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SUMMARY

Regular adherence to physical activity (PA) amongst individuals with a spinal cord injury (SCI) reduce the
risk for developing cardio metabolic disease, and to improve functioning in activities of daily living (ADL)
as well as psychological well-being. Specific health benefits of participating in regular PA include:
improvement of metabolic profiles inter alia a decrease in triglyceride levels (TG), increase in high density
lipoprotein cholesterol levels (HDL-C), and decrease in obesity prevalence as well as blood glucose levels.
In order to attain these benefits, individuals should perform > 20 minutes of moderate to vigorous intensity
aerobic activity, strength training and flexibility exercises at least twice a week. Physical inactivity, which
usually occurs among SCI patients, decreases their aerobic capacity, muscle strength, muscle endurance
and simultaneously increases the body mass index (BMI) and body fat. These changes adversely affect the
health status of SCI patients, which leads to the development of cardio metabolic diseases, type 2 diabetes
mellitus and premature death. Regular adherence to PA therefore enhances the quality of life among SCI
patients. The prognosis for increased longevity among SCI patients’ due to regular PA/exercise has not

been documented.

According to literature, a multi-disciplinary approach is needed to increase SCI individuals’ adherence to
PA therapy. It is also evident from the literature review that in South Africa research in this field of
therapeutic science is limited. The scarcity in the literature is alarming as the South African community has
a fair number of paraplegics and tetraplegics. It is strongly advised that researchers (especially South
Africans) embark on empirical investigations quantifying the optimal program prescription and the health
benefits of regular PA therapy for SCI patients, specifically pertaining to their metabolic profiles. This

endeavour will contribute valuable information and lessen the present void in this area of research.

The review was limited to English language papers published between (2006 and 2016) on individuals with
a spinal cord injury and applying physical activity as treatment modality, focusing on four components of
physical fitness (physical capacity, muscular strength, body composition and functional performance). A
literature search of peer-reviewed and professional journal publications was conducted in CROSSREF, an
academic meta-database including the following search engines: PubMed, Medline, Science Direct, Sabinet

and SAePublications.
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OPSOMMING

Gereelde volharding met fisieke aktiwiteit (FA) in spinaalkoordbeseerde (SKB) pasiénte blyk om die risiko
vir ontwikkeling van kardio-metaboliese siektes, te laat afneem, en funksionering in aktiwiteite van die
daaglikse lewe (ADL) asook psigologiese welstand te verbeter. Spesifieke gesondheidsvoordele wat verkry
kan word uit gereelde deelname aan fisieke aktiwiteit sluit in: die verbetering van metaboliese profiele,
onder meer 'n afname in trigliseriedvlakke (TG), 'n toename in hoédigtheid lipoproteien cholesterolvlakke
(HDL-C), en ’n afname in die voorkoms van obesiteit en bloedglukosevlakke. Met die oog op sodanige
voordele behoort aérobiese aktiwiteit, kragoefeninge en soepelheid twee maal per week gedoen te word.
Individue behoort minstens twee maal per week > 20-minute lank oefeninge van matige tot hoé intensiteit
te doen. Fisieke onaktiwiteit, wat gewoonlik onder SKB pasiénte voorkom, laat die aérobiese kapasiteit,
spierkrag, en spieruithouvermoé afneem, en gelyktydig hiermee laat dit die liggaamsmassa-indeks (LMI)
en liggaamsvet toeneem. Hierdie veranderinge beinvioed die gesondheidstatus van SKB pasiénte negatief,
wat lei tot die ontwikkeling van kardio-metaboliese siektes, tipe 2 diabetes mellitus en tot premature dood.
Gereelde volhardende fisieke aktiwiteit verhoog dus die lewensgehalte van SKB pasiénte. Die prognose vir

verlengde lewensduur van SKB pasiénte weens gereelde FA/oefening is nog nie gedokumenteer nie.

Volgens die literatuur is 'n multidissiplinére benadering nodig om SKB individue se volharding met oefen
terapie te verseker. Dit is ook opvallend uit die literatuuroorsig dat navorsing in Suid-Afrika op die gebied
van terapeutiese wetenskap skaars is. Dit is kommerwekend aangesien daar n aansienlike aantal parapleé
en tetrapleé hulle in die Suid-Afrikaanse gemeenskap bevind. Daar word sterk aanbeveel dat navorsers
(veral Suid-Afrikaners) empiriese navorsing onderneem wat die optimale programvoorskrif en die
gesondheidsvoordele van gereelde oefen-terapie vir SKB pasiénte kwantifiseer, spesifiek met verwysing
na metaboliese profiele. Hierdie poging sal waardevolle inligting toevoeg en die huidige leemte op hierdie

navorsingsgebied grootliks vul.

Die oorsig is beperk tot Engelstalige artikels wat tussen (2006 en 2016) gepubliseer is oor individue met
SKB en wat fisieke aktiwiteit as behandelingsmodaliteit benut het, wat op vier komponente van fisiese
fiksheid (fisiese kapasiteit, spierkrag, liggaamsamestelling en funksionele prestasie) gefokus is. n
Literatuursoektog na eweknie hersiende en professionele vaktydskrif-publikasies is in CROSSREF
uitgevoer, en akademiese meta-databasis wat die volgende soekenjins insluit: Med, Medline, Science

Direct, Sabinet and SAePublications.
Sleutelwoorde:

Spinaalkoord beserings, kardio-metaboliese siekte, fisieke aktiwiteit, oefening
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CHAPTER 1: INTRODUCTION

1.1 Introduction

The benefits of physical activity (PA) for individuals with a spinal cord injury (SCI) are well recognized.
Physical activity can limit and prevent numerous changes and challenges that occur after sustaining a SCI
including: bladder and bowel disorders, pressure ulcers, neuropathic pain, an increased risk for developing
cardiovascular risk factors and pulmonary conditions, metabolic abnormalities, dyslipidaemia, metabolic
disorders as well as negative changes in body composition (increase in fat mass and decrease in fat free
mass) due to low energy expenditure after SCI. Various studies have shown the benefits associated with
participation in PA amongst individual with a SCI to prevent the development of cardio metabolic risk

factors, a major health issue among this population.

Participating in physical activity is strongly recommended for individuals with a SCI due to all the health
benefits these individuals could experience, for instance, the improvement in ability to complete activities
of daily living (ADL), a decrease in insulin resistance, favourable changes in the lipid profiles (increase
high-density lipoprotein cholesterol (HDL-C) and decrease low-density lipoprotein cholesterol (LDL-C)
and favourable changes in body composition. However, the importance of regular participation in PA or
exercise (structured PA) is not always or rarely discussed after sustaining a SCI. Therefore, the reason that
come may have the misconception that exercise is dangerous or might aggravate their condition, but it is

just the opposite. Taking part in PA is actually beneficial and will not aggravate a SCI.

The purpose of this chapter is to present the problem statement, followed with the research questions,

objectives and hypotheses posed for this dissertation. Lastly the structure of the dissertation is provided.
1.2 Problem Statement

SCI’s affect numerous individuals worldwide, especially the male population between the ages of 18 and
32 years (Lee et al., 2014:110; Thuret et al., 2006:628). From a global perspective, it appears that the
majority (35% - 53.8%) of SCI’s occur due to motor vehicle accidents (Chiu et al., 2010:11; Draulans et
al., 2011:1148) in developed countries. In South Africa motor vehicle accidents attribute to 26% prevalence
and causes of SCls (Joseph et al., 2015:693). The second highest contributor of SCIs worldwide is violence,
ranging between 22.6% - 37% (Chiu et al., 2010:15; Cripps et al., 2011:495; Jackson et al., 2004:1743).

According to Joseph et al. (2015:695) violence induced SCIs is one of the greatest concerns (60%) in South
Africa followed by road accidents (26%) induced SCls (Cripps et al., 2011:498). Violence induced SCls in
South Africa is reportedly higher than in Zimbabwe (15%) with the Western Cape Province ratio being
25%, Johannesburg 61% and 62% in South Gauteng 35% - 40% (Draulans et al., 2011:1150) of SCls
sustained through violence are due to gunshot wounds (Draulans et al., 2011:1150; Joseph et al., 2015:695).



Stab wounds contribute to between 22 and 26% of SCls in the country (Cripps et al., 2011:499; Joseph et
al., 2015:695). South Africa tends to have the lowest proportion of SCls due to fall incidents when
compared to other causes of SCls (Draulans et al., 2011:1149). In South Africa 20% of individuals with
tuberculosis (TB) have spinal TB (Garg & Somvanshi., 2011:441). In 2009 approximately 1.2 million new
cases of TB were reported among people living with HIV, 90% of these cases of TB were reported in Africa
(Garg & Somvanshi., 2011:441). Spinal TB is severe and can be associated with neurologic deficit due to
compression of the adjacent neural structures and significant spinal deformity (Rasouli et al., 2012:294).
The neurological deficit associated with TB spine is divided into two types: (i) paraplegia of early onset
usually occurs in the first two years with the active disease, (ii) paraplegia of late onset occurs years after

apparent quiescence of the disease (Jain & Kumar., 2013: S624).

The pathophysiology of an acute SCI involves primary and secondary mechanisms of injury (Oyinbo,
2011:282). The primary injury to the cord happen unpredictably where the secondary injury mechanism
could be manipulated by proper exogenous interventions (Oyinbo, 2011:282). Primary injury to the spinal
cord has four morphological types: impact with transient compression, impact with persistent compression,
laceration or distraction (Oyinbo, 2011:282). When the spinal cord is being contused, compressed by a
blunt force or lacerated by a sharp penetrating force, neurological damage occurs known as the primary
injury (Silva et al., 2014:27). The mechanism of a SCIs leads to various physiological events being
described as the secondary injury (Silva et al., 2014:27). There are about 25 secondary injury mechanisms
(Qyinbo, 2011:282). The secondary injury evolves over days or weeks and leads to further neurological
damage (Silva et al., 2014:27). The final phase after a SCIs is the chronic phase which occurs between days
and years after the SCls was sustained leading to neurological impairments (Cramer et al., 2005:2947; Yiu
& He, 2009:617). A SCls cause a deficit in sensory and motor signals across the site the injury occurred as

well as the autonomic nervous system (Kirshblum et al., 2011:536, Minassian et al., 2012:489).

After injury to the spinal cord, lesions to the spinal cord pass through various stages of acute, sub-acute and
chronic injury (Kakulas & Kaelan, 2015: S2). The acute stage post SCI is defined as the time period
spanning up to one-year post injury. During this phase, most significant and rapid changes occur to the
physiological function (Pelletier, 2013:3). The sub-acute phase after a SCI is when rehabilitation occur,
after one-year post-injury when the injury is classified as chronic and physiological changes stabilize
(Pelletier, 2013:3). Disruption of the spinal cord occurs at the time the injury takes place (Kakulas &
Kaelan, 2015: S2), while secondary changes occur later caused by the body's response to the injured tissue
(Kakulas & Kaelan, 2015: S2). Examination of the dermatomes and myotomes after injury can help

determine which segments of the spinal cord are affected by the SCI (Kirshblum et al., 2011:536).

SCI results in either complete or incomplete loss of sensory, somatic and autonomic functions below the
level of lesion. A lesion in the cervical spine (C) C1-C8 results in tetraplegia, lesions in the thoracic spine
(T), lumbar spine (L) and sacral spine (S) leads to paraplegia (Kirshblum et al., 2011:536), most individuals

with an SCI have tetraplegia (ACSM., 2017:356). Complete SCI lesion in vertebra L2-S2 lack control of
2



the bladder, bowels and sexual function; the upper extremities and trunk usually have normal function
(ACSM, 2017:356). Lesions between T6 & L2 have respiratory and motor control that depends on the
functional capacity of the abdominal muscles with less control at T6 and maximal control at L2 (ACSM,
2017:356). Lesions between T1 and T6 might experience autonomic dysreflexia meaning they experience
uncoordinated, spinally mediated reflex response, they also experience poor thermoregulation and
orthostatic hypotension. In some cases, there is no sympathetic innervation to the heart, heart rate peak is
limited to 115 — 130 beats per minute, their breathing capacity is further diminished by paralysis of
intercostal muscles; with arms functioning normal (ACSM, 2017:356). Lesions to C5-C8 are tetraplegic.
Lesions to C8 have voluntary control of the shoulder, elbow and wrist but limited hand function. Lesions
to C5 rely on biceps brachii and shoulder muscles for mobility and self-care. Lesions to C4 requires artificial
support for breathing (ACSM, 2017:356). Statistics reflect that 56.7% of new SCI occur in the cervical
segment of the spine and 43.3% below the thoracic segment (Noonan et al., 2012:220). SCI are also
classified according to severity or completeness of the injury (Pelletier, 2013:3). The American Spinal
Injury Association (ASIA) developed the International standards for Neurological Classification of Spinal
Cord Injury (ISNCSCI), which is a neurological exam used world-wide to document sensory and motor
impairments after a SCI (Kirshblum et al., 2011:536). The ASIA assessment is the gold standard for
assessing a SCI. The exam is based on neurological responses, touch and pinprick sensations tested in each
dermatome, and strength of the muscles that control key motions on both sides of the body. Muscle strength
is scored on a scale of 0-5 according to the table on the right, and sensation is graded on a scale of 0-2: 0 is
no sensation, 1 is altered or decreased sensation, and 2 is full sensation. Each side of the body is graded
independently. When an area is not available, it is recorded as “NT”, “not testable”. The ISNCSCI exam is
used for determining the neurological level of injury (the lowest area of full, uninterrupted sensation and
function). The completeness or incompleteness of the injury is measured by the ASIA Impairment Scale
(AIS) (Kirshblum et al., 2011:536). It uses a scoring system from A to D. A- refers to a complete injury,
with no motor or sensory function in the sacral segments of the spine. B-refers to an incomplete injury with
sensory function but no motor function below the level of the neurological injury in the sacral segment. C-
refers to an incomplete injury where sensory and motor function are preserved, with more than half of the
key muscles below the lesion level have a muscle grade below 3. D- refers to incomplete injuries where
motor function is preserved below the lesion level but half of the key muscles below the lesion level have
a muscle grade of 3 or more. (Kirshblum et al., 2011:536)

After a SCls, many individuals suffer poor health due to physiological and life style changes that occur
(Bassett & Ginis, 2011:165). Adults who sustained an SCls and make use of a wheelchair as their primary:
mode of locomotion frequently have increased levels of triglycerides (TG) and glucose intolerance as well
as decreased levels of HDL-C (Manns et al., 2012:618; Myers et al., 2007:2). Prolonged sitting time has
been associated with several metabolic risk factors including increased waist circumference, high body
mass index, systolic blood pressure, fasting triglycerides, HDL-C, two-hour post-load plasma glucose and
fasting insulin levels (Thorp et al., 2010:327).



