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ABSTRACT 

Background: An estimated 80% of individuals with multiple sclerosis (MS) do not meet 

daily physical activity recommendations. Low-impact physical activity that can be performed 

seated, such as Tai Chi, may be especially beneficial for individuals with MS having greater 

disability burden. Tai Chi is rooted in traditional Chinese medicine, and standing forms have 

been studied among individuals with MS.  

Methods: A quasi-experimental, single group pretest-posttest study was used to explore 

the effects of the Tai Chi intervention on personal (physical function, exercise self-efficacy, MS-

related symptoms), behavioral (physical activity, exercise habits, exercise planning, exercise goal 

setting), and environmental factors (social support), using Bandura’s Social Cognitive Theory as 

the theoretical framework.  

Results: This study enrolled 25 individuals with MS in seated Sun-Style Tai Chi classes 

for one hour, twice weekly, over 12 weeks. Study retention was 88%, class attendance was 75%, 

and study satisfaction was 86.4%. No serious adverse events occurred during the classes. MS-

related symptoms were measured every four weeks over a 16-week period. While this Tai Chi 

intervention study was not powered to detect significant differences in personal, behavioral, or 

environmental factors, there were significant improvements at eight-weeks in depression 

(p=.006), 95% CI [-6.37, -1.07], and anxiety scores (p=.028), 95% CI [-5.16, -0.30], and 

significant improvements at 12-weeks in depression (p=.002), 95% CI [-6.47, -1.39] and exercise 

goals scores (p=0.015). Improvements in scores were non-significant for fatigue (p=.099), lower 

extremity function (p=.922), exercise self-efficacy (p=.295), subjective physical activity 

(p=.118), and sub scores of social support from family and friends including family participation 
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(p=.516), family rewards (p=.210), and friend participation (p=.349). Pain intensity (p=0.849) 

and pain interference (p=0.882) scores increased at four weeks and trended down as the study 

progressed. Exercise planning (p=.116) and upper extremity function scores (p=.176) decreased 

at 12 weeks.  

Conclusion: This study filled an important gap in our knowledge of potential benefits of 

physical activity among individuals with MS by determining adherence, feasibility, and safety 

for future research assessing the use of Sun-Style seated Tai Chi among individuals with MS. 
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CHAPTER 1: OVERVIEW 

Across the United States (US), multiple sclerosis (MS) prevalence is estimated at 570,000 

individuals (Campbell et al., 2014). Worldwide prevalence is estimated at 2.3 million individuals 

(Koch-Henriksen & Sørensen, 2010; Vos et al., 2014). Individuals with MS with greater levels of 

disability are less likely to exercise (Ploughman et al., 2015). Individuals with MS are sedentary 

and sit approximately 47% to 85% of the day (Veldhuijzen van Zanten, Pilutti, Duda, & Motl, 

2016). Among individuals with MS, less than 20% meet recommended guidelines for physical 

activity (Klaren, Motl, Dlugonski, Sandroff, & Pilutti, 2013). Individuals with MS report a 

preference for walking, strength training, and flexibility exercises (Asano, Duquette, Andersen, 

Lapierre, & Mayo, 2013). The American College of Sports Medicine (ACSM) (2013) 

recommends 30 minutes of moderate physical activity five days per week or 20 minutes of 

vigorous activity three days per week. MS researchers with expertise in physical activity suggest 

individuals with MS should engage in 30 minutes of aerobics twice weekly and strength training 

twice weekly (Latimer-Cheung, Martin Ginis et al., 2013).  

The benefits of physical activity among individuals with MS include improvements in 

aerobic capacity, muscular strength, fatigue, mobility, and health-related quality of life (Latimer-

Cheung, Pilutti et al., 2013; Motl & Pilutti, 2012). Reported barriers to physical activity among 

those living with MS include fatigue, lack of time, and physical impairment (Asano et al., 2013). 

Poor mobility, impaired balance, and fear of falling are commonly reported barriers to physical 

activity among individuals with MS, and 52% of adults with MS age 45 to 90 self-reported a fall 

within the last six months (Finlayson, Peterson, & Cho, 2006). Individuals with MS that are 

ambulatory and report greater disability are at a higher risk for self-reported falls (Latimer-
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Cheung, Pilutti et al., 2013; Matsuda, Shumway-Cook, Ciol, Bombardier, & Kartin, 2012). Most 

physical activity studies assess individuals with MS that are able to ambulate, yet exclude those 

with greater levels of MS-related disability requiring the use of a cane, walker, or wheelchair for 

ambulatory assistance (Klaren et al., 2013; Latimer-Cheung, Pilutti et al., 2013).  

Tai Chi is a low-impact physical activity rooted in traditional Chinese medicine and may 

be especially beneficial for individuals with MS because it is associated with a reduction in falls 

(Lee & Ernst, 2012; Rogers, 2016). However, limited research has been conducted in individuals 

with MS examining the physical and psychosocial benefits of Tai Chi, though report improved 

fatigue, depression, balance, gait, strength, flexibility, and quality of life (Taylor & Taylor-Piliae, 

2017). The few studies conducted to date, used standing-forms of Tai Chi in individuals with 

lower levels of disability, including individuals with an Expanded Disability Status Scale 

(EDSS) of less than ‘5’ (Taylor & Taylor-Piliae, 2017). However, the benefits of seated Tai Chi 

have never been explored in those living with MS and this research is significant because seated 

Tai Chi may provide substantial benefits to quality of life, especially among those with MS-

related disability. There is a significant gap in the literature in assessing adherence, recruitment, 

retention, safety, self-reported falls, and benefits of seated Sun-Style Tai Chi in individuals with 

MS. This was the first study, to my knowledge, using seated Sun-Style Tai Chi among 

individuals with MS.  

Purpose of the Study 

The purpose of this study was to determine the feasibility of a seated Sun-Style Tai Chi 

intervention among adults with MS and explore effects of the intervention on personal (physical 

function, exercise self-efficacy, MS-related symptoms), behavioral (physical activity, exercise 
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habits, exercise planning, exercise goal setting), and environmental factors (social support). An 

electronic survey was sent to individuals in two MS groups in the greater Tucson area, to assess 

exercise self-efficacy, exercise habits, exercise barriers, and interest in participating in a seated 

Tai Chi intervention study. After identifying individuals with MS interested in participating in a 

three-month seated Sun-Style Tai Chi intervention; a quasi-experimental, single group, pretest-

posttest study was offered to explore effects on personal, behavioral, and environmental factors 

using social cognitive theory as the theoretical framework.  

Definitions 

This proposal uses multiple abbreviations. Please see Table 1 for the definitions. 

TABLE 1. Common abbreviations 

Abbreviation Definition 
ACSM American College of Sports Medicine 

CDC Centers for Disease Control 

CIS Clinically Isolated Syndrome 

CNS Central Nervous System 

COPD Chronic Obstructive Pulmonary Disease 

DMT Disease Modifying Therapy 

EBV Epstein Barr-Virus 

EDSS Expanded Disability Status Scale 

ES Effect Size 

LOMS Late Onset Multiple Sclerosis 

MHC Major Histocompatibility Complex 

MMSE Mini Mental Status Exam 

MRI Magnetic Resonance Imaging 

MS Multiple Sclerosis 

NCOA National Council on Aging 

PI Principal Investigator 

POMS Pediatric Onset Multiple Sclerosis 

PDDS Patient-Determined Disease Steps 

RRMS Relapsing Remitting Multiple Sclerosis 

PPMS Primary Progressive Multiple Sclerosis 

RCT Randomized Controlled Trial 

SCT Social Cognitive Theory 

SPMS Secondary Progressive Multiple Sclerosis 

TCA Tai Chi for Arthritis 

TCHI Tai Chi for Health Institute 
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Background 

MS is a chronic, autoimmune disease characterized by inflammation, neurodegeneration, 

and demyelination of tissues in the central nervous system (CNS) (Kutzelnigg & Lassmann, 

2014). MS is believed to be caused by a combination of environmental and genetic factors 

(Keegan & Noseworthy, 2002; Koch-Henriksen & Sørensen, 2010; Ramagopalan & Sadovnick, 

2011). Risk factors include living in northern latitudes, first degree relatives with MS, place of 

birth, gender, low vitamin D levels, smoking, and exposure to Epstein-Barr virus (EBV) (Keegan 

& Noseworthy, 2002; Ramagopalan & Sadovnick, 2011).  

Types of Multiple Sclerosis 

The four recognized types of MS are clinically isolated syndrome (CIS), relapsing 

remitting multiple sclerosis (RRMS), secondary progressive multiple sclerosis (SPMS), and 

primary progressive multiple sclerosis (PPMS). CIS is characterized by a single clinical event or 

symptom; RRMS is characterized by clinical events or relapses that resolve and return; SPMS 

follows a RRMS pattern in the beginning and transitions to clinical events that no longer resolve; 

PPMS is characterized by continual progression of symptoms over a year (Lublin et al., 2014). 

Magnetic resonance imaging (MRI) and presence of symptoms are used to diagnose a person 

with MS (Polman et al., 2011). MRI can detect areas of focal inflammation causing 

demyelination; gadolinium dye enhances areas of focal inflammation known as lesions or 

plaques (Tommasin, Gianni, De Giglio, & Pantano, 2017).  

Demographics 

Individuals with MS are generally diagnosed between the age of 37 and 42 years (Fox et 

al., 2015; Kister et al., 2013; Langer-Gould, Brara, Beaber, & Zhang, 2013; Wallin et al., 2012). 
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Caucasian individuals with MS experience the first symptoms and diagnosis of MS at a later age, 

compared with Latino and black individuals with MS (Buchanan et al., 2010). The presenting 

symptoms are related to the areas in the CNS where demyelination of tissues has occurred 

(Keegan & Noseworthy, 2002).  

Disease Characteristics 

Common initial symptoms include vision changes, sensory symptoms, weakness, and 

vertigo; approximately 75% of patients are diagnosed within a week of presentation to a health 

care provider (Farber, Hannigan, Alcauskas, & Krieger, 2014). Additional symptoms that evolve 

over the course of the disease include cognitive dysfunction, impaired mobility, pain, depression, 

sexual impairment, and spasticity (Kister et al., 2013). Visual problems and sensory symptoms 

are most common in the first year of diagnosis (Fox et al., 2015). Cognitive impairment is 

reported in approximately 50% of individuals with MS (Migliore et al., 2017). Individuals with 

PPMS experience significantly greater cognitive impairments with verbal learning and memory, 

compared to individuals with RRMS (Johnen et al., 2017). Common comorbidities among 

individuals with MS include hyperlipidemia, hypertension, diabetes, coronary artery disease, and 

stroke (Lavela, Prohaska, Furner, & Weaver, 2012).  

Pathophysiology 

MS is a T-cell mediated autoimmune response (Kutzelnigg & Lassmann, 2014). 

Noseworthy, Lucchinetti, Rodriguez, and Weinshenker (2000) provided a detailed description of 

the pathophysiology of MS. T-cells enter the CNS when there is a breakdown in the blood-brain 

barrier. T-cells are activated by binding with a class II major histocompatibility complex (MHC) 

and an antigen on an antigen-presenting cell. CD4+ T-lymphocytes release the pro-inflammatory 
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cytokines CD4+ type 1 helper T (Th1) and CD4+ type 2 helper T(Th2). The release of Th1 

cytokines activate macrophages and microglial cells that damage the oligodendrocytes and 

myelin, a process referred to as demyelination. CD8+ T cells damage the oligodendrocytes and 

myelin. B-cells may enter if there is a break in the blood-brain-barrier and become plasma cells 

(Noseworthy et al., 2000). Remyelination of tissue is possible and occurs during all stages of the 

disease, however, if the inflammatory process is still active the new tissue may be subject to 

demyelination (Kutzelnigg & Lassmann, 2014).  

Axonal damage may occur during demyelination and is believed to be the major 

determinant in the development of disability (Keegan & Noseworthy, 2002). The presence of 

macrophages and microglial cells in the brain tissue is associated with axonal damage and 

chronic demyelination (Kutzelnigg & Lassmann, 2014). The demyelination process causes 

damage to the white matter tissue, resulting in brain tissue atrophy; gray matter atrophy is 

strongly associated with white matter damage (Han et al., 2017). Gray matter atrophy is 

associated with neurological disability and increases when someone advances from RRMS to 

SPMS (Fisher, Lee, Nakamura, & Rudick, 2008; Fisniku et al., 2008; Jacobsen et al., 2014).  

As the disease progresses, B-lymphocytes and plasma cells that produce immunoglobulin 

are found within brain tissue (Frischer et al., 2009). Changes in pathophysiology as individuals 

age are related to the transition from an inflammatory disease to a neurodegenerative disease; it 

is proposed that PPMS and RRMS are different diseases, with PPMS characterized by 

neurodegeneration and RRMS characterized by inflammation and demyelination (Stys, Zamponi, 

van Minnen, & Geurts, 2012). Compared to healthy controls, individuals with RRMS have 

profound inflammation with T-cell and B-cell infiltrates present in the brain tissue, while 
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individuals with progressive forms of MS have plasma infiltrates present in the brain tissue 

(Frischer et al., 2009). Among individuals with MS over the age of 76 years and with MS for 

greater than 31 years, inflammatory infiltrates and neurodegeneration match healthy controls and 

suggest, that over time, the inflammatory process may slow down (Frischer et al., 2009).  

Symptom Clusters 

Within the first five years of the first MS clinical event, anxiety, depression, and fatigue 

occur as a symptom cluster in approximately 10% of individuals (Simpson et al., 2016). Another 

group of researchers identified the symptom cluster of fatigue, depression, and pain as associated 

with reduced quality of life (Motl & McAuley, 2010) and reduced physical activity levels (Motl, 

Weikert, Suh, & Dlugonski, 2010). The presence of this symptom cluster of fatigue, pain, and 

depression combined with functional limitations is a negative predictor for engaging in physical 

activity (Motl & McAuley, 2009). Despite the association between physical activity and 

symptom clusters, the relationship has not received much attention in the literature (Streber, 

Peters, & Pfeifer, 2016). 

Fatigue. Fatigue is the most common symptom and is reported among 80% of 

individuals with MS (Rumrill, Roessler, Li, Daly, & Leslie, 2015). Individuals report fatigue 

within the first year of diagnosis (Fox et al., 2015). There is a bi-directional relationship between 

fatigue and physical activity; meaning that as physical activity increases, fatigue decreases and as 

physical activity decreases, fatigue increases (Motl et al., 2012). However, individuals with MS 

report a perception that physical activity will increase fatigue (Learmonth & Motl, 2016). A 

Cochrane Review reported improvements in fatigue with a wide range of structured exercise 

programs, including walking, yoga, and Tai Chi, however, studies were limited to individuals 
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with mild to moderate forms of disability (Heine, Rietberg, Van Wegen, Port, & Kwakkel, 

2012). In a review of Tai Chi studies among individuals with MS, Taylor and Taylor-Piliae 

(2017), reported a total of three studies that examined fatigue; two of these studies reported 

significant improvements, while one study reported non-significant improvements.  

Depression. Depression is the most common comorbidity and is reported among 19.1% 

of individuals with MS (Marrie et al., 2016). However, other studies including individuals with 

MS reported a higher prevalence of depression with estimates that depression occurs in 38.7% of 

Caucasians, 44.2% of Latinos, and 45.8% of blacks (Buchanan et al., 2010). A meta-analysis of 

studies including individuals with MS (n=87,756) reported a pooled mean prevalence of 

depression of 30.5% (Boeschoten et al., 2017). One study estimated a lifetime prevalence of 

depression in individuals with MS as 44.8% and an annual prevalence of 12.6%; 64% higher 

prevalence than in matched controls (Marrie et al., 2017). Streber et al. (2016) report that 

depression is not commonly assessed in physical activity studies. Among individuals with a 

variety of neurological disorders, depressive symptoms improved with exercise with an effect 

size (ES) of 0.28; improvements in studies that met physical activity guidelines had an ES of 

0.38, while studies that did not meet physical activity guidelines had an ES of 0.19 (Adamson, 

Ensari, & Motl, 2015). In a review of Tai Chi studies among individuals with MS, a total of two 

studies assessed depression and mood with significant improvements reported (Taylor & Taylor-

Piliae, 2017). 

Anxiety. Anxiety is reported among 30% of individuals with MS and is associated with 

decreased quality of life (Pham et al., 2017). A meta-analysis of studies including individuals 

with MS (n=87,756) reported a pooled mean prevalence of anxiety of 22.1% (Boeschoten et al., 
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2017). One study reported an estimated lifetime prevalence of anxiety in individuals with MS of 

48.9% and an annual prevalence of 6.2%; 13% higher prevalence than in matched controls 

(Marrie et al., 2017). A recent systematic review of physical activity research among individuals 

with MS did not identify anxiety as a measured variable (Streber et al., 2016). Among studies 

examining social cognitive theory and physical activity among individuals with MS, two 

physical activity studies reported improvements in anxiety (Coote et al., 2017; Pilutti, Dlugonski, 

Sandroff, Klaren, & Motl, 2014b). Leung, McKeough, Peters, and Alison (2012) reported 

significant improvements in anxiety in individuals with chronic obstructive pulmonary disease 

(COPD) following a Sun-Style Tai Chi intervention. Among Tai Chi studies conducted among 

individuals with MS, one study measured anxiety-tension using the Profile of Mood States with 

non-significant improvements reported (Mills, Allen, & Carey-Morgan, 2000).  

Pain. Among individuals with MS, prevalence of pain is estimated to be 62.8%, with 

several types of pain reported including: headaches (42.5%), neuropathic extremity pain 

(26.6%), back pain (20%), Lhermitte sign (16.6%), painful spasms (15%), and trigeminal 

neuralgia (3.8%) (Foley et al., 2013). Pain acceptance and pain interference are strongly 

correlated (Harrison, McCracken, Bogosian, & Moss-Morris, 2015). Pain experienced may be 

secondary to fatigue, spasms, or mood disorders (Solaro, Trabucco, & Messmer Uccelli, 2013). 

Among studies examining social cognitive theory and physical activity studies among the MS 

population, two studies reported non-significant improvements in pain following the intervention 

(Learmonth, Adamson, Kinnett-Hopkins, Bohri, & Motl, 2017; Pilutti et al., 2014b). Among Tai 

Chi studies in individuals with MS, one study reported a significant improvement in bodily pain 

following the intervention (Tavee, Rensel, Planchon, Butler, & Stone, 2011). Among seated Tai 
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Chi studies, individuals with spinal cord disorders reported significant improvements in pain at 

the end of each class (Shem, Karasik, Carufel, Kao, & Zheng, 2016).  

Relationships among MS-related symptom clusters. Multiple relationships and 

associations between symptom clusters experienced by individuals with MS have been identified 

in the literature. In general, individuals with MS report lower health-related quality of life scores, 

compared to the general population (Campbell et al., 2014). However, individuals with MS that 

report less depression, anxiety, fatigue, and pain, but report greater levels of social support and 

self-efficacy, tend to have higher quality of life scores (Motl, McAuley, Snook, & Gliottoni, 

2009). Fatigue and sleep disruption are predictors of depression (Edwards et al., 2016). Moderate 

to severe pain in individuals with MS is associated with fatigue, depression, anxiety, and lower 

mental health-related quality of life (Marck et al., 2017). Hildebrandt and Eling (2014) identified 

executive function and memory performance as predictors of depression, while gait performance 

was a predictor of fatigue; this may suggest that fatigue is a modifiable symptom, while 

depression is related to neurodegenerative changes associated with the disease. 

Individuals with depression are more likely to report anxiety; however, individuals with 

higher levels of education are less likely to report anxiety (Pham et al., 2017). Anxiety and 

depression are strongly correlated with employment difficulties and individuals with depression 

are 7.1 times more likely to report employment difficulties or unemployment (Wicks, Ward, 

Stroud, Tennant, & Ford, 2016). Fatigue is associated with depression and functional limitations 

(Morrison & Stuifbergen, 2016) and is the most common reason individuals leave the workforce 

(Coyne, Boscoe, Currie, Landrian, & Wandstrat, 2015). Among employed individuals with MS, 

anxiety and depression are strong predictors of health-related quality of life, however, disease 
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severity does not predict health-related quality of life (Giovannetti et al., 2016). Individuals with 

mood or anxiety disorders are five times more likely to have poor medication adherence (Bruce, 

Hancock, Arnett, & Lynch, 2010).  

Disease Progression 

The disease course of MS is variable with disability progressing over time (Tullman, 

2013). The development of disability varies and may be related to individuals moving from an 

inflammatory presentation to a progressive presentation of the disease (Kister et al., 2013). 

Approximately 3-5% of individuals experience the first symptoms before the age of 18 

(mean=14 years) and are diagnosed with pediatric onset multiple sclerosis (POMS) (Chitnis, 

Glanz, Jaffin, & Healy, 2009; Harding et al., 2013). Approximately 98% of POMS present as 

RRMS, compared to 85% of adult onset cases (Waldman et al., 2016). Among POMS 

individuals, SPMS develops at 32 years, compared to 18 years in adult onset MS; the time to 

using a walking assistive device is 30.8 years, compared to 20.4 years for adults diagnosed with 

MS (Harding et al., 2013). Late onset multiple sclerosis (LOMS) represents 4.5% of new 

diagnosis and occurs in individuals over the age of 50 years; 64.3% of those diagnosed with 

LOMS have PPMS; 58% require use of a walking device within five years of diagnosis (Lotti, 

Oliveira, Bichuetti, Castro, & Oliveira, 2017).  

Individuals that become pregnant after a MS diagnosis are using a walking assistive 

device 22.9 years post diagnosis; individuals that receive an MS diagnosis after pregnancy are 

using a walking assistive device at 13.2 years post diagnosis (Ramagopalan et al., 2012). An 

estimated 25% of individuals with MS have a non-progressive form (Tedeholm et al., 2015). 

Individuals with MS are usually diagnosed in their 30’s and on average need walking assistance 
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device within 7 to 14 years of diagnosis (Fox et al., 2015). Among the general population over 

the age of 65, 24% require the use of a walking assistance device (Gell, Wallace, LaCroix, Mroz, 

& Patel, 2015).  

Disability 

The gold standard clinicians use to assess disability among persons with MS and the need 

for walking assistance devices is the Expanded Disability Status Scale (EDSS). Developed by 

Kurtzke (1983), this tool measures 500 meter ambulation and eight functional groups to 

determine level of disability: 1) pyramidal functions assess paralysis; 2) cerebellar functions 

assess ataxia, loss of coordination, and tremor; 3) brain stem functions assess problems with 

speech, swallowing, and nystagmus; 4) sensory functions assess proprioception and touch or pain 

sensations; 5) bowel and bladder functions assess incontinence, urgency, hesitancy, and 

retention; 6) visual or optic function assess visual acuity; 7) cerebral or mental function assess 

mentation and dementia; and, 8) other functions are any other symptom that may be related to 

MS.  

Scores range from 0 to 10 with a score of 0 indicating normal function and a score of 10 

indicating death; the scores progress as individuals have more abnormalities in functional 

systems and require the use of a walking aid. An EDSS of ‘1’ is minimal signs in one functional 

system, an EDSS of ‘2’ is minimal disability in one functional system, an EDSS of ‘3’ is 

moderate disability in one functional system or minimal disability in three of four functional 

systems, an EDSS of ‘4’ is severe disability in one functional system or combination of disability 

in multiple functional systems and the ability to walk 500 meters without rest or an ambulation 

aid, an EDSS of ‘5’ is disability in multiple functional systems, limitations of daily activities, and 
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ability to ambulate 200 meters, an EDSS of ‘6’ is moderate disability in two functional systems 

and the use of a walking aid when ambulating 100 meters, an EDSS of ‘7’ is disability in 

multiple functional systems, restricted to wheelchair, able to transfer alone, and unable to walk 

more than five meters, an EDSS of ‘8’ is restricted to wheelchair, maintains use of upper 

extremities, and performs self-care functions, an EDSS of ‘9’ is bedbound and able to 

communicate and eat, and an EDSS of ‘10’ is death due to MS (Kurtzke, 1983).  

Limitations of the EDSS as an outcome measure in clinical research includes: requiring a 

neurological exam, high intra- and inter-rater variability, bi-modal distribution of scores, limited 

responsiveness, and lack of measurements of mood disturbances, cognitive function, fatigue, and 

quality of life (van Munster & Uitdehaag, 2017). 

Physical Activity and MS 

The National MS Society has established a Wellness Research Working Group to 

establish guidelines for behavioral changes that may assist in managing MS (Motl et al., 2017). 

Behavioral intervention studies that include physical activity are increasing in the MS 

population, with physical activity encouraged as part of a comprehensive care plan for 

individuals with MS (Motl, 2014). Physical activity among individuals with MS is associated 

with improvements in quality of life (Motl & Gosney, 2008; Motl et al., 2009; Motl & Pilutti, 

2012; Motl & Snook, 2008). Individuals with MS that report higher levels of physical activity 

report less fatigue, depression, anxiety, and pain and higher levels of social support and self-

efficacy (Motl et al., 2009). Physiological changes among individuals with MS that engage in 

exercise include improved muscular fitness (ES=.27) and cardiorespiratory fitness (ES=.47) 

(Platta, Ensari, Motl, & Pilutti, 2016). Physical activity may offer cognitive benefits, however, 
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most physical activity research studies among individuals with MS excluded those with cognitive 

impairment (Sandroff, Motl, Scudder, & DeLuca, 2016). One of the most important benefits is 

that physical activity is associated with a reversal of gray matter atrophy (Erickson, Leckie, & 

Weinstein, 2014).  

Physical activity may one day be considered a disease modifying treatment because it is 

associated with reduced relapses and lesions, improved neuro-performance, and improved 

walking mobility (Motl & Pilutti, 2016). Individuals with advanced disability have limited 

treatment options as the current disease modifying treatments are not effective in individuals 

with progressive disease (Wiendl & Meuth, 2015). Despite disability progressing in individuals 

with MS as they age, there is minimal research on the benefits of physical activity among 

individuals with greater disability (Motl, Learmonth, Pilutti, Gappmaier, & Coote, 2015). Most 

studies include individuals with minimal symptoms or MS associated disability (Motl et al., 

2015). Individuals with MS that use a cane, walker, or wheelchair are commonly excluded from 

physical activity studies (Klaren et al., 2013; Latimer-Cheung, Pilutti et al., 2013), however, 

functional limitations are a negative predictor of physical activity (Motl & McAuley, 2009).  

A recent review identified 19 physical activity studies among individuals with MS with 

severe disability that provided modified exercises, including aerobic and strength training, and 

reported significant improvements in disability, physical function, fatigue, and quality of life 

(Edwards & Pilutti, 2017). Individuals with MS with minimal disability have significantly lower 

VO2max (a measure of aerobic capacity) compared to healthy controls (Langeskov-Christensen, 

Heine, Kwakkel, & Dalgas, 2015). As individuals with MS progress in disability and disease 

severity, aerobic capacity decreases (Heine et al., 2016). One exercise that may be especially 
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beneficial to individuals with advanced disability is seated Tai Chi, a modified form of Tai Chi 

that is recommended for individuals with low exercise tolerance (Fontana, Colella, Wilson, & 

Baas, 2000).  

Tai Chi 

Tai Chi is considered a moving meditative form of exercise with slow, coordinated 

movements of the upper and lower body designed to enrich Qi, an internal source of well-being 

(Chu, 2004). The practice of Tai Chi is a component of traditional Chinese medicine (TCM) and 

rooted in the philosophy of Taoism (Liao, 1990). Taoism originated from the Tao Te Ching, a 

metaphysical doctrine, written over 2,500 years ago (Feng & English, 1972). Tai Chi is a 

pluralistic practice with multiple styles developed and named after the family surnames from 

which the practice originated: Yang, Chen, Wu, Sun, and Wu-Ha. The pluralistic practices of Tai 

Chi have led researchers to request detailed descriptions of the style and forms (ranging from 

eight to 150 distinct forms) used when conducting Tai Chi research (Wayne & Kaptchuk, 

2008b). Tai Chi is an evolving art with individual practitioners modifying styles and forms 

further contributing to the pluralistic nature of Tai Chi practices (Wayne & Kaptchuk, 2008b). 

Differences in practice include the number of forms, speed of movement, and duration resulting 

in a low to moderate-impact exercise (Lan, Chen, Lai, & Wong, 2013). The metabolic 

equivalents (METs) for seated Tai Chi are 1.5, compared to 2.3 and 2.6 for slow and fast 

standing forms, respectively (Fontana et al., 2000). Thus, center of pressure displacements to 

assess balance for seated forms of Tai Chi are smaller, when compared to standing forms of Tai 

Chi (Leung & Tsang, 2008).  
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The benefits of Tai Chi are believed to originate from the interaction of multiple 

components: musculoskeletal strength, flexibility, and efficiency; breathing; concentration, 

attention, and mindfulness; imagery, visualization, and attention; physical touch, massage, and 

subtle energy; psychosocial interactions; alternative health paradigm, philosophy, and 

spirituality; and ritual, icons, and environmental effects (Wayne & Kaptchuk, 2008a). 

Individuals practice Tai Chi slowly, mindfully focusing on the movements, shifting their body 

weight in a deliberate manner, and calmly breathing, all in a relaxed manner (Chu, 2004).  

Interest in measuring health outcomes of Tai Chi began to increase in the 1990s, with 507 

articles published between 1958 and 2013 (Yang et al., 2015). Tai Chi is not commonly practiced 

in the US and a national survey reported only 1% of adults in the general population practice Tai 

Chi (Barnes, Bloom, & Nahin, 2008). A bibliometric analysis reported that only 20.5% of Tai 

Chi studies were conducted in the US; the majority (62.5%) were conducted in China, where Tai 

Chi originated (Yang et al., 2015). Studies were limited to specific populations and pre-defined 

physical, psychosocial, and cognitive outcomes (Yang et al., 2015). Studies of Tai Chi have 

included Yang, Sun, Chen, and Wu styles, with 24-form Yang style the most common (Yang et 

al., 2015). Standardized forms with fewer movements are preferable for clinical studies that 

occur over a short period of time, commonly 12 weeks (Wayne, 2014). Participants report that 

studies limiting the number of forms allow the opportunity to focus on breathing, meditation, and 

posture (Wayne, 2014). Lee and Ernst (2012) reviewed systematic reviews of Tai Chi and 

determined that Tai Chi is effective for fall prevention and improvement of psychosocial 

symptoms. Tai Chi is generally considered safe, but reporting of adverse events among 

intervention studies is poor (Wayne, Berkowitz, Litrownik, Buring, & Yeh, 2014). Determining 
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benefits of Tai Chi is challenging due to the pluralistic nature of Tai Chi practice; whereas the 

use of a standardized form of Tai Chi, such as the Sun-Style, allows future researchers to 

replicate the research findings in other populations (Wayne & Kaptchuk, 2008b).  

Sun-Style Tai Chi 

Dr. Paul Lam, a primary care physician, founded the Tai Chi for Health Institute (TCHI) 

and designed a standardized Sun-Style (originating from the Sun surname in China) program for 

individuals with chronic diseases to practice. The Tai Chi for Arthritis (TCA) program was 

developed from Sun-Style Tai Chi and is associated with improved balance and reduce falls 

(TCHI, 2017). The TCA program is endorsed by the Centers for Disease Control (CDC) and 

National Council on Aging (NCOA) as an evidence-based community falls prevention program 

(NCOA, 2017). NCOA recommends that participants complete a minimum of 16 sessions over 

an eight-week period. Dr. Lam has created a seated Sun-Style Tai Chi program that may be 

especially beneficial for individuals with MS that have difficulty ambulating.  

