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Abstract 

The purpose of this study was to compare the effects of two exercise training 

protocols for 12 weeks in individuals with mild to moderate Multiple Sclerosis (MS). 

Participants were randomly assigned to one of three groups: Resistance Training (RT; 

n=7, males=1, females=6, 43.2±8.7 years), Whole-Body Vibration (WBV; n=9, males=2, 

females=7, 45.1±10.0 years) or Control Group (CON; n=5, males=0, females=5, 

53.0±12.6 years). Participants in the RT and WBV groups performed supervised training 

sessions, two days per week for 12 weeks. The primary dependent variables assessed at 

baseline and after 6 and 12 weeks of training were body composition (lean tissue, fat, 

bone mineral), limb muscle thickness, maximal muscle strength, muscle endurance, and 

balance. Repeated measures ANOVA showed a group x time interaction for balance 

(p<0.05). Post-hoc analyses indicated that WBV improved balance after 6 and 12 weeks 

of training (baseline: 46.8±5.0; week 6: 49.4±5.4; week 12: 50.9±4.6) whereas RT 

improved balance only after 12 weeks (baseline: 48.4±7.0; week 6: 53.4±2.6; week 12: 

54.0±2.8). There was no change in balance for the control group. There was a significant 

time main effect for strength (p<0.05), with no other differences. Whole-body vibration 

and resistance training lead to significant improvements in balance in individuals with 

Multiple Sclerosis, with quicker gains observed from whole-body vibration.  

Keywords: multiple sclerosis, resistance training, whole-body vibration 
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CHAPTER ONE: Introduction 

 Multiple Sclerosis (MS) is an inflammatory, demyelinating, and 

neurodegenerative disease of the central nervous system (CNS) affecting 55,000 to 

75,000 individuals in Canada (Kraft & Wessman, 1974; Murray, 2005; Weinshenker, 

1996). The progression of MS is highly variable and individualized following an initial 

attack (Lubin & Reingold, 1996; Poser, 2006). Periods of remission, recovery, and 

relapsing attacks may be experienced while progressive deterioration may also occur 

after the onset of disease symptoms (Lubin & Reingold, 1996; McKhann, 1982). MS 

affects three times more females than males, primarily between the ages of 15 to 50 

(McKhann, 1982; Ringold, Lynm, &Glass, 2006). Due to the deterioration of the myelin 

sheath neuronal conduction can be altered or completely blocked resulting in muscle and 

bone atrophy, which subsequently has a negative effect on muscle strength, endurance, 

and functionality (i.e. balance, climbing stairs, carrying groceries) (Lubin & Reingold, 

1996). 

 In the limited data available, RT has been shown to improve indices of lower 

extremity muscle strength in individuals with MS. Whole-body vibration (WBV) is a 

relatively new training device that has been increasingly studied in individuals with 

various neurological conditions as it may better stimulate motor units and damaged nerve 

fibers in individuals with MS. WBV utilizes multidimensional mechanical oscillations to 

elicit the tonic vibration reflex to elicit similar results to those following several weeks of 

RT. Limited information is available on the effects of WBV in individuals with MS and 

more research is needed to quantify WBV as a variable strategy for improving muscle 

and bone heath and muscle performance individuals with MS.  
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This thesis evaluated the effects of two exercise training programs, RT and 

WBV, in individuals with MS over a 12 week training period.  

The primary goals of this thesis were: 

1. To assess and evaluate the effects of a supervised whole-body RT program on 

muscle and bone mass, muscle strength, muscle endurance and tasks of balance 

in individuals with MS. 

2. To assess and evaluate the effects of a whole-body WBV program on muscle and 

bone mass, muscle strength, muscle endurance and tasks of balance in individuals 

with MS. 

3. To compare the physiological adaptations from whole-body RT and whole-body 

WBV in individuals with MS to individuals with MS in the control group.  

Throughout this thesis, the following primary hypothesis was addressed: 

H: WBV will lead to greater gains in muscle mass, bone mineral and bone 

quality, muscle strength, muscle endurance, and tasks of balance compared to 

whole-body RT in individuals with MS.  

1.1 Etiology and epidemiology of Multiple Sclerosis 

The etiology of MS remains relatively unknown but is theorized to be caused by 

a combination of genetic, viral, and environmental agents (Cook, 2006; Murray, 2005; 

Ringold et al., 2006). Mechanistically, the disease may be autoimmune, triggered by T-

cells entering the blood brain barrier and destroying myelin surrounding white matter in 

the brain and spinal cord (Kermode, Thompson, Tofts, MacManus, Kendall, Kingsley, et 

al., 1990; Petajan & White, 1999). Subsequently, this causes inflammation of myelin and 

damages the underlying nerves (Kermode et al., 1990). Nerve cells may maintain their 
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ability to conduct impulses, however depending on the severity of nerve damage 

conduction velocity may be decreased. Although MS is not considered a hereditary 

disease per se, a common pattern of genetic factors has been identified for developing 

MS (McKhann, 1982; National Multiple Sclerosis Society, 2004). For example, studies 

with monozygotic twins identify a concordance rate to 25 to 35% compared to dizygotic 

twins and non-twin siblings of 3 to 5% and 0.1 to 0.4% respectively (Sadovnick, Ebers, 

Dyment, Risch, & Canadian Collaborative Study Group, 1996).  

Epidemiological research and migration patterns have linked the possibility that 

exposure to an environmental agent(s) (i.e. infection, immunization, occupational 

exposures climate, and/or diet) prior to puberty may lead to the development of MS 

(Marrie, 2004). A suggested age-pattern indicates individuals born in a high prevalence 

area and relocate before the age of 15 acquire the prevalence of their new home, while 

those who move after the age of 15 maintain the risk level of the area of where they grew 

up (Acheson, 1977; Kurtzke, 1983).  

Geographically, MS appears to have a higher prevalence at extreme latitudes in 

the northern and southern hemispheres (Hader, Irvine, & Schiefer, 1990; Keegan & 

Noseworthy, 2002; McKhann, 1982; National Multiple Sclerosis Society, 2004). MS has 

been found to affect Caucasians from north and central Europe, central North America, 

and southern Australian more so than African Americans or people from East Asia 

(Acheson, 1977; Noseworthy, Lucchinetti, Rodriquez, & Weinshenker, 2000). 

Prevalence of MS varies from 1 per 100,000 near the equator to be 80 in 100,000 in 

Northern Europe and the United States (Petejan & White, 1999). This relationship is not 

well understood, although hypotheses of solar radiation being a protective influence 
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against MS have been proposed (Acheson, Bachrach, & Wright, 1960; Keegan & 

Noseworthy, 2002; Miller, Hammond, McLeod, Purdie, & Skegg, 1990). In colder 

regions, the risk of developing MS drastically increases from early adolescence to early 

thirties and then declines in the sixth decade (Acheson, 1977).  

In 2007 Harder and Yee published a longitudinal study evaluating the rates of 

MS in Saskatoon, Saskatchewan from 1970 to 2004. During the 35 year study, 558 cases 

of MS (402 women, 156 men) with a stable average annual incidence rate of 9.5 in 

100,000 was measured over the three decades. The average age of onset was 32.4 (SD 

10.3) for women and 35.5 (SD 10.5) for men. Crude prevalence in 2005 was 298.3 in 

100,000. This is comparable to a study measuring the distribution of MS in Manitoba. 

The study identified from 1998 to 2006 the annual incidence of MS was 11.4 in 100,000 

(Marrie, Yu, Blanchard, Leung, & Elliott, 2010). Incidence among women was the 

highest between ages 35 to 39 years, followed by ages of 40 to 44 and 30 to 34 years. 

For men, incidence was the highest at 45 to 49 followed by 50 to 54, then 35 to 44. The 

crude prevalence was 287.0 in 100,000 in 2006 with greater female prevalence.  

1.2 Nervous system 

 The nervous system is divided into the central nervous system (CNS), which 

includes the brain and spinal cord, and the peripheral nervous system (PNS), which 

includes the cranial and spinal nerves and their branches, ganglia, and sensory receptors. 

The CNS integrates sensory information received from afferent (sensory) neurons and 

coordinates responses by activating different efferent (motor) neurons. The PNS is 

further divided into the somatic nervous system, which sends signals from the CNS to 

skeletal muscles to activate movement, and autonomic nervous system (ANS), which 
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carries information from the CNS to cardiac muscle, endocrine glands, and smooth 

muscle, providing neural regulation of the body’s internal environment (Plowman & 

Smith, 2003). The ANS is further subdivided into the sympathetic nervous system 

(SNS), which is linked with the “flight or fight” response, and the parasympathetic 

nervous system (PSNS) which is associated with the “rest and digest” response 

(Plowman & Smith, 2003). Generally, the nervous system has three main functions: (1) 

monitoring the internal and external environment through sensory receptors, (2) 

integrating the information it has received, and (3) initiating and coordinating a response 

by activating muscles (smooth, cardiac, and skeletal) and glands (i.e. endocrine; 

Plowman & Smith, 2003). For these functions to take place, communication needs to 

occur between the nervous system or neurons and organs or muscles and glands by 

electrical signals (action potential) between neurons and chemical signals 

(neurotransmitters) at the impacted organ (Plowman & Smith, 2003). 

1.2.1 Nerve cells. Neurons or nerve cells, as seen in Figure 1.1, are known as the 

functional unit of the nervous system and have three parts (1) cell body, (2) dendrites, 

and (3) axon (Plowman & Smith, 2003). The cell body contains a nucleus and is the 

control center, receiving and sending messages along the axon. Dendrites are the input or 

receiving parts of a neuron receiving information and transmitting it to the cell body. The 

axon of the nerve cell has two important functions: (1) conduct action potentials and (2) 

secrete neurotransmitters such as acetylcholine (Plowman & Smith, 2003). The location 

of communication between two neurons or a neuron and muscle fiber or gland cell is 

known as a synapse involving the release of neurotransmitters to further propagate the 

signal (Tortora & Grabowski, 2003). Specifically, the communication between a neuron 
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and muscle fibers is called the neuromuscular junction where the axon terminals release 

neurotransmitters advancing the nerve impulse (Tortora & Grabowski, 2003).  
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Figure 1.1. Structure of a typical neuron. Nerve cells contain a cell body, axon, dendrites 

and axon terminal. The axon is covered by myelin to help increase the speed of the 

action potential. (From Tortora, G., & Grabowski, S. R. (2003). Principles of anatomy 

and physiology, control system of the human body. Volume 3. United States: John Wiley 

& Sons.) 
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1.2.2 Myelin. The axons of neurons are surrounded by a multilayered protein and 

lipid covering called the myelin sheath (Tortora & Grabowski, 2003). Myelin protects 

neurons by providing a layer of insulation and defense for the underlying axon while 

increasing the speed of nerve impulse conduction (Franklin & Kotter, 2008). Myelin is 

produced by Schwann cells in the peripheral nervous system and oligodendrocytes in the 

CNS. Schwann cells are flattened neurological cells that wrap around the axon to aid in 

maintaining the peripheral nerve fiber impulse (Nave, 2010). An oligodendrocyte can 

develop and preserve 30 to 50 myelin segments (Peters & Vaughn, 1976). Following 

axonal injury, the CNS demonstrate variable regeneration which may occur due to the 

absence of neurolemma found in the PNS to aid in the regeneration of the myelin 

(Tortora & Grabowski, 2003). 

Multiple possible pathogenic mechanisms have been suggested as possible causes 

of the demyelination process (Davison & Cuzner, 1977). Demyelination is the 

destruction of the myelin wrapped around the nerve axons taking place at spaces 

between individual Schwann cells, known as the Nodes of Ranvier, causing the space to 

widen (Petejan & White, 1999). Nodes of Ranvier enhance action potential conduction 

velocity. During attacks or relapses in MS the white matter becomes inflamed and 

patches of myelin are destroyed forming lesions. Specifically during demyelination, the 

phospholipids and galactolipids of myelin are broken down and the formation of 

cholesteryl ester produces biochemical changes in tissue of the brain (Davison & Cuzner, 

1977). During acute phases of MS, demyelinated axons may be vulnerable to damage 

while during chronic phases, axons are at the risk of irreversible damage and atrophy 

(Ferguson, Matyszak, Esiri, & Perry, 1997; Trapp, Peterson, Ransohoff, Rudick, Mork, 
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& Bo, 1998). Demyelination decreases the amount of conduction current available for 

depolarization by decreasing conduction speed or completely blocking the conduction 

(Petejan & White, 1999) which may help explain the apparent decrease in force 

production and musculoskeletal health in individuals with MS. Demyelination may 

expose axons to additional injury, such as multiple molecular cytotoxicity mechanisms 

and failure of local target-derived neurotrophic support for myelinating oligodendrocytes 

(Chari, 2007). 

 Remyelination is the repair of the CNS by oligodendrocytes forming new myelin 

sheaths over the demyelinated axon (Chari, 2007; Franklin & Kotter, 2008). The CNS 

has the decreased ability to repair damaged myelin following trauma. Remyelinated 

axons regain some of their ability to conduct action potentials despite the myelin sheaths 

being thinner and Nodes of Ranvier more prevalent (Chari, 2007; Petejan & White, 

1999; Prineas, Barnard, Kwon, Sharer, & Chow, 1993; Smith, Blakemore, & McDonald, 

1981). Remyelination is sporadic due to variations in biological age, gender, patterns of 

demyelination, plaque size, and oligodendrocyte damage (Chari, 2007). Remyelination 

occurring close to the peripheral nerve root can sometimes have assistance from 

Schwann cells in areas with both oligodendrocyte and astrocyte loss (Itoyama, Ohnishi, 

Tateishi, Kuroiwa, & Webster, 1985; Itoyama, Webster, Richardson, & Trapp, 1983). It 

is unknown whether disease severity, clinical diagnosis, or duration of remission 

influences the occurrence and extent of remyelination (Chari, 2007). The inflammatory 

response of demyelination has been associated with the onset of remyelination activating 

the oligodendrocytes. Research suggests that the longer an axon is demyelinated the 

more likely degeneration of the nerve fiber will occur as there is no protection of the 
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underlying nerve (Franklin & Kotter, 2008). This may subsequently lead to 

neurodegeneration and muscle wasting as the transmission of action potentials down the 

damaged nerve is altered (Chari, 2007; Franklin & Kotter, 2008).  

1.3 Diagnostic criteria 

 The International Panel on MS Diagnosis recommends the use of the McDonald 

Criteria for diagnosis of the disease using a combination of clinical and para-clinical 

evaluations. A purely clinical diagnosis is based on two or more attacks with two or 

more objective clinical lesions located in multiple locations through the CNS. Diagnosis 

may also be made following one attack with evidence from paraclinical evaluations (i.e. 

magnetic resonance imaging, abnormalities, cerebrospinal fluid change, etc.) showing 

the development of lesions (Keegan & Noseworthy, 2002). 

1.4 Clinical stages of Multiple Sclerosis 

MS is characterized by a wide range of disease symptoms, attacks and relapses, 

and stages of remission (Hawkins & McDonnell, 1999). Relapse (i.e. attack, 

exacerbation) can be defined as the appearance of a new symptom(s) or reappearance of 

a previous symptom following an initial attack (Lubin & Reingold, 1996; McDonald, 

Compston, Edan, Goodkin, Hartung, Lubin, et al., 2001). MS is categorized by four main 

patterns of disease progression, each characterized by periods of attacks and gradual 

decline of neurological functioning (Lubin & Reingold, 1996). The Advisory Committee 

on Clinical trials of new Agents in MS of the National Multiple Sclerosis Society 

conducted an international survey of 215 members of the international MS clinical 

research community to develop a consensus on course patterns of MS (Lubin & 

Reingold, 1996). The disease courses were identified as Relapsing-Remitting MS 
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(RRMS), Primary-Progressive MS (PPMS), Secondary-Progressive MS (SPMS), and 

Progressive-Relapsing MS (PRMS). 

1.4.1 Relapsing-remitting Multiple Sclerosis. RRMS is defined as periods of 

attacks followed by remission often with the potential of full recovery. As seen in Figure 

1.2, it is characterized by an acute decline in neurological functioning followed by 

variable recovery and unpredictable timeline between attacks. Approximately 85% of 

individuals are initially diagnosed with this disease course (Keegan & Noseworthy, 

2002; Noseworthy et al., 2000).  

A subtype of RRMS with a mild, favorable disease course and negligible 

disability is classified as benign MS and is found in 10 to 20% of initial diagnoses 

(Hawkins & McDonnell, 1999; Miller & Coyle, 2009). These individuals typically 

experience no functional impairments or mild disability for a minimum of 10 years and 

prolonged periods of remission (> one year) following initial disease with irregular 

relapse within the first five years (Miller & Coyle, 2009; Pittock, McCelland, Mayer, 

Jorgensen, Weinshenker, Noseworthy et al., 2004). It is thought the longer these 

individuals go without an accumulation of disability, the likelihood of further 

exacerbations is lessened and will remain stable (Noseworthy et al., 2000; Pittock et al., 

2004). Hawkins and McDonnell (1999) conducted a 10 year follow up study of 

individuals diagnosed with benign MS. Of the 181 individuals sampled 36 (19.1%) 

displayed a benign course of disease progression. These individuals had an earlier onset 

of MS, fewer incidences of motor symptoms, minor neurological impairment and a 

greater ratio of females than males compared to those diagnosed with other courses of 
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MS. Further longitudinal studies are required to better understand why this occurs in 

some cases of MS and not others.  
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1a 

 

1b 

 

Figure 1.2. Relapsing-remitting Multiple Sclerosis (RRMS) disease course. RRMS is the 

most common disease progression represented by attacks followed by full recovery (1a) 

or with remaining damage present upon recovery (1b). (From National Multiple 

Sclerosis Society. (2004). Unlocking the mysteries of MS. Minnesota Chapter: National 

Multiple Sclerosis Society.) 
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1.4.2 Primary-progressive Multiple Sclerosis. PPMS is marked by a steady 

progression from disease onset with temporary plateaus and periods of recovery towards 

initial baseline (see Figure 1.3). Individuals with PPMS may experience varying rate of 

disease progression over time but periods of distinct remission are not usually present 

during this course. Approximately 10 to 20% of individuals with MS are diagnosed with 

PPMS (Dutta &Trapp, 2007; Keegan & Noseworthy, 2002; Noseworthy et al., 2000). 
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2a 

 

2b 

 

Figure 1.3. Primary-progressive Multiple Sclerosis (PPMS) disease course. PPMS is 

progressive disability from disease onset without periods of remission or recovery (2a) or 

with some periods of recovery or leveling of disease progression. (From National 

Multiple Sclerosis Society. (2004). Unlocking the mysteries of MS. Minnesota Chapter: 

National Multiple Sclerosis Society.) 
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1.4.3 Secondary-progressive Multiple Sclerosis. SPMS can be diagnosed 

following an initial attack but most often occurs in approximately 90% of those initially 

diagnosed with RRMS approximately 15 to 25 years following diagnosis (Keegan & 

Noseworthy, 2002; Lubin & Reignold, 1996; Weinshenker, Bass, Rice, Noseworthy, 

Carriere, Baskerville et al., 1989). As shown in Figure 1.4, SPMS is characterized by 

increasing permanent neurological disability usually without periods of remission or 

recovery (Dutta & Trapp, 2007). SPMS is diagnosed once the baseline between relapses 

begins to worsen (Lubin & Reingold, 1996; Noseworthy et al., 2000). Given that most 

individuals with RRMS progress to SPMS, it is thought that these courses are not distinct 

but are stages of a single biphasic disease (Dutta & Trapp, 2007).  
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3a 

 

 3b 

 

Figure 1.4. Secondary-progressive Multiple Sclerosis (SPMS) disease course. SPMS can 

begin with an initial RRMS followed by progressive level of disability (3a) or may 

include progressive deterioration with periods of remission (3b). (From National 

Multiple Sclerosis Society. (2004). Unlocking the mysteries of MS. Minnesota Chapter: 

National Multiple Sclerosis Society.) 
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1.4.4 Progressive-relapsing Multiple Sclerosis.  As shown in Figure 1.5, PRMS 

is characterized by disease progression from onset with acute periods of remission with 

continued deterioration and worsening of symptoms during these periods (Keegan & 

Noseworthy, 2002). PRMS is the least diagnosed clinical course affecting only five 

percent of individuals with MS (Multiple Sclerosis Society of Canada, 2011).   
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4a 

 

4b 

 

Figure 1.5. Progressive-relapsing Multiple Sclerosis (PRMS) disease course. PRMS 

involves periods of progression from disease onset, some experience periods or 

remission and minor recovery (4a) while others experience progressive decline without 

full recovery (4b). (From National Multiple Sclerosis Society. (2004). Unlocking the 

mysteries of MS. Minnesota Chapter: National Multiple Sclerosis Society.) 
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1.5 Prognosis of Multiple Sclerosis  

The prognosis of MS is unpredictable. Generally, females with a younger age of 

onset experience sensory and optical attacks with complete recovery and longer relapse 

periods between attacks whereas males typically experience incomplete recovery, 

progressive decline from disease onset and shorter time between episodic attacks 

(Keegan & Noseworthy, 2002; Scalfari, Neuhaus, Daumer, Ebers, & Muraro, 2001; 

Weinshenker, Rice, Noseworthy, Carriere, Baskerville, & Ebers, 1991). This gender 

variation makes it very difficult to predict future episodic attacks (Keegan & 

Noseworthy, 2002). It has been shown in natural history studies that 15 years following 

diagnosis, a Kurtzke Expanded Disability Status Scale (EDSS) of six is reached and 

approximately 50% of individuals will require a walking aid for ambulation (Kurtzke, 

1983; Weinshenker, 1995; Weinshenker et al., 1989). As seen in Appendix A, the EDSS 

is the most widely used classification scale of neurological impairment in MS (Kurtzke, 

1983; White & Dressendorfer, 2004). The EDSS is a 10 point ordinal rating scale in half-

point increments assigning a numerical value to level of impairment (Murray, 2005; 

Coulthard-Morris, 2000). Scores 1.0 to 4.5 refer to individuals who are fully ambulatory 

while scores of 5.0 to 9.5 refers to those who have impaired ambulation effecting ability 

to perform a full day of activities to a bed ridden individual unable to eat or 

communicate (Kurtzke, 1983).  