Individuals with SCls often experience an increased prevalence of metabolic risk factors and suffer from
secondary health conditions such as respiratory disease, cardiovascular disease, osteoporosis and
depression (Guilcher et al., 2013:894). Secondary health conditions are problematic to all individuals
especially for individuals with SCls since they are not equipped to utilize all muscle groups in order to
maximize energy expenditure (Guilcher et al., 2013:894). After a SCI, the body experiences physiological
changes specifically pertaining to alterations in body composition, primarily due to changes in their
metabolism (Myers et al., 2007:2; Sheel et al., 2008:500). A decline in PA and daily energy expenditure
occurs (Myers et al., 2007:1; Valent et al., 2007:316), resulting in 32-34% of individuals with SCIs to have
a prevalence of a secondary risk for the development of metabolic syndrome (central obesity, insulin

resistance, hypertension and dyslipidaemia) (Sisto & Evans, 2014:148).

Participation in PA not only helps to maintain metabolic health but also prevents the development of chronic
diseases, particularly type 2 diabetes and cardiovascular disease (Manns et al., 2012:614). Physical activity
is defined as any bodily movement which is produced by skeletal muscles and leads to increased energy
expenditure (Caspersen et al., 1985:126). Exercise could be defined as physical activity that is planned,
structured and repetitive for purposes of conditioning any body part (Caspersen et al., 1985:126).
Individuals with SCls face several challenges and barriers in order to participate in physical activity (Scelza
et al., 2005:576), thus making this population the most inactive population of society (Kehn & Kroll,
2009:1; Tawashy et al., 2009:301). Evidence from cross-sectional as well as longitudinal studies have
shown the benefits of regular PA on the prevention of chronic disease that occur after a SCI including
improving cardiovascular fitness which is associated with an improved lipid profile, body composition and
psychological health (Martin Ginis et al., 2012:898; Lannem et al., 2009:298; Valent et al., 2007:328).
Additionally, PA has a positive effect on pain, depression, self-worth and quality of life (Anneken et al.,
2010:398). Individuals with SCls participating in regular physical activity or exercise tend to show lower
incidence of hypertension, ischemic heart disease, diabetes mellitus, obesity, cancer, osteoporosis and
mortality rates (Okuyama & Oka, 2009:69).

According to the American College of Sports Medicine (ACSM), individuals with spinal cord injury should
participate in physical activity 3-5 times per week (ACSM, 2017:358). The duration of each session should
be between 20 and 60 minutes with an intensity of 40-60% of VOzmax (ACSM, 2017:340). Modes of exercise
amongst others include swimming, wheelchair sports, circuit resistance training, electrically stimulated
cycling and electrically stimulated walking. Gradual increases in the regularity, duration or intensity of the
exercise program are important to prevent pain or injury (ACSM, 2017:359). Strength training should be
done twice a week, using three sets of 8-12 repetitions per exercise at a moderate to high intensity. Modes
of resistance training include free weights, weight machines and elastic tubing or bands (Martin Ginis et
al., 2011:1093).

PA is a therapeutic modality prescribed as medicine by various health professions for various conditions

(Strydom et al., 2009:641). One such a profession is Biokinetics. Exercise prescription by biokineticist
4



could be either during the presence of an illness or when the threat of illness presents (Strydom et al.,
2009:641). Exercise can also be prescribed for health promotion or to improve strong points with no threat
to health. According to the Health Professions Council of South Africa (HPCSA), the profession of
biokinetics focuses on preventative health care, improving and maintaining physical abilities as well as

final phase rehabilitation by prescribing scientifically based exercise programs (Strydom et al., 2009:642).

The medical team taking care of individuals with a SCI usually consists of a doctor, nurse, physiotherapist,
occupational therapist, social worker and clinical psychologist (Padbo & Pill, 2012:98). The doctor is
responsible for the diagnosis and treatment of the initial injury (Pd&bo & Pill, 2012:98). The physiotherapist
is responsible for keeping the patient's lungs clear of secretions, physically strengthening the patient and
for teaching new ways to become independent despite their disability (P&dbo & Pill, 2012:98). The
occupational therapist is responsible for preparing the patient for re-integration into society, occupation and
to achieve independence (Pillastrini et al., 2008:78). Physiotherapists attend to phase 1 and 2 physical
rehabilitation, but as of phase 3, biokineticist enter the rehabilitation cycle to ensure ergonomic
functionality and to decrease the development of secondary health risks (Strydom et al., 2009:645).

Considering the paucity of the literature pertaining to the role of physical activity during rehabilitation of
SCls, this dissertation entails a literature review that address the following research questions: firstly, what
is the status of exercise therapy among spinal cord injured patients in relation to cardio metabolic risk
factors and secondly, what physical activity and exercise treatment modality is used to prevent cardio
metabolic risk factors in spinal cord injured patients. Answers to these research questions aid in determining
the role of physical activity during the prevention, treatment and management rehabilitation of patients with
SCls in order to prevent secondary health risks. The information obtained through this study contribute to
the knowledge and enhancement of PA rehabilitation in patients with spinal cord injuries, with specific

reference to the profession of biokinetics.

1.3 Objectives
The objectives of this study were:

. To establish from existing literature what is the status of exercise therapy among spinal cord injured

patients in relation to cardio metabolic risk factors.

. To establish from existing literature, what physical activity and exercise treatment modality is used

to prevent cardio metabolic risk factors in spinal cord injured patients.



1.4  Hypotheses
This review is based on the following hypotheses:

. Reviewed literature indicated that the status of exercise therapy participation is low and the

prevalence of cardio metabolic risk factors high amongst individuals with a SCI.

. Reviewed literature indicated that there’s a need for spinal injured patients to follow a structured
balance exercise programme including aerobic and muscle endurance to prevent cardio metabolic

risk factors.

1.5 Structure of your dissertation
Chapter 1: Introduction.
Chapter 2: Literature review: Physical activity prescription during rehabilitation of spinal cord injury

Chapter 3: Article 1: What is the status of exercise therapy among spinal cord injured patients in
relation to cardio metabolic risk factors: A systematic review (2013-2016). African Journal for Physical
Health Education, Recreation and Dance

Chapter 4: Acrticle 2: Physical activity and exercise as treatment modality to prevent cardio metabolic
risk factors in SCI patients. A systematic review (2010-2016). South African Journal for Research in Sport,
Physical Education and Recreation

Chapter 5: Summary, conclusion, limitations and recommendations.
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CHAPTER 2: PHYSICAL ACTIVITY PRESCRIPTION DURING
REHABILITATION OF SPINAL CORD INJURY

2.1 Introduction

Paralysis is the most common consequence after a spinal cord injury (SCI) (Harvey, 2016:4). SCls can
impose sudden paralysis as well as severe medical, psychological and social consequences to the individual
(Sand et al., 2006:183). Individuals who have sustained an SCI require comprehensive medical care and
rehabilitation (Harvey, 2016:4; Pellatt, 2007:165). The management of SCI patients is multifaceted and
involves the interaction of numerous healthcare professionals, organisations and government services
(Harvey, 2016:4). The primary goal of rehabilitation as follows: “to enable a disabled individual to regain
optimal functioning of their sensory, cognitive, physical, psychological and social abilities” Blouin and
Echeverri (2011).

A great concern among the SCI population is the fact that they frequently adjust to a physically inactive
lifestyle, increasing their risk for the development of lifestyle-related chronic disease such as cardio
metabolic disease, dyslipidaemia, hypertension, diabetes mellitus (Gorgey, 2014:158; Pelletier et al.,
2014:392). Therefore, the participation in regular physical activity as part of health promotion strategies
among the SCI population is of the utmost importance (Martin Ginis et al., 2011:1088; Hicks et al.,
2011:1103). Leisure time and overall physical activity participation decrease dramatically post-injury after
discharge from rehabilitation (Martin Ginis et al., 2010:72; van den Berg-Emons et al., 2008:2094).
Increased sitting time is a major health risk contributing to premature morbidity, increased health risks for
chronic diseases and mortality in the SCI population (Gorgey, 2014:159). The purpose of this review
chapter is to investigate the role of different occupations involved with the physical rehabilitation of

individuals with SCI in a South African context.

This chapter will state the various health disciplines that are involve in treating individuals with a SCI and
the responsibility of each discipline. The following topics will be addressed i) health disciplines responsible
to implement physical activity (PA) as therapeutic modality during rehabilitation after a spinal cord injury,
ii) the role of occupational therapy during rehabilitation after sustaining a spinal cord injury iii) the role of
a physiotherapy during rehabilitation after a spinal cord injury iv) the role of specialized physical activity
prescription during rehabilitation and after a spinal cord injury and v) the benefits of regular physical

activity among individuals with a spinal cord injury.
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2.2 Health disciplines responsible to implement physical activity (PA) as therapeutic modality

during rehabilitation after a spinal cord injury

A multi-disciplinary medical team is needed when treating individuals with an acute SCI (Fehlings et al.,
2011:1329). Treatment from a multidisciplinary team commences as soon as the injury is sustained and
continues until the patient is admitted to a care centre and in some cases throughout their lifespan (Fehlings
et al., 2011:1329). Recovery from an SCI depends on the severity of the injury and the treatment a patient
receives through each stage of the treatment spectrum (Fehlings et al., 2011:1329). The treatment of SCI
spans from pre-hospital immobilization to surgical care up to rehabilitation strategies (Fehlings et al.,
2011:1329). A multidisciplinary medical team for SCI usually consists of therapists such as a physical
therapist (biokineticist), physiotherapist, occupational therapist, rehabilitation nurse and another medical
specialist physician, a dietician and a psychologist. (Godney et al., 2011:965). In figure 1 an illustration is
provided regarding the specific professions providing treatment as a multi-disciplinary team for patients
with an SCI. Physicians or general practitioners (GP’s) are recognized as the principal source for referral
of patients with SCI to participate in leisure-time physical activity (Pelletier et al., 2014:395). Gorgey
(2014:161) states that the multi-disciplinary team which engages in caring and rehabilitation of patients
with SCI needs to comprehend the various benefits of physical activity as an integral part of the
rehabilitation program (Gorgey, 2014:161). Acute medical management of individuals with SCI focuses on
decreasing additional neurological impairment to the spinal cord and enhancing recovery (Harvey, 2016:4)
and rehabilitation after an SCI commences as soon as the individual is medically stable after sustaining the
SCI (Harvey, 2016:4). Individuals with long-term neurological conditions such as SCI may use services
from multiple healthcare professionals over a prolonged timespan for managing aspects related to their

neurological condition (Mulligan et al., 2011:400).

Psychologist

Exercise
therapist (in
South Africa, a
Biokineticist)

Figure 1 An illustration of the multidisciplinary team treating a patient with an SCI.
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2.3 The role of occupational therapy during rehabilitation after a spinal cord injury

Occupational therapy (OT) is a skilled treatment that focuses on assisting patients in achieving
independence in all facets of their daily lives (Pillanstrini et al., 2008:78). The role of an OT in SCI
rehabilitation compromises adaptation to the social and physical living environment (Pillanstrini et al.,
2008:78). OT’s also assist individuals in regaining abilities that are meaningful and important (activities of
habitual living) (Pillanstrini et al., 2008:78). OT primarily focuses on activities of daily living, home-based
activities, sensory, perceptual and cognitive exercises (de Wit et al., 2006:1483). According to the Health
Professional Council of South Africa (HPCSA, 2016) the scope of practice for occupational therapist in
South Africa include: evaluation, improving and maintaining health, development, functional performance
or self-assertion of the patient with impairment or at risk of impairment. Prescribing and guiding patients’
participation in activities together with application of appropriate techniques to facilitate such participation
(HPCSA, 2016).

2.4 The role of a physiotherapy during rehabilitation after a spinal cord injury

Physiotherapists treat an array of diverse complications related to SCI and involve numerous body systems,
even though the primary pathology is neurological in nature (Harvey, 2016:4). According to the HPCSA
the scope of practice for physiotherapy include orthopaedic, neurology, respiratory disease, cardiovascular
disease, obstetrics and gynaecology, intensive care unit and rehabilitation (HPCSA, 1976). They provide
exercise therapy that include passive and active movement (HPCSA, 1976). During the phase of acute
medical care, physiotherapist’s focuses on treating respiratory complications and preventing secondary
musculoskeletal problems related to prolonged bed rest (Harvey, 2016:4). The profession also focuses on
non-bed lying exercises as well as strengthening exercises and balance (de Wit et al., 2006:1483). The
physiotherapy rehabilitation phase can vary from a few days to several weeks (Harvey, 2016:4).
Physiotherapy is being prescribed as a “supplementary service” to health services and includes the
following areas (HPCSA, 1976) orthopaedic; neurological and neurosurgery; respiratory diseases and
thoracic-surgery, cardiovascular diseases and surgery , gynaecology, intensive-care unit, rehabilitation of
patient to maximal potential in work as well as sport, including permanent disability, sport medicine,
paediatrics, geriatrics, treating physical problems of psychiatric patients, relaxation therapy and maintaining

recovery of physical fitness.