Tai Chi and MS 

A review of the literature examining the benefits of Tai Chi in individuals with MS was 

published previously (Taylor & Taylor-Piliae, 2017). Research among individuals with MS 

suggests Tai Chi may offer physical and psychosocial benefits including improved fatigue, 

depression, balance, gait, strength, flexibility, and quality of life. However, the studies included 

in the review used standing forms of Tai Chi in individuals with MS with lower levels of 

disability (Taylor & Taylor-Piliae, 2017).  

An additional article by Csiza and Medley (2016), not included in the original review by 

Taylor and Taylor-Piliae (2017), offered a six-form style of Tai Chi, one hour, twice weekly, 
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over six weeks among 25 individuals with MS. The authors reported significant improvements in 

balance, fall risk, and lower extremity strength (p<0.05), however, improvements in dynamic 

balance and balance confidence were non-significant (p>0.05).  

Theoretical Framework 

This feasibility study used social cognitive theory (SCT) to explore the effects of a seated 

Sun-Style Tai Chi on personal, behavioral, and environmental factors among individuals with 

MS. SCT has been used as a theoretical framework in at least 11 studies examining physical 

activity among individuals with MS (Streber et al., 2016). SCT provides a theoretical framework 

for understanding health behavior with the three concepts of person, behavior, and environment 

(Bandura, 1977). The three concepts of SCT form a triad of reciprocal determinism; each of the 

constructs interact and influence one another bidirectionally (Bandura, 1989). The concepts 

proposed for this study along with their relationships are displayed in Figure 1.  
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FIGURE 1. Diagram of social cognitive theory (modified from Bandura, 1977) 

Personal Factors 

The concept of person is operationalized with measurements of physical function (falls, 

lower and upper extremity function), exercise self-efficacy, and MS-related symptoms (fatigue, 

depression, anxiety, and pain).  

Physical function. Among individuals with MS, physical function includes MS 

associated disability and falls. These concepts are identified as functional limitations in the 

literature. Functional limitations are impediments that prevent individuals from engaging in 

physical activity and participating in daily activities (McAuley, Konopack, Motl, Rosengren, & 

Morris, 2005). Functional limitations are a negative predictor of physical activity among 
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individuals with MS (Motl & McAuley, 2009). In this study, physical function will be measured 

as lower and upper extremity function and falls. Lower extremity function measures mobility and 

upper extremity function measures fine motor skills and ability to perform activities of daily 

living (ADL’s) (Cella et al., 2010). Falls are defined as “unintentionally coming to rest on the 

ground, floor, or other lower level” (Buchner et al., 1993).  

Exercise self-efficacy. Self-efficacy is individuals’ self-confidence and belief that they 

are capable of performing an activity (Bandura, 2004). Exercise self-efficacy is individuals’ 

beliefs that they are capable of engaging in exercise (McAuley, 1993). Self-efficacy is influenced 

by four informational sources: enactive attainment, vicarious experience, verbal persuasion, and 

physiological feedback (Resnick, 2013). Enactive attainment acknowledges that self-efficacy is 

achieved by performing an activity; vicarious experience acknowledges that self-efficacy is 

achieved by viewing other individuals performing a behavior; verbal persuasion acknowledges 

that self-efficacy is achieved by telling an individual they are capable of performing a behavior; 

and physiological feedback and changes in the physiological state can increase or decrease the 

belief in an ability to perform a behavior (Resnick, 2013).  

Empirical evidence among the MS population suggests that exercise self-efficacy 

increases with enactive attainment. Individuals with MS that are physically active have higher 

levels of exercise self-efficacy (Motl & Snook, 2008). Over time, changes in physical activity are 

associated with changes in self-efficacy (Motl, McAuley, & Sandroff, 2013). Self-efficacy is 

identified as a facilitator to engaging in physical activity (Plow, Resnik, & Allen, 2009).  
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MS-related symptoms. MS-related symptoms measured in this study include fatigue, 

depression, anxiety, pain interference, and pain intensity. The measurement of these symptoms 

will add to the knowledge of MS symptom management with physical activity. 

Behavioral Factors 

Behaviors are actions individuals engage in and may be health-promoting or risky 

behaviors resulting in poor health (Kelder, Hoelscher, & Perry, 2015). Tai Chi, a physical 

activity, and other forms of exercise are identified as a health-promoting behavior. The concept 

of behavior is influenced by exercise planning and exercise goal-setting (Bandura, 2004).  

Physical activity. Exercise is a type of physical activity that is defined as a planned, 

structured activity engaged in over an extended period of time (Caspersen, Powell, & 

Christenson, 1985). Tai Chi is a form of exercise and is referred to as physical activity 

throughout this dissertation. Self-efficacy is associated with subjective and objective measures of 

physical activity (Casey et al., 2017). Self-efficacy has an indirect effect on physical activity 

through functional limitations (Suh, Joshi, Olsen, & Motl, 2014). Facilitators to physical activity 

include environment and feelings of accomplishment; barriers include environment and 

symptoms; perceived benefits include preserving physical function, social engagement, and a 

feeling of control (Learmonth & Motl, 2016). Among depressed individuals with MS, self-

efficacy, functional limitations, and goal setting are associated with physical activity (Ensari, 

Kinnett-Hopkins, & Motl, 2017).  

Exercise planning and goal setting. Goal setting is defined as planning and scheduling 

physical activity as part of one’s daily routines (Rovniak, Anderson, Winett, & Stephens, 2002). 

Changes in goal setting is a mediator and significant predictor for change in physical activity 
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(Suh, Motl, Olsen, & Joshi, 2015). Goal setting and outcome expectations are associated with 

subjective measurements of physical activity (Casey et al., 2017). Individuals with higher levels 

of self-efficacy are more likely to set goals and have a plan for achieving their goals (Bandura, 

2004). 

Environmental Factors 

The concept of environment includes physical and social factors that influence health 

(Kelder et al., 2015). Physical factors that influence physical activity include neighborhood, 

access to services, safety, and transportation (Streber et al., 2016). Social factors include cultural 

norms and beliefs and support from family and friends (Kelder et al., 2015). This concept is 

operationalized in this study as exercise social support.  

Social support. Exercise social support is interpersonal support from family and friends 

to engage in physical activity behaviors (Sallis, Grossman, Pinski, Patterson, & Nader, 1987). 

Physical and social environment are identified as barriers to physical activity engagement among 

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

Study Overview 

The goal of this study was to determine the feasibility of a seated Sun-Style Tai Chi 

intervention among adults with MS and explore effects of the intervention on personal (physical 

function, exercise self-efficacy, MS-related symptoms), behavioral (physical activity, exercise 

habits, exercise planning, exercise goal setting), and environmental factors (social support), 

using Social Cognitive Theory as the theoretical framework. The specific aims are as follows: 
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• Aim 1: To determine the feasibility of recruitment, retention rates, intervention adherence, 

safety, and satisfaction with a seated Sun-Style Tai Chi intervention among individuals 

with MS. 

− H1a: An optional recruitment survey will enroll up to 40 community dwelling adults 

with MS. 

− H1b: Study retention will be greater than 70%.  

− H1c: Intervention adherence will be greater than 70%.  

− H1d: There will be no adverse events.  

− H1e: Study satisfaction will be greater than 70%.  

• Aim 2: Explore the effects of using the seated Sun-Style Tai Chi intervention among 

individuals with MS on personal, behavioral, and environmental factors.  

− H2a: Individuals with MS practicing seated Sun-Style Tai Chi will experience 

improvements in personal factors (physical function, exercise self-efficacy, and MS-

related symptoms) post-intervention.  

− H2b: Individuals with MS practicing seated Sun-Style Tai Chi will experience 

improvements in behavioral factors (Tai Chi exercise, other exercise, exercise habits, 

exercise planning, and exercise goal setting) post-intervention. 

− H3b: Individuals with MS practicing seated Sun-Style Tai Chi will report 

improvement in environmental factors (social support) post-intervention.  

Summary 

This chapter provided an overview of the pathophysiology of MS, a description of 

common MS-related symptoms, and disability progression. Physical activity offers promising 
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benefits for symptom management among individuals with MS related disability. This study will 

offer a three-month seated Sun-Style Tai Chi intervention and will explore effects on personal, 

behavioral, and environmental factors using social cognitive theory as the theoretical framework. 
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CHAPTER 2: LITERATURE REVIEW 

This chapter includes a review of the literature of using social cognitive theory to guide 

physical activity interventions among individuals with MS, followed by literature reviews of 

Sun-Style Tai Chi, and seated Tai Chi. Each of these topics were reviewed to determine the 

current state of the science. These results were used to inform the design of the study, including 

length of the intervention and outcome measures.  

Social Cognitive Theory, Physical Activity and MS 

The purpose of this review was to identify studies that have used social cognitive theory 

(SCT) as a theoretical framework for physical activity studies. An electronic literature search of 

four databases was conducted using controlled vocabulary function and keywords. Databases 

searched included: PubMed, Embase, CINAHL, and SPORTDiscus. Keywords included: “social 

cognitive theory,” “physical activity,” and “multiple sclerosis.” The original literature search 

included all studies from inception through July 2017. This literature search was updated in 

January 2018. No limitations were applied during the literature search. Eligibility criteria 

included: randomized controlled trials (RCT’s) that used SCT to study physical activity among 

individuals with MS. The principal investigator (PI) reviewed abstracts of the studies to 

determine if eligibility criteria were met. The following types of articles were rejected: reviews, 

cross sectional studies, abstracts, longitudinal studies, qualitative studies, observational studies, 

and study protocols.  

The PI abstracted data from the studies including: sample demographics (i.e., gender, 

age, race, disability status, type of MS, & disease duration), setting, intervention details, outcome 

measures (i.e., person, behavior, environment, symptoms, pedometer data, & log books), 



 

 

 

 

39 

measurement periods, results, attrition, serious adverse events (SAE’s), intervention adherence, 

and recruitment rate. Disability status was measured with EDSS or patient determined disease 

steps (PDDS). SCT outcome measures for person were operationalized and measured as self-

efficacy, outcome expectations, and symptoms. Symptoms measured included depression, 

anxiety, cognitive function, health related quality of life (QOL), fatigue, pain, self-reported 

disability status, sleep, walking speed, walking endurance, and fitness. SCT outcome measures 

for behavior were operationalized and measured as subjective physical activity, objective 

physical activity, and goal setting. SCT outcomes measures for environment were 

operationalized and measured as exercise benefits and barriers, social provision, and disability 

impediments.  

Results 

A total of 57 articles were retrieved electronically (Table 2). One article was found from 

reviewing bibliographies of included studies. Duplicates were removed and 28 articles remained. 

Studies were reviewed to determine if they were RCT’s that used SCT as a theoretical 

framework and studied physical activity among individuals with MS. Reviews (n = 10), cross 

sectional (n=4), abstract (n=1), longitudinal (n=1), observational (n=1), qualitative (n=1), and 

study protocol (n=1) were excluded. A total of 10 studies were included in this review (Appendix 

A). 

TABLE 2. Literature search for social cognitive theory, physical activity and multiple sclerosis. 

PubMed (19) (social cognitive theory) AND (physical activity) AND (multiple sclerosis) 

Embase (16) 'physical activity'/exp AND 'social cognitive theory'/exp AND 'multiple sclerosis'/exp 

CINAHL (11) (social cognitive theory) AND (physical activity) AND (multiple sclerosis) 

SPORTDiscus (11) (social cognitive theory) AND (physical activity) AND (multiple sclerosis) 
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The studies included in this review were published between 2011 and 2017. Two studies 

were conducted in Ireland (Coote et al., 2017; Hayes et al., 2017). The remaining studies were 

conducted in North America (Klaren, Hubbard, & Motl, 2014; Learmonth et al., 2017; Motl, 

Dlugonski, Wójcicki, McAuley, & Mohr, 2011; Motl, Hubbard et al., 2017; Pilutti, Dlugonski, 

Sandroff, Klaren, & Motl, 2014a; Pilutti et al., 2014b; Rice, Rice, & Motl, 2015; Suh et al., 

2015). A total of 604 individuals were enrolled across studies. The majority of participants were 

female (80.8%), Caucasian (86.5%), middle aged (mean age of 48 years), with minimal disability 

(mean EDSS=2.9 and mean PDSS=2.5). Race was not reported for seven studies (Coote et al., 

2017; Hayes et al., 2017; Motl et al., 2011; Motl, Hubbard, et al., 2017; Pilutti et al., 2014a, 

2014b; Rice et al., 2015). EDSS or PDSS was not reported for one study (Rice et al., 2015). The 

participants had a variety of types of MS, including RRMS (n=513), SPMS (n=35), PPMS 

(n=21), benign MS (n=14), and unknown type (n=21). The mean disease duration was 9.4 years.  

The type of physical activity intervention offered to the experimental group varied across 

studies. The intervention length ranged from six to 26 weeks (mean=17 weeks). Two studies did 

long-term follow up and assessed individuals at three- and six-months post-intervention (Coote 

et al., 2017; Hayes et al., 2017). Five of the studies used a study website that provided physical 

activity and SCT concept education (Klaren et al., 2014; Motl et al., 2011; Motl, Hubbard, et al., 

2017; Pilutti et al., 2014a, 2014b). Five studies offered web-based coaching sessions teaching 

physical activity and SCT concepts (Klaren et al., 2014; Learmonth et al., 2017; Motl et al., 

2011; Pilutti et al., 2014a, 2014b). Three studies offered telephone coaching sessions teaching 

physical activity SCT concepts (Coote et al., 2017; Rice et al., 2015; Suh et al., 2015). Two 

studies offered newsletters teaching physical activity and SCT concepts (Learmonth et al., 2017; 
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Suh et al., 2015). Motl, Hubbard, et al. (2017) provided one on one video chats. Motl et al. 

(2011) provided a participant forum where physical activity could be discussed. Coote et al. 

(2017) offered in person classes teaching physical activity and SCT concepts and in-person 

group aerobic and strengthening exercise sessions. Learmonth et al. (2017) offered at home 

aerobic and strength training exercises. Strength training exercises used an elastic band and were 

demonstrated on a DVD. Rice et al. (2015) provided participants with a custom fit, ultralight 

weight wheelchair. Most of the studies had a waitlist or standard of care control group (Klaren et 

al., 2014; Learmonth et al., 2017; Motl et al., 2011; Motl, Hubbard et al., 2017; Pilutti et al., 

2014a, 2014b; Rice et al., 2015). Coote et al. (2017) and (Hayes et al., 2017) provided group 

exercise sessions and general education for the control group. Suh et al. (2015) provided general 

education newsletters and telephone calls for the control group.  

Feasibility Metrics 

Attrition among studies ranged from 3% to 17% with a mean of 12%. Coote et al. (2017) 

and Hayes et al. (2017) performed long term follow up post-intervention at three- and six-months 

and reported an attrition rate of 35% and 34%, respectively. Information regarding serious 

adverse events (SAEs) was not reported for six studies (Coote et al., 2017; Klaren et al., 2014; 

Motl et al., 2011; Pilutti et al., 2014a, 2014b; Suh et al., 2015). Motl, Hubbard et al. (2017) 

reported no serious adverse events occurred during the study. Motl et al. (2011) did not formally 

assess SAE’s, but monitored the participant chat room for reports of injuries. Rice et al. (2015) 

reported no adverse events related to use of a customized wheelchair. Learmonth et al. (2017) 

reported two injuries unrelated to the intervention and four individuals that reported an increase 

in MS symptoms during the intervention (i.e., fatigue, vision problems, & foot drop); two 
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individuals took a break from the intervention due to increased MS symptoms. Hayes et al. 

(2017) reported one individual in the control group developed hip pain. 

Intervention adherence was not reported for three studies (Klaren et al., 2014; Pilutti et 

al., 2014a, 2014b). Among the remaining studies, adherence ranged from 71% to 97.4% with a 

mean of 80%. Two studies reported adherence for experimental and control group and adherence 

was higher in experimental groups (Coote et al., 2017; Suh et al., 2015). Rice et al. (2015) did 

not report adherence to using the customized wheelchair but reported that individuals did not use 

it due to difficulty with brakes; difficult pivot transfers; and difficulty transporting the 

wheelchair in a car. Recruitment rates ranged from 10.7% to 70% with a mean of 29.8%.  

Person. The SCT concept of person was measured with the Exercise Self-Efficacy Scale 

(EXSE) and Multidimensional Outcome Expectations for Exercise Scale (MOESS) (Coote et al., 

2017; Learmonth et al., 2017; Motl et al., 2011; Suh et al., 2015).  

Symptoms were measured with the Hospital Anxiety and Depression Scale (HADS), 

Modified Fatigue Impact Scale (MFIS), Fatigue Severity Scale (FSS), Leeds MS Quality of Life 

Scale (LMSQOL), Multiple Sclerosis Impact Scale (MSIS-29), McGill Pain Questionnaire 

(MPQ), Patient Determined Disease Steps Scale (PDDS), Pittsburgh Sleep Quality Index (PSQI), 

and Symbol Digit Modalities Test (SDMT) (Coote et al., 2017; Klaren et al., 2014; Learmonth et 

al., 2017; Motl et al., 2011; Pilutti et al., 2014a, 2014b; Rice et al., 2015; Suh et al., 2015). 

Behavior. The SCT concept of behavior was measured with Exercise Goal Setting 

(EGS), Godin Leisure Time Exercise Questionnaire (GLTEQ), Sit to Stand (5xSTS), six-minute 

walk test (6MWT), Timed Up and Go (TUG), Modified Canadian Aerobic Fitness Test 

(mCAFT), Activities Balance Confidence Scale (ABC), Accelerometer time in MVPA, Multiple 
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Sclerosis Walking Scale (MSWS), and International Physical Activity Questionnaire (IPAQ) 

(Coote et al., 2017; Hayes et al., 2017; Klaren et al., 2014; Learmonth et al., 2017; Motl et al., 

2011; Motl, Hubbard et al., 2017; Pilutti et al., 2014a, 2014b; Suh et al., 2015).  

Environment. The SCT concept of environment was measured with the Exercise 

Benefits and Barriers Scale (EBBS), Late-Life Function and Disability Instrument (LLFDI), 

Social Provisions Scale (SPS), and Social Support and Exercise Survey (SSES) (Coote et al., 

2017; Learmonth et al., 2017; Motl et al., 2011; Suh et al., 2015). 

Summary 

Collectively, these studies suggest SCT based education is an effective method for 

improving goal setting, subjective physical activity, exercise barriers, and health related quality 

of life. Most of the results from these studies were non-significant. Across studies, the 

investigators reported effect sizes, attrition, and recruitment rates allowing future researchers to 

power a study for the desired outcome of interest (Field, 2013).  

Sun-Style Tai Chi 

The purpose of this review was to summarize the current literature of Sun-Style Tai Chi 

studies and its suitability as an intervention for individuals with MS having a disability. An 

electronic literature search of three databases was conducted using controlled vocabulary 

function and keywords to determine the benefits of Sun-Style Tai Chi. Databases searched 

included PubMed, Embase, and CINAHL. Keywords included “Tai Ji,” “Tai Chi,” and “Sun 

style.” The literature search included all studies from inception through November 2017. A 

limitation of “clinical studies” was used for the PubMed search. Eligibility included studies that 

offered a Sun-Style Tai Chi intervention. The PI reviewed abstracts of the studies to determine if 
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a Sun-Style Tai Chi intervention was offered. The following types of articles were rejected: 

conference abstracts, commentary articles, review papers, an article published in Korean, study 

design papers, and practice guidelines.  

The PI abstracted data from the studies including: study design, sample demographics 

(i.e., disease, gender, & age), setting, location, intervention details, outcome measures (i.e., 

physical, psychosocial, cognitive, social cognitive, biomarkers, qualitative data, & other), 

measurement time points, results, and feasibility metrics (i.e., attrition, SAEs, and intervention 

adherence).  

Results 

A total of 52 articles were retrieved electronically (Table 3). Five articles were found 

from reviewing bibliographies of included studies. Studies were reviewed to determine if they 

offered a Sun-Style Tai Chi intervention. Articles excluded were conference abstracts (n=7), 

commentaries (n=3), review papers (n=2), published in Korean (n=1), study design paper (n=1), 

and practice guidelines (n=1). A total of 19 articles were included in this review (Appendix B.) 

TABLE 3. Literature search for Sun-Style Tai Chi. 

PubMed (10) ("Tai Ji"[Mesh] OR "Tai Chi") AND Sun style, clinical trial 

Embase (15) Sun style AND ("Tai Ji"[Mesh] or "tai chi") 

CINAHL (27) 'tai chi'/exp AND 'sun style' 

Study Characteristics 

The studies included in this review were published between 2003 and 2017. Ten of the 

studies were RCTs (Au-Yeung, Hui-Chan, & Tang, 2009; Day et al., 2012; Day et al., 2015; 

Fransen, Nairn, Winstanley, Lam, & Edmonds, 2007; Leung et al., 2012; Son, Ryu, Jeong, Jang, 

& Kim, 2016; Song, Lee, Lam, & Bae, 2003, 2007; Song, Roberts, Lee, Lam, & Bae, 2010; 

Voukelatos, Cumming, Lord, & Rissel, 2007). Four of the studies were quasi-experimental 
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(Chang et al., 2011; Cho, Lee, & Lee, 2017; Song, Ahn, Roberts, Lee, & Ahn, 2009; Tsai et al., 

2009). Three of the quasi-experimental studies did not have a control group (Chang et al., 2011; 

Song et al., 2009; Tsai et al., 2009). One of the quasi-experimental studies was a non-randomized 

preference trial with the control group on a wait list (Cho et al., 2017). Three of the studies were 

randomized cluster trials with the intervention and control sites randomly assigned (Choi, Moon, 

& Song, 2005; Tsai, Chang, Beck, Kuo, & Keefe, 2013; Tsai et al., 2015). One study was 

qualitative (Leung, McKeough, Peters, & Alison, 2015). One study was mixed-methods, using 

qualitative and quantitative methods, with study sites randomly assigned to treatment and control 

groups (Carpenter, 2006).  

Seven of the studies were conducted in South Korea (Cho et al., 2017; Choi et al., 2005; 

Son et al., 2016; Song et al., 2009; Song et al., 2003, 2007; Song et al., 2010). Six of the studies 

were conducted in Australia (Day et al., 2012; Day et al., 2015; Fransen et al., 2007; Leung et al., 

2012; Leung et al., 2015; Voukelatos et al., 2007). Five of the studies were conducted in the 

United States (Carpenter, 2006; Chang et al., 2011; Tsai et al., 2009; Tsai et al., 2013; Tsai et al., 

2015). One study was conducted in China (Au-Yeung et al., 2009). 

Ten of the studies were conducted in a community setting (Au-Yeung et al., 2009; Cho et 

al., 2017; Day et al., 2012; Day et al., 2015; Son et al., 2016; Song et al., 2009; Song et al., 2003, 

2007; Song et al., 2010; Voukelatos et al., 2007). Five were conducted in long-term care or 

senior retirement centers (Carpenter, 2006; Choi et al., 2005; Tsai et al., 2009; Tsai et al., 2013; 

Tsai et al., 2015). Three were conducted in the hospital setting (Fransen et al., 2007; Leung et al., 

2012; Leung et al., 2015). One was conducted in an unknown setting (Chang et al., 2011). 
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Across studies, 2,750 individuals were enrolled. Participant enrollment ranged from 

seven to 702 individuals with a mean of 145 individuals enrolled. Sample characteristics 

included community dwelling older adults (Day et al., 2012; Day et al., 2015; Son et al., 2016; 

Voukelatos et al., 2007), individuals with osteoarthritis (Carpenter, 2006; Fransen et al., 2007; 

Song et al., 2003, 2007; Song et al., 2010), individuals with osteoarthritis and cognitive 

impairment (Tsai et al., 2009; Tsai et al., 2013; Tsai et al., 2015), individuals with COPD (Leung 

et al., 2012; Leung et al., 2015), individuals with overactive bladder (OAB) (Cho et al., 2017), 

cognitively impaired elders (Chang et al., 2011), stroke survivors (Au-Yeung et al., 2009), 

individuals with diabetes mellitus (Song et al., 2009), and institutionalized older adults (Choi et 

al., 2005). 

Across studies 76.5% of participants were female with a range from 36% to 100%. Five 

studies included only enrolled females (Cho et al., 2017; Son et al., 2016; Song et al., 2003, 

2007; Song et al., 2010). Across studies the mean age was 72.7 with a mean range of 62 to 85.  

Tai Chi Intervention 

Each of the studies reported using an intervention that offered Sun-Style Tai Chi with 

forms ranging from 12- to 46-forms and a mean of 20-forms. The most common was 12-form 

Sun-Style, which was used for nine studies (Au-Yeung et al., 2009; Carpenter, 2006; Chang et 

al., 2011; Choi et al., 2005; Song et al., 2003, 2007; Tsai et al., 2009; Tsai et al., 2013; Tsai et al., 

2015). Two studies offered a combination of Sun- and Yang-style forms (Cho et al., 2017; Song 

et al., 2009). One study offered Sun-Style Tai Chi with Qigong breathing exercises (Song et al., 

2010). One study offered participants wrist weights to increase the intensity of the exercise 

(Leung et al., 2012). One study offered 38 community based classes at 24 locations and 83% of 
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classes offered Sun-Style Tai Chi, 14% of classes offered mixed styles of Tai Chi, and 3% of 

classes offered Yang-style Tai Chi (Voukelatos et al., 2007). Au-Yeung et al. (2009) provided 

images and names of forms practiced within the publication. Son et al. (2016) and Carpenter 

(2006) provided names of forms practiced within the publication.  

The duration of the intervention was between 12 weeks and 48 weeks with a mean of 18 

weeks. Group classes were offered one to three times weekly with practice time ranging between 

35 minutes and 65 minutes with a mean length of 53.5 minutes. One study did not provide 

information regarding the length in minutes of the group classes or the suggested home practice 

(Song et al., 2007). One study did not provide information regarding the length in minutes of the 

group classes, but did provide information regarding the recommended home practice (Song et 

al., 2003). Across all studies, weekly group Tai Chi practice ranged from 60 minutes to 120 

minutes with a mean of 104 minutes. Weekly Tai Chi practice for studies that suggested home 

practice ranged from 180 to 270 minutes of practice with a mean of 230 minutes.  

Nine of the studies suggested individuals’ practice at home with weekly practice ranging 

from 60 to 180 minutes with a mean of 128 minutes (or approximately two hours). Individuals 

were encouraged to practice at home anywhere from three times weekly to every day. One study 

suggested participants practice at home, but did not specify the length of practice; the author 

collected data on the length of practice as a categorical variable including less than 30 minutes, 

30 to 60 minutes, and greater than 60 minutes (Carpenter, 2006). Collectively, the amount of Tai 

Chi practice time performed during the studies ranged from 15 hours to 96 hours with a mean of 

46 hours.  
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Feasibility Metrics 

Feasibility metrics include attrition, SAEs, and intervention adherence. Attrition among 

studies ranged from 3.6% to 41% with a mean of 23.5%. Three studies reported attrition of the 

control groups with a range of 25% to 38.4% and a mean of 29.8% (Cho et al., 2017; Day et al., 

2012; Day et al., 2015). Two studies did not report attrition. (Chang et al., 2011; Tsai et al., 

2015).  

Eleven studies did not report if adverse events occurred during the intervention period 

(Au-Yeung et al., 2009; Chang et al., 2011; Cho et al., 2017; Choi et al., 2005; Day et al., 2015; 

Leung et al., 2015; Song et al., 2009; Song et al., 2010; Tsai et al., 2009; Tsai et al., 2015; 

Voukelatos et al., 2007). Four studies reported that no adverse events occurred during the 

intervention period (Leung et al., 2012; Son et al., 2016; Song et al., 2007; Tsai et al., 2013).  

One study reported six SAEs including one fall during single leg standing test, three 

angina episodes, one episode of dizziness, and one individual feeling unwell during class (Day et 

al., 2012). One study reported that 11 SAEs occurred over the course of the study that required 

hospitalization with no SAEs occurring during class; two individuals withdrew from the study 

due to low back pain exacerbated by the intervention (Fransen et al., 2007). One study reported 

an individual in the treatment group started pain medications, two individuals in the control 

group started pain medications, and one individual in the control group started chiropractic 

therapy (Carpenter, 2006). One study reported complaints of slight soreness of knee and leg 

muscles during the first week of the intervention (Song et al., 2003).  

Intervention adherence ranged from 53.8% to 97.9% with a mean of 76.2%. Six studies 

did not report intervention adherence (Cho et al., 2017; Son et al., 2016; Song et al., 2003, 2007; 
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Tsai et al., 2013; Tsai et al., 2015). Three studies reported adherence for the Tai Chi group and 

the control group (Day et al., 2012; Day et al., 2015; Song et al., 2010). Intervention adherence 

for the Tai Chi group ranged from 35.8% to 93.2% with a mean of 60.9%. Intervention 

adherence for the control group ranged from 40.6% to 95.7% with a mean of 64.5%.  

Two studies reported the average minutes of attendance and reported differences in 

outcomes for individuals that attended class regularly (Chang et al., 2011; Tsai et al., 2009). One 

study reported that 50% of individuals attended more than 80% of the sessions (Song et al., 

2009). Another study reported than 61% of individuals in the Tai Chi group attended more than 

50% of classes, however, 81% of individuals in the control group attended more than 50% of 

classes (Fransen et al., 2007).  

Nine studies suggested home practice (Au-Yeung et al., 2009; Carpenter, 2006; Cho et 

al., 2017; Leung et al., 2012; Leung et al., 2015; Song et al., 2009; Song et al., 2003, 2007; Song 

et al., 2010). Two studies that reported home practice provided the average hours practiced 

weekly (Au-Yeung et al., 2009; Leung et al., 2012).  

A variety of methods were used to improve home practice. Three studies offered 

participants a DVD, videotape, or audiotape to facilitate home practice (Fransen et al., 2007; 

Leung et al., 2015; Song et al., 2003). Three studies provided pictures and DVD/videotapes to 

facilitate practice at home (Au-Yeung et al., 2009; Cho et al., 2017; Leung et al., 2012). One 

study provided a booklet with instructions and pictures to facilitate practice at home (Carpenter, 

2006).  

Eight studies used an exercise log to track practice at home (Au-Yeung et al., 2009; 

Carpenter, 2006; Cho et al., 2017; Leung et al., 2012; Song et al., 2009; Song et al., 2003, 2007; 
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Song et al., 2010). One study suggested home practice, but did not monitor the amount of time 

practiced (Fransen et al., 2007) 

Four studies used weekly phone contacts to maintain contact with participants and 

improve attendance and home practice (Song et al., 2009; Song et al., 2003, 2007; Song et al., 

2010). One study conducted phone contact with participants at the mid-point of the intervention 

(Carpenter, 2006). 

