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Abstract 

 

The Effects of Aquatic Exercise on Balance 

in Individuals with Multiple Sclerosis 

 

By 

Kelsea Smith 

Master of Science of Kinesiology 

Balance deficiencies are common amongst individuals with Multiple Sclerosis (MS). Poor 

balance may lead to decreased physical activity and increased risk of injury through falls. 

Aquatic exercise has been shown to improve balance in individuals with MS. This study aims to 

objectively investigate the effects of aquatic exercise on balance outcomes in individuals with 

MS. 

Methods: 12 participants with MS were recruited and randomly assigned to either the 

intervention (aquatic exercise) or control group. The intervention group received 50-minutes 

aquatic exercise, twice a week for 10 weeks. Each session included a warm-up, balance, gait and 

strength training, and cool-down. Biomechanical balance tests were administered on a 

computerized posturographic equipment. Balance outcomes were measured twice, pre- and post-

intervention, for both groups including: The Sensory Organization Test (SOT), Motor Control 

Test (MCT), Adaptation Test (ADT), Sit-to-Stand (STS) and Step-Up/Over (SUO). Secondary 

outcome measurements of pain and fatigue were measured through the Brief Pain Inventory 

(BPI) and the Modified Fatigue Impact Scale (MFIS). For statistical analysis, mixed model 
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ANOVA was used for between-group comparison. A paired t-test and effect size calculations 

were used for within-group comparison, 

Results: In between-group comparison, no significant group interaction was found for any 

outcome measures. In within-group comparison, no significant improvements were found for 

either group. However, the positive trend for the STS (weight transfer time) d=0.52, SUO 

(impact index) d=0.46, ADT (sway energy) d=0.42, SOT (equilibrium score) d=0.55, BPI d=0.40 

and MFIS d=0.53 were found to be clinically meaningful in the aquatic group.  

Conclusion: Balance, pain and fatigue showed trends of improvement in individuals with MS 

following a 10-week aquatic exercise program. Aquatic exercise may provide an effective 

therapeutic option. This study outcome with aid clinicians, rehabilitators, and researchers when 

developing aquatic interventions for individuals with MS.  
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INTRODUCTION 

 Multiple Sclerosis (MS) is a progressive autoimmune disease associated with a number of 

neurological deficits (National Multiple Sclerosis Society, 2012). In fact, MS is the most 

common cause of neurological disabilities amongst young adults (Noseworthy et al., 2000), 

affecting almost half a million people in the United States alone (Reingold et al., 2002). These 

deficits range from fatigue and weakness to poor mobility and balance (Sosnoff et al., 2011). 

Consequently, these limitations can result in a decrease in physical activity, further 

deconditioning, and an overall negative effect on quality of life (Rimmer et al., 2012). While 

there is no known cure for MS, exercise has shown to potentially slow the progression, reduce 

relapses, and prevent deconditioning (Branas et al., 2000). Although in the past it was not 

recommended that individuals with MS exercise due to their quick onset of fatigue (Salem et al., 

2011), recent studies have shown that exercise programs are feasible and beneficial within the 

MS population (Cavanaugh et al., 2011; Dalgas et al., 2009; Dalgas et al., 2011;).  

 Exercise training has been used to minimize functional limitation and improve quality of 

life in people with MS (Rietberg et al., 2005). Although traditional land-based exercise has been 

shown to have benefits in individuals with MS (Brown et al., 2005; Dalgas et al. 2008, 2009; 

Gehlsen et al., 1984; Pariser et al., 2006; Petajan et al., 1999; Peterson et al., 2001; Rietberg et 

al., 2005; Roehrs et al., 2004; Romberg et al., 2004; Stuifbergen et al., 1997; Surraka et al., 

2004), aquatic exercise has become a viable alternative form of exercise. First, the buoyant 

nature and viscosity of water is beneficial for people with physical weakness, reducing the 

amount of weight bore by an individual (Guthrie et al., 1995). In addition, water allows for a safe 

environment for a population who generally experiences heightened pain and fatigue levels 
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(Krupp et al., 1988). Finally, the reduced load of gravity in the water decreases the risk of falling, 

which is of concern for people with MS (White et al., 2004).  

 Due to balance deficiencies seen amongst individuals with MS (Fjelstad et al., 2011; 

Karst et al., 2005; Kasser et al., 2011; Marandi et al., 2013; Martin et al., 2006; Salem et al., 

2011; Tarakci et al., 2013), exercising and performing movements on land can increase the 

likelihood of injury through falls. In a population where balance problems ultimately result in 

limited regular activity and increased risk of injury through falls, exercise and treatments that can 

maintain or even improve balance become increasingly important. To date, supervised group 

exercise and balance training have shown to improve overall balance and decrease functional 

limitations (Freeman et al., 2010; Taracki et al., 2013). Due to poor mobility and high risk of 

falls, it is important that we ask if aquatic exercise can positively affect balance outcomes in the 

MS population. 

 Although aquatic exercise has been found to be a feasible means of exercise for those 

with MS (Barbar et al., 2014; Bayraktar et al., 2013; Castro-Sanchez et al., 2012; Kargarfard et 

al., 2012; Mirandi et al., 2013; Rafeeyan et al., 2010; Roehrs & Karst, 2004; Salem et al., 2011; 

Saluja et al., 2008), these studies have yet to focus on the effects of aquatic exercise on balance 

objectively. Balance is a decisive factor in maintaining quality of life, and the multiple sensory 

stimuli provided by water may contribute to proprioception and balance efficiency and 

maintenance (Geigle et al., 1997). By maintaining or even increasing balance, people with MS 

may be able to maintain an independent lifestyle, increasing overall quality of life. In addition, 

although studies have used the NeuroCom to compare balance differences between MS 

populations and healthy populations (Fjeldstad et al., 2011), studies have yet to use it as a means 
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to track possible balance improvements due to aquatic exercise. A more comprehensive, 

objective look into balance outcomes following aquatic exercise is needed. 

 This research study focuses on the implementation of an aquatic exercise intervention in 

individuals with MS. Therefore, the purpose of this study is to objectively examine the effects of 

a 10-week aquatic exercise program on balance in people with MS. The hypothesis is that an 

aquatic group exercise program will enhance balance in individuals with MS. This study is 

expected to provide evidence for the implementation of aquatic exercise to improve balance, thus 

increasing activities of daily living and quality of life for those with MS.  

 

Clinical Significance 

 Balance deficiencies are common amongst individuals with MS, resulting in limited 

regular activity and an increased risk of injury through falls. There have been limited studies that 

have examined the effects of aquatic exercise on balance outcomes in individuals with MS 

(Barbar et al., 2014; Bayraktar et al., 2013; Mirandi et al., 2013; Salem et al., 2011). In an effort 

to preserve independence, it is important to determine whether individuals with MS may benefit 

from aquatic exercise. This study may be beneficial in developing an evidence-based aquatic 

exercise program for individuals with MS. In addition, this study aims to provide a more 

comprehensive understanding of balance in individuals with MS, as well as additional scientific 

understanding of the influence of aquatic intervention on balance, pain, and fatigue in individuals 

with MS. 
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Hypotheses  

Hypothesis 1: Aquatic exercise training will enhance balance in individuals with MS. 

Hypothesis 2: Aquatic exercise training will decrease perceived pain in individuals with MS. 

Hypothesis 3: Aquatic exercise training with decrease fatigue levels in individuals with MS. 

 

Operational Definitions 

Aquatic Group Training: Aquatic exercise training includes water exercises performed for 50 

minutes, two times a week, for 10 weeks. It encompasses a wide range of exercise components 

including flexibility, strength, and balance. The Standards and Steering Committees of the 

Aquatic Therapy and Rehabilitation Industry (ATRI) Certification define aquatic therapy and 

rehabilitation as, the use of water and specifically designed activity by qualified personnel to aid 

in the restoration, extension, maintenance and quality of function for persons with acute, 

transient, or chronic disabilities, syndromes or diseases (ATRI, inc).  

Non-exercise: Non-exercise is defined as continued activities of daily living for 10 weeks.  

Balance: Balance is defined as the ability to keep the body's center of mass within the limits of 

the base of support, and is required for activities of daily living and to avoid falling, as defined 

by Shumway-Cook et al. (2001) and the American Physical Therapy Association (APTA, 2014). 

Balance is measured using a computerized posturographic assessment tool, the NeuroCom 

(NeuroCom Balance Master, NeuroCom International, Clackamas, 2010). The NeuroCom 

quantifies postural control and center of gravity through the following measurement variables:  

• Equilibrium: The Sensory Organization Test (SOT) measures the ability of the participant 

to process sensory input cues to maintain balance. 
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• Latency: The Motor Control Test (MCT) measures the time between the onset of 

transition of the force plate, and initiation of force responses by the participant. 

• Sway Energy: The Adaptation Test (AT) measures the force produced by the participant 

against the force plate to recover following an anterior or posterior transition of the force 

plate. 

• Sway Velocity: The Sit-to-Stand (STS) measures the control of the participant’s center of 

gravity over the base of support during the rising phase. 

• Lift-up/Rising Index: The Step Up/Over (SUO) and STS measures maximum concentric 

force exerted by the leading leg when stepping up and over a box, or both legs when 

rising from a seated position. 

• Impact Index: The SUO measures vertical impact of the lagging leg as it lands on the 

surface when stepping up and over a box.  

• Weight Transfer Time: The STS measure the time it takes the participants to shift their 

center of pressure from a sitting to standing position.  

Pain: Pain is defined as a feeling of discomfort. 

Fatigue: Fatigue is defined as a feeling of tiredness or exhaustion without exercise. 

 

Assumptions 

Assumption 1: Participants are not participating in physical activity outside of the aquatic group 

training program. 

Assumption 2: The NeuroCom will properly measure balance, in addition to the Modified 

Fatigue Impact Scale (MFIS) properly measuring fatigue and the Brief Pain Inventory (BPI) 

properly measuring pain. 
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Assumption 3: The participants will answer truthfully on self-assessment questionnaires. 

Assumption 4: The pool will be kept between 82 and 84 degrees Fahrenheit.  

Assumption 5: Participants will put forth their full effort during the intervention and data 

collection processes.  

 

Delimitations 

Delimitation 1: Participants will be clinically diagnosed with MS. 

Delimitation 2: Participants will be ambulatory (with or without a walking aid, such as a cane or 

walker).  

Delimitation 3: Participants will have no fear of water. 

Delimitation 4: Participants will have no cognitive limitation or neurological conditions that will 

inhibit participation and/or consent in the exercise program. 

Delimitation 5: Participants’ date will not be included if they participate in exercise outside of 

this study. 

Delimitation 6: Participants’ date will not be included if any serious illness or relapse occurs 

during participation in the study. 

 

Limitations 

Limitation 1: There was a lack of statistical power due to the small sample size.  

Limitation 2: There was a lack of generalizability due to all participants having low disability 

levels and minimal functional limitations. 
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Independent and Dependent Variables 

Independent: 

• Aquatic exercise training 

• Non-training 

Dependent: 

• Balance 

o Static and Dynamic 

§ Equilibrium Score (average deg/sec sway %) 

§ Latency (msec) 

§ Sway Energy (deg/sec) 

o Functional 

§ Sway Velocity (force) 

§ Rising & Impact Index (% body weight) 

§ Movement/Weight Transfer Time (sec) 

• Pain 

• Fatigue 
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LITERATURE REVIEW 
 
Multiple Sclerosis 

Definition, Incidence & Etiology 

 The National Multiple Sclerosis Society (NMSS) defines multiple sclerosis (MS) as a 

chronic, immune-mediated disease that affects the central nervous system. For unknown reasons, 

the body’s immune cells attack and cause damage to the myelin sheath (the protective membrane 

around the nerve cells). This nerve damage creates scar tissue, which interrupts nerve impulses 

sent along the spinal cord and brain. Symptoms and lengths of episodes vary from person to 

person due to the varied location and severity of the scleroses, and the course of the disease can 

be unpredictable. MS is believed to affect more than 2.1 million people worldwide, and is 

usually diagnosed between the ages of 20 and 40. It is thought that the cause may be a virus 

and/or gene defect, however, environmental factors may also play a role. MS is more prevalent 

in Caucasians, and women than in men, which may suggest a hormonal connection. Genetics 

may also play a role, as people who have a family member with MS have a 1 in 40 chance of 

getting the disease, while the average person has a 1 in 750 chance. However, the cause of MS 

remains unknown. (“Multiple Sclerosis”, 1997; “What is MS?”, 2011; National Multiple 

Sclerosis Society 2012). 

Classifications 

Depending on the location and the course of the disease, MS can take the form of four 

different classifications. Relapse-Remitting MS is the most common type of MS. People with MS 

who have this disease course have clearly defined attacks (or worsening of symptoms), followed 

by partial or complete recovery periods. Primary-Progressive MS is characterized by a slow 

worsening of symptoms and function over time, with the rate of progression varying over time. 