Physiotherapy helps individuals with SCI to be able to function with their injuries in a day to day situation.
It involves exercising for mobilization as well as for stimulation of the nerves and muscles below the level
of the injury. Though largely helpful, it only helps the patients with SCI to live with their injury and to
prevent further deterioration (Shroff et al., 2016:1). Physiotherapy during the rehabilitation of SCI also
focuses on goals related to motor tasks such as walking, pushing a wheelchair, transferring and using upper
limbs (Harvey, 2016:8). In South Africa the scope of Physiotherapy aims to improve health-related QOL
of individuals who sustained a SCI by improving their ability to take part in ADL (Harvey, 2008:124).
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Physiotherapy aim to improve participation in PA among individuals with a SCI (Paabo & Pill, 2012:95).
Physiotherapy is shown to improve functioning and prevent secondary complications (Padbo & Pill,
2012:98).

Treatment should be focused upon that individual and tailored specifically to their condition. A treatment

programme is formulated following a thorough physical assessment which might include:

e Stretching activities to maintain muscle and tendon length and reduce or keep muscle
spasms/spasticity to a minimum.

e Flexibility and strengthening exercises for the whole body.

o Breathing exercises to maximise lung function and prevent chest infection.

e Balance and posture exercises which can help to reduce pain associated with poor posture and
balance impairment and ensure correct transfer techniques (infout of wheelchair, bed, toilet/bath,
car etc.)

e Functional activities to improve fundamental movement patterns such as rolling over and sitting
up, and standing where appropriate.

e Walking re-education, if there is sufficient muscle activity and power in the legs.

Evaluations performed by physiotherapists include the determining joint movements, muscle power,
muscle strength, muscle tonus, muscle endurance and coordination, rehabilitation, balance and equilibrium
reactions; assessing postural abnormalities, functional ability; obtaining a degree of independence. Their
scope includes predicting the level of sensory and motor development, length (e.g. bone), the impact of
pain on movement, rest and function, assessing gait and other locomotor abnormalities, physical fitness
tests and heart (exercise) tolerance test. They also need to determine respiratory excursion and exercise
tolerance test and extent; sensory tests, including perception tests, observation; palpation; examining X-
rays and X-ray reports; skin temperature and condition; the effects of soft adhesions and contractions in
movement, and function tests for nerve conduction and provision; reflection heat test; requirements for use
of artificial limbs, prosthesis, tools, appliances, braces, splints, support equipment, corsets, collars etc.; the
need for the use of wheelchairs; and any other special tests or methods of evaluation by means of
physiotherapy may be necessary for the care and treatment of patients and for the submission of reports to

the doctor according to the Chartered Society of Physiotherapy (CSP) (www.csp.org.uk).

Physiotherapists can prescribe the following movement and exercise therapy for individuals with a SCI
(HPCSA, 1976):

. Passive movement

. Active movement
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Physiotherapist or exercise therapist prescribe final-phase functional movement. Therefore, advance active
movements, multi—planar movements, resisted movements, proprioception, graded core stability exercises

among paraplegics, hydrotherapy are used as treatment modality when treating individuals with a SCI.

Using various massage techniques, including cross-friction and connective tissue massage; administration
of electrotherapy, including (HPCSA, 1976):

. High frequency;

. Low frequency currents;

. Ultrasound;

. Radiation (excluding X-rays and cosmic rays);
. The application of heat and cold; as well as

. The therapeutic use of water (hydrotherapy).

Mechanical aids:

. The production and use of splints and supports.
. The use of props, prosthesis and other therapeutic and assistive devices, including the selection of
wheelchairs.

2.5 The role of specialized physical activity prescription during rehabilitation and after a spinal

cord injury

During an international conference in Toronto (2010) regarding physical activity (PA) and public health,
the focus of the conference centred on the concept “exercise is medicine” (Lobelo et al., 2014:43) due to
all the benefits of regular PA. Ever since this conference various medical practitioners have already started
using exercise in preventing, diagnosing as well as treating clinical conditions and chronic diseases (Lobelo
et al., 2009:89). It is a well-known fact that individuals with an SCI are less physically active than able-
bodied individuals (Motl et al., 2005:459) and are therefore more prone to suffer from hypokinetic diseases
(Kerstin et al., 2006:481; Rauch et al., 2013:165). Physical activity is defined as any bodily movement
which is produced by skeletal muscles and leads to increased energy expenditure (Caspersen et al.,
1985:126). Exercise could be defined as physical activity that is planned, structured and repetitive for
purposes of conditioning any body part (Caspersen et al., 1985:126). The objectives for starting to
participate in physical activity as part of rehabilitation after SCI could be multi-focused, such as to evaluate
a patient’s current physical abilities, to prevent and treat common impairments and to minimize other
medical complications (Albert et al., 2012:442).
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Martin Ginis et al. (2010:72) highlights that an immense decrease in physical activity participation occurs
after SCI causing these individuals to mostly live a sedentary life. Inactivity is a well-known risk factor
for the development of cardiovascular disease and other chronic diseases such as hypertension, diabetes,
obesity, bone and joint diseases (such as osteoporosis and osteoarthritis) and depression (Lee et al.,
2013:219).

Specialized physical activity prescription therefore serves as an important part of the rehabilitation program
of SCI patients. A biokineticist is a specialized exercise therapist that operates in professional alliance with
health and medicine and is acknowledged and needs to register with the HPCSA. This profession is
concerned with preventative health care, maintenance of physical abilities as well as final phase
rehabilitation by providing an individualized assessment and a scientifically based physical activity
program (HPCSA, 1994). A scientifically based physical-activity program refers to a specific and
individual-oriented physical-training programme based on the individuals’ physical condition. This
program is specifically compiled and supervised (HPCSA, 1994). Final-phase rehabilitation is the phase in
the rehabilitation process where physical activity and conditioning constitute the primary therapeutic
modality (HPCSA: 1994). A biokineticist aims at improving the physical status and QOL of a patient by
providing them with an exercise prescription in dual context of clinical pathology as well as performance
enhancement (Strydom et al., 2009:642).

Special considerations for individuals with SCI before participating in any PA include: Participants should
empty their bowel and bladder before exercising. Avoid any skin pressure sores. There may be a prevalence
of decreased cardiovascular performance in individuals with a complete SCI above T6 especially those with
complete tetraplegia. During exercise, autonomic dysreflexia result in increased release of catecholamines
which increase heart rate, VO2, blood pressure and exercise capacity. Individuals with a SCI may experience
muscular fatigue before achieving substantial central cardiovascular stimulus. In the beginning exercise
sessions should consist of short bouts of 5-10 minutes at moderate intensity alternated with active recovery
periods of 5 minutes (ACSM, 2017:358). As exercise tolerance improve their training can progress to 10-

20 min bouts of vigorous intensity alternated with 5-minute active recovery (ACSM, 2017:358).

Individuals with a SCI have an increased prevalence of abnormalities in carbohydrate and lipid metabolism
(Sabour et al., 2013:635). Individuals with paraplegia present with increased hypertension, higher BMI and
increased levels of LDL-C and TG than individuals with tetraplegia (Sabour et al., 2013:635). Due to
relative physical inactivity amongst individuals with SCI and body composition changes occur and these
individuals are susceptible of increased rates of impaired glucose tolerance, insulin resistance and diabetes
mellitus 2 (Bauman & Spungen., 2001:266). Metabolic syndrome is characterized by decrease in HDL-C
and increased fasting glucose and TG, increased abdominal obesity and increased BP. Abdominal obesity
is major characteristic of metabolic syndrome. Adipokines secreted by adipose tissue contribute to obesity-
linked metabolic disease (Maruyama et al., 2008:494). The extent of a neurological impairment is an

important predictor of post SCI impairment regarding increased levels of serum glucose and plasma insulin
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during a two-hour oral glucose tolerance test and increased prevalence of impaired glucose tolerance
(Maruyama et al., 208:494). Presence of metabolic syndrome are being used to identify the risk for
developing CVD (Maruyama et al., 2008:494).

CVD is arising concern among the SCI population, since the risk for developing CVD is 16% higher than
for able-bodied individuals’ due to their greater inactivity status, increased prevalence of obesity, diabetes,
metabolic syndrome and detrimental change in lipid profile (Myers et al., 2007:1). Autonomic dysfunction
caused by SCI is also associated with numerous conditions that contribute to increased cardiovascular risk,
as well as irregularities in blood pressure, heart rate variability, arrhythmias, and a blunted cardiovascular
response to exercise that can limit the capacity to perform physical activity (Myers et al., 2007:1).
Consequently screening, acknowledging and treating CVD ought to be an important component of treating
individuals with SCI, and cautious treatment of risk factors can play a significant role in minimizing the
occurrence of CVD in these individuals (Myers et al., 2007:1) Prevalence for metabolic syndrome is 23%
greater after first year post-injury (Lee et al., 2004:21). Cross-sectional studies have revealed that men with
a SCI represent 8-18% increase in fat mass compared to able bodied men of the same age and height
(Buchholz & Bugaresti., 2005:513). Participating in PA has been linked to reduction in total body mass, fat
mass, C-reactive protein, insulin and leptin and more favourable profiles associated with individuals who

began regular activity closer to sustaining a SCI (Koury et al., 2013:119).
2.6 The benefits of regular physical activity among individuals with a spinal cord injury

Physical inactivity among the SCI community not only has a vast negative impact on patients’ overall health
status, but also adversely affects their metabolic system, for instance a decrease in basal metabolic rate,
insulin resistance, impaired glucose tolerance and impaired lipid profile (Giangregorio & McCartney,
2006:489; Gorgey, 2014:158). Physical inactivity also contributes to imbalances of the inflammatory
response (Galea, 2011:345). Bed rest after a spinal cord injury causes muscle fibres to rapidly atrophy
(Gorgey & Dudley, 2007:304) and causes individuals with an SCI to have an increase in fat mass due to
the higher energy expenditure from muscles compared to fat. (Gorgey & Dudley, 2007:305). Six weeks
after SCI intramuscular adipose tissue has already increased (Jiang et al., 2006:180). Physical inactivity
also leads to osteoporosis which increases the risk for fractures among the SCI community (Jiang et al.,
2006:180). Adverse effects can be decreased partly by increasing physical activity.. Participating in regular
physical activity improves fitness and psychological wellbeing among SCI patients (Kehn & Kroll,
2009:168). Participating in regular physical activity after an SCI has several health and wellbeing benefits,
such as reducing the risk for any secondary conditions associated with SCI, such as cardio vascular disease,
osteoporosis, arthritis, pressure ulcers, urinary tract infections, diabetes, hypertension and dyslipidaemia
(Nooijenetal., 2012:320; Myers et al., 2007:2). Regular PA further enhances functional abilities, increases
quality of life and improves social integration (Boslaugh & Andersen., 2006:5; Kehn & Kroll., 2009:11;
Latimer & Martin Ginis., 2005:131; Mulligan et al., 2011:399; Warburton et al., 2006:807).
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Disorders in glucose and insulin metabolism may not be a normal characteristic of aging but instead be
associated with obesity and physical inactivity (Amati et al., 2009:1547). PA is associated with
improvements in glucose and insulin metabolism (Boulé et al., 2005:108). Daily PA has shown to be a
mediator of glycemic control even without diabetes (Mikus et al., 2012:225). A single bout of exercise can
substantially reduce the prevalence of hyperglycemia for the next 24hours (van Dijk et al.,2012:1273).
Beneficial effects have been shown with aerobic exercises, resistance exercises or both modes of training
(Sigal et al., 2007:357). The mechanisms responsible for these exercises induced benefits are complex and
include improvements in insulin sensitivity (Winnick et al., 2008:777), increase in muscle GLUT 4 number
and function (Holten et al., 2004:294), improve endothelial function and blood flow (Cohen et al.,

2008:405). These adaptations are strongly influenced by energy expenditure (Loreto et al., 2005:1524).

SCI patients face various barriers to participation in physical activity. These barriers include lack of time
to be physically active, lack of internal motivation, limited knowledge of what to do, not knowing where to
find appropriate facilities with accessible exercise equipment to use, limited knowledge of fitness
professionals that can assist with physical activity (Cowan et al., 2013:27). Other barriers include poor
knowledge of the benefits of exercising, thinking exercising will cause their condition to aggravate; laziness
to participate in physical activity and thinking exercising is too difficult (Kehn & Kroll 2009:167). To
facilitate and increase participation in physical activity among the SCI community requires not only
knowledge of barrier prevalence but also of how these barriers are related to exercise participation status,

for instance whether the patient has previously exercised or is a non-exerciser (Cowan et al., 2013:31).

Facilitators to participate in PA include: i) physical improvements in mobility and capability positively
influence subjective well-being (SWB) motivating them to continue with PA (Bodwen et al., 2008:135), ii)
dry and warm weather facilitate participation in PA (Williams et al., 2014:416), iii) social support providing
emotional support, advice, guidance and physical assistance and transport also contribute as facilitators to
PA participation (Price et al., 2011:87), iv) developing and embodying a physically active image or identity
(Chun & Lee., 2010:403). Individuals with a SCI should not only focus ADL but leisure time physical
activity (LTPA) as well as they think it’s the same thing (Letts et al., 2011:134). There’s evidence that
healthcare professionals were unaware of suitable LTPA opportunities specifically for individuals with a
SCI (Kehn & Kroll., 2009:174).
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2.7 Summary

Specialist rehabilitation is a multidisciplinary process involving a variety of professional skills in the
interest of supporting individuals with SCI in achieving their full potential to function physically, socially
and psychologically (Pellatt, 2007:165). Recreational activities including physical rehabilitation assists in
shifting the pattern of physical inactivity to being physically more active (Gorgey, 2014:159).
Exercise/physical activity is a cornerstone in the prevention of cardiovascular- and metabolic disease, pain
(Gorgey, 2014:159; Warburton et al., 2006:174), obesity, deconditioning and depression in SCI patients
(Marge, 2008:68). Physiotherapy, occupational therapy and specialized physical activity prescription
contribute to the improvement of physical performance, mobility and self-care in SCI patients (Harvey,
2009:184).
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Abstract:

This review was conducted during the period 2013 — 2016, which provides an overview of the evidence
associated with exercise therapy, spinal cord injured patients in relation to cardiometabolic risk factors.
Numerous studies exist that investigate the benefits associated with regular adherence of exercise therapy
among spinal cord injured patients (n=30). The literature indicates the salutogenic effect of regular
exercise therapy among active spinal cord injured patients by improving their metabolic profiles and
quality of life. Two important themes emerged: (i) a collaborative effort is needed by the psychologists and
functional therapists to encourage regular adherence to exercise therapy among spinal cord patients and
(i) the lack of South African research conducted in the area of therapeutic sciences. It is anticipated that
this review will encourage South African researchers to conduct empirical investigation in this area of

therapeutic science.