A neurologist, physician, or trained healthcare professional subjectively examines 

the individual in the following categories: pyramidal, cerebellar, brainstem, sensory, 

bowel, and bladder, visual, cerebral, and other areas (Ponichtera-Mulcare, 1993; 

Coulthard-Morris, 2000). An additional drawback of the EDSS is its reliance on a 
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neurologist for physical examination. In instances when a physical examination is not 

feasible, the self-administered EDSS was developed for individuals with MS to evaluate 

their own level of impairment (Ratzker Feldman, Scheinberg, LaRocca, Smith, Giesser 

et al., 1997). Similar to the Kurtze EDSS, the self-administered EDSS is divided into two 

areas: functional systems (FS) and mobility (Coulthard-Morris, 2000).  FS is made up of 

same eight items as the EDSS on a four point Likert scale ranging from no disability to 

severe impairment. Mobility is divided into three groups based on 18 items: 0 to 3.5 

indicates ability to walk, 4.0 to 5.5 indicates ability to walk only a limited distance, and 

6.0 to 9.0 indicates an aid is required or individual is unable to walk. Although no 

validity studies have been reported on the self-administered EDSS, it rates high on inter-

rater reliability or agreement (r=0.90) between the self-administered and standard 

physical administered EDSS (Coulthard-Morris, 2000). The EDSS reliably reports 

symptoms of stiffness, weakness, tremors, clumsiness, visual difficulties, poor balance, 

and bladder and bowl dysfunction (Verdier-Toullefer, Foullet, Cesaro, & Alperovitch, 

1994).   

1.6 Impact of Multiple Sclerosis on the health care system  

The Public Health Agency of Canada (PHAC) estimates that the total annual 

health costs associated with treating MS is approximately one billion dollars (Canadian 

Institute for Health Information, 2007). Direct costs include $58.4 million (42%) for 

hospital care, $12.1 million (8.7%) for physician care, and $68.7 million (49.4%) for 

medication. Indirect costs include $638.45 million for morbidity-related costs (i.e. 

wheel-chair, medical assistance) and $178.2 million for mortality-related expenditures 

(i.e. funeral). Similar studies report costs of $8,542 to $35,024 per MS patient (Asche, 
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Ho, Chan, & Coyte, 1997; McGown & McWhinnie, 1996; “The Canadian Burden of 

Illness Study Group, 1998”). The progressive burden of MS and loss in functionality 

with increasing disease severity attenuates functional independence leading to greater 

health care costs (Grima, Torrance, Francis, Rice, Rosner, & Lafortune, 2000). 

1.7 Symptoms of Multiple Sclerosis 

Symptoms of MS are diverse and range in severity dependent on the location, 

rate of demyelination, and size of the lesions along the CNS (Keegan & Noseworthy, 

2002). The presence of lesions in individuals with MS has been identified on the sensory 

tracts, motor tracts, vestibular apparatus, cerebelar tracts, visual tracts, and cognitive 

structures (Karpatkin, 2005). A common initial symptom involves blurred vision 

resulting from axonal damage and nerve conduction blockage (Murray, 2005; 

Noseworthy et al., 2000). Additional symptoms, which typically occur months or years 

later, include motor weakness, impaired balance and gait, spasticity, ataxia, cognitive 

and behavioral impairments, altered sensations, pain, tremor, depression and fatigue 

(Kraft & Shah, 2006; Krupp, 2003; Multiple Sclerosis Society of Canada, 2007; Murray, 

2005; Ringold et al., 2005). Freal, Kraft, and Coryell (1984) reported fatigue to be one of 

the most common and disabling symptoms of MS as reported by 78% of 656 individuals 

with MS. In addition, a survey completed in the United Kingdom in 1997 demonstrated 

that 86% of respondents reported fatigue as their most common symptom (Multiple 

Sclerosis Society, 1997).  
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1.7.1 Fatigue in Multiple Sclerosis. Fatigue is a multi-factorial symptom of MS 

(Bol, Duits, Hupperts, Vlaeyen, & Verhey, 2008; Mostert & Kesselring, 2002; 

Sutherland & Anderson, 2002). In 1998, the Multiple Sclerosis Council for Clinical 

Practice Guidelines defined fatigue as “a subjective lack of physical and/or mental 

energy that is perceived by the individual or caregiver to interfere with usual and desired 

activities” (pg.14). The definition is further broken down into chronic fatigue being 

“present for any amount of time on 50% of the days for more than six weeks” and 

“limiting functional activities or quality of life” and acute fatigue being “new or a 

significant increase in feelings of fatigue in the previous six weeks” and “fatigue that 

limits functional activities or quality of life.” Fatigue is also commonly broken down into 

two categories, peripheral and central fatigue (Shah, 2009). Peripheral fatigue is 

described as localized muscle fatigue potentially due to deficits in neuromuscular 

communication requiring an increased effort to initiate a muscle contraction (Bakshi, 

2003; Shah, 2009). Central fatigue is potentially a result of demyelinated and damaged 

axons leading to inflammation and a rapid decline in functionality (Bakshi, 2003; Shah, 

2009). The cases of fatigue can further be broken down into primary and secondary 

factors. Primary fatigue is due to disease activity and secondary fatigue may result from 

thermosensitivity, depression, anxiety, sleep disturbance, infection, thyroid dysfunction, 

anemia, and/or medications (Bakshi, 2003; Shah, 2009).  

Fatigue has been reported to be more disabling than spasticity, weakness, 

balance, and/or bowel or bladder problems (Bakshi, 2003). Fatigue can be related to 

depression, anxiety, cognitive impairment, sleep disturbance, fitness levels, and 

psychosocial factors (Bol et al., 2008; Multiple Sclerosis Council for Clinical Practice 
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Guidelines, 1998; Sutherland & Anderson, 2002). Various pathophysiological 

mechanisms including changes in neuromodulation, demyelination and axonal loss, 

inflammation and reduced glucose metabolism in the frontal cortex, and basal ganglia 

have been identified as multiple factors potentially contributing to this symptom 

(Mostert & Kesselring, 2002; Sutherland & Anderson, 2002).  

Measurement of fatigue is complex due to multiple contributing factors, a lack of 

understanding of subjective experiences, absence of clinical markers, and insufficient 

objective and subjective measurement tools (Bol et al., 2008; Ponichtera-Mulcare, 1993; 

Senarate, Carrol, Warren, & Kapawgodn, 1984). Self-report measurement scales of 

fatigue exist although their applicability and measurability of MS related fatigue remains 

questionable (Bol et al., 2008; Sutherland & Anderson, 2002). These scales are limited 

as they are based entirely on subjective reports and ask clients to rate their perceived 

fatigue without clearly defining its characteristics (Smith & Hale, 2007). Objective 

measurements of physical and cognitive fatigue are observed by quantifying reductions 

in muscle force production over time or worsening of performance on a mental task over 

time (Bol, et al., 2008).  

Current scales measuring fatigue in individuals with MS have been subject to 

criticism due to their validation with small sample groups comparing in individuals with 

MS and healthy controls or individuals with other diseases (Flachenecker, Kumpfel, 

Kallmann, Cottchalk, Grauer, Rieckmann et al., 2002). Flachenecker, Kumpfel, 

Kallmann, Cottchalk, Grauer, Rickmann et al. (2002) compared four MS specific 

measurement scales, Fatigue Severity Scale (FSS), MS specific FSS (MSFS), Modified 

Fatigue Impact Scale (MFIS), and Visual Analogue Scale (VAS), to evaluate their 
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correlation and reliability in measuring fatigue. MSFS has six MS-specific items and 

provides a descriptive measure of fatigue and the influencing factors (Krupp, Coyle, 

Doscher, Miller, Coss, Jandorf et al., 1995). MFIS is a modified version of the FSS with 

21 items measuring physical and mental fatigue and has been shown to have good 

criterion validity with FSS and VAS (Gottchalk, Kumpfelt, Flachenecker, Uhr, 

Trenckwalkder, Holsboer et al., 2005). VAS provides a global description of fatigue with 

participants indicating amount of fatigue on a scale ranging 1 to 100.  

Flachenecker et al. (2002) found moderate significance and correlation of 

measuring fatigue which should not be viewed as acceptable as scales are most likely not 

showing valid and reliable reports of level of fatigue experienced by individuals. Smith 

and Hale (2007) suggested future development of valid quantitative measures of fatigue 

and a better understanding of subjective experiences is needed through qualitative 

methods. Awareness of the impact of fatigue on quality of life, activities of daily living, 

and impact on the individual is needed to develop more valid and reliable self-report 

measurement scales. Appropriate psychometric methods and measurements of 

responsiveness and reproducibility in large sample groups of MS individuals with and 

without fatigue is required for the development of future valid and reliable scales 

(Flachenecker et al., 2002; Schwid, Cocinfron, Segal, & Goodman, 2002). 

Central and peripheral performance based measurements of fatigue have been 

subject to criticism as well. Reliability of the methods used for assessing peripheral 

fatigue has not been determined (Krupp, 2003). Difficulties arise as muscle groups 

examined may be affected differently in each individual by altered neural pathways or 

deconditioning from disuse, depending on the location and size of lesion and level of 
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impairment (Schwid et al., 2002). Central fatigue performance based measurements 

present difficulties as it is a challenge to interpret whether performance is related to 

fatigue or  cognitive impairments which may delay individual’s abilities to  complete a 

task (Schwid et al, 2002). Cognitive impairments are reportedly present in approximately 

50% of individuals with MS, causing complications with memory, attention, 

concentration, information processing, ability to execute functions and verbal fluency, 

making it difficult to understand if testing results are due to fatigue or a result of 

cognitive changes (National Multiple Sclerosis Society, 2012).  

1.8 Neurophysiology 

Skeletal muscle will not be activated without stimulation from the somatic 

nervous system (Tortora & Grabowski, 2003). This stimulation is initiated by an action 

potential causing the release of neurotransmitters (i.e. acetylcholine) into the 

neuromuscular junction carrying the electrical signal to initiate muscle contraction 

(Plowman & Smith, 2003). A motor neuron’s cell body lies in the grey matter of the 

spinal cord and the axon extends through the spinal nerve out the ventral root (Plowman 

& Smith, 2003). Action potentials originate from the brain, where electric currents are 

conducted along the motor neuron to the axon terminal which lies just outside the muscle 

sarcolemma. As the action potential arrives at the terminal end of the axon, calcium 

enters the axon and acetylcholine is released into the synaptic cleft. This release alters 

the ionic permeability of the sarcolemma leading to depolarization and spreading the 

action potential through the cell and muscle fibers initiating muscle contraction (Baechle 

& Earle, 2000; Plowman & Smith, 2003). Afferent or sensory neurons are also located 
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within muscle cells, communicating information on chemical and muscular changes to 

the CNS for cessation, continuation, or alteration of future muscle contractions.  

Electrochemical signals from the brain to the working muscles elicit activation of 

muscle fibers and force development (Baechle & Earle, 2000). A motor neuron and the 

muscle fibers it innervates are classified as a motor unit. Muscle force is determined by 

the number of muscle fibers within the motor unit which is dependent on the size and 

function of the muscle (Baechle & Earle, 2000; Plowman & Smith, 2003). Muscles that 

require small, precise movements such as the eye are innervated by several motor 

neurons, compared to the knee extensors which produce large, forceful movements, 

which may be innervated by one motor neuron attached to hundreds of muscle fibers 

(Baechle & Earle, 2000).  

Traditionally following disease onset, individuals with MS were recommended to 

avoid exercise due to possible effects of exacerbating or increasing disease activity 

(Rietberg, Brooks, Uitdehaag, & Kwakkel, 2005; Sutherland & Andersen, 2002; White 

& Dressendorfer, 2004). Individuals with MS are often thermosenstive and with an 

increase of core temperature or nerve conduction the Uhtoff phenomenon, the worsening 

of neurological symptoms, can occur (Guithrie & Nelson, 1995; Karpatkin, 2005; Kraft 

& Shan, 2006; Petajan & White, 1999).  

Avoiding exercise was thought to help decrease fatigue and conserve energy for 

activities of daily living (Dalgas, Stenager, & Ingemann-Hansen, 2008). The worsening 

or increased severity of symptoms from exercise experienced by an estimated 40% of all 

MS individuals has been shown to be temporary and will subside within half an hour 

following exercise cessation in majority of individuals. Physical activity has been shown 
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to reduce fatigue levels in the general population, those with chronic disease, and 

individuals with MS (Molt & Gosney, 2008; Puetz, O’Connor, & Dishman, 2006).   

Although recent research has shown physical activity and exercise to be 

beneficial for individuals with MS, it has been well recorded that they are shown to have 

lower physical fitness levels than healthy and even sedentary controls (Molt, McAuley, 

& Snook, 2005; Schyns, Paul, Finlay, Ferguson, & Nobel, 2009). MS is associated with 

a loss of muscle and bone mass, due to impaired nerve function and inactivity, which 

subsequently has a negative effect on muscle strength, muscle endurance, cardiovascular 

endurance, balance, agility, ability to perform activities of daily living, and quality of life 

(Petajan & White, 2004; Ponichtera-Mulcare, 1993) however research has identified that 

exercise therapy is an effective strategy for providing symptomatic relief and improving 

physical fitness (Kasser, 2009; Stuifbergen & Roberts, 1997).  

1.8.1 Bone fractures and Multiple Sclerosis. Bone is formed through the 

process of ossification or osteogenesis and is under constant modeling to adapt and 

change to the biomechanical forces placed on the body (Kini & Nandeesh, 2012; Tortora 

& Grabowski, 2003). Osteoblasts and osteoclasts are responsible for the constant 

remodeling and process of longitudinal and radial growth of bones (Clarke, 2008; 

Tortora & Grabowski, 2003). Osteoblasts are bone building cells that produce 

compounds to build the matrix of bone tissue and begin the calcification process. 

Osteocasts are responsible for breaking bone down to reabsorb the bone matrix for 

growth, replacement, and repair of bone (Tortora & Grabowski, 2003). Formation 

involves intramembranous ossification of replacing connective tissue with bone and 

endochondral ossification, replacing cartilage by bone. Three steps are involved in the 
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osteogensis process, (1) synthesis of extracellular organic matrix, (2) matrix 

mineralization leading to formation of bone, and (3) remodeling of bone by process of 

resorption and reformation (Kini & Nadeesh, 2012). Bone matrix is composed of 

inorganit components (69%) consisting of hydroxyapatite (99%), and organic 

components (22%) consisting of collagen and noncollagen proteins. 

Research indicates that individuals with MS have multiple risk factors for 

developing osteoporosis and a greater prevalence than those in the general public (US 

Department of Health & Human Services, 2004). Marrie, Cutter, Tyry, and Vollmer 

(2009) examined the frequency of osteoporosis, fractures, and clinical risk factors for 

fractures using the North American Research Committee on Multiple Sclerosis 

(NARCOMS) Registry. Of the 9,346 responders, approximately 27% reported 

osteoporosis or osteopenia, 15% reported fractures, 46% reported multiple fractures, 

35% reported wrist fractures, 11% vertebral fractures, and 7% reported hip fractures. 

When age was excluded, researchers found 15% of respondents had one clinical risk 

factor for fracture, 25% had two clinical risk factors and 57% had three or more clinical 

risk factors. It has been suggested that these risk factors result from low vitamin D 

levels, impaired mobility, and lack of weight-bearing physical activity demonstrating the 

importance that an appropriate exercise and diet intervention is needed for individuals 

with MS (Weinstrock-Guttman, Gallagher, Baier, Green, Feichter, Patrick et al., 2004).  

1.8.2 Muscle weakness and Multiple Sclerosis. Muscle weakness is another 

well documented symptom of MS, resulting from a combination of altered central and 

peripheral mechanisms (Dalgas et al., 2008; Ng, Miller, Gelinas, & Kent-Braun, 2004). 

It has been hypothesized that in individuals with MS, chronically reduced or incomplete 
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motor unit activation, impaired motor unit recruitment, decreased maximal discharge 

rates, and increased central motor conduction time stimulate the initial alterations in 

skeletal muscle characteristics (Ng et al., 2004; Kent-Braun, Sharma, Miller, & Weiner, 

1994; Sharma, Kent-Braun, Mynhier, Weiner, & Miller, 1995). Individuals with MS are 

only able to generate 30 to 70% of maximal generating force capacity compared to the 

healthy controls (de Haan, de Ruiter, van der Woude, & Jongen, 2000; Rice, Vollmer, & 

Bigland-Ritchie, 1992; Sharma et al., 1995).  

Secondary changes in peripheral muscle function are theorized to be related to 

physical inactivity and deconditioning (Garner & Widrick, 2003; Kent-Braun, Ng, 

Castro, Weiner, Gelinas, Dudley, et al., 1997, Rice et al., 1992; Sharma et al., 1995). 

Peripheral alterations include reduced oxidative capacity, altered metabolic reaction to 

exercise due to presence of metabolic biproducts resulting in slowing of sarcolemma 

action potential conduction velocity, decreased muscle contractile properties, reduced 

excitation-contraction coupling as a result of disuse , muscle atrophy, and muscle fiber 

conversion (Formica, Cosman, Nieves, Herbert, & Lindsay, 1997; Kent-Braun, Sharma, 

Miller, et al., 1994; Kent-Braun, Sharma, Weiner, & Miller, 1994; Kent-Braun et al., 

1997; Ng et al., 2004). Garier and Widrick (2003) reported smaller Type І (~8%) and 

Type ІІa (~13%) muscle fibers in the vastus lateralis and smaller quantity of fibers 

expressing the myosin heavy chain ІІa isoform in individuals with MS compared to 

healthy controls.  

Other studies have observed muscle fiber type transformations (biological 

characteristics) from Type І to Type ІІa and ІІx, especially in the tibialis anterior muscles 

(Kent-Braun, Sharma, Weiner, et al., 1994; Kent-Braun et al., 1997). These alterations in 
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fiber type  and muscle properties may help explain the greater levels of fatigue reported 

by those with MS as they may require more energy to produce the same movement or 

action as a unaffected individual (de Haan et al., 2000; Kent-Braun et al., 1997; Sharma 

et al., 1995). Furthermore, reductions in muscle size of the tibialis anterior and 

quadriceps (26 to 30%) have been reported, possibly due to accelerated muscle atrophy 

in Type ІІ fibers (Formica et al., 1997; Garner & Widrick, 2003; Kent-Braun et al., 

1997).  

1.8.3 Body composition and Multiple Sclerosis. Body composition is the 

compartmentalizing of the body into lean tissue mass, bone mass, and fat mass. Lean 

tissue mass is the combined weight of everything in the body that is not fat or bone, 

including muscle, tendons, ligaments, skin, and organs. The symptoms experienced by 

those with MS, including muscle weakness, balance issues, and decreased coordination, 

lead to inactivity or immobilization potentially causing a decrease in lean tissue mass 

and bone mass and an increase in fat mass which will have a negative impact on their 

health (Dionyssiotis, 2013; Rietberg, Brooks, Uitdehaag, & Kwakkel, 2005). Increased 

fat mass elevates the risk of many diseases including stroke, heart disease, high blood 

pressure, type two diabetes and some forms of cancer (Tortora & Grabowski, 2003). If 

individuals with MS are not properly monitoring their energy intake and output in 

relation to their daily activity, there is the potential for them to develop these secondary 

conditions (Lambert, Lee Archer, & Evans, 2002). 