 
 

9 

This type of MS affects 10% of those diagnosed. Secondary Progressive is now less common 

due to disease-modifying medications. This type of MS is characterized by a steady worsening of 

symptoms following an initial period of relapse-remitting MS. Progressive-Relapsing is the 

rarest course of MS, affecting about 5%. Individuals with this disease course experience a steady 

worsening of the disease in addition to clear attacks along the way, and may or may not 

experience periods of recovery in between relapses. (“Multiple Sclerosis”, 1997; “What is MS?”, 

2011; National Multiple Sclerosis Society, 2012). 

Pathology  

 Due to the unpredictability of the disease course, no two people with MS have the same 

parts of the CNS affected. In this way, it is difficult to pinpoint the underlying neural-immune 

mechanisms. According to Wu et al. (2011), the pathology of MS can be understood through 

examination of the cellular constituents, timing of the damage and the repair process. However, 

intermittent bursts of inflammation within the CNS can result in demyelination of brain, optic 

nerve, and spinal cord axons, which can interfere with neuronal conduction. Through autopsy 

studies, Trapp et al. (1998) observed that people who had been diagnosed with MS as few as two 

weeks prior to death already had irreversible axonal damage. This delay or interference within 

certain functional systems is responsible for the wide variety of symptoms experienced by people 

with MS (Lublin et al., 2005; Schapiro et al., 2003). In addition, it is important to keep in mind 

that MS can impair a multitude of functional systems, either independently, or together. These 

systems include, but are not limited to, pyramidal, cerebellum, brain stem, sensory, bowel and 

bladder, visual, and cerebrum (Kurtzke et al., 1983). Each of these systems is connected to a 

certain function. For example, lesions in the cerebellum (Fredericks, 1993) and the long 
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ascending sensory tracts (Nelson et al., 1995) have been linked to balance deficiencies. In this 

way, early detection and functional evaluation is vital for people with MS.  

 While the causal mechanism has yet been validated and agreed upon by clinicians, the 

Expanded Disability Status Scale (EDSS), created by Kurtzke in 1983, is valid and widely used 

(as found by a systematic review by Meyer-Mook et al., 2014). Measuring the severity of MS, 

this scale evaluates the overall function of the CNS as well as the progression of the disease. 

Administered by a clinician, the EDSS is a 0-10 rating system, with 0 being normal neurological 

status, and 10 being death from MS. An EDSS score of <6 quantifies neurological impairments, 

while an EDSS score of >6 calculates functional impairments of people with MS. The ability to 

walk 100 meters without assistance will determine whether or not a person will be given an 

EDSS score of less than 6. 

 

Symptoms 

Physical Symptoms as Barriers to Exercise 

 According to the NMSS (“What is MS?”, 2011), the symptoms of MS are not only 

unpredictable throughout the course of the disease, but each person experiences these symptoms 

differently. Symptoms can be physical as well as psychological. In 2006, a longitudinal study 

was conducted on 2,156 individuals with MS (Minden et al., 2006). The 10 most commonly 

reported symptoms were as follows: fatigue, difficulty walking, stiffness and spasms, memory 

and other cognitive issues, bladder problems, pain, emotional/mood problems, vision issues, 

dizziness/vertigo, and bowel problems. Of these symptoms, the physical limitations can result in 

a decrease in physical activity, further deconditioning, and an overall negative effect on quality 

of life (Rimmer et al., 2012). More specifically, fatigue, pain and muscle weakness are potential 
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barriers to exercise. In addition, balance and gait impairments can lead to a decrease in 

functional capacity, and thus, are also potential barriers to exercise. These symptoms are 

explained in further detail below.  

Fatigue 

 Fatigue is defined as a lack of perceived energy (either physical or mental) that interferes 

with activities of daily living, and is the most common complaint in people with MS (Amato et 

al., 2001). Up to 90% of people with MS have reported to be affected by fatigue (Fisk et al. 

1994; Freal et al., 1984; Krupp et al., 1988), and consider it to be the most debilitating of all 

symptoms (Bakshi et al., 2003; Janardhan et al., 2002). Heat and exercise have been found to 

aggravate or worsen fatigue symptoms (Vucic et al., 2010). Individuals with MS who experience 

heightened fatigue have significantly reduced physical activity levels, causing severe disabling 

effects similar to those seen in sedentary individuals (Packer et al, 1994). In addition, there have 

been correlations found between severities of fatigue with an EDSS of 3.5+ (Bergamaschi et al., 

1997). Overall, the exaggerated fatigue levels experienced by people with MS have negative 

impacts on their daily lives. 

Pain 

 Like fatigue, pain is very common, and may be the most treated symptom in individuals 

with MS, accounting for 30% of all treatments (Brichetto et al., 2003). The pain people with MS 

experience has been found to take different forms: continuous or intermittent central neuropathic 

pain, musculoskeletal pain (ie. spasms and spasticity), or a mixed neuropathic and 

nonneuropathic pain, such as headaches (O’Connor et al., 2008). Upwards of 43% of people with 

MS have experienced at least one type of pain, as found by a large epidemiological study by 

Solaro et al. (2004). Typically, there is no association between the location and number of 
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lesions, and which types of pain a person with MS experiences. However, pain level has been 

found to correlate with disability level (as defined by the EDSS), disease course and duration, 

and age (Svendsen et al., 2003). Not only can the pain experienced by people with MS be present 

at any point during the progression of the disease, but it can also have large negative effects on 

quality of life. Kalia and O’Connor (2004) conducted a study in which 99 individuals with MS 

completed a self-administered survey, which allowed them to compare pain severity in MS to 

QOL. Statistical analyses through t-tests showed that chronic pain is associated with reduced 

health-related QOL. 

Strength 

 According to the National Institute of Neurological Disorders and Stroke (NINDS, 2012), 

most people with MS experience muscular weakness, usually in the limbs. Some symptoms are 

severe enough to affect gait, and even cause paralysis. Many people with MS report a worsening 

in muscular weakness and fatigue when exposed to heat (NINDS, 2012). In addition, muscle 

weakness has a negative effect on strength output during exercise (Lenman et al., 1989). In this 

way, physical inactivity and a decrease in activities of daily living become very common (Motl 

et al., 2005). A decrease in physical activity can also lead to secondary symptoms such as 

muscular stiffness and spasms, and ultimately, a downward cycle of deconditioning and 

additional worsening of symptoms (Motl et al., 2010).  

Balance  

 Balance is the ability of a person to maintain an upright position by evenly distributing 

weight over the base of support. In order to maintain balance, multiple systems in the 

musculoskeletal and neuromuscular domain have to work in unison (Allison et al., 2001; 

Shumway-Cook et al., 2001). It is common for impairment in these components and systems, 
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and thus, balance deficiencies in both static and dynamic balance are common amongst 

individuals with MS (Fjelstad et al., 2011; Karst et al., 2005; Kasser et al., 2011; Marandi et al., 

2013; Martin et al., 2006; Salem et al., 2011; Tarakci et al., 2013). Balance deficiencies in people 

with MS have been well documented, and what these studies have found is that people with MS 

have increased center of pressure displacement (Karst et al., 2005), increased sway in the SOT, 

tandem walk and unilateral stance (Martin et al., 2006), and increased sway in forward limits of 

stability (Kasser et al., 2011). These results show that people with MS have increased difficulty 

ambulating, sustaining posture, and performing functional activities (Frzovic et al., 2000), thus, 

predisposing them to falls (Nilsagard et al., 2009). According to the CDC, this fall risk is of great 

concern because falls over a certain age have been linked to increased healthcare cost and early 

mortality ("Falls Among Older Adults: An Overview", 2014). In addition, this predisposition to 

falls may lead to a more a sedentary lifestyle out of fear and functional limitation (Cattaneo et 

al., 2002). In conclusion, the poor balance seen in individuals with MS, negatively affects overall 

function and quality of life. 

Gait 

 Similar to balance, gait is an intricate process requiring the coordination and interwoven 

processes of physiological and musculoskeletal systems (Winter et al., 2009). Due to multiple 

systems affected throughout the course of MS, the variability seen in gait is not likely caused by 

one factor (Callisaya et al., 2010). In general, most studies documenting gait impairments have 

used subjective measurement tools (Socie et al., 2012), such as the timed 25-foot walk and 6-

minute walk test. These spatiotemporal tests have shown that, when compared to healthy 

populations, common gait characteristics of people with MS include slower walking speed, 

shorter and slower steps, and more time spent in double-support stance phase (Benedetti et al., 
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2009; Givon et al., 2009; Martin et al., 2006; Sosnoff et al., 2011). It is important to mention, 

gait deficits exist in individuals with MS even at a fixed walking speed (Remelius, 2012; Spain, 

2012). In addition, gait abnormalities have been identified without functional limitations (EDSS 

0-2), and without relation to the clinical disability score (Benedetti et al., 1999). Impairments in 

walking have been recorded as some of the most detrimental limitations to quality of life by 

individuals with MS (LaRocca, 2011). 

 Due to the progressive nature of MS, the wide range of symptoms, physical abnormalities 

observed early in the course of the disease, and the fact that there is no cure, early diagnosis and 

intervention options are necessary for preserving independence in people with MS. Many 

different treatment interventions have been explored, with the most common and noninvasive of 

these being exercise. 

 

Exercise and MS 

 Although in the past it was not recommended that individuals with MS exercise due to 

their quick onset of fatigue (Salem et al., 2011), recent studies have shown that land-based 

exercises are not only feasible, but also beneficial to those with MS (Cavanaugh et al., 2011; 

Dalgas et al., 2009; Hayes et al., 2011). In a population where physical activity is low 

(Cavanaugh et al., 2011), exercise promotion and engagement becomes even more important for 

individuals with MS. Evidence from previous studies have demonstrated that exercise can be 

safe and effective in inducing functional improvements necessary for maintaining quality of life 

(Cavanaugh 2011; Dalgas, 2009; Garrett et al., 2012; Hayes, 2011; Huisinga et al., 2011; 

Learmonth et al., 2012, 2013; Sabathy et al, 2011; Tarakci et al., 2013). 
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 In a cross-sectional study that examined physical activity levels in individuals with MS, 

Cavanaugh et al. (2011) compared 11 individuals without ambulatory limitations (EDSS < 4.5) 

to 10 individuals with ambulatory limitations (EDSS > 4.5). Twelve women and nine men were 

included in the study, and were 57.6 (± 12.7) years old with a disease duration of 14.0 (± 10.3) 

years. Individuals with an EDSS score of less than 4.5 were ambulatory without aid, while an 

EDSS score of more than 4.5 (but less than 8.0) were considered ambulatory but with limitations 

(ie. requiring a walking aid). Individuals in both groups wore a step monitor for all waking hours 

for a week, and were told to continue their normal activities. In addition, all individuals 

underwent gait, balance, and fatigue evaluation through the following clinical measures: 

Multiple Sclerosis Walking Scale, Timed 25-Foot Walk (T25W), Timed Up and Go test (TUG), 

6-Minute Walk (6MWT), Dynamic Gait Index, Berg Balance Scale (BBS), Activities-specific 

Balance Confidence Scale, and Modified Fatigue Impact Scale (MFIS). Results showed 

participants without ambulatory limitations were overall more active, and step count was most 

strongly correlated to EDSS, Multiple Sclerosis Walking Scale, and gait and balance measures. 

More importantly, individuals with an EDSS score of less than 4.5 still only accumulated enough 

steps to correlate with "somewhat active" levels as compared with the general adult population. 

This indicates that a lack of MS-related disability does not necessarily mean an individual 

engages in a healthy active lifestyle. This lack of physical activity can lead to further 

deconditioning, and lead to a negative impact on quality of life. 

Although Cavanaugh et al. (2011) demonstrated that individuals with MS have an overall 

lower activity level, studies continuously have shown the benefit of physical activity for people 

with MS. The effect of both an eight-week endurance and eight-week resistance exercise 

program was examined in individuals with MS (Sabathy et al., 2011). Sabathy et al. (2011) 
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conducted a cross-over study in which 16 individuals with MS were randomly assigned to either 

the resistance group or endurance group for eight weeks, then were placed in the exercise 

training group they had not completed for the following eight-week period. Twelve females and 

four males aged 47-66 years old who could ambulate with or without a walking aid, participated 

in the study. The endurance exercise program was a circuit-like training with eight different 

stations consisting of six exercises at each station (exercises ranging from step-ups to treadmill 

walking). Participants exercised for five minutes at each station with a two-minute rest every ten 

minutes. In contrast, the resistance exercise program consisted of three upper, three lower, and 

two core exercises. Participants performed two to three sets of six to ten repetitions for each set, 

with up to a minute rest between each set. Functional and quality of life measures taken pre- and 

post-interventions included grip strength, Functional Reach Test, Four Step Square Test, TUG, 

6MWT, Multiple Sclerosis Impact Scale (MSIS) and MFIS, Beck Depression Inventory and the 

Health Status Questionnaire Short Form-36. Repeated measures ANOVA showed that there was 

no statistical difference in improvement between endurance and resistance training groups in grip 

strength, Functional Reach Test, Four Step Square Test, TUG, 6MWT and Beck Inventory. 