Keywords: spinal cord injury, exercise therapy, cardiometabolic risk factors, metabolic syndrome
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Introduction

Classifying a SCI involves the identification of which segment of the spine is damaged and to what extent
the sensory and motor function is preserved (Pelletier, 2013). Injury of the cervical vertebrae to the first
thoracic vertebrae (C1-T1) precipitates tetraplegia, characterised by sensorimotor loss of arms, trunk and
pelvic organs (bladder, bowels and sexual organs) and lower limbs (Durstine, Moore, Painter & Roberts,
2011). Paraplegia is characterized by injury from the second to last thoracic vertebrae (T2-12) that results
in sensorimotor loss of the trunk, pelvic organs and lower limbs (Kirshblum et al., 2001). The majority of
SCI patients acquire their disability during the age range of 15-34 years (do Espirito Santo, Swarowsky,
Recchia, Lopes & Illha, 2015). The primary mechanisms of injury are traumatic, involving motor vehicle
accidents, violence and sport, while minor percentage of this special population acquire the disability
through infection, tumours and/or surgical complications (Durstine et al., 2011; Felton, 2014). Traumatic
spinal cord injuries incident rate is 32 cases per million people (Durstine et al., 2011). The primary
aetiology of childhood spinal cord injuries is spina bifida, with an incidence of 2-8 in every 10 000 births
(Oliveira, Jacome & Marques, 2014; Vanderbom, Driver & Neru-Hurwit, 2014). Spina bifida is a
consequence of malformation in the caudal neural tube, which results in heterogeneous range of structural

defects affecting the spinal cord, cerebrum and brainstem (Oliveira et al., 2014).

SCI patients receive inpatient exercise therapy but their outpatient exercise therapy and thereafter self-
initiated physical activity declines with time (Nooijen, Stam, Bergen, Bongers-Jassen, Valent, van
Langeveld & Twisk, 2016). The poor physical activity status of SCI patients has been positively associated
with the incidence of metabolic syndrome, obesity, cardiovascular heart diseases and diabetes mellitus
(Martin-Ginis, Jorgensen & Stapleton, 2012; Nooijen et al., 2016). Metabolic syndrome is clustering of
predisposing risk factors of cardiovascular artery disease such as diabetes mellitus, obesity,
hypertriglyceridemia (elevated triglyceride levels > 150mg/dl), hypertension and a reduction in high density
lipoprotein cholesterol (< 8.6mmol/dl) (Sisto, Lorenzo, Hutchinson, Wenzel & Krassioukpov, 2012).
Wong, van Middendorp, Belci, van Nes, Roels, Smith, Hirani & Forbes (2015) report a 45% incidence of
overweight SCI patients, while 29% of them are obese. Increased intra-abdominal fat build-up, indicated
by a large waist circumference, have a direct role in the development of the metabolic disease (Han &
Lean., 2016).

Ten systematic reviews have been published since 2011 to 2015 on the SCI patients and PA (Gelis, Stefan,
Colin, Albert, Gault, Goosens, Perrouin-Verbbe, Fattal, Pelissier & Coudeye, 2011; Phillip, Cote &
Warburton, 2011, Martin Ginis et al., (2012); Crytzer, Dicianno & Kapoor, 2013; Oliveira et al., 2014;
Vanderbom et al., 2014; do Espirito Santo et al., 2015). Gelis et al. (2011) reported that only 10 empirical
investigations have been conducted among SCI patients. Phillip et al. (2011) documented the beneficial
impact of regular physical activity of the arterial and subsequently cardiovascular health of SCI patients.

Martin-Ginis et al. (2012) stated that regular physical activity reduces body mass index (BMI), body fat,
28



diabetes mellitus and cardiovascular risk factors among SCI patients. Oliveira et al. (2014) identified
limited literature supporting the salutogenic effect of exercise, which enhances the cardiorespiratory
function and muscle strength of SCI patients. Do Espirito Santo et al. (2015) described the beneficial effects
of body weight support treadmill therapy to enhance the cardiorespiratory function and physical activity
levels of SCI patients (Do Espirito Santo et al., 2015). All these reviews identified two pertinent common
factors: (i) regular adherence to exercises improves the quality of life of SCI patients; and (ii) the dearth of

empirical literature on the impact exercise therapy as on SCI patients’ cardiovascular status.

The inclusion of the 2011 reviews, provide a historical framework of the empirical research conducted prior
2011. This indicates how far SCI research has progressed. The authors of this paper decided not only to
review literature between 2013 and 2017 to report on the latest findings but also to include the eight review
papers published between 2000 and 2013 to reflect the empirical findings of research conducted over the
last 20 years (Crtyzer et al. (2013); Da Silva Alves et al. (2013); Grogery et al., 2014; Lu et al. (2014);
Nightingale et al. (2017); Oliveira et al. (2014); Sprigle (2014); Tweedy et al. (2016)). Previous literature
indicates that the physically inactive lifestyle of wheelchair users decreases their basal metabolic rate, and
increases their insulin resistance as well as their glucose sensitivity, thereby precipitating the onset of
diabetes mellitus together with various other co-morbidities (Grogery et al. (2014); Tweedy et al. (2016);
Jordaan et al. (2017). Kressler et al. (2014) and Tanhoffer et al. (2014) have strongly recommended that
wheelchair users engage in a physically active lifestyle to increase their energy expenditure, thereby
decreasing body fat and BMI which will positively influence their cardiometabolic profile. Van Straaten,
Cloud & Morrow (2014), Kim et al. (2015) and others have reported that regular exercise and physical

activity also diminish muscular and neuropathic pain, thereby improving quality of life.

The novelty of this paper is the examination of new outpatient exercise therapy developments, new
empirical investigations on exercise therapy among SCI patients in the world post the do Espirito Santo et

al. (2015) review, and the South African status of research undertaken in this field of exercise rehabilitation.

Methodology

The authors followed the standard practices for systematic reviews (PRISMA) (Liberati et al., 2009). The
definitions were guided by the PRIMSA checklist for participants, interventions, comparisons, outcomes
and study designs (PICOS).

The participants were SCI patients; the intervention was not necessarily a therapeutic intervention but was
interpreted as an exposure, namely the effect of exercise therapy on the well-being of SCI patients. The
outcomes of interest were (i) SCI patients, (ii) therapeutic interventions for SCI patients, (iii) the effects of
exercise therapy on SCI patients’ health, (iv) the effects of exercise therapy on SCI patients’ cardio

metabolic health, (v) the effects of exercise therapy on SCI metabolic syndrome status, and (vi) the effects
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of exercise therapy on spinal cord injured patients” metabolic status in South Africa. The exclusion criteria

were (i) publications prior to 2013, (ii) psychological therapeutic interventions, (iii) non-English papers,

and (vi) not peer-reviewed articles.

The quality of individual papers was analysed adopting the modified Downs and Black Appraisal

Scale, which examined the quality of randomised controlled trials and non-randomised papers

(Downs & Black, 1999). The reason for adopting the modified Downs and Black checklist because

not all the items of the original checklist related to this paper as similarly cited Grober et al., 2007.

The modified checklist comprised of 12 questions with a maximum of 12 points. Answers were
scored either O or 1. The questions used were 1,2,3,6,10,11,12,13,15,18,20 and 27.

Table 1 Review of individual papers as per the Modified Downs and Black checklist (n=16).

Authors Reporting External Internal Power Total  Type of Findings
(n=5) validity validity (n=1) (n=12) study/
(n=3) (n=3) sample
size
Van der 2 1 10 n=40 Low intensity
Scheer, et al. aerobic wheelchair
(2013) exercises improve
the cardiorespiratory
function of SCI
patients.
Froehlich- 3 1 12 n=59 The SCI patients
Grobe, et al. who received
(2014) psychological and
(RCT) physical support with
exercise therapy had
a higher adherence
than those who did
not have this support.
Kressler et 3 1 10 n=11 Regular circuit
al. (2014) training improves
(RCT) V Ozpeak, pOWEr

output and muscle
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Tanhofferet 5
al. (2014)
Australia

(RCT)

Evans et al. 4
(2015)
(RCT)

Kim et al. 5
(2015)
(RCT)

10

11

n=13

n=8

n=15

strength of non-
paralyzed muscles

among SCI patients.

SCI patients who
exercise regularly
have a high energy
expenditure and
lower body fat than
sedentary

counterparts.

Body weight—
supported stepping
provides a minimal
cardiovascular
challenge for
individuals with
paraplegia. Emphasis
on low weight
support during
locomotor training
can trigger additional
heart rate

adaptations.

Exercise using an
indoor hand-bike
improves body
composition, fasting
insulin and fitness
levels among SCI

patients
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La 2 3 2 1 8
Fountaine, et
al. (2015)

Voslooetal. 4 3 3 2 11
(2015)
(RCT)

Chen et al. 5 3 2 1 11
(2016)

Nooijen et 5 3 2 1 11
al. (2016)
(RCT)

De Groot et 4 2 2 1 9
al (2013)

n=83

n=66

n=138

n =130

Prolonged sitting and
limited physical
negatively affect
cholesterol status of

SCI patients.

Walking energy
expenditure of abled
bodied people is
higher than SCI
patients. Hip flexion
contracture limited
SCI patients’ ability
to walk, which
reduce their caloric

expenditure.

Elastic band
exercises improved
activities of daily
living and functional
fitness of wheel chair

bound adults.

SCI patients need
psychological
motivation to adhere
to regular physical

activity.

Sedentary lifestyle
does contribute to al
of SCI patients to
cardio metabolic

risk.

32



Wong et al.
(2015)

2

Da Silva 3

Alves et al.
(2013)

Lu et al
(2014)

Oliveira et al.
(2014)

5

5

Review

Review

Review

SCls need to engage
in an obesity
prevention
intervention
programme to
improve their cardio
metabolic risk profile

and quality of life.

Exercise reduces
spinal cord injury

inflammation.

Successful treatment
and rehabilitation of
SCI patients should
include exercise
therapy, electrical
stimulation and
functional electrical
stimulation of the
upper limb to
improve muscle
strength, cardio
metabolic risk
profile, upper limb
function,
participation in
activities of daily
living and quality of
life.

A limited amount of
literature exists
pertaining to spina
bifida and exercise.
However, this

limited amount of
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literature does

indicate that exercise

enhances

cardiorespiratory

function and muscle

strength of these

patients.
Tweedy etal. 4 0 0 0 4 Review Exercise
(2016) interventions

improve the

cardiorespiratory

fitness, and decreases

cardio metabolic risk

profile, pain and
depression of SCI
patients

A literature search of peer-reviewed and professional journal publications was conducted in CROSSREF,
which is academic meta-database housing the following search engines: PubMed, Medline, Science Direct,
Ebscohost, CINAHL, and Google scholar (figure 2).

Key words included: spinal cord injured patients, exercise therapy of spinal cord injured patients, exercise

therapy of spinal cord patients’ cardio metabolic health.
Results

One thousand and ten English publications were identified. However, after stringent evaluation according
to the exclusion criteria, only 20 publications were utilized for this review. Seven randomized controlled
trials (RCT), six descriptive and seven systematic reviews were identified during this time period. Figure
1 is a graphical representation of the synthesis of literature. Figure 2 is the graphical representation of
countries that conducted exercise therapy investigation of SCI patients during the period 2013-2016. The
result of the literature search is synthesized into two tables. Table 2 describes the chronological overview
of research papers pertaining to exercise therapy and spinal cord injured patients during the period 2013-
2016 (n=11). Table 3 reflects the exercise physiological challenges of SCI patients (n=2). Table 4 reflects

literature systematic reviews on individuals with a SCI (n=7).
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Total number of
records (n=1010).

|
I | | | | 1
Sabinet (n=0) SAePublications Science direct Medline/Pubmed CINAHL Google scholar
= (n=0) (n=147) (n=25) (n=249) (n=589)
1
I 1
Records
Records excluded (n=990) included (n=20)

Exclussion critria:
1. Publication date prior to 2013

2. Entailed psychological
interventions only

3. Not peer-reviewed papers
4. Non-English language papers

5. Exercise therapy interventions
not detailing with SCI patients' Ramdomized

cardiometabolic profile amaomized
control trials (n=7)

Descriptive (n=6)

Reviews (n=7)

Figure 2 Graphical representation of the synthesis of literature pertaining to SCI and exercise therapy from 2013 - 2016.

South Africa, 1, 5%

Taiwan, 1, 5%
Korea, 1, 5%
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N

United Kingdom, 1,
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Brazil, 1, 5%
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Australia, 2, 10%

Netherlands; 3

Figure 3 Graphical representation of countries that conducted exercise therapy investigation of SCI patients during the period
2013-2016.
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Table 2 Chronological overview of the research papers pertaining to exercise therapy and spinal cord injured patients
between 2013-2016 (n=11).