1.8.4 Balance and Multiple Sclerosis. Individuals with MS often experience 

issues with balance which are difficult to treat as there are potentially several elements 

contributing to the problem and if not managed properly can lead to falls causing 
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fractures (Cattaneo, De Nuzzo, Fascia, Macalli, Pisoni, & Cardini, 2002; Piotrowski & 

Cole, 1994), concussions, abrasions, lacerations, loss of confidence in performing tasks, 

and an increased fear of falling (Tinette, Richman, & Powell, 1994; Frzovic, Morris, 

Vowels, 2000). Finlayson, Peterson, and Cho (2006) found 52.5% of the 1089 

respondents, with MS, aged 45 to 90 years to have had a fall in the past six months. 

Similar studies have also found 48% to have fallen within one year (Kasser, Jacobs, 

Foley, Dardinal, & Maddaloozzo, 2011), 54% to have fallen within the past two months 

with 32% reporting two or more recurrent falls within two months of the initial fall 

(Cattaneo et al., 2002). Peterson, Cho, von Koch, and Finlayson (2008) surveyed 354 

individuals with MS over the age of 55 and found 64% of respondents reported at least 

two falls per year, with 30% falling once a month or more in the past year.   

Fifty percent of respondents reported injurious falls with fractures being the most 

commonly reported injury. The most common symptoms amongst those surveyed were 

problems with balance and mobility (93.7%), leg weakness (90.9%), and muscle fatigue 

(88.4%); similar to the reports from Finlayson et al. that falls occurred due to the 

progression of MS symptoms in the last year and problems with balance and mobility. 

Fear of falling is a commonly reported concern among 60 to 63% of individuals with MS 

between the ages of 45 to 90 due to falls within the past six months and/or a increased 

difficulty of performing activities of daily living due to the progression of MS symptoms 

(Finlayson et al., 2006; Peterson, Cho, von Koch, & Finlayson, 2007). Peterson, Cho, 

von Koch, and Finlayson (2007) had 82.6% of respondents report a decreased level of 

daily activity, such as lifting, carrying, and ambulating, due to fear of falling which 
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consequently increases deconditioning and the risk of developing numerous chronic 

health conditions (Finlayson et al, 2006; Kasser et al., 2011; Peterson et al., 2008). 

CHAPTER TWO: Potential benefits of exercise 

2.1 Resistance training and Multiple Sclerosis 

Neuromuscular adaptations to resistance training (RT) are specific to the type of 

exercise performed and are dependent on the training program used (Abernethy & 

Jurimae, 1996; Sale, Martin, & Moroz, 1992; Torvinen, Kannus, Sievanen, Jarvinen, 

Pasanen, Kotulainen et al., 2002). Initial increases in strength are primarily due to neural 

adaptations, such as improved motor unit activation and synchronization of motor unit 

firing rates (Carroll, Riek, & Carson, 2001; Ruther, Golden, Harris, & Dudley, 1995; 

Gutierrez, Chow, Tillman, McCoy, Castellano, & White, 2005). Morphological 

adaptations occur six to eight weeks into a RT program, where individuals typically 

experience improvements in strength and endurance through increases in muscle protein 

synthesis, muscle hypertrophy, and force generating capacity (Baldwin & Haddad, 2001; 

Hather, Tesch, Buchanan, & Dudley, 1991). Although muscle and bone are 

morphologically and physiologically different, their functioning is intrinsically 

connected. The increase in muscle mass and activation from RT may increase 

mechanotransduction strains on bone tissue, leading to greater bone mineral density 

(Frost, 1992). The level of bone accretion is dependent on training intensity, variety, 

frequency, and duration (Baechle & Earle, 2000). Muscle strength can be measured as 

absolute muscle strength and relative muscle strength. Absolute muscle strength is the 

maximum force an individual is able to produce with their whole body or part of their 

body, regardless of their body or muscle size (Baechle & Earle, 2000; Plowman & 
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Smith, 2003). Relative strength is the maximum force exerted in relation to their body 

weight or muscle size (Baechle & Earle, 2000; Plowman & Smith, 2003).  

Unfortunately, research examining the effects of RT in individuals with MS is 

limited (see Table 2.1). In the few studies performed, RT has been shown to significantly 

increase muscle strength (Dalgas et al., 2008; DeBolt & MacCubbin, 2004; Taylor, 

Dodd, Prasad, & Denisenko, 2006; White, McCoy, Castellano, Gutierrez, Stevens, 

Walkter et al., 2004), however, the magnitude of strength gains in individuals with MS, 

especially in the lower extremities, is still lower than healthy controls (de Souza-

Teixeira, Costilla, Ayan, Garcia-Lopez, Gonzalez-Gallego, & de paz, 2009; Garner & 

Widrick, 2003; Kent-Braun, Sharma, Miller, et al., 1994; Ng et al., 2004; de Haan et al., 

2000; Petajan, Gappmaier, White, Spenser, Mino, & Hicks, 1996; White & 

Dressendorfer, 2004). It is important to measure the relative strength gains in individuals 

with MS as you are able to see the maximal force output the individual is able to exert in 

relation to their body weight or muscle size. 

Furthermore, measures of muscle and bone accretion are scarce. All studies 

reviewed, except one by Kraft, Alquist, and Lateur (1996), consisted of individuals with 

MS with EDSS below 6.5, those who many intermittently need ambulatory assistance, 

and training regimens at a moderate training intensity with mild progressions (See 

Appendix A for further information on EDSS scoring; Dalgas et al., 2008). The majority 

of studies included interventions of the lower extremity, most likely due to the clinical 

observation of greater and earlier lower extremity muscle strength decline (Schwid, 

Thorton, Pandya, Manzur, Sanjak, Petrie et al., 1999). Variations in study results are 
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most likely due to differences in the mode, intensity, frequency, and duration of the 

training protocols (Asano, Dawes, Arafah, Moriello, & Mayo, 2009; Dalgas et al., 2008).  
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Table 2.1 

 

Overview of studies evaluating the effects of resistance training on Multiple Sclerosis 

 

Article 

Sample 

Size Exercise Parameters 

Training 

Parameters Findings 

 

Broekmans, 

Roelants, Feys 

et al., 2010 

 

n=36 

RES0 = 11 

RESe= 11 

CG = 14 

 

 RES0 and RESe: unilateral leg press, leg 

extension, leg curl 

wks:1-2 minimal resistance; wks:3-6 1x10 at 

50-60% 1RM; wks:7-8 2x10 at 60% 1RM; 

wks: 9-10 2x12 at 60% 1RM; 2 wks Testing; 

wk: 11 2x12 at 60% 1RM; wks: 12-14 2x15 

at 15RM; wks: 15-17 2x12 at 12RM; wks: 

18-20 2x10 at 10RM 

CG: no intervention 

 

20 wks 

5 x for every 2 

wks 

 

Max isometric knee extensor in 

RES0 and knee flexor in RESe 

increased 

Functional reach: +18% in RES0 

 

Dalgas et al., 

2009 

 

n=38 

RT=19 

CG=19 

 

RT: Leg press, knee extension, hip flexion, 

hamstring curl, hip extension 

Wks: 1-2 3x10 at 15RM; wks: 3-4 3x12 at 

12RM; wks: 5-6 4x12 at 12RM; wks: 7-8 

4x10 at 10RM; 

wks:9-10 4x8 at 8RM;wks:11-12 3x8 at 8RM 

CG: no intervention 

 

12 wks 

2 x/wk 

 

KEMVC: 15.7% 

FS: 21.5% 

 

DeBolt et al. 

2004 

 

n=36 

RT=19 

CG=17 

 

RT: Chair raises, forward lunges, step-ups, 

heel-toe raises, leg curls 

Wks: 1+3 2x8-12 

Wks: 2+4 3x8-12 

Wks: 5-8 2x8-10 

CG: no intervention 

 

8 wks 

3 x/wk 

 

 

Leg extensor power: +37% 

Balance: NS 

Up and Go: NS 

MAS: NS 
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Table 2.1 continued 

 

  

 

Article 

Sample 

Size Exercise Parameters Training Parameters Findings 

 

de Souza-

Teixeira et al., 

2009 

 

n=13 

RT=13 

 

 

Leg extension machine 

Wks: 1-2 2x12-15 at 40%MVC 1x10-12 

at 55%MVC; wks 3-4 2x12-15 at 

45%MVC 1x10-12; wks 5-6 2x12-15 at 

50%MVC; wks 7-8 2x12-15 at 55%MVC 

1x10-12 AT 70%MVC 

 

8 wks 

2 x/wk 

 

Isometric strength: +16% 

Muscular endurance: +84% 

Maximal power: +51% 

Functionality: improved sig 

 

Dodd et al., 

2011 

 

n=71 

RT= 36 

CG = 35 

 

RT: Leg press, knee extension, calf raise, 

leg curl, reverse leg press 

2x10-15 progressive overload 

CG: no intervention 

 

10 wks 

2 x/wk 

 

Significant increase in leg press 

strength, and reverse leg press 

strength 

 

Filipi et al., 

2001 

 

n=67 

RT=67 

 

3 phases: (1) Strength development, (2) 

Balance, strength development, (3) 

Balance, unilateral focus, strength 

development 

2-3x10 with progressive overload 

 

26 wks 

2 x/wk 

 

Significant improvements in 

strength: Leg curls, back rows, leg 

extension, lat pulldowns, shoulder 

press, chest press, tricep 

extensions, arm curls, ab crunch, 

back extensions, shoulder raise, 

wrist curls 

 

Gutierrez et 

al., 2005 

 

n=8 

RT=8 

 

RT: knee flexion, knee extension, 

plantarflexion, trunk flexion, trunk 

extension 

10-15 repetitions at 70% predicted 1RM 

 

8 wks 

2 x/wk 

 

Stride time: increase of swing 

phase, step length, and foot angle; 

decrease in stance and double 

support phase 

Isometric leg strength improved 

Three minute stepping: ↓8.7% 



WBV and RT on MS 38 

 

 

 

Table 2.1 continued 

 

   

 

Article 

Sample 

Size Exercise Parameters Training Parameters Findings 

 

Harvey et al., 

1999 

 

n=19 

RT=7 

PT=7 

CG=5 

 

RT: 5x10 leg extensions on both legs  

PT: exercise program prescribed by a 

physiotherapist 

CG: no intervention 

 

8 wks 

7 x 

 

KE strength: NS 

KE surface EMG: NS 

Chair transfer: 23% 

Gait: NS 

 

 

Taylor et al., 

2006 

 

n=9 

RT=9 

 

Leg press, knee extension, calf raise, lat 

pull down, arm press, seated row 

2x10-12 with progressive overload  

 

10 wks 

2 x/wk 

 

Arm strength: 14.4% 

Leg strength: 170.9% 

Fast walking speed: 6.1% 

2MWT: tendency for increased 

distance 

 

White et al., 

2004 

 

n=8 

 

Knee flexion, knee extension, plantar 

flexion, spinal flexion, spinal extension 

Wk 1: 1x6-10 at 60%MCV, wks 2-8: 

1x10-15 at 70%MCV with progressive 

overload  

 

 

8 wks 

2 x/wk 

 

Significant improvements in: 

KE: 7.4% 

PF: 52% 

Stepping performance: 8.7% 

 

Note. RES0: resistance training only; RESe: resistance training with simultaneous electro-stimulation; RT: resistance training; CG: 

control group; n: sample size; 1RM: one repetition maximum; 8RM: eight repetition maximum; 10RM: ten repetition maximum; 

12RM: twelve repetition maximum; 15RM: fifteen repetition maximum; MVC: maximum voluntary contraction; KEMVC: maximum 

voluntary contraction of knee extensors; FS: functional capacity score; MAS: modified ashworth scale; NS: not significant; KE: knee 

extension; EMG: electromyography; KF: knee flexion; 2MWT: 2 minute walk test; PT: physiotherapy; PF: plantarflexion; wk: week; 

wks: weeks.
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deBolt and McCubbin (2004) conducted an eight week home based RT program 

measuring balance, power, and mobility. Thirty-six participants took part in five lower 

extremity exercises (calf raises, forward lunge, step ups, heel to toe raises, and leg curls) 

three times a week at an intensity of 0.5% of body weight, increasing 0.5 to 2% every two 

weeks. The program included five to 10 minutes of warm up and stretches, 20 to 25 

minutes strengthening exercises, and five to 10 minutes of whole-body stretching.  

Training was well tolerated by participants without any injuries or exacerbations and 

showed significant improvements (37%) in leg extensor power. Furthermore, Taylor, 

Dodd, Prasad, and Denisenko (2006) reported increases in muscle strength and endurance 

in nine participants following a 10 week, biweekly intervention of a progressive RT 

program and Kasser and McCubbin (1996) observed significant improvements in knee 

extensor muscle strength in individuals with MS after performing 10 weeks of RT.  

Harvey, Smith, and Jones (1999) measured knee extension strength and 

electromyography (EMG) of the quadriceps muscles on 19 individuals with RRMS after 

an eight week program of weighted leg raises. In that study, participants performed five 

sets of 10 seated leg extensions two times per day on both legs through an angle of 45 

degrees with ankle weights at home. At orientation participants were observed using 0.5 

to 1.0 kilogram (Kg) ankle weights, and the most appropriate weight was selected on the 

individual’s ability to repeat 10 leg raises without discomfort while still being challenged. 

A reduction in chair transfer time and number of contacts during transfers was measured 

while an increase in isometric maximum voluntary contraction (MVC) of the quadriceps 

was observed. A small improvement in neuromuscular activation was measured by the 

EMG indicating an increase in motor unit recruitment suggesting neuromuscular 
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improvements can be achieved in individuals with MS through performing RT exercises. 

These improvements indicate a potential of increase functional capacity and ease of 

performing activities of daily living, such as moving throughout the home, walking up 

and down stairs, going from a seated to standing position and increasing ability to 

ambulate. 

White, McCoy, Catellano, Gutierrez, Stevens, Walter et al. (2004) conducted a 

supervised eight week study on eight individuals with RRMS with EDSS of 2.5 to 5.5. 

The training protocol included two sessions per week progressing from six to 10 

repetitions at 50% MVC in week one to 10 to 15 repetitions at 60% in week two to 10 to 

15 repetitions at 70% in weeks three to eight. Machines used targeted the lower 

extremities and when the highest number of repetitions was performed at a given MVC 

intensity loads were then increased by 2 to 5% MVC. Significant improvements in knee 

extensor (7%) and plantar flexor strength (52%) as well as a 24% decrease in muscle 

fatigue were found.  

In examining the effects of an eight week RT program on isometric strength, 

muscular endurance, power, muscle mass and functionality in 13 individuals with MS 

and an EDSS score between 1.0 to 6.0 , de Souza-Teixeira, Costilla, Ayan, Garcia-Lopez, 

Conzalez-Gallego, and de paz (2009) found significant improvements in quadriceps 

cross-sectional area (CSA; 4%), muscular endurance (84%), muscle power (51%) and 

Timed Up and Go functional test (7.7%). In agreement with these findings, Werborn, 

Augustsson, and Thomee (2007) reported increases in mid-thigh CSA after five to eight 

weeks of training in individuals with MS.   
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 Gutierrez, Chow, Tillman, McCoy, Castellano, and White et al. (2005) 

hypothesized that an eight week lower extremity RT program for eight individuals with 

RRMS would positively alter fitness levels and functional gait mechanisms to resemble 

that of an individual without MS. Significant improvements were measured for 

percentage of stride time in the swing phase, step length, stride length, and foot angle. A 

significant decrease in percentage of double support and stride time in the stance, 

duration of double support phase and toe clearance was also shown.  Gutierrez et al. 

associated these changes to provide a more normative stripe pattern, similar to that of an 

individual without lower extremity impairment. Improvements were also seen in self-

reported disability scores, fatigue, three minute stepping test and lower extremity 

isometric knee extensor and plantar flexor strength. Participants also reported their ability 

to resume activities such as taking the stairs, hiking and shopping at the mall which was 

previously discontinued due to their MS. Gutieerez et al. concluded RT to be an effective 

intervention to improve gait kinematics in ambulatory individuals with MS and 

recommended a larger study with a longer duration to affirm the results of their study.  

 Dalgas et al. (2008) evaluated the effects of a lower extremity progressive RT 

program on RRMS participants with an EDSS of 3.0 to 5.5 over 12 weeks. The study 

included 38 participants randomized into an exercise group (n=19) or control group 

(n=19). The exercise group completed a five minute warm up on a stationary bike 

followed by three to four sets of eight to 10 repetitions at an intensity of eight to 15 

repetition maximum through the duration of the study following American College Sport 

Medicine (ACSM) guidelines. Exercises included leg press, knee extension, hip flexion, 

hamstring curl and hip extension. Participants were instructed to perform a fast concentric 
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phase and slow eccentric phase during each repetition with a two to three minute rest 

between exercises. Improvements were found in knee extension MVC (15.7%) and 

functional capacity score (21.5%) in the exercise group. Following the 12 weeks of 

supervised exercise, participants in the exercise group were encouraged to take part in 

self-guided physical activity for additional 12 weeks, and the control group was offered 

to take part in the same 12 week RT program previously completed by the exercise 

group. The control group replicated the results measured in the exercise group following 

the 12 week self-guided physical activity, while the exercise group maintained 

improvements. 

In summary, these findings support the prescription or recommendation of RT for 

individuals with MS (DeBolt & McCubbin, 2004; Ponichtera-Mulcare, 1993; Taylor et 

al., 2006; Guierrez et al., 2005; White et al., 2004). Following RT, improvements in 

lower extremity muscle strength, functional capacity, gait, muscle endurance and fatigue 

have been observed. Unfortunately, the effects of RT on upper body muscle mass, 

strength or bone mineral density in individuals is unclear.   

2.2 Whole-body vibration 

Whole-body vibration (WBV) is a relatively new exercise training technology that 

has been increasingly studied in the elderly (Roelants, Delecluse, & Verschueren, 2004), 

following stroke (Tihanyi, Horváth, Fazekas, Hortobágyi, & Tihanyi, 2007), and  in 

individuals with cerebral palsy, Parkinson’s disease (King, Almeida, & Ahonen, 2009; 

Turbanski, Haas, & Schmidtbleicher, 2005) and other neurological conditions which 

indirectly suggests that it may be a useful intervention for individuals with MS.  



WBV and RT on MS 43 

 

 

WBV utilizes low to moderate multidimensional mechanical oscillations on both 

sides of a fulcrum, as seen in Figure 2.1, pivoting to provide vibration, uniformly up and 

down for vertical vibration, and horizontally for side to side movement (Hazell, Jakobi, & 

Keeno, 2007; Wilcock, Whatman, Harris, & Keogh, 2009).Vertical oscillations cause 

muscles to lengthen and shorten (Abercromby, Amonette, Layne, McFarlin, Hinman, & 

Paloski, 2007).  The seesaw-like oscillations mimic human gait; foot placement further 

from the axis of rotation produces greater amplitude than placed close to the axis (Bosco, 

Colli, Introini, Cardinale, Iacovelli, Tihanyi, et al., 1999). The biomechanical parameters 

influencing the intensity of the stimulus are determined by the frequency, amplitude of 

the vibration, or the number of deflections per minute and millimeters of deflection 

respectively (Griffin, 1996; Cardinale & Bosco, 2003). Frequencies studied range from 2 

to 50 Hertz (Hz), amplitudes from three to 10 millimeters (mm) and gravitational loads 

from 3.5 to 15 gravitational-force (Cardinale & Bosco, 2003).  
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Figure 2.1.Whole-body vibration platform and mechanisms. (From Wilcock, Whatman, 

Harris, & Keogh, 2009).  
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WBV induced physiological changes have been suggested to be similar to those 

following several weeks of RT (Bosco, Cardinale, & Tsarpela, 1999). WBV principle 

used by the manufactures of the Power Plate was developed from Sir Isaac Newton’s 

second law of motion that force equals mass of an object multiplied by acceleration, or F 

= M x A. When individuals perform resistance training exercises they increase their mass 

by using weight stack machines, barbells or dumbbells to increase force output. When 

training on a WBV Power Plate machine individuals are increasing the gravitation load or 

acceleration to increase force output while keeping body mass constant. Acceleration due 

to gravity is 9.81m/s
2
 or 1.0g and as seen in Table 2.2 by adding 30 Hz of vibration at 2.0 

mm of amplitude acceleration and gravitational forces are increased to 18.00 m/s
2
 or 1.83 

g.  
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Table 2.2  

Vibration gravitational force and acceleration 

 

Amplitude Frequency (Hz) Gravitational Force (g) Acceleration (m/s
2
) 

Low 

30 1.83 18.00 

35 2.32 22.80 

40 2.76 27.10 

High 

30 3.17 31.10 

35 3.99 39.10 

40 5.11 50.09 
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Acceleration is one of the five factors which dictate the human physiological 

response to WBV, the other four are: vibration direction (i.e. vertical vs. oscillatory), 

vibration amplitude (mm), vibration frequency (Hz), and body position on the platform. 