There were significant improvements in measures of physical ability as well as physical scales of 

the MSIS, and physical and psychosocial scales of MFIS in both groups compared to baseline. 

Both endurance and resistance exercise programs are not only well-tolerated in people with MS, 

but can also improve functional and quality of life measures. 

While Sabathy et al. (2011) compared endurance and resistance training, Garrett et al. 

(2012) compared physiotherapist (PT)-led, yoga, and fitness instructor (FI)-lead exercise groups 

in those with MS. Although the exercise interventions between the two studies differed, like 

Sabathy et al. (2011), Garrett et al. (2012) evaluated the effectiveness of exercise on functional 
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and quality of life measures. Two hundred and forty-two individuals with MS who were 18 years 

or older with no relapses or steroid therapy 12 weeks prior to the intervention, participated in this 

randomized controlled trial. Each exercise group was broken up into groups of eight people who 

participated in PT (n=63), yoga (n=63), or FI (n=67) exercise group for one hour a week, for 10 

weeks, while 49 individuals were in the control group (no exercise). The PT-led group consisted 

of a circuit-style exercise program, very similar to the endurance exercise program conducted by 

Sabathy et al. (2011). The FI-led group consisted of a combination of aerobic and progressive 

resistance exercise. Finally, the yoga exercise group consisted of breathing, relaxation, range of 

motion, and dynamic weight bearing poses, while the control group was instructed to go about 

their normal daily activities. Participants were tested both pre- and post-intervention on the 

MSIS, MFIS, and 6MWT. Linear regression analysis showed that all three intervention groups 

significantly improved in the MSIS psychological component and MFIS scale. However, only 

the PT- and FI-led groups improved in the MSIS physical component and 6MWT.  

Even though Sabathy et al. (2011) and Garrett et al. (2012) found exercise was not only 

feasible for individuals with MS, but also beneficial in terms of physical and psychological 

measures, they did not specifically investigate the impact of exercise on QOL. Huisinga et al. 

(2011) further investigated this common symptom of reduced QOL in individuals with MS. This 

intervention study focused on how fatigue and QOL could be altered in individuals with MS 

through aerobic exercise. The researchers recruited 26 individuals 45.5 ± 10.5 years old, with an 

EDSS score of 1.0-6.0 and the ability to walk at least 25 feet to participate in a six-week 

elliptical exercise program. All 26 participants completed 15 elliptical exercise sessions, each 30-

minutes in length. The Fatigue Severity Scale (FSS) and MFIS were used to measure fatigue, and 

the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) measured QOL. At the 
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end of the six-week training, exercise significantly improved fatigue and QOL in people with 

MS. In addition, there was a significant correlation between decreased fatigue levels and 

decreased reported physical functional limitations.  

While Huisinga et al. (2011) investigated exercise effects on fatigue and QOL, Tarakci et 

al. (2013) decided to incorporate physical measures in addition to fatigue and QOL into their 12-

week randomized controlled study. To determine the effectiveness of exercise training, 99 

ambulatory individuals with MS were randomly divided into either the exercise group (n=51) or 

the control group (n=48). Participants allocated to the exercise group participated in one-hour, 

three times per week sessions that included flexibility, range of motion, strengthening, balance 

and functional activities. Participants placed in the control group received once a month phone 

calls from their neurologist regarding their clinical status. Postural stability, temporal attributes 

of gait, spasticity, fatigue and health related QOL were measured through the following tools: 

The Berg Balance Scale (BBS), 10-metre walk test, 10-steps climbing test, Modified Ashworth 

Scale, FFS, and Multiple Sclerosis International Quality of Life (MSQOL). There was a 

significant improvement in all outcome measures in the exercise group, while a significant 

decline in BBS measures and 10-meter walk measures in the control group. The results from this 

study showed that individuals who participated in three months of exercise improved balance, 

functional status, spasticity, fatigue, and QOL. In contrast, individuals who did not participate in 

three months of supervised exercise showed a decrease in balance and functional status.  

The previous studies discussed have explored many facets of physical, psychological, and 

QOL components that exercise can positively affect (Sabathy; Garrett; Huisinga; Tarakci). 

Learmonth et al. (2012) sought to incorporate an even more comprehensive look into the effects 

of exercise on individuals with MS in a randomized controlled study. Similar to Cavanaugh et al. 
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(2011), this study investigated activity levels. Like Sabathy et al. (2011), this study looked at 

mobility and balance. Similar to Garrett et al. (2012), Learmonth et al. (2012) incorporated 

physical function, fatigue, anxiety, and depression. Comparable to Huisinga et al. (2011), this 

study investigated fatigue and QOL measures. Finally, Learmonth et al. (2012) explored balance, 

functional status, fatigue and QOL similar to the measures of Tarakci et al. (2013). In contrast to 

all the previous studies, Learmonth et al. (2012) also integrated leg strength and goal attainment 

into the outcome measures. Thirty-two moderately affected individuals with MS (EDSS=5.0-6.5) 

were recruited for this study, and randomly divided into two groups (control and intervention). 

The intervention group participated in 60-minute, twice weekly for 12-weeks exercise, which 

included gait, balance, aerobic and strengthening exercises, while the control group received 

normal care. Measurements of the aforementioned variables were taken at baseline, eight weeks 

and 12 weeks. By 12 weeks, linear regression analyses showed significant improvements in the 

exercise group in activity levels and balance confidence levels compared to baseline. In addition, 

there was a trend towards increased leg strength, dynamic balance and perceived balance. This 

study, like previous studies, reiterated the feasibility and overall benefits of exercise in 

individuals with MS.  

While evidence-supporting exercise for people with MS has shown to be well 

documented, few studies take into account the perspectives of individuals with MS following 

exercise programs. Learmonth et al. (2013) took on a qualitative approach for their randomized 

controlled study, in order to better understand participants’ views on exercise programs, 

outcomes from exercise, as well as any perceived facilitators or barriers to exercise. Using the 

same individuals with MS who participated in the12-week exercise intervention (Learmonth, 

2012), Learmonth et al. (2013) invited participants of the exercise group to attend a “focus 
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group” in the 12th week of the program. During this meeting, ran by a physiotherapy 

researcher/moderator, semi-structured questions were asked to the 14 individuals with MS. 

These questions were based on MS literature, general focus group literature, and previous studies 

conducted on exercise in MS. Using a general inductive approach to analyze collected data and 

answers to questions, the researchers induced three main themes. First, participant’s explained 

that the exercise class improved MS symptoms, sleeping patterns, increased activities of daily 

living and encouraged healthier lifestyle choices. Secondly, there was a consensus on group 

exercise classes increasing social support and improving overall attitude. Finally, common 

barriers that emerged within the discussion were mobility, fatigue, psychosocial factors, social 

stigma and lack of opportunities and knowledge of exercise instructors. Overall, individuals with 

MS perceived exercise as both positive and beneficial. 

While each of the previous studies discussed differed in dependent variables, they each 

involved some form of exercise as the independent variable. In addition, while these studies 

support land exercise for functional and psychological improvements, they did not provide 

suggestions for possible complications people with MS could experience while exercising on 

land. These include, but are not limited to, heat sensitivity, ambulation and safety issues.  

 

Aquatic Exercise and MS 

As previously established, exercise is feasible and should be encouraged in individuals 

with MS. However, due to the variability of symptoms and disease course, determining the 

appropriate exercise prescription may pose a challenge. In response to the complications and 

symptoms experienced by individuals with MS, aquatic exercise (in many different forms) has 

become an increasingly popular solution. Water properties decrease the amount of weight bore 



 
 

21 

by an individual (Guthrie et al., 1995) and allows for a safe exercise environment (Krupp et al., 

1988; White et al., 2004). In addition, water may help manage neurological symptoms by 

increasing blood flow, enhancing relaxation and controlling body temperature (Castro-Sanchez 

et al., 2011). Controlling core body temperature is especially important, as even small changes in 

temperature due to exercise has shown to greatly increase severity of symptoms in some 

individuals with MS (Davis, 1970; Guthrie et al., 1995; Raminsky, 1973; Schauf et al., 1974). 

For example, an increase in body temperature may cause an increase in fatigue and impaired 

overall function (Noseworthy et al., 2000; Petajan et al., 1999). In a population with known heat 

sensitivity, decreased functional abilities, and increased fatigue and pain levels, aquatic exercise 

becomes an exercise option of great interest. Unfortunately, not as much is known about the 

benefits of aquatic exercise compared to traditional land-based exercise.  

 In 2004, Roehrs and Karst (2004) investigated the effects of an aquatic exercise program 

on health-related QOL in 19 individuals with MS. Twelve females and seven males with a mean 

age of 50 years old took part in one-hour aquatic exercise sessions, two times a week for 12 

weeks. The intervention included a warm-up and stretching, followed by endurance, 

balance/coordination and strengthening activities, concluding with a cool-down. Because EDSS 

scores ranged from 1.5-8.0 amongst participants, modified activities were given throughout the 

aquatic exercise sessions for participants who could not perform typical class activities due to 

physical impairments. Each participant completed the SF-36 and the MSQLI pre- and post-

intervention. There were significant improvements in social functioning and fatigue QOL 

domains after training. The results of this study indicated not only may people with MS benefit 

from an aquatic exercise program, but also that interventions should focus on fostering social 

interaction and improving energy levels. 
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 QOL outcomes were also investigated following an aquatic exercise program by 

Rafeeyan et al. (2010). Compared to a 12-week study including a wide range of EDSS scores in 

participants and an average age of 50 years old (Roehrs & Karst, 2004), this study was only four 

weeks in length with participants having an EDSS score between 2.0 and 4.0 and an average age 

of 30 years old. Rafeeyan et al. (2010) also had the 22 individuals with MS complete the SF-36 

before and after the aquatic exercise program to measure QOL. Paired t-tests showed significant 

improvement in mental health, social function, physical pain and general health from before and 

after the month long intervention. Unlike the study done by Roehrs and Karst (2004), a decrease 

in fatigue levels was not directly found in this study (Rafeeyan et al., 2010). This may be due to 

the lower disability level of the participants, or that four weeks was not adequate length of time 

to see obvious improvements in fatigue levels.  

Following in the footsteps of Roehrs, Karst (2004) and Rafeeyan et al. (2010), Kargarfard 

et al. (2012) sought to further investigate the effects of aquatic exercise on fatigue, in addition to 

QOL, in a randomized controlled trial. Thirty-two women with a mean age of 32.6 ± 8.0 years 

old and an EDSS score of ≤ 3.5 were recruited for eight weeks of aquatic exercise. Following 

recruitment, half of the participants were assigned to the control group (no exercise) and the 

other to the intervention group. The exercise group met three times a week for one hour sessions. 

A typical session included an aerobic warm-up, activities focusing on joint range of motion, 

strengthening, balance, posture, and functioning, concluding with five minutes of free-time. 

Fatigue (measured by MFIS) and QOL (measured by the MSQLI) were assessed at pre-, mid-, 

and post-training. Repeated measures analysis of variance (ANOVA) were conducted to analyze 

outcome measures across time and between groups (exercise and no exercise). Results were 

based on 21 individuals with MS (10 in the exercise group and 11 in control group), with no 



 
 

23 

significant differences between groups at baseline. After four weeks, the aquatic exercise group 

significantly improved in QOL components such as health perception, energy, social functioning, 

and role limitation compared to the control group. However, after eight weeks, the aquatic 

exercise group significantly improved fatigue levels, in addition to QOL components compared 

to baseline scores.  

While levels of fatigue and QOL in individuals with MS have been shown to improve 

through aquatic exercise (Kargarfard et al., 2012; Rafeeyan et al., 2010; Roehrs et al., 2004), 

other symptoms of MS have also been examined. The effects of aquatic exercise on pain have 

been examined in individuals with MS (Castro-Sanchez et al., 2012). Taking a more holistic 

approach, Castro-Sanchez et al. (2012) conducted a study in which 73 individuals (23 males and 

50 females with an EDSS of ≤7.5) with MS were randomly assigned to the exercise group or 

control group. Those in the exercise group participated in an Ai-Chi exercise program two times 

a week for 60 minutes each session, for 20 weeks. 16 movements performed in shoulder-depth 

water constitute this type of exercise program, and incorporates deep breathing, and slow, broad 

movements of the limbs and torso to work on functional improvements and relaxation. In 

contrast to previous randomized controlled exercise studies, the control group in this study also 

participated in a form of exercise. Instead of participating in the full Ai-Chi session, participants 

in the control group underwent just the relaxation period of Ai-Chi (abdominal breathing) in 

addition to guided contraction-relaxation, in a supine position on an exercise mat. Pain 

questionnaires (and secondary fatigue, spasm and depression questionnaires) were completed at 

baseline, immediately following the intervention, and at four and 10 weeks following the 

intervention. The experimental group participating in Ai-Chi exercise experienced a significant 

and clinically relevant decrease in pain verse baseline, which was maintained 10 weeks 
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following the program. Additional improvement was documented in spasm, fatigue, and 

autonomy.  