Authors/Country Sample Characteristics  Findings

Van der Scheeretal. n=40 Low intensity aerobic wheelchair exercises
(2013) Netherlands improve the cardiorespiratory function of SCI
Age: 18-65 years .
patients.
Froehlich-Grobe et n =118 (RCT) The SCI patients who received psychological
al. (2014) USA and physical support with exercise therapy

Age: 44.5+1.1 years

(RCT) had a higher adherence than those who did not
have this support.

Kressler et al. n = 5 circuit training Regular circuit training improves VOgzpeak,

(2014a) o power output and muscle strength of non-
n = 6 circuit training and paralyzed muscles among SCI patients.

USA (RCT) protein supplementation

Kressler et Literature review Regular exercise reduces the cardio metabolic

al.(2014b) risk profile of SCI patients.

USA

Tanhoffer et al. Exercise group = 6, SCI patients who exercise regularly have a

(2014) Australia Sedentary group =7 high energy expenditure and lower body fat

(RCT) than sedentary counterparts.

Age: 40 + 13 years

Evans et al. (2015) Experimental group = 8 Body weight—supported stepping provides a

minimal  cardiovascular  challenge  for

USA (RCT) Control group =8 individuals with paraplegia. Emphasis on low
weight support during locomotor training can
trigger additional heart rate adaptations.

Kim et al. (2015) Experimental group = 8 Exercise using an indoor hand-bike improves

Korea (RCT) body composition, fasting insulin and fitness

I =7 i
Control group levels among SCI patients
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La Fountaine et al. n =145

(2015)
Age: 41.3+£11.6 years

USA

Vosloo et al. (2015)  n =45 (SCI patients)

RSA (RCT)
n = 21 (able-bodied)

Chen et al. (2016) n =138

Taiwan

Nooijen et al. (2016) n =45

Netherlands (RCT)
Age: 44 + 15 years

Prolonged sitting and limited physical
negatively affect cholesterol status of SCI

patients.

Walking energy expenditure of abled bodied
people is higher than SCI patients. Hip
flexion contracture limited SCI patients’
ability to walk, which reduce their caloric

expenditure.

Elastic band exercises improved activities of
daily living and functional fitness of wheel
chair bound adults.

SCI patients need psychological motivation to
adhere to regular physical activity.

n = sample, RCT= randomized control trials, SCI = spinal cord injury

Table 3 Exercise physiology challenges of SCI patients (n=2).

Authors/Country Sample Characteristics Findings

De Groot et al. (2013) n=130
Netherlands

Age: 4.1 + 13.8 years

Wong et al. (2015) United n =645
Kingdom

Sedentary lifestyle  does
contribute to al of SCI patients

to cardio metabolic risk.

SCIs need to engage in an
obesity prevention intervention
programme to improve their
cardio metabolic risk profile

and quality of life.

n = sample, SCI = spinal cord injury

Table 4 Systematic reviews of SCI patients (2013-2016) (n=5).

Authors/Country Findings
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Da Silva Alves et al. (2013) Brazil Exercise reduces spinal cord injury inflammation.

Lu et al. (2014) Successful treatment and rehabilitation of SCI patients
_ should include exercise therapy, electrical stimulation and
Australia functional electrical stimulation of the upper limb in an
attempt to improve muscle strength, cardio metabolic risk

profile, upper limb function, participation in activities of

daily living and quality of life.

Oliveira et al. (2014) Portugal A limited amount of literature exists pertaining to spina
bifida and exercise. However, this limited amount of
literature  does indicate that exercise enhances
cardiorespiratory function and muscle strength of these
patients.

Evans et al. (2015) USA Regular exercises improve the cardiorespiratory status of
SCI patients.

Tweedy et al. (2016) Australia Exercise interventions improve the cardiorespiratory
fitness, and decreases cardio metabolic risk profile, pain
and depression of SCI patients.

n = sample, SCI = spinal cord injury

Discussion

The discussion will be categorized into (i) the benefits of exercise therapy among spinal cord injured
patients, (ii) muscle strength and mass, (iii) challenges concerning the adherence to regular exercise therapy

among spinal cord injured patients and (iv) South African research.
Benefits of exercise therapy among spinal cord injured patients

The limited empirical investigations support the salutogenic effect of exercise therapy among SCI patients.
The benefits of regular exercise therapy among SCI patients include; (i) enhanced cardiorespiratory
function, (ii) decreased BMI, (iii) reduced body fat, and, (iv) improved blood lipid profiles (de Groot et al.,
2013, van der Scheer et al., 2013; Tweedy et al., 2016).

Regular exercise increases the energy expenditure, which is derived from adipose tissue eventually reducing
body fat and obesity among SCI patients (Martin-Ginis et al., 2012; Tanhoffer et al., 2014). The primary

mode of endurance exercising is the application of arm ergometers, swimming, arm cranking and
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wheelchair propulsion powered by the smaller upper body musculature (ACSM, 2017). The endurance
training of the upper body and arms produces peripheral muscular increase in strength and endurance, which
translates into 10-20% improvement in peak power output and maximal oxygen consumption (VO2max)
(Durstine et al., 2011). The physiological gains are limited by the small muscle mass involved in
propagating the endurance activity (Durstine et al., 2011). Upper body power output, VO2zmax and cardiac
output among paraplegics are approximately half of the results of lower limb able-bodied individuals
(Durstine et al., 2011), whilst tetraplegics’ VO2max, cardiac output and upper body power output is one third
to half of that of paraplegics (Durstine et al., 2011). Despite the limited oxidative capacity of the upper-
limb muscles, SCI patients who regularly do aerobic exercises can attain a VOzmax of 40 ml/kg/min (Tweedy
et al., 2016).

In the able-bodied population, regular structured endurance exercise therapy reduces obesity, diabetes
mellitus, and triglyceride levels, thereby lowering the predisposing risk of cardiovascular heart diseases
(Raymond et al., 2010). However, no known empirical literature according to the authors exists validating
the impact of regular endurance exercise therapy lowering diabetes mellitus, blood lipid profiles among
SCI patients. Nevertheless Fernhall, Hefferman, Jae & Hendrick (2008) and Raymond et al., 2014, Harmer,
Temesi and van Kempenade (2010) do advocate the intervention of regular exercise therapy to lower the
predisposing risk of metabolic and cardiovascular heart diseases. Buchholz, Martin Ginis and Bray (2009)
reported that the SCI patients who performed a minimum of 25 minutes of leisure activity daily possess a
lower body fat and blood glucose; thereby reducing their metabolic risk profile. These findings provide
encouragement for the anecdotal belief that regular exercise therapy can lower SCI patients’ metabolic risk
profile. It is recommended that future research be undertaken to determine the impact of regular exercise

on diabetes mellitus and blood lipid profiles (especially triglycerides and HDL-C).
Muscular strength and muscle mass

SCI patients do experience muscle atrophy and loss of strength due to physical inactivity and the
interruption or destruction of the afferent connections of nerve cells (Durstine et al., 2011). Hick, Martin-
Ginis, Pelletier, Ditor, Foulon and Wolfe (2011) and do Espirito Santo et al. (2015) reported that SCI
patients attained muscle strength and endurance and hypertrophy through regular adherence to circuit
resistance training, body weight support treadmill training, and arm ergometry. Participants in wheelchair
sport such as wheelchair basketball, -rugby and -tennis do exhibit enhanced muscle tone and strength
(Tweedy et al., 2016), which fuels the optimism that wheelchair sport participation will elicit increased
muscle strength and endurance, hypertrophy and cardiovascular endurance which collectively will enhance

the physiological well-being and quality of life of the SCI patient.

Challenges concerning adherence to regular exercise therapy among spinal cord injured patients
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Many challenges are encountered that prevent SCI patients from adhering to exercise therapy such as
financial cost, transport and psychological motivation (Williams et al., 2014). Most SCI patients experience
depression following the injury, which withdraws them from physical activity and social contact (Williams
et al., 2014). Froehlich-Grobe et al. (2014) and Nooijen et al. (2016) reported that SCI patients who
received psychological support adhered to exercise therapy more regularly than patients who do not have
this support. This finding suggests that a collaborative effort should be employed between psychologists

and functional therapists to ensure greater adherence of SCI patients to exercise therapy.
South African research contribution: exercise therapy among SCI patients

Literature indicates the United States of America as being the forerunner in research aimed at improving
the adherence of SCI patients to exercise therapy and quality of life (Durstine et al 2011:). The absence of
South African research among SCI patients is conspicuously highlighted, which is alarming due to the large
number of South African citizens who have sustained SCI SASCA (2017). Sothmann, Stander, Kruger and
Dunn (2014) reported an above average prevalence of SCI patients in South Africa compared to that of the
world. Kate (2015) reported that 24.2% of the South African population is living with disability which is
higher than the world’s 15% average prevalence of disability. Kate (2015) reports that rehabilitation for
South African disabled citizens is poorly administrated. It is strongly recommended that South African
biokineticists (final-phase rehabilitative exercise therapists) and physiotherapists undertake research in this
field of rehabilitative exercise therapy for SCI patients. Furthermore, universities’ physiotherapy and
biokinetic community service programmes should embark on campaigns to rehabilitate SCI patients; thus

ensuring that rehabilitation is reaching the community.
Summary

SCI patients can benefit from regular adherence to exercise therapy, which will improve their metabolic
profiles: lower triglyceride levels, increase high density lipoprotein levels, decrease obesity and blood
glucose levels. However, the authors have inferred from the literature that a collaborative effort by
psychologists and functional therapists is needed to increase SCI patients’ adherence to exercise therapy.
It is also conspicuous from the literature review that South Africa has not conducted research in this field
of therapeutic science. This proves to be alarming since there is numerous number of paraplegics and
tetraplegics in the South African community. It is strongly advised that researchers (especially South
Africans) embark on empirical investigations quantifying the benefits of regular exercise therapy for SCI

patients’ metabolic profiles. This endeavour will fill the void in the present body of knowledge.
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Abstract

This review was conducted during the period 2010-2016, providing an overview of the evidence
associated with exercise prescription to prevent the development of, or increase in cardio
metabolic risk factors among individuals with spinal cord injuries (SCI). Various studies
investigated exercise prescription for individuals with spinal cord injuries and found that physical
activity prevent the onset cardio metabolic risk factors. Furthermore, two important themes
emerged: (i) a multi-disciplinary team approach is needed to ensure individuals with a SCI
participate in physical activity, and (ii) there exist a gap in research with regards to the SCI
population and exercise prescription to prevent or manage cardio metabolic risk factors in a South

African context.

Key words: cardiometabolic risk factors, spinal cord injury, exercise, physical activity.
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Introduction

The level of disability associated with a spinal cord injury (SCI) is unique to each injury, depending on the
level and integrity of damage to the spinal cord (Martin Ginis et al., 2011). Physical deconditioning often
occurs after an SCI and frequently leads to increased risk for chronic secondary-health complications
(Martin Ginis et al., 2011). It is suggested that the early and excessive morbidity and mortality among
individuals with a chronic SCI is caused by physical inactivity-related conditions such as cardiovascular
disease, type Il diabetes as well as osteoporosis (Garshick et al., 2005). Quality of life (QOL) and
participation in the community is also negatively impacted by loss in fitness and independence associated
with physical inactivity (Ravenek et al., 2012). These facts highlight the importance of promoting
participation in physical activity (PA) among the SCI community to improve their health status, physical
fitness and overall QOL. Promoting PA among the SCI community is difficult due to the absence of
information regarding the frequency, intensity, type and time spent in physical activity, which yields fitness
benefits for this population. Knowledge gained from this review could aid clinicians and other health
practitioners to prescribe and promote physical activity and exercise among SCI patients. These facts
highlight the importance of promoting participation in physical activity (PA) among the SCI community to
improve their health status, physical fitness and overall QOL (Tremblay et al., 2010).

This paper aims at addressing the health benefits and prevention of cardio metabolic disease which
individuals with SCIs could receive through participation in regular PA and exercise.

Methodology

The authors followed the standard practices for systematic reviews (PRIMSA) (Liberati et al., 2009). The
definitions were guided by the PRIMSA checklist for participants, interventions, comparisons, outcomes
and study designs (PICOS). The participants were spinal cord injured patients; the intervention was
physical activity and exercise, namely the effect of exercise therapy on the health and fitness of spinal cord
injured patients. The outcomes of interest were (i) spinal cord injured patients, (ii) exercise guidelines, (iii)
the effects of exercise therapy on spinal cord injured patients’ health, (iv) the effects of exercise therapy on
spinal cord injured patients’ cardio metabolic health, (v) types of exercise prescription, and (vi) the effects
of exercise therapy on spinal cord injured patients’ metabolic status. The exclusion criteria were (i)
publications prior to 2010, (ii) non-English papers, (vi) articles that had not been peer-reviewed, and (vii)

exercise and physical activity therapy interventions not detailing with SCI patients.

The quality of individual papers was analysed adopting the modified Downs and Black Appraisal Scale,
which examined the quality of randomised controlled trials and non-randomised papers (Downs & Black,
1999). The reason for adopting the modified Downs and Black checklist because not all the items of the

original checklist related to this paper as similarly cited Grober et al., 2007. The modified checklist
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comprised of 12 questions with a maximum of 12 points. Answers were scored either 0 or 1. The questions
used were 1,2,3,6,10,11,12,13,15,18,20 and 27.

Table 5 Review of individual papers as per the Modified Downs and Black checklist (n=14).