Typically, WBV training involves an individual standing, sitting, or laying on the 

vibrating platform performing a static or dynamic exercise, such as lunges and squats, at 

various frequencies and durations (Vela, 2005). WBV can be applied to the body as a 

whole or individual body segments, eliciting involuntary reflex contractions through the 

tonic vibration reflex (TVR) (Bosco, Iacovelli, Tsarpela. Cardinale, Bonifazi, Tihanyi et 

al., 2000; Burke, Hagbarth, Lofstedt, & Wallin, 1976).  This TVR is controlled by muscle 

spindles located in skeletal muscle responding to changes in muscle length and rate of 

length change induced by the vibration frequency and amplitude (Hazell et al., 2007; 

Plowman & Smith, 2003). TVR is similar to that of the stretch reflex, which is a 

monosynaptic reflex caused by a sudden stretching of muscle spindles within a muscle 

then eliciting a contraction in that muscle (Tortora & Grabowski, 2003). Muscle spindles 

can be activated during a static stretch, or when a muscle is quickly or over stretched 

(Tortora & Grabowski, 2003). During WBV, this reflex is continually activated by the 

vibrations causing multiple muscle contractions (Vela, 2005).  

Over time, the muscle spindles become more sensitive to muscle stretch further 

increasing activation of the alpha motor neurons (Wilcock et al., 2009). This will lead to 

increased firing frequency, motor unit recruitment, synchronization of synergist muscles, 

and improved organization for faster and stronger muscular contractions when a muscle 

is quickly stretched (Bosco et al., 1999; Cardinale & Bosco, 2003; Torvinen et al., 2002).  

Voluntary muscle contractions, such as dynamic squats or calf raises, performed while 
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receiving WBV can further increase muscular contractions generating greater muscular 

and skeletal adaptations (Issurin & Tenebaum, 1999; Behm, 1995). WBV is theorized to 

increase the amount of gravitational load placed on the neuromuscular system due to the 

high accelerations, similar to that of plyometric exercises (Cardinale & Bosco, 2003; 

Bosco et al., 2000). With an increased gravitational load, it is believed that there will be 

an increase in the CSA and force-generating capacity of muscle, causing adaptations in 

both neurological and morphological factors (Duchateau & Enoka, 2002; Fitts, Riley, 

&Widrick, 2001). As seen in Figure 2.2, vibration causes quick changes in muscular 

length producing muscle stiffness in an attempt to induce muscular adaptations 

(Cardinale & Bosco, 2003). 
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Figure 2.2. Muscle activation during whole-body vibration. Vibration produces fast and 

short changes in length of the muscle-tendon complex when exposed to vibration. The 

changes in muscle length initiate activity from both α and γ motor neurons to fire and 

adjust muscle stiffness. The higher centers of the brain are involved through a long loop 

(From Cardinale, & Bosco, 2003).  
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Muscle spindles function through activating motor neurons in the spinal cord, 

causing movement by sending signals from the brain to the muscles (Tortora & 

Grabowski, 2003). Muscular force production is limited by the voluntary activation of 

motor neurons (Tortora & Grabowski, 2003). An improvement in muscular force 

production with WBV is a direct result of increased motor neuron activation through 

muscle spindles increasing motor unit recruitment and force production (Vela, 2005). 

Fast-twitch (Type II) motor units are primarily activated more than slow-twitch (Type I) 

motor units by WBV. These motor units are responsible for explosive, high intensity 

movements and fatigue quickly (Tortora & Grabowski, 2003). Increased muscle 

activation of fast-twitch motor units is commonly measured in studies by using the root 

mean square of EMG signal (Issurin & Tenebaum, 1999). Research has shown a positive 

effect from WBV for improving muscle strength and power, bone mineral density, 

balance, coordination, flexibility, stamina, weight loss, collagen production, and postural 

control in various populations (Jackson, Merriman, Vanderburgh, & Brahler, 2008; 

Torvinen et al., 2002, Vela, 2005). However, its effects on muscle and bone accretion are 

unknown in individuals with MS.  

WBV may have the ability to produce more effective results through developing 

faster gains of neurological and morphological changes compared to several weeks of 

heavy RT program (Rauch, 2009).  For example, a study conducted by Roelants, 

Delecluse, Goris, and Verschueren (2004), compared a 24 week RT program and WBV 

program in young females. Both interventions occurred three times per week with the 

duration of each WBV exercise session lasting 20 to 30 minutes and RT sessions lasting 

45 to 75 minutes. A significant increase in fat-free mass occurred in the WBV group 
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(+2.2%) with no change in the RT group. Significant gains in isometric strength occurred 

in both conditions, with greater gains observed from WBV. Furthermore, Verschueren, 

Roelants, Delecluse, Swinnem, Vanderschueren, and Boonen (2004) conducted a 24 

week study investigating the effects of WBV and RT in postmenopausal women and 

observed significant improvements in bone mineral density (+0.93%), isometric (+15%) 

and dynamic (16%) strength from WBV with no changes from RT. These findings 

suggest that WBV may be more effective than RT for improving muscle and bone mass 

and strength in individuals with MS.  
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Table 2.3 

 

Whole-body vibration versus resistance training 

 

Article Sample Size Exercise Parameters Training Parameters Findings 

 

Bogaerts et al., 

2007 

 

Males  

WBV n=31 

FIT n=30 

CG n=36 

 

WBV: squat, deep squat, wide 

stance squat, toe stand, toes stand 

deep, one legged squat, lunge 

FIT: 20 min CV, RT, balance and 

flexibility 

CON: no intervention  

 

1 year, 3x/wk 

WBV: max 40 min/session 

30 to 40 Hz, 2.5 to 5.0 mm 

RES: 1.5 hrs/session 

 

No significant changes between 

groups. Significantly improved 

isometric muscle strength 

(WBV: 9.8%, FIT: 13.1%), 

explosive muscle strength 

(10.9%, FIT: 9.8%), and muscle 

mass (3.4%, 3.8%).  

 

Bogaerts et al., 

2009 

 

WBV n = 70 

FIT n = 49 

CG n = 61 

 

WBV: Upper and lower body 

FIT: CV, balance, RT, flexibility 

CON: no intervention 

 

1 year, 3x/wk 

WBV: max 40 min/session 

RES: 60 to 90 min/session 

 

VO2peak, TPE and muscle 

strength increased significantly 

in the WBV and FIT group. 

 

Delecluse et 

al., 2003 

 

Females 

WBV n =18 

PL n = 19 

RES n = 18 

CG n = 12 

 

WBV/PL: squat, deep squat, wide 

stance squat, one legged squat, lunge 

RES: 20 min CV, leg press and leg 

extension 

CG: no intervention 

 

12 wks, 3x/wk 

WBV: 35 to 40 Hz, 2.4 to 

5.0 mm 

 

Both groups significantly 

improved in isometric knee 

extensor strength (RES: 14.4%, 

WBV: 16.6%), dynamic strength 

(RES: 7.0%, WBV: 9.0%), and 

WBV group significantly 

improved in CMJ 7.6%. 

 

Fagnani et al., 

2006 

 

Females 

WBV n =13 

CG n =11 

 

WBV: squat, single leg squat plus 

normal weekly sport training 

CON: normal weekly sport training 

 

8wks, 3x/wk 

WBV: 35 Hz, 4mm 

 

WBV group showed significant 

improvements in bilateral knee 

extensor strength, CMJ and 

flexibility 
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Table 2.3 Continued 

 

   

 

Article Sample Size Exercise Parameters Training Parameters Findings 

 

Fort et al. 

2012 

 

Females 

WBV n =12 

CG n =11 

 

WBV: static and dynamic upper and 

lower body exercises 

CG: no intervention 

 

15 wks, 2x/wk 

WBV: 25 to 35 Hz, 4mm 

 

WBV significant improvements 

in CMJ, SL hop tests, and static 

and dynamic postural stability 

 

Roelants et al., 

2004a 

 

Female 

WBV n=18 

FIT n=18 

CG n=12 

 

WBV: high squat, deep squat, lunge, 

bicep curl 

FIT:15-40 min CV, RT program 

including dynamic leg press and leg 

extension 

CON: no intervention 

 

24 wks, 3x/wk 

WBV: 20 to 30min/session  

34 to 40 Hz, 2.5 to 5.0mm 

FIT: 45-75 min/session 

 

Significant increase in FFM in 

WBV group (+2.2%). 

Significant strength gains in 

WBV and RT various isokinetic 

speeds. 

 

Roelants et al., 

2004b 

 

Females 

WBV n=30 

RES n=30 

CG n=29 

 

WBV: high squat, deep squat, wide 

stance squat, lunge 

RES: 20 min CV, RT including leg 

extension and leg press 

CON: no intervention 

 

24 wks, 3x/wk 

WBV: max 30 min/session 

35-40 Hz, 2.5 to 5.0mm 

RES: 60 min/session 

 

Both groups significantly 

improved in knee extension 

isometric strength, dynamic 

strength, speed of movement and 

CMJ performance.  

 

Ronnestand,  

2004 

 

Men 

Squat+WBV 

n = 7 

Squat n = 7 

 

Squat+WVB: smith machine squats 

on PP 

Squat: smith machine squats 

 

5 wks 

Wks 1,3,5 3x/wk 

Wks 2,4 2x/wk 

 

Both groups significantly 

improved in 1 RM and CMJ. 

Note. FIT: fitness group; CON: control group; CV: cardiovascular; VO2peak: peak oxygen uptake; FFM: fat free mass; PL: placebo 

group; SL: single leg; RES: resistance training group; CMJ: counter-movement jump; TPE: time-to-peak exercise; 1RM: one 

repetition maximum. 
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2.3 Whole-body vibration and Multiple Sclerosis  

WBV has been theorized to be beneficial for people with MS (Table 2.4) as it helps to 

decrease muscle and bone atrophy and may stimulate motor units and damaged nerve fibers not 

activated by a traditional RT program (de Ruiter, van Raak, Schiperoort, Hollander, & de Haan, 

2003). In a recent randomized crossover study, individuals with MS showed significant 

improvements in lower extremity torque following acute exposure (30 seconds) of WBV 

(Jackson, et al., 2008). Schuhfied, Mittermaier, Javanovic, Pieber, and Paternostro-Slugs (2005) 

utilized a low frequency of vibration for a single exposure pilot study, on six individuals with 

MS, evaluating five-one minute bouts on a vibration platform at a frequency of 2.0 to 4.4Hz 

versus placebo nerve stimulation. Measurements were taken at 15 minutes, one week and two 

weeks following the intervention. WBV produced non-significant improvements in Timed Get 

up and Go Test; indirectly suggesting that WBV may influence postural control and mobility.  
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Table 2.4 

 

Overview of studies evaluating the effects of whole-body vibration on Multiple Sclerosis  

Article 

Sample 

Size 

 

Exercise Parameters Training Parameters Findings 

 

Broekmans, 

Roelants, 

Alders et 

al., 2010 

 

n=25 

WBV=11 

CG =14 

 

WBV: static and dynamic high squats, 

deep squats, wide squats, lunges, heel 

lifts 

Overload principle applied 

CG: no intervention 

 

20wks, 

5x/2wk cycle 

WBV: 25 to 45 Hz, 

2.5mm 

 

 

Leg muscle performance 

and functional capacity 

were not altered 

following 10 or 20 weeks 

of WBV 

 

Jackson et 

al., 2008 

n=15 

WBV=15 

No CG 

WBV: participants stood on platform  Two single applications 

of vibration separated 

by 1 wk 

2 Hz, 6mm, 30 seconds 

Or 

26Hz,6mm, 30 second 

 

Mean quadriceps and 

hamstring muscle torque 

values increased greater 

following 26Hz 

compared to 2Hz 

Mason et 

al., 2012 

 

 

n=15 

WBV=15 

No CG 

WBV: Squat, frequency: increased 1Hz 

per session from 15-25Hz for sessions1-

10, from session 11-24 frequency 

increased from 1Hz per session from 15-

20Hz. Amplitude: sessions 1-6 2.6mm, 

sessions 7-11 4.1mm, sessions 12-24 6.1 

mm. Duration: sessions 1-9 5x1 minute, 

sessions 10-24 8x1minute. 

15-25Hz, 2.6 - 4.1mm 

8 wks, 3x/wk Significant 

improvements in10m 

walk test, TGUG, and 

Standing balance  
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Table 2.4 continued     

Article 

Sample 

Size 

 

Exercise Parameters Training Parameters Findings 

Schuhfried 

et al., 2008 

n=12 

WBV= 6 

CG=6 

Squat 

2.0 – 4.4 Hz 

3mm 

5x1 minute 

Single intervention 

20. to 4.4 Hz, 3mm 

Advantages in Sensory 

Organization Test, and 

TGUG in WBV group 

Schyns et 

al., 2009 

n=16 

Group 1=8 

Group2=8 

10 stretching and strengthening exercises 

not specified 

50 Hz, 60 second LE massage 

40Hz, 30sec for stretching and strengthen 

Group 1: 4 wks WBV plus exercise, 2 

wks no intervention, 4 wks exercise 

Group 2: 4wks exercise, 2 wks no 

intervention, 4 wks WBV plus exercise 

 

4 wks, 3x/wk  

40 Hz, 2mm 

 

Reduced muscle spasms 

10m-walk and TGUG 

improved 

Wunderer 

et al., 2012 

N=3  Squat basic static 

Squat basic dynamic 

Squat wide static 

Squat wide dynamic 

Push-up static 

Push-up dynamic 

Lunge static 

Calf raises 

 

4 wk baseline without 

intervention 

6 wks, 2x/wk WBV 

intervention 

4 wk base without 

intervention 

40 Hz, 2mm, 30-60 

seconds 

Significant 

improvements in 

plantarflexor strength  

One subject improved 

significantly in knee 

extensor strength 

bilaterally 

One subject improved 

significantly in knee 

extensor strength in 

weaker leg 

Two subjects improved 

significantly in 

functional mobility 

Note. Hz: hertz; mm: millimeter; wk: week; wks: weeks; TGUG: timed get up and go; LE: lower extremity.  
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Wunderer, Schabrun, and Chipchased (2010) utilized a single subject experimental 

design in three individuals with MS, testing baseline measurements at four weeks prior to a six 

week intervention, and four weeks following study completion. Protocols differed between 

participants as determined by their physical ability and perceived level of exertion. All 

participants performed calf raises, static and dynamic squats (normal and wide) and two of the 

three as well performed static lunges and kneeling push-ups. The study showed biweekly WBV 

has a positive effect on lower extremity strength and functional mobility. All individuals 

significantly improved in plantar flexion strength, one significantly improved in knee extensor 

strength, and two individuals in Timed Get Up and Go testing. Improvements were maintained at 

the four week follow up testing. Similar to the single exposure study (Jackson et al., 2008), the 

participant experiencing the greatest gains had moderate MS and took part in the most intense 

intervention. This suggests a higher intensity program, even for individuals with a moderate level 

of disability, may lead to greater improvements which were also suggested by a review 

conducted by Lou, Mcnamara, and Moran (2005).  

Mason, Cochrane, Denny, Firth, and Stannard (2012) conducted an eight week WBV 

study with participants performing a squatting exercise on a vibration platform for five-one 

minute bouts weeks one to four and eight-one minute bouts weeks five to eight. Participants 

showed significant improvements in the 10 meter walk test, standing balance, Timed Get Up and 

Go at eight weeks and still present at the two weeks follow up. Wunderer et al. (2010) as well 

found at a four week follow up benefits were maintained indicating the potential of long lasting 

effects of WBV on muscle strength and functional capacity. 
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In summary, WBV may be a safe and effective exercise intervention for individuals with 

MS which could potentially produce significant improvements in exercise training capacity 

leading to greater muscle strength. However, the effects of WBV on whole-body muscle and 

bone accretion in individuals with MS are unknown.  

2.4 Summary of review 

 Contrary to initial recommendations for individuals diagnosed with MS,  exercise has 

been shown to decrease self-reported levels of fatigue leading to improvements in the ability to 

perform activities of daily living (DeBolt & McCubbin, 2004; Gutierrez et al., 2005; Rietbert et 

al., 2005; Taylor et al., 2006; White et al., 2004). RT has been shown to be beneficial for 

increasing muscular strength, muscular endurance, and balance (De Bolt & McCubbin, 2004; 

Kasser & McCubbin, 1996; White et al., 2004). Although RT has been shown to be beneficial, 

WBV may lead to greater physiological adaptations. Studies comparing the effects of WBV and 

RT in the general healthy population have shown comparable results regarding improvements in 

balance and agility (Roelants et al., 2004; Verschueren et al., 2004), with greater improvements 

in bone mineral development and lower body strength observed from WBV (Verschueren et al., 

2004).  These results are desirable for individuals with MS as with disease onset and progression 

balance, stability, muscular strength and endurance are all negatively affected impairing one’s 

ability to be active and productive throughout a day. WBV may have the ability to produce more 

effective results through developing faster gains of neurological and morphological changes 

compared to RT (Rauch, 2009).   
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2.5 Purpose and hypotheses 

 The purpose of this thesis was to determine the effects of RT and WBV on properties of 

muscle and bone mass, strength, endurance, and tasks of balance in individuals with MS. Based 

on the potential of greater training adaptations from WBV compared to RT, it was hypothesized 

that WBV would lead to greater gains in muscle mass, bone mineral and bone quality, strength, 

endurance, and tasks of balance compared to RT alone.  

CHAPTER THREE: Methods 

3.1 Participants 

Through advertisements in the Regina Leader Post newspaper and at the local MS 

society, twenty-four individuals (males=5, females=19; 30-71 years of age) with RRMS and 

PPMS volunteered for the study. Upon initial consultation, participants were informed of the 

purpose of the study and potential risks outlined in Appendix B. Written consent was obtained 

from participants and baseline characteristics including age, sex, age of diagnosis, type of 

diagnosis, and number of relapses were collected (see Appendix C). The study was approved by 

the University of Regina Research Ethics Board for research in human participants. 

Participants were medically cleared by the Physical Activity Readiness Medical 

Examination Questionnaire (PARMED-X; Appendix D) by their family physician. This form 

gave the physician the option of assessing resting ECG or performing an exercise stress test 

before recommending whether or not it was safe for the participant to participate in the study. 

The PARMED-X was designed by the Canadian Society for Exercise Physiology and is endorsed 

by Health Canada.  
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Participant inclusion criteria included confirmed diagnosis of MS, the ability to ambulate 

10 minutes without an assistive device, and the ability to stand for greater than five minutes with 

upper extremity support. Participants were excluded if they had kidney or bladder stones, 

arrhythmia, pregnancy, epilepsy, seizures, cancer, a pacemaker, osteoporosis, orthostatic 

hypotension, recent implants (i.e. joint, corneal, cochlear), surgery within six weeks prior to the 

start of the study, previous fragility fractures, recently placed intrauterine devices or pins, acute 

thrombosis or hernia, acute rheumatoid arthritis, terminal medical conditions receiving palliative 

care, cardiovascular disease, severe diabetes, or migraines, acute inflammation, acute 

tendiopahty, smokers, and if they planned on traveling during the study period for greater than 

two weeks. Participants were instructed not to change their diet or engage in physical activity 

that was not part of their normal daily routine during the study. Baseline physical activity was 

assessed by having each participant fill out the Godin-Leisure Time Questionnaire, in which they 

indicated the number of times on average per week in 15 minute intervals they participated in 

strenuous exercise (e.g. running, jogging, bicycling), moderate exercise (e.g. fast walking, tennis, 

badminton), and mild exercise (e.g. yoga, gardening) (Appendix E; Godin & Shephard, 1985). 

The reported frequencies of strenuous, moderate and mild exercise is then multiplied by the 

metabolic equivalents of nine, five and three respectively and summed for the total measure of 

leisure activity (Snook, Molt, & Gliottoni, 2009). The test-retest reliability of the Godin-Leisure 

Time Questionnaire of overall score across two weeks in a sample of healthy participants was 

0.74 (Godin & Shephard, 1985) and it has been shown to be a valid measure in individuals with 

MS (Gosney, Scott, Snook, & Molt, 2007; Motl, McAuley, Snook, & Scott, 2006).  
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3.2 Procedures 

 The study used a repeated measures design where participants were randomized, using a 

computer-generated allocation schedule, to one of three groups: resistance training (RT), whole-

body vibration (WBV) or control (CON) for 12 weeks. Prior to and after six and 12 weeks of 

training, the primary dependent variables assessed were: (1) body composition (lean tissue, bone 

mineral, fat mass), (2) muscle thickness, (3) bone quality, (4) muscle strength (5) muscle 

endurance, (6) balance, (7) disability and (8) fatigue.    