Unlike the previous studies that have investigated the positive effects that aquatic 

exercise has on QOL, fatigue and pain in individuals with MS (Castro-Sanchez et al., 2012; 

Kargarfard et al., 2012; Rafeeyan et al., 2010; Roehrs et al., 2004), other studies have looked at 

possible changes to physical limitations following an aquatic group intervention. Pioneering 

studies of aquatic exercise in MS, Gehlsen et al. (1984) sought to quantify the impact of aquatics 

on strength, endurance, work and power in individuals with MS. Ten ambulatory individuals (six 

females and four males) about 40 years old, participated in a 10-week aquatic exercise program 

(three one-hour exercise sessions per week) of freestyle swimming and shallow water 

calisthenics. Outcome measures for upper and lower extremity strength, force, work, and power 

were taken from two isokinetic dynamometers at baseline, midtrial and post-trial. Training 

elicited a significant increase in knee extensor torque, fatigue and work values for the lower 

extremity, and all strength measures for the upper extremity. This study indicates that an aquatic 

exercise program may improve strength, work, power and fatigue in individuals with MS.  

A more recent study done by Saluja et al. (2008) further evaluated the effects of an 

aquatic exercise program on pain, fatigue and muscular strength in people with MS. Twenty-two 

ambulatory individuals with MS with a mean age of 52 years old participated in this 12-week 

study. Pain was measured using the Mankoski Pain Scale (MPS), fatigue was measured using the 

MFIS, and isokinetic strength was measured using the Biodex. Unlike the study conducted by 

Gehlsen et al. (1984), strength measurements were only taken from the lower extremity 

(quadriceps and hamstrings), as opposed to upper and lower extremities. Also, while Gehlsen et 

al. (1984) had all participants take part in the aquatic exercise program, Saluja et al. (2008) had 



 
 

25 

half of the participants in the exercise group, and the other half in a control group participating in 

a 12-week home-based exercise program. In addition, the intervention was more comprehensive, 

incorporating Ai-Chi, Back-Hab, cardiovascular, strengthening, balance activities and stretching 

in a progressive manner (Saluja et al., 2008), instead of only freestyle swimming and calisthenics 

(Gehlsen et al., 1984). After the aquatic exercise program, significant improvements were seen in 

pain levels and leg strength in the aquatic exercise group compared to the control group.  

Muscle weakness compromises balance, and although Saluja et al. (2008) found positive 

effects of aquatic exercise on balance, it is important to examine the relationship between 

strength, balance and gait following an aquatic exercise program. Salem et al. (2011) 

investigated the relationship of physical effects following exercise by examining the effects of a 

five-week aquatic group exercise program on gait, strength, balance, and fatigue. Ten subjects 

with MS participated in 60-minute twice-weekly exercise sessions, which included aerobics, 

strength, balance and walking activities, and flexibility. Participants underwent pre and post-

intervention assessment measurements through the 10-metre walk test, BBS, TUG, handheld 

dynamometer, and MFIS. Significant improvements were found for gait speed, BBS, TUG, and 

grip strength. Although other studies (Kargarard et al., 2012, Roehrs et al. 2004, Saluja et al., 

2008) found a decrease in fatigue, Salem et al. (2011) did not find significant improvements in 

fatigue levels. Similar to Rafeeyan et al., 2010, this may be due to inadequate length of time of 

the intervention. However, these results indicate an improvement in overall mobility and 

balance, as well as strength, following an aquatic exercise program. 

Due to the limited studies on the effects of aquatic therapy, Bayraktar et al. (2013) 

conducted a comprehensive pilot study on the effects of aquatic exercise on balance, functional 

mobility, strength and fatigue in individuals with MS. Unlike Salem et al. (2011), the 
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intervention of this study consisted solely of Ai-Chi, and only ambulatory women (n=23) were 

recruited for the study. Twenty-three participants were divided into the experimental (n=15) or 

control groups (n=8), with the experimental group participating in eight weeks (twice a week for 

60 minutes each session) of Ai-Chi, and the control group performing upper and lower extremity 

exercises with breathing exercises (two days a week) at home. All measurements were taken 

before and after the intervention for both the Ai-Chi group and the home exercise group. Static 

balance was measured using the one-leg standing test, functional mobility was measured through 

the TUG and 6MWT, upper extremity (shoulder flexors and abductors, and elbow flexors) and 

lower extremity (hip flexors and extensors, hip abductors and adductors, knee flexors and 

extensors, and ankle dorsal flexors) strength were measured using a dynamometer, and fatigue 

was measured by the FSS. Non-parametric tests were run for statistical analyses due to sample 

size. Results indicated a significant improvement in balance, mobility, strength (in shoulder, hip, 

and knee), and fatigue after the Ai-Chi program.  

 While Salem et al. (2011) and Bayraktar et al. (2013) found balance improved following 

an aquatic exercise program, only two other articles have been published examining the effects 

of aquatic exercise on balance in MS as the main outcome (Barbar et al., 2014; Marandi et al, 

2013). One study completed by Marandi et al. (2013) included 57 females with an EDSS ≤ 4.5 

who were assigned to either the aquatic exercise group, Pilates group, or control group. 

Individuals in the aquatic exercise group participated in 12 weeks of multi-modal aquatic 

exercise three times per week for one hour per session. The Pilates group participated in 12 

weeks of typical Pilates, instructor-led exercise, and the control group maintained normal daily 

activities. Using the Six Spot Step Test (SSST), dynamic balance was tested before and after the 

12 weeks. This particular measurement is not only subjective, but also not widely used. No other 
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measurement tools were used to test balance. Statistical analysis showed a significant 

improvement in SSST for the aquatic group from pre- to post-intervention. This indicates that 

aquatic exercise can improve dynamic balance in individuals with MS.  

 To date, the only study that has objectively investigated static and dynamic balance 

following an aquatic exercise intervention is a very recent study conducted by Barbar et al. 

(2014). In a semi-experimental design, Barbar et al. (2014) investigated the effects of an eight-

week aquatic exercise program on male individuals with MS. Sixty male individuals with an 

EDSS < 5.0 between the ages of 20 and 50 were recruited and put in either the intervention or 

control group. Those in the intervention group participated in three sessions a week for one hour 

each session aquatic session, while the control group continued with normal daily activities. 

Each session consisted of a warm-up, 14 activities that included different forms of walking and 

upper body movements, and a cool down. Static and dynamic balance were measured under 

different conditions through a balance/force-plate system (brand not specified in article). 

Through ANCOVA, results indicated a significant improvement in static balance with eyes 

closed as well as dynamic balance following aquatic exercise.   

  

Conclusion 

 Affecting almost half a million people in the US, MS is the most common cause of 

neurological disabilities amongst young adults (Noseworthy, 2000). Inflammation and 

demyelination cause interruptions within the CNS (Wu et al., 2011), leading to a wide range of 

symptoms. One of the main physical limitations due to MS is a loss of balance. Balance 

impairment leads to a more sedentary lifestyle, an increased risk of injury through falls, and even 

early mortality ("Falls Among Older Adults: An Overview", 2014; White, 2004).   
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Research has demonstrated that traditional land exercise might be beneficial in improving 

some of the physical and psychological characteristics of MS (Cavanaugh 2011; Dalgas, 2009; 

Garrett et al., 2012; Hayes, 2011; Huisinga et al., 2011; Learmonth et al., 2012, 2013; Sabathy et 

al., 2011; Tarakci et al., 2013). Despite evidence of land-based exercise being beneficial for 

people with MS, this form of exercise does not address serious potential barriers people with MS 

may face while exercising on land. These include, but are not limited to, heat sensitivity, 

increased fatigue levels and fall risk, which can exacerbate symptoms (Noseworthy et al., 2000; 

Petajan et al., 1999). Exercising in water can be a possible solution to these barriers because of 

water properties such as buoyancy, turbulence, hydrostatic pressure, and resistance. These water 

properties can increase stability and safety and regulate core temperature, while still engaging the 

heart, lungs and muscles (Castro-Sanchez et al., 2011; Guthrie et al., 1995; Krupp et al., 1988; 

White et al., 2004). Aquatic exercise has become increasingly popular amongst the MS 

community, and has been found to be feasible (Barbar et al., 2014; Bayraktar et al., 2013; 

Castro-Sanchez et al., 2012; Gehlsen et al., 1984; Kargarfard et al., 2012; Marandi et al., 2013; 

Rafeeyan et al., 2010; Roehrs et al., 2004; Salem et al., 2011; Saluja et al., 2008).  

Only two studies however, have looked at the effects of aquatic exercise exclusively on 

balance in MS (Barbar et al., 2014; Marandi et al, 2013). While both of these studies presented 

results suggesting an improvement in balance in individuals with MS following an aquatic 

exercise intervention, one study only investigated dynamic balance in women using a subjective 

measurement tool (Marandi et al., 2013), while the other did not provide a replicable aquatic 

exercise program, only had male participants, and did not measure functional balance (Barbar et 

al., 2014). Further research is warranted in order to reach conclusions on whether aquatic 

exercise can provide significant improvement in balance. This research should provide balanced 
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participants (male and female), use an objective gold standard balance assessment tool, provide a 

replicable aquatic exercise program, and assess static, dynamic and functional balance.  

 Due to the adaptations and findings seen in other publications, as well as the knowledge 

of gait, strength, and balance being interdependent (Tofighi et al., 2013; Yahia et al., 2011), an 

aquatic exercise program incorporating these variables may lead to an increase in balance. Thus, 

it is hypothesized that a 10-week aquatic group intervention program may increase balance, 

reduce their risk of falls, and significantly improve quality of life in individuals with MS. 
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METHODS 
Participants 

Twelve participants were recruited through word of mouth from a university-based 

exercise center, the Center of Achievement at California State University State, Northridge 

(CSUN). Six individuals were allocated to the exercise group (one male, five females) (mean 

age: 62), while six were assigned to the non-exercise group (one male, five females) (mean age: 

56). Each participant was randomly placed in either the aquatic exercise or non-exercise group 

based on non-supported standing balance. All participants met the following inclusion criteria: 

(1) medical diagnosis of Multiple Sclerosis; (2) aged 18 and older; (c) signed medical clearance 

for exercise participation from a primary physician; (4) less than twice a week instructor-led 

physical activity prior to (and during) participation of the study; (5) ability to read and 

communicate in English (6) Expanded Disability Status Scale (EDSS) score that fell between 

6.0-0.0. Participants were excluded from the study if they had any of the following criteria: (1) 

any ailments before or during study that would prohibit exercise as prescribed by a medical 

provider; (2) cognitive limitations that would inhibit participation in the exercise program; (3) 

current participation in another exercise-based research study; (4) fear of water. All participants 

signed an informed consent approved by the institutional review board at CSUN prior to any 

recruitment, data collection, or intervention participation. Participants’ demographic information 

is summarized in Table 1. 

Research Design 

This study was a progressive cohort study, held at the Center of Achievement at CSUN. 

After recruitment and obtainment of medical clearance and signed consent, participants were 

scheduled for pre-data collection held at the Center of Achievement Laboratory at CSUN. Pre-

data collection included one pain and one fatigue questionnaire, as well as five assessments using 
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a computerized posturographic balance assessment tool. Upon completion of pre-intervention 

data collection, individuals were randomly assigned to either the non-exercise or aquatic exercise 

group. All data collection procedures were the same at both pre-intervention and post-

intervention (10 weeks). Data collection protocol is summarized in Table 3.  

Intervention 

Participants randomly assigned to the aquatic exercise group engaged in 50 minutes of 

exercise twice a week for a total of 10 weeks. The program was a compilation of National 

Multiple Sclerosis Society aquatic exercise recommendations and the aquatic programs 

implemented at the Center of Achievement at CSUN. The aquatic exercise sessions were led by 

the researcher and assisted by graduate students from the Adapted Physical Activity program at 

CSUN to ensure safety and validity of exercise. All aquatic sessions were held in the Abbot and 

Linda Brown Western Center for Adaptive Aquatic Therapy within the Center of Achievement 

on campus at CSUN. The aquatic exercise was held in a cool pool between 80 to 84 degree 

Fahrenheit (26.6°C – 28.8°C), which meets the MS Society requirement of exercise in a cool 

pool less than 85 degrees Fahrenheit (< 29°C). Lifeguards and pool safety equipment were 

available and present at each session to facilitate and maximize participation.  

Each exercise session included 5-minutes of warm-up/flexibility, 20-minutes of strength, 

20-minutes of balance/walking activities and 5-minutes of cool-down/flexibility. Warm-up 

included walking and stretching exercises. The aquatic exercise program included activities 

focused on mobility and functional activities, muscular strengthening, posture and balance. 