Authors Reportin  External Internal Power Total Type of Findings
g (n=5) validity  validity (n=1) (n=12) study/
(n=3) (n=3) sample
size
Tawashyetal. 5 1 2 1 9 Interven  The patient’s tolerance
(2010) tion to exercise increased
in terms of both
n=1 exercise duration and
intensity with an
increase in peak
oxygen uptake as well
as orthostatic tolerance
during the entire
program
Gater et al., 4 1 0 1 6 Review  Functional electrical
(2011) stimulation (FES)
during rehabilitation of
patients with SCI
improves control over
bodily functions
Hicks et al., 4 1 0 1 6 Review  Exercise is proven to
(2011) improve physical
capacity and muscle
strength in a chronic
SCI population
Galea (2012) 4 1 0 1 6 Review  Physical rehabilitation

post-SCI needs to
exceed beyond only
focussing on

independence; it
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Martin Ginis
etal., (2011)

Martin Ginis
etal., (2012)

4

4

Review

Review

should also emphasize
maintaining optimal
health and fitness as
well as maintenance
on the body above or
below the level of

injury.

Physical activity
guidelines need to be
adopted by patients
with SCI, clinicians,
researchers as well as
exercise therapists.
Future research is
encouraged in order to
determine the physical
activity guidelines that
will assist
rehabilitation
practitioners to
prescribe appropriate
exercise rehabilitative
and preventative

programmes.

Promoting and
facilitating physical
activity during SCI
rehabilitation is
important in the
interest of improving
patients’ physical
well-being and
psycho-social well-

being
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Matos-Souza
etal., (2012)

Ravenek et al.,
(2012)

De Groot et
al., (2013)

Gorgey et al.,
(2013) USA

5 3 2 1 11
4 1 0 1 6

5 3 2 1 11
5 3 2 1 11

Experim

ental

n=54

Review

Experim

ental

n=130

Experim

ental

n=5

Physical inactivity
plays a direct role in
the development of
atherosclerosis among
SClI patients

Assessment of quality
of life in relation to
participation in
physical activity
shows that
participation in
physical activity does
affect QOL positively
among individuals

with spinal cord injury

Lipid profiles stabilize
years after discharge
from inpatient SCI
rehabilitation, whereas
the Body Mass Index
(BMI) increases
during physically

inactive

Exercise and diet
strategies that focus on
fat loss or muscle
hypertrophy may be
highly recommended
to optimize
rehabilitation potential
post-SCI
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Pelletier et al.,
(2014) Canada

5

Zwierzchoeska 5

etal., (2015)

West et al.,
(2015)

Tweedy et al.,
(2016)

5

4

1 11
1 11
1 11
1 6

Experim

ental

n=36

Experim

ental

n=24

Experim

ental

n=15

Review

Arm only exercise
equipment is seen to
be safer than hybrid
exercise modes post-
SCI. There isa
difference between
equipment types and

physiological response

Metabolic and somatic
profiles play an
important role with
regard to individuals’
potential to play
wheelchair rughy.

Autonomic integrity of
SCI and the
consequent ability of
the cardiovascular
system to respond to
exercise appear to be
critical determinants of
endurance
performance in elite
athletes with cervical
SCI

SCI and the associated
co-morbidities
adversely affect health,
fitness and functioning
through an
individual’s sedentary
behaviour. Exercise
intervention positively
influences health,

fitness and functioning
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BMI = body mass index, FES = functional electrical stimulation, n = sample, QOL= quality of

life, SCI= spinal cord injury

A literature search of peer-reviewed journal publications was conducted in CROSSREF, an academic meta-
database including the following search engines: PubMed, Medline, Science Direct, and CINAHL (figure
4).

Key search words were: spinal cord injury, exercise, physical activity, cardiometabolic risk factors.

Results

One thousand, five hundred and sixty-three English publications were identified. However, after stringent
evaluation in accordance with the exclusion criteria, only 14 publications were utilized for this review. Five
randomized controlled trials (RCT), 2 cross-sectional studies and seven systematic reviews were identified
during this time period. Figure 1 Graphic representation of the synthesis of literature pertaining to physical
activity and exercise as treatment modality for SCI patients. Figure 2 is a graphic representation of countries
that had conducted exercise therapy investigation concerning SCI patients during the period 2010-2016.
The results of the literature search are synthesized into Table 1, describing the chronological overview of
research papers pertaining to exercise therapy and spinal cord injured patients during the period 2010-2016
(n=14).
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Total number of articles n =

112
| |
I | | | | ]
SAePublications Science direct _ _ Sportdiscuss : _
n=0 n=44 Pubmed n=21 CINHAL n =22 n=25 Sabinetn =0
o E—

Cross sectional
Records excluded n = 1549 u n=2

Exclussion criteria
1. Publication date prior to 2010
2. Not peer-reviewed papers
3. Non-English language papers

Exercise and physical activity therapy
interventions not detailing with SCI Systematic
patients Reviews n=7

| | Randomized
control trials n=5

Figure 4 Graphic representation of the synthesis of literature pertaining to physical activity and exercise as treatment
modality for SCI patients.

Australia, 2

Canada, 4

United Kingdom, 1

-

Yy

Brazil, 1 “ Netherlands, 1

United States of
America, 4

Figure 5 Graphic representation of the countries conducting research concerning exercise therapy on spinal cord injured
patients (2010-2016) (n=14).
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Table 6 Chronological overview of the research papers pertaining to exercise and physical activity guidelines of spinal cord
injured patients between 2010-2016 (n=14).

Authors/Country Sample Findings
Characteristics
Tawashy et al., n=1 The patient’s tolerance to exercise increased in terms of both
(2010) USA exercise duration and intensity with an increase in peak

Age: 22 years . .
g y oxygen uptake as well as orthostatic tolerance during the

entire program.

Gater et al., (2011) Review Functional electrical stimulation (FES) during rehabilitation
USA of patients with SCI improves control over bodily functions.
Hicks et al., (2011) Review Exercise is proven to improve physical capacity and muscle
Canada strength in a chronic SCI population.

Galea (2012) Review Physical rehabilitation post-SCI needs to exceed beyond
Australia only focussing on independence; it should also emphasize

maintaining optimal health and fitness as well as

maintenance on the body above or below the level of injury.

Martin Ginis et al., Review Physical activity guidelines need to be adopted by patients
(2011) Canada with SCI, clinicians, researchers as well as exercise
therapists. Future research is encouraged in order to
determine the physical activity guidelines that will assist
rehabilitation practitioners to prescribe appropriate exercise

rehabilitative and preventative programmes.
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Martin Ginis et al.,
(2012) USA

Matos-Souza et al.,
(2012) Brazil

Ravenek et al.,
(2012) United
Kingdom

De Groot et al.,
(2013) Netherlands

Gorgey et al., (2013)
USA

Pelletier et al.,
(2014) Canada

Zwierzchoeska et al.,
(2015) Poland

West et al., (2015)

Canada

Review
n=>54
Review
n=130
n=>5
n=236
n=24
n=15

Promoting and facilitating physical activity during SCI
rehabilitation is important in the interest of improving

patients’ physical well-being and psycho-social well-being.

Physical inactivity plays a direct role in the development of

atherosclerosis among SCI patients.

Assessment of quality of life in relation to participation in
physical activity shows that participation in physical activity
does affect QOL positively among individuals with spinal

cord injury.

Lipid profiles seem to stabilize in the years after discharge
from inpatient SCI rehabilitation, whereas the Body Mass

Index (BMI) increases during physical inactivity

Exercise and diet strategies that focus on fat loss or muscle
hypertrophy may be highly recommended to optimize
rehabilitation potential post-SCI.

Arm only exercise equipment is seen to be safer than hybrid
exercise modes post-SCI. There is a difference between

equipment types and physiological response.

Metabolic and somatic profiles play an important role with

regard to individuals’ potential to play wheelchair rugby.

Autonomic integrity of SCI and the consequent ability of the
cardiovascular system to respond to exercise appear to be
critical determinants of endurance performance in elite

athletes with cervical SCI.
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Tweedy et al., (2016) Review SCI and the associated co-morbidities adversely affect
Australia health, fitness and functioning through an individual’s
sedentary behaviour. Exercise intervention positively

influences health, fitness and functioning.

BMI = body mass index, FES = functional electrical stimulation, n = sample, QOL= quality of

life, SCI= spinal cord injury

Discussion

The discussion will be categorized into (i) the role of exercise and physical activity in preventing chronic
disease, (ii) the role of exercise and physical activity in enhancing physical fitness, (iii) physical capacity,
(iv) muscular strength (v) body composition (vi) functional performance (vii) as well as the role of exercise
and physical activity in enhancing psychosocial wellbeing, and (viii) special considerations.

The role of exercise and physical activity in preventing cardio metabolic disease

Post-SCI the body undergoes changes in metabolism and body composition that adversely affect the
individual’s QOL (Bauman & Spungen., 2008). After sustaining an SCI, a drastic decrease in PA occurs,
which consequently decreases daily energy expenditure (Fernhall et al., 2008). These changes significantly
increase the risk for developing obesity and obesity-related conditions such as diabetes and CVD (Hicks et
al., 2011). It has been estimated that obesity occurs in 66% of the SCI population (Rajan et al., 2008).
Individuals with an SCI may have an increased risk for early onset of CVD due to the increased prevalence
of hypertension, adverse changes in lipid profiles as well as impaired glucose tolerance and/or type 2
diabetes mellitus (de Groot et al., 2013). Studies reported poor lipid and lipoprotein profiles in persons with
SCI (Vichiansiri et al., 2012) Research suggests that the low levels of HDL-C concentrations are the
consequence of the low levels of PA amongst individuals with a SCI and is mainly due to the result of their
wheelchair-dependent life (Tanhoffer et al., 2016). Trained SCI individuals had more favourable lipid
profiles than untrained SCI individuals, which indicates the important role for PA amongst individuals with
a SCI (Tanhoffer et al., 2016). Blood lipid levels remains unaltered in the individuals who participate in
low intensity exercise, while individuals with a SCI who participate in moderate-intensity exercises
exhibited significant increases in HDL-C and decreases in TG, LDL-C and TC/HDL-C ratio (de Groot et
al., 2013).

The role of exercise and physical activity in enhancing physical fitness

Guidelines for participating in PA for adults with an SCI state that; to achieve fitness benefits, adults should
engage in >20 minutes of moderate to vigorous intensity aerobic activity at least twice a week (Martin Ginis
et al., 2011). It is postulated that this prescription is inadequate because SCI patients are generally

physically inactive; therefore, the habitual energy expenditure is low. Thus, an exercise prescription of 4
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days a week would increase weekly energy expenditure; thereby reducing the risk of obesity, diabetes
mellitus and cardiovascular diseases, which concurs adversely affect with exercise rehabilitative
prescription of cardiac patients. Our rationale is based on the evidence that SCI patients become cardiac
patients. The intensity of their aerobic exercise should range between 11-14 on the RPE Scale and/or 60-
75% of heart reserve. Duration should progressively increase from 10-40 minutes per session (Ehrman et
al., 2013). Strength training should also be included at least twice per week consisting of 3 sets with 8-10
repetitions per exercise for each major muscle group (Martin Ginis et al., 2011). Intensity of strength
training should start at 40% of the incumbent’s I1RM and progress to 70% (Ehrman et al., 2013). Flexibility
should further be included at least twice a week (Tweedy et al., 2016). Flexibility exercises are
recommended to preserve upper limb functioning, which may, however, not prevent muscle contracture
(Tweedy et al., 2016).

Physical capacity

Physical capacity reflects the amount of physical work an individual can perform (Hicks et al., 2011).
Physical capacity is captured by measuring aerobic capacity and power output (Hicks et al., 2011). The
greater an individual’s aerobic capacity the better their cardiovascular health and their fatigue resistance,
which reduces the risk of cardio metabolic diseases (Hicks et al., 2011). According to Hicks et al., (2011)
power output might have a positive impact on an individual’s functional independence by enhancing the
ability to perform multiple activities of daily living, for example propelling a wheelchair as well as
performing transfers. This review further states strong evidence of (i) the effects of FES-assisted exercise,
arm ergometry as well as wheelchair exercise on aerobic capacity, and (ii) the effects of FES-assisted
exercise and combined aerobic and strength-training on power output (Hicks et al., 2011). Regardless of
the level of injury, it has repeatedly been demonstrated that individuals with an SCI can achieve and
maintain exercise at sufficient intensities to improve cardiorespiratory fitness (Barfield et al., 2010).
Analysis of initial data suggests that individuals with an SCI tend to participate in sports at a higher intensity
and for a longer duration than do individuals participating in exercise (Martin Ginis et al., 2010). These
results suggest that participating in sport might be an effective type of PA for maximizing cardiorespiratory

fitness benefits.

Muscular strength

After an SCI, a loss of muscle mass occurs due to denervation and inactivity leading to a decrease in strength
(Martin Ginis et al., 2012). According to Martin Ginis et al. (2012), the maintenance and/or improvement
of muscle strength is important post-SCI. Not only is increased muscle mass associated with enhancement
of functional independence, reduction of risk for overused injuries and pain in upper extremities but also
the increase of metabolically active tissue (Martin Ginis et al., 2012). According to a study done by Hicks

et al. (2011) strong evidence exist stating that muscular strength can be improved through a variety of
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exercise modalities including; circuit resistance training, body-weight-supported treadmill training, arm

ergometry and FES-assisted exercise.

Body composition

With an increase of fat mass and accompanying decrease in lean muscle mass post-SCI the rapid
development of secondary health conditions and cardio metabolic diseases often occurs (Fisher et al., 2015;
Hicks et al., 2011). After an SCI an expedient decrease in bone mineral density due to neural, vascular and
hormonal changes increases the risk for osteoporosis and fractures (Jiang et al., 2005). Physical activity
and exercise mediates positive effects on the detrimental changes that occur in body composition post-SCI
(Fisher et al., 2015). Resistance training is effective to restore soft tissue lean mass and decrease fat mass
(Fisher et al., 2015).

Functional Performance

Stationary rowing in a gymnasium or laboratory simulates wheelchair propulsion, improve wheelchair
biomechanics (Hicks et al., 2011). It is further recommended that kayaking on a river will be an excellent
recreational and exercise opportunity for SCI patients (Hicks et al., 2011). Improvement of functional
performance increase independence and QOL (Hicks et al., 2011).