Main Outcome Measures 

Across studies a combination of physical, psychosocial, cognitive, social cognitive, 

biomarkers, qualitative data, and other measures were collected. Ten studies assessed outcome 

measures at baseline and post-intervention (Carpenter, 2006; Chang et al., 2011; Cho et al., 

2017; Choi et al., 2005; Leung et al., 2012; Son et al., 2016; Song et al., 2003, 2007; Song et al., 

2010; Tsai et al., 2009). Two studies assessed outcome measures at baseline, every four weeks 

during the course of the study, and four weeks post-intervention (Tsai et al., 2013; Tsai et al., 

2015). Two studies recorded individuals performing Tai Chi to assess accuracy of performance, 

post-intervention (Chang et al., 2011; Tsai et al., 2009). Two studies assessed outcome measures 

at the middle and end of the intervention (Day et al., 2012; Day et al., 2015). One study collected 

data regarding experiences and perceptions of practice, post-intervention (Leung et al., 2015). 

One study assessed outcome measures at baseline, middle of the intervention, post-intervention, 

and six weeks following completion of the study (Au-Yeung et al., 2009). One study assessed 

outcome measures at baseline, middle of the intervention, and post-intervention (Song et al., 

2009). One study assessed outcome measures at baseline, post-intervention, and 12 weeks 

following completion of the study (Fransen et al., 2007). One study measured outcomes post-
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intervention and eight weeks following completion of the study (Voukelatos et al., 2007). One 

study collected data regarding exercise intensity at the completion of the study (Leung et al., 

2012).  

Physical. Sixteen of the studies assessed physical outcome measures (Au-Yeung et al., 

2009; Carpenter, 2006; Cho et al., 2017; Choi et al., 2005; Day et al., 2012; Day et al., 2015; 

Fransen et al., 2007; Leung et al., 2012; Son et al., 2016; Song et al., 2003, 2007; Song et al., 

2010; Tsai et al., 2009; Tsai et al., 2013; Tsai et al., 2015; Voukelatos et al., 2007).  

Eight studies assessed balance as an outcome measure (Au-Yeung et al., 2009; Choi et 

al., 2005; Day et al., 2012; Fransen et al., 2007; Leung et al., 2012; Son et al., 2016; Song et al., 

2003; Voukelatos et al., 2007). Seven studies assessed strength as an outcome measure (Choi et 

al., 2005; Day et al., 2012; Leung et al., 2012; Son et al., 2016; Song et al., 2003; Song et al., 

2010; Tsai et al., 2013). Six studies assessed pain, stiffness and physical functioning with the 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) (Carpenter, 2006; 

Day et al., 2012; Fransen et al., 2007; Song et al., 2003, 2007; Tsai et al., 2013). Five studies 

assessed mobility as an outcome measure (Au-Yeung et al., 2009; Choi et al., 2005; Day et al., 

2012; Fransen et al., 2007; Tsai et al., 2013). Three studies assessed falls as an outcome measure 

and used self-report measures (Choi et al., 2005; Day et al., 2015; Voukelatos et al., 2007). Two 

studies assessed pain as an outcome measure (Tsai et al., 2009; Tsai et al., 2015). Two studies 

assessed flexibility as an outcome measure (Choi et al., 2015; Song et al., 2003).  

Psychosocial. Five studies assessed psychosocial outcome measures (Cho et al., 2017; 

Day et al., 2012; Fransen et al., 2007; Leung et al., 2012; Song et al., 2009). Two studies 

assessed health related quality of life (HRQOL) (Cho et al., 2017; Leung et al., 2012). Two 
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studies assessed depression (Day et al., 2012; Leung et al., 2012). One study assessed anxiety 

(Leung et al., 2012).  

Social cognitive measures. Three studies assessed social cognitive measures (Choi et al., 

2005; Day et al., 2012; Song et al., 2007). One study assessed physical function and disability 

with the Late Life Function and Disability Inventory (LLFDI) (Day et al., 2012). One study 

assessed perceived self-efficacy and perceived barriers and benefits (Song et al., 2007). One 

study assessed fall avoidance efficacy (Choi et al., 2005).  

Summary 

Collectively, these studies suggest Sun-Style Tai Chi may offer physical benefits 

including improvements in balance, mobility, strength, falls and health-related quality of life in 

the general population, though mixed results are reported. Sun-Style Tai Chi may offer physical 

benefits to individuals with arthritis including improvements in physical function, pain, and 

stiffness, though mixed results are reported.  

Seated Tai Chi 

The purpose of this review was to summarize the current literature of seated Tai Chi 

studies and its suitability as an intervention for individuals with MS having a disability. An 

electronic literature search of three databases was conducted using controlled vocabulary 

function and keywords, to determine the benefits of a seated Tai Chi intervention. Databases 

searched included PubMed, Embase, and CINAHL. Keywords included “Tai Ji,” “Tai Chi,” 

“sitting,” and “seated.” The literature search included all studies from inception through 

November 2017. A limitation of “clinical trial” was used for the PubMed search. The PI 

reviewed the abstracts of the studies to determine if the studies incorporated a seated Tai Chi 
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intervention. Inclusion criteria were all styles of seated Tai Chi, age groups and persons 

with/without a chronic illness or disability. Exclusion criteria were the following: studies that 

offered a standing Tai Chi intervention, conference abstracts, commentaries, cross-sectional 

studies, review papers, and study protocols.  

The PI abstracted data from the studies including study design, sample characteristics 

(i.e., disease, gender, & age), setting, location, intervention details, outcome measures (i.e., 

physical, psychosocial, & social cognitive), measurement time points, results, and feasibility 

metrics (i.e., attrition, SAE’s, & intervention adherence).  

Results 

A total of 133 articles were retrieved electronically (Table 4). Duplicates were removed 

and 90 articles remained. The PI reviewed studies to determine if they offered a seated Tai Chi 

intervention. Studies that did not offer a seated Tai Chi intervention (n=42), conference abstracts 

(n=15), commentaries (n=9), cross-sectional studies (n=7), review papers (n=6), and study 

protocols (n=4) were excluded. A total of seven studies were included in this review (Appendix 

C). 

TABLE 4. Literature search for sitting and seated Tai Chi. 

PubMed (43) ("Tai Ji"[Mesh] OR "Tai Chi") AND sitting, clinical trial (20) 

("Tai Ji"[Mesh] OR “Tai Chi”) AND seated, clinical trial (23) 

Embase (30) Sitting AND ("Tai Ji"[Mesh] or "tai chi") (17) 

Seated AND ("Tai Ji"[Mesh] or "tai chi") (13) 

CINAHL (60) 'tai chi'/exp AND 'sitting' (39) 

'tai chi'/exp AND 'seated' (21) 

Study Characteristics 

The studies included in this review were published between 2007 and 2016. Three of the 

studies were randomized controlled trials (RCTs) (Hsu, Moyle, Cooke, & Jones, 2016a, 2016b; 
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Lee, Hui-Chan, & Tsang, 2015). Two studies were quasi-experimental with pretest-posttest 

assessments that did not have a control group (Lane & Chun, 2012; Shem et al., 2016). One 

study was a quasi-experimental study with the control group determined by participant 

preference (Tsang et al., 2015). One study recruited participants and controls from four 

community centers and offered the intervention at two centers (Cheung, Tsai, Fung, & Ng, 

2007). Five of the studies were conducted in China (Cheung et al., 2007; Hsu et al., 2016a, 

2016b; Lee et al., 2015; Tsang et al., 2015), one was conducted in the United States (Shem et al., 

2016) and one did not provide a study location (Lane & Chun, 2012). The settings of the 

intervention included long-term care facilities (Hsu et al., 2016a, 2016b; Lane & Chun, 2012), 

community settings (Cheung et al., 2007; Shem et al., 2016; Tsang et al., 2015), and residential 

facilities (Lee et al., 2015).  

Across studies, a total of 296 individuals were enrolled. Participant enrollment in studies 

ranged from 19 to 60 persons, with a mean of 42 individuals enrolled. Sample characteristics 

included individuals with spinal cord injuries (Shem et al., 2016; Tsang et al., 2015), individuals 

in long-term care using a wheelchair for mobility (Hsu et al., 2016a, 2016b), older adults with 

limited walking ability (Lee et al., 2015), elderly individuals in long-term care (Lane & Chun, 

2012), and individuals with lower-limb disability using a walker or wheelchair (Cheung et al., 

2007). Across studies, 62.2% of participants were female with a range of 45.4% to 77%. Across 

studies, the mean age was 65.2 years. The studies conducted in a community setting had a mean 

age of 48 years, while the studies among individuals at long-term care facilities or residential 

facilities had a mean age of 82.5 years.  
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Tai Chi Intervention 

Each of the seven studies offered a seated form of Tai Chi, but the style and forms varied 

with 12-form being the most common. Four of the studies used 12-form Yang style Tai Chi (Hsu 

et al., 2016b; Lee et al., 2015; Tsang et al., 2015). One study offered a 20-form Tai Chi Chih 

intervention (Shem et al., 2016), another study offered a Tai Chi chair program with 43 “steps” 

(Lane & Chun, 2012), and the last study offered a 25-form Wu style intervention (Cheung et al., 

2007).  

Two of the studies used the 12-form Simplified Tai Chi Exercise Program (STEP) (Hsu 

et al., 2016a, 2016b). Details of the development of the program and the forms included in STEP 

are provided by Chen, Chen, and Huang (2006). Shem et al. (2016) used the 20-form Tai Chi 

Chih program. The details of the forms and development of the Tai Chi Chih program are 

provided by Stone (1996). Lee et al. (2015) and Tsang et al. (2015) used a 12-form Yang style 

and the details of the forms and development of the program are published by Lee, Jones, Hui-

Chan, and Tsang (2011). Lane and Chun (2012) used a Tai Chi chair program developed by 

Sward and Lamartin (n.d.) and details of the forms and development of the program are not 

available. Cheung et al. (2007) provided the names of the forms that were used for the 

intervention.  

The duration of the intervention was between five weeks and 26 weeks with a mean of 15 

weeks. Classes were offered one to three times weekly with class practice time ranging from 40 

to 90 minutes with a mean length of 60 minutes. Only one study suggested home practice of 90 

minutes weekly (Tsang et al., 2015). The number of sessions offered ranged from nine to 78 with 

a mean of 38 sessions. Weekly group Tai Chi practice ranged from 90 to 180 minutes with a 
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mean of 129 minutes. Collectively, the amount of Tai Chi practice time performed during a study 

ranged from 13.5 hours to 52 hours with a mean of 32 hours.  

Feasibility Metrics 

Feasibility metrics collected included attrition, SAE information, and intervention 

adherence. Attrition among studies ranged from 3.4% to 65% with a mean of 18.6%. Information 

regarding SAE’s was not reported for three studies (Cheung et al., 2007; Hsu et al., 2016a; Lane 

& Chun, 2012). Two studies reported that no SAE’s occurred during the study (Hsu et al., 

2016b). One study reported an individual experienced radicular pain unrelated to the intervention 

(Shem et al., 2016). One study reported an individual in the Tai Chi group experienced low back 

pain and withdrew from the study (Lee et al., 2015). 

Two of the studies did not report adherence (Hsu et al., 2016a; Lee et al., 2015). Among 

the four studies that reported adherence of the Tai Chi group, the range was 85.3% to 100% with 

a mean of 91.3% (Cheung et al., 2007; Hsu et al., 2016b; Lane & Chun, 2012; Tsang et al., 

2015). Two studies reported a control group adherence of 93.2% and 87% (Hsu et al., 2016b; 

Tsang et al., 2015). One study reported that 76% of individuals attended greater than 80% of 

sessions (Hsu et al., 2016b). The only study that suggested homework practice reported 

homework adherence of 100% (Tsang et al., 2015). One study reported that all participants 

attended greater than 90% of sessions (Cheung et al., 2007). One study reported that only 

individuals that attended greater than 50% of sessions were included in statistical analysis (Shem 

et al., 2016).  
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Main Outcome Measures 

Across all studies physical, psychosocial, and social cognitive outcome measures were 

collected at baseline and post-intervention. Additionally, three studies measured outcomes in the 

middle point of the intervention (Hsu et al., 2016a, 2016b; Lane & Chun, 2012). One study 

measured physical and psychosocial outcomes following each class (Shem et al., 2016).  

Physical. Five of the studies measured physical outcomes (Cheung et al., 2007; Lane & 

Chun, 2012; Lee et al., 2015; Shem et al., 2016; Tsang et al., 2015). Physical outcomes measured 

included pain (Shem et al., 2016), sitting balance and eye-hand coordination (Lee et al., 2015), 

muscle handgrip strength and balance control (Tsang et al., 2015), shoulder flexibility (Lane & 

Chun, 2012), cardiovascular function, pulmonary function, and shoulder range of motion 

(Cheung et al., 2007). 

Psychosocial. Four of the studies measured psychosocial outcomes (Hsu et al., 2016a, 

2016b; Shem et al., 2016; Tsang et al., 2015). Psychosocial outcomes measured included mood 

states (Hsu et al., 2016a), emotional sense of well-being, mental distraction, physical sense of 

well-being, spiritual connection, fatigue (Shem et al., 2016), quality of life (Hsu et al., 2016b; 

Tsang et al., 2015), and depression (Hsu et al., 2016b; Shem et al., 2016).  

Social cognitive measures. Hsu et al. (2016a) measured self-efficacy with the Self-

Efficacy for Exercise (SEE) scale.  

Summary 

Outcome measures were different for each study making it difficult to synthesize findings 

of these seated Tai Chi studies. These studies suggest seated Tai Chi may offer physical benefits 

including improvements in pain, sitting balance, eye-hand coordination accuracy, handgrip 
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strength, balance control, shoulder flexibility, and shoulder range of motion. Additionally, these 

studies suggested that seated Tai Chi may offer psychosocial improvements in fatigue, emotional 

sense of well-being, mental distraction, physical sense of well-being, spiritual connection, 

depression, and quality of life, though mixed results were reported.  

Chapter Summary 

Physical activity studies among individuals with MS using SCT based education have 

reported improvements in goal setting, subjective physical activity, exercise barriers, and health 

related quality of life. Goal setting and identifying exercise barriers may lead to improvements in 

physical activity. Tai Chi exercise is a potential form of physical activity that may encourage 

engagement in regular exercise among individuals with MS. Standing forms of Sun-Style Tai 

Chi have led to improvements in physical and psychosocial function among individuals with a 

chronic illness and may also be beneficial for individuals with MS. Reported improvements 

include: balance, mobility, strength, falls and health-related quality of life. On the other hand, 

seated Tai Chi has been studied among individuals with impairments in physical function 

requiring the use of walking assistance devices, such as wheelchairs and walkers, and better 

suited for individuals with a MS-related disability. To date, there is no research examining the 

benefits of seated Sun-Style Tai Chi among individuals with MS.  

Adverse events reported among individuals with MS engaging in physical activity 

include an increase in MS symptoms, including fatigue, visual problems, and foot drop. Adverse 

events among Sun-Style Tai Chi programs included falls, angina, dizziness, low back pain, and 

muscle soreness. Among seated Tai Chi studies, the adverse events were limited to low back 

pain. However, most studies did not report adverse events. Attrition was 18.6%, 23.5%, and 12% 
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for seated Tai Chi, Sun-Style Tai Chi, and SCT based education, respectively. Adherence was 

91.3%, 76.2%, and 80% for seated Tai Chi, Sun-Style Tai Chi, and SCT based education, 

respectively. Using an adapted seated Sun-Style Tai Chi may be suitable for this study because 

adverse events are less common, attrition was lower, and adherence was higher among seated Tai 

Chi studies. The low-impact nature of seated Tai Chi may result in fewer exacerbations of MS-

related symptoms.  
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CHAPTER 3: METHODS 

Study Purpose 

The purpose of this study was to determine the feasibility of a seated Sun-Style Tai Chi 

intervention among adults with MS. An optional recruitment survey sent was sent to individuals 

in two MS groups in the greater Tucson area, to assess exercise self-efficacy, exercise habits, 

exercise barriers, and interest in participating in a seated Tai Chi intervention study. After 

identifying individuals with MS interested in participating in the study, participants were 

consented and enrolled in the study. Participants attended a twice weekly, 12-week seated Sun-

Style 12-form Tai Chi intervention. A quasi-experimental, single group pretest-posttest study 

was used to explore the effects of the Tai Chi intervention on personal (physical function, 

exercise self-efficacy, MS-related symptoms), behavioral (physical activity, exercise habits, 

exercise planning, exercise goal setting), and environmental factors (social support), using social 

cognitive theory (SCT) as the theoretical framework. 

The goals of feasibility studies are to determine if a research study is practical, to identify 

problems that may occur with study implementation, and to prepare researchers for conducting 

larger RCTs (Eldridge, Lancaster et al., 2016). Feasibility studies report recruitment and 

retention rates, intervention adherence, safety concerns, data collection, response time/burden, 

IRB requirements, appropriateness of eligibility criteria, cost, satisfaction with intervention, 

appropriateness of intervention, management requirements, and treatment fidelity (Learmonth & 

Motl, 2017). Formal hypothesis testing is not recommended for feasibility studies as they are 

usually underpowered to detect differences (Eldridge, Chan et al., 2016). The sample size for a 

feasibility study is not powered to detect significant differences (Eldridge, Chan et al., 2016).  



 

 

 

 

61 

Protection of Human Participants 

Approval to conduct this study was obtained by the Institutional Review Board (IRB) of 

the University of Arizona, prior to implementation of the study (Appendix D.) 

Study Sample 

The sample for this study included individuals with MS that reside in the greater Tucson 

area. Feasibility studies frequently use convenience sampling and use a sample that is easily 

available to researchers (Trochim, Donnelly, & Arora, 2016). The original study goal was to 

recruit 20 individuals with MS. Classes are generally limited to 20 individuals to ensure 

participant safety during the intervention. The goal was chosen because the PI and instructors 

present would be able to safely monitor 20 participants during each class. The recruitment goal 

was increased to 40 participants after the PI was able to secure three locations to offer classes.  

Inclusion Criteria 

Inclusion criteria included: 

• community dwelling adults with MS 

• individuals willing to attend a 12-week seated Sun-Style Tai Chi intervention  

• access to a computer and able to use it to complete electronic questionnaires 

• having a valid email address 

Exclusion Criteria 

Exclusion criteria included: 

• MS relapse in the previous four weeks 

• changes to MS medications or steroid use in the previous four weeks  

• pregnancy 
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• individuals under 18 years of age 

• involvement in other physical activity studies  

• contraindications to physical activity 

Recruitment 

The optional recruitment survey was used to identify individuals interested in 

participating in a seated Tai Chi study and to recruit participants. The survey assessed individual 

interest in participating in a Tai Chi study and provided an opportunity to reach a large number 

of individuals with MS in the greater Tucson area. As a part of the survey, participants were 

asked about their beliefs in their ability to perform exercise, weekly exercise habits, and exercise 

barriers. Participation in the survey was not required to enroll in the seated Tai Chi study. 

Additional recruitment strategies included visits to support group meetings in the greater Tucson 

area. Institutional review board (IRB) approved flyers were provided to support group attendees 

(Appendix E).  

Study Procedures 

The PI sent the optional recruitment survey containing a disclosure form (Appendix F) to 

the individuals that manage the email lists for the MS: Movers and Shakers Group and the 

Northwest Tucson MS Self-Help group. The organizers distributed the survey to group members 

to protect the privacy of the individuals in the groups. Individuals with MS that responded to the 

survey and were interested in participating in the research study were instructed to contact the PI 

by phone or email. The PI assessed participants’ eligibility over the phone or in person 

(Appendix G). The PI sent the informed consent form electronically for interested participants to 

review.  
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The PI met with participants at a quiet location (e.g., private room in library near their 

home) and obtained written informed consent (Appendix H). The PI created a study ID in 

REDCap and electronically sent the baseline forms to participants 10 days prior to the study 

beginning with a reminder sent every three days. The baseline forms included: demographics, 

self-reported disability, physical function (upper & lower extremity function), exercise self-

efficacy, MS-related symptoms (fatigue, depression, anxiety, & pain), exercise habits, exercise 

planning, exercise goal setting, and social support (Appendix I).  

All participants had the opportunity to attend the seated Sun-Style Tai Chi intervention 

for one hour, twice weekly, over 12 weeks (24 classes). Two classes were not held due to the 

Labor Day holiday and two groups only had the opportunity to attend 23 classes. Over 12 weeks, 

70 classes were offered. The PI gave participants paper copies of exercise logs to complete each 

week for both Tai Chi and other forms of exercise, during the 12-week intervention. The exercise 

logs were collected from participants during the Tai Chi classes. Participants that missed class 

returned their exercise logs at the next class attended. In addition, participants received monthly 

fall calendars to be returned at the end of the month. The August, September, and October 

calendars were collected during class. The November and December calendars were returned to 

the PI using a pre-paid, pre-addressed envelope. The MS-related symptoms assessed included: 

fatigue, depression, anxiety, and pain and were assessed at baseline, four-weeks, eight-weeks, 

12-weeks, and 16-weeks, with a reminder sent via REDCap to participants at three days prior 

and three days after due date. Every four weeks participants were given the opportunity to 

subjectively report benefits in REDCap. At 16 weeks, participants were asked if they had 

continued to practice Tai Chi and the setting of Tai Chi practice (e.g., home, formal class).  
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At baseline and 12-weeks, participants completed questionnaires to assess personal, 

behavioral, and environmental factors via REDCap, including: lower extremity function, upper 

extremity function, exercise self-efficacy, exercise practice, exercise planning, exercise goal 

setting, and social support for exercise. Finally, post-intervention at 12-weeks, participants 

completed a satisfaction questionnaire via REDCap. Participants were able to complete the 

questionnaires via REDCap on any electronic device with access to the internet (Appendix J).  

Tai Chi Intervention 

Dr. Paul Lam developed a modified version of Sun-Style Tai Chi that is offered through 

the Tai Chi for Health Institute with a standardized program developed to train instructors (Lam, 

n.d.). The Tai Chi for Arthritis (TCA) program has been standardized and a handbook provides 

detailed descriptions and pictures of forms used for 12-form Sun-Style Tai Chi (Lam, 2002). The 

Tai Chi for Health Institute offers DVD’s of different Sun-Style Tai Chi forms and programs 

(Lam, 2018).  

The seated Sun-Style Tai Chi for Arthritis classes, a standardized intervention with 12-

forms, were delivered for one hour, twice weekly over 12 weeks. The 12-forms were taught 

gradually over the 12 weeks, by a board certified TCHI instructor. A total of nine instructors 

completed CITI training and were available to teach classes. Each class had one or two 

instructors and the PI present. During the first class, the instructor explained the importance of 

breathing and moving the body in an intentional, meditative manner. The TCA handbook details 

the 12-forms, the basic six and extended six (Lam, 2002). The Tai Chi forms can be performed 

seated or standing and include: “commencing movement,” “opening and closing hands,” “single 

whip,” “waving hands in the clouds,” “brush knee,” “playing the lute,” “parry and punch,” 
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“block and close,” “pushing the mountain,” and “closing movement.” The forms are performed 

in left and right directions, with some forms repeated, resulting in 41 movements. 

Each class began with a standardized warm up that consisted of range of motion exercises 

and finished with a standardized cool-down. The classes are designed for participants to watch 

the instructor perform movements first, followed by participants performing the movements with 

the instructor. The instructors focused on teaching the basic six movements the first four weeks 

including: “commencing movement,” “opening and closing hands,” “single whip,” “waving 

hands in the clouds,” “opening and closing hands,” and “closing movement.” After the 

participants learned the basic six movements, during weeks 5-12 the instructors taught the 

advanced six movements including: “brush knee,” “playing the lute,” “parry and punch,” “push 

the mountain,” “opening and closing hands,” and “closing movement.” The arm movements 

were taught first, followed by leg movements with incorporation of weight shifting and stepping 

movements. The TCA handbook was provided free of charge to participants on the first day of 

class. Participants were given the option of purchasing a seated or standing instructional DVD 

demonstrating the forms and encouraged to practice at home. 

Retention 

Retention strategies included the PI monitoring adherence to the Tai Chi intervention and 

calling, texting, or emailing individuals who missed scheduled classes. The study intervention 

was held at the same time, dates, and locations throughout the 12 weeks to facilitate study 

retention. Multiple individuals attended classes at more than one location. This allowed 

individuals to have higher attendance when personal schedules conflicted with class times. 

Personalized “thank you” letters with a $20 gift card were given at completion of the study. 
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Participants were given other items at no cost during classes, such as sun-screen, bags, water 

bottles, pens, chap stick, and notepads.  

Treatment Fidelity 

Treatment fidelity consists of methods that enhance the researchers confidence that the 

results of a study are related to the intervention that was offered (Bellg et al., 2004). Five 

strategies enhance treatment fidelity and include: study design, training providers, delivery of 

treatment, receipt of treatment, and enactment of treatment (Bellg et al., 2004). This section 

details the steps that were taken to ensure treatment fidelity of the seated Sun-Style Tai Chi 

intervention. 

Treatment fidelity related to design was addressed with the use of social cognitive theory 

(SCT) guiding study design and planning for setbacks with two instructors available for each 

group (Bellg et al., 2004). Training providers was addressed with a standardized training and 

ongoing evaluation of instructor skills. TCHI (2017b) has developed a standardized training 

program for seated Sun-Style Tai Chi and instructors for this study were board certified. TCHI 

(2017a) offers training workshops with Dr. Lam or certified master trainers. The standardized 

training and certification program include a two-day workshop, up to 200-hours of practice time, 

an assessment of the practice forms, and a written test. Prior to the study beginning, the 

instructors completed a four-hour class to obtain certification to teach seated Sun-Style Tai Chi. 

The PI attended the certification class and discussed special considerations among the MS 

population.  

The PI documented delivery of treatment by completing a checklist at the end of class to 

track the forms practiced during class (Appendix K). In addition, the PI attended all 70 of the 
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classes in person to ensure that the content, as outlined in the study protocol, was delivered as 

intended (Bellg et al., 2004). Receipt of treatment ensures that participants participate in the 

intervention. This was addressed with PI and instructor observation of engagement of 

participants during class sessions (Resnick et al., 2005). Enactment of treatment skills is the 

participant’s ability to perform the skills taught (Resnick et al., 2005). Dosing of the intervention 

and adherence to treatment influence the ability to perform the intervention (Sidani & Braden, 

2011). Participants completed a weekly log to track Tai Chi practice at home. 

Study Measures 

Feasibility Metrics 

Since this is a feasibility study, several feasibility metrics were collected and reported, 

to aid with planning for subsequent Tai Chi studies among individuals with MS (Table 5). 

TABLE 5. Feasibility metrics. 

Feasibility Metrics 
Recruitment rate Proportion of individuals that complete survey 

Proportion of individuals that express interest that meet eligibility criteria 

Retention Proportion of participants that complete the study 

Reasons that individuals withdraw from the study prior to completion  

Intervention adherence Percentage of classes attended  

Amount of time practicing Tai Chi and other exercise at home  

Proportion of individuals that purchased DVD  

Safety concerns Any adverse events (increase in MS-related symptoms, MS relapses, and injuries) 

MS relapses occurring during intervention 

Any injuries reported 

Data collection Time to consent participants  

Proportion of participants that complete exercise logs and fall calendars 

Any problems collecting data with REDCap 

Response time/burden Amount of time to respond to surveys after email sent 

Time required to complete surveys at each time point  

Proportion of reminder emails sent 

IRB requirements Time to IRB approval and any amendments submitted 

Changes to study protocol/personnel 
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TABLE 5 – Continued  

Feasibility Metrics 
Appropriateness of 

eligibility criteria 

Details of reasons individuals are excluded from participation 

Appropriateness of 

intervention 

Open-ended survey regarding satisfaction of intervention 

Cost Cost of space and instructors 

Acceptability of 

intervention 

Post-intervention survey  

Management requirements Amount of time required for recruitment and data entry 

Treatment fidelity Steps taken to ensure treatment fidelity and time required 

Demographic data. Self-reported demographic and disease characteristics collected at 

baseline included age, date of birth, gender, height, weight, education, employment, income, 

race/ethnicity, marital status, type of MS, year of diagnosis, year of first symptoms, type of 

medication, relapses in last year, ambulatory assistance devices, falls in the last 4 weeks, 

comorbidities, and tobacco use (Appendix L).  

Disability. The mobility subscale of the patient determined disease steps (PDDS) was 

used to assess ambulatory disability at baseline (Appendix M). The PDDS is in the public 

domain and is provided by the North American Research Consortium on Multiple Sclerosis 

(NARCOMS). The mobility subscale of the PDDS includes one item with nine responses and is 

a self-report tool used to assess disability among individuals with MS and uses an ordinal scale 

from ‘0’ (normal) to ‘8’ (bedridden) (Hohol, Orav, & Weiner, 1995, 1999). The EDDS has a 

bimodal distribution, while the PDDS has a uniform distribution; the PDDS has lower inter-rater 

variability than the EDSS; and it is strongly correlated with the EDSS (r=0.958) (Hohol et al., 

1995). The mobility subscale of the PDDS has demonstrated reliability with test-retest reliability 

with Intraclass Correlation Coefficient (ICC)=0.91 (Schwartz, Vollmer, & Lee, 1999). The 

mobility subscale of the PDDS has demonstrated construct validity with a strong correlation with 
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the Timed 25-foot Walk Test (r=0.65); the mobility subscale correlated strongly with spasticity, 

moderately with bladder function, and weak with age, demonstrating convergent and divergent 

validity (Marrie & Goldman, 2007). Additionally, the mobility subscale PDDS has demonstrated 

construct validity and is strongly correlated with multiple ambulatory measures included the 6-

minute Walk (r=-0.704), Timed 25-foot Walk Test (r=0.627), Timed Up and Go (r=0.717), 

Accelerometry (r=-0.740), and Multiple Sclerosis Walking Scale-12 (r=0.801) (Learmonth, Motl, 

Sandroff, Pula, & Cadavid, 2013). The PDDS has demonstrated responsiveness (Hohol et al., 

1999).  

Personal Factors 

Personal factors included physical function (falls, lower & upper extremity function), 

exercise self-efficacy, and MS-related symptoms (fatigue, depression, anxiety, & pain).  

Falls. Incidence of self-reported falls were assessed with the use of a monthly calendar 

(Appendix N). Calendars were provided and returned during class or by mail. The final calendars 

were returned with a pre-paid, pre-addressed envelope. Participants were instructed to call the PI 

if a fall occurred and the PI followed up with the participant. Prospective calendars are the 

preferred method of recording falls when conducting a longitudinal study (Hannan et al., 2010). 

Among community dwelling older adults, prospective calendar reporting of falls demonstrated 

validity for accurate reporting, when compared to retrospective fall recall (Mackenzie, Byles, & 

D'este, 2006).  

Lower extremity function. The Patient-Reported Outcomes Measurement Information 

Systems (PROMIS) NeuroQOL measures were developed for individuals with neurological 

disorders, including MS (Cella, Biller, et al., 2010). The PROMIS NeuroQOL Item Bank v1.0 
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lower extremity function short form was used to measure mobility over the last seven days 

(Appendix O). This questionnaire contains eight items with five responses including without any 

difficulty, with a little difficulty, with some difficulty, with much difficulty, and unable to do. 

Among individuals with MS, NeuroQOL lower extremity function has demonstrated internal 

consistency (Cronbach’s alpha=0.93), test-retest reliability (ICC=0.89), and construct validity 

with a strong correlation with FAMS mobility subscale (r=0.86) and the MS performance scales 

(r=-0.75) (Cella, Biller, et al., 2010). PROMIS lower extremity function has demonstrated 

responsiveness among individuals with chronic illness (Cook et al., 2016).  