 3.2.1 Body composition. Headless examination for bone-mineral free lean tissue mass, 

bone mineral and fat mass were measured by whole-body dual-energy x-ray absorptiometry 

(Hologic Wi System, Christie Group Manitoba) in array mode. Before scanning all participants 

were required to take off all removable objects containing metal (i.e. jewellery, glasses, clothing 

with buttons, and/or zippers). Scans were performed with participants lying in a supine position 

along the scanning table’s centerline longitudinal axis. Feet were taped together at the toes (i.e. 

phalanges) to immobilize the legs while the hands maintained a pronated position within the 

scanning region.  

3.2.2 Muscle thickness. Muscle thickness of elbow and knee flexor and extensors and 

ankle plantar flexors and dorsi flexors was measured using B-Mode ultrasound (Aloka SSD-500 

Tokyo, Japan). To measure elbow flexor and extensor muscle thickness, a small mark (dry-erase 

marker) was drawn on the lateral side of the right arm to indicate 65% of the distance down from 

the acromion process to the olecranon process (Farthing & Chilibeck, 2003) and another mark 

was placed on the bulk of the biceps and triceps where the centre of the ultrasound probe was 

placed. To measure elbow flexor muscle thickness, each participant placed their right arm flat on 
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the table with the belly of the biceps facing upwards and the forearm supinated. To measure 

elbow extensor muscle thickness, participants stood with their back facing the researcher and 

elbow relaxed and extended. 

 Knee flexor and extensor muscle thickness was measured with a small mark on the lateral 

side of the right leg to indicate 70% of the distance down from the greater trochanter to the 

lateral epicondyle of the tibia (Abe, Fukashiro, Harada, & Kawamoto, 2001) and another mark 

was placed on the vastus lateralis and biceps femoris where the center of the ultrasound was 

placed. To measure knee extensor muscle thickness, each participant sat on a table in a seated 

position with their right leg extended and relaxed. To measure knee flexor muscle thickness, 

each participant was in a prone position on the table with both legs extended and relaxed. 

 Ankle plantar flexor muscle thickness was measured with a small mark on the lateral side 

of the right leg to indicate 30% of the distance down from the lateral condyle of the tibia to the 

lateral malleolus of the fibula (Abe et al., 2001) and another mark was placed on the bulk of the 

gastrocnemius where the centre of the ultrasound was placed. Ankle plantar flexor muscle 

thickness was measured with each participant in a prone position the table with their right leg 

fully extended and relaxed. Ankle dorsi flexor muscle thickness was measured with a small mark 

on the lateral side of the right leg to indicate exactly 30% of the distance down from the lateral 

condyle of the tibial to the lateral malleolus of the fibula (Abe et al., 2001) and another mark was 

placed on the tibialis anterior muscle where the centre of the ultrasound was placed. Ankle dorsi 

flexor muscle thickness was measured with each participant on the table in a seated position with 

their right leg extended and relaxed. 
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A 5-MHz scanning transducer head was placed perpendicular to the muscle area 

interface. The scanning head was coated with water-soluble transmission gel to provide acoustic 

contact with the muscle surface. When a visible image was produced on the screen, the image on 

the monitor was frozen. With the image frozen, a cursor is able to quantify muscle thickness 

(cm) at three sites: (1) the proximal, (2) the mid, and (3) the distal, as determined by divisions 

(1cm) on the monitor. The distal and proximal sites were 6 cm apart, with the mid site located 3 

cm between them. The mid site corresponded to where the reference mark was drawn over the 

measured muscle. Muscle thickness measurements were extrapolated from the monitor screen by 

measuring the distance from the bottom of the subcutaneous adipose layer to the surface of the 

humerus for elbow flexor and extensor muscle thickness, to the surface of the femur for knee 

flexor and extensor muscle thickness, and to the surface of the tibia for ankle plantar flexor 

muscle thickness.  Three muscle thickness measurements were taken at each of the three sites. 

The closest two values taken were averaged to achieve a final muscle thickness value for that 

site. The values for all three sites were averaged to achieve one global muscle thickness score for 

each muscle group. For each muscle thickness measurement, precise markings on the skin were 

taken using overhead transparency film to ensure that identical sites were measured on each 

occasion (Candow, & Chilibeck, 2005). The same researcher performed all the measurements at 

each testing phase. Muscle thickness measurements for upper and lower body muscle groups 

have been validated with magnetic resonance imaging (MRI). Muscle thickness of the knee 

extensors is a significant predictor of knee extensor volume as measured by MRI (r=0.91) 

(Miyatani, Kanehisa, & Fukunaga 2002), and muscle thickness of the elbow flexors and 
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extensors are significant predictors of elbow flexors and extensors volume as measured by MRI 

(r=0.96; Miyatani, Kanehisa, Kuno, Nishijima, & Fukunaga, 2000). 

 3.2.3 Bone quality. Calcaneal Ultrasonometry scans were performed using Lunar 

Achilles Insight Bone Densitometer (Lunar Corp., Madison, WI, USA). The heel was placed 

between two stationary ultrasonic transducers. This one-minute ultrasound test uses high 

frequency sound waves to measure heel bone using the velocity of the signal (speed of sound, 

SOS in m/sec) and the frequency attenuation (broadband ultrasound attenuation, BUA in 

dB/MHz). Both BUA and SOS were recorded. Also, the “stiffness” index (SI) derived from 

BUA and SOS was calculated and compared to the young adult and age-matched references to 

provide researchers with both a T-score and a Z-score. The test was completed on right and left 

heel.  

 3.2.4 Muscle strength. Leg press and chest press strength were assessed using a 1-RM 

standard testing procedure (Chrusch, Chilibeck, Chad, Davison, & Burke, 2001). To measure the 

1-RM leg press, a unilateral, leg press machine (Hammer Strength; Winnipeg, MB) was used. 

Following a demonstration, participants were positioned in the leg press so that a 90
0
 angle at the 

knee is achieved and feet placed shoulder width apart. Participants were instructed to push the 

weight away from their body to full extension without locking the knees before returning to the 

starting position. The warm-up consisted of 10 repetitions of leg press using a weight determined 

by each participant to be comfortable. Weight was then progressively increased for each 

subsequent 1-RM attempt with a two-minute rest interval.  

For 1-RM chest press, participants were positioned in a bilateral, chest press machine 

(Lever Pulse Fitness; Winnipeg, MB) with both feet on the floor. Following a demonstration, 
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participants were instructed not to lift their buttocks off the bench or arch their back during the 

lift. Participants were positioned in the chest press machine so that the adjacent bars lined up 

mid-chest level. Participants were instructed to grasp the bars (overhand grip) approximately 

shoulder width apart and push the weight away from the body until full extension and then lower 

the weight back to the starting position. The warm-up will consist of 10 repetitions with a 

comfortable staring weight as determined by each participant. Weight was then progressively 

increased for each subsequent 1-RM attempt with a two-minute rest interval. The 1-RM was 

usually be reached in four to six trials, including the warm up set. These two exercises were 

chosen as an index of muscular strength because they involve the major muscle groups in the 

lower and upper body.  

 3.2.5 Muscle endurance. Leg press and chest press muscular endurance performance 

was determined by the maximum number of repetitions that can be performed during three sets 

separated by two minute rest period. The leg press and chest press tests was separated with a five 

minute rest break. Participants warmed up with one set of eight repetitions at 50% of pre 1-RM 

with a two minute break before muscular endurance testing began. Resistance corresponded to 

70% pre 1-RM for the chest press and 80% pre 1-RM for the leg press (Chrusch et al., 2001).  

The different percentages of 1-RM that was used for the muscular endurance tests took into 

account previous observations that for a given percentage of 1-RM, more repetitions can be 

performed during lower body exercises as compared to upper body exercises (Chilibeck, Calder, 

Sale, & Webber, 1998).  

 3.2.6 Berg Balance Scale. The Berg Balance Scale (BBS) assessed the ability to balance 

while performing 14 tasks while standing or sitting.  Individuals were rated on a five point 

http://ovidsp.tx.ovid.com/spa/ovidweb.cgi?QS2=#78
http://ovidsp.tx.ovid.com/spa/ovidweb.cgi?QS2=#78
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ordinal scale ranging from zero (cannot perform) to four (normal performance; Appendix F; 

Coote, Garrett, Hogan, Larkin, & Saunders, 2009). The test is scored out of 56 with zero to 20 

indicating a high fall risk, 21 to 40 a medium fall risk, and 41-56 a low fall risk. The BBS has 

been validated for use with individuals who have MS (Cattaneo, Jonsdottir, & Repetti, 2007) and 

has high interrater reliability and test retest (Lord, Wade, & Halligan, 1998; Smedal, Lygren, 

Myhr, Moe-Nilssen, Gjelsvik, Gjelsvik et al., 2006). 

 3.2.7 Disability. Disability was measured with the EDSS which is the most widely used 

classification scale of neurological impairment in MS (see Appendix A; Kurtzke, 1983; White & 

Dressendorfer, 2004). The self-administered version of the EDSS was used to eliminate the need 

of a neurologist or physician, or trained healthcare professional.  The self-administered EDSS is 

divided into two areas: functional systems (FS) and mobility (Coulthard-Morris, 2000). FS is 

made up of eight items on a four point Likert scale ranging from no disability to severe 

impairment. The items evaluate: (1) pyramidal, (2) cerebellar, (3) brainstem, (4) sensory, (5) 

bowel, and bladder, (6) visual, (7) cerebral, and (8) other area (Ponichtera-Mulcare, 1993; 

Coulthard-Morris, 2000). Mobility is divided into three groups based on 18 items: 0 to 3.5 

indicates ability to walk, 4.0 to 5.5 indicates ability to walk only a limited distance, and 6.0 to 9.0 

indicates an aid is required or individual is unable to walk. Although no validity studies have 

been reported on the self-administered EDSS its rates high on inter-rater reliability or agreement 

between the self-administered and standard physical administered EDSS (r=0.90; Coulthard-

Morris, 2000).  

 3.2.8 Fatigue. As seen in Appendix G, the MFIS is a modified version of the fatigue 

impact scale, consisting of 21 items to determine how fatigue over the past four weeks impacts 
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the physical (11), cognitive (10), and psychosocial (2) lives of those with MS (α=0.81; Fisk 

Pontefract, Ritvo, Archibald, & Murray, 1994). The questions were developed from interview 

with individuals with MS on how fatigue impacts their lives and has been shown to have high 

face validity (Fisk, Ritvo, Ross, Haase, Marrie, & Schlech, 1994). The values given to the items 

on the MFIS are combined into a total score and into three subscales: physical, cognitive, and 

psychosocial. High scores imply a greater impact of fatigue and low scores imply a lesser impact 

of fatigue on activities. 

3.3 Intervention protocols 

 Prior to the start of the study, participants familiarized themselves with the equipment for 

two weeks (four sessions) under the direct supervision of a Canadian Society For Exercise 

Physiology-Certified Exercise Physiologist.  This potentially reduced the amount of learning 

which may contribute to the increase in strength during the initial stages of training (Mazzetti, 

Kraemer, Volek, Duncan, Ratamess, & Gomez, 2000). Training sessions were completed at the 

convenience of each participant and were approximately 60 to 75 minutes in duration.  

Participants exercised two days per week for 12 weeks. There was no prescribed order to 

completing their weekly sessions, however participants were encouraged to take at least one day 

rest between subsequent training days to reduce the chance of injury and minimize fatigue. 

Supervised training took place in the Aging Muscle and Bone Health Laboratory, Faculty of 

Kinesiology & Health Studies, University of Regina. Prior to exercise, participants warmed-up 

for five minutes on a stationary cycle ergometer at a self-selected intensity and completed light 

stretching. 
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 3.3.1 Resistance training. Resistance-exercises included (1) leg press, (2) chest press, 

(3) lat pull down, (4) shoulder press, (5) leg curl/extension, (6) biceps curl, (7) triceps extension, 

and (8) calf press. This whole-body RT program has been shown to be safe and effective for 

increasing  muscle and bone mass and strength in older adults (Candow, Chilibeck, Facci, 

Abeysekara, & Zello, 2006; Candow, Little, Chilibeck, Abeysekara, Zello, Kazachkov, et al., 

2008). Machine-based exercise equipment was used because it is considered safer and easier to 

learn than free weights and the use of machine-based equipment lead to greater improvements in 

machine-based strength tests. Participants performed three sets of 10 repetitions to muscular 

fatigue with two-minute rest between sets for each exercise at an intensity corresponding to a 

load equal to or greater than 80% 1-RM. This load has been demonstrated to be optimal for 

increasing force production (de Vos, Singh, Ross, Stavrinos, Orr, & Fiatarone-Singh, 2005). 

Participants maintained daily training logs where average training volume per session (weight x 

sets x repetitions) was determined for each participant and monitored by a supervisor following 

each resistance-training session. Resistance was individualized and increased by one to five 

kilograms once a participant was able to complete three sets of 10 repetitions for an exercise.  

 3.3.2 Whole-body vibration. Exercises included static, pulsing, and dynamic (1) squat, (2) 

modified push-up, (3) row, (4) lunge, (5) lateral raise, (6) glut bridge, (7) bicep curl, (8) tricep 

dip, and (9) calf raise. Participants adhered to a structured exercise program involving both static 

(i.e. isometric), pulsing, and dynamic muscle contractions utilizing the overload principle 

progressing from static to dynamic and increasing amplitude. For each static exercise, 

participants were instructed to exert near maximal effort while maintaining normal breathing. 

For pulsing exercises, participants were instructed to modify the static exercise by adding 

http://www.ncbi.nlm.nih.gov/pubmed/15972618?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
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controlled minimal concentric and eccentric movement within two inches above and below the 

starting static position.  For dynamic exercises, participants were instructed to perform full 

concentric and eccentric phases in one second each respectively.  

 Over the 24 sessions, each exercise was performed for 30 seconds and at a frequency of 35 

Hz, at either low (2.0 mm) or high amplitude (4.0 mm) with one to two minutes rest between 

sets. For exercise sessions one to four, participants held hold each exercise statically, five to 

eight individuals performed the exercises with the pulsing movement, and sessions nine to 12 

participants performed dynamic exercises, all at low amplitude. For sessions 13 to 16, 

participants held each exercise statically at high amplitude, sessions 17 to 20 participants 

performed pulsing exercises, and sessions 21 to 24 participants performed dynamic exercises, all 

at high amplitude.  

 3.3.3 Control. Participants did not perform RT or WBV and were instructed not to engage 

in physical activity that was not part of their normal daily routine during the duration of the 

study.  

3.4 Statistical analyses 

A 3 (Groups; RT vs. WBV vs. CON) x 3 (Time; pre vs. week 6 vs. week 12) ANOVA, 

with repeated measures on the second factor, was used to assess changes in body composition, 

muscle thickness, bone quality, strength, endurance, balance, disability and fatigue. Sub-analyses 

of variance and post-hoc comparisons using paired-sample t-tests with Bonferroni adjustment for 

all of the aforementioned analyses were used to identify the source of significant interactions. 

All results are expressed as means ± standard deviation. Statistical significance was set at 

p≤0.05. Data was analyzed using SPSS version 18.0 for Windows XP (SPSS, Chicago, IL).  
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CHAPTER FOUR: Results 

4.1 Participants  

Of the 24 participants who initially volunteered, 21 completed the study. Two 

participants withdrew due to medical reasons not related to the study and one participant 

withdrew without providing reasoning. The WBV group (n=9, males=2, females=7) consisted of 

eight individuals with RRMS and one individual with PPMS. The RT group (n=7, males=1, 

females=6) consisted of seven individuals with RRMS and the control group (n=5, males=0, 

females=5) consisted of five individuals with RRMS. Baseline characteristics of participants who 

completed the study are shown in Table 4.1. 
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Table 4.1 

 

Participant characteristics at baseline. 

Group 

Sample 

Size Age (yr) 

Male/ 

Female Height (cm) 

Weight 

(Kg) 

MS 

Type 

RR/PP 

Self-Admin 

EDSS Score 

Physical 

activity 

strenuous 

Physical 

activity 

moderate 

Physical 

activity 

light 

 

RT 

 

9 43.2±8.7 

 

2/7 169.5±6.7 85.8±14.0 8/1 2.1±2.0 0.63±1.18 1.00±1.51 

 

6.0±1.41 

 

WBV 8 45.1±10.9 1/6 168.1±10.2 76.3±12.0 9/0 2.8±2.0 0.33±0.71 1.44±1.33 5.44±1.51 

CG 5 53.0±12.6 0/5 164.3±11.4 68.7±13.5 4/1 2.5±2.9 

 

1.40±2.60 4.00±1.22 6.20±1.79 

 

Note. Values are means ± standard deviation. RT= resistance training; WBV= whole-body vibration; CG= control; yr= years of 

age; cm= centimeter; kg=kilograms. 
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4.2 Body composition 

There was no change over time for lean tissue mass, fat mass or bone mineral (Table 4.2; 

see Appendix H for ANOVA Table).   
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Table 4.2 

 

Body composition values at baseline, 6 weeks and 12 weeks. 

 

Measure Group Baseline 6 Weeks 12 weeks 

Bone mineral content (g/cm
2
) 

  

 

RT 

 

86.4±14.9 86.4±14.7 86.4±14.9 

WBV 76.3±11.9 76.6±11.7 77.8±11.3 

CG 64.4±9.5 64.3±9.1 64.8±10.3 

Lean tissue mass (Kg) 

  

 

RT 

 

45.9±11.3 44.9±10.5 43.9±8.2 

WBV 41.4±7.1 41.0±7.0 41.3±7.2 

CG 36.0±6.0 35.5±5.3 35.5±6.4 

Fat mass (Kg) 

  

 

RT 

 

28.5±11.6 33.0±6.1 33.4±6.7 

WBV 27.2±13.5 28.4±12.9 29.0±12.9 

CG 21.0±3.5 21.9±4.5 22.0±4.5 

Note. Values are means ± standard deviation. RT= resistance training; WBV= whole-body 

vibration group; CG= control group; g=grams; cm
2
=centimeters squared; Kg=kilograms. 

 

 

 

 

 

 

 

 

 



WBV and RT on MS 74 

 

 

4.3 Muscle thickness 

There were no changes over time for muscle thickness of the elbow and knee flexors and 

extensors or ankle plantar-flexors. However, ankle dorsi-flexor muscle thickness increased from 

week 6 and 12 in all groups. (Table 4.3, see Appendix H for ANOVA Table).  
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Table 4.3 

Muscle thickness values at baseline, six weeks, and 12 weeks.  

 

Measure Group Baseline (cm) 6 Weeks (cm) 12 weeks (cm) 

Biceps 

RT 2.7±0.6 2.7±0.4 2.7±0.3 

WBV 2.5±0.3 2.5±0.4 2.9±0.8 

CG 2.3±0.3 2.4±0.2 2.4±0.6 

Triceps 

RT 3.6±0.8 4.0±0.7 3.9±0.6 

WBV 3.5±0.8 4.0±0.4 3.6±0.4 

CG 3.6±0.4 3.5±0.7 3.2±0.5 

Quadriceps 

RT 3.5±0.7 3.5±0.7 3.7±0.5 

WBV 3.4±0.8 3.3±0.8 3.7±0.8 

CG 3.1±0.4 3.6±0.9 2.9±0.2 

Hamstring 

RT 5.3±0.6 5.5±0.6 5.2±0.4 

WBV 5.1±0.6 4.8±0.6 5.0±0.6 

CG 5.1±0.3 4.8±0.4 4.9±0.5 

Gastrocnemius 

RT 4.8±0.9 4.3±1.0 5.0±0.9 

WBV 3.6±1.2 4.3±1.0 4.2±0.7 

CG 5.3±1.0 4.2±1.2 4.9±1.0 
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Table 4.3 continued 

 

Measure Group Baseline (cm) 6 Weeks (cm) 12 weeks (cm) 

Tibialis anterior 

 

RT 3.0±1.2 2.3±1.2 2.9±0.7* 

WBV 1.9±0.6 2.2±0.7 3.0±0.6* 

CG 2.9±0.7 2.3±0.7 3.0±0.8* 

Note. Values are means ± standard deviation. RT= resistance training; WBV=whole-body  

vibration; CG=control group;  

* Significant increase from week 6 to week 12. 
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4.4 Bone quality 

Bone mineral content and speed of sound did not exhibit change over time as measured 

by Lunar Achilles Insight Bone Densitometer in either the right or left heel in the RT, WBV, or 

CG from baseline to 12 weeks (see Table 4.4, see Appendix H for ANOVA Table). 
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Table 4.4  

Speed of sound at baseline, 6 weeks, and 12 weeks.   