The role of exercise and PA for the enhancement of psycho social wellbeing (PSWB)

PSWB refers to a broad category of phenomena that include mental health, community integration, social
participation and overall life satisfaction (Martin Ginis et al., 2012; Pelletier et al., 2014). Martin Ginis et
al. (2010) conducted a meta-analysis consisting of 21 studies which examined the association between
exercise/sport participation and indices of PSWB and found a significant positive association between PA
and PSWB.

Special considerations:

SCI aetiology will have a significant influence (physiologically and biomechanically) on exercise
prescription, practitioners should therefore be aware of the fact that an SCI may not be the only impairment
individuals’ face affecting their ability to exercise (Nott et al., 2014; Tweedy et al., 2016). Time since injury
is associated with the decrease in physical functioning as well as an increase in comorbidities (Charlifue et
al., 2010). Muscular paralysis reduces the range of exercises possible for individuals with an SCI (Charlifue
et al., 2010). Therefore, the practitioner, together with the patient, should identify core movements or
activities which the client can and cannot do (Conger & Bassett, 2011). Assessment outcomes should
include observations regarding patient safety, exercise proficiency and any assistance or adapted equipment
that may be required (Conger & Bassett, 2011).
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Summary

SCI and its co-morbidities adversely affect one’s health, fitness and functioning. These effects are
frequently compounded by profoundly sedentary behaviour. Exercise interventions have shown to enhance
health, fitness and functioning. Exercise capacity is shown to be reduced in all individuals with SCI, but
particularly in individuals with tetraplegia. Strong evidence demonstrates that exercise improves cardio
metabolic risk factors, muscular strength, shoulder pain, functional independence and PSWB. Individuals
with an SCI should complete > 20 minutes of moderate to vigorous intensity exercise at least twice a week,
strength training twice a week including all major muscle groups, and flexibility twice or more often a

week. These recommendations may be motivated for sedentary individuals.
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CHAPTER 5: SUMMARY, CONCLUSION, LIMITATIONS AND
RECOMMENDATIONS

Summary

The objectives of this study were, firstly, to establish from existing literature what is the status of exercise
therapy among spinal cord injured patients in relation to cardio metabolic risk factors and secondly, to
establish from existing literature, what PA and exercise treatment modality is used to prevent cardio
metabolic risk factors in SCI patients. Literature have stated that the status of cardio metabolic disease risk
factors is directly and positively influenced by regular participation in physical activity amongst individuals
with SCI. The more time spent being physically active, the lower the prevalence of cardio metabolic risk
factors, the opposite were also documented. In Chapter 1 the problem statement indicates a inadequacy in
literature on research done pertaining to the effect of PA and exercise on cardio metabolic health of
individuals with a SCI. Limited research could be found within the South African pertaining to this topic
therefore, indicating a gap that needs to be explored especially due to the number of South Africans with a
SCI. Cardio metabolic health profiles are positively affected by healthy lifestyle habits such as participating
in regular PA and exercise. The lack of information such as PA guidelines and detailed information for
instance who they could visit for and detailed information for instance who could advise them and
recommendations on how to be more physically active. The lack of wheelchair friendly environments
causes further barriers to participate in PA. Limited knowledge with regards to the benefits of PA is a major
reason among individuals with SCI for not participating in PA as well as the lack of multi-disciplinary team

members not providing the necessary referral to exercise specialists in the last phases of treatment.

In Chapter 2, the literature review presents the current evidence of the multidisciplinary team working with
SCI individuals abroad and in South Africa. A multi-disciplinary team is needed when working with this
population. The team consist of a general practitioner, physician, nurse, dietician, physiotherapist,
occupational therapist, exercise therapist (in the South African context a biokineticist) and a psychologist.
Treatment commence when injury is sustained and until patient can function on their own after
rehabilitation. The primary goal of rehabilitation is to enable a SCI individual to regain functioning of motor
sensory, cognitive, psychological, physical and social abilities to take part in activities of daily living and
improve their overall health profile. The primary source in referring individuals with a SCI for rehabilitation
is physicians and general practitioners. Rehabilitation provided by biokineticist could play an important
role in the improvement and maintenance of cardio metabolic health profiles and functional abilities of
patients with SCI due to their individualized, scientific evidence based exercise prescription and evaluation

of patients’ current health status and possible health risks.
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Chapter 3 presented a systematic review which was conducted to investigate the prevalence of cardio
metabolic risk factors and the treatment modality for these risk factors. The systematic review focused on
the status of exercise therapy among SCI patients in relation to cardio metabolic risk factors. In Chapter 4
another systematic review was conducted which focussed on what modalities of PA and exercise are

recommended to prevent cardio metabolic risk factors in SCI patients.
Conclusion

The conclusions drawn from this study are based in the hypotheses stated in Chapter 1. According to
literature the United States of America are the forerunner in research aimed at improving the adherence of
SCI patients to exercise therapy and improve QOL. The absence of South African research among SCI
patients is conspicuously highlighted, which is alarming due to the large number of South African citizens
who have sustained SCI. SCI patients can benefit from regular adherence to exercise therapy, which will
improve their metabolic profiles: lower lipid profiles (total cholesterol, LDL-C and triglycerides), decrease
in obesity prevalence and fasting blood glucose levels.

Secondly, SCI and the associated co-morbidities adversely affect one’s health, fitness and functioning.
These effects are frequently compounded by profoundly sedentary behaviour. Exercise interventions have
shown to enhance health, fitness and functioning. Individuals with an SCI should complete > 20 minutes
of moderate to vigorous intensity exercise at least twice a week, strength training twice a week including
all major muscle groups, and flexibility twice or more often a week. These recommendations may be

aspiring for sedentary individuals.

Therefore, the following:
Hypothesis 1:

Reviewed literature indicated that the status of exercise therapy participation is low and the
prevalence of cardio metabolic risk factors high amongst individuals with a SCI, findings from this

review confirm this hypothesis and is hereby accepted.

Hypothesis 2:

Reviewed literature indicated that spinal cord injured patients who followed a structured balance
exercise programme including aerobic and muscle strengthening exercises endurance showed a lower
prevalence in cardio metabolic risk factors and therefore the second hypothesis could also be

accepted.
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This study indicates a low participation in physical activity from individuals who sustained a SCI. However,
the individuals who sustained a SCI and do participate in physical activity have a lower risk in developing
cardio metabolic disease risk factors as exercise increase their daily energy expenditure, improve the blood
lipid profile, body composition and improves blood pressure. The exercise prescription for health benefits
is > 20min moderate to vigorous intensity cardiovascular exercise at least twice a week including strength

training and flexibility.
Limitations

Limited research is available on benefits of physical activity for patients with spinal cord injury to prevent
cardio metabolic disease from developing. Limited research is also available on the role that biokineticist

play in rehabilitating patients with a spinal cord injury.

Recommendations

The author recommends an empirical investigation establishing the value of biokinetic rehabilitation
pertaining to the quality of life of SCI patients. This research will be novel. The study must record the
changes in body composition such as body mass, percent body fat, increased lean muscle mass, maximal
oxygen consumption, cardio metabolic profiles, muscle strength and endurance, incidence of
musculoskeletal injuries and confidence of patients with a SCI. The dissemination of such findings will be
not only the SCI patients but the multi-disciplinary medical team to recognize the significance of biokinetic

rehabilitation.

Future Research

It is strongly advised that researchers (especially South Africans) embark on empirical investigations
quantifying the benefits of regular exercise therapy for SCI patients’ cardio metabolic profiles. This

endeavour will fill the void in the present body of knowledge.
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Submission Guidelines for Authors: The African Journal for Physical, Health Education, Recreation and

GUIDELINES FOR AUTHORS

ATM

The African Journal for Physical, Health Education, Recreation and Dance (AJPHERD) is a peer-
reviewed journal established to:

1) provide a forum for physical educaters, health specialists, professionals in human
movement studies and dance as well as other sport-related professionals in Africa the

opportutity to report their research findings based on African settings and experiences,
and also to exchange ideas among themselves,

1i) afford the professionals and other interested individuvalz in these disciplines the
opportutidty to leam more about the practice of the disciplines in different parts of the

cotitinent.

1it) create an awareness in the rest of the world about the professional practice in the
disciplines in Africa.

GENERAL POLICY

AJPHERD publishes research papers that contribute to knowledge and practice, and also develops
theory either as new information, reviews, confirmation of previous findings, application of new
teaching/coaching techniques and research notes. Letters to the editor relating to the materials
previcusly published in AJPHERD could be submitted within 3 months after publication of the
article in question. Such letter will be referred to the corresponding author and both the letter and
response will be published concurrently in a subsequent issue of the jowrnal,

Manuseripts are considered for publication in AJPHEED based on the vnderstanding that they
have not been published or submitted for publication in any other journal. In submitting papers for
publication, corresponding authors should make such declarations. Where part of a paper has been
published or presented at congresses, seminars or symposia, reference to that publication should be
made in the acknowledgement section of the manuscript.

ATPHERD is published quarterly, ie in March June, September and December.
Supplements/Special editions are alzo publizhed periodically.

SUBMISSION OF MANUSCRIPT

Original manuseript and all eorrespondence should be addressed to the Editor-In-Chief:

Professor L. 0. Amusa Tel:  +27 13 962B076/+27720883817
Centre for Biokinetics, Recreation Fax:  +27 15 9628861

and Sport Science, University of Venda, E-mail: ammsalbw@yahoo com

P. Bag X500,

Thohoyandou 0930

Eepublic of South Africa

Articles should be submitted electrondeally, ie. via e-mail attachment. However, the corresponding
author should ensure that such articles are virns free. ATJPHERD reviewing process normally talees
4-6 weeks and authors will be advised about the decision on submitted manuscripts within 60
days. In order to ensure anonymity during the reviewing process authors are requested to avoid
self-referencing or keep it to the barest minimum.
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PREPARATION OF MANUSCRIPT

Manuscripts should be type written in fluent English (using 12-point Times New Roman font and
1% line-spacing) on one side of whiteAd-sized paper justified fully with 3cm margin on all sides.
In preparing manuscripts, MS5-Word, Office 2007 for Windows should be used. Length of
manuscripts should not normally exceed 12 printed pages (including tables, figures, references,
etc.). For articles exceeding 12 typed pages US$ 10.0 is charged per every extra page. Authors will
be requested to pay a publication fee to defray the very high cost of publication. The pages of
manuscripts must be numbered =|a|:|'i.m|:rl:'mI1}r beginning with the title page. The presentation format
should be consistent umh the guidelines in the publication format of the American Psychological
Association (APA) {15 edition).

Title page:
The title page of the manuscript should contain the following information:

Concise and informative title.

Author(s") name(s) with first and middle initials. Authors” highest qualifications and main area of
research specialisation should be provided.

Author(s") mstitutional addresses, including telephone and fax numbers.

Corresponding author's contact details, including e-mail address.

A short running title of not more than 6 words.

Abstract

An abstract of 200-250 words is required with up to a maximum of 5 keywords provided below
the abstract. Abstract must be typed on a separate page vsing single line spacing, with the purpose
of the study, methods, major results and conclusions concisely presented. Abbreviations should
either be defined or excluded.

Text

Text should carry the following designated headings also vsing single line 5pacm5 Introduction,
materials and methods, results, discussion, acknowledgement, references and appendices (if

appropriate).
Introduction

The mtroduction should start on a new page and in addition to comprehensively giving the
background of the study it should clearly state the problem and purpose of the study. Authors
should cite relevant references to support the basis of the study. A concise but informative and
critical literature review is required.

Methodology

This section should provide sufficient and relevant information regarding study participants,
ethics/informed consent, instrumentation, research design, validity and reliability estimates, data
collection procedures, statistical methods and data analyss techniques used. Qualitative research
techniques are also acceptable.
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Results

Findings should be presented precisely and clearly. Tables and figures must be presented
separately or at the end of the manuscript and thewr appropriate locations in the text indicated. The
results sechion should not contan materials that are appropriate for presentation under the
discussion section. Formulas, units and quantities should be expressed in the systeme
infernationale () vmts. Colour printing of figures and tables 15 expensive and could be done upon
request at authors’ expense.

Discussion

The discussion section should reflect only important aspects of the study and its major
conclusions. Information presented in the results section should not be repeated under the
discussion. Relevant references should be cited in order to justify the findings of the study.
Orverall, the discussion should be critical and tactfully written.

References

The American Psychological Association (APA) format should be used for referencing. Only
references cited in the text should be alphabetically listed in the reference section at the end of the
article. References should not be numbered either in the text or i the reference hist.

Authors are advised to consider the following examples in referencing:
Examples of citations in body of the text:-

For one or two authors; Kruger (2003) and Travill and Lloyd (1998). These references should be
cited as follows when indicated at the end of a statement: (Kruger, 2003); (Travill & Lloyd, 1998).

For three or more authors cited for the first time in the text; Monyeki, Brits, Mantsena and Tonola
(2002) or when cited at the end of a statement as in the preceding example; (Monyeki, Brits,
Mantsena & Toriola, 2002). For subsequent citations of the same reference it suffices to cite this
particular reference as: Monyeki et al. (2002).

Multiple references when cited in the body of the text should be listed chronologically mn
ascending order, 1.e. starting with the oldest reference. These should be separated with sem
colons. For example, (Tom, 1932; McDamels & Jooste, 1990; van Heerden, 2001, de Fadder at al.,
2003).

References

In compiling the reference list at the end of the text the following examples for joumnal references,
chapter from a book, bock publication and electronic citations should be considered:

Examples of journal references:

Journal references should include the sumame and imitials of the author(s), year of publication,
title of paper, name of the journal 1n which the paper has been published, volume and number of
journal 1ssue and page numbers.

For one author: McDonald, AK. (1999). Youth sports in Africa: A review of programmes in
selected countries. Jnfernational Journal of Youth Sporis, 1(4), 102-117.