Strength exercises included step-ups, sit-to-stand, squats, heel-toe raises, marching in place, 

forward leg raises, and side leg raises. Balance exercises included wide, narrow, staggered, 

tandem and single leg stances both with and without turbulence, reaching exercises, clock 
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exercises, and balance board and beam exercises. The cool-down included stretching exercises, 

shoulders rolls forward and backwards. Throughout each session, quality of movement and 

posture was emphasized and encouraged. Equipment included water dumbbells, kickboards, 

balance beams, balance boards, ankle weights, flotation devices, and aquatic parallel bars. 

Aquatic intervention and activities are summarized in Table 4 and 5. 

The participants randomly assigned to the control group were instructed to attend only 

the pre- and post-intervention data collection sessions, and continue their daily routines. After 

the completion of the study a home-based exercise program printout was offered should they be 

interested in exercising at home or individually.  

Instrumentation 
 

All participants were evaluated pre- and post- aquatic training utilizing the following 

assessment tools: The Modified Fatigue Impact Scale (MFIS), the Brief Pain Inventory (BPI) 

short form, and the Sit-to-Stand (STS), the Step Up/Over (SUO), the Motor Control Test (MCT), 

the Adaptation Test (ADT) and the Sensory Organization Test (SOT) on the NeuroCom Balance 

Master (NeuroCom International, Clackamas, OR, 2010). 

 The Modified Fatigue Impact Scale: Fatigue was measured using the MFIS. The MFIS is 

a 21-item self-report questionnaire that determines the effects of fatigue on physical, cognitive, 

and psychosocial functioning (Fisk et al., 1994). Each item is scored on a 4-point scale 

(0=’never’ to 4=’almost always’). The total range is 0-84, with a lower score indicating less 

fatigue impacting daily functioning. The validity and reliability of the scale is well documented 

and supported in individuals with MS (Fisk et al., 1994; Fisk et al., 1994; Kos et al., 2005). 

 Brief Pain Inventory (BPI) short form: Pain was assessed using the BPI. The BPI is a 

self-report questionnaire used to determine any changes in participants’ severity of pain and the 
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impact of pain on daily function (Cleeland et al., 1994). Pain severity and the impact of pain is 

scored on a 10-point scale (0=’no pain’ to 10=’pain as bad as you can imagine’). The total range 

is 0-110, with a lower score indicating less pain. The BPI is a valid and reliable questionnaire to 

quantify pain in individuals with MS (Osborne et al., 2006).  

 NeuroCom Balance Master: The NeuroCom is a computerized posturographic balance 

machine which measures static and dynamic balance on a moveable force plate and environment 

(Neurocom), in addition to functional balance on a stationary platform (force plate) (NeuroCom 

International, Clackamas, OR, 2010). 

Functional balance was measured on the force plate through the STS and the SUO. The 

STS measures center of gravity control, rising time, and symmetry through sway velocity 

(degrees/second). Participants were asked to sit erect on an 18-inch box and rise on command to 

a standing position as quickly/comfortably as possible. This was repeated three times. The SUO 

measures the participant’s ability to negotiate curbs, as well as the mobility function going into 

motor planning through rising and impact index (% body weight). Participants were asked to 

stand on the edge of the force plate and instructed to step forward with their leading leg on 

command and swing their opposite leg over the box onto the force plate on the opposite side as 

quickly/comfortably as possible. This was repeated three times on each limb.  

Static and dynamic balance were measured through various conditions on the NeuroCom 

through the MCT, ADT and SOT. The MCT and ADT paired with the SOT can differentiate 

between normal pathological conditions and exaggerated sway in participants. Participants were 

strapped into an overhead harness and instructed to stand as motionless as possible facing 

forward, hands at their side and feet shoulder-width apart through all trials. The MCT measures 

involuntary reaction time to unexpected floor translations of the force plate through latency 
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(milliseconds). Participants were instructed to maintain their balance through three small, 

medium and large anterior and posterior translations of the force plate (18 translations total). The 

ADT measures involuntary reaction time and the participants’ ability to adapt to conditions of 

unexpected anterior and posterior tilts of the force plate through sway energy (degrees/second). 

Participants were instructed to maintain their balance through five anterior and posterior tilts of 

the force plate (10 tilts total). The SOT measures the ability to process sensory system input cues 

to maintain balance by representation through equilibrium score (% average degree/second 

sway). Participants were instructed to maintain their balance through the following six 

conditions: (1) stand on firm surface with eyes open; (2) stand on firm surface with eyes closed; 

(3) stand on firm surface with eyes open with anterior/posterior rotation of visual surround in 

response to the participant’s shift in center of pressure; (4) stand on anterior/posterior rotation of 

floor surface in response to participant’s shift of center of pressure with eyes open; (5) stand on 

anterior/posterior rotation of floor surface in response to participant’s shift of center of pressure 

with eyes closed; (6) stand on anterior/posterior rotation of floor surface in response to 

participant’s shift of center of pressure with eyes open in combination with anterior/posterior 

rotation of visual surround in response to the participant’s shift in center of pressure. Each 

condition was repeated three times (18 trials total). The validity and reliability of the NeuroCom 

is considered the objective gold-standard in measuring balance and is well supported in 

individuals with MS (Fjeldsted et al., 2009).  

Statistical Analysis 

 Outcomes were analyzed by a 2x2 mixed-model ANOVA testing for between group 

differences (aquatic and non-exercise) across time (pre- and post-data). Differences between pre- 

and post-data for all dependent variables were analyzed with a paired-t test for within group 
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differences (aquatic and non-exercise). All statistical tests used a significance level of p < 0.05. 

All statistical analyses were performed using SPSS version 22.0 software (SPSS Inc., Chicago, 

IL). 

 The following dependent variables were analyzed: movement time (seconds), lift-up 

index (% body weight), impact index (% body weight), sway energy toes-up (force), sway 

energy toes-down (force), equilibrium score (average sway), latency (milliseconds), weight 

transfer time (seconds), rising index (% body weight), sway velocity (degrees/second), and pain 

and fatigue levels. It was hypothesized that the 10-week intervention would affect balance 

proficiency which would be shown by improvement in all the above variables.  

 Participants’ attendance was recorded for each aquatic exercise session. It was considered 

a completed session if participants had completed 80% or more (40 minutes) of the session.  
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RESULTS 

After the 10-week aquatic intervention, a total of 12 participants completed pre- and post-

data assessments. Six individuals with MS participated in the aquatic exercise program while six 

individuals with MS did not participate in the aquatic program as the control. Results of 

participants’ demographic details are presented in Table 2. The average attendance of the aquatic 

exercise sessions was 77.5%. There were no falls, injuries or reported relapses throughout the 

length of the study. 

Balance Outcomes 

 A 2x2 mixed-model ANOVA demonstrated no group x time interaction for any of the 

dependent variables after the 10-week aquatic intervention (table 6). However, a positive trend 

was found in the aquatic group compared to the control group in the following: Movement time 

(d=0.52) and lift-up index (d=0.46) in the SUO test (Figure 1 and 2); Sway energy (d=0.42) in 

the ADT test (Figure 3); and equilibrium score (d=0.55) in the SOT test (Figure 4). 

Paired t-tests was used to analyze within-group comparisons which did not reveal any 

statistical significance in all balance outcomes. However, individual analysis of each 

participant’s pre and post data revealed that overall five out of 12 participants improved in 

weight transfer time in the STS. In the aquatic group three out of six participants (pre M=1.14, 

post M=1.07) showed 6.1% decreased weight transfer time in the STS, while four out of six 

participants in the control group (pre M= 0.78, post M=0.83) showed 6.4% increased weight 

transfer time. 

In the SUO six out of 12 participants improved in movement time. In the aquatic group, 

four out of six participants (pre M=4.75, post M=3.68) showed 22.5% decrease, or improvement 

in movement time, while four out of six participants in the control group (pre M=3.45, post 
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M=3.96) showed 14.8% increase in movement time. In total, five out of 12 participants improved 

in lift-up index in the SUO. In the aquatic group (pre M=27.17, post M=28.83) 4 out of 6 

participants improved 6.1% in lift-up index while four out of six participants in the control group 

(pre M=32.67, post M=28.17) decreased 13.8% in lift-up index in the SUO.  

In the MCT, six out of 12 participants showed improvements in latency. In the aquatic 

group, four out of six participants (pre M=167.82, post M=164.78) decreased, or improved in 

time while 4 out of six participants in the control group (pre M=161.08, post M=160.42) showed 

increased time.  

Sway energy improved in six out of 12 participants in toes up and nine out of 12 

participants in toes down during the ADT. In the aquatic group, four out of six participants in the 

toes up position (pre M= 78.45, post M=60.23) and toes down position (pre M=55.25, post 

M=51.3) showed 23.2% and 7.1% greater improvement in sway energy compared to the four out 

of six participants that decreased 8% in the control group (pre M=86.98, post M= 93.93).  

In the SOT, there were 10 out of 12 participants who improved in equilibrium score. 

Equilibrium scored improved 14% more in the aquatic group (pre M=61.58, post M=76) 

compared to the control group (pre M=70, post M=76.6), with an overall 23.4% improvement in 

the aquatic group. 

Pain and Fatigue Outcomes 

There were no statistical significances found in pain and fatigue outcomes between 

groups (table 7). However, the aquatic group revealed a consistent trend of decrease in total BPI 

scores (d= 0.40) (Figure 5) and in the MFIS (d= 0.53). The aquatic group also showed trends of 

improvement in the subcategory of pain intensity (d=0.63) in the BPI (Figure 6); and positive 

trends in the subcategories of physical (d=0.82) and psychosocial (d=0.47) in the MFIS. 
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Within-group comparison pre and post did not reveal statistical significance. However, 

individual analysis of each participants pre and post data revealed improvements in various pain 

and fatigue outcomes. Analysis of pre and post data revealed that eight out of 12 participants 

reported decreased pain levels in the BPI. Five out of six participants in the aquatic group (pre 

M=37.5, post M=27.5), improved 26.7% in total pain, compared to three out of six participants 

in the control group (pre M=29.5, post M=28.8). In the subcategory of pain intensity, four out of 

six participants in the aquatic group (pre M=15.8, post M=9.5) reported 39.9% improvement, 

compared to two out of six participants in the control group (pre M=14.3, post M=11.3). In the 

subcategory of functional interference, four out of six participants in the aquatic group (pre 

M=21.7, post M=18.0) decreased 17.1% in pain, while six out of six participants in the control 

group (pre M=15.2, post M=17.5) reported an overall 15.1% increased pain levels.  

Overall, seven out of 12 participants reported decreased fatigue levels in the MFIS. In the 

aquatic group (pre M=43.7, post M=36.0), four out of six participants reported a 17.6% 

improvement in overall fatigue. In the subcategory of physical fatigue, five out of six participants 

in the aquatic group (pre M=21.5, post M=16.0) reported 25.6% improvement in fatigue, while 

three out of six participants in the aquatic group (pre M=17.5, post M=15.8) reported 9.7% 

improvement in the subcategory of cognitive fatigue.   
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DISCUSSION 

The main purpose of this study was to examine the effects of balance after a 10-week 

aquatic exercise program in individuals with multiple sclerosis. We hypothesized that after 

completion of aquatic exercise, participants would improve in all balance outcomes. No 

significant between-group effects were found for balance, pain and fatigue outcomes. However, 

the exercise group showed trends of improvement in balance, pain and fatigue scores from pre to 

post. While our results did not support the hypothesis of significant improvements in balance 

outcomes, the positive trends add clinical meaningfulness to the effectiveness of aquatic exercise 

in individuals with MS.  

This study is one of few studies to examine the efficacy of a 10-week aquatic intervention 

using posturographic balance assessment tools. The findings demonstrate that aquatic exercise is 

beneficial for individuals with multiple sclerosis. The results of this study support the clinical 

recommendations to include and promote aquatic exercise for individuals with multiple sclerosis 

(Barbar et al., 2014; Bayraktar et al., 2013; Castro-Sanchez et al., 2012; Gehlsen et al., 1984; 

Kargarfard et al., 2012; Marandi et al., 2013; Rafeeyan et al., 2010; Roehrs et al., 2004; Salem et 

al., 2011; Saluja et al., 2008). Previous studies have shown benefits from aquatic exercise, 

however differences in this studies design, intervention protocol and outcome measurements may 

contribute to difficulty in comparing results. 