 

Measure Group Baseline  6 Weeks  12 weeks 

RSOS 

 

RT 

 

1552.8±68.3 

 

1544.4±32.3 

 

1564.3±72.6 

 

WBV 

 

1566.5±46.2 

 

1562.4±47.8 

 

1565.1±57.6 

CG 

 

1560.5±55.3 

 

1554.5±41.5 1564.8±62.3 

LSOS 

 

RT 1560.6±72.3 

 

1558.75±61.7  

 

1360.7±532.6 

WBV 1567.3±42.8 1566.6±49.9 1558.6±45.6  

CG 1564.4±55.5 1563.2±53.5 1472.0±353.3 
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4.5 Muscle strength 

Leg press and chest press strength increased similarly over time for the RT and WBV 

groups (p<0.05). As seen in Table 4.5, the control group experienced a significant increase in 

strength from baseline to week 6 (see Appendix H for ANOVA Table).  
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Table 4.5 

 

Leg and chest press strength values at baseline, 6 weeks and 12 weeks.  

 

Measure Group Baseline (Kg) 6 Weeks (Kg) 12 weeks (Kg) 

Leg Press 

 

RT 

 

121.1±47.7 

 

144.7±47.4* 

 

153.3±55.9** 

WBV 
94.7±24.8 114.4±15.4* 125.5±20.1** 

CG 
90.5±31.1 106.4±31.3* 102.7±32.9 

Chest Pres 

 

RT 

 

40.3±18.8 

 

47.1±19.6* 

 

49.0±18.8** 

WBV 35.4±13.8 39.4±15.9* 42.2±17.1** 

CG 26.7±12.4 36.4±17.0* 28.6±10.6 

Note. Values are means ± standard deviation.  RT= resistance training group;  

WBV= whole-body vibration group; CG= control group; Kg=kilogram.  

* Significant increase from baseline to week 6. 

** Significant increase from week 6 to week 12. 
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4.6 Muscle endurance 

No significant effect was measured in upper or lower extremity muscle endurance (see Table 4.6; 

see Appendix H for ANOVA Table). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



WBV and RT on MS 82 

 

 

Table 4.6 

 

Leg and chest press endurance values at baseline, 6 weeks and 12 weeks.  

 

Measure Group Baseline (Kg) 6 Weeks (Kg) 12 weeks (Kg) 

Leg Press 

 

RT 49.6±14.5 46.7±20.4 59.1±19.1 

WBV 
47.7±16.3 60.3±22.5 58.1±24.6 

CG 
66.6±25.0 59.0±21.7 74.4±33.7 

Chest Pres 

 

RT 

 

38.7±14.0 

 

37.7±13.4 

 

47.4±23.2 

WBV 31.4±8.1 41.2±21.6 37.2±12.2 

CG 31.2±16.4 40.8±16.0 37.8±18.8 

 

Note. Values are means ± standard deviation.  RT= resistance training group;  

WBV= whole-body vibration group; CG= control group; Kg=kilogram.  
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4.7 Berg Balance Scale 

There was a group x time interaction for performance on the BBS (F[4,36]=3.125, 

P<0.05). Post hoc analysis showed that the RT (pre: 48.4±7.0, mid: 53.4±2.6, post: 54.0±2.8) and 

WBV groups (pre: 46.8±5.0, mid: 49.4±5.4, post:50.9±4.6) increased balance over time with 

greater improvements observed at weeks 6 and 12 compared to the control group (see Table 4.7; 

see Appendix H for ANOVA Table). There were no changes over time for the control group 

(pre: 50.3±5.6, mid:50.0±4.8, post: 50.2±6.4).  
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Table 4.7 

Berg Balance Scale at baseline, 6 weeks, and 12 weeks. 

 

Group Baseline  6 weeks  12 weeks  

RT 48.4±7.0 53.4±2.6** 54.0±2.8** 

WBV 46.8±5.0 49.4±5.4** 50.9±4.6** 

CG 50.3±5.6 50.0±4.8 50.2±6.4 

Note. Values are means ± standard deviation. RT= resistance training;  

WBV= whole-body vibration; CG= control group.  

* Significant time main effect. 

** Significantly greater than control group. 
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4.8 Fatigue and disability  

There was a group x time interaction (p<0.05) for physical function from the modified 

fatigue impact scale (see Table 4.8). Post hoc analyses showed that the WBV and CG groups 

experienced significant improvements at weeks 6 and 12 compared to baseline, with no change 

for RT group. There was a change over time for cognition, psychological, 5 points and total main 

effects  (p<0.05). There was no change in disability over time (see Table 4.9; see Appendix H for 

ANOVA Table).  
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Table 4.8 

Modified Impact Fatigue Scale at baseline, 6 weeks, and 12 weeks. 

 

Measure Group Baseline 6 Weeks 12 weeks 

Physical 

RT 15.4±10.5 13.6±9.5 13.9±11.4 

WBV 20.7±6.2 11.2±3.8 11.7±5.3 

CG 16.2±8.1 11.3±8.6 6.0±6.9 

Cognitive 

RT 14.0±11.4 13.4±9.6 12.6±10.5 

WBV 15.2±5.9 9.6±5.9 9.2±8.5 

CG 10.7±6.8 8.8±8.7 3.0±1.9 

Psychosocial 

RT 3.2±2.7 2.6±2.2 2.3±2.5 

WBV 2.8±1.6 1.0±0.9 1.6±1.5 

CG 2.2±1.2 2.2±1.5 0.8±0.8 

Total 

RT 32.7±23.6 29.6±20.7 28.8±24.2 

WBV 38.7±17.4 21.9±7.8 22.4±13.0 

CG 29.0±12.7 22.3±17.8 9.8±9.8 

5 Item 

RT 8.2±5.8 7.0±5.6 6.9±5.7 

WBV 10.0±3.9 5.8±2.4 5.6±3.3 

CG 7.3±3.8 6.0±4.9 2.8±2.3 

Note. Values are means ± standard deviation. RT= resistance training;  

WBV= whole-body vibration; CG= control group.  
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Table 4.9 

Expanded Disability Status Scale at baseline, 6 weeks, and 12 weeks. 

 

Measure Group Baseline 6 Weeks 12 weeks 

Prymidal 

RT 2.7±2.2 2.4±3.1 2.0±2.6 

WBV 4.4±2.7 3.2±2.9 3.2±3.3 

CG 2.5±3.0 3.2±3.5 3.2±4.1 

Cerebellar 

RT 1.6±1.4 1.0±1.0 1.6±1.3 

WBV 2.7±1.2 1.6±1.0 1.7±1.1 

CG 1.3±1.6 0.8±1.2 0.6±0.9 

Brainstem 

RT 1.0±1.0 0.7±0.7 0.8±0.7 

WBV 0.6±0.5 0.6±1.0 1.1±1.1 

CG 0.5±0.8 0.3±0.8 0.6±0.9 

Bladder/Bowel 

RT 3.7±2.8 2.1±2.0 2.3±1.5 

WBV 3.3±2.8 2.3±2.2 3.3±3.1 

CG 3.0±2.2 1.8±1.9 2.8±2.4 

Sensonal 

RT 1.1±0.8 1.6±1.5 1.5±1.1 

WBV 2.2±1.9 1.4±1.6 1.6±1.8 

CG 1.2±1.5 1.2±2.0 0.6±1.3 

Mental 

RT 2.1±2.2 0.8±1.3 1.6±2.1 

WBV 1.5±2.4 2.0±2.4 1.9±2.1 

CG 1.3±1.9 1.3±2.2 0.2±0.4* 
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Table 4.9 continued 

 

Measure Group Baseline 6 Weeks 12 weeks 

Visual 

RT 0.1±0.3 0.2±0.7 0.1±0.4 

WBV 0.6±0.9 0.4±0.9 0.7±1.1 

CG 0.0±0.0 0.0±0.0 0.0±0.0 

Overall 

RT 2.4±2.4 1.9±2.3 2.0±1.1 

WBV 3.9±2.7 4.1±2.8 4.0±3.5 

CG 2.6±2.9 2.8±3.0 2.4±3.3 

Note. Values are means ± standard deviation. RT= resistance training;  

WBV= whole-body vibration; CG= control group.  
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CHAPTER FIVE: Discussion  

5.1 Discussion 

This study compared the effects of two exercise training protocols, RT and WBV, in 

individuals with MS. It was hypothesized that WBV would lead to greater physiological 

adaptations than RT alone. However, results showed that both WBV and RT produce similar 

results in individuals with MS. Interestingly, WBV and RT improved indices of balance, as 

assessed by the BBS, compared to control. The BBS was used to assess an individual’s 

likelihood of falling in 14 different seated and standing tasks. All but one participant in each 

training group scored in the “low risk for fall” at baseline. The single individual from each 

treatment group who fell in the “moderate risk for fall” (RT: 37; WBV: 39) improved to the “low 

risk for fall” following participation in their respective 12 week training program (RT: 49; WBV: 

44). This is in accordance with a RT study completed by Sabapathy, Minahan, Turner, and 

Bradley (2011) who conducted a cross-over study with participants performing eight weeks of 

RT exercises and eight weeks of endurance training exercise separated by an eight week interval. 

Improvements were measured in functional reach (pre: 35.8cm±6.7cm, post: 41.3cm±5.2cm), 

four step square test (pre: 9.5sec±2.4sec, post: 8.3sec±2.1sec), and Timed Get Up and Go test 

(pre: 7.5sec±2.2sec, post: 6.8sec±1.8sec). Mason et al (2012) as well measured significant 

improvements in three different steady stance standing balance measures following four weeks 

of WBV  (p=0.004) and two weeks post WBV (p=0.03). Trends for improvements in Timed Get 

Up and Go test were also measured in WBV studies by Schuhfried et al. (p =0.041) and Schyncs 

et al.  



WBV and RT on MS 90 

 

 

Balancing is a combination of information collected from a number of systems working 

together with lower extremity and core muscle strength and endurance. Improved balance, 

through strength and endurance training, will help decrease the likelihood of falls, injuries and 

fractures (Finlayson et al., 2006; Peterson et al, 2008) which would have a substantial health and 

economic impact. For example, fracture of the hip results in acute healthcare costs of $660 

million dollars annually (Tarride, Hopkins, Leslie, Morin, Adachi, Papaioannou et al., 2012) 

leading to disability, loss of functionality and premature death (Johnell & Kanis, 2005) 

Therefore, these results suggest that WBV and RT may be effective lifestyle interventions for 

individuals with MS to improve balance which, in theory, may decrease the risk of fracture.  

  There are several possible explanations as to why WBV and RT did not have beneficial 

effects on muscle accretion and strength. One potential explanation was the low sample size 

which decreased statistical power. Furthermore, three individuals withdrew from the study due to 

increased severity of MS related symptoms, hip replacement surgery, and loss of contact. During 

the last six weeks of the study, one participant from each intervention group began pulse therapy 

due to issues with vision, decreased coordination, and increased levels of fatigue. Pulse therapy 

is a first line treatment with glucocorticoids for individuals with MS when experiencing an acute 

attack (Godin, Frohman, Garmany, Halper, Likosky, Lublin, et al., 2002; Frohman, Shah, 

Eggenberger, Metz, Zivadinov, & Stuve, 2007). This can help decrease the duration of the attack 

(Ontaneda & Rae-Grant, 2009), the severity of the attack (Andersson & Goodkin, 1998), and 

severity of neurological dysfunction by easing inflammation by decreasing the movement of 

inflammatory cells to the CNS (Frohman et al., 2007; Godin et al., 2002; Ontaneda & Rae-Grant, 
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2009). Although these individuals did not withdraw from the study, exercise compliance and 

intensity was compromised.  

In addition, four individuals elected to have the Chronic Cerebrospinal Venous 

Insufficiency (CCSVI) liberation treatment which also may have altered exercise compliance and 

intensity. CCSVI is a condition correlated to individuals with MS where flow of blood to the 

brain and spinal cord is obstructed due to blockages and was discovered using a high-resolution 

echo color Doppler and transcranial color-coed Doppler sonography (Al-Omari & Rousan, 2010; 

Zamboni, Galetti, Menegatti, Malagoni, Tacconi, DallÀra, 2009). It is thought that CCSVI 

causes an increase in venous pressure resulting in colloids, lymphocyte, and erythrocyte 

extravasation inducing an inflammatory response in the brain and spine (Zamboni et al, 2009). 

The liberation therapy uses angioplasty or stenting in the blocked veins to resume normal blood 

flow (Zamboni, Galeotti, Menegatti, Malogoni, Gianesini, Bartolomei, et al., 2009). Each of 

these individuals completed the 12 week study and received the therapy at various clinics outside 

of Canada with no objective testing or follow-up measures to indicate how the therapy affected 

the individual making it difficult to understand if their exercise performance was impacted.  

A characteristic of MS that may have been over looked was the asymmetric patterning of 

the disease affecting one side of the body or limb greater than the other. This was evident in the 

present study as two participants in the RT group experienced less strength and functioning in 

one lower extremity limb and one individual in the CG experienced minimal use of her right arm 

and leg. The individuals from the RT group experienced difficulty lifting their toes while 

walking on their MS-affected side, this is also known as drop foot. Broekman, Roelants, Feys et 

al. (2010) recognized the potential for asymmetric leg strength in their study and utilized a 
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unilateral strength training regimen. Although their results presented partially significant, future 

research should evaluate unilateral strength training to identify the training potential on both the 

affected and non-affected sides. While other participants from our study did not noticeably 

display these imbalances, it may have been worthwhile to examine if asymmetries did exist in 

some or all of our study participants.  

Currently the optimal training, intensity, frequency, and exposure duration for individuals 

with MS on a vibration platform is unknown. Participants in our current study completed 12 

weeks at 35 Hz at low (2.0mm) and high (4.0mm) amplitudes for 30 seconds. All of the study 

participants lived within the community and may have had a higher initial training status than 

expected (Broekmans, Roelants, Feys et al., 2010). Wunderer et al. (2010) used 40 Hz at 2.2 mm 

of amplitude for 30 to 60 seconds. Significant improvements were found in all participants in 

plantarflexion strength (p<0.05), with two participants significantly improving in knee extensor 

strength and functional mobility. The participant experiencing the greatest gains took part in the 

most intense intervention suggesting a higher intensity will elicit the best results. The vibration 

platform (Power Plate) used in our study produced multidirectional movements only at a 

frequency of 35 Hz, which initially was thought to be sufficient as 30-40 Hz has been shown to 

be adequate in increasing muscle strength (Cardinale & Lim, 2003).  

With the knowledge our vibration stimulus may not have been adequate, our study 

duration may also be called into question due to the nature of MS and our participants 

potentioally requiring a longer duration for neurological and morphological changes to occur (de 

Souza-Texera et al. 2009). The only WBV study known to have a longer duration was conducted 

by Broekman, Roelants, Alders et al. (2010) with participants taking part in a 20 week 
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intervention exercising three times per two week cycle. No significant findings occurred in 

functional capacity or lower extremity strength which suggests study duration may not be a 

limitation in our current study. 

It is also possible to argue the lack of results from the WBV group may be due to 

overtraining from the progressive overload of the WBV stimulus being too intense. This 

coincides with Broekmans, Roelants, Feys et al. who in their 20 week study progressively 

overloaded by: (1) increasing number of exercises, (2) adding exercises, (3) shortening rest 

periods, (4) varying applied vibration, and (5) progressing the difficulty of execution for the 

exercise. No significant changes occurred in any measures following the intervention which 

confounded researchers as the training program was similar to studies on healthy individuals 

which caused significant improvements in strength. In our current study we progressively 

overloaded the WBV group by progressing from static to pulsing to dynamic exercises and 

increasing the amplitude from 2.0 mm to 4.0 mm which may have been too intense for our 

participants. This idea of overtraining in the WBV group is further supported by an acute 

exacerbation of one participant requiring pulse therapy while in the final weeks of this study. 

Although it is unclear if the training protocol caused the onset of the acute attack it is important 

to note.  

5.2 Conclusion 

The overall purpose of this thesis was to measure and compare the effects of 12 weeks of 

RT and 12 weeks of WBV with individuals with MS. Research has shown the importance of 

exercise for individuals with MS to maintain and improve levels of physical capacity following 

and between attacks. Although both RT and WBV have both been shown to be well tolerated by 
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individuals with MS and beneficial for balance, stability, muscular strength, and muscular 

endurance, our interventions did not replicate these results.  

The deficits experienced by our study participants may have been too large to overcome 

in 12 weeks of exercise at the set intensity and frequency. Our findings suggested a trend for 

improvements in balance over time, without any significant changes in body composition, 

muscle thickness, bone quality, muscle strength, muscle endurance, levels of fatigue, and 

subjective reporting of disease severity. 

 The limitations in this study include a small sample size which reduced our statistical 

power. As well, three participants dropped out and two experienced acute attacks requiring pulse 

therapy potentially impacting training intensity. Both of these incidences negatively influenced 

the final data collection, thus skewing the results.  

Further research, with larger sample size, is needed to determine the optimal training 

parameters for individuals with MS when taking part in a RT or WBV exercise program. In 

addition, future studies should consider performing unilateral training and testing to better 

evaluate if any asymmetries do exist and how the interventions influence those asymmetries. 
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APPENDIX A: Kurtzke Expanded Disability Status Scale 

Kurtzke Expanded Disability Status Scale 10-point disability rating scale. 

 

Score 

 

Explanation 

 

0.0 

 

Normal neurological examination 

1.0 No disability, minimal signs in one FS 

1.5 No disability, minimal signs in more than one FS 

2.0 Minimal disability in one FS 

2.5 Mild disability in one FS or minimal disability in two FS 

3.0 Moderate disability in one FS, or mild disability in three or four FS. Fully ambulatory 

3.5 Fully ambulatory but with moderate disability in one FS and more than minimal disability 

in several others. 

 

4.0 Fully ambulatory without aid, self-sufficient, up and about some 12 hours a day despite 

relatively severe disability; able to walk without aid or rest some 500 meters 

 

4.5 Fully ambulatory without aid, up and about much of the day, able to work a full day, may 

otherwise have some limitation of full activity or require minimal assistance; 

characterized by relatively severe disability; able to walk without aid or rest some 300 

meters 

 

5.0 Ambulatory without aid or rest for about 200 meters; disability severe enough to impair 

full daily activities (work a full day without special provisions) 

 

5.5 Ambulatory without aid or rest for about 100 meters; disability severe enough to preclude 

full daily activities 

 

6.0 Intermittent or unilateral constant assistance (cane, crutch, brace) required to walk about 

100 meters with or without resting 

 

6.5 Constant bilateral assistance (canes, crutches, braces) required to walk about 20 meters 

without resting 

 

7.0 Unable to walk beyond approximately five meters even with aid, essentially restricted to 

wheelchair; wheels self in standard wheelchair and transfers alone; up and about in 

wheelchair some 12 hours a day 
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Appendix A Continued 

 

 

Score 

 

Explanation 

 

7.5 

 

Unable to take more than a few steps; restricted to wheelchair; may need aid in transfer; 

wheels self but cannot carry on in standard wheelchair a full day; May require motorized 

wheelchair 

 

8.0 Essentially restricted to bed or chair or perambulated in wheelchair, but may be out of bed 

itself much of the day; retains many self-care functions; generally has effective use of 

arms 

 

8.5 Essentially restricted to bed much of day; has some effective use of arms retains some 

self care functions 

 

9.0 Confined to bed; can still communicate and eat. 

 

9.5 Totally helpless bed patient; unable to communicate effectively or eat/swallow 

 

10 Death due to MS 

 

Note. FS: Functional System.  
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APPENDIX B: Research Participant Information and Consent Form 

Research Participant Information and Consent Form 
 

Title of the study: Effects of resistance-exercise and whole body vibration in 
individuals with Multiple Sclerosis 
 
Researchers: Darren G. Candow, Ph.D., Faculty of Kinesiology and Health Studies, 
University of Regina, (email: Darren.Candow@uregina.ca; phone: 306-585-4906), 
Patrick Neary, Ph.D.,  Faculty of Kinesiology and Health Studies, (email: 
Patrick.Neary@uregina.ca; phone: 306-585-4844), Jessica Putland, MSc. Candidate 
(student researcher), Faculty of Kinesiology and Health Studies (email: 
putlandj@sasktel.net) 
 
24-hour emergency telephone contact: Dr. Darren Candow (phone: 306-209-0280) 
 
Introduction: You are being invited to participate in this research study because we 
want to determine the effects of resistance-exercise and whole body vibration (WBV) on 
muscle and bone mass, muscle performance and balance. Resistance-exercise is a 
strategy which is proving to be safe and effective for increasing muscle and bone mass, 
muscle performance, and balance in individuals with MS. Research also suggests that 
WBV is a safe and effective intervention for individuals with MS. While resistance-
exercise and WBV may be beneficial, no study has examined the combined effects of 
these two interventions within the same individual. 
 
Before you decide to participate, it is important that you understand what the research 
involves. This consent form will inform you about the study, why the research is being 
performed, what will happen to you during the study, and the possible benefits, risks, 
and discomforts. 
 