For two authors: Johnson, A.G. & O'Kefee, LM. (2003). Analysis of performance factors in
provincial table ten.mu players. Journal q,;".'.-"upaﬂ' Performance, 2(3), 12-31.

; Kemper, G.A., McPherson, AB., Toledo, I. & Abdullah, LI (1996).
Kinematic analysis of forehand smash mbadmnt:rn Sr.:!mu af Racket Sports, 24(2), 99-112.

Examples of book references:

Book references should specify the surmmame and initials of the author(s), year of publication of the
book, title, edition, page numbers written in brackets, city where book was published and name of
publishers. Chapter references should include the name(s) of the editor(s) and other specific
information provided in the third example below:

For authored references; Amusa, L.O. & Toriola, A L. (2003). Foundations gf Sport Sclence (2." ed.)
(pp. 39-45). Makhado, South Afiica: Leach Printers.
For edited references: Amusa, L.O. & Tonola, AL. (Eds.) (2003). Contemporary lssues in Physical
Ea&wﬂhnmﬂﬁmru{!“ud}{pp 20-24). Makhado, South Africa: Leach Printers.

; Adams, LL. & Neveling, I.A. (2004). Body fat characteristics of
sumo wrestlers, In JEK. Manny & F.O. Boyd (Eds), Advarices in Kinanthropomatry (pp. 21-29).
Johannesburg, South Africa: The Publishers Company Ltd.

Example of electronic references:

Electronic sources should be easily accessible. Details of Internet website links should also be
provided fully. Consider the following example:

Wilson, G.A. (1997). Does sport sponsorship have a direct effect on product sales? The Cyber-
Jowrnal of Sport Marketing (onding), October, 1(4), at http:/‘wow.cad gu.aw/'cjsm/wilson html.
February 1997,

PROOFREADING

Manuscript accepted for publication may be returned to the author(s) for final correction and
proofreading. Corrected proofs should be returned to the Editor-In-Chief electronically within one
week of receipt. It will be assumed that the publication should go ahead if no response is received
from the comresponding author within one week. Minor editorial corrections are handled by
AJPHERD.

COPYRIGHT AGREEMENT

LAM Publications Ltd. holds the copyright for AJPHERD. In keeping with copyright laws,
authors will be required to assign copyright of accepted manuscripts to LAM Publications Ltd.
This ensures that both the publishers and the authors are protected from mususe of copyright
information. Requests for permission to use copyright materials should be addressed to the Editor-

COMPLIMENTARY COPY OF AJPHERD AND ORDER INFORMATION
Principal authors will receive three (3) complimentary copies of the journal. In case of two or more
joint authors the principal author distributes the copies to the co-authors. Electronic copies can be

ordered from SABINET at www.sabinet.coza or AJOL at www.ajolinfo or EBSCO at
wow. ebscohost.com
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APPENDIX C

Submission Guidelines for Authors: South African Journal for Research in Sport, Physical Education and
Recreation

Eputh African Journal for Rezearch in Sport, Physical Education and Recrearion

INFOEMATION FOR AUTHORS

The South African Journal for Research m Spori, Physicel Education and Recreation is
published by Stellenbosch University. Contributions from the fields of Sport Science,
Phyzical Education, BecreztionTeisure Studies, Exercize Science and Dance Studies will be
considered for publication. The articles submitted will be administered by the appropriate
Subject Feview Editor and evaluzted by two or more referees. The decision as to whether 2
particular article 15 to be published or not, rests with the Editorial Board.

SUBMISSION

Mamuseripts that do not comply with the following requirements regarding process, style and
format will not be handled.

Mamusecripts should be typed with one and a half spacing in 12-point Times New Foman
letter zize. The original manuscript can be submitted by e-mail. The length may not exesed 20
pages (tables, figures, references, etc. included). The page setup (cm) must be in the
following format:

MARGINS PAPER 5IZE
Top: 336 cm Widih: 175 em
Botiom: 1.78 cm Height: 245 em

Lefi- 211 em
Eight: 211 cm
Gugter: 0.00 cro
Header: 2.03 cm
Foafer: 0.89 cmm

Criginal manuscripts may be submitted in English or Afrikaans and should be sent to:

The Editor Editorial Office
South African Joumsz] for Research in Sport, Tel:+27 (N21-808 4915 747153
Physical Education and Fecreation Fax.:+27 (0021-2808 4817

Department of Sport Science E-mail: sajrsper@sun ac.za
Private Bag X1
7602 Matieland, STELLENEBOQOSCH
Republic of South Africa

CONDITIONS

Each mannscript must be accompanied by a cover letter in which the following is declared:
(1) that the manuscript contains original research; (2) that the manuscript or parts of the
manuscript has not been publizshed elsewhere previously; (3) that the mamnseript iz not
currently being presented elsewhere for publication; and (4) that all the authors have read and
approved the manuseript. This signed declaration regarding the originality must accompany
each manuseript.

Authors are also requested to name three (3) potential referees, of which one (1) must be an
international referee (the journal iz not bound to uze these referess) Complete information
regarding the refereesz (mame, surname, e-mail address and telephone numbers) must be
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provided in the cover letter.

We discourage the practice of parts of one study in different jowrnals, Aunthors who submit a
manuscript from a study of which some data has been or will be published elsewhere, must
provide a strong justification in an accompanying letter to the Editor. The justification for not
publizhing all the data together in one paper must also be motivated in the covering letter.

Should the article be taken from a master’s thesis or doctoral dizsertation, academic ethic
requires that the student will be the first author,

The author should also ensure that the LANGUAGE of the manuscript has been thoroughly
edited at the time of submission (English [UK]). The name, address and telephone number of
the person who has done the language editing must be provided. Any expenses incurred by
the journal dealing with language editing will be added to the author’s page fees.

The manuscript must have an ETHICAL CLEARANCE NUMBER that was supplied by
authentic ethical committee of a specific institution. The process that was followed to obtain
ethical clearance must be described in the manuscript under the heading Ethical clearance.
No manuscript can be published without this declaration,

Any uncertainty regarding the STATISTICAL PROCEDURES that arise during the
asseszment of the manuscript will be referred to a local statistician, Any expenses inourred by
the journal dealing with statistical procedures will be added to the author’s page fees.

PREPARATION OF MANUSCRIPT

Manuscripts must be presented in a format that is compatible with Microsaft Word for
Windows (PC). Tables, all figures (illustrations, diagrams, etc.) and graphs are also regarded
as text and must be presented in a format that is compatible with Word Photographs must be
presented in jpg format,

Original manuscripts must contain the following sections in the following sequence: Title
page, Abstract, Introduction, Methodology, Fesults, Discussion, Practical application,
Conclusions, Acknowledgements and References,

Title page

The first page of each manuscript should indicate the {itle in English and Afrikaans (will be
translated for foreign authors), the mames (title, first name in full and other initials,
surname) of the author(s), the fefephone numbers (work & home [Mobile - for local
authors]), facsimile number, e-mail address (if available) and the field of study. The complete
mailing address of the first named author and the institution where the work was conducted
should be provided in full When more than one author and/or authors from various
departments are involved the 'author(s) must be numbered according to  ther
'department(s). If any of the above-mentioned information should change during the review
process, please inform the subject editor. A short title, of not more than 45 characters
including the spaces, should be provided for use as a running head.

Abstract

Each manuscript must be accompanied by an abstract of approximately 130-200 words in
English and should be set on a separate page az a SINGLE paragraph (one and a half
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spacing). A st of three to seven key words mn English 1s required for indexing purposes and
should be typed below the abstract. Articles in Afrikaans must include an addifional extended
summary {300-1000 words) in Enghsh. This summary must start on a new page (just before
the reference list) and also provide the English title of the article at the beginning.

Text

Start the text on a new page with the title of the article (centred and without the names of the
authors). Follow the style of the most recent 1ssue of the journal regarding the use of headings
and subheadings. Use only one space after a paragraph. Only make use of section breaks and
not page breaks. The text, as well s the tables and figures, may under no circumstances be
mn any other format than normal. Thus, no style sheets may be used.

Tables and figures

Tables and figures should be numbered m Arabic numerals (1, 2, etc.). Tables require the
heading at the fop while figures a lezend delow and both separate from the table/figure. Note:
Use the decimal POINT (not the decimal comma). The site where the table or figure must be
placed in the text must be mdicated clearly in the manuscript. Tables and figures are placed
after the reference list with each on a separate page.

References

In the fexi the Harvard method must be adopted by providing the auther's surname and the
date placed m parentheses. For example: Daly (1970); King and Loathes (1935); (Botha &
Sonn, 2002); McGuines ef al (19288) or (Daly, 1970:20) when Daly 13 not part of the
sentence. More than one reference must be arranged chronologically (Daly, 1970; Kmg &
Loathes, 1985). Note that ef ol (italics) 15 used m the body of the text when there are more
than two authors, but never in the list of references.

List of references

Only the references cited m the text should be listed alphabetically according to surname (last
name) of authors (capitals) after the body of text under the heading, References (capitals)
starting on a new page. In the case where the TITLE of an article, book, etc., 13 in any other
language than English, the author must also provide an English franslation of the title in
parentheses.

In the case of articles published in JOURNALS, references listed should mclude the
surnames and mifials (capitals) of all authors, the date of the publication in parentheses, the
full fitle of the article, the full fitle of the jouwrnal (italics), the volume number, the serial
number i parentheses (omitted only 1f the said joumal does not use 1ssue numbers), followed
by a colon and a space with the first and last page numbers separated by a hyphen.

Example:

VAW WYE, GJ. & ANMOORE, TH. (1803). A practical sohition for calculating mstantanspus values of tenzion in
the extensor mmscles of the knes joint during extenzion and flexion. South 4fcam Jowea! for Research in
Sport, Plyrical Education aid Recragiion, 18(1): 77-97.

If the reference 15 a BOOK, the surname (last name) and initials of the author or editor (Ed.)
must be given, followed by the date of publication m parentheses, the title of the book
{1talics) as given on the fitle page, the number of the edition (ed.) m parentheses, the city (and
abbreviation for the state mn the caze of the USA OR the country [in curved parentheses])
where published, followed by a colon, a space and the name of the publisher.
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Exeample
TJEWETT, A.E; BAIN, LL. & ENNIS, CE. (1995). The curriculum process in Phystcal Educaton (2™ ed), Madison, WI:
WCE Brows & Baschiark,

For a CHAPTER from a book, the page numbers of the chapter cited must be provided in
parentheses (not italics) after the title of the book. For further details, authors should consult

the most recent publication of this Journal for other examples.

Example:
DE FIDDER, LH. (198%), Kinanthropomatry in exercise and sport. In L.O. Amusa, AL Toriola, LU, Cayvewadume
(Eds.), Physical Education and sport in Afhiea (pp.235-263). Ibadan (Nigeria). LAP Publicaticns.

If the reference 15 a THESIS (master's level) or DISSERTATION (doctoral level), italics is
not used in the title as it is an unpublished work.

Exampli
CRAVEN, D.H. (1978). The svolution of major games. Uspublished PhD-dissertation. Stellenbosch: Stallanbosch
University.
For ELECTRONIC SOURCES, all references start with the same information that would be
provided for a printed source (if available). The web page information follows the reference.
It will usually contain the name of the author(s) (if knmown), vear of publication or last
revision, title of complete work in inverted commas, title of web page in italics, Uniform
Fesource Locater (URL) or access path in text brackets (do not end the path statement with a
full stop) and date of access. See "How o cite imformation from the Internet and the
Woridwide Web"” at http://'www.apa.org/journals/webref htmlfor specific examples. When
citing a web site in the text, merely give the author and date (in this case: Ackermann, 1956

Example of Web Page:

ACEERMAI, E. (1996), "Writng vour own Web Pages. "Craming Web Papes. Hypubink: [hitgwasvmwe,
idu ernie writeweb writtweb ktml). Bstrieved on 22 October 1599,

When referencing an article in a NEWSPAPER the key word of the newspaper 15 typed in

capitals, as this 1s how it will appear in the alphabetical references, namely The CAPE
ARGUS will appear under “C" or Die BURGER will appear under “B".

Examplu:
CAPE ARGUS ¢The) (1980). 10 January, p.4.

INTERVIEWS

Exermiple
POTGIETER, LE. (2003}, Perscnal ixtervisw with the Chalrperson of the Dapartment of Sport Sclusce, 31 Janoary,
Stellenboech: Stallenbosch Universiny.

CORRESPONDENCE

Exeample
POTGIETER, 111 (2002), Parsonal correspondence of the Directer of the Spont Burean, 5 Febroary, Stallenboach:
Stallenborch Univarsity,

CONGRESS PROCEEDINGS

Exampli
RENEON, B, (Ed) (1976). The Rimory, the wvolution and diftsion gf sport and pawies i aifferemt cuwliures,

Procesdings of the 4" International HISPA Congress, Leuven, Belgium, 1-5 April 1975, Brussals (Belgium):
B.LOEO.
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When refarring to a paper presented i the sbove-mentionsd procesdings, it most be presanted as follows:

BEES, E. (1974). Ozganization of sport in nineteenth century Liverpool In B Rensan (Ed), The hisiory, the
svolution and diffusion af sport mud pames in different culmres (pp.237-247). Proceedings of the 4"
International HISPA Congress, Lenven Belsiumn, 1-3 April 1975, Brozsels (Belsium): BL OS50

ADMINISTRATION

If authors honour the rules and specifications for the submission of manuscripts, unnecessary
delays would be avoided. A manuscript that does not meet the requirements, as set out above,
will be refurned to the author without bemg evaluated. Fequesting copying night concerning
fizures or photographs 15 the responsibility of the authors and should be mdicated.

The comesponding author will receive a complimentary copy of the journal and five reprints
of the article. The onginal manuscripts and illustrations will be discarded one month after
publication unless a request 1s received to retum the onginal to the first-named author. A page
fze of R150 per page 13 payable on receipt of an account 1ssued by the Editor.
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