Balance 

Previous studies have concluded that individuals with MS typically experience reductions 

in balance (Fjelstad et al., 2011; Karst et al., 2005; Kasser et al., 2011; Marandi et al., 2013; 

Martin et al., 2006; Salem et al., 2011; Tarakci et al., 2013). These results show that people with 

MS have increased difficulty ambulating, sustaining posture, and performing functional activities 
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(Frzovic et al., 2000) thus, predisposing them to falls (Nilsagard et al., 2009). It was 

hypothesized that participants in this study would have improvements in balance after 

participating in the aquatic intervention. However, our results did not support that aquatic 

exercise is more effective in improving balance compared to the control group. These findings 

are consistent with the previous study of Kargarfard et al. (2013), who reported no effects on 

participants’ balance outcomes after eight weeks of aquatic exercise. Based on their findings, 

aquatic exercise proved to have no effect on balance through measures conducted by the BBS in 

individuals with MS. These findings conflict with other studies which have shown that 12 weeks 

(Marandi et al., 2013), eight weeks (Barbar et al., 2014; Bayraktar et al., 2013) and as little as 

five weeks (Salem et al., 2012), of aquatic exercise can have beneficial effects on static and 

dynamic balance in individuals with MS.   

While the findings of our study are conflicting with the results of previous literature, 

individual improvements found in the aquatic group from pre- to post-test show proof that 

aquatic exercise has the potential to promote changes in balance (sway energy, equilibrium 

score, weight transfer time, and lift-up index) among individuals with MS. The positive trend 

found in our study is in conjunction with the findings of Salem et al. (2012), Bayraktar et al. 

(2013), Barbar et al. (2014) and Marandi et al. (2013), who reported increased balance after 

aquatic exercise. While Salem et al. (2012) had a similar exercise program as our study, the use 

of the BBS is not as objective as the use of the NeuroCom assessment tool. In addition, 

Bayraktar et al. (2013) used the one-leg balance test as their measurement tool, and only 

incorporated stretching-like Ai-Chi movements into their 12-week intervention program. 

Marandi et al. (2013) also had a similar intervention program as our study, however the use of 

the Six Spot Step Test to measure dynamic balance is not widely used or validated in populations 
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with MS. Most comparable to our findings, Barbar et al. (2014) found improved static and 

dynamic balance after 12-weeks of aquatic exercise by means of a force plate system. These 

studies that found improvement in balance after aquatic exercise differed in intervention 

protocol, length, and outcome measurement tools. 

While no statistically significant improvements in balance were found, individual 

improvements found in participants from pre- to post-test may be associated to a number of 

factors. The multiple sensory stimuli provided by the water may have contributed to overall 

proprioception and balance efficiency maintenance (Geigle et al. 1997). In addition, specificity 

of training and transferability may have contributed to increases in functional balance. For 

example, the repeated aquatic exercises of squatting and box step-ups were specific and 

transferable to the STS and SUO. Finally, group social context may have contributed to 

adherence and effort put forth throughout the intervention. The limited sample size and length of 

the intervention has probably affected the lack of significant differences found in balance 

measures. However, due to individual increases in balance outcomes, future studies investigating 

similar protocols to determine this studies feasibility are warranted.  

Fatigue and Pain  

 Previous studies have indicated that up to 90% of individuals with MS have reported to 

be affected by fatigue (Fisk et al., 1994; Freal et al., 1984; Krupp et al., 1988) and up to 43% 

report experiencing pain (Solaro et al., 2004). The buoyant nature and viscosity of water has 

been found to reduce gravity load, allowing for longer duration of exercise with less fatigue 

(Guthrie et al., 1995). In addition, the hydrostatic pressure and buoyancy together has been found 

to create a weight-support effect which may decrease pain levels (Krupp et al., 1988; White et 

al., 2004).  
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The results from this intervention did not support that aquatic exercise is more effective 

in decreasing pain and fatigue compared to the control. The lack of statistical improvement may 

have been impacted by a lack of cardio implementation in the exercise program, low disability 

level and also the time of year the intervention took place. The findings of our study are 

consistent with Rafeeyan et al. (2010) and Salem et al. (2012) who found no significant 

improvements in fatigue after four and five weeks of aquatic training programs. However, this 

study found individual improvements in the aquatic group in pain (total and intensity) and 

fatigue (total, physical and psychosocial) scores compared to baseline. The positive trend found 

in our study in regards to fatigue are in conjunction with the findings of Kargarfard et al. (2012), 

Roehrs and Karst (2004), and Saluja et al. (2008) who reported decreased fatigue after aquatic 

exercise. Following eight and 12-weeks of aquatic exercise, Kargarfard et al. (2012) and Saluja 

et al. (2008) both found significant decreases in total MFIS scores within the aquatic group 

compared to baseline. Similarly, Roehrs and Karst (2004) found that 12-weeks of aquatic 

exercise improved fatigue QOL domains in the MSQLI within the aquatic group.  

Our participants also showed a trend of decrease in total pain and intensity of pain from 

pre- to post-test. This trend of decreased pain within the aquatic group is in accordance with the 

findings from Castro-Sanchez et al. (2012) and Saluja et al. (2008). Although Castro-Sanchez et 

al. (2012) implemented solely a 20-week Ai-Chi aquatic program, they found significant 

decreases in pain versus baseline that was maintained 10 weeks following the program. In 

addition, Saluja et al. (2008) found decreased pain levels in the MPS after 12-weeks of aquatic 

exercise. These studies that found improvement in balance after aquatic exercise differed in 

intervention protocol, length, and outcome measurement tools. 
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Although no statistical differences were found between groups for pain and fatigue, 

participants stated that they enjoyed aquatic exercise due to their perception of sensations created 

by the water properties. Participants in the aquatic group reported they felt happiness, joy and 

decreased pain and fatigue levels from engaging in aquatic exercise. All of the participants in the 

aquatic group described experiencing functional improvements in their daily lives, such as 

walking for longer periods of time, having more endurance during their own exercise and overall 

positive changes in their mood. Many of the participants showed interest in continuing aquatic 

exercise on their own and even joined other aquatic programs. These statements may imply that 

exercising in the water has the potential to alleviate symptoms of MS, such as pain and fatigue. 

Individuals with MS may, therefore, be more likely to choose aquatic exercise as a form of 

physical activity based on their reported benefits. Furthermore, this may also lead to the 

likelihood that an individual will continue exercising, which will have positive benefits on 

overall quality of life.  

Limitations and Future Studies 

There are several limitations in this study. First, the sample size in this study (N=12) was 

small, and may have contributed to the low statistical power found in all outcomes. In addition, 

the sample size included a low level of functional disability (EDSS < 6.0) not representative of 

the entire population of individuals with MS. Future studies with a larger and more homogenous 

sample size is warranted. Next, the 10-week progressive exercise program was created by the 

researcher, however each participant progressed at their own rate. It is also difficult to determine 

which specific components of the exercise program contributed to observed improvements. In 

order to support or negate the findings in this study, future researchers should implement a well-

designed aquatic exercise program with the same progression for each participant. It may also be 
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beneficial to use objective balance measures that are translatable. For example, the STS is similar 

to an individual rising from seated position in a chair, while the SUO is similar to negotiating a 

curb or a step. The ADT and MCT forces participants to respond to irregularities in support 

surfaces similar to what an individual may face in everyday life, such as uneven surfaces. The 

SOT identifies somatosensory, visual and vestibular sensory abnormalities that would contribute 

to decreased postural control. In addition, the length of the intervention period (10-weeks) may 

have not been long enough to see greater improvements. Future studies should include longer 

aquatic interventions to determine training length effectiveness. Finally, quality of life measures 

by means of questionnaires and follow-up would provide conclusions on long-term benefits and 

adherence to aquatic exercise. 

Conclusions and Clinical Implications 
 

The purpose of this study was to examine balance, pain and fatigue outcomes after a 10-

week aquatic group exercise program in individuals with MS. Results indicate that physical 

exercise in water is feasible, and can be well-tolerated by individuals with MS. This study 

demonstrated that although no statistical improvement was found, clinical meaningfulness was 

shown through positive trends in balance, pain and fatigue. In addition, the findings of this study 

provide objective evidence and potential benefits of aquatic exercise on dynamic, static and 

functional balance. With the known physical limitations associated with MS, and the decline in 

physical activity, effective and enjoyable exercise programs are essential in promoting physical 

functioning, quality of life and overall well-being. The positive outcomes of this study provide a 

scientific basis for clinicians and researchers to follow and make effective exercise 

recommendations for individuals with MS.  
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Appendix A 
 

Table 1: Participant Physical Characteristic Information 
 

Group Participant 
Height 

(m) 
Weight 

(kg) Gender 
Age 
(yrs) Mobility 

 
Type of 

MS 

Aquatic  1 1.6 63.5 F 50 Independent  
Primary-
Progressive 

  2 1.75 92.98 M 55 Independent  
Relapse- Remitting 

  3 1.47 76.66 F 68 Independent  Relapse- Remitting 

  4 1.55 55.49 F 86 Walker 
Progressive- 
Relapsing 

  5 1.6 46.76 F 70 Walker  
Secondary- 
Progressive 

  6 1.73 67.13 F 47 Walker  
Secondary- 
Progressive 

Control 7 1.75 71.35 F 65 Independent  Relapse- Remitting 

  8 1.7 61 F 61 Walker 
Secondary- 
Progressive 

  9 1.68 63.5 F 26 Independent  Relapse- Remitting 

  10 1.78 99 M 58 Walker 
Primary- 
Progressive 

  11 1.63 61.24 F 67 Independent  Relapse- Remitting 

  12 1.57 73.48 F 59 Independent  Relapse- Remitting 

 
 
Table 2: Results of Participant Demographic Information 
 

Characteristics Aquatic (n=6) Control (n=6) 

Age (years) 62.67 ± 14.77 56.00 ± 15.10 
Gender (female/male) 5/1 5/1 

Height (m) 1.62 ± 0.11 1.69 ± 0.08 
Weight (kg) 67.09 ± 16.26 71.60 ± 14.42 

Mobility (independent/walker) 3/3 4/2 
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Table 3: Data Collection Protocol 
 
Assessment Protocol 
BPI -Fill out pain questionnaire 
MFIS -Fill out fatigue questionnaire 
NeuroCom Force Plate 
(STS) 

-Sit erect on 18-inch box 
-Rise on command and maintain standing position for 5 seconds 
-Return to seated position 
-Repeat 3 times 
-2 minute rest given after completion of 3 trials 

NeuroCom Force Plate 
(SUO) 

-Stand on edge of force plate facing 4-inch box 
-Step forward on command with leading leg onto the top of box 
-Swing opposite leg over box onto force plate on opposite side 
-Repeat 3 times on each limb (6 trials total) 
-2 minute rest given after completion of 6 trials 

NeuroCom Balance Master 
(MCT) 

-Strapped into harness and facing forward, hands at sides, feet shoulder 
width apart 
-Maintain balance through small/medium/large anterior floor 
translations 
-Repeat 3 times for each anterior floor translation (9 trials) 
-Maintain balance through small/medium/large posterior floor 
translations 
-Repeat 3 times for each posterior floor translation (9 trials) 
-2 minute rest given after completion of 18 trials 

NeuroCom Balance Master 
(ADT) 

-Strapped into harness and facing forward, hands at sides, feet shoulder 
width apart 
-Maintain balance through posterior floor tilt 
-Repeat 5 times 
-Maintain balance through anterior floor tilt 
-Repeat 5 times 
-2 minute rest given after completion of 10 trials 

NeuroCom Balance Master 
(SOT) 

-Strapped into harness and facing forward, hands at sides, feet shoulder 
width apart 
-Maintain balance on firm surface with eyes open 
-Repeat 3 times 
-Maintain balance on firm surface with eyes closed 
-Repeat 3 times 
-Maintain balance on firm surface with sway referenced surround 
-Repeat 3 times 
-Maintain balance on sway referenced surface with eyes open 
-Repeat 3 times 
-Maintain balance on sway referenced surface with eyes closed 
-Repeat 3 times 
-Maintain balance on sway referenced surface/surround eyes open 
-Repeat 3 times 
-2 minute rest after completion of 6 and 12 trials (18 trials total) 
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Table 4: Intervention Procedures 
 
Components		 Time		
Warm-Up		 5	minutes	
Strength	 20	minutes	
Balance/Walking	 20	minutes	
Cool-Down/Flexibility		 5	minutes	

 
Table 5: Sample of Aquatic Intervention Plan 
 
 Phase I Phase II & Phase III 
Warm-Up Marching, walking, heel-to-toe 

Neck rolls, shoulder rolls, scapula crunches, arm circles 
Toe soldiers, walking quad holds, calf stretches 
Trunk rotations 

Strength Hip: Flexion/extension/adduction/abduction 
Knee: Flexion/extension 
Ankle: Plantar/dorsiflexion/eversion/inversion 
Core: Knee tucks/bicycles/scissors 
Squats, lunges, step-ups, sit-to-stand 

Add ankle weights 1-4 lbs 
Add wrist weights 1-4 lbs 
Add noodle, aqua dumbbells 
Increase box height 4-6 in 

Balance/Walking Forward/backward/toe/heel walking/carioca 
Single-leg/tandem stance, clocks, figure 8’s 
Balance board sitting 

