study who were meeting the SCI-specific recommended aerobic 

physical activity levels had significantly greater levels of cardiovascular endurance and lean 

mass (total and trunk), and lower fat percentage (total and trunk) than participants not 

meeting the recommended levels. Participants with incomplete injuries were having greater 

values of cardiovascular endurance, BMC (total, leg and trunk), lean mass (total, leg and 
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trunk), peak torque, and total work done when compared with participants with 

complete injuries. 

Overall, participants who are inactive appear to have lower health-related physical 

fitness levels. All inactive participants in this study had complete injuries. Participants with 

complete injuries appear to have lower health-related fitness levels than participants with 

incomplete injuries. In future, a longitudinal or intervention-based research can provide a 

better understanding of the effects of physical activity on health-related physical fitness of 

individuals with SCI. 
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Appendix B: Leisure Time Physical Activity Questionnaire for People with 

Spinal Cord Injury 
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!

 NOTHING AT ALL MILD MODERATE HEAVY 

How hard are you working? 

 · Includes activities that even 

when you are doing them, 

you do not feel like you are 
working at all.  

· Includes physical activities 

that require you to do very 

light work. You should feel 
like you are working a little 

bit but overall you shouldn’t 
find yourself working too 

hard 

· Includes physical activities 

that require some physical 

effort.  You should feel like 
you are working somewhat 

hard but you should feel like 
you can keep going for a 

long time.   

· Includes physical activities 

that require a lot of physical 

effort.  You should feel like 
you are working really hard 

(almost at your maximum) 
and can only do the activity 

for a short time before 
getting tired.  These activities 

can be exhausting 

How does your body feel?  

Breathing &  

Heart rate 

Everything is normal 

· Stays normal or is only a 

little bit harder and/or faster 
than normal 

· Noticeably harder and faster 

than normal but NOT 
extremely hard or fast 

 

· Fairly hard and much faster 

than normal.   

        Muscles · Feel loose, warmed-up and 
relaxed. Feel normal 

temperature or a little bit 
warmer and not tired at all 

 

· Feel pumped and worked.  
Feel warmer than normal 

and starting to get tired after 
awhile.  

· Burn and feel tight and 
tense.  Feel a lot warmer 

than normal and feel tired. 

        Skin · Normal temperature or is 
only a little bit warmer and 

not sweaty 
 

· A little bit warmer than 
normal and might be a little 

sweaty 

· Much warmer than normal 
and might be sweaty  

        Mind · You might feel very alert. 
Has no effect on 

concentration 

· Require some concentration 
to complete  

· Requires a lot of 
concentration (almost full) to 

complete 

!
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Appendix C: Physical Activity Guidelines for Adults with Spinal Cord Injury 
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Appendix D: Physical Activity Readiness Medical Questionnaire (PARmed-X) 
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Appendix E: Consent Form 

 

            

Page 1 of 3 

 

 

 

 

   

Effects of Physical Activity in Individuals with Spinal Cord Injury 

Researchers: 

 

Tarun Arora        Dr. Kerri Staples 

arora20t@uregina.ca       kerri.staples@uregina.ca 

24-Hour contact Number – (306) 999-1452    (306) 585-4370 

Invitation to participate in a Research Study 

Dear Participant 

This letter requests your permission to participate in a research study conducted at the University 

of Regina. This study will examine the effects of physical activity on health-related physical 

fitness components and quality of life among individuals with spinal cord injury (SCI). 

Participation in this study will lead to a better understanding of the role of physical activity in the 

fitness, health and quality of life of individuals with SCI, which may inform the 

recommendations being made by health practitioners and future research initiatives. 

 

Inclusion and Exclusion Criteria 

Before signing this consent form, please make sure you meet the following inclusion and 

exclusion criteria for this study. Inclusion criteria include: 1) between 18-50 years of age, 2) date 

of SCI between 1 and 10 years, 3) SCI above the sixth thoracic level, and 4) can obtain PAR 

med-X clearance for exercise testing participation from their doctor/physician. Exclusion criteria 

include: uncontrolled autonomic dysreflexia, neurological or orthopedic problem that could 

make it difficult to participate in performing exercise on arm ergometer for VO2 max testing or 

pushing/pulling a lever for shoulder strength and endurance assessment. 