Upper extremity function. The PROMIS NeuroQOL Item Bank v1.0 upper extremity 

function short form was used to assess fine motor skills and activities of daily living (ADL) 

function over the last seven days (Cella, Biller et al., 2010). This questionnaire contains eight 

items with five responses including without any difficulty, with a little difficulty, with some 

difficulty, with much difficulty, and unable to do (Appendix P). Among individuals with MS, 

NeuroQOL upper extremity function has demonstrated internal consistency (Cronbach’s 

alpha=0.86), test-retest reliability (ICC=0.81), and construct validity with a strong correlation 

with the MS performance scales (r=-0.73) (Cella, Biller et al., 2010). PROMIS upper extremity 

function has demonstrated responsiveness among individuals with chronic illness (Cook et al., 

2016).  

Exercise self-efficacy. Exercise self-efficacy was assessed with a nine-item scale 

developed by Neupert, Lachman, and Whitbourne (2009). The questionnaire was developed to 

assess exercise self-efficacy and physical activity among older adults with disability; this 

questionnaire has demonstrated internal consistency (Cronbach’s alpha=0.88) (Neupert et al., 
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2009). The exercise self-efficacy questionnaire has nine items with four responses including very 

sure, pretty sure, a little sure, or not at all sure (Appendix Q). The scores range from nine to 36 

with lower scores indicating higher exercise self-efficacy. This questionnaire has not been used 

in physical activity studies among individuals with MS.  

Fatigue. The PROMIS NeuroQOL Item Bank v1.0 fatigue short form was used to assess 

fatigue over the last seven days (Appendix R). The questionnaire contains eight items with five 

responses including never, rarely, sometimes, often, and always; higher scores indicate greater 

fatigue (Cella, Biller, et al., 2010). Among individuals with MS, the NeuroQOL fatigue has 

demonstrated internal consistency (Cronbach’s alpha=.95), test-retest reliability (ICC=0.80), 

construct validity with a strong correlation with Functional Assessment of Multiple Sclerosis 

(FAMS) (r=-0.81) and FAMS thinking and fatigue subscale (r=-0.84), and responsiveness (Cella, 

Biller, et al., 2010). The PROMIS fatigue item bank has demonstrated responsiveness among 

individuals with chronic illness (Cella et al., 2016; Cook et al., 2016).  

Depression. The PROMIS NeuroQOL Item Bank v1.0 depression short form was used to 

assess depression over the last seven days (Appendix S). The questionnaire contains eight items 

with five responses including never, rarely, sometimes, often, and always; higher scores indicate 

greater fatigue (Cella, Biller et al., 2010). Among individuals with MS, the NeuroQOL 

depression has demonstrated internal consistency (Cronbach’s alpha=0.93), test-retest reliability 

(ICC=0.68), construct validity with a strong correlation with FAMS emotional well-being 

subscale (r=-0.76) and PROMIS Mental Health (r=-0.75), and responsiveness (Cella, Biller et al., 

2010). PROMIS depression has demonstrated responsiveness among individuals with chronic 

illness (Cook et al., 2016; Schalet et al., 2016) 
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Anxiety. The NeuroQOL Item Bank v1.0 short form was used to assess anxiety over the 

last seven days (Appendix T). The questionnaire contains eight items with five responses 

including never, rarely, sometimes, often, and always; higher scores indicate greater fatigue 

(Cella, Biller et al., 2010). Among individuals with MS, the NeuroQOL anxiety has 

demonstrated internal consistency (Cronbach’s alpha=0.93), test-retest reliability (ICC=0.67), 

and construct validity with a strong correlation with FAMS emotional well-being subscale (r=-

0.62) and PROMIS Mental Health (r=-0.69) (Cella, Biller, et al., 2010). PROMIS anxiety has 

demonstrated responsiveness among individuals with chronic illness (Schalet et al., 2016). 

Pain interference. The PROMIS Item Bank v1.0 pain interference short form 8a was 

used to assess pain interference over the last seven days (Appendix U). The questionnaire 

contains eight items with five responses including: ‘not at all,’ ‘a little bit, ‘somewhat,’ ‘quite a 

bit,’ and ‘very much’; higher scores indicate greater pain interference. The PROMIS pain 

interference has demonstrated internal consistency (Cronbach’s alpha=0.97), demonstrated 

construct validity with a strong correlation between the pain interference short form and the Brief 

Pain Inventory (BPI) interference (r=0.84) and the SF-36 bodily pain scale (r=-0.82); there is a 

strong correlation between the pain interference bank and the short form (r=0.98) (Cella, Riley, 

et al., 2010). The PROMIS pain interference has demonstrated internal consistency (Cronbach’s 

alpha=0.85) among individuals with MS (Senders, Hanes, Bourdette, Whitham, & Shinto, 2014). 

PROMIS pain interference has demonstrated responsiveness among individuals with chronic 

illness (Cook et al., 2016).  

Pain intensity. The PROMIS Item Bank v1.0 pain intensity scale was used to measure 

pain intensity over the last seven days (Appendix V). This questionnaire contains three items 
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with five responses including had no pain, mild, moderate, severe, and very severe. Pain 

intensity scores correlate with pain interference scores (r=0.76), BPI severity (r=0.83), and SF-36 

bodily pain (r=-0.78) (Cella, Riley et al., 2010).  

TABLE 6. Psychometric properties of personal factors measures. 

Test Name Reliability Validity Responsiveness Reference Values Response 

Burden 
PROMIS 

Lower 

Extremity 

Function 

Cronbach’s 

alpha=0.93 

ICC=0.89 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes 

(Cook, 2016) 

Mean=43.55 

Higher scores indicate 

greater mobility 

function 

Eight items 

(2-4 

minutes) 

PROMIS 

Upper 

Extremity 

Function 

Cronbach’s 

alpha=0.86 

ICC=0.81 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes 

(Cook, 2016) 

Mean=44.03 

Higher scores indicate 

greater fine motor and 

ADL function 

Eight items 

(2-4 

minutes) 

Exercise Self-

Efficacy 

Cronbach’s 

alpha=0.88 

(Neupert, 

2009) 

Not reported Not reported  (9-36) Lower scores 

indicate higher self-

efficacy 

Nine items 

(3-5 

minutes) 

PROMIS 

Fatigue 

Cronbach’s 

alpha=0.95, 

ICC=0.80 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes 

(Cella 2010; Cella, 

2016; Cook, 2016) 

Mean=48.81  

Higher scores indicate 

greater fatigue 

Eight items 

(2-4 

minutes) 

 

PROMIS 

Depression 

Cronbach’s 

alpha=0.93 

ICC=0.68 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes  

(Cella, 2010; Schalet, 

2016; Cook, 2016) 

Mean=46.69 Higher 

scores indicate greater 

depression 

Eight items 

(2-4 

minutes) 

PROMIS 

Anxiety 

Cronbach’s 

alpha=0.93 

ICC=0.67 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes 

(Schalet, 2016) 

Mean=51.32 Higher 

scores indicate greater 

anxiety 

Eight items 

(2-4 

minutes) 

PROMIS 

Pain 

Interference 

Cronbach’s 

alpha=0.97 

(Cella, 2010) 

Construct 

validity 

(Cella, 

2010) 

Yes 

(Cook, 2016) 

Mean=55.9 Higher 

scores indicate greater 

pain interference 

Eight items 

(2-4 

minutes) 

PROMIS 

Pain 

Intensity 

Unknown Construct 

validity 

(Cella, 

2010) 

Unknown Mean=unknown 

Higher scores indicate 

greater pain intensity 

Three items 

(1-2 

minutes) 

Behavioral Factors 

Behavioral factors include physical activity (Tai Chi & other exercise), exercise goals 

and plans.  
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Tai Chi class practice. Class practice was monitored by the PI and the amount of 

minutes’ participants attended class were recorded. This accounted for time missed when 

individuals arrived late or left early.  

Tai Chi home practice. Participants completed a home practice record for Tai Chi 

(Appendix W) and for other forms of exercise (Appendix X). The amount of time individuals 

exercise was collected to quantify weekly Tai Chi and exercise dose among participants.  

Subjective physical activity. The Godin Leisure-Time Exercise Questionnaire (GLTEQ) 

was used to assess subjective reports of physical activity over the last seven days (Appendix Y). 

This questionnaire has demonstrated test-retest reliability (ICC=0.46-0.94) and concurrent 

validity with body fat percentage and VO2 max (Godin & Shephard, 1985). Among individuals 

with MS, the questionnaire has demonstrated validity when compared with objective measures of 

physical activity with a moderate correlation between GLTEQ scores and pedometer (r=0.51) 

and accelerometer (r=0.53) (Gosney, Scott, Snook, & Motl, 2007). The questionnaire has two 

items with the first item having three open ended questions; the questionnaire assesses the 

average amount of times over the last seven days an individual has engaged in at least 15 

minutes of strenuous, moderate, and mild exercise and how often an individual exercised “long 

enough to work up a sweat” (Godin & Shephard, 1985). The scores are arbitrary and are 

calculated by multiplying the reported frequency of strenuous, moderate, and light activity by 

‘9,’ ‘5,’ and ‘3,’ respectively (Godin & Shephard, 1985). Multiple physical activity studies 

among individuals with MS have used the GLTEQ to assess subjective reports of physical 

activity (Sikes et al., 2018; Streber et al., 2016). Subjective reports of physical activity are 
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associated with exercise self-efficacy, exercise goal setting, social outcome expectations, and 

self-evaluative outcome expectations (Casey et al., 2017).  

Exercise goals and exercise plans. Exercise goals and exercise plans was measured with 

a 20-item questionnaire developed by Rovniak et al. (2002). The measures were developed to 

explore the relationship of self-regulatory skills (including goal setting & planning) and physical 

activity among college students (Rovniak et al., 2002). Exercise goal setting demonstrated 

internal consistency (Cronbach’s alpha=0.89) and test-retest reliability (ICC=0.87); exercise 

planning demonstrated internal consistency (Cronbach’s alpha=0.87) and test-retest reliability 

(ICC=0.89) (Rovniak et al., 2002). The exercise goals and exercise planning questionnaires each 

consist of 10-items with five responses ranging from does not describe, describes moderately, 

and completely describes (Appendix Z). The scores range from 10 to 50 with higher scores 

indicating greater goal setting and planning; the exercise plans questionnaire has three items that 

are reversely scored (Rovniak et al., 2002). The exercise goal setting questionnaire has been used 

in studies assessing physical activity among individuals with MS (Coote et al., 2017; Learmonth 

et al., 2017; Motl et al., 2011; Suh et al., 2015). One study identified changes in goal setting as a 

mediator for significantly predicting changes in physical activity (Suh et al., 2015). The exercise 

planning questionnaire has been used in studies assessing physical activity among individuals 

with MS (Coote et al., 2017; Learmonth et al., 2017). Among individuals with MS, self-

regulation activities, including exercise goal setting and planning, have a positive association 

with physical activity (Streber et al., 2016). The exercise goals and exercise plans questionnaire 

has demonstrated responsiveness (Streber et al., 2016).  
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TABLE 7. Psychometric properties of behavioral factors measures. 

Test Name Reliability Validity Responsiveness Reference 

Values 

Response 

Burden 
Godin Leisure-

Time Exercise 

Questionnaire 

ICC=0.46-

0.94 

(Godin, 1985) 

Concurrent 

validity 

(Godin, 1985; 

Gosney, 2007) 

Yes (Sikes, 2018; 

Casey, 2017; Streber, 

2016) 

Arbitrary 

scoring  

 

Four items 

(2-4 

minutes) 

Exercise Goals Cronbach’s 

alpha=0.89 

ICC=0.87 

(Rovniak, 

2002) 

Not reported Yes (Streber, 2016) (10-50) 

Greater scores 

indicate higher 

goal setting 

Ten items 

(3-5 

minutes) 

Exercise plans Cronbach’s 

alpha=0.87 

ICC=0.89 

(Rovniak, 

2002) 

Not reported Yes (Streber, 2016) (10-50) Greater 

scores indicate 

higher planning 

Ten items 

(3-5 

minutes) 

Environmental Factors 

Social support. Social support for exercise was assessed with the 13-item social support 

and exercise survey developed by Sallis et al. (1987). The questionnaire was developed to 

measure social support from family and friends for diet and exercise behaviors (Sallis et al., 

1987). The questionnaire has demonstrated internal consistency (Cronbach’s alpha=0.61-0.91), 

test-retest reliability (ICC=0.55-0.86), and demonstrated criterion-related and construct validity 

with the Social Support Questionnaire (Sallis et al., 1987). The questionnaire assesses support for 

exercise from family and friends (Appendix AA). Each questionnaire has 13 questions with six 

responses including: ‘none,’ ‘rarely,’ ‘a few times,’ ‘often,’ ‘very often,’ and ‘does not apply’ 

with scores ranging from 13 to 65 for the family questionnaire and 10 to 50 for the friends 

questionnaire; three questions regarding rewards and punishments from friends are excluded 

from scoring (Sallis et al., 1987). One physical activity study among individuals with MS has 

used the social support and exercise survey (Suh et al., 2015). Most physical activity studies 

among individuals with MS have measured general social support and results are generally 
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positive; physical activity studies among individuals with MS rarely assess exercise-related 

social support (Streber et al., 2016).  

TABLE 8. Psychometric properties of environmental factors measures. 

Test Name Reliability Validity Responsiveness Reference 

Values 

Response 

Burden 
Social 

Support and 

Exercise 

Survey 

Cronbach’s 

alpha=0.61-

0.91 

ICC=0.55-0.86 

(Sallis, 1987) 

Criterion and 

construct 

validity (Sallis, 

1987) 

Not reported  (13-65) for family 

(10-50) for friends 

Greater scores 

indicate higher 

social support 

Thirteen 

items 

(7-14 

minutes) 

Intervention Satisfaction 

A post-intervention questionnaire containing 12 questions was completed by participants 

at the end of the study to determine satisfaction with the seated Sun-Style Tai Chi program 

(Appendix BB). 

Adverse Events 

The PI was present at each seated Sun-Style Tai Chi class. Falls were not anticipated 

during any of the classes because individuals were seated during the intervention. Possible adverse 

events included increase in MS symptoms, MS relapses, and injuries. Adverse events were 

assessed for severity and relationship to study procedures. 

Any safety issues were to be reviewed with the dissertation committee within a week of 

occurrence. Serious adverse events that were related to the study and resulted in injury and 

require hospitalization or medical intervention were expected to be reported to the IRB within 24 

hours. Adverse events that were related to the study and are non-serious were expected to be 

reported to the IRB within one week 
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Data Analysis Plan 

REDCap was used for data collection. The REDCap software was designed in 2004 at 

Vanderbilt University and is an electronic data capture platform intended for non-commercial 

research and is widely used among academic medical centers as it is free for consortium partners. 

Researchers are able to build custom surveys, import existing surveys, and upon completion of 

data collection export the data to use on their preferred statistics software (Harris et al., 2009). 

REDCap data will be stored electronically for six years following completion of the study. Paper 

study data forms were kept in a locked filing container. Paper study data forms included weekly 

attendance forms, other exercise logs, Tai Chi logs, and fall calendars. Study data will be stored 

in a locked room for a minimum of six years following completion of the study.  

The PI created the REDCap database for the study. Participants received a survey queue 

by email every four weeks and entered most of the data for this study directly into REDCap. The 

information entered by participants included baseline demographics, self-reported disability, 

physical function (upper & lower extremity function), exercise self-efficacy, MS symptoms 

(fatigue, depression, anxiety, & pain), physical activity, exercise planning, exercise goal setting, 

social support, post-intervention questionnaire, and self-reported benefits. The PI entered class 

attendance, weekly Tai Chi and other exercise logs, and fall calendar data. Data was exported 

and analyzed with STATA 15 (StataCorp, 2017). Statistical tests were carefully chosen, based on 

the type of data collected (Field, 2013).  

Demographic data was reported as mean and standard deviation for continuous variables 

and proportions for categorical variables. Histograms were used to assess normal distributions of 

continuous variables. Appropriate statistical tests were chosen for parametric and nonparametric 
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data. All tests were conducted with two-sided significance with alpha set at 0.05. Missing data 

with MS-related symptom questionnaires was addressed with the use of a mixed-models 

analysis. Missing data with the other questionnaires was random and missing answers were not 

imputed resulting in smaller sample sizes.  

Research Questions, Aims and Data Analysis 

Aim 1: To Determine the Feasibility of Recruitment, Retention Rates, Intervention 

Adherence, Safety and Satisfaction with a Seated Sun-Style Tai Chi Among Individuals 

with MS. 

H1a: An optional recruitment survey will enroll up to 40 community dwelling adults with 

MS. 

H1b: Study retention will be greater than 70%. 

H1c: Intervention adherence will be greater than 70%. 

H1d: There will be no adverse events.  

H1e: Study satisfaction will be greater than 70%.  

Data analysis. Feasibility data including recruitment, retention rates, intervention 

adherence, and study satisfaction were recorded as percentages. Safety data was reported as 

number of adverse events, type of adverse event, and relationship to study.  

Aim 2: Explore the Effects of Using the Seated Sun-Style Tai Chi Among Individuals with 

MS on Personal, Behavioral, and Environmental Factors.  

H2a: Individuals with MS practicing seated Sun-Style Tai Chi will report improvements 

in personal factors (physical function, exercise self-efficacy, & MS-related symptoms) 

post-intervention. 
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H2b: Individuals with MS practicing seated Sun-Style Tai Chi will report improvements 

in behavioral factors (Tai Chi exercise, other exercise, exercise habits, exercise planning, 

& exercise goal setting) post-intervention. 

H2c: Individuals with MS practicing seated Sun-Style Tai Chi will report improvement in 

environmental factors (social support) post-intervention.  

Data analysis. A histogram and boxplots were used to determine normal distribution of 

data. Lower extremity function, upper extremity function, exercise self-efficacy, exercise habits, 

exercise planning, exercise goal setting, and social support were measured at baseline and 12 

weeks and analyzed with a Wilcoxon signed-rank test. Fatigue, depression, anxiety, and pain 

interference, and pain intensity were measured at baseline and at four, eight, 12, and 16 weeks. 

Mixed models (random + fixed effects) were used to assess differences between baseline and 

each follow-up time point. Three participants did not complete week eight questionnaires within 

the week of the survey opening. This model allowed the use of all available observations as the 

model does not require data to exist at every time point for every individual in the analysis. For 

each of the five outcomes (fatigue, depression, anxiety, pain interference, & pain intensity) the 

mixed models used for this study evaluated follow-up time points as a fixed effect, and within-

subjects intercepts as random effects. 

Boxplots were used to visually display the data. The box represents the middle 50% of 

scores. The top and the bottom of the box are the first and third quartile. The distance between 

the first and third quartile is the interquartile range (IQR). The middle bar represents the median. 

The whiskers (error bars) extend to the minimum and maximum scores when there are no 
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outliers. Outliers, depicted as dots, are values that fall farther than 1.5 times the IQR either below 

the first quartile or above the third quartile. 

Falls were reported as the total number of falls that occurred during the intervention 

period with the mean and standard deviation. The number of falls that resulted in injury or 

require medical attention were reported. Home Tai Chi practice and exercise were reported as a 

range with the median and mean minutes of practice weekly.  

Human Subjects Protection 

Approval to conduct this study was obtained from the University of Arizona Institutional 

Review Board (IRB) prior to recruitment, screening, consent, and data collection. Written 

informed consent was obtained from participants prior to data collection. The IRB approved 

consent form was sent to participants by email or given to them in person to review prior to 

consent. The IRB approved informed consent was reviewed with each participant in person in a 

quiet location with the PI. Participants were given the opportunity to have questions answered 

prior to signing the consent form. Participants were provided a copy of the signed informed 

consent. The consent form included information regarding the purpose of the study, timeline of 

study procedures, potential risks and benefits, and information about how the results were to be 

used. Participants were informed that they could withdraw from the study at any time without 

consequences. Participants were informed that individual results were confidential and final 

reports would include results reported in aggregate.  

Access to study data that contains protected health information was limited to the PI, the 

University of Arizona IRB, the Office for Human Research Protections, and other federal, state, 

or international regulatory agencies. Study data will be stored in a locked room for a minimum of 
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six years following completion of the study. Local, state, and federal legal requirements were 

followed throughout the duration of the study. The signed informed consent forms were kept in a 

locked container. Individuals that provided consent for the study were given a study ID code for 

identification. Information that was collected on paper, such as the fall calendars and exercise 

logs, used a study ID code. Study data was transported by the PI in a locked container. Study 

data was later entered into REDCap by the PI. Following completion of the study, the study 

consent forms were stored in a locked room at the College of Nursing in the Office of Nursing 

research.  

Potential Risks 

Adverse event reporting among prior Tai Chi studies is limited, though reported risks 

include musculoskeletal aches and pains (Wayne et al., 2014). Falls were not anticipated during 

any of the classes. All participants were seated during class. The instructors and the PI attended each 

class and monitored participant safety. Prior to classes starting the instructors and PI discussed the 

emergency action plan. The agreed upon plan for unexpected emergencies was that the PI would 

attend to the individual and the instructor would call 911.  

Adverse events were assessed for severity and relationship to study procedures. Adverse 

events related to the study intervention would be reported to the University of Arizona IRB by 

the PI. Adverse events would be reported as part of any publication that may result from this 

study.  

Participants may or may not have experienced any benefits from participating in the 

study. Participants were provided access to a seated Sun-Style Tai Chi class at no cost for 12 



 

 

 

 

83 

weeks. The knowledge gained from this proposed study provides information regarding the 

benefits and safety of seated Sun-Style Tai Chi among individuals with MS.  

Certification of Research Team 

All persons assisting with this study completed the Collaborative Institute Training 

Initiative (CITI) training prior to participating. Appendix CC provides letters of support. 

Appendix DD provides a list of research personnel involved in the study.  
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CHAPTER 4: RESULTS 

The purpose of this study was to determine the feasibility of a seated Sun-Style Tai Chi 

intervention among adults with MS. An electronic optional recruitment survey was sent to 

individuals in two MS groups in the greater Tucson area, to assess interest in participating in a 

seated Tai Chi intervention study, along with assessing exercise self-efficacy, exercise habits, 

and exercise barriers. After identifying individuals with MS interested in participating in the 

study, they were invited to enroll in a 12-week seated Sun-Style Tai Chi intervention. A quasi-

experimental, single group pretest-posttest study was used to explore the effects of the Tai Chi 

intervention on personal (physical function, exercise self-efficacy, MS-related symptoms), 

behavioral (physical activity, exercise habits, exercise planning, exercise goal setting), and 

environmental factors (social support), using Bandura’s social cognitive theory (SCT) as the 

theoretical framework. In this chapter, the study sample is described, and the results of each 

research aim are reported. 

Study Settings 

Seated Sun-Style Tai Chi classes were offered at three locations in the Tucson area: 

Resurrection Lutheran Church, Casas Adobes Congregational Church, and St. Paul’s United 

Methodist Church. The classes were one hour, twice weekly, over 12 weeks (24 classes). Two 

locations had a class that was not held due to the Labor Day holiday and participants were 

offered 23 classes. The classes were offered in a private room and limited to individuals enrolled 

in the study. Across locations, a total of 70 classes were taught by seven different instructors 

certified in seated Sun-Style Tai Chi for Arthritis.  
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Characteristics of Participants 

Twenty-five individuals with MS signed a consent form to participate in the study. One 

individual dropped out of the study prior to the beginning of the intervention. Two individuals 

attended two classes and dropped out of the study due to lack of interest. Baseline demographics 

of the three individuals that dropped out of the study were not statistically different than the 

individuals that completed the study. Twenty-two individuals completed the 12-week study, 

including all assessments. The study was predominantly female (n=20) with a mean age of 59.5 

(SD=9.04) and an average body mass index (BMI) of 28.2 (SD=5.24). Most individuals had 

attended college (91%); however, most were retired or disabled (86.4%). Most individuals were 

Caucasian (81.8%), three individuals were Hispanic/Latino (13.6%) and one individual reported 

multiple races (4.5%). Marital status included married (50%), divorced (27.3%), never married 

(13.6%) and widowed (9.1%). Baseline demographics for completers are detailed in Table 9.  

TABLE 9. Baseline demographics for completers (n=22). 

Age, Mean (SD) 59.5 (9.04) 

Female, n (%) 20 (91%) 

BMI, Mean (SD) 28.2 (5.24) 

Education, n (%) 

• High school diploma 

• Some college, but not degree 

• Associate degree 

• Bachelor’s degree 

• Graduate degree 

 

2 (9.5%) 

2 (9.5%) 

4 (19.1%) 

10 (47.6%) 

3 (14.3%) 

Employment, n (%) 

• Working 40 hours or more/week 

• Employed part time 

• Not employed, looking for work 

• Retired 

• Disabled, not able to work 

 

1 (4.5%) 

1 (4.5%) 

1 (4.5%) 

8 (36.4%) 

11 (50%) 
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TABLE 9 – Continued  

Income, n (%) 

• Less than $15,999 

• $16,000-$24,999 

• $25,000-$49,999 

• $50,000-$74,999 

• Greater than $75,000 

• Prefer not to answer 

 

4 (18.2%) 

3 (13.6%) 

3 (13.6%) 

4 (18.2%) 

4 (18.2%) 

4 (18.2%) 

Race/ethnicity, n (%) 

• Caucasian 

• Latino/Hispanic 

• Multiple Races 

• Other (European American) 

 

17 (77.3%) 

3 (13.6%) 

1 (4.5%) 

1 (4.5%) 

Marital Status, n (%) 

• Married 

• Widowed 

• Divorced 

• Never married 

 

 

11 (50%) 

2 (9.1%) 

6 (27.3%) 

3 (13.6%) 

Note. BMI=Body Mass Index, SD=Standard Deviation 

Most of the individuals had RRMS (72.7%), four individuals reported SPMS (18.2%), 

one individual reported PPMS (4.6%), and one reported unknown type of MS (4.6%). 

Individuals were diagnosed between 1973 and 2015 with a mean duration of MS for 20 years 

(SD=10.4). The time from development of first symptoms of MS and diagnosis of MS was 7.9 

years (SD=11.8). MS medications were not being used by 10 individuals (45.5%). Intravenous 

medications were used by seven individuals (31.8%), oral medications were used by three 

individuals (13.6%), and injectable medications were used by two individuals (9.1%). Most 

individuals reported they had not had a relapse in the previous year (72.7%). Three individuals 

reported one relapse in the previous year (13.6%), one individual reported one to two relapses in 

the previous year (4.5%), and two individuals reported two relapses in the previous year (9.1%). 
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Eight individuals reported they did not need to use assistive devices for ambulation (36%). The 

remaining individuals reported using a walker (45.5%), a cane (31.8%), a standard wheelchair 

(22.7%), or an electric wheelchair (18.2%). Most individuals had not experienced a fall in the 

previous month (72.7%). Five individuals reported one fall in the previous month (22.7%) and 

one individual reported two falls in the previous month (4.6%). MS disease characteristics are 

detailed in Table 10.  

TABLE 10. MS disease characteristics (n=22). 

MS type, n (%) 

• RRMS 

• PPMS 

• SPMS 

• Unknown 

 

16 (72.7%) 

1 (4.6%) 

4 (18.2%) 

1 (4.6%) 

Diagnosis year 

• Mean (SD) 

1973-2015 

20 (10.4) 

First MS Symptoms 1966-2014 

Time from symptoms to diagnosis  

• Mean (SD) 

 

7.90 (11.84) 

MS medication, n (%) 

• Oral  

• Injectable 

• Intravenous 

• None 

 

3 (13.6%) 

2 (9.1%) 

7 (31.8%) 

10 (45.5%) 

Relapses in previous year, n (%) 

• 0 

• 1 

• 1-2 

• 2 

 

16 (72.7%) 

3 (13.6%) 

1 (4.5%) 

2 (9.1%) 

Assistive devices, n (%) 

• None 

• Cane 

• Walker 

• Standard wheelchair 

• Electric wheelchair 

 

8 (36%) 

7 (31.8%) 

10 (45.5%) 

5 (22.7%) 

4 (18.2%) 

Falls in previous month, n (%) 

• 0 

• 1 

• 2 

 

16 (72.7%) 

5 (22.7%) 

1 (4.55%) 

Note. PPMS=Primary Progressive Multiple Sclerosis, RRMS=Relapsing Remitting Multiple Sclerosis, SD=Standard 

Deviation, SPMS=Secondary Progressive Multiple Sclerosis 
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The most common comorbidity reported by participants was depression (45.5%). Other 

comorbidities included anxiety (36.4%), high blood pressure (31.8%), arthritis (18.2%), diabetes, 

heart disease, and lung disease (9.1%), kidney disease, asthma, glaucoma, Hashimoto’s disease, 

and osteoporosis (4.6%). Two individuals reported they did not have any comorbidities (9.1%). 

Three individuals reported using tobacco products (13.6%). Disease comorbidities are detailed in 

Table 11.  

TABLE 11. Disease comorbidities of completers (n=22). 

Comorbidity  n (%) 

• None 2 (9.1%) 

• Depression 10 (45.5%) 

• Anxiety 8 (36.4%) 

• High blood pressure 7 (31.8%) 

• Arthritis 4 (18.2%) 

• Diabetes 2 (9.1%) 

• Heart disease 2 (9.1%) 

• Lung disease 2 (9.1%) 

• Kidney disease 1 (4.6%) 

• Cancer 0 

• Other Asthma (n=1) 

Glaucoma (n=1) 

Hashimoto’s (n=1) 

Osteoporosis (n=1) 

 

Smoker  3 (13.6%) 

 

The Patient Determined Disease Steps (PDDS) was used to measure ambulatory 

disability at baseline (Hohol et al., 1995, 1999). One individual reported normal physical ability 

(4.5%). Four individuals reported mild disability (18.2%). Two individuals reported moderate 

disability (9.1%). One individual reported gait disability (4.6%). Four individuals reported early 

cane use (18.2%). Three individuals reported late cane use (13.6%). Four individuals reported 

bilateral support use (18.2%). Three individuals reported wheelchair/scooter use (13.6%). PDDS 

scores are listed in Table 12.  
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TABLE 12. Patient determined disease steps of completers (n=22). 

Normal, n (%) 1 (4.55) 

Mild disability, n (%) 4 (18.2) 

Moderate disability, n (%) 2 (9.09) 

Gait disability, n (%) 1 (4.55) 

Early cane, n (%) 4 (18.2) 

Late cane, n (%) 3 (13.6) 

Bilateral support, n (%) 4 (18.2) 

Wheelchair/Scooter, n (%) 3 (13.6) 

Bedridden, n (%) 0 
Note. PDDS= Patient Determined Disease Steps 

Research Questions, Aims and Data Analysis 

Aim 1: To Determine the Feasibility of Recruitment, Retention Rates, Intervention 

Adherence, Safety and Satisfaction with a Seated Sun-Style Tai Chi Among Individuals 

with MS 

H1a: An optional recruitment survey will enroll up to 40 individuals with MS. This 

study enrolled 25 individuals. Individuals were recruited from multiple sources. Twelve 

individuals were recruited from the recruitment survey, seven individuals were recruited from 

pharmaceutical sponsored lunches/dinners, three individuals were recruited from an email sent 

from a doctor’s office, one was recruited from a MS meeting, and another was recruited from a 

personal contact of the PI.  

Sixteen individuals were screened that did not enroll in the study. The reasons for not 

enrolling included: the time classes were offered (n=6), not interested (n=5), recent surgery 

(n=2), transportation problems (n=1), engaged in other physical activity (n=1), and pregnancy 

(n=1).  

Additional data was collected with an optional recruitment survey, which was sent to the 

organizers of the Northwest Tucson MS Self-Help Group and the MS: Movers & Shakers Group 
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following IRB approval. The survey was open for approximately six weeks and closed the day 

before the Tai Chi study began. A total of 50 individuals accessed the survey. Thirteen 

individuals accessed the survey and did not complete it. In total, 43 individuals that accessed the 

survey reported that they had MS. Of those, 37 individuals (86%) reported they were female. The 

age range was 35 to 79 with a mean age of 60 (SD=9.9). A total of 43 individuals reported the 

type of MS including relapsing-remitting (n=27), secondary progressive (n=10), primary 

progressive (n=4), and unknown (n=2). 

The optional recruitment survey included the Godin Leisure-Time Exercise 

Questionnaire (GLTEQ) to assess subjective physical activity and the Exercise Self-Efficacy 

questionnaire. The total scores for the GLTEQ ranged from zero to 99 with a mean of 15 

(SD=20.4). Individuals (n=38) were questioned about weekly exercise habits over the last seven 

days and if they exercised long enough to increase their heart rate with responses of never, 

sometimes, or often. Among individuals that completed the survey, 13 individuals (34.2%) 

reported never or rarely, 18 individuals (47.4%) reported sometimes, and seven individuals 

(18.4%) reported often. Self-efficacy scores ranged from nine to 36 with a mean of 22.3 

(SD=7.53). 

Among individuals that completed the survey (n=34), 21 individuals indicated they 

would be interested in participating in a Tai Chi study. Barriers to participation included 

transportation issues (n=5), fatigue (n=5), lack of time (n=4), physical limitations (n=3), weather 

(n=2), and lack of motivation (n=1). Free text responses included working, prior commitments, 

recent surgery, locations, already having an exercise routine, and “in a church and against my 
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religion.” Among individuals that were interested in participating, three individuals reported 

needing assistance with transportation.  

H1b: Study retention will be greater than 70%. Retention for the study was 88% 

(n=22). A total of three individuals withdrew from the study. Reasons for dropping out of the 

study included: time constraints (n=1) and intervention was not a good fit (n=2). The individual 

with time constraints did not complete the baseline questionnaires and did not attend any classes. 

The other two study drop-outs attended two classes and did not complete any questionnaires 

beyond the baseline questionnaires.  

H1c: Intervention adherence will be greater than 70%. Attendance at classes ranged 

from 6-23 classes with a median attendance of 18 classes or 75%. There were three individuals 

who stopped attending classes between weeks 5 and 7 due to health or personal problems at 

home; however, these individuals completed all of the questionnaires for weeks 8, 12, and 16.  

H1d: There will be no adverse events. The PI personally attended all of the 70 seated 

Sun-Style Tai Chi classes that were offered. No adverse events occurred during the classes.  

H1e: Study satisfaction will be greater than 70%. Participants completed a 12-item 

post-intervention questionnaire following completion of the study. Nineteen individuals reported 

that they were “quite a bit” or “very much” satisfied following the intervention (86.4%). 

Seventeen individuals reported that they were “very much” likely to recommend the program to 

other individuals with MS. Nineteen individuals reported that it was a “somewhat,” “quite a bit,” 

or “very much” suitable time commitment. Nineteen individuals reported that the location was 

“somewhat,” “quite a bit,” or “very much” convenient (Figure 2).  
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FIGURE 2. Post-intervention survey. 

Eleven individuals reported the progression of learning forms was “very much” suitable. 

Six individuals reported progression of forms was “quite a bit” suitable and five individuals 

reported progression of forms was “somewhat” suitable. Upon questioning about continuing the 

program, two reported they would not continue, three reported “a little bit,” seven reported 

“somewhat,” three reported “quite a bit,” and seven reported “very much.” A Tai Chi handbook 
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was provided free of charge at the first session. Sixteen individuals reported on helpfulness of the 

handbook. Two individuals reported the book was not helpful, three reported “a little bit,” four 

reported “quite a bit,” and two reported “very much.” Thirteen individuals reported on 

helpfulness of the Tai Chi DVD. Five individuals reported it was not helpful, two reported “a 

little bit,” two reported “somewhat,” one reported “quite a bit,” and three reported “very much” 

(Figure 2).  

Most individuals (n=17) reported the class “very much” met expectations. Two reported 

“quite a bit” and “somewhat” and one reported “not at all.” Participants were asked if they felt 

their MS improved due to involvement in the study. Two individuals reported “not at all,” five 

individuals reported “a little bit,” nine individuals reported “somewhat,” four individuals 

reported “quite a bit,” and two individuals reported “very much.” Participants were asked if they 

felt their MS worsened due to participating in the study and 100% reported “not at all” (Figure 

2).  

Other Feasibility Metrics 

This study collected feasibility information regarding data collection, response 

time/burden, IRB requirements, cost, and management requirements (see Table 13).  
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TABLE 13: Other feasibility metrics 

 Feasibility Metric Result 

Data 

collection 

Time to consent participants  

  

The average time to consent 

participants was 15 minutes.  

Response 

time/burden 

Amount of time to respond to 

surveys after email sent 

 

Time required to complete surveys 

at each time point  

 

 

 

Proportion of reminder emails sent  

 

This could not be determined from 

REDCap 

 

The baseline and 12-week surveys 

were completed within 30-minutes. 

The surveys sent at weeks 4, 8, and 16 

were completed within 10-minutes.  

 

Baseline—reminder 1=9, reminder 2=4 

Week 4—reminder 1=12, reminder 2=2 

Week 8—reminder 1=12, reminder 2=5 

Week 12—reminder 1=10, reminder 

2=2 

Week 16—reminder 1=10, reminder 

2=2 

IRB 

requirements 

Time to IRB approval and any 

amendments submitted  

 

 

 

 

 

 

 

 

 

Changes to study 

protocol/personnel  

Per department policy, a departmental 

review was done before the study was 

sent for IRB approval. The study 

documents were submitted for 

departmental review on May 23, 2018. 

Revisions were requested on June 12, 

2018. Revisions were sent and the 

study was sent to the IRB on June 21, 

2018. IRB approval was received July 

10, 2018.  

 

The study was approved as minimal 

risk and changes did not need to be 

submitted to the IRB. Following IRB 

approval, the exclusion criteria of 

physical activity greater than 2 hours 

and 30 minutes weekly was removed, 

the recruitment flyer was modified to 

include IRB approval language, and 

one instructor was added to the study. 

The additional instructor completed a 

letter of support and CITI training.  
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TABLE 13 – Continued  

 Feasibility Metric Result 

Cost Cost of space and instructors  The instructors graciously volunteered 

their time for the study. The instructors 

and participants were given a $20 gift 

card as a token of appreciation. One 

class location requested $240, or $10 

per class, to rent space. The PI donated 

$100 to the other two class locations. 

The PI was the recipient of the Roie J. 

Levy Geriatric Award and received a 

$2500 award to support the cost of the 

study.  

Management 

requirements 

Amount of time required for 

recruitment and data entry  

The PI created the REDCap database 

and time spent was approximately 30 to 

40 hours. The weekly entry of exercise 

logs, Tai Chi logs, and fall calendars 

was 2-3 hours weekly. Recruitment 

was estimated at one hour per 

participant recruited. The PI attended 

several meetings over the summer to 

find potential participants. Attendance 

at meetings was approximately 15-20 

hours.  

Aim 2: Explore the Effects of Using the Seated Sun-Style Tai Chi Among Individuals with 

MS on Personal, Behavioral and Environmental Factors 

H2a: Individuals with MS practicing seated Sun-Style Tai Chi will report 

improvements in personal factors (physical function, exercise self-efficacy, and MS-related 

symptoms), post intervention.  

Personal factors. Personal factors included physical function (falls, lower & upper 

extremity function), exercise self-efficacy (Table 14), and MS-related symptoms (fatigue, 

depression, anxiety, & pain) (Table 15).  
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Subjective benefits. Participants reported subjective benefits in REDCap at week 4, week 

8, and week 12. Appendix EE includes the full text of reported benefits. At week 4, individuals 

reported improvements in sleep, focus, movement, and posture. At week 8, individuals reported 

improvements with mood, movement, concentration, sleep, posture, and energy. At week 12, 

individuals reported improvements with sleep, concentration, posture, balance, flexibility, and 

mood.  

Falls. Incidence of self-reported falls were assessed with the use of a monthly calendar. 

Participants reported falls that occurred between baseline and 16 weeks. The calendars for 

August, September, and October were collected during class. The November and December 

calendars were returned by mail in a pre-addressed, stamped envelope. Twelve individuals 

reported 29 falls between baseline and 16 weeks. One individual reported eight falls, one 

individual reported six falls, two individuals reported three falls, one individual reported two 

falls, and seven individuals reported one fall. One individual reported moderate injuries 

following the fall with 911 called to help with assistance getting up from the floor. The 

remaining fallers reported no injuries or minor injuries including bruises, muscle aches, carpet 

burn, and emotional injuries. All of the fall calendars were completed for August. One calendar 

was missing for September, three calendars were missing for October, four calendars were 

missing for November, and four calendars were missing for December. The three individuals that 

stopped attending classes between weeks 5 and 7 did not complete fall calendars in those 

months.  

In terms of subjective benefits related to falls, several participants reported improvements 

in balance and posture. Benefits reported related to balance included, “I noticed more strenght 
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[sic] in legs and core. Posture is better and Im [sic] able to stand in place longer” and “better 

balance.”  

Lower extremity function. The PROMIS NeuroQOL Item Bank v1.0 short form was used 

to measure lower extremity function or mobility over the previous seven days (Cella, Biller, et 

al., 2010). The measures were collected at baseline and 12 weeks. The mean T-score at baseline 

was 40.7 (SD=6.13) with higher scores indicating great lower extremity function. Among the 

reference population (individuals with MS), the mean score is 43.55 (SD=9.44) (Cella, Biller, et 

al., 2010). A Wilcoxon signed-rank test was used to analyze the data. The histogram (Appendix 

FF1) appeared to have a normal distribution; however, a non-parametric test was used for all 

measures because of the small sample size. There were non-significant improvements in lower 

extremity function scores following the 12-week intervention (Mdn=41.1 vs 41.2), (Min=28.2 vs 

28.9), (Max=51.2 vs 51.1), Z=0.097, p=.922 (Figure 3).  

Boxplots are used to visually display the data. The box represents the middle 50% of 

scores. The top and the bottom of the box are the first and third quartile. The distance between 

the first and third quartile is the interquartile range (IQR). The middle bar represents the median. 

The whiskers (error bars) extend to the minimum and maximum scores when there are no 

outliers. Outliers, depicted as dots, are values that fall farther than 1.5 times the IQR either below 

the first quartile or above the third quartile. 
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FIGURE 3. Lower extremity function scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective benefits related to lower extremity function, participants reported, 

“I have more movement on my left foot,” “lifting weak right leg more when doing warm ups,” 

and “I can feel my feet.” One participant was using a cane the first week of class and no longer 

needed the cane after the first couple of weeks. 

Upper extremity function. The PROMIS NeuroQOL Item Bank v1.0 short form was used 

to assess upper extremity function over the previous seven days (Cella, Biller, et al., 2010). The 

measures were collected at baseline and 12 weeks. The mean T-score at baseline was 45.8 

(SD=7.88) with higher scores indicating greater upper extremity function. The reference mean 

for the MS population is 44.03 (SD=9.21) (Cella, Biller, et al., 2010). A Wilcoxon signed-rank 
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test was used as the data appeared skewed on a histogram (Appendix FF2). Upper extremity 

function scores decreased following the 12-week intervention (Mdn=44.3 vs 41.5), (Min=32.5 vs 

28.2), (Max=53.8 at both timepoints), Z=1.353); however, the lower scores were non-significant, 

p=.176 (Figure 4).  

 

FIGURE 4. Upper extremity function scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective benefits related to upper extremity function participants reported, 

“I am more flexible with my arms” and “flexible upper body was able to relax.”  

Exercise self-efficacy. Exercise self-efficacy was assessed with the nine-item Exercise 

Self-Efficacy questionnaire (Neupert et al., 2009). The measures were collected at baseline and 

12 weeks. A lower score indicates improved exercise self-efficacy. A Wilcoxon signed-rank test 
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was used as the data appeared skewed on a histogram (Appendix FF3). A total of 5 responses 

were missing from the exercise self-efficacy survey. Responses were randomly missing from 

four individuals resulting in a sample size of 18. Three responses were missing from baseline 

data and two responses were missing from week 12 data. There was minimal improvement in 

exercise self-efficacy following the 12-week intervention (Mdn=22 vs 21), (Min=13 vs 9), 

(Max=36 at both time points), Z=1.047, p=.295 (Figure 5).  

 

FIGURE 5. Exercise self-efficacy scores at baseline and 12 weeks.  
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective benefits, one participant reported, “I am beginning to get my head 

around the idea of exercising, and this is just the start.”  
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TABLE 14. Physical function measures. 

 Mean (SD) Median Min Max Z-score p-value 
Lower Extremity Function (n=22)       

Baseline 40.7 (6.13) 41.1 28.2 51.2   

Week 12 40.6 (5.23) 41.2 28.9 51.1 0.097 .922 

Upper Extremity Function (n=22)       

Baseline 45.8(7.88) 44.3 32.5 53.8   

Week 12 44.1 (8.26) 41.5 28.2 53.8 1.353 .176 

Exercise Self-Efficacy (n=18)       

Baseline 22.8 (6.96) 22 13 36   

Week 12 22.1 (7.79) 21 9 36 1.047 .295 

Note. SD=Standard Deviation 

MS-related symptoms. Fatigue, depression, anxiety, pain interference, and pain intensity 

were measured at baseline and at four, eight, 12, and 16 weeks. Mixed models (random + fixed 

effects) were used to assess differences between baseline and each follow-up time point. Three 

participants did not complete week eight questionnaires within the week of the survey opening. 

This model allowed the use of all available observations as the model does not require data to 

exist at every time point for every individual in the analysis. For each of the five outcomes 

(fatigue, depression, anxiety, pain interference, & pain intensity) the mixed models used for this 

study evaluated follow-up time points as a fixed effect, and within-subjects intercepts as random 

effects (Table 14). 

Fatigue. Fatigue was assessed with the eight item PROMIS NeuroQOL Item Bank v1.0 

Fatigue short form (Cella, Biller, et al., 2010). The baseline mean T-score was 50.7 (SD=7.57) 

with greater scores indicating greater fatigue. The reference mean for the MS population is 58.4 

(SD=8.6) (Amtmann, Bamer, Kim, Chung, & Salem, 2018). Histograms of scores at each time 

point are in Appendix FF4. There was a trend of improvement in fatigue scores by week 12, with 

a decrease of 2.08-points from baseline, M=48.6, SD=7.39, p=.099, 95% CI [-4.57, 0.40]. 
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Fatigue scores increased at week 16; however, there was a decrease of 1.32-points from baseline, 

M=49.4, SD=5.73, p=.298, 95% CI [-3.80,1.16] (Figure 6). 

 

FIGURE 6. Fatigue scores across study visits. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective improvements related to fatigue, multiple participants reported 

benefits related to sleep and energy including, “I’m able to sleep a little longer without waking 

up as often,” “I have more energy,” “I feel much more relaxed,” and “I don’t need to nap as 

often.” 

Depression. Depression was assessed with the eight-item PROMIS NeuroQOL Item 

Bank v1.0 Depression short form (Cella, Biller, et al., 2010). The mean T-score at baseline was 

50 (SD=5.84) with higher scores indicating greater depression. The reference mean for the MS 
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population is 52.3 (SD=9.5) (Amtmann et al., 2018). Histograms of scores at each time point are 

in Appendix FF5. Significant improvements in depression scores were noted as early as week 8 

with a 3.72-point decrease from baseline, M=46.2, SD=7.70, p=.006, 95% CI [-6.37, -1.07]. At 

week 12, the improvements continued with a 3.93-point decrease from baseline, M=46.1, 

SD=7.14, p=.002, 95% CI [-6.47, -1.39]. Depression scores increased at week 16; however, there 

was a 1.85-point decrease from baseline, M=48.2, SD=5.99, p=.154, 95% CI [-4.38, 0.69] 

(Figure 7).  

 

FIGURE 7. Depression scores across study visits. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective benefits, participants reported “less depression and improved 

coping skills” and “got me out of rut.” 
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Anxiety. Anxiety was measured with the eight-item PROMIS NeuroQOL Item Bank v1.0 

Anxiety short form (Cella, Biller, et al., 2010). The mean T-score at baseline was 52.1 (SD=6.33) 

with higher scores indicating greater anxiety. The reference mean for the MS population is 52.5 

(SD=9.4) (Amtmann et al., 2018). Histograms of scores at each time point are in Appendix FF6. 

Significant improvements in anxiety scores were noted as early as eight weeks, with a 2.72-point 

decrease from baseline, M=49.1, SD=7.55, p=.028, 95% CI [-5.16, -0.30]. Anxiety scores 

increased slightly at 12 weeks; however, there was a 2.11-point decrease from baseline, M=50.0, 

SD=5.50, p=.079, 95% CI [-4.47, 0.24]. Anxiety scores decreased slightly at 16 weeks with a 

2.20-point decrease from baseline, M=49.9, SD=6.68, p=.068, 95% CI [-4.55, 0.16] (Figure 8).  

  
FIGURE 8. Anxiety scores across study visits. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  
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In terms of subjective benefits, multiple participants self-reported benefits about the 

calming nature of Tai Chi practice including, “I stop and breath [sic] deeply,” “calming affects,” 

“getting more relaxed while going through the movments [sic],” “breathing control,” “less 

stress,” “being a little more patient,” and “I mainly have felt more calm and have less anxiety.” 

One instructor observed, “several expressed how much they savored the serenity and relaxation 

the practice brought them. This occurred after they’d become comfortable with the forms.” 

Pain interference. Pain interference was measured with the eight-item PROMIS Item 

Bank v1.0 Pain Interference short form 8a (Cella, Riley, et al., 2010). Pain interference had a 

baseline T-score mean of 51.7 (SD=9.05) with higher scores indicating greater pain interference. 

The reference mean score for the MS population is 55.3 (SD=9.6) (Amtmann et al., 2018). 

Histograms of scores at each time point are in Appendix FF7. At four weeks, there was a 1.42-

point increase from baseline, M=53.2, SD=8.51, p=.381, 95% CI [-1.76, 4.60]. At eight weeks, 

there was a 0.67-point decrease from baseline, M=51.1, SD=8.33, p=.696, 95% CI [-2.66, 4.00]. 

At 12 weeks, there was a 0.24-point decrease from baseline, M=51.5, SD=9.53, p=.882, 95% CI 

[-3.42, 2.94]. At 16 weeks, there was a 0.48-point decrease from baseline, M=51.2, SD=9.58, 

p=.767, 95% CI [-3.67, 2.70] (Figure 9).  
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FIGURE 9. Pain interference scores across study visits. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

Pain intensity. Pain intensity was measured with three item PROMIS Item Bank v1.0 

Pain Intensity Scale (Cella, Riley, et al., 2010). Pain intensity had a baseline T-score mean of 

42.4 (SD=8.60). The reference population for the pain intensity score is individuals in the general 

population and pain support groups (Cella, Riley, et al., 2010). Higher scores indicate greater 

pain. Histograms of scores at each time point are in Appendix FF8. At week 4, there was a 1.99-

point increase from baseline, M=42.4, SD=7.71, p=.123, 95%CI [-0.54, 4.51]. At week 8, there 

was a 0.35-point decrease from baseline, M=41.8, SD=6.57, p=.794, 95% CI [-2.29, 2.99]. At 

week 12, there was a 0.25-point increase from baseline, M=42.7, SD=8.29, p=.849, 95% CI [-
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2.28, 2.77]. At week 16, there was a 1.77-point decrease from baseline, M=40.6, SD=7.86, 

p=.190, 95% CI [-4.29, 0.75] (Figure 10).  

 
FIGURE 10. Pain intensity scores across study visits. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

In terms of subjective reports related to pain at eight weeks, one participant reported, 

“Muscle pain got worse but is lessening” and another reported “I still have auite [sic] a bit of pay 

[sic] in the evening and when I go to bed, during the day time I am able to do more than I had in 

quite awhile [sic].” At 12 weeks, one individual reported, “initially I felt more muscle pain but 

after several weeks I felt less pain.” At the end of the study, one instructor reflected on pain: 

“It’s important to keep stressing for participants to stay within their comfort zone 

especially in the first few classes. A few were reluctant to verbalize discomfort, but by 

observation, I could see that some were experiencing discomfort. I would then give an 

alternate movement to the entire group and we’d practice that altered movement 

together.” 
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The alternate movements included focusing on the foot movements and breathing, using smaller  

 

range of motion and encouraging participants to take breaks as needed.  

 

TABLE 15. MS-related symptoms. 

 Mean (SD) Coefficient Standard 

Error 

95% Confidence 

Interval 

p-value 

Fatigue      

Baseline 50.7 (7.57)     

Week 4 50.4 (5.20) -0.30 1.26 [-2.78, 2.19] 0.816 

Week 8 49.3 (7.93) -0.96 1.33 [-3.56, 1.63] 0.467 

Week 12 48.6 (7.39) -2.08 1.27 [-4.57, 0.40] 0.099 

Week 16 49.4 (5.73) -1.32 1.27 [-3.80, 1.16] 0.298 

Depression      

Baseline 50.0 (5.84)     

Week 4 48.2 (5.87) -1.85 1.29 [-4.38, 0.68] 0.153 

Week 8 46.2 (7.70) -3.72 1.35 [-6.37, -1.07] 0.006** 

Week 12 46.1 (7.14) -3.93 1.29 [-6.47, -1.39] 0.002** 

Week 16 48.2 (5.99) -1.85 1.29 [-4.38, 0.69] 0.154 

Anxiety      

Baseline 52.1 (6.33)     

Week 4 50.5 (4.82) -1.61 1.20 [-3.96, 0.74] 0.181 

Week 8 49.1 (7.55) -2.72 1.24 [-5.16, -0.30] 0.028* 

Week 12 50.0 (5.50) -2.11 1.20 [-4.47, 0.24] 0.079 

Week 16 49.9 (6.68) -2.20 1.20 [-4.55, 0.16] 0.068 

Pain Interference      

Baseline 51.7 (9.05)     

Week 4 53.2 (8.51) 1.42 1.62 [-1.76, 4.60] 0.381 

Week 8 51.1 (8.33) -0.67 1.70 [-2.66, 4.00] 0.696 

Week 12 51.5 (9.53) -0.24 1.62 [-3.43, 2.94] 0.882 

Week 16 51.2 (9.58) -0.48  1.62 [-3.67, 2.70] 0.767 

Pain Intensity      

Baseline 42.4 (8.60)     

Week 4 44.4 (7.71) 1.99 1.29 [-0.54, 4.51] 0.123 

Week 8 41.8 (6.57) -0.35 1.35 [-2.29, 2.99] 0.794 

Week 12 42.7 (8.29) 0.25 1.19 [-2.28, 2.77] 0.849 

Week 16 40.6 (7.86) -1.77 1.29 [-4.29, 0.75] 0.190 

Note. SD=Standard Deviation 

* p<.05, **p<.01 

H2b: Individuals with MS practicing seated Sun-Style Tai Chi will report 

improvements in behavioral factors (Tai Chi exercise, other exercise, exercise habits, 

exercise planning, and exercise goal setting) post-intervention.  

Behavioral factors. Behavioral factors include physical activity (Tai Chi and other 

exercise), exercise habits, exercise goals and plans (Table 16).  
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Tai chi home practice. Participants completed weekly Tai Chi practice logs to report 

practice outside of class. Participants practiced weekly between 0 minutes to 420 minutes with a 

mean of 55 minutes weekly and a median of 40 minutes weekly. Participants completed a weekly 

exercise log to report other exercise outside of class. Exercise time ranged from 0 minutes to 

1285 minutes weekly, with a mean of 200 minutes and a median of 110 minutes. The most 

common exercises performed outside of the Tai Chi classes included walking, gardening, 

swimming, weight lifting, and stretching. 

Subjective physical activity. The Godin Leisure-Time Exercise Questionnaire (GLTEQ) 

was used to assess subjective reports of physical activity over the previous seven days (Godin & 

Shephard, 1985). The measures were collected at baseline and 12 weeks. Higher scores indicate 

greater subjective physical activity. Data was missing for 10 responses. The missing responses 

were changed to ‘0’ prior to data analysis. A Wilcoxon signed-rank test was used as the data 

appeared skewed on a histogram (Appendix FF9). One extreme outlier was removed from the 

data set (n=21). There was an increase in subjective physical activity scores following the 12-

week intervention (Mdn=10.5 vs 12), (Min=0 at both timepoints), (Max=48 vs 75); however, the 

results were non-significant, Z= -1.562, p=.118 (Figure 11).  

The GLTEQ has a question inquiring how often individuals engage in physical activity 

long enough to increase the heart rate. At baseline (n=22), 11 individuals (50%) reported never 

or rarely, 10 individuals (45%) reported sometimes, and one individual (4.55%) reported often. 

At 12 weeks (n=21), nine individuals (42.9%) reported never or rarely, nine individuals (42.9%) 

reported sometimes, and three individuals (14.3%) reported often.  
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FIGURE 11. GLTEQ scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

Exercise goals and exercise plans. Exercise goals and exercise plans were measured with 

the 20-item Exercise Goals and Exercise Plans questionnaire (Rovniak et al., 2002). The 

measures were collected at baseline and 12 weeks. The questionnaire has 10 questions for 

exercise goals and 10 questions for exercise plans. A Wilcoxon signed-rank test was used for 

exercise goals (Appendix FF10) and exercise plans (Appendix FF11) as the data appeared 

skewed on a histogram. The exercise goals data had two random missing responses with one 

response missing at baseline and one response missing at the 12-week follow up resulting in a 

sample size of 20. There was a significant improvement in exercise goal scores following the 
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intervention (Mdn=19 vs 23), (Min=10 at both timepoints), (Max=41 vs 30), Z= -2.437, p=.015 

(Figure 12).  

  

FIGURE 12. Exercise goals scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

The exercise plans data set did not have any missing data. The exercise plans 

questionnaire has three questions that are reversely scored, and the data was recoded in STATA. 

There was a decrease in exercise plans scores following the intervention; however, the results 

were non-significant (Mdn=24 vs 22.5), (Min=14 vs 10), (Max=39 vs 38), Z= -1.385, p=.116 

(Figure 13).  
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FIGURE 13. Exercise plans scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

TABLE 16. Behavioral factors. 

 Mean (SD) Median Min Max Z-score p-

value 
GLTEQ (n=21)       

Baseline 12.3 (12.7) 10.5 0 48   

Week 12 16.1 (17.2) 12 0 75 -1.562 0.118 

Exercise Goals (n=20)       

Baseline 18.8 (7.76) 19 10 41   

Week 12 21.6 (6.18) 23 10 30 -2.437 0.015* 

Exercise Plans (n=22)       

Baseline 23.7 (6.27) 24 14 39   

Week 12 24.5 (7.03) 22.5 10 38 -1.385 0.116 

Note. GLTEQ= Godin Leisure-Time Exercise Questionnaire, SD=Standard Deviation 

*p < .05 
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H2c: Individuals with MS practicing seated Sun-Style Tai Chi will report 

improvement in environmental factors (social support) post-intervention.  

Environmental factors. 

Social support. Social support from family and friends was assessed with the 13-item 

Social Support and Exercise Survey (Sallis et al., 1987). The measures were collected at baseline 

and 12 weeks. Higher scores indicate greater social support. The measure includes a total score, 

family participation score, family rewards score, and friend participation score. The 

questionnaire includes responses from: none (1) to very often (5) and does not apply (8). 

According to the directions for scoring the tool, the response of “does not apply” were recoded to 

one. A total of six responses from five individuals were missing on the questionnaire resulting in 

a sample size of 17. Two of the responses were missing at baseline and four responses were 

missing at week 12.  

A Wilcoxon signed-rank test was used as the data appeared skewed on a histogram 

(Appendix FF12). The total score for the social support and exercise survey improved following 

the 12-week intervention (Mdn=33 vs. 34), (Min=26 at both timepoints), (Max=56 vs 71); 

however, the improvement was non-significant, Z= -0.404, p=.686 (Figure 14).  
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FIGURE 14. Total social support scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots. 

There were non-significant improvements in family participation scores following the 12-

week intervention (Mdn=13 vs 14), (Min=10 at both timepoints), (Max=30 vs 31), Z= -0.650, 

p=.516 (Figure 15). See Appendix FF13 for histogram displaying family participation subtotal 

scores for baseline and week 12.  
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FIGURE 15. Family participation scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots.  

There were non-significant changes in family rewards following the 12-week intervention 

(Mdn=3 at both timepoints), (Min=3 at both timepoints), (Max=7 at both timepoints), Z=1.253, 

p=.210 (Figure 16). See Appendix FF14 for histogram displaying family rewards subtotal scores 

at baseline and week 12.  
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FIGURE 16. Family rewards scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots. 

Individuals reported non-significant improvements in friend participation following the 

12-week intervention (Mdn=13 vs. 14), (Min=10 at both timepoints), (Max=26 vs 37), Z= -0.937, 

p=.349 (Figure 17). See Appendix FF15 for friend participation subtotal scores at baseline and 

week 12.  
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FIGURE 17. Friend participation scores at baseline and 12 weeks. 
Note. Lower, middle, and upper bars of the box represent quartile 1, the median (quartile 2), and quartile 3, 

respectively. The whiskers are the minimum and maximum scores. Outliers are depicted as dots. 

Following the completion of the intervention, one participant reported, “being with others 

who have MS but doing for ourselves is empowering.” One instructor observed, “the classes 

were truly a social event; participants were socially more interactive than the standing classes. 

Many had met in other venues and I often had to begin turning off room lights as a hint that the 

space needed to be vacated.” 
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TABLE 17. Environmental factors. 

 Mean (SD) Median Min Max Z-score p-

value 
SSES Total (n=17)       

Baseline 35.6 (9.42) 33 26 56   

Week 12 36.9 (11.2) 34 26 71 -0.404 0.686 

Family Participation (n=21)       

Baseline 15.0 (5.88) 13 10 30   

Week 12 15.9 (6.21) 14 10 31 -0.650 0.516 

Family Rewards (n=22)       

Baseline 3.55 (1.06) 3 3 7   

Week 12 3.36 (0.95) 3 3 7 1.253 0.210 

Friend Participation (n=19)       

Baseline 14.7 (5.91) 13 10 26   

Week 12 16.1 (7.99) 14 10 37 -0.937 0.349 

Note. SD=Standard Deviations, SSES=Social Support and exercise Survey 

Tai Chi Practice 

Participants received a questionnaire at week 16 inquiring if individuals continued to 

practice Tai Chi following completion of the study. Fourteen individuals (67%) reported 

continued practice. Fifteen individuals (68%) reported practicing Tai Chi at home. Two 

individuals (9%) reported practicing Tai Chi in a class.  