If you wish to participate, you will be asked to sign this form. Your participation is 
entirely voluntary, so it is up to you to decide whether or not to participate in this study. 
If you decide to take part in this study, you are free to withdraw at any time without 
giving any reasons for your decision and your refusal to participate will not affect your 
relationship with any of the researchers or institutions conducting the research. Please 
take time to read the following information carefully and to discuss it with your family, 
friends, and doctor or health professional before you decide.  
  
Purpose of the study: To compare the effects of resistance-exercise and WBV on 
muscle mass, bone mineral density/content, muscle strength, muscle endurance, 
muscle oxygenation, muscle activation and balance.   
 

mailto:Darren.Candow@uregina.ca
mailto:Patrick.Neary@uregina.ca
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Possible benefits of the study: You might increase your muscle and bone mass, 
strength, endurance and balance by participating in this study. These benefits are not 
guaranteed.  
 
Procedures: You will be required to get medical clearance to participate in the study. 
You are not permitted to participate in the study if you have kidney or bladder stones, 
arrhythmia, pregnancy, epilepsy, seizures, cancer, a pacemaker, osteoporosis, 
untreated orthostatic hypotension, recent implants (i.e. joint, corneal, cochlear), surgery 
within the past six weeks, previous fragility fractures, recently placed intrauterine 
devices or pins, acute thrombosis or hernia, acute rheumatoid arthritis, terminal medical 
conditions receiving palliative care, cardiovascular disease, sever diabetes or 
migraines, acute inflammation, acute tendinopathy, if you smoke, and if you are 
planning to travel during the study period for greater than two weeks duration. You are 
not permitted to change your diet or engage in physical activity that is not part of your 
normal daily routine during the study. 
 
Resistance-Exercise: Prior to the start of the study, you will familiarize yourself with 
the resistance-exercise equipment for two weeks (three times per week) under the 
direct supervision of Canadian Society for Exercise Physiology Certified Exercise 
Physiologists and Certified Personal Trainers. Prior to exercise, you will warm-up for 
five minutes on a stationary cycle ergometer and complete light stretching. Following 
warm-up, you will exercise three days per week for six-weeks and perform three sets of 
10 repetitions to muscular fatigue with two-minute rest between sets for each exercise.  
Resistance-exercises chosen to stress the whole body include leg press, chest press, 
lat pull down, shoulder press, leg curl/extension, biceps curl, triceps extension, and calf 
press. You will maintain daily training logs where average training volume per session 
(weight x sets x repetitions) will be determined and monitored by a supervisor following 
each resistance-training session.  
 
Whole body vibration: Prior to performing WBV, you will familiarize yourself with the 
exercises to be performed on the WBV for two weeks (three times per week) under the 
direct supervision of Canadian Society for Exercise Physiology Certified Exercise 
Physiologists and Certified Personal Trainers. Following warm-up, you will adhere to a 
structured exercise program involving both static (i.e. isometric) and dynamic muscle 
contractions utilizing the overload principle (i.e. increasing the time duration in seconds 
per set) for six weeks. Exercises to be performed include static squat, dynamic squat, 
modified static push-up, modified dynamic push-up, static seated row, static lateral 
raise, static bicep curl, static triceps extension, and dynamic calf raise. For each static 
exercise, you will be instructed to exert near maximal effort while maintaining normal 
breathing. For dynamic exercises, you will be instructed to perform the concentric phase 
and eccentric phase in one second each respectively. For exercise sessions one to six, 
you will hold each static muscle contraction for five seconds per set, and perform four 
dynamic repetitions (i.e. concentric and eccentric phase equals one repetition) per set. 
For session’s seven to 12, you will hold each static muscle contraction for six seconds 



WBV and RT on MS 124 

 

 

per set, and perform five dynamic repetitions per set. For sessions 13 -16, you will hold 
each static muscle contraction for seven seconds per set, and perform six dynamic 
repetitions per set. You will perform three sets, with one to two minutes rest between 
sets, at a frequency of 35 Hz. 
 
Prior to, after 6 weeks, and after 12 weeks of exercise, you will have the following 
measurements assessed:  
 
Body Composition: Lean tissue mass, bone mineral, and fat mass will be measured 
by whole-body dual-energy x-ray absorptiometry (Hologic Wi System, Christie Group, 
Manitoba). This procedure requires you lying down on a table while your body is 
scanned by an x-ray beam. This measurement takes approximately 15 minutes  
 
Muscle Thickness: Muscle thickness will be measured using ultrasound by placing gel 
over your skin and applying a probe to your skin surface. Muscle thickness will be 
measured at the front and back of your upper arm, thigh, and lower leg. This procedure 
will take approximately 15 minutes.  
 
Bone Quality: Your bone quality will be assessed by ultrasound at lower leg (i.e. shin) 
by ultrasound, again using a gel and a probe against your skin. This will take 
approximately 10 minutes 
   
Muscle Strength: Your muscular strength will be measured by two different exercises 
(leg press, chest press). The leg press and chest press were chosen to measure 
muscular strength because they involve the major muscle groups in the lower and upper 
body. This procedure will take approximately 20 minutes.  
 
Muscle Endurance: Leg press and chest press muscular endurance will be determined 
as the maximum number of repetitions that can be performed during three sets 
separated by two-min rests. The leg press and chest press tests will be separated with 
a five-min rest break. Resistance will correspond to 70% pre 1-RM for the chest press 
and 80% pre 1-RM for the leg press.  This procedure will take approximately 30 
minutes.  
 
Muscle Oxygenation and Activation: Near infrared spectroscopy (NIRS) will be used 
to measure the amount of oxygen your leg uses during the leg press muscle endurance 
test. The amount of oxygen your leg uses will reflect your level of physical effort. NIRS 
is non-invasive and poses no risk to you. The NIRS device will be placed on your thigh 
and held in place with a tensor bandage. Muscle activation will be measured using 
electromyography (EMG) also during the leg press muscle endurance test. EMG is a 
noninvasive technique used for evaluating and recording the activation signal of the 
working muscles. The active electrodes will be aligned parallel to the direction of muscle 
pull as determined by a straight line from muscle origin and insertion. Precise markings 
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on the skin will be taken using an overhead transparency film to ensure that identical 
sites are measured at each testing period.    
 
Berg Balance Scale (BBS): The BBS assesses your ability to balance while performing 
14 tasks in standing and sitting.  You will be rated on a five point ordinal scale ranging 
from zero (cannot perform) to four (normal performance).   
 
Foreseeable risks, side effects or discomfort: The resistance-exercise training, 
WBV, and strength and endurance testing may result in minor muscle pulls and strains. 
You will be given proper warm-up prior to exercising and this will minimize the risk. 
Adequate rest will be given between training and testing sessions to ensure that your 
muscle is recovered by the next training session.  
 
There is a small amount of radiation exposure from the dual energy X-ray scans. The 
amount of radiation from the dual energy X-ray scans is about 1/20th of the amount of 
radiation you would receive from taking a trans-Atlantic flight from North American to 
Europe. 
 
Alternatives to the study: You do not have to participate in this study to have your 
body composition assessed. Bone mineral can be determined by dual energy x-ray 
absorptiometry through an appointment with your doctor.  
 
You do not have to participate in this study to increase muscular strength. You can 
perform alternative exercises (i.e. free-body exercises such as push-ups or chin ups 
and wall squats instead of the resistance-exercise program in this study).   
 
Research-related injury: There will be no cost to you for participation in this study. You 
will not be charged for any research procedures. In the event you become ill or injured 
as a result of participating in this study, necessary medical treatment will be made 
available at no additional costs to you. By signing this document you do not waive any 
of your legal rights.  
 
Confidentiality: While absolute confidentiality cannot be guaranteed, every effort will 
be made to ensure that the information you provide for this study is kept entirely 
confidential. Your name will not be attached to any information, nor mentioned in any 
study report, nor be made available to anyone except the scientific team. It is the 
intention of the research team to publish results of this research in scientific journals 
and to present the findings at related conferences and workshops, but your identity will 
not be revealed. All data collected will be kept confidential in a locked storage cabinet 
and in password-protected computer files only the researchers can access.  
 
Voluntary withdrawal: Your participation in this research is entirely voluntary. You may 
withdraw from this study at any time. If you decide to enter the study and to withdraw at 
any time in the future, there will be no penalty or loss of benefits to which you are 
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otherwise entitled. If you choose to enter the study and then decide to withdraw at a 
later time, all data collected about you during the enrolment in the study will be retained 
for analysis. 
 
Who to Contact for Questions or Concerns: If you have questions concerning the 
study you can contact Dr. Darren Candow at 306-585-4906, or 306-209-0280 (24 hour 
cell). 
 
If you have any questions about your rights as a research subject or concerns about this 
study, you may contact Dr. Darren Candow at 306-585-4906 or the Chair of the 
University of Regina Research Ethics Board at 585-4775 or by e-mail at 
research.ethics@uregina.ca. 
 
We will advise you of any new information that will have a bearing on your decision to 
continue in the study.  
 
By signing below, I confirm the following: 

 I have read or have had this form read to me and understand the research subject 
information and consent form. 

 I have had sufficient time to consider the information provided and to ask for advice 
if necessary. 

 I have had the opportunity to ask questions and have had satisfactory response to 
my questions. 

 I understand that all the information collected will be kept confidential and that the 
results will only be used for scientific objectives. 

 I understand that my participation in this study is voluntary and that I am completely 
free to refuse to participate or to withdraw from this study at any time without 
changing in any way the quality of training that I receive or my relationship with 
members of the research team of participating institutions.  

 I understand that there is no guarantee that this study will provide any benefits to 
me. 

 I have read and understand this form and I freely consent to participate in this study. 

 I have been told that I will receive a dated and signed copy of this form. 

 I agree that my family physician can be contacted about my participation in this 
study: 

 
_____Yes                  ______No OR I do not have a family physician   
Participant’s Name (printed):___________________________ 
Participant’s Signature:________________________  Date: _____________________ 
Name of Individual conducting the consent process 
(printed):________________________  
Signature of Individual conducting the consent process:________________________ 
Date: ______________________ 

mailto:research.ethics@uregina.ca
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APPENDIX C: Participant Characteristics Information Form 

Participant Information 
Name:  ___________________________ Age: _______ 

Sex:  M/F     Age of Diagnosis: __________________ 

Diagnosis: ___________________________ Time of last relapse: __________________ 
 

Please answer YES or NO to the following and describe any YES answers at the bottom of the 

page: 
 

Do you have kidney or bladder stones?      YES NO 

Do you have an arrhythmia?        YES NO 

Are you pregnant?         YES NO 

Do you have epilepsy?        YES NO 

Do you have seizures?        YES NO  

Do you have Cancer         YES NO 

Do you have a pacemaker?        YES NO 

Do you have osteoporosis?        YES NO 

Do you have untreated orthostatic hypotension?     YES NO 

Have you had any recent implants (i.e. joint, corneal, cochlear)?   YES NO 

Have you recently had surgery within the past 6 weeks?    YES NO 

Have you had any fragility fractures?       YES NO 

Do you have recently placed intrauterine devices or pins?    YES NO 

Do you have acute thrombosis or hernia?      YES NO 

Do you have acute rheumatoid arthritis?      YES NO 

Do you have terminal medical conditions that you are currently receiving palliative care for? 

           YES NO 

Do you have a cardiovascular disease?      YES NO 

Do you have diabetes?        YES NO 

Do you have migraines?        YES NO 

Do you smoke?         YES NO 

Are you planning on traveling for more than two weeks at a time during the study? YES NO 
 

Please explain yes answers here: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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APPENDIX D: PARMED-X 
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APPENDIX E: Godin Leisure-Time Exercise Questionnaire 
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APPENDIX F: Berg Balance Scale 

Berg Balance Scale 

 

The Berg Balance Scale (BBS) was developed to measure balance among older people with impaired 

balance function by assessing the performance of functional tasks. It is a valid instrument used for 

evaluation of the effectiveness of interventions and for quantitative descriptions of function in clinical 

practice and research. The BBS has been evaluated in several reliability studies. A resent study of the 

BBS, which was completed in Finland, indicates that a change of (8) BBS points is required to reveal a 

genuine change in function between two assessments among older people who are dependent in ADL and 

living in residential care facilities. 

 

Description:  
14-item scale designed to measure balance of the older adult in a clinical setting. 

 

Equipment needed:  Ruler, 2 standard chairs (one with arm rests, one without) 

Footstool or step, Stopwatch or wristwatch, 15 ft walkway 

 

Completion:  

 Time:  15-20 minutes 

 Scoring: A five-point ordinal scale, ranging from 0-4. “0” indicates the lowest level  

                          of function and “4” the highest level of function. Total Score = 56 

 

Interpretation:  41-56 = low fall risk 

   21-40 = medium fall risk 

   0 –20 = high fall risk 
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Berg Balance Scale 
 

 

Name: __________________________________ Date: ___________________ 

 

Location: ________________________________ Rater: ___________________ 

 

ITEM DESCRIPTION      SCORE (0-4) 

 

Sitting to standing      ________ 

Standing unsupported      ________ 

Sitting unsupported      ________ 

Standing to sitting      ________ 

Transfers       ________ 

Standing with eyes closed     ________ 

Standing with feet together     ________ 

Reaching forward with outstretched arm   ________ 

Retrieving object from floor     ________ 

Turning to look behind     ________ 

Turning 360 degrees      ________ 

Placing alternate foot on stool     ________ 

Standing with one foot in front    ________ 

Standing on one foot      ________ 

 

Total  ________ 

 

 

GENERAL INSTRUCTIONS 

Please document each task and/or give instructions as written. When scoring, please record the 

lowest response category that applies for each item. 

 

In most items, the subject is asked to maintain a given position for a specific time. Progressively 

more points are deducted if: 

 the time or distance requirements are not met 

 the subject’s performance warrants supervision 

 the subject touches an external support or receives assistance from the examiner  

Subject should understand that they must maintain their balance while attempting the tasks. The 

choices of which leg to stand on or how far to reach are left to the subject. Poor judgment will 

adversely influence the performance and the scoring. 

 

Equipment required for testing is a stopwatch or watch with a second hand, and a ruler or other 

indicator of 2, 5, and 10 inches. Chairs used during testing should be a reasonable height. Either 

a step or a stool of average step height may be used for item # 12. 
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Berg Balance Scale 
 

SITTING TO STANDING 

INSTRUCTIONS: Please stand up. Try not to use your hand for support. 
(    ) 4 able to stand without using hands and stabilize independently 

(    ) 3 able to stand independently using hands 

(    ) 2 able to stand using hands after several tries 
(    ) 1 needs minimal aid to stand or stabilize 

(    ) 0 needs moderate or maximal assist to stand 

 
STANDING UNSUPPORTED 

INSTRUCTIONS: Please stand for two minutes without holding on. 

(    ) 4 able to stand safely for 2 minutes 
(    ) 3 able to stand 2 minutes with supervision 

(    ) 2 able to stand 30 seconds unsupported 

(    ) 1 needs several tries to stand 30 seconds unsupported 
(    ) 0 unable to stand 30 seconds unsupported 

 

If a subject is able to stand 2 minutes unsupported, score full points for sitting unsupported. Proceed to item #4. 

 

SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR OR ON A STOOL 

INSTRUCTIONS: Please sit with arms folded for 2 minutes. 
(    ) 4 able to sit safely and securely for 2 minutes 

(    ) 3 able to sit 2 minutes under supervision 

(    ) 2 able to able to sit 30 seconds 
(    ) 1 able to sit 10 seconds 

(    ) 0 unable to sit  without support 10 seconds 
 

STANDING TO SITTING 

INSTRUCTIONS: Please sit down. 
(    ) 4 sits safely with minimal use of hands 

(    ) 3 controls descent by using hands 

(    ) 2 uses back of legs against chair to control descent 
(    ) 1 sits independently but has uncontrolled descent 

(    ) 0 needs assist to sit 

 
TRANSFERS 

INSTRUCTIONS: Arrange chair(s) for pivot transfer. Ask subject to transfer one way toward a seat with armrests and one way toward a seat 

without armrests. You may use two chairs (one with and one without armrests) or a bed and a chair. 
(    ) 4 able to transfer safely with minor use of hands 

(    ) 3 able to transfer safely definite need of hands 

(    ) 2 able to transfer with verbal cuing and/or supervision 
(    ) 1 needs one person to assist 

(    ) 0 needs two people to assist or supervise to be safe 

 
STANDING UNSUPPORTED WITH EYES CLOSED 

INSTRUCTIONS: Please close your eyes and stand still for 10 seconds. 

(    ) 4 able to stand 10 seconds safely 
(    ) 3 able to stand 10 seconds with supervision  

(    ) 2 able to stand 3 seconds 

(    ) 1 unable to keep eyes closed 3 seconds but stays safely 
(    ) 0 needs help to keep from falling 

 

STANDING UNSUPPORTED WITH FEET TOGETHER 
INSTRUCTIONS: Place your feet together and stand without holding on. 

(    ) 4 able to place feet together independently and stand 1 minute safely 

(    ) 3 able to place feet together independently and stand 1 minute with supervision 

(    ) 2 able to place feet together independently but unable to hold for 30 seconds 

(    ) 1 needs help to attain position but able to stand 15 seconds feet together 

(    ) 0 needs help to attain position and unable to hold for 15 seconds 
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Berg Balance Scale continued….. 
REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING 

INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far as you can. (Examiner places a ruler at the end of 

fingertips when arm is at 90 degrees. Fingers should not touch the ruler while reaching forward. The recorded measure is the distance forward 
that the fingers reach while the subject is in the most forward lean position. When possible, ask subject to use both arms when reaching to avoid 

rotation of the trunk.) 

(    ) 4 can reach forward confidently 25 cm (10 inches) 
(    ) 3 can reach forward  12 cm (5 inches) 

(    ) 2 can reach forward 5 cm (2 inches) 

(    ) 1 reaches forward but needs supervision 
(    ) 0 loses balance while trying/requires external support 

 

PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION 
INSTRUCTIONS: Pick up the shoe/slipper, which is place in front of your feet. 

(    ) 4 able to pick up slipper safely and easily 

(    ) 3 able to pick up slipper but needs supervision  
(    ) 2 unable to pick up but reaches 2-5 cm(1-2 inches) from slipper and keeps balance 

independently 

(    ) 1 unable to pick up and needs supervision while trying 

(    ) 0 unable to try/needs assist to keep from losing balance or falling 

TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE STANDING 

INSTRUCTIONS: Turn to look directly behind you over toward the left shoulder. Repeat to the right. Examiner may pick an object to look at 
directly behind the subject to encourage a better twist turn. 

(    ) 4 looks behind from both sides and weight shifts well 

(    ) 3 looks behind one side only other side shows less weight shift 
(    ) 2 turns sideways only but maintains balance 

(    ) 1 needs supervision when turning 
(    ) 0 needs assist to keep from losing balance or falling 

 

TURN 360 DEGREES 
INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in the other direction. 

(    ) 4 able to turn 360 degrees safely in 4 seconds or less 

(    ) 3 able to turn 360 degrees safely one side only 4 seconds or less 
(    ) 2 able to turn 360 degrees safely but slowly 

(    ) 1 needs close supervision or verbal cuing 

(    ) 0 needs assistance while turning 
 

PLACE ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING UNSUPPORTED 

INSTRUCTIONS: Place each foot alternately on the step/stool. Continue until each foot has touch the step/stool four times. 
(    ) 4 able to stand independently and safely and complete 8 steps in 20 seconds 

(    ) 3 able to stand independently and complete 8 steps in > 20 seconds 

(    ) 2 able to complete 4 steps without aid with supervision 
(    ) 1 able to complete > 2 steps needs minimal assist 

(    ) 0 needs assistance to keep from falling/unable to try 

 
STANDING UNSUPPORTED ONE FOOT IN FRONT 

INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the other. If you feel that you cannot place your foot 

directly in front, try to step far enough ahead that the heel of your forward foot is ahead of the toes of the other foot. (To score 3 points, the length 
of the step should exceed the length of the other foot and the width of the stance should approximate the subject’s normal stride width.)  

(    ) 4 able to place foot tandem independently and hold 30 seconds 

(    ) 3 able to place foot ahead independently and hold 30 seconds 
(    ) 2 able to take small step independently and hold 30 seconds 

(    ) 1 needs help to step but can hold 15 seconds 

(    ) 0 loses balance while stepping or standing 
 

STANDING ON ONE LEG 

INSTRUCTIONS: Stand on one leg as long as you can without holding on. 

(    ) 4 able to lift leg independently and hold > 10 seconds 

(    ) 3 able to lift leg independently and hold  5-10 seconds 

(    ) 2 able to lift leg independently and hold ≥ 3 seconds 
(    ) 1 tries to lift leg unable to hold 3 seconds but remains standing independently. 