 

Testing Procedure 

The study will involve assessments conducted on two days (they do not have to be consecutive) 

at the Exercise and Physiology Laboratory and Dr. Paul Schwann Centre at the University of 

Regina. On the first day, following consent to participate, each participant will be given 3 

questionnaires and will be assessed on cardiovascular endurance. The first questionnaire will ask 

each participant’s age, gender, date, nature, completeness, and anatomical level of injury and will 

require approximately 5 minutes to complete. The second will be the Leisure Time Physical 

Activity Questionnaire for Individuals with Spinal Cord Injury (LTPAQ-SCI), which is used to 

report the amount of leisure type physical activity performed over the last seven days. LTPAQ-

SCI requires approximately 5-minutes to be completed. The third questionnaire will be World 

Health Organization Quality of Life (WHOQOL)-BREF, which is used to assess quality of life. 

The participant will take this questionnaire home to complete it and return it to the researcher in 

the next visit.  Individuals will then be assessed for cardiovascular endurance for which 

participant will have to perform exercise on an arm ergometer. Expired respiratory gases will be 

collected and analyzed using a metabolic cart. Cardiovascular endurance assessment may take 

approximately 20 minutes.  

 

Faculty of Kinesiology and Health Studies 
Centre for Kinesiology, Health and Sport, Room 173 

         3737 Wascana Pkwy, Regina, Saskatchewan   S4S 0A2 
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On the second day, participants will be assessed for muscle strength and endurance of upper 

extremity muscles. An isokinetic dynamometer will be used for measuring muscle strength and 

endurance. Strength and endurance testing will require shifting the individual to upper body 
exercise testing (UBXT) table where the individual will lay down and will be strapped (for 

safety). The individual will then perform shoulder movements, pushing against the lever arm of 
dynamometer. Muscle strength will also be assessed manually using Manual Muscle Testing by 

the researcher. Muscle strength and endurance assessment will require approximately 30 
minutes. Following this, body composition assessment will be done using Dual Energy X-ray 

absorptiometry (DEXA), which will require approximately 15 minutes. For body composition, 
individual will lay straight on the testing table while the overhead equipment will scan the body 

using X-rays. 
 

Oxygen supply to the biceps muscles will be monitored using Near Infrared Spectroscopy 
(NIRS) during arm ergometer VO2 max testing and muscle strength and endurance testing. An 

NIRS electrode will be attached to the biceps muscle (front of arm) that will emit and capture 

light to assess the amount of oxygen being used by the muscles. 

  

Risks and Benefits 

The potential risk of participating in the study is that you might experience some soreness for 

next few days in the upper extremity muscles following exercise testing, especially if you are not 

used to exercising. This delayed onset of muscle soreness is normal after any unaccustomed 
activity and goes away on its own in 3-4 days. The benefit of participating in this study is that 

you will get to know your physical fitness levels including cardiovascular endurance, muscle 
strength and endurance, and body composition. You can request a summary of results by 

contacting the principal investigator via phone or email. 
 

Voluntary Participation, Anonymity and Confidentiality 

Involvement in this study is entirely voluntary. Even if you sign the form on the following page, 

you are free to withdraw at any point without question or consequence. Since the researcher will 
be collecting all data himself, participants will not be anonymous to the researcher. However, 

your name will not be associated with any presentation or publication that might emerge from 
this research. Your identity will be kept confidential. All the data will be stored in a locked 

cabinet or password protected computer. 

 

Research Ethics Approval 

This project has been approved on ethical grounds by the University of Regina and Regina 

Qu’Appelle Health Region Research Ethics Board on March 28, 2013.  Any questions regarding 

your rights as a participant may be addressed to the committee at (585-4775 or 

research.ethics@uregina.ca). 

 

Whom to contact 

Please sign the included form to indicate your willingness to participate. If you have any 

questions, please do not hesitate to contact me at (306)999-1452 or at arora20t@uregina.ca or 
my supervisor Dr. Kerri Staples at (306)585-4370 or at kerri.staples@uregina.ca. Thank you for 

your time and consideration with this research initiative. I would appreciate the opportunity to 
work with you. 

 

Sincerely 

Tarun Arora 
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Consent Statement 

 

“Effects of Physical Activity in Individuals with Spinal Cord Injury” 

 

The purpose of the research and the expectations involved has been explained and a copy of this 

consent form has been given to me. I have read the document and am aware that I can stop 
participating at any time for any reason. I am aware that the research will be carried out at the 

University of Regina by Tarun Arora, who is a graduate student at the University of Regina and 
will consist of. 

 

· Assessment of leisure time physical activity 

· Assessment of quality of life 

· Assessment of health-related physical fitness components including cardiovascular 
endurance, body composition, and muscle strength and endurance. 

 

The confidentiality of the participant will be ensured. I have received a copy of the consent form 

I voluntarily agree to participate in the research study by Tarun Arora. By signing this document, 

I do not waive any of my legal rights. 

 

 

     

Name of Participant  Signature  Date 

 

 

______________________________      _______________________  
Researcher’s Signature   Date 
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