Summary 

This seated Sun-Style Tai Chi study enrolled 25 individuals with MS. The goals for 

retention, adherence, and satisfaction were met. There were no serious adverse events reported 

over the course of the study. There were some significant improvements in scores for depression, 

anxiety, and exercise goals at various time points in the study. Improvements in anxiety scores 

were sustained at 16 weeks. There was a non-significant trend of improvements in fatigue scores 

over the 12 weeks. Pain scores increased at 4 weeks and trended down as the study progressed. 

Improvements in scores were non-significant for lower extremity function, exercise self-efficacy, 

subjective physical activity, and social support from friends and family. Exercise planning and 
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upper extremity function scores decreased. Four weeks after the study ended 15 participants 

continued to practice Tai Chi at home and two individuals practiced Tai Chi in a class setting. 
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CHAPTER 5: DISCUSSION 

Statement of Principal Findings 

This chapter discusses the findings from the seated Sun-Style Tai Chi for MS study. The 

primary finding of this study was the feasibility of seated Sun-Style Tai Chi for adults with 

disabling MS. The PI successfully enrolled 25 adults with MS into seated Sun-Style Tai Chi 

classes, with good study retention (88%, n=22), an intervention adherence rate of 75% (18/24 

classes), no safety concerns or issues, and high participant satisfaction (86%). In addition, 

participants reported no increase in MS-related symptoms and clear intentions of continuing with 

seated Sun-Style Tai Chi classes or similar seated physical activities. 

Strengths and Weaknesses of This Study 

Seated Sun-Style Tai Chi was chosen for multiple reasons. Current Tai Chi studies 

among the MS population are limited to Yang-style and standing Tai Chi among individuals with 

minimal disability (Taylor & Taylor-Piliae, 2017). The use of a seated Tai Chi program allowed 

individuals with greater disability the opportunity to participate in a physical activity study. As 

detailed in Chapter 2, Sun-Style Tai Chi practice is increasing among individuals with chronic 

diseases. Multiple classes are offered in the greater Tucson community, including seated classes, 

and it is important to study the possible improvements in MS-related symptoms among the MS 

population.  

This feasibility study was not powered to detect significant differences in the outcomes 

assessed at baseline and post-intervention, and used a quasi-experimental design. The 

participants in this study all received the intervention and were not randomly assigned. Single 

group studies have threats to internal validity including history threat, maturation threat, testing 
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threat, instrumentation threat, mortality threat, and regression threat (Trochim et al., 2016). 

Addressing threats to internal validity improves confidence in inferring a causal relationship 

between an intervention and outcomes (Trochim et al., 2016). Threats specific to this study 

include testing, instrumentation, mortality, and regression threat. 

Testing threats occur with single-group studies that administer a test pre- and post-

intervention (Trochim et al., 2016). Testing is a threat in that individuals may be sensitized to 

questions. The use of repeated measures at 4, 8, 12, and 16 weeks for MS-related symptoms was 

used to determine if there was a trend or time point, when individuals may experience 

improvements. Most Tai Chi studies among individuals with MS are limited to pre-and post-

intervention measurements (Taylor & Taylor-Piliae, 2017). The 16-week assessment was used to 

determine if any improvements in MS-related symptoms were retained 4 weeks after the study 

was completed and participants stopped attended structured classes. Collecting data at multiple 

time points offers greater power to detect within-subjects change over time than a cross-sectional 

design (Guo, Logan, Glueck, & Muller, 2013). The use of testing at multiple time points in this 

study provided valuable information about when MS-related symptom scores were increasing 

and decreasing and if benefits were maintained after the intervention concluded.  

Instrumentation threats occur if there is a change in a measurement tool or the method of 

administration (Trochim et al., 2016). The questionnaires used for this study have demonstrated 

reliability, validity, and responsiveness among individuals with MS. REDCap was used for data 

collection and addressed instrumentation threats. The PI created the REDCap database and the 

questionnaires were the same at each time point. A survey queue, with a list of questionnaires, 

was sent to individuals by email with reminders sent every three days for the following week. 
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Throughout this study, multiple individuals did not see the entire survey queue and would only 

complete the first survey. The PI sent email reminders, called, texted, and spoke with participants 

in person to obtain all of the needed questionnaires. REDCap allowed individuals to enter 

multiple times to complete all of the surveys. One benefit of using the PROMIS measures is they 

were loaded from the REDCap data dictionary and automatically calculated the T-score. A 

second benefit is the PROMIS measures questions were mandatory resulting in complete data for 

the individuals that completed the questionnaires within the timeframe they were due. One 

limitation of using an electronic data capture system is that the questionnaires were completed in 

an uncontrolled setting. Participants may have had distractions in their environment. This study 

had multiple self-reported questionnaires and the high completion rate of questionnaires and 

minimal missing data suggests that it was not unreasonable to collect such a large amount of 

data. Unfortunately, this study did not include objective measures that could add to the findings 

obtained. 

Attrition, or mortality, is a threat to internal validity (Trochim et al., 2016). This study 

had three individuals withdraw early in the study. Another three individuals stopped attending 

classes between week 5 and 6 but completed the remaining questionnaires. Attrition was similar 

across study sites. Adherence to the intervention was 75% with attendance rates similar across 

study sites. A further analysis could be done to determine if response to the intervention was 

similar across study sites. This analysis would result in small sample sizes of six to eight 

participants and may not be large enough to determine a change in scores. 

A regression threat occurs if the sample has mean scores that are higher or lower than the 

population mean (Trochim et al., 2016). Depression, anxiety, and pain mean scores were slightly 
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lower than the reference mean in the MS population. The fatigue mean score was eight-points 

lower than the reference mean. Higher mean scores on PROMIS measures indicate greater 

symptoms. There may not have been as much room for improvement in this sample because the 

baseline mean scores were already lower than the reference mean. 

Threats to external validity are related to generalizing the results to a population that is 

different than the sample enrolled in the study (Trochim et al., 2016). This study enrolled 

predominately Caucasian, educated, unemployed, females with greater disability burden related 

to MS. This study used three sites with seven different instructors. The instructor personality 

may have impacted the experience that participants had during this study. Seated Sun-Style Tai 

Chi was chosen because the forms are standardized; however, the intervention was delivered at 

different paces at each class. The classes had individuals learning at different paces and the 

instructor would customize the class to the needs of the individuals present in class. In a 

traditional class, the instructor would place participants in groups according to learning level and 

the small class sizes did not permit this. 

An additional strength of this study is that several steps were taken to ensure the most 

appropriate statistical tests were used. Prior to conducting statistical analysis, a histogram was 

created for each variable. The histograms were used to determine normal distribution of the data. 

A Wilcoxon signed-rank test was used for analysis due to the small sample size and skewed data 

on histograms. A boxplot was used to visualize the change in scores between time points. The 

boxplot and histogram allowed easy visualization of outliers. 

A mixed-models analysis was the most appropriate statistical test to assess differences in 

the symptom measurements between baseline and each four-week time point. One limitation of 
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performing multiple statistical tests is that it reduces the power to detect significant change. A 

mixed-models analysis is a linear model that does not require data to be present at each time 

point. Data was missing for three participants at week 8. Additionally, a Wilcoxon signed-rank 

test and a paired-sample t-test were performed to assess the change in scores between baseline 

and each time point. The results from the signed rank test and paired-samples t-test were 

somewhat similar to the results from the mixed-models analysis. One limitation of the statistical 

analysis for this study is that it did not identify responders and non-responders. A further analysis 

of the data could be performed to determine the characteristics of individuals that responded to 

the treatment. 

Strengths and Weaknesses in Relation to Other Studies 

The average age of individuals enrolled in this study was 59.5 years (SD=9.04) with an 

age range of 40 to 78 years. Previous studies of Tai Chi among individuals with MS had an 

average age of 46 years (Taylor & Taylor-Piliae, 2017). The participants may have been older 

because this Tai Chi study was designed for individuals with greater levels of disability. The 

study sample included predominately older individuals and those that are no longer working and 

may limit generalizability to other groups including younger individuals and those with minimal 

disability. Greater symptom burden among individuals with MS is associated with 

unemployment (Naoshy, Pike, Jones, & Watson, 2015). Only two individuals enrolled in this 

study were employed, one full-time and one part-time. Work obligations were identified as a 

barrier to participating in the study on the optional recruitment survey. Most individuals enrolled 

in this study identified as disabled or retired.  
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Among individuals that completed the optional recruitment survey, 86% were female. 

Similar in distribution, 88% of the 25 individuals who enrolled in this study were female. 

Completers of the study were predominately female (91%). Previous Tai Chi research among 

individuals with MS reported 79% of individuals were female (Taylor & Taylor-Piliae, 2017).  

It is challenging to compare this study sample to previous research of Tai Chi among 

individuals with MS because some studies did not report the type of MS. Previous studies 

included individuals with RRMS (46.6%) and SPMS (18.7%) and unknown types of MS (31.2%) 

(Taylor & Taylor-Piliae, 2017). The PI did not receive reports from participants of MS relapses 

that required the use of steroids over the course of the 12-week study. Most individuals (72.7%) 

reported no relapses in the previous year. This study had a high number of individuals with 

RRMS, yet there was a low incidence of relapses in the previous year. At 12 weeks, all of the 

participants reported their disease did not worsen as a result of participating in the study.  

Individuals with RRMS use disease modifying therapies (DMT’s) to slow disease 

progression and prevent relapses (La Mantia, Vacchi, & Di Pietrantonj, 2012). Despite almost 

2/3 of individuals in this study reporting RRMS, almost half of participants (45.5%) were not 

using a DMT. Recent research suggests that individuals over the age of 45 that have been relapse 

free for over four years are likely to remain relapse free following discontinuation of DMT’s 

(Bsteh et al., 2017). Individuals over the age of 60 that are discontinued from DMT by their 

health care provider are likely to remain off of treatment (Hua, Fan, Conway, Thompson, & 

Kinzy, 2018). It is unknown why individuals in this study were not using DMT’s. The study 

sample had a mean age of almost 60 and individuals may have been taken off of DMT’s by their 

healthcare providers.  
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Disability 

Participants enrolled in this study reported higher levels of disability with 68% reporting 

a PDDS score of three (gait disability) or higher. Previous Tai Chi research among individuals 

with MS did not consistently report disability levels and some studies had criteria excluding 

individuals that required the use of walking assistance devices (Taylor & Taylor-Piliae, 2017). 

Individuals that completed this Tai Chi study reported the time since diagnosis of MS between 

three and 45 years with a mean of 20-years. Previous Tai Chi research among individuals with 

MS reported a diagnosis duration between six and 22 years (Taylor & Taylor-Piliae, 2017). 

Individuals in this study had a longer disease duration with the associated increase in disability 

burden.  

Most individuals in this study used some form of assistive device, including canes, 

walkers, standard wheelchairs, and electric wheelchairs. Previous Tai Chi studies among 

individuals with MS included individuals with minimal disability; however, these studies were 

limited to standing forms of Tai Chi (Taylor & Taylor-Piliae, 2017). This Tai Chi study offered 

individuals in wheelchairs an opportunity to participate in a group physical activity in their 

wheelchairs. Three participants transferred from their wheelchairs to the chairs to perform seated 

Sun-Style Tai Chi. Two individuals remained in their wheelchairs during class.  

Recruitment 

This study used multiple methods to recruit individuals. The initial recruitment goal was 

20 participants but was later increased to 40 due to interest among individuals in the MS 

community and the ability to secure multiple sites and instructors. The multiple locations and 

times allowed a greater number of individuals to enroll in the study, with one class offered in the 
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morning and two classes offered in the afternoon. This study began in late August and 

recruitment may have been limited because some of the individuals that expressed interest were 

“snowbirds” and would not be returning to Tucson until October. The start date was chosen so 

that the classes would end before the Thanksgiving holiday.  

The optional recruitment survey was instrumental in identifying individuals interested in 

participating in the study. Among individuals that completed the survey, 21 individuals indicated 

they would be interested in participating in a Tai Chi study. The optional recruitment survey did 

not collect personal information. At the end of the survey, individuals were prompted to call or 

email the PI and some individuals reported that they did not realize that they needed to initiate 

contact with the PI. The survey was sent electronically from two different group leaders and it is 

unknown how many individuals were on the email lists and how many were duplicates. In 

addition, the survey may have been forwarded to other individuals. Finally, the PI spoke at MS 

meetings about the study. Future studies may consider using a USPS mailing to potential 

participants to increase study enrollment (Carter et al., 2015).  

Retention 

Retention for this study was 88%. Attrition for other Tai Chi studies among individuals 

with MS has ranged from 5.6% to 43% (Taylor & Taylor-Piliae, 2017). Common reasons for 

attrition in Tai Chi studies among individuals with MS include transportation issues, lack of 

interest, time constraints, and health problems (Azimzadeh, Hosseini, Nourozi, & Davidson, 

2015; Burschka, Keune, Oy, Oschmann, & Kuhn, 2014; Tavee et al., 2011). Common reasons 

for attrition from physical activity studies among individuals with MS include: the intervention, 

time commitments, travel, MS relapses, medical issues, non-adherence to study protocol, and 
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lost contact (Learmonth & Motl, 2017). In this study, the reasons for attrition included time 

constraints (n=1) and intervention was not a good fit (n=2). These reasons are similar to those 

given in previous MS studies; however, the rate of attrition was much lower in this study. This is 

consistent with the Tai Chi research as the most common reasons for attrition from Tai Chi 

studies is loss of interest or lack of time (Yang et al., 2015).  

Adherence 

Attendance at classes ranged from 6-23 classes with a median attendance of 18 classes or 

75%. The most common reasons for missing classes included doctor appointments, vacations, 

and illness. Burschka et al. (2014) offered a six-month Tai Chi intervention to individuals with 

MS and reported adherence of 60%. Among Tai Chi studies, less than half report adherence to 

the intervention (Yang et al., 2015). Adherence to Tai Chi interventions is associated with older 

age, higher education, greater perceived stress, and higher mental and physical scores on the SF-

36 (Shah, Ardern, & Tamim, 2015). The present study may have had higher adherence because 

included 13 individuals (59%) with a bachelor’s degree or graduate degree. Additionally, greater 

adherence to exercise programs is associated with supervised attendance (Picorelli, Pereira, 

Pereira, Felicio, & Sherrington, 2014). The PI personally attended all of the classes for this study 

and called individuals that missed classes. Lower adherence to exercise programs is associated 

with depression (Picorelli et al., 2014). Almost half of the individuals (45.5%) enrolled in this 

study reported a history of depression and this may have contributed to lower attendance.  
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Adverse Events 

The PI attended all of the classes and no serious adverse events occurred. The most 

common adverse events associated with Tai Chi practice are musculoskeletal aches and pains 

(Wayne et al., 2014). Pain will be discussed later in this chapter.  

Study Satisfaction 

Study satisfaction was assessed with a five-point Likert scale and nineteen individuals 

(86.4%) reported they were “very much” or “quite a bit” satisfied with the intervention. At 16 

weeks, 15 individuals reported practicing Tai Chi at home and two individuals reported 

practicing Tai Chi in a class setting. Satisfaction with the program may be why individuals 

continued to practice following the conclusion of the study.  

Falls 

Falls are a problem among the MS population with 52% of adults with MS age 45 to 90 

self-reporting a fall within the last six months (Finlayson et al., 2006). This is consistent with the 

number of individuals that reported falls in this study as 12 participants (54.5%) reported a total 

of 29 falls over 16 weeks. Six individuals (27.2%) reported falls in the month prior to the study 

starting. Previous Tai Chi studies among individuals with MS did not assess falls as an outcome; 

however, multiple studies assessed balance and reported improvements post-intervention (Taylor 

& Taylor-Piliae, 2017). Multiple participants in this study self-reported improvements in balance 

over the 12 weeks. This improvement was surprising as improvements in balance were not 

anticipated with a seated Tai Chi class. 

The seated Tai Chi studies discussed in Chapter 2 did not collect data regarding falls; 

however, Lee et al. (2015) measured sitting balance among older adults with limited walking 
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ability and Tsang et al. (2015) measured balance control among individuals spinal cord injuries. 

There have not been any seated Tai Chi studies that have assessed standing balance. Three Sun-

Style studies assessed falls and reported non-significant improvements (Choi et al., 2005; Day et 

al., 2015; Voukelatos et al., 2007). One Sun-Style Tai Chi study reported a significant 

improvement in falls (Voukelatos et al., 2007).  

Lower Extremity Function 

There were non-significant improvements in lower extremity function scores following 

the 12-week intervention. Individuals were seated during the classes; however, there was some 

lower leg movement that mimicked steps individuals would take if they were in a standing class. 

Participants reported subjective benefits related to lower extremity function including 

improvements in mobility. The seated Tai Chi studies discussed in Chapter 2 did not collect 

outcome data related to lower extremity function.  

Upper Extremity Function 

Upper extremity function scores decreased following the 12-week intervention; however, 

the decrease was non-significant. Participants reported subjective benefits related to upper 

extremity function including improvements in arm flexibility.  

Among seated Tai Chi studies, Tsang et al. (2015) measured muscle handgrip strength 

with a hand dynamometer and reported significant within group improvements. Similar to this 

study, Song et al. (2003) reported non-significant improvements in upper body strength 

following a Sun-Style Tai Chi intervention.  

  



 

 

 

 

131 

Exercise Self-Efficacy 

Over time, changes in physical activity are associated with changes in self-efficacy (Motl 

et al., 2013). Those who completed this seated Tai Chi study had a slightly higher level of 

exercise self-efficacy compared to individuals that responded to the optional recruitment survey. 

There were minimal improvements in exercise self-efficacy scores at the end of the 12-week 

seated Tai Chi intervention.  

Despite the established relationship between physical activity and exercise self-efficacy, 

most studies have reported non-significant improvements. Among Sun-Style studies, one study 

assessed perceived self-efficacy and reported non-significant improvements in self-efficacy 

(Song et al., 2007), consistent with the findings obtained in this study. Among physical activity 

studies among individuals with MS using a SCT framework, four studies assessed self-efficacy 

and improvements were non-significant (Coote et al., 2017; Learmonth et al., 2017; Motl et al., 

2011; Suh et al., 2015). These four studies used a different exercise self-efficacy scale developed 

by McAuley (1993). The Exercise Self-Efficacy survey used in this study has not been used for 

physical activity studies among individuals with MS. 

Fatigue 

There was a non-significant trend of improvement in fatigue scores as the study 

progressed by week 12. Following completion of the study, fatigue scores increased from week 

12 to week 16; however, this was still a reduction from baseline. The scores may not have 

improved because the individuals enrolled in this study had baseline mean scores that were 

almost eight-points lower than the reference mean for the MS population. Improvements in 

fatigue may have been related to weather changes over the course of the study. Individuals with 
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MS report increased fatigue with hot weather (Mollaoglu & Ustun, 2009). This Tai Chi study 

began in August 2018 and the average high temperature was 98 degrees Fahrenheit; the study 

concluded in November 2018 and the average high temperature was 73 degrees Fahrenheit (The 

Weather Channel, 2019). The improvements in fatigue may be related to the change in weather; 

however, fatigue scores increased from week 12 to week 16 and the temperatures were lower in 

December. Multiple participants self-reported benefits related to improved fatigue including 

more energy and sleeping better. 

A Cochrane Review reported improvements in fatigue among individuals with MS with 

structured exercise programs (Heine et al., 2012). Three Tai Chi studies among individuals with 

MS assessed fatigue with two studies reporting significant improvements and one reporting non-

significant improvements (Taylor & Taylor-Piliae, 2017). Among seated Tai Chi studies, Shem 

et al. (2016) reported non-significant improvements in fatigue; however, Hsu et al. (2016a) 

measured mood states and reported significant improvements in fatigue-inertia. Among physical 

activity studies among individuals with MS using SCT as a theoretical framework results are 

mixed, four studies reported significant improvements in fatigue (Learmonth et al., 2017; Motl, 

Hubbard, et al., 2017; Pilutti et al., 2014b). Three studies reported non-significant improvements 

in fatigue (Learmonth et al., 2017; Motl, Hubbard, et al., 2017; Rice et al., 2015).   

Depression 

Streber et al. (2016) report that depression is not commonly assessed in physical activity 

studies among individuals with MS. In this study, significant improvements in depression scores 

were noted as early as week 8. The improved scores continued at week 12. Depression scores 

increased between week 12 and week 16; however, this was still a reduction from baseline. The 
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mean baseline depression score for participants in this study was slightly lower than the 

reference mean for the MS population suggesting that there may not be as much room for 

improvement in scores. Depression was reported as a comorbidity by 10 individuals (45.5%) at 

baseline. Marrie et al. (2017) estimated a lifetime prevalence of depression in individuals with 

MS as 44.8%. It is unknown if the individuals that reported depression in this study were being 

treated. Participants in this Tai Chi study self-reported improvements in mood and coping skills.  

Improvements in depression are mixed across studies. In a review of Tai Chi studies 

among individuals with MS, two studies assessed depression and mood with significant 

improvements reported (Taylor & Taylor-Piliae, 2017). Among Sun-Style studies, two studies 

assessed depression and reported non-significant improvements (Day et al., 2012; Leung et al., 

2012). Two seated Tai Chi studies measured depression and Hsu et al. (2016b) reported 

significant improvements in depression and Shem et al. (2016) reported non-significant 

improvements. Among physical activity studies using SCT as a theoretical framework, four 

studies assessed depression. Coote et al. (2017) and Pilutti et al. (2014b) reported significant 

improvements in depression. Learmonth et al. (2017) and Motl, Hubbard, et al. (2017) reported 

non-significant improvements in depression.  

Anxiety 

A recent systematic review of physical activity research among individuals with MS did 

not identify anxiety as a measured MS-related symptom variable (Streber et al., 2016). 

Significant improvements in anxiety were noted as early as eight weeks, in this study. Anxiety 

scores increased between week 12 and 16 but remained lower than baseline scores. This study 

enrolled eight individuals (36.4%) with anxiety. The estimated lifetime prevalence of anxiety in 
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individuals with MS of 48.9% and an annual prevalence of 6.2% (Marrie et al., 2017). It is 

unknown if it was a history of anxiety or if individuals were being treated. The mean baseline 

anxiety score was slightly lower than the reference mean for the MS population suggesting that 

there may not be as much room for improvement in scores. Participants self-reported 

improvements in anxiety, breathing control, and calming affects. Anxiety was the only symptom 

that retained benefits at week 16. Further research is needed to determine if these benefits are 

reproducible as Tai Chi may offer a simple symptom management technique for individuals with 

MS experiencing anxiety. 

Previous studies assessing anxiety report mixed results. Among Tai Chi studies 

conducted among individuals with MS, one study measured anxiety-tension using the Profile of 

Mood States with non-significant improvements reported (Mills et al., 2000). There were no 

seated Tai Chi studies that measured anxiety. Among physical activity studies using SCT as a 

framework, Coote et al. (2017) and Pilutti et al. (2014b) reported significant improvements in 

anxiety and Learmonth et al. (2017) and Motl, Hubbard, et al. (2017) reported non-significant 

improvements in anxiety. Among Sun-Style Tai Chi studies, one study reported significant 

improvements in anxiety (Leung et al., 2012) and one study and reported non-significant 

improvements in anxiety (Fransen et al., 2007).  

Pain 

The pain interference and pain intensity scores at baseline in this study, were lower than 

reference scores in the MS and general population. Pain interference and pain intensity scores 

increased at four weeks. Pain interference and pain intensity scores decreased as the study 

progressed. Pain interference scores were below baseline at 12 weeks; however, pain intensity 
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scores did not drop below baseline until 16 weeks. Musculoskeletal aches and pains were 

included as possible risks in the informed consent form.  

The most common adverse events associated with Tai Chi practice include 

musculoskeletal aches and pains (Wayne et al., 2014). Among seated Tai Chi studies, one study 

reported an individual in the Tai Chi group experienced low back pain and withdrew from the 

study (Lee et al., 2015). It is unknown if the low back pain was related to the Tai Chi 

intervention. Among Sun-Style studies three studies reported individuals withdrawing due to 

pain. Fransen et al. (2007) reported two individuals withdrew from the study due to low back 

pain exacerbated by the intervention. Carpenter (2006) reported an individual in the treatment 

group started pain medications, two individuals in the control group started pain medications, 

and one individual in the control group started chiropractic therapy. Song et al. (2003) reported 

complaints of slight soreness of knee and leg muscles during the first week of the intervention. 

Among the individuals that withdrew from this study and those that stopped attending classes 

between weeks 5 and 7, these individuals did not report pain as the reason for discontinuing the 

classes.  

Among Tai Chi studies in individuals with MS, one study reported a significant 

improvement in bodily pain following the intervention (Tavee et al., 2011). Among seated Tai 

Chi studies, individuals with spinal cord disorders reported significant improvements in pain at 

the end of each class (Shem et al., 2016). Among physical activity studies of individuals with 

MS using SCT as a theoretical framework, three studies reported non-significant improvements 

in pain (Learmonth et al., 2017; Motl, Hubbard, et al., 2017; Pilutti et al., 2014b).  
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Tai Chi Home Practice 

Tai Chi classes were offered one-hour, twice weekly for 12 weeks. Nineteen individuals 

reported that it was a “somewhat,” “quite a bit,” or “very much,” suitable time commitment. 

Standing Sun-Style Tai Chi classes offered in the Tucson community are generally offered one-

hour, once weekly. The majority of Tai Chi studies offer classes one-hour, two or three times 

weekly over 12 weeks (Yang et al., 2015).  

Suggested physical activity guidelines for individuals with MS are 30 minutes of aerobics 

twice weekly and strength training twice weekly (Latimer-Cheung, Martin Ginis, et al., 2013). 

These seated Tai Chi classes met the suggested physical activity guidelines for individuals with 

MS. In addition, this study collected data regarding home Tai Chi practice and other forms of 

exercise. The median Tai Chi practice outside of class was 40 minutes and median exercise 

practice was 110 minutes. The individuals enrolled in this study were meeting ACSM (2013) 

recommendations of 30 minutes of moderate physical activity five days per week or 20 minutes 

of vigorous activity three days per week. 

Only one Tai Chi study among individuals with MS had participants practice at home. 

Mills et al. (2000) offered study participants six Tai Chi sessions and participants recorded home 

practice for two-months; home practice averaged 220 minutes weekly with a range of 52.5 to 420 

minutes. Only one seated Tai Chi study suggested homework practice and reported homework 

adherence of 100% (Tsang et al., 2015). Nine Sun-Style Tai Chi studies suggested home practice 

(Au-Yeung et al., 2009; Carpenter, 2006; Cho et al., 2017; Leung et al., 2012; Leung et al., 2015; 

Song et al., 2009; Song et al., 2003, 2007; Song et al., 2010). Two studies that reported home 

practice provided the average hours practiced weekly (Au-Yeung et al., 2009; Leung et al., 
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2012). Leung et al. (2012) offered a one-hour group class, twice weekly and reported that 

individuals practiced an average of four days weekly for 27 minutes. Au-Yeung et al. (2009) 

offered a one-hour group class weekly and reported participants averaged three hours of home 

practice weekly. The participants in these studies practiced at home more than the individuals in 

the current Tai Chi study.  

This study offered individuals a free handbook at the beginning of the study. The 

participants had the option of purchasing a DVD to facilitate home practice. Among Sun-Style 

Tai Chi studies, a variety of methods were used to improve home practice. Three studies offered 

participants a DVD, videotape, or audiotape to facilitate home practice (Fransen et al., 2007; 

Leung et al., 2015; Song et al., 2003). Three studies provided pictures and DVD/videotapes to 

facilitate practice at home (Au-Yeung et al., 2009; Cho et al., 2017; Leung et al., 2012). One 

study provided a booklet with instructions and pictures to facilitate practice at home (Carpenter, 

2006).  

Subjective Physical Activity 

Participants had minimal improvements in subjective physical activity scores. The 

GLTEQ has been used for eight physical activity studies among individuals with MS using SCT 

as the theoretical framework. In contrast to this study, seven prior studies reported significant 

improvements in subjective reports of physical activity (Coote et al., 2017; Hayes et al., 2017; 

Learmonth et al., 2017; Motl et al., 2011; Motl, Hubbard, et al., 2017; Pilutti et al., 2014b; Suh et 

al., 2015). It is unclear why there was not a greater increase in subjective physical activity at the 

end of this study. There were five individuals that reported they were not engaging in any 

physical activity at 12 weeks. Two of these individuals had stopped attending classes between 
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weeks 5 and 7. After the study concluded, one participant commented to the PI that she did not 

realize that she could include the seated Tai Chi classes in the subjective report of activity for 

mild exercise. It is unknown how many individuals included the seated Tai Chi class as exercise 

when completing the GLTEQ questionnaire at week 12.  

Exercise Goals and Exercise Plans 

Exercise goals scores increased significantly, post-intervention; however, exercise plans 

scores decreased, post-intervention. The increase in exercise goals is consistent with prior 

research of physical activity studies among individuals with MS using SCT as the theoretical 

framework. Four studies reported significant improvements in goal setting (Coote et al., 2014; 

Learmonth et al., 2017; Motl et al., 2011; Suh et al., 2015). It is unclear why exercise plans 

scores decreased. Exercise plans scores have mixed results with Coote et al. (2017) reporting 

significant improvements in exercise planning and Learmonth et al. (2017) reporting non-

significant improvements in exercise planning. Changes in goal setting is a mediator and 

significant predictor for change in physical activity (Suh et al., 2015). The change in physical 

activity for this study was attending a seated Tai Chi and this may have led to improvements in 

exercise goals scores.  

Social Support 

Social support scores from friends and family had minimal improvements, post-

intervention. This is consistent with prior research with only one study reporting improvements 

in social support. Among physical activity studies of individuals with MS using SCT as the 

theoretical framework only one study used SSES to measure social support and reported non-

significant improvements (Suh et al., 2014). Three studies used the Social Provision Scale (SPS) 
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to measure social support. Three studies reported non-significant improvements in social support 

(Coote et al., 2017; Learmonth et al., 2017; Suh et al., 2015). Coote et al. (2017) reported 

significant improvements in social support in the experimental group.  

Meaning of the Study 

For caregivers searching for symptom management strategies for their MS patients, 

seated Sun-Style Tai Chi is likely to be a safe physical activity. Increased offerings of classes in 

the community or provider offices will increase accessibility. There is a need to educate health 

care providers about the benefits. Health care providers and Sun-Style Tai Chi instructors could 

collaborate to increase availability of this low-impact physical activity.  

Suggested Future Research 

This is the first study to assess the benefits of seated Sun-Style Tai Chi. The results from 

this study indicate that a larger, randomized controlled trial (RCT) would be warranted to 

establish causality and determine if there are statistically and clinically significant improvements. 

The results from this feasibility study could be used to determine effect sizes. In a future RCT, a 

power analysis for mixed models would be done that would account for the possibility of 

missing data, multiple hypothesis, and continuous covariates (Guo et al., 2013). In addition, it 

would be important to have an attention control group to determine if the social aspects of this 

class contributed to benefits. A control group could include education classes or a sham Tai Chi 

class. Seated Sun-Style Tai Chi could be compared with other common seated physical activity 

classes, including Silver Sneakers.  

Future research should assess the benefits of seated Sun-Style Tai Chi among individuals 

experiencing anxiety and depression, including those with MS and those in the general 
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population. This study was mostly limited to individuals that were retired or disabled. A future 

study could include an evening class to allow individuals that are working during the day to 

attend class. Biomarkers in saliva and blood can be measured to determine if there is a reduction 

in stress hormones or inflammation. Standing and dynamic balance has not been measured with 

seated Tai Chi and could be assessed to determine if the small foot movements or weight shifting 

in chairs, leads to improvements in balance.  

Conclusion 

This feasibility study adds to the scientific knowledge of the use of Tai Chi for symptom 

management in individuals with MS. This study establishes information regarding recruitment, 

retention, adherence, safety, and satisfaction. Sun-style seated Tai Chi is safe among individuals 

with MS with greater MS-related symptom burden and may offer improvements in fatigue, 

depression, and anxiety. Among individuals with MS practicing seated Tai Chi, pain interference 

and pain intensity scores increased at week 4 and scores decreased as the study progressed. 

Seated Tai Chi offers significant improvements in exercise goal scores; however, improvements 

were non-significant for lower extremity function, exercise self-efficacy, subjective physical 

activity, exercise planning, and social support from friends and family. These findings support 

the possibility of a larger RCT study assessing benefits of seated Sun-Style Tai Chi intervention 

among individuals with MS.  

 



 

 

 

 

141 

APPENDIX A: 

A REVIEW OF SOCIAL COGNITIVE THEORY, PHYSICAL ACTIVITY AND MULTIPLE 

SCLEROSIS LITERATURE 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Authors 

 

Motl, R., Hubbard, E., 

Bollaert, R., Adamson, 

B., Kinnett-Hopkins, 

D., Balto, J., Sommer, 

S., Pilutti, L., McAuley, 

E.  

 

Year 

2017 

 

 

Sample 

 

Individuals with MS 

 

Female=76% 

Mean age=51.9 years 

Caucasian=not 

reported  

EDDS median=3.5 

 

RRMS=40 

SPMS=5 

PPMS=2 

 

Disease duration 

mean=13.2 years 

 

Setting 

Internet delivered 

intervention; North 

America 

Experimental Group (n=23) 

 

Online interactive video 

courses with SCT based 

education 

 

One-on-one video chats 

 

Control Group (n=24) 

 

Waitlist 

Person 

Not assessed  

 

Behavior 

GLTEQ 

MSWS 

 

Environment 

Not assessed  

 

Symptoms 

FSS 

HADS 

MFIS 

PDDS 

SF-MPQ 

 

Pedometer 

 

Exercise logs 

 

Measurement time 

points  

Baseline, 6 months 

Individuals in the experimental group had a 

significant increase in self-reported physical 

activity, lower fatigue scores (physical subscale), 

EDSS, and reduced walking impairment 

compared to controls (p<0.05) 

 

Individuals in the experimental group had non-

significant improvements in general fatigue, 

cognitive fatigue, psychosocial fatigue, 

depression, anxiety, pain, self-reported disability, 

and engaged in 8 more minutes of physical 

activity daily, compared to controls (p>0.05) 

 

Individuals in the experimental group had an 

81% increase in daily steps, post intervention.  

 

Attrition=8.5% 

SAE’s=None 

Adherence=97.4% 

Recruitment rate=31.5% 

 

 

 

 

 

Authors 

 

Hayes, S., Uszynski, 

M., Motl. R., Gallagher, 

S., Larkin, A., Newell, 

Sample 

 

Individuals with MS 

and PDDS score of 0 

to 3 

 

Experimental Group (n=32) 

 

10-week exercise plus SCT 

education 

 

Person 

Not assessed 

 

Behavior 

5xSTS 

6MWT 

Experimental group and control group had 

significant within group improvements in 

walking speed and walking endurance at 12, 24, 

and 36 weeks, (p<0.05) 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

J., Scarrott, C., Coote, 

S.  

 

Year 

2017 

 

Female=84.6% 

Mean age=42.6 years 

Caucasian=not 

reported 

EDDS mean=3.3 

 

RRMS=54 

SPMS=1 

PPMS=1 

Benign MS=4 

Not reported=4 

 

Disease duration 

mean=6.9 years 

 

Setting 

3 community settings; 

Cork, Galway, and 

Limerick; Ireland 

6 exercise classes, 4 

coaching phone calls, 14 

home strength training 

sessions, 20 home walking 

sessions (44 total sessions) 

 

Control Group (n=33) 

10-week exercise plus 

attention control education 

 

6 exercise classes, 4 

coaching phone calls, 14 

home strength training 

sessions, 20 home walking 

sessions (44 total sessions) 

 

 

 

 

 

 

 

GLTEQ 

mCAFT 

MSWS-12 

TUG 

 

Environment 

Not assessed  

 

Symptoms 

Not assessed 

 

Exercise logs 

 

Measurement time 

points 

Baseline, 12 weeks, 24 

weeks, 36 weeks 

Experimental group had significant within group 

improvements in self-reported limitations in 

walking at 12, 24, and 36 weeks, (p<0.05). 

 

Experimental group and control group had 

significant improvements in strength and self-

reported physical activity, post-intervention 

(p<0.05).  

 

Experimental group and control group had non-

significant improvements in fitness, post-

intervention (p>0.05). 

 

12-week attrition=16.9% 

24-week attrition=35.3% 

36-week attrition=33.8% 

SAE=1 individual developed hip pain in the 

control group 

Intervention adherence treatment group=75.5% 

Intervention adherence control group=72.6% 

Recruitment rate=37.3% 

 

Authors 

 

Coote, S., Uszynski, 

M., Herring, M., Hayes, 

S., Scarrott, C., Newell 

J., Gallagher, S., 

Larkin, A., Motl, R.  

 

Year 

 

Sample 

 

Individuals with MS 

and PDDS score of 0 

to 3  

 

Female=87% 

Mean age=42.6 years 

Caucasian=Not 

reported 

Experimental Group (n=33) 

 

6 weekly group exercise 

sessions (aerobic and 

strengthening); duration 

varies.  

 

10 weekly SCT based 

education sessions in 

Person 

EXSE 

MOESS 

 

Behavior 

5xSTS 

EGS 

GLTEQ 

mCAFT 

 

No significant between group differences in 

outcomes reported at post-intervention, 3-

months, or 6-months (p>.05).  

 

At 3 months, SCT group reported significant 

improvements in cognitive processing speed and 

aerobic capacity, compared to controls (p<.05).  

 

Experimental and control group reported 

significant within group improvements in 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

2017 

 

EDSS mean=3.3 

 

RRMS=54 

SPMS=1 

PPMS=1 

Benign MS=4 

Not reported=5 

 

Disease duration 

mean=6.9 years 

 

Setting 

 

3 Community settings; 

Cork, Galway, and 

Limerick; Ireland 

 

person (6) and telephone 

(4) coaching sessions 

 

Control Group (n=32) 

 

6 weekly group exercise 

sessions (aerobic and 

strengthening); duration 

varies.  

 

10 weekly general 

education sessions in 

person (6) and telephone 

(4) coaching sessions 

 

 

 

 

 

 

 

 

 

Environment 

EBBS 

SPS 

 

Symptoms 

HADS 

MFIS 

MSIS-29 

SDMT 

 

SenseWear arm band 

 

Exercise log 

 

Measurement time 

points 

Baseline, post-

intervention (10 

weeks), 3-month, and 

6-month follow up 

data collected 

 

 

 

 

fatigue, lower extremity muscles strength, PA 

behavior, exercise goal setting, and exercise 

planning at post-intervention, 3-month, and 6-

months, (p<.05).  

 

Experimental group reported significant within 

group improvements in psychological impact of 

MS and exercise barriers post-intervention, 

(p<.05).  

 

Experimental group reported significant with 

group improvements in psychological impact of 

MS, physical impact of MS, depression, anxiety, 

and cognitive processing speed at 3-month 

follow up, (p<.05).  

 

Control group reported significant within group 

change in mean energy expenditure at 3-month 

follow up, (p<.05). 

 

Experimental group reported significant within 

group improvements in physical impact of MS, 

depression, anxiety, cognitive processing, and 

social support at 6-month follow up, (p<.05). 

 

Control group reported significant within group 

improvements in psychological impact of MS at 

6-month follow up, (p<.05).  

 

Attrition post-intervention=17% 

Attrition 3-months post-intervention=35% 

Attrition 6-months post-intervention=34% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

SAE= not reported 

Intervention adherence experimental group= 

75.5%, control group=72.6%  

Recruitment rate=37% 

Authors 

 

Learmonth, Y., 

Adamson, B., Kinnett-

Hopkins, D., Bohri, M., 

Motl., R.  

 

Year 

2017 

Sample 

 

Individuals with MS 

 

Female=88% 

Mean age=48.4 years 

Caucasian=66% 

EDSS mean=1.5 

 

RRMS=51 

SPMS=1 

Unknown MS=5 

 

Disease duration 

mean=13.9 years 

 

Setting 

 

Internet delivered 

intervention; North 

America 

Experimental Group (n=29) 

 

Aerobic training (walking) 

10-30 minutes, twice 

weekly, 16 weeks 

 

Strength training with DVD 

and use of elastic bands, 10 

exercises, twice weekly, 16 

weeks 

 

6 SCT based newsletters 

 

8 web-based coaching 

sessions 

Control Group (n=28) 

 

Waitlist 

Person 

EXSE 

MOESS 

 

Behavior 

ABC 

Accelerometer time in 

MVPA 

EG 

EP 

GLTEQ 

MSWS 

 

Environment 

EBBS 

LLFDI 

SPS 

 

Symptoms 

FSS 

HADS 

MPQ 

MSIS 

LMSQOL 

 

Pedometer 

Exercise log 

 

Experimental group reported a significant 

increase in self-reported exercise (p<.01), 

exercise goal setting (p<.05), and barriers 

(p<.05), compared to controls.  

 

Results for the other outcomes were 

nonsignificant (p>.05) 

 

Attrition=11% 

SAE=2 reported injuries, 4 reported increase in 

MS symptoms, 2 reported symptom exacerbation 

Intervention adherence=71% 

Recruitment rate=41.6% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Measurement time 

points 

Baseline and 4-month 

data collected 

 

Authors 

 

Rice, I., Rice, L., Motl, 

R. 

 

Year 

 

2015 

Sample 

 

Nonambulatory 

individuals with MS 

 

Female=71% 

Mean age=53 years 

Caucasian=not 

reported 

EDDS=not reported 

 

RRMS=5 

SPMS=6 

PPMS=3 

 

Disease duration 

mean=not reported 

 

Setting 

Community setting; 

Urbana, Illinois 

Experimental Group (n=9) 

 

Provided custom fit, 

ultralight wheelchair and 

received skills training  

 

12 weekly SCT based 

education phone calls  

 

Control Group (n=5) 

 

Used regular wheelchair 

(standard of care) 

Person 

Not assessed 

 

Behavior 

Not assessed 

 

Environment 

Not assessed 

 

Symptoms 

Upper extremity 

strength of 

nondominant hand 

FSS 

 

Wheelchair propulsion 

testing 

 

ActiGraph wrist 

accelerometer (1 week 

at baseline and 

1=week post-

intervention) 

 

Wheelchair data 

logger 

Experimental group reported a non-significant 

increase in wrist accelerometer counts (13.3%), 

compared to controls (6%), (p>0.05).  

 

Experimental group demonstrated significant 

reduction in braking torque (p<0.05) and non-

significant reduction in stroke frequency 

(p>0.05) with wheelchair propulsion, compared 

to controls. 

 

Experimental group demonstrated within group 

improvements in pectoralis major (19.3%) and 

middle deltoid (13.6%) strength.  

 

Experimental group reported non-significant 

improvements in fatigue (p>0.05), compared to 

controls.  

 

Attrition=14% 

SAE= No AE’s reported 

Intervention adherence= Reports of difficulty 

with brakes, pivot transfers, and transporting in 

cars.  

Recruitment rate=70% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Measurement time 

points 

Baseline and 12-week 

data collection 

 

Authors 

 

Suh, Y., Motl, R., 

Olsen, C., Joshi, I.  

 

Year 

 

2015 

 

Sample 

 

Individuals with MS 

and middle level of 

self-efficacy 

 

Female=82% 

Mean age=49 years 

Caucasian=96% 

PDDS average=2 

 

RRMS=66 

SPMS=1 

Benign MS=1 

 

Disease duration 

mean=12 years 

 

Setting 

 

Community setting; 

Midwest states, USA 

Experimental Group (n=34) 

 

6 weekly printed 

newsletters addressing SCT 

concepts and physical 

activity  

 

6 weekly telephone calls 

(15-minutes) 

 

Control Group (n=34) 

 

6 weekly printed education 

newsletters  

 

6 weekly telephone calls 

(15-minutes) 

Person 

EXSE 

MOESS 

 

Behavior 

EGS 

GLTEQ 

 

Environment 

LL-FDI 

SSES 

 

Symptoms 

PDDS 

 

Pedometer (1 week at 

baseline and 1 week at 

study conclusion) 

 

Physical activity log-

book 

Measurement time 

points 

Baseline and 6-week 

data collected 

 

Experimental group reported significant increase 

in physical activity and goal setting compared to 

controls (p<0.05).  

 

Experimental group reported a significant within 

group increase in step counts per day, (p<0.05).  

 

Experimental group reported non-significant 

improvements in self efficacy, physical outcome 

expectations, social outcome expectations, self-

evaluative outcomes, functional limitations, 

family support for exercise, friend support for 

exercise, and social provisions (p>0.05). 

 

Changes in goal setting (mediator) was a 

significant predictor for change in physical 

activity, (p<0.05).  

 

Attrition=3% 

SAE=Not reported 

Intervention adherence phone calls: experimental 

group=90.4%, control group=85.4%. No 

returned newsletters.  

Recruitment rate=25% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Authors 

 

Klaren, R., Hubbard, E., 

Motl, R.  

 

Year 

 

2014 

Sample 

Individuals with MS 

 

Female=77.5% 

Mean age=50 years 

Caucasian=97.5% 

PDDS average=2.5 

 

RRMS=58 

Unknown type of 

MS=12 

 

Disease duration 

mean=12 years 

 

Setting 

 

Internet delivered 

intervention; North 

America 

 

 

Experimental Group (n=33) 

Study website addressing 

SCT concepts and physical 

activity education (13 

topics) 

 

15 web-based video 

coaching sessions 

 

Control Group (n=37) 

 

Waitlist 

Person 

Not assessed 

 

Behavior 

IPAQ 

 

Environment 

Not assessed 

 

Symptoms 

PDDS 

 

ActiGraph 

accelerometer (1 week 

at baseline) 

 

Pedometer for 

experimental group 

 

Physical activity log-

book 

 

Goal tracking 

spreadsheet 

 

Measurement time 

points 

Baseline and 6-month 

data collected 

 

 

Experimental group had significantly less sitting 

time (405.4 minutes), compared to controls 

(534.3 minutes), (p<.05).  

 

Attrition=20% 

SAE= Not reported 

Intervention adherence= Not reported 

Recruitment rate=16% 



 

 

 

 

149 

Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Authors 

 

Pilutti, L., Dlugonski, 

D., Sandroff, B., 

Klaren, R., Motl, R.  

 

Year 

 

2014 

Sample 

 

Individuals with MS 

 

Female=76% 

Mean age=49 years 

Caucasian=not 

reported 

PDDS median=3 

 

RRMS=65 

SPMS=10 

PPMS=7 

 

Disease duration 

mean=12 years 

 

Setting 

 

Internet delivered 

intervention; North 

America 

 

Experimental Group (n=41) 

 

Study website addressing 

SCT concepts and physical 

activity education (13 

topics) 

 

15 web-based video 

coaching sessions 

 

Control Group (n=41) 

 

Waitlist 

Person 

Not assessed 

 

Behavior 

GLTEQ 

 

Environment 

Not assessed 

 

Symptoms 

FSS 

HADS 

MFIS 

MSIS-29 

PDDS 

PSQI 

SF-MPQ 

 

ActiGraph 

accelerometer (1 week 

at baseline) 

 

Pedometer for 

experimental group 

 

Physical activity log-

book 

 

Goal tracking 

spreadsheet 

 

Experimental group reported significant 

improvements in self-reported physical activity, 

fatigue, physical fatigue, depression, and anxiety, 

compared to controls (p<0.05).  

 

Experimental group reported non-significant 

improvement in objective measure of physical 

activity, cognitive fatigue, psychosocial fatigue, 

pain, sleep quality, physical HR-QOL, and 

psychological HR-QOL (p>0.05).  

 

Attrition=7% 

SAE=Not reported 

Intervention adherence=Not reported 

Recruitment rate=10.7% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

Measurement time 

points 

Baseline and 6-month 

data collected 

 

Authors 

 

Pilutti, L., Dlugonski, 

D., Sandroff, B., 

Klaren, R., Motl, R.  

 

 

Year 

 

2014 

Sample 

 

Individuals with MS 

 

Female=76% 

Mean age=49 years 

Caucasian=not 

reported 

PDDS median=3 

 

RRMS=65 

SPMS=10 

PPMS=7 

 

Disease duration 

mean=12 years 

 

Setting 

 

Internet delivered 

intervention; North 

America 

 

 

Experimental Group (n=41) 

 

Study website addressing 

SCT concepts and physical 

activity education (13 

topics) 

 

15 web-based video 

coaching sessions 

 

Control Group (n=41) 

 

Waitlist 

Person 

Not assessed 

 

Behavior 

GLTEQ 

 

Environment 

Not assessed 

 

Symptoms 

PDDS 

 

HT, WT, BMI, whole-

body BMC, BMD, and 

soft tissue composition 

 

ActiGraph 

accelerometer (1 week 

at baseline) 

 

Pedometer for 

experimental group 

Physical activity log-

book 

 

Goal tracking 

spreadsheet 

Experimental group demonstrated significant 

improvements in whole-body BMC and BMD, 

compared to controls (p<0.05).  

 

Experimental group demonstrated non-

significant improvements in percent body fat, 

whole-body fat mass (p=.05), whole-body lean 

tissue mass, and BMI, compared to controls 

(p>0.05).  

 

Attrition=12.2% 

SAE= Not reported 

Intervention adherence= Not reported 

Recruitment rate=10.7% 
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Authors 

Year 

 

 

Sample 

Setting/Location 

Intervention Main Outcome 

Measures 

 

Measurement time 

points 

Results 

 

Measurement time 

points 

Baseline and 6-month 

data collected 

 

Authors 

 

Motl, R., Dlugonski, D., 

Wojcicki T., McAuley 

E., Mohr, D.  

 

Year 

 

2011 

Sample 

 

Individuals with MS 

 

Female=90% 

Mean age=46 years 

Caucasian=Not 

reported 

PDDS mean=2 

 

RRMS=54 

 

Disease duration 

mean=7.7 years 

 

Setting 

 

Internet delivered 

intervention; North 

America 

 

Experimental Group (n=27) 

 

Study website addressing 

SCT concepts and physical 

activity 

(4 modules) 

 

Twice weekly web-based 

chat sessions 

 

Ongoing participant forum 

 

Control Group (n=27) 

 

Waitlist 

Person 

EXSE 

MOESS 

 

Behavior 

EGS 

GLTEQ 

 

Environment 

LL-FDI 

 

Symptoms 

PDDS 

 

Pedometer 

 

Measurement time 

points 

Baseline and 3-month 

data collected 

Experimental group reported a significant within 

group increase in physical activity and goal 

setting (p<0.05)). 

 

Experimental group reported non-significant 

improvements in self-efficacy, physical outcome 

expectations, social outcome expectations, self-

evaluative outcomes, and functional limitations 

(p>0.05).  

 

Goal setting mediated physical activity and 

predicted change in physical activity explaining 

38% of the variance.  

 

Changes in physical activity in the experimental 

group were significantly associated with baseline 

goal setting, self-evaluative outcome 

expectations, and disease severity (p<0.05).  

 

Attrition=11.2% 

SAE=Non reported. Assessed in chat room.  

Intervention adherence=71% logged into site 

weekly. Participants logged in an average of 8.6 

of the 12 weeks.  

Recruitment rate=18% 
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5xSTS=5 Times Sit to Stand, 6MWT=Six-minute Walk Test, ABC=Activities Balance Confidence Scale, BMC=Bone Mineral Content, BMD=Bone Mineral 

Density, BMI=Body Mass Index, EBBS=Exercise Benefits and Barriers Scale, EDDS=Expanded Disability Status Scale, EG=Exercise Goal Setting and 

Planning Scale (Goal Setting Component), EGS=Exercise Goal-setting Scale, EP=Exercise Goal Setting and Planning Scale (Planning Component), 

EXSE=Exercise Self-Efficacy Scale, FSS=Fatigue Severity Scale, GLTEQ=Godin Leisure-Time Exercise Questionnaire, HADS=Hospital Anxiety and 

Depression Scale, HR-QOL=Health-Related Quality of Life, HT=Height, IPAQ=International Physical Activity Questionnaire, LL-FDI=Late-Life Function and 

Disability Instrument, LMSQOL=Leeds MS Quality of Life Scale, mCAFT=Modified Canadian Aerobic Fitness Test, MFIS=Modified Fatigue Impact Scale, 

MOESS=Multidimensional Outcome Expectations for Exercise Scale, MPQ=McGill Pain Questionnaire, MS=Multiple Sclerosis, MSIS-29=Multiple Sclerosis 

Impact Scale, MSWS=Multiple Sclerosis Walking Scale, PDDS=Patient Determined Disease Steps Scale, PPMS=Primary Progressive Multiple Sclerosis, 

PSQI=Pittsburgh Sleep Quality Index, RCT=Randomized Controlled Trial, RRMS=Relapsing-Remitting Multiple Sclerosis, SDMT=Symbol Digit Modalities 

Test, SFMPQ=Short-Form McGill Pain Questionnaire, SPMS=Secondary Progressive Multiple Sclerosis, SPS=Social Provision Scale, SSES=Social Support and 

Exercise Survey, TUG=Timed UP and Go, WT=Weight 
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APPENDIX B: 

A REVIEW OF THE SUN-STYLE TAI CHI LITERATURE 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Authors 

Cho, J., Lee, E., 

Lee, M. 

 

Year 

2017 

 

Study Type 

QE, non-

randomized 

preference trial 

Sample 

Individuals with OAB 

(age>50) 

 

Female=100% 

Mean age=65 

 

Setting 

 

Community setting; 

South Korea 

 

Experimental Group 

(n=48) 

 

20-form Sun- and 

Yang-style 

 

Group practice: 

Twice weekly, 60 

minutes, 12 weeks 

 

Home practice: 3 

times weekly, 30 

minutes, 12 weeks 

 

Control group (n=34) 

Wait-list 

 

Physical 

Severity of OAB 

symptoms=OAB-q 

 

Psychosocial 

Quality of Life=OAB-q 

 

Other 

ANS activity=HRV 

 

 

Measurement time points 

Baseline, 12 weeks 

Tai Chi group had significant improvements in urinary 

urgency, urgency incontinence, coping, concern/worry, and 

social interaction, compared to controls (p<0.05) 

 

Tai Chi group had non-significant improvements in urinary 

frequency, nocturia, sleep, and ANS activity, compared to 

controls (p>0.05) 

 

Attrition=37% Tai Chi group, 26% control group 

SAE=Not reported 

Adherence=Not reported 

Authors 

Son, N., Ryu, 

Y., Jeong, H., 

Jang, Y., Kim, 

H. 

 

Year 

2016 

 

Study Type 

RCT 

Sample 

Elderly female 

individuals (age>65) 

 

Female=100% 

Mean age=72 

 

Setting 

2 community centers; 

South Korea 

Experimental Group 

(n=26) 

 

21-form Sun-Style 

 

Twice weekly, 60 

minutes, 12 weeks 

 

Control group (n=24) 

 

Otago exercise 

program 

 

Twice weekly, 60 

minutes, 12 weeks 

Physical 

Strength=5xSTS, 30s STS 

 

Balance=TUG, OLS, FR 

 

Gait=gait velocity, step 

length, step width, stride 

time, cadence 

 

Measurement time points 

Baseline, 12 weeks 

Tai Chi group had significant improvements in one-leg 

standing, increased stride length, step width, and faster gait 

velocity, compared to Otago group (p<0.05) 

 

Otago group had significant improvements in timed up and 

go, functional reach, 5 times standing test, 30 second sit to 

stand, increased cadence, and stride time, compared to Tai 

Chi group (p<0.05) 

 

Both groups had significant within group improvements in 

TUG, OLS, 5xSTS, 30s STS, cadence, stride time, and gait 

velocity (p<0.05) 

 

Tai Chi group had significant within group improvements in 

step length (p<0.05) 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

  

Otago group had significant within group improvements in 

functional reach (p<0.05) 

 

Both groups had non-significant within group improvements 

in step-width (p>0.05).  

 

Attrition=10% 

SAE=None 

Adherence=Not reported 

 

Authors 

Tsai, P., Chang, 

J., Beck, C., 

Kuo, Y., Keefe, 

F.  

 

Year 

2015 

 

Study type 

Randomized 

Cluster 

Trial  

 

Secondary data 

analysis 

 

Sample 

Elderly individuals 

with knee 

osteoarthritis and 

cognitive impairment 

(age>60) 

 

Female=72.7% 

Mean age=78.9 

 

Setting 

Eight sites, 2 senior 

centers, 6 senior 

residential facilities; 

Arkansas, USA 

 

 

Experimental Group 

(n=28) 

 

12-form Sun-Style 

 

Three times weekly, 

20-40 minutes, 20 

weeks 

 

Control group (n=27) 

 

Attention control 

education classes 

 

Three times weekly, 

20-40 minutes, 20 

weeks 

 

Physical 

Pain=VDS 

 

Observed pain 

behaviors=10-minute 

video (sitting, standing, 

walking, reclining) 

 

Other 

Analgesic intake 

 

Measurement time points 

Assessed at baseline, 

week 5, week 9, Week 13, 

week 17, week 21 (post-

intervention) 

Tai Chi group had significant improvements in self-report 

pain, compared to controls (p<0.05) 

 

Tai Chi group had non-significant improvements in observed 

pain behaviors and analgesic intake, compared to controls 

(p>0.05) 

 

Attrition=Not reported 

SAE=Not reported 

Adherence=Not reported 

Authors 

Leung, R., 

McKeough Z., 

Sample 

Individuals with 

COPD 

 

Experimental Group 

(n=23) 

 

21-form Sun-Style 

Other 

Experiences and 

perceptions of Tai Chi 

Tai Chi improved breathing among 35% of participants (n=8) 

and improved physical and psychological wellbeing among 

43% of participants (n=10) 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Peters, M., 

Alison, J.  

 

Year 

2015 

 

Study type 

Qualitative 

 

 

Female=43% 

Mean age=74 

 

Individuals that 

completed >8weeks 

training 

 

Setting 

Hospital setting; 

Sydney, Australia 

 

Group practice: 

Twice weekly, 60 

minutes, 12 weeks 

 

Home practice: 5 

time weekly, 30 

minutes, 12 weeks 

(DVD) 

 

practice captured with a 

VAS instrument (0-100) 

 

Measurement time points 

Completed after final 

session 

Participants reported Tai Chi was enjoyable (mean=88) Tai 

Chi was helpful for physical fitness (77), flexibility (75), 

balance (78), shortness of breath during activity (69), and 

relaxation (79). 

 

DVD was helpful for home practice (88), booklet was helpful 

(83), continue Tai Chi (83), average daily practice at home 

(79) 

 

Attrition=All invited completed the survey.  

SAE=Not reported 

Adherence=21 completed 12 weeks, 1 completed 11 weeks, 1 

completed 8- weeks=97.9% 

 

Authors 

Day, L., Hill, K., 

Stathakis, V., 

Flicker, L., 

Segal, L., 

Cicuttini, F., 

Jolley, D. 

 

Year 

2015 

 

Study type 

RCT 

 

Secondary data 

analysis 

 

Sample 

Preclinically disabled 

community dwelling 

older adults (age>70) 

 

Female=69.7% 

Mean age=77.7  

 

Setting 

Retirement villages, 

community venues; 

Sydney, Australia 

 

Experimental Group 

(n=253) 

 

46-form Sun-Style 

 

Twice weekly, 60 

minutes, 24-48 weeks 

 

Control group 

(n=250) 

Seated flexibility 

exercise 

 

Twice weekly, 60 

minutes, 24-48 weeks 

 

Physical 

Self-reported falls= 

monthly calendar, 

postcards, telephone 

follow up 

 

Falls in previous year 

 

Measurement time points 

Assessed at 24 and 48 

weeks 

TC group reported fewer falls (n=58) in first 24 weeks, 

compared to controls (n=53), (p=0.71) 

 

TC group reported fewer fells (n=99) over 48 weeks, 

compared to controls (n=112), (p-value not reported) 

 

TC group reported fewer falls resulting in injury at 24 weeks 

(n=25), compared to controls (n=28), (p=0.875) 

 

TC group reported fewer falls resulting in injury at 48 weeks 

(n=49), compared to controls (n=69), (p=0.876) 

 

Attrition 24/48weeks TC group=28.5/34.8% 

Attrition 24/48weeks control group= 28.8/38.4% 

SAE=Not reported 

Adherence TC group 24/48weeks= 53.8/35.8% 

Adherence control group 24/48 weeks=57.1/40.6% 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Authors 

Tsai, P., Chang, 

J., Beck, C., 

Kuo, Y., Keefe, 

F.  

 

Year 

2013 

 

Study type 

Randomized 

Cluster Trial 

 

Sample 

Elderly individuals 

with knee 

osteoarthritis and 

cognitive impairment 

(age>60) 

 

Female=72.7% 

Mean age=78.9 

 

Setting 

Eight sites, 2 senior 

centers, 6 senior 

residential facilities; 

Arkansas, USA 

 

Experimental Group 

(n=28) 

 

12-form Sun-Style 

 

Three times weekly, 

20-40 minutes, 20 

weeks 

 

Control group (n=27) 

 

Attention control 

education classes 

 

Three times weekly, 

20-40 minutes, 20 

weeks 

  

Physical 

Pain, Stiffness, physical 

functioning= WOMAC 

 

Mobility=GUG 

 

Strength=STS 

 

Cognitive 

Cognitive 

function=MMSE 

 

Measurement time points 

Assessed at baseline, 

week 5, week 9, Week 13, 

week 17, week 21 (post-

intervention) 

 

Tai Chi group had significant improvements in pain, stiffness, 

and physical functioning, compared to controls (p<0.05) 

 

Tai Chi group had non-significant improvements in mobility, 

strength, and cognitive function, compared to controls 

(p<0.05) 

 

Attrition=18% 

SAE=None 

Adherence=Not reported 

Authors 

Leung, R., 

McKeough, Z., 

Peters, M., 

Alison, J.  

 

Year 

2012 

 

Study type 

RCT 

 

Sample 

Individuals with 

COPD 

 

Part A 

Female=36% 

Mean age=73 

 

 

Part B 

Female=53% 

Mean age=75 

 

Setting 

Part A  

Experimental Group 

(n=22) 

21-form Sun-Style 

 

Group practice: 

Twice weekly, 60 

minutes, 12 weeks 

 

Home practice: 5 

times weekly, 30 

minutes, 12 weeks 

(DVD) 

 

Control group (n=20) 

Part A 

Physical 

Exercise capacity= ISWT 

and ESWT 

 

Balance, Physical 

performance, & 

Quadriceps 

strength=MPPB 

 

Self-reported difficulty in 

functional 

performance=FPI 

 

Psychosocial 

Part A 

 

Tai Chi group had significant improvements in exercise 

capacity, physical performance, strength, HRQoL, anxiety, 

and functional performance, compared to controls (no p-

values reported, CI reported) 

 

Tai chi group had non-significant improvements in ESWT 

dyspnea at isotime, anterior-posterior sway in semi-tandem, 

and depression.  

 

Attrition=9.5% 

SAE=None 

Class Adherence=91% 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Hospital setting; 

Sydney, Australia 

 

Usual care  

 

Part B 

15 minutes Sun-Style 

Tai Chi (n=15) 

HRQoL, Anxiety, & 

Depression=CRQ and 

HADS 

 

Measurement time points 

Baseline, 12 weeks 

 

Part B 

Physical 

Exercise intensity=VO2, 

VCO2, tidal volume, 

breathing frequency, 

minute ventilation, 

oxygen saturation, heart 

rate 

 

At rest and during ISWT 

and SSTC practice 

 

Measurement time points 

Once at end of study 

 

Home Adherence=4±1 day per week, 27±10 minutes per 

day=90% 

 

Part B 

 

VO2 Reserve=53±18% 

Authors 

Day, L., Hill, K., 

Jolley, D., 

Cicuttini, F., 

Flicker, L., 

Segal, L. 

 

Year 

2012 

 

Study type 

Sample 

Preclinically disabled 

community dwelling 

older adults (age>70) 

 

Female=68% 

Mean age=77.7 

 

Setting 

Experimental Group 

(n=253) 

 

46-form Sun-Style 

 

Twice weekly, 60 

minutes, 24-48 weeks 

 

Control group 

(n=250) 

 

Physical 

Musculoskeletal 

impairment and physical 

activity 

difficulty=WOMAC 

 

Neurological 

impairment=postural 

sway, single leg stand 

 

Tai Chi group and control group had nonsignificant 

improvements in physical function, disability, 

musculoskeletal impairments, neurological impairments, 

cardiovascular impairments, functional limitations, and 

depression,  

post intervention (p>0.05) 

 

Attrition control group=25% 

Attrition intervention group=31.6% 

SAE=6, 1 fall during single leg stand test, 3 angina episodes, 

1 dizziness, 1felt unwell during class 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

RCT Retirement villages, 

community venues; 

Sydney, Australia 

 

Seated flexibility 

exercise 

 

Twice weekly, 60 

minutes, 24-48 weeks 

Cardiovascular 

impairment=HR, BP, 6-

minute walk 

 

Functional 

limitations=TUG, timed 

chair stands, 6-minute 

walk distance, stair 

climbing, BBS turning 

movements 

 

Psychosocial 

Depression=BDI 

 

Social Cognitive 

Physical function and 

disability=LLFDI 

 

Measurement time points 

Baseline, 24 weeks 

 

Adherence control group=57.1% 

Adherence intervention group=53.8% 

Authors 

Chang, J., Tsai, 

P., Beck, C., 

Hagen, J., 

Cooley, D., 

Anand, K., 

Roberson, P., 

Rosengren, K., 

Beuschler, L.  

 

Year 

2011 

Sample 

Cognitively impaired 

elders  

 

Female=91% 

Mean age=85 

 

Setting 

Unknown setting; 

Arkansas, USA 

Experimental group 

(n=11) 

 

12-form Sun-Style 

 

Twice weekly, 20-40 

minutes, 15 weeks 

 

Control group  

None 

Cognitive 

Cognitive 

function=MMSE, DSC, 

DS, SCW, HVL-IR, 

HVL-DR 

 

Other 

Accuracy of Tai Chi 

performance 

 

Attendance=sessions, 

minutes 

Performance accuracy (mean=28% ± 22%) was significantly 

associated with minutes of attendance, (r=0.83, p<0.01) 

 

No significant changes in cognition, post intervention 

(p>0.05) 

 

Individuals that attended class regularly (24-29 sessions) had 

stable MMSE and increase in Digit Symbol Coding scores, 

compared to individuals with low attendance (< 4 sessions), 

(p<0.05) 

 

Attrition=Not reported 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

 

Study type 

QE 

 

 

Measurement time points 

Baseline, 15 weeks 

SAE=Not reported 

Adherence= Average session attendance=20 ± 12=66.6% 

Average minutes attendance=768 ± 458 

 

Authors 

Song, R., 

Roberts, B., Lee, 

E., Lam, P., Bae, 

S. 

 

Year 

2010 

 

Study type 

RCT 

 

Sample 

Individuals with 

Osteoarthritis (>55) 

 

Female=100% 

Mean age=62 

 

Setting 

Community setting; 

South Korea  

Experimental group 

(n=41) 

31-form Sun-Style 

with Qigong 

breathing exercises 

 

Group practice: 

Twice weekly, 45-65 

minutes, 3 weeks 

 

Once weekly, 45-60 

minutes, weeks 4 to 

26 

 

Home practice: 20 

minutes daily 

 

Control group (n=41) 

 

Education class 

 

2 hours monthly, 6 

months 

 

Physical 

Knee muscle strength and 

endurance  

 

Bone mineral 

density=DEXA 

 

Other 

Fear of falling=AFFE 

 

Measurement time points 

Baseline, 6 months 

Tai Chi group had significant improvements in knee extensor 

endurance, bone mineral density (Neck’s, Ward’s triangle, 

and Trochanter), and fear of falling, compared to controls 

(p<0.05) 

 

Tai Chi group had nonsignificant improvements in knee 

flexor endurance, knee flexor strength, and knee extensor 

strength, compared to controls (p>0.05) 

 

Attrition=20.7% 

SAE=Not reported 

Tai Chi adherence=93.2% 

Control adherence=95.7% 

Authors 

Au-Yeung, S., 

Hui-Chan, C., 

Tsang, J. 

 

Sample 

Individuals with 

chronic stroke (>6 

months from stroke) 

 

Experimental group 

(n=74) 

12-form Sun-Style 

 

Group practice:  

Physical 

Dynamic standing 

balance=Limits of 

Stability test 

 

Tai Chi group experienced significant improvements in 

reaction time, COG excursion amplitude, and vestibular 

integration for balance control, compared to controls (p<0.05) 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Year 

2009 

 

Study type 

RCT 

Female=42% 

Mean age=65 

 

Setting 

Multiple community 

centers and day care 

centers; Hong Kong, 

China 

 

Once weekly, 60 

minutes, 12 weeks 

 

Home practice: 

3 times weekly, 60 

minutes, 12 weeks 

 

Control group (n=62) 

Breathing and 

stretching exercises, 

education sessions 

 

Group practice: 

Once weekly, 60 

minutes, 12 weeks 

 

Home practice:  

3 times weekly, 60 

minutes, 12 weeks 

 

Standing 

equilibrium=Sensory 

Organization test 

 

Mobility=TUG 

 

Measurement time points 

Baseline, 6 weeks, 12 

weeks, 18 weeks 

Tai Chi group experienced non-significant improvements in 

mobility, compared to controls (p>0.05) 

 

Attrition=20.5% 

SAE=not reported 

Class adherence=93.8% 

Home practice control group mean=3.6 hours/weekly 

Home practice TC group mean=3 hours/weekly 

Home practice control group week 12-18 mean=3.5 

hours/weekly 

Home practice TC group week 12-18 mean=2.3 hours/weekly 

Authors 

Song, R., Ahn, 

S., Roberts, B., 

Lee, E., Ahn, Y.  

 

Year 

2009 

 

Study type 

QE 

Sample 

Individuals with type 

II DM for greater than 

12 months 

(HbA1c>6.0) 

 

Female=80.6% 

Mean age=64 

 

Setting 

6 health promotion 

centers; South Korea 

Experimental group 

(n=99) 

 

Adherent group 

(n=62) 

Non-adherent group 

(n=31) 

 

19-forms Yang- and 

Sun-Style 

 

Group practice: 

Psychosocial 

SF-36 

 

Biomarkers 

Fasting BS 

 

HbA1C 

 

Other 

Diabetic self-care 

activities (7-items)  

 

Measurement time points 

Adherent group had significant within group improvements in 

fasting BS, HbA1C, and diabetic self-care activities, 

compared to non-adherent individuals (p<0.05) 

 

Adherent group had significant improvements on SF-36 in 

mental component summary, social functioning, mental 

health, and vitality, compared to non-adherent individuals 

(p<0.05) 

 

Adherent group had non-significant improvements on SF-36 

in physical component summary, physical functioning, role-

physical, role-emotional, bodily pain, and general health, 

compared to non-adherent individuals (P>0.05) 



 

 

 

 

162 

Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Twice weekly, 60 

minutes, 26 weeks 

 

Home practice:  

3 times weekly, 20 

minutes, 26 weeks 

 

Control group 

None 

 

Baseline, 3-month, & 6-

month 

 

Attrition=37.4% 

SAE=Not reported 

Adherence=50% (adherence defined as individuals 

completing 80% of sessions) 

62 individuals included in final analysis (31 adherent, 31 non-

adherent) 

 

Home practice adherence not reported 

 

Authors 

Tsai, P., Beck, 

C., Chang, J., 

Hagen, J., Kuo, 

Y., Roberson, 

P., Rosengrean, 

K., Beuscher, L., 

Doan, C., 

Anand, K.  

 

Year 

2009 

 

Study type 

QE 

Sample 

Cognitively impaired 

elders with knee 

osteoarthritis 

 

Female=87.5% 

Mean age=83 

 

Setting 

4 long-term care 

facilities; Arkansas, 

USA 

 

Experimental Group 

(n=7) 

 

12-form Sun-Style 

 

Twice weekly, 20-40 

minutes, 15 weeks 

 

Control Group 

None 

Physical 

Bodily pain=SF-36 

 

Measurement time points 

Baseline, 15 weeks 

 

Other 

Attendance sheets = 

number of sessions and 

minutes attended 

 

Accuracy of 

performance=video 

tape at post-test 

 

Measurement time points 

15 weeks (post-

intervention)  

No significant change in pain, post intervention (p=.74) 

 

Change in pain scores and attendance minutes were 

significantly associated (r=.78; p<.05) 

 

Change in pain scores and number of sessions attended were 

not significantly associated (r=.64; p=.12) 

 

Change in pain scores and accuracy of performance was not 

significantly associated (r=.70; p=.08) 

 

Performance score mean=19±18% (range=0-53%) 

 

Attrition=25% 

SAE=Not reported 

Adherence: Attendance mean=17±14 

(range=0-29) =56.7% 

 

Attendance minutes mean=618±503 (range=0-1130) 

 

Authors 

Fransen, M., 

Nairn, L., 

Sample Experimental Groups 

Tai Chi group (n=56) 

24-form Sun-Style 

Physical 

Pain and physical 

function=WOMAC 

84% of participants identified the knee joint as most painful 

 

12 weeks 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Winstanley, J., 

Lam, P., 

Edmonds, J. 

 

Year 

2007 

 

Study type 

RCT 

Individuals with hip 

or knee osteoarthritis 

(age 59-85) 

 

Female=73.7% 

Mean age=70 

 

Setting 

Hospital setting; 

Sydney, Australia 

 

 

Twice weekly, 60 

minutes, 12 weeks 

 

Hydrotherapy group 

(n=55) 

 

Twice weekly, 60 

minutes, 12 weeks 

 

Control group (n=41) 

Wait list 

 

 

General health status 

(physical and mental 

component) =SF-12 

 

Physical 

performance=Timed 50-

foot walk test, stair climb 

test, TUG 

 

Psychosocial 

Psychological well-

being=DASS21 

 

Other 

Treatment effectiveness 

for joint=5-point scale 

 

Current status of joint=5-

point scale 

 

Measurement time points 

Baseline, 12 weeks, 24 

weeks 

Tai Chi group and hydrotherapy group had significant 

improvements in pain, physical function, and timed stair 

climb (no p-values reported) 

 

Tai Chi group and hydrotherapy group had nonsignificant 

improvements in general mental health.  

 

Hydrotherapy group had significant improvements in general 

physical health, psychological wellbeing, and physical 

performance 

 

Hydrotherapy group had significant improvements in pain, 

general physical health, and physical performance, compared 

to controls 

 

27 participants were treatment responders with greater than 

50% improvement in pain or physical function.  

 

37 participants reported improvements in joint pain 

24 weeks 

Significant improvements at 12 weeks were maintained.  

 

55 participants were treatment responders at 12 weeks. 39 

were treatment responders at 24 weeks 

 

Attrition 12 weeks=7% 

Attrition 24 weeks=12% 

SAE=11 SAE’s requiring hospitalization. No SAE’s occurred 

during class. 2 withdrew due to low back pain exacerbated by 

Tai Chi and hydrotherapy.  

Tai Chi adherence=61% attended more than 50% of classes 

Hydrotherapy adherence=81% attended more than 50% of 

classes 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Authors 

Song, R., Lee 

E., Lam, P., Bae, 

S. 

 

Year 

2007 

 

Study type 

RCT 

Sample 

Individuals with 

osteoarthritis (age>55) 

 

Female=100% 

Mean age=63 

 

Setting 

Community setting, 

University classroom; 

South Korea 

Experimental Group 

(n=38) 

12-form Sun-Style 

 

Class practice: Three 

times weekly, 

unknown minutes, 2 

weeks 

Then, once weekly, 

unknown minutes, 10 

weeks (12 weeks 

total in class) 

 

Home practice: Three 

to four times weekly, 

unknown minutes, 

last 10 weeks 

 

Control group (n=34) 

Usual care 

 

Physical 

Arthritis symptoms= K-

WOMAC 

 

Other 

Motivation=MSHB 

 

Emotional salience 

 

Health behaviors=HBS 

 

Social Cognitive 

Perceived self-efficacy 

 

Perceived 

benefits/barriers 

 

Measurement time points 

Baseline, 12 weeks 

 

Tai Chi group experienced significantly less pain, less 

stiffness, more perceived benefits, and performed more diet 

and stress management health behaviors, compared to 

controls (P<0.05) 

 

Tai Chi group experienced non-significant improvements in 

self-efficacy, perceived barriers, emotional salience, health 

responsibility, exercise, and smoking cessation, compared to 

controls (P>0.05) 

 

Attrition=41% 

SAE=No exercise related injuries 

Adherence=Not reported 

Authors 

Voukelatos, A., 

Cumming, R., 

Lord, S.  

 

Year 

2007 

 

Study type 

RCT 

Sample 

Healthy community 

dwelling older adults 

(age>60) 

 

Female=84% 

Mean age=69 (range 

=60-96) 

 

 

Setting 

Experimental Group 

(n=353) 

 

38 community-based 

classes 

Sun-Style (83%) 

Mixed-styles (14%) 

Yang-style (3%) 

 

Once weekly, 60 

minutes, 16 weeks 

 

Physical 

Falls=Falls calendar 

 

Balance=Sway (floor and 

foam rubber mat), lateral 

stability, leaning balance, 

coordinated stability, 

stepping reaction time 

 

Measurement time points 

Falls=16 weeks, 24 weeks 

 

Tai Chi group had significantly lower number of falls at 24 

weeks (p<0.05), but not at 16 weeks, compared to controls 

(p>0.05).  

 

Tai Chi group had significantly improved sway (floor and 

foam rubber mat), lateral stability, coordinated stability, and 

stepping reaction time, compared to controls (p<0.05) 

 

Tai Chi group had nonsignificant improvements in leaning 

balance, compared to controls (p>0.05).  

 

Balance attrition=25% 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

24 community-based 

centers (22 

instructors); Sydney, 

Australia 

 

Control group 

(n=349)  

24-week wait list  

 

Balance=Baseline, 16 

weeks 

Falls attrition=3.6% 

SAE=Not reported 

Adherence=71% 

 

58.6% of participants attended at least 81.25% of classes.  

 

78.8% attended at least 50% of classes 

 

Author 

Carpenter, J. 

 

Year  

2006 

 

Study type 

Mixed Methods 

 

(Facilities 

randomized) 

 

Sample 

Individuals with 

knee/hip osteoarthritis 

(age>60) 

 

Female=81.5% 

Mean age=81.3 

Age range=70-94 

 

Setting 

Five retirement 

facilities; Kansas, 

USA 

 

Experimental Group 

(n=15) 

12-form Sun-Style 

 

Class practice: 

Three times weekly, 

50 minutes, 2 weeks 

 

Twice weekly, 50 

minutes, 6 weeks 

 

Home practice:  

Twice weekly, 

unknown minutes, 2 

weeks 

 

Three times weekly, 

unknown minutes, 6 

weeks 

 

Control group (n=15) 

Usual activities 

 

Physical 

Physical function, pain, 

stiffness= WOMAC 

 

Qualitative data:  

Baseline: Expectations of 

Tai Chi 

 

8 weeks: Experience of 

Tai Chi practice 

 

Measurement time points 

Baseline, 8 weeks 

Tai Chi group had a significant improvement in physical 

function, compared to controls (p<0.05) 

 

Tai Chi group had non-significant improvements in pain and 

stiffness, compared to controls (p>0.05) 

 

Baseline themes included “anticipation of benefits” and “hope 

for benefit”  

 

Post-intervention themes include “modifier of symptoms” and 

“mediator of change” 

 

Attrition=20% 

SAE=One individual in Tai Chi group started pain meds 

unrelated to arthritis. Two individuals in control group started 

pain therapy. One in control group started chiropractic 

therapy.  

Adherence=75% 

Authors Sample Experimental Group 

(n=29) 

Physical Tai Chi group experienced significant improvements in knee 

and ankle muscles strength, balance with eyes open, 
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Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Choi, J., Moon, 

J., Song, R.  

 

Year 

2005 

 

Study type 

Randomized 

Cluster Trial 

Institutionalized older 

adults (age>60) 

 

Female=75% 

Mean age=77.8 years 

(range=61-91) 

 

Setting 

2 older adult facilities; 

South Korea 

 

12-form Sun-Style 

 

Three times weekly, 

35 minutes, 12 weeks 

 

Control group (n=30) 

Usual activities 

Physical fitness= knee 

and ankle muscle 

strength, balance, 

flexibility, mobility 

 

Falls 

 

Social Cognitive 

Fall avoidance efficacy 

 

Measurement time points 

Baseline, 12 weeks 

 

flexibility, mobility, and falls avoidance efficacy, compared 

to controls, (p<0.05) 

 

Tai Chi group experienced nonsignificant improvements in 

balance with eyes closed and falls, compared to controls 

(p>0.05) 

 

Attrition=13.2% 

SAE=Not reported 

Adherence=80.3% 

Authors 

Song, R., Lee, 

E., Lam, P., Bae, 

S. 

 

Year 

2003 

 

Study type 

RCT 

Sample 

Individuals with 

Osteoarthritis 

(age>55) 

 

Female=100% 

Mean age=63 

 

Setting 

Outpatient arthritis 

clinic; South Korea  

 

 

 

Experimental group 

(n=38) 

 

12-form Sun-Style 

 

Class practice: 

Three times weekly, 

minutes not provided, 

2 weeks 

 

Then, once weekly, 

minutes not provided, 

10 weeks  

 

Home practice: 

Three times weekly, 

20 minutes, last 10 

weeks 

 

Control group (n=34) 

Physical 

Pain, stiffness, physical 

functioning=K-WOMAC 

 

Balance, flexibility, 

upper, lower, and 

abdominal muscle 

strength=TKK 

 

Lower body 

strength=isokinetic 

dynamometer 

 

Cardiovascular 

functioning=bicycle 

ergometer 

 

Measurement time points 

Baseline, 12 weeks 

Tai Chi group had significant improvements in joint pain, 

joint stiffness, physical functioning, balance, and abdominal 

muscle strength, compared to controls (p<0.05) 

 

Tai Chi group had non-significant improvements in upper and 

lower body strength, flexibility, BMI, and cardiovascular 

functioning, compared to controls (p>0.05)  

 

Attrition=41% 

SAE=None, slight soreness of knee and leg muscles during 

the first week 

Adherence=Not reported 



 

 

 

 

167 

Authors 

Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time 

points  

Results 

Usual care  

5xSTS=Five Times Sit to Stand, 30s STS=30-Second Sit-to-Stand, ADL=Activities of Daily living, AFFE=Activities and Fear of Falling in the Elderly, 

ANS=Autonomic Nervous System, BBS=Berg Balance Scale, BDI=Beck Depression Inventory, BP=Blood Pressure, BS=Blood Sugar, COG=Center of Gravity, 

COPD=Chronic Obstructive Pulmonary Disease, CRQ=Chronic Respiratory Disease Questionnaire, DASS21=Depression, Anxiety, and Stress Scale, 

DEXA=Dual-Energy X-ray Absorptiometry, DM=Diabetes Mellitus, DS=Digit Span, DSC=Digit Symbol Coding, ESWT=Endurance Shuttle Walk Test, 

FPI=Functional Performance Inventory, FR=Functional Reach, GUG=Get up and Go Test, HADS=Hospital Anxiety and Depression Scale, HbA1c=Hemoglobin 

A1C, HBS=Health Behavior Scale, HR=Heart Rate, HRQoL=Health Related Quality of Life, HRV=Heart Rate Variability, HVL-DR=Hopkins Verbal Learning 

Delayed Recall, HVL-IR=Hopkins Verbal Learning Immediate Recall, ISWT=Incremental Shuttle Walk Test, K-WOMAC=Korean Western Ontario and 

McMaster Universities Osteoarthritis Index, LLFDI=Late Life Function and Disability Instrument, MMSE=Mini Mental Status Exam, MPPB=Modified Physical 

Performance Battery, MSHB=Motivation Scale for Health Behavior, OAB=Overactive Bladder, OAB-q=Overactive Bladder Questionnaire, OLS=One Leg 

Standing Test, QE=QuasiExperimental, RCT=Randomized Controlled Trial, SAE=Serious Adverse Events, SCW=Stroop Color and Word, STS=Sit-to-Stand 

Test, TKK= Takei Kiki Kogyo, TUG=Timed Up and Go, VAS=Visual Analog Scale, VDS=Verbal Descriptor Scale, WOMAC= Western Ontario and McMaster 

Universities Osteoarthritis Index 
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APPENDIX C: 

A REVIEW OF THE SEATED TAI CHI LITERATURE 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

Authors 

Hsu, C., Moyle, W., Cooke, 

M., Jones, C.  

 

Year 

2016 

 

Study design 

RCT 

Sample 

Individuals living in long-

term care that use 

wheelchairs for mobility 

(age>65) 

 

Female=63.3% 

Mean age=81.3 

(Age range 65-95) 

 

Setting 

One long-term care facility; 

Changhua, Taiwan 

Experimental group (n=30) 

 

12-form, Yang style 

Simplified Tai Chi Exercise 

Program (STEP) 

 

Three times weekly, 40 

minutes, 26 weeks 

 

Control group (n=30) 

 

Usual exercise and 

entertainment activities 

Psychosocial 

Mood states: overall, 

tension-anxiety, depression-

dejection, anger-hostility, 

vigor-activity, fatigue-inertia, 

confusion-bewilderment= 

POMS-SF 

 

Social Cognitive 

Self-efficacy=SEE 

 

Measurement time points 

Baseline, week 13, week 26 

Tai Chi group had significant 

improvements in Fatigue-

Inertia mood state and self-

efficacy for exercise at 26 

weeks, compared to controls 

(p<0.05) 

 

Tai Chi group had non-

significant improvements in 

all domains of mood states 

and self-efficacy for exercise 

at 13 weeks, compared to 

controls (P>0.05)  

 

Tai Chi group had non-

significant improvements in 

overall, tension-anxiety, 

depression-dejection, anger-

hostility, vigor-activity, and 

confusion-bewilderment at 

26 weeks, compared to 

controls (p>0.05) 

 

Attrition=11.7% 

SAE=Not reported 

Adherence=Not reported 

 

Authors 

Shem, K., Karasik, D., 

Carufel, P., Kao, M., Zheng, 

P.  

 

Year 

Sample 

Individuals with Spinal Cord 

Disorder  

 

Female=46% 

Mean age=49.8 

Experimental Group (n=26) 

 

20-form Tai Chi Chih 

 

Once weekly, 90 minutes, 12 

weeks 

Physical 

Pain=11-point VAS 

 

Psychosocial 

EWB, MD, PWB, SC=11-

point VAS 

Individuals reported 

improvements in pain, 

emotional sense of well-

being, mental distraction, 

physical sense of well-being, 

and spiritual connection 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

2016 

 

Study design 

QE 

Mean duration of injury=25 

years 

 

Setting 

Community setting; 

California, USA 

 

Control group 

None 

 

Measurement time points 

Measured at each class 

 

Physical  

Pain=BPI-SF 

 

Psychosocial 

Fatigue=MFIS 

 

Depression=BDI-II 

 

Measurement time points 

Baseline, 12 weeks 

 

following Tai Chi class 

(p<0.05). 

 

Individuals reported non-

significant improvements in 

pain, emotional sense of 

well-being, mental 

distraction, physical sense of 

well-being, spiritual 

connection, pain, fatigue, and 

depression at 12 weeks 

(p>0.05).  

 

Attrition=65% 

SAE=Radicular pain 

unrelated to Tai Chi practice 

(n=1) 

Adherence=9 individuals 

attended greater than 50% of 

sessions 

 

Authors 

Hsu, C., Moyle, W., Cooke, 

M., Jones, C.  

 

Year 

2015 

 

Study 

RCT 

Sample 

Individuals living in long 

term care that use 

wheelchairs for mobility 

(age>65) 

 

Female=63.3% 

Mean age=81.3 

Age range=65-95 

 

Setting 

One long term care facility; 

Changhua, Taiwan 

Experimental group (n=30) 

 

12-form, Yang style 

Simplified Tai Chi Exercise 

Program (STEP) 

 

Three times weekly, 40 

minutes, 26 weeks 

 

Control group (n=30) 

 

Usual exercise and 

entertainment activities 

Psychosocial 

Quality of life: overall, 

general health, physical 

health, psychological health, 

social relations, 

environment=WHOQOL-

BREF 

 

Depression=GDS-SF 

 

Measurement time points 

Baseline, 13 weeks, 26 

weeks 

Tai Chi group had significant 

improvements in depression 

and all dimensions of quality 

of life at 26 weeks, compared 

to controls (p<0.05) 

 

Tai Chi group had significant 

improvements in physical 

health, psychological health, 

and social relations at 13 

weeks, compared to controls 

(p<0.05) 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

 

 

Tai Chi group had non-

significant improvements in 

depression, overall quality of 

life, general health, and 

environment at 13 weeks, 

compared to controls 

(p>0.05) 

 

Attrition=11.7% 

SAE=None 

Tai Chi adherence=85.3%, 

76% of participants attended 

>80% of sessions 

Control adherence=93.2% 

 

Authors 

Lee, K., Hui-Chan, C., 

Tsang, W.  

 

Year 

2015 

 

Study design 

RCT 

Sample 

Older adults with limited 

walking ability 

 

Female=76.3% 

Mean age=84.8 

 

Setting 

Four residential facilities; 

Hong Kong, China  

 

Experimental group (n=29) 

 

12-form Yang-style sitting 

Tai Chi 

 

Three times weekly, 60 

minutes, 12 weeks 

 

Control group (n=30) 

 

Limbs mobilization exercise 

program 

 

Three times weekly, one 

hour, 12 weeks 

 

Physical 

Sitting balance=SWS, FR 

 

Eye-hand coordination= 

Reaction time, movement 

time, accuracy 

 

Measurement time points 

Baseline, 12 weeks 

Tai Chi group experienced 

significant improvements in 

weight shifting, forward 

reach, and eye-hand 

coordination accuracy, 

compared to controls 

(p<0.05) 

 

Tai Chi group experienced 

nonsignificant improvements 

in eye-hand coordination 

reaction time and movement 

time, compared to controls 

(p>0.05) 

 

Tai Chi attrition=3.4% 

Control group 

attrition=16.7% 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

SAE=1 individual with low 

back pain withdrew from Tai 

Chi group 

Adherence=Not reported 

 

Authors 

Tsang, W., Gao, K., Chan, 

K., Purves, S., Macfarlane, 

D., Fong, S. 

 

Year 

2015 

 

Study design 

QE (Preference study) 

Sample 

Individuals with Spinal Cord 

Injuries 

 

Female=45.4% 

Mean age=47.9 

 

Setting 

Community setting; Hong 

Kong, China 

Experimental group (n=11) 

 

12-form Yang-style sitting 

Tai Chi 

 

Group practice: 

Twice weekly, 90 minutes, 

12 weeks 

 

Home practice: 90 minutes 

weekly 

 

Control group (n=8) 

Educational talks, social 

activities 

 

Twice weekly, 90 minutes, 

12 weeks 

 

Physical 

Muscle handgrip 

strength=hand dynamometer 

 

Balance control=LOS 

(reaction time, maximum 

excursion, and directional 

control), SWS (total time, 

directional control) 

 

Psychosocial 

Quality of life=WHOQOL-

BREF 

 

Measurement time points 

Baseline, 12 weeks 

Tai Chi group had significant 

within group improvements 

in handgrip strength, reaction 

time, maximum excursion, 

and total time sequential 

weight shifting, post-

intervention (p<0.05) 

 

Tai Chi group had significant 

improvements in maximum 

excursion and sequential 

weight shifting, compared to 

controls (p<0.05) 

 

Tai Chi group and control 

group had non-significant 

within or between group 

improvements in quality of 

life, post intervention 

(p>0.05) 

 

 

Attrition=5.3% 

SAE=None 

Tai Chi adherence=90% 

Control adherence=87% 

Home practice 

adherence=100% 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

Authors 

Lane, S., Chun, S.  

 

Year 

2012 

 

Study design 

QE 

 

Sample 

Elderly individuals (age>65) 

 

Female=77% 

Age range=65-83 

 

Setting 

Long-term care facility; 

Unknown location 

 

Experimental group (n=28) 

 

43 “steps” Tai Chi Chair 

program, unknown style 

 

Twice weekly, 45 minutes, 5 

weeks 

 

9 sessions total 

 

Control group 

None 

 

Physical 

Shoulder flexibility= flexion, 

abduction 

 

Measurement time points 

Baseline, 6th session, 9th 

session 

Individuals experienced 

significant improvements in 

shoulder flexion and 

abduction at 6 weeks and 9 

weeks, (p<0.01) 

 

Attrition=21.4% 

SAE=Not reported 

Adherence=22 individuals 

completed all session 

 

Authors 

Cheung, S., Tsai, E., Fung, 

L., Ng, J.  

 

Year 

2007 

 

Study design 

QE (Two centers offered 

intervention; two centers 

offered usual care) 

Sample 

Individuals with lower-limb 

disability 

 

Female=64.1%  

Mean age=46 (age range=34-

63) 

 

21 wheelchair users 

18 walking aid users 

 

Setting 

Four community centers; 

Hong Kong, China 

 

Experimental group (n=22) 

 

25-forms, Wu-style Tai Chi 

Chuan 

 

Twice weekly, 60 minutes, 

15 weeks 

 

Control group (n=22) 

 

Usual care 

Physical 