(    ) 0 unable to try of needs assist to prevent fall 

 

(    )   TOTAL SCORE (Maximum = 56) 
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APPENDIX G: Modified Fatigue Impact Scale 
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APPENDIX H: ANOVA Tables 

Table 4.9  

 

Bone mineral content 

Source Source  SS df MS F Sig 

Between Intercept  356877.29 1 356877.29 757.21 .000 

Group  4418.52 2 2209.26 4.69 .022 

Total  8954.76 19 471.30   

Within Time Sphericity Assumed 4.56 2 2.28 1.81 .18 

Greenhouse-geisser 4.56 1.59 2.87 1.81 .19 

Huynh-Feldt 4.56 1.89 2.41 1.81 .18 

Lower-bound  4.56 1.00 4.56 1.81 .20 

Time*group Sphericity Assumed 5.32 4 1.33 1.05 .39 

Greenhouse-geisser 5.32 3.18 1.67 1.05 .39 

Huynh-Feldt 5.32 3.79 1.41 1.05 .39 

Lower-bound  5.32 2.00 2.66 1.05 .37 

Error(time) Sphericity Assumed 47.97 38 1.26   

Greenhouse-geisser 47.97 30.18 1.59   

Huynh-Feldt 47.97 35.96 1.33   

Lower-bound  47.97 19.00 2.53   
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Table 5.0 

 

Lean tissue mass 

Source Source  SS df MS F Sig 

Between Intercept  1.02 1 1.02 530.79 .00 

Group  7.88 2 3.93 2.05 .16 

Total  3.65 19 1.92   

Within Time Sphericity Assumed 8207238.61 2 4103619.31 1.33 .28 

Greenhouse-geisser 8207238.61 1.49 5515008.83 1.33 .27 

Huynh-Feldt 8207238.61 1.76 4675524.69 1.33 .26 

Lower-bound 8207238.61 1.00 8207238.61 1.33 .26 

Time*group Sphericity Assumed 84744890.69 4 2118722.67 .69 .61 

Greenhouse-geisser 84744890.69 2.98 2847431.34 .69 .57 

Huynh-Feldt 84744890.69 3.51 2414000.77 .69 .59 

Lower-bound  84744890.69 2.00 4237445.34 .69 .52 

Error(time) Sphericity Assumed 1.71 38 3082334.19   

Greenhouse-geisser 1.71 28.28 4142465.22   

Huynh-Feldt 1.71 33.52 3511907.06   

Lower-bound  1.71 19.00 6164668.38   
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Table 5.1 

 

Fat mass 

Source Source  SS Df MS F Sig 

Between Intercept  4.56 1 4.56 160.66 .00 

Group  9.33 2 4.67 1.64 .22 

Total  5.39 19 2.84   

Within Time Sphericity Assumed 77750504.70 2 38875252.35 3.20 .05 

Greenhouse-geisser 
77750504.70 

1.27 61099147.44 3.20 .08 

Huynh-Feldt 
77750504.70 

1.47 53021142.96 3.20 .07 

Lower-bound 
77750504.70 

1.00 77750504.70 3.20 .09 

Time*group Sphericity Assumed 40693796.75 4 10173449.19 0.84 .51 

Greenhouse-geisser 40693796.75 2.55 15989325.71 0.84 .47 

Huynh-Feldt 40693796.75 2.93 13875354.40 0.84 .48 

Lower-bound  40693796.75 2.00 20346898.38 0.84 .45 

Error(time) Sphericity Assumed 4.17 38 12146518.74   

Greenhouse-geisser 4.17 21.18 19090343.97   

Huynh-Feldt 4.17 27.86 16566382.66   

Lower-bound  4.17 19.00 24293037.48   
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Table 5.2 

 

Bicep muscle thickenss 

Source Source  SS df MS F Sig 

Between Intercept  405.93 1 405.93 1086.07 .00.29 

Group  0.99 2 0.50 1.33  

Total  7.10 19 0.37   

Within Time Sphericity Assumed 0.28 2 0.14 0.82 .45 

Greenhouse-geisser 0.28 1.36 0.20 0.82 .41 

Huynh-Feldt 0.28 1.59 0.17 0.82 .43 

Lower-bound 0.28 1.00 0.28 0.82 .38 

Time*group Sphericity Assumed 0.51 4 0.13 0.76 .56 

Greenhouse-geisser 0.51 2.73 0.19 0.76 .52 

Huynh-Feldt 0.51 3.18 0.16 0.76 .53 

Lower-bound  0.51 2.00 0.26 0.76 .48 

Error(time) Sphericity Assumed 6.45 38 0.17   

Greenhouse-geisser 6.45 25.91 0.25   

Huynh-Feldt 6.45 30.17 0.21   

Lower-bound  6.45 19.00 0.34   
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Table 5.3 

 

Tricep muscle thickness 

Source Source  SS df MS F Sig 

Between Intercept  822.51 1 822.51 1183.71 .00 

Group  1.73 2 0.87 1.25 .31 

Total  13.20 19 0.70   

Within Time Sphericity Assumed 0.95 2 0.47 2.51 .10 

Greenhouse-geisser 0.95 1.78 0.53 2.51 .10 

Huynh-Feldt 0.95 2.00 0.47 2.51 .10 

Lower-bound 0.95 1.00 0.95 2.51 .13 

Time*group Sphericity Assumed 1.18 4 0.29 1.56 .21 

Greenhouse-geisser 1.18 3.56 0.33 1.56 .21 

Huynh-Feldt 1.18 4.00 0.29 1.56 .21 

Lower-bound  1.18 4.00 0.59 1.56 .24 

Error(time) Sphericity Assumed 7.17 38 0.19   

Greenhouse-geisser 7.17 33.79 0.21   

Huynh-Feldt 7.17 38.00 0.19   

Lower-bound  7.17 19.00 0.38   
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Table 5.4  

 

Quadricep muscle thickenss 

Source Source  SS df MS F Sig 

Between Intercept  723.15 1 723.15 1181.68 .00 

Group  1.23 2 0.62 1.00 .38 

Total  11.63 19 0.61   

Within Time Sphericity Assumed 0.15 2 0.07 0.17 .84 

Greenhouse-geisser 0.15 1.94 0.08 0.17 .84 

Huynh-Feldt 0.15 2.00 0.07 0.17 .84 

Lower-bound 0.15 1.00 0.15 0.17 .68 

Time*group Sphericity Assumed 2.08 4 0.52 1.20 .33 

Greenhouse-geisser 2.08 3.87 0.54 1.20 .33 

Huynh-Feldt 2.08 4.00 0.52 1.20 .33 

Lower-bound  2.08 2.00 1.04 1.20 .32 

Error(time) Sphericity Assumed 16.44 38 0.43   

Greenhouse-geisser 16.44 36.80 0.45   

Huynh-Feldt 16.44 38.00 0.43   

Lower-bound  16.44 19.00 0.87   
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Table 5.5 

 

Hamstring muscle thickness 

Source Source  SS df MS F Sig 

Between Intercept  1432.53 1 1432.53 2531.77 .00 

Group  1.70 2 0.85 1.51 .25 

Total  10.19 18 0.57   

Within Time Sphericity Assumed 0.21 2 0.10 0.60 .56 

Greenhouse-geisser 0.21 1.91 0.11 0.60 .55 

Huynh-Feldt 0.21 2.00 0.10 0.60 .56 

Lower-bound 0.21 1.00 0.21 0.60 .45 

Time*group Sphericity Assumed 0.96 4 0.24 1.37 .26 

Greenhouse-geisser 0.96 3.83 0.25 1.37 .27 

Huynh-Feldt 0.96 4.00 0.24 1.37 .26 

Lower-bound  0.96 2.00 0.48 1.37 .28 

Error(time) Sphericity Assumed 6.29 36 0.18   

Greenhouse-geisser 6.29 34.44 0.83   

Huynh-Feldt 6.29 36.00 0.18   

Lower-bound  6.29 18.00 0.35   
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Table 5.6 

 

Gastroc muscle thickness 

Source Source  SS df MS F Sig 

Between Intercept  1131.69 1 1131.69 663.67 .00 

Group  7.18 2 3.59 2.11 .15 

Total  30.69 18 1.71   

Within Time Sphericity Assumed 1.60 2 0.809 1.23 .31 

Greenhouse-geisser 1.60 1.98 0.81 1.23 .31 

Huynh-Feldt 1.60 2.00 0.80 1.23 .31 

Lower-bound 1.60 1.00 1.60 1.23 .28 

Time*group Sphericity Assumed 5.12 4 1.28 1.96 .12 

Greenhouse-geisser 5.12 3.95 1.20 1.96 .12 

Huynh-Feldt 5.12 4.00 1.28 1.96 .12 

Lower-bound  5.12 2.00 2.56 1.96 .17 

Error(time) Sphericity Assumed 23.46 36 0.65   

Greenhouse-geisser 23.46 35.56 0.66   

Huynh-Feldt 23.46 36.00 0.65   

Lower-bound  23.46 18.00 1.30   
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Table 5.7 

 

Tibialis anterior muscle thickness 

Source Source  SS df MS F Sig 

Between Intercept  419.62 1 419.62 349.20 .00 

Group  2.14 2 1.07 0.89 .43 

Total  22.83 19 1.20   

Within Time Sphericity Assumed 4.98 2 2.49 5.88 .01 

Greenhouse-geisser 4.98 1.88 2.65 5.88 .01 

Huynh-Feldt 4.98 2.00 2.49 5.88 .01 

Lower-bound 4.98 1.00 5.00 5.88 .03 

Time*group Sphericity Assumed 3.21 4 0.80 1.90 .13 

Greenhouse-geisser 3.21 3.75 0.85 1.90 .14 

Huynh-Feldt 3.21 4.00 0.80 1.90 .13 

Lower-bound  3.21 2.00 1.61 1.90 .18 

Error(time) Sphericity Assumed 16.08 38 0.42   

Greenhouse-geisser 16.08 35.64 0.45   

Huynh-Feldt 16.08 38.00 0.42   

Lower-bound  16.08 19.00 0.85   
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Table 5.8 

 

Right speed of sound 

Source Source  SS df MS F Sig 

Between Intercept  1.15 1 1.15 14686.16 .00 

Group  1384.92 1 1384.92 0.18 .68 

Total  109511.53 14 7822.25   

Within Time Sphericity Assumed 1009.86 2 504.93 0.77 .47 

Greenhouse-geisser 1009.86 1.49 679.42 0.77 .44 

Huynh-Feldt 1009.86 1.74 580.16 0.77 .46 

Lower-bound 1009.86 1.00 1009.86 0.77 .39 

Time*group Sphericity Assumed 640.11 2 320.05 0.49 .49 

Greenhouse-geisser 640.11 1.49 430.65 0.49 .49 

Huynh-Feldt 640.11 1.74 367.74 0.49 .49 

Lower-bound  640.11 1.00 640.11 0.49 .49 

Error(time) Sphericity Assumed 18305.08 28 653.75   

Greenhouse-geisser 18305.08 20.81 879.66   

Huynh-Feldt 18305.08 24.37 751.12   

Lower-bound  18305.08 14.00 1307.51   
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Table 5.9 

 

Speed of sound left 

Source Source  SS df MS F Sig 

Between Intercept  1.10 1 1.10  .00 

Group  59232.79 1 59232.79 2371.88 .28 

Total  651529.05 14 46537.79 1.27  

Within Time Sphericity Assumed 112870.89 2 56435.45 1.37 .27 

Greenhouse-geisser 112870.89 1.01 112089.54 1.37 .26 

Huynh-Feldt 112870.89 1.09 103924.55 1.37 .26 

Lower-bound 112870.89 1.00 112870.89 1.37 .26 

Time*group Sphericity Assumed 95476.46 2 47738.23 1.16 .33 

Greenhouse-geisser 95476.46 1.01 94815.523 1.16 .30 

Huynh-Feldt 95476.46 1.09 94815.51 1.16 .31 

Lower-bound  95476.46 1.00 87908.83 1.16 .30 

Error(time) Sphericity Assumed 1155771.98 28 95476.46   

Greenhouse-geisser 1155771.98 14.10 41277.58   

Huynh-Feldt 1155771.98 15.21 81983.65   

Lower-bound  1155771.98 14.00 82555.14   
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Table 6.0 

 

Leg press strength  

Source Source  SS Df MS F Sig 

Between Intercept  814619.03 1 814619.03 234.81 .00 

Group  15957.70 2 7978.85 2.3 .13 

Total  62446.11 18 3469.23   

Within Time Sphericity Assumed 6915.89 2 3457.95 22.29 .00 

Greenhouse-geisser 6915.89 1.76 3925.77 22.29 .00 

Huynh-Feldt 6915.89 2.00 3457.95 22.29 .00 

Lower-bound 6915.89 1.00 6915.89 22.29 .00 

Time*group Sphericity Assumed 768.93 4 192.23 1.24 .31 

Greenhouse-geisser 768.93 3.52 218.24 1.24 .31 

Huynh-Feldt 768.93 4.00 192.23 1.24 .31 

Lower-bound  768.93 2.00 384.46 1.24 .31 

Error(time) Sphericity Assumed 5584.18 36 155.12   

Greenhouse-geisser 5584.18 31.71 176.10   

Huynh-Feldt 5584.18 36.00 155.12   

Lower-bound  5584.18 18.00 310.23   
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Table 6.1 

 

Chest press strength 

Source Source  SS df MS F Sig 

Between Intercept  87401.29 1 87401.29 116.80 .00 

Group  1938.30 2 969.15 1.30 .30 

Total  13469.66 18 748.32   

Within Time Sphericity 

Assumed 

539.63 2 53.11 10.58 .00 

Greenhouse-geisser 539.63 1.40 75.78 10.58 .00 

Huynh-Feldt 539.63 1.65 64.26 10.58 .00 

Lower-bound 539.63 1.00 106.22 10.58 .00 

Time*group Sphericity 

Assumed 

212.44 4 25.50 2.08 .10 

Greenhouse-geisser 212.44 2.80 36.39 2.08 .13 

Huynh-Feldt 212.44 3.31 30.86 2.08 .12 

Lower-bound  212.44 2.00 106.22 2.08 .15 

Error(time) Sphericity 

Assumed 

212.44 36 25.50   

Greenhouse-geisser 212.44 25.23 36.39   

Huynh-Feldt 212.44 29.75 30.86   

Lower-bound  212.44 18.00 51.01   
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Table 6.2 

 

Leg press endurance 

Source Source  SS df MS F Sig 

Between Intercept  1.99808.06 1 199808.06 220.21 .00 

Group  2035.13 2 1017.57 1.12 .35 

Total  16332.42 18 907.36   

Within Time Sphericity Assumed 1048.27 2 524.13 1.97 .15 

Greenhouse-geisser 1048.27 1.73 606.94 1.97 .16 

Huynh-Feldt 1048.27 2.00 524.13 1.97 .15 

Lower-bound 1048.27 1.00 1048.27 1.97 .18 

Time*group Sphericity Assumed 988.50 4 247.13 0.93 .46 

Greenhouse-geisser 988.50 3.45 286.17 0.93 .45 

Huynh-Feldt 988.50 4.00 247.13 0.93 .46 

Lower-bound  988.50 2.00 494.25 0.93 .41 

Error(time) Sphericity Assumed 9564.42 36 265.68   

Greenhouse-geisser 9564.42 31.09 307.65   

Huynh-Feldt 9564.42 36.00 265.68   

Lower-bound  9564.42 18.00 531.36   
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Table 6.3 

 

Anova table for chest press endurance 

Source Source  SS df MS F Sig 

Between Intercept  86660.89 1 86660.89 144.23 .00 

Group  304.90 2 152.45 0.25 .78 

Total  10815.52 18 600.86   

Within Time Sphericity Assumed 580.06 2 290.03 2.89 .07 

Greenhouse-geisser 580.06 1.74 333.67 2.89 .08 

Huynh-Feldt 580.06 2.00 290.03 2.89 .07 

Lower-bound 580.06 1.00 580.06 2.89 .11 

Time*group Sphericity Assumed 468.80 4 117.20 1.17 .34 

Greenhouse-geisser 468.80 3.48 134.84 1.17 .34 

Huynh-Feldt 468.80 4.00 117.20 1.17 .34 

Lower-bound  468.80 2.00 234.40 1.17 .33 

Error(time) Sphericity Assumed 3608.79 36 100.24   

Greenhouse-geisser 3608.79 31.29 115.33   

Huynh-Feldt 3608.79 36.00 100.24   

Lower-bound  3608.79 18.00 200.49   
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Table 6.4 

 

Berg balance scale 

Source Source  SS df MS F Sig 

Between Intercept  150905.05 1 150905.05 2282.82 .00 

Group  100.21 2 50.11 0.76 .48 

Total  1189.88 18 66.11   

Within Time Sphericity Assumed 109.94 2 54.97 11.20 .00 

Greenhouse-geisser 109.94 1.67 65.68 11.20 .00 

Huynh-Feldt 109.94 2.00 54.97 11.20 .00 

Lower-bound 109.94 1.00 109.94 11.20 .00 

Time*group Sphericity Assumed 61.33 4 15.33 3.13 .03 

Greenhouse-geisser 61.33 3.35 18.32 3.13 .03 

Huynh-Feldt 61.33 4.00 15.33 3.13 .03 

Lower-bound  61.33 2.00 30.67 3.13 .07 

Error(time) Sphericity Assumed 176.62 36 4.91   

Greenhouse-geisser 176.62 30.13 5.86   

Huynh-Feldt 176.62 36.00 4.91   

Lower-bound  176.62 18.00 9.81   

 

 

 

 

 

 

 



WBV and RT on MS 156 

 

 

Table 6.5 

 

Strenuous physical activity 

Source Source  SS Df MS F Sig 

Between Intercept  35.23 1 35.23 5.46 .03 

Group  13.91 2 6.96 1.08 .36 

Total  122.70 19 6.46   

Within Time Sphericity Assumed 0.83 2 0.42 2.93 .67 

Greenhouse-geisser 0.83 1.56 0.53 2.93 .08 

Huynh-Feldt 0.83 1.86 0.45 2.93 .07 

Lower-bound  0.83 1.00 0.83 2.93 .10 

Time*group Sphericity Assumed 0.62 4 0.16 1.09 .38 

Greenhouse-geisser 0.62 3.13 0.20 1.09 .37 

Huynh-Feldt 0.62 3.72 0.17 1.09 .37 

Lower-bound  0.62 2.00 0.31 1.09 .36 

Error(time) Sphericity Assumed 5.41 38 0.14   

Greenhouse-geisser 5.41 29.72 0.18   

Huynh-Feldt 5.41 35.32 0.15   

Lower-bound  5.41 19.00 0.29   

 

 

 

 

 

 

 



WBV and RT on MS 157 

 

 

Table 6.6 

 

Moderate physical activity 

Source Source  SS Df MS F Sig 

Between Intercept  259.71 1 259.71 37.46 .00 

Group  34.71 2 17.35 2.50 .11 

Total  131.73 19 6.93   

Within Time Sphericity Assumed 0.48 2 0.24 0.16 .85 

Greenhouse-geisser 0.48 1.48 0.32 0.16 .79 

Huynh-Feldt 0.48 1.74 0.28 0.16 .82 

Lower-bound 0.48 1.00 0.48 0.16 .69 

Time*group Sphericity Assumed 11.65 4 2.91 1.99 .12 

Greenhouse-geisser 11.65 2.95 3.94 1.99 .14 

Huynh-Feldt 11.65 3.48 3.35 1.99 .13 

Lower-bound  11.65 2.00 5.83 1.99 .17 

Error(time) Sphericity Assumed 55.68 38 1.47   

Greenhouse-geisser 55.68 28.07 1.98   

Huynh-Feldt 55.68 33.07 1.68   

Lower-bound  55.68 19.oo 2.93   

 

 

 

 

 

 

 



WBV and RT on MS 158 

 

 

 

Table 6.7 

 

Light physical activity 

Source Source  SS Df MS F Sig 

Between Intercept  1917.84 1 1917.84 219.22 .00 

Group  16.21 2 8.11 0.93 .41 

Total  166.23 19 8.75   

Within Time Sphericity Assumed 3.17 2 1.59 1.28 .29 

Greenhouse-geisser 3.17 1.39 2.29 1.28 .28 

Huynh-Feldt 3.17 1.62 1.96 1.28 .29 

Lower-bound 3.17 1.00 3.17 1.28 .27 

Time*group Sphericity Assumed 16.09 4 4.02 3.24 .02 

Greenhouse-geisser 16.09 2.78 5.80 3.24 .04 

Huynh-Feldt 16.09 3.241 4.97 3.24 .03 

Lower-bound  16.09 2.00 8.05 3.24 .06 

Error(time) Sphericity Assumed 47.15 38 1.24   

Greenhouse-geisser 47.15 26.37 1.79   

Huynh-Feldt 47.15 30.79 1.53   

Lower-bound  47.15 19.00 2.48   
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