Add water turbulence 
Increase speed 
Close eyes 

Cool-Down/Flexibility Breathe control 
Walking 
Neck rolls, shoulder rolls 
Stationary quad holds, hamstring stretches, calf stretches 
Side bends 
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Table 6: Aquatic and Control Group Balance Pre- and Post-Data Means and Standard Deviations 

                                                 Aquatic                                           Control                     P-Value     
SUO Measures                       Pre                   Post                 Pre                   Post 
Movement Time  (sec) 4.75 ± 2.42 3.68 ± 1.62 3.45 ± 2.04 3.96 ± 1.62 0.70 
Lift-Up Index (% body wt) 27.17 ± 11.72 28.83 ± 13.98 32.67 ± 12.91 28.17 ± 12.94 0.73 
Impact Index (% body wt) 67.83 ± 53.67 62.50 ± 47.43 60.00 ± 33.48 58.67 ± 16.06 0.80 
ADT Measures 
Sway Energy ToesUp (force) 78.45 ± 60.05 60.23 ± 12.31 86.95 ± 57.06 93.93 ± 59.19 0.44 
Sway Energy ToesDown (force) 55.25 ± 5.28 51.30 ± 10.89 53.65 ± 10.58 51.07 ± 12.90 0.87 
SOT Measures 
Equilibrium Score (avg sway) 61.58 ± 21.44 76.00 ± 7.38 70.00 ± 6.36 73.67 ± 7.69 0.54 
MCT Measures 
Latency (msec) 167.82±19.99 164.78±18.28 161.08±33.24 160.42±34.64 0.73 
STS Measures 
Weight Transfer Time (sec) 1.14 ± 1.23 1.07 ± 1.41 0.78 ± 0.73 0.67 ± 0.66 0.53 
Rising Index (% body wt) 9.33 ± 4.84 12.33 ± 8.12 17.17 ± 5.91 18.67 ± 6.77 0.06 
Sway Velocity (deg/sec) 3.83 ± 1.27 4.37 ± 1.38 4.22 ± 1.05 4.78 ± 0.82 0.54 

 Note: *Statistically significant p < 0.05 

Table 7. Aquatic and Control Group Fatigue and Pain Pre- and Post-Data Means and Standard 

Deviations 

                                                 Aquatic                                           Control                   P-Value     
MFIS Measures  Pre                        Post                     Pre                       Post 
Physical 21.50 ± 8.14 16.00 ± 4.90 16.83 ± 6.01 14.50 ± 9.09 0.43 
Cognitive 17.50 ± 9.18 15.83 ± 5.74 11.67 ± 9.24 12.67 ± 13.53  0.41 
Psychosocial 4.67 ± 2.50 3.67 ± 1.63 4.33 ± 1.86 3.33 ± 2.80 0.78 
Total 43.67 ± 18.23 36.00 ± 9.45 32.83 ± 15.78 30.50 ± 23.21 0.40 
BPI Measures 
Pain Intensity 15.83 ± 10.26 9.50 ± 9.95 14.33 ± 8.82 11.33 ± 11.81 0.98 
Funct Interfer 21.67 ± 16.43 18.00 ± 18.09 15.17 ± 9.56 17.50 ± 17.64 0.69 
Total 37.50 ± 22.73 27.50 ± 27.55 29.50 ± 16.77 28.83 ± 29.31 0.81 

 Note: *Statistically significant p < 0.05 
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Appendix B 
 
Figure 1: Aquatic and Control Group SUO Mean Movement Time 
 

 
 
Figure 2: Aquatic and Control Group SUO Mean Lift-Up Index 
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Figure 3: Aquatic and Control Group ADT Mean Sway Energy (Toes Up) 
 

 
 
 
Figure 4: Aquatic and Control SOT Mean Equilibrium Score 
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Figure 5: Aquatic and Control Group Mean BPI Total 
 

 
 
Figure 6: Aquatic and Control Group Mean BPI (Subcategory) Pain Intensity 
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Appendix C 
C1. Participant Consent 
 

California State University, Northridge 
CONSENT TO ACT AS A HUMAN RESEARCH PARTICIPANT 

 
The Effects of Aquatic Exercise on Balance and Strength Outcomes in Individuals  

With Multiple Sclerosis 
 
You are being asked to participate in a research study. The Effects of Aquatic Exercise on 
Balance and Strength Outcomes in Individuals with Multiple Sclerosis, a study conducted by 
Allison Lange and Kelsea Smith, as part of the requirements for the M.S. degree in Adapted 
Physical Activity, Kinesiology Department.  Participation in this study is completely voluntary.  
Please read the information below and ask questions about anything that you do not understand 
before deciding if you want to participate.  A researcher listed below will be available to answer 
your questions. 
 

RESEARCH TEAM 
Researcher: 

Allison Lange & Kelsea Smith  
Department of Kinesiology 

18111 Nordhoff St. 
Northridge, CA 91330 

909-996-4429 
805-443-2208 

allison.lange.0@my.csun.edu 
kelsea.smith.44@my.csun.edu 

 
 

Faculty Advisor: Dr. Taeyou Jung 
Director, Adapted Therapeutic Activity Program 

18111 Nordhoff St. 
Northridge, CA 91330-8287 

Taeyou.jung@csun.edu 
 
PURPOSE OF STUDY  
The purpose of this research study is to examine spatiotemporal gait outcomes, isometric knee 
strength and dynamic balance after a 10-week aquatic group exercise program in individuals 
diagnosed with Multiple Sclerosis (MS). 
 
SUBJECTS 
Inclusion Requirements 
You are eligible to participate in this study if (a) you have a confirmed diagnosis of Multiple 
Sclerosis (b) are 18 or older, (c) obtained medical clearance for exercise participation (d) limited 
physical activity prior to participation of study, (e) ability to read and communicate English, (f) 
score that falls between 0-8.0 on the Expanded Disability Status Scale (EDSS).  
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Exclusion Requirements  
You are not eligible to participate in this study if you: (a) had an illness before or during study, 
(b) cognitive limitations that inhibit them from participation in exercise program, (c) additional 
neurological conditions that will inhibit their ability to participate in exercise program (d) or are 
currently participating in another research study and (e) fear of water.  
 
Time Commitment  
This study will involve approximately 60 minutes of your time, two times a week over 10 weeks. 
It will also require two testing sessions of gait, strength and balance which will take 
approximately an hour and 30 minutes each time. 
 
PROCEDURES 
The following procedures will occur:  
 
General Procedure 

1. Recruitment 
Participants will be recruited through word of mouth and flyers being handed out.  
Upon being recruited for this study, participants will be required to obtain medical 
clearance from their primary physician prior to any data collection procedures. 

2. Screening 
After recruitment the participants will be contacted to arrange the date of their data 
collection. Participants will be screened to ensure they have met all of the inclusion 
criteria. Upon the initial phone call the participants will be informed of the intervention 
and the significance toward the MS population. They will be informed of the risks that 
are associated with the exercise program. 

3. Pre-data collection 
All data collection will be taken at the Center of Achievement through Adapted Physical 
Activity on the California State University, Northridge campus. If they have not already 
brought in medical clearance, it will be obtained from the participants. The motion 
analysis, strength, and balance systems will be set up and ready for data collection. 
Anthropometric measures will be taken. Markers will be placed on the participants and 
they will be asked to walk 3 times at their maximal speed. Rest will be taken between 
trials. After motion analysis is captured participants will have their isometric strength 
assessment of knee flexion and extension. Participants will be asked to push and pull as 
hard as they can against a fixed object 3 times with 90-seconds rest between each trial. 
After their isometric strength is collected the participants will perform manual muscle 
testing. Participants will be asked to hold the position specified by the tester for 3 
seconds. The positions are as follows: hip flexion and extension; knee flexion and 
extension; ankle plantarflexion and dorsiflexion. Following strength assessment 
participants will go through balance data collection. Participants will be given 2 minutes 
rest between each of the 5 balance tests. Participants will complete the sit to stand fist, 
where they will be asked to go from a seated to standing position 3 times. Next, 
participants will be asked to complete the step up/over test, which includes 6 trials of 
stepping up onto a box with one foot and then swinging the other foot over the box and 
landing on the other side. Following forceplate data collection, participants will be 
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strapped into a harness where they will undergo 3 separate tests on the balance master. 
The adaptation test will have a sequence of 5 toes up and 5 toes down rotations, and the 
motor control test will perform a total of 3 forward and 3 backward floor translations. 
Lastly, participants will undergo the sensory organization test comprised of the following 
six sensory conditions: eyes open on firm surface, eyes closed on firm surface, eyes open 
with sway referenced visual surround, eyes open on sway referenced support surface, 
eyes closed on sway referenced support surface, and eyes open on sway referenced 
support surface and surround. Data collection will last approximately 2 hours. 

4. Randomization 
Participants will be divided into two groups of either exercise or non-exercise group. 

5. Intervention 
The intervention will be held at the Center of Achievement through Adapted Physical 
Activity on the California State University, Northridge campus.  

Intervention Protocol  

Participants will perform approximately 1 hour of an aquatic group exercise program 
twice a week for a total of 10 weeks. A pain questionnaire will be given after each 
exercise session. When the participants arrive at the CoA they will make their way to the 
dressing rooms and wait to be escorted to the designated pool area (85 ͦ -95 ͦ Fahrenheit). 
Time will be given for participants to set water bottles on the pool deck for hydration, 
and towels hung up to dry off if restroom breaks needed. Exercises will include 5-
minutes of warm-up/flexibility, 10-minutes of strength, 3-minute rest, 10-minutes of 
strength, 3-minute rest, 10-minutes of balance/walking activities, 3-minute rest, 10-
minutes of balance/walking activities, and 5-minutes of cool-down/flexibility. Warm-up 
will include walking forward and stretching exercises. Strength will include, step-ups, sit-
to-stand, squats, heel-toe raises, marching in place, forward leg raises, and side leg raises. 
The balance exercises will include wide, narrow, staggered, tandem and single leg 
stances both with and without turbulence, reaching exercises, clock exercises, and 
balance board and beam exercises. Lastly, the cool down will include stretching 
exercises, shoulders rolls forward and backwards. 

The participants who are randomly assigned to the control group will be instructed to 
attend only the pre and post intervention data collection. Biweekly phone calls to the 
control group will be made to check in and stay connected. After the completion of the 
study we will offer a home-based exercise program print out should they be interested in 
exercising at home or individually.  

6. Post-Intervention  
Data collection will be taken in the same way it was completed prior to the intervention. 

Data Procedure 

1. Subject preparation upon arrival and paperwork 
a. Obtain medical clearance signed by primary physician 
b. Signed consent form 
c. Explain testing procedures along with written summary 
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2. Questionnaires 
a. Modified Fatigue Impact Scale (MFIS): A self-report questionnaire on fatigue.  
b. Brief Pain Inventory (BPI): Copyright© 1991 Charles S. Cleveland PhD. Pain 

Research Group: A self-assessment/interview questionnaire on pain. 

3. Gait Assessment- Vicon Motion Analysis System 
a. Change into tight fitting bicycle pants or yoga pants   
b. Measure anthropometric data 
c. Attach reflective markers in bony land marks  

i. Reflective makers (8mm in diameter) will be placed on the following bony 
land marks using non-toxic adhesive tape: ASISs, sacrum, thighs, lateral 
epicondyles of femur, middles of the tibia, lateral malleolus, calcaneus, 
second metatarsal head (15 markers total). 

d. Capture static data by having subject stand still in the middle of the capturing 
zone. 

e. Capture dynamic walking trials on 10 meter walkway 
i. 1 practice trial 

ii. 3 comfortable speed walking trials 
iii. 2 minute rest 
iv. 3 fastest speed walking trials 

4. Strength Assessment- Biodex Dynamometer 
a. Seated in chair with testing leg at 90 degrees. 
b. A strap placed around the thigh of testing leg. 
c. Perform isometric knee flexion and extension  

i. Participants will be asked to push out as hard as they can against a fixed 
object with their lower shin for 5 seconds 

ii. 90 second rest 
iii. Participants will be asked to pull inward as hard as they can against a fixed 

object with the back of heel/calf for 5 seconds 
iv. 90 second rest 
v. Repeated for 3 trials each direction  

5. Manual Strength Assessment- MicroFET 2 Handheld Dynamometer 
a. Seated in chair 

i. Participants will be asked to resist the force applied by the tester as they 
perform right and left hip flexion (bring knee towards the ceiling)  

ii. Perform right and knee extension (straighten their leg forward) 
iii. Perform right and left ankle dorsiflexion (bring toes up towards ceiling 

while heel is on ground)  
iv. 10 second rest before laying down 

b. Laying stomach down on therapy table 
i. Participant will be asked to resist the force applied by the tester as they 

perform right and left  hip extension (with hips on the table, bring straight 
leg towards the ceiling) 
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ii. Perform right and left knee flexion (with hips on table and leg straight, 
bring your heel to your buttocks) 

iii. Perform right and left plantarflexion (with straight leg and foot off of 
table, bring toes downward as in pushing on a gas pedal) 

6. Balance Assessment- SMART Balance Master 
a. Sit to stand 

i. Box placed in middle of forceplate 
ii. Seated erect on box with legs at 90 degrees and bare feet shoulder-width 

apart on forceplate 
1. Foot position marked with tape to assure foot placement 

consistency 
iii. Participant raises on command to standing position as quickly/comfortably 

as possible 
iv. Maintain erect position for 5 seconds, then returns to seated position 
v. Repeated 3 times 

vi. 2 minute rest after all trials completed 
b. Step up/over 

i. Box placed in middle of forceplate 
ii. Participant stands on edge of forceplate facing box 

iii. Step forward with leading leg on command and swings opposite leg over 
box onto forceplate on opposite side as quickly/comfortably as possible 

iv. Repeated 3 times each limb (6 total) 
v. 2 minute rest after all trials completed 

c. Adaptation test 
i. Participant strapped into harness that attaches overhead to ensure safety in 

an event that participant exceeds limits of stability, but does not limit sway 
ii. Participants instructed to stand as motionless as possible, facing in 

towards visual surround, hands at their sides, with feet shoulder-width 
apart 

1. Foot position marked with tape to assure foot placement 
consistency 

2. Data not recorded if participant grabs onto harness, touches wall, 
or moves feet 

iii. Participants instructed to maintain balance through 2 conditions: 
1. Posterior tilt of surface 
2. Anterior tilt of surface 

iv. Each tilt repeated 5 times (10 total) 
v. 2 minute rest after completion of trials 

d. Motor control test 
i. Participant remains in harness 

ii. Participants instructed to stand as motionless as possible, facing in 
towards visual surround, hands at their sides, with feet shoulder-width 
apart 
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1. Foot position marked with tape to assure foot placement 
consistency 

2. Data not recorded if participant grabs onto harness, touches wall, 
or moves feet 

iii. Participants instructed to maintain balance through 2 conditions: 
1. Anterior translations of surface 
2. Posterior translations of surface 

iv. Each translation repeated 3 times (6 total) 
v. 2 minute rest after completion of trials 

e. Sensory organization test 
i. Participant remains in harness 

ii. Participants instructed to stand as motionless as possible, facing in 
towards visual surround, hands at their sides, with feet shoulder-width 
apart 

1. Foot position marked with tape to assure foot placement 
consistency 

2. Data not recorded if participant grabs onto harness, touches wall, 
or moves feet 

iii. Participants instructed to maintain balance through 6 conditions: 
1. Stand on firm surface, eyes open 
2. Stand on firm surface, eyes closed 
3. Stand on firm surface, eyes open, sway referenced visual surround 

a. Anterior/posterior rotation of visual surround in response to 
participant’s shift in center of pressure 

4. Stand on sway referenced surface, eyes open 
a. Anterior/posterior rotation of surface in response to 

participant’s shift in center of pressure 
5. Stand on sway referenced surface, eyes closed 

a. Anterior/posterior rotation of surface in response to 
participant’s shift in center of pressure 

6. Stand on sway referenced surface, eyes open, sway referenced 
visual surround 

a. Anterior/posterior rotation of surface and/or visual 
surround in response to participant’s shift in center of 
pressure 

7. Each condition repeated 3 times (18 total) 

Instrumentation 

a) Disability Status Scale (EDSS): Copyright© 1983 John Kurtzke: Scale to assess 
functional systems and MS-related impairments: Completed in about 15-45 minutes 

b) Modified Fatigue Impact Scale (MFIS): A self-report questionnaire on fatigue: 
Completed in about 10 minutes 
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c) Brief Pain Inventory (BPI): Copyright© 1991 Charles S. Cleveland PhD. Pain Research 
Group: A self-assessment/interview questionnaire on pain: Completed in about 10 
minutes 

d) Numeric Pain Rating Scale 0-10: Completed in 2 minutes. 
e) VICON Bonita System: (VICON, Oxford, UK, 2010): High-speed infrared cameras (8 

cameras) that will be capturing participant’s walking: Completed in about 30 minutes. 
f) VICON Nexus Software: Computer software to analyze and measure data received from 

participant’s walking. 
g) HD Digital Camera: Visual recording of each participants walking.  
h) Biodex Dynamometer: (Biodex Medical System Inc, Shirley, NY, 2012): Measurement 

of strength: Completed in about 30 minutes. 
a. Isometric knee flexion/extension  

i) MicroFET 2 Handheld Dynamometer (Hoggan Health Industries Inc., Salt Lake City, 
UT, 2014): Measurement of muscle force through performing manual muscle testing. 
Completed in about 15 minutes. 

a. Right and left hip flexion and extension 
b. Right and left knee flexion and extension 
c. Right and left ankle plantarflexion and dorsiflexion 

j) SMART Balance Master: (Neurocom International, Clackamas, OR, 2010): 
Computerized assessment of balance machine with moveable force plate and 
environment: Completed in about 1 hour.  

Neurocom: 
a. Sensory Organization Test 
b.  Motor Control Test 
c. Adaptation Test 

 Force Plate:  
d. Sit-to-Stand 
e. Step up/over 

 
RISKS AND DISCOMFORTS  
The possible risks and/or discomforts associated with the procedures described in this study 
include: secondary neurological, cardiovascular and musculoskeletal impairments, dehydration, 
physical fatigue, falling and possibly psychological stressors from surveys. In attempt to 
minimize these risks, certain precautions will be taken such as: 

- Physician clearance will be obtained to ensure you do not have any secondary 
contraindications for the exercise protocol. 

- You will be asked to drink plenty of water to keep yourself hydrated during the 
intervention. Water will be easily accessible on pool deck. 

- You will be encouraged to take a break if you should experience physical fatigue. 
However, three mandatory, 3-minute rest periods will be given throughout the work out. 

- Research assistants will be used as active spotters as you enter and exit the facility. 
- Breaks will be offered during the data collection to help reduce your anxitey and at any 

time should you need clarification you are encouraged to ask.  
 
BENEFITS 
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Subject Benefits 
The possible benefits you may experience from the procedures described in this study include 
having you complete the organized exercise program, preparing you for any further fitness 
programs, and teach you the benefits to your overall health that exercise can provide 
 
Benefits to Others or Society 
The study findings can contribute to building scientific evidence for treating individuals with 
MS.  
 
ALTERNATIVES TO PARTICIPATION 
The only alternative to participation in this study is not to participate. 
 
COMPENSATION, COSTS AND REIMBURSEMENT  
Compensation for Participation  
You will not be paid for your participation in this research study. 
 
Costs 
There is no cost to you for participation in this study.  
 
Reimbursement 
Since there is no cost to you there will be no need for reimbursement. 
 
WITHDRAWAL OR TERMINATION FROM THE STUDY AND CONSEQUENCES  
You are free to withdraw from this study at any time. If you decide to withdraw from this 
study you should notify the research team immediately. The research team may also end your 
participation in this study if you do not follow instructions, miss scheduled visits, or if your 
safety and welfare are at risk. 
 
CONFIDENTIALITY 
Subject Identifiable Data  
All identifiable information that will be collected about you will be removed and replaced with a 
code.  A list linking the code and your identifiable information will be kept separate from the 
research data and will only be accessible to the primary investigators and the faculty 
administrator of this study. 
 
Data Storage  
All electronic research data will be stored electronically on a secure computer with password 
protection. 
All paper research data will be stored in a locked file cabinet at the CoA Center of Achievement 
through Adapted Physical Activity in the main office where only researchers, Allison Lange, and 
Kelsea Smith along with faculty advisor, Dr. Taeyou Jung have access.  
 
Both forms of data will remain accessible to the primary investigators and the faculty advisor up 
to three years after the completion of the study after which all data will be destroyed.  
 
Data Access  
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The researcher(s) and faculty advisor named on the first page of this form will have access to 
your study records.  Any information derived from this research project that personally identifies 
you will not be voluntarily released or disclosed without your separate consent, except as 
specifically required by law. Publications and/or presentations that result from this study will not 
include identifiable information about you. 
 
Data Retention  
The researchers intend to keep the research data for approximately 3 years and then it will be 
destroyed. 
 
Mandated Reporting  
Under California law, the researcher(s) are required to report known or reasonably suspected 
incidents of abuse or neglect of a child, dependent adult or elder, including, but not limited to, 
physical, sexual, emotional, and financial abuse or neglect.  If any researcher has or is give such 
information, she may be required to report it to the authorities.  
 
IF YOU HAVE QUESTIONS 
If you have any comments, concerns, or questions regarding the conduct of this research please 
contact the research team listed on the first page of this form. 
If you have concerns or complaints about the research study, research team, or questions about 
your rights as a research participant, please contact Research and Sponsored Projects, 18111 
Nordhoff Street, California State University, Northridge, Northridge, CA 91330-8232, or phone 
818-677-2901. 
 
VOLUNTARY PARTICIPATION STATEMENT 
You should not sign this form unless you have read it and been given a copy of it to keep.  
Participation in this study is voluntary.  You may refuse to answer any question or discontinue 
your involvement at any time without penalty or loss of benefits to which you might otherwise 
be entitled.  Your decision will not affect your relationship with California State University, 
Northridge.  Your signature below indicates that you have read the information in this consent 
form and have had a chance to ask any questions that you have about the study.   
 
I	agree	to	participate	in	the	study.		

___________________________________________________	 __________________	
	Participant	Signature		 	 	 	 	 		 Date	
________________________________________________	
	Printed	Name	of	Participant	 	 	
	
___________________________________________________	 __________________	
	Researcher	Signature		 	 	 	 	 		 Date	
___________________________________________________	
	Printed	Name	of	Researcher	
 
C2. Medical Release Form 
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California State University, Northridge 
Department Kinesiology 

CENTER OF ACHIEVEMENT 
Adapted Physical Activity 

MEDICAL RELEASE FORM 	
Name of Client: __________________________________DOB__________  
                          (Print) Last Name               First Name  
 
To: Attending Physician  
 
The Center of Achievement is designing an exercise program for your 
patient. The program will include exercises for muscular strength, flexibility, 
balance, and walking activities. The pool area and water will be heated. Pool 
water will not exceed 94 ̊ Fahrenheit. The Center of Achievement requests 
that you provide any medical information, which would affect the selection 
of activities. All medical records will be handled in strict confidence. Thank 
you for your assistance.  
 
Please complete items I, II, & III below as applicable: 	

I. Primary Physical Disability: ________________________________	
II. Secondary Medical Diagnosis: ______________________________ 

Any additional diagnoses: 
_______________________________________________________ 

III. Previous history of seizures: __ NO __ YES (Frequency: ________) 
IV. Client is medically cleared for the following program(s):  

q Aquatic Exercise Program  
  
AQUATIC EXERCISE PROGRAM 
	
Patient IS NOT CLEARED for the following exercises  
q No Strength Training Exercises  
q No Stretching Exercises (Active)  
q No Balance Exercises  
q No Walking Activities  
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V. Please give a brief explanation for above restrictions and/or your    
recommendations.  
 
 
 

  
Physician’s Signature: _________________, M.D. Date: ________________  
 
Print Name: _________________Phone: (___) _______ FAX: (___) ______ 
 
 

18111 Nordhoff Street, Northridge, CA 91330-8287 
Phone (818) 677-2182 Fax (818) 677-3246 

Reviewed by _________  
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C3. Bill of Rights 
 

CALIFORNIA STATE UNIVERSITY, NORTHRIDGE 
 

EXPERIMENTAL SUBJECTS 

BILL OF RIGHTS 
 
The rights below are the rights of every person who is asked to be in a research study. As an experimental 
subject I have the following rights: 
 

1) To be told what the study is trying to find out, 
2) To be told what will happen to me and whether any of the 

procedures, drugs, or devices is different from what would be 
used in standard practice, 

3) To be told about the frequent and/or important risks, side 
effects or discomforts of the things that will happen to me for 
research purposes, 

4) To be told if I can expect any benefit from participating, and, 
if so, what the benefit might be, 

5) To be told the other choices I have and how they may be 
better or worse than being in the study, 

6) To be allowed to ask any questions concerning the study both 
before agreeing to be involved and during the course of the 
study, 

7) To be told what sort of medical treatment (if needed) is 
available if any complications arise, 

8) To refuse to participate at all or to change my mind about 
participation after the study is started. This decision will not 
affect my right to receive the care I would receive if I were not 
in the study. 

9) To receive a copy of the signed and dated consent form. 
10) To be free of pressure when considering whether I wish to 

agree to be in the study. 
 
If I have other questions I should ask the researcher or the research assistant, or contact Research and 
Sponsored Projects, California State University, Northridge, 18111 Nordhoff Street, Northridge, CA 
91330-8232, or phone (818) 677-2901. 
 

X          
Signature of Subject    Date  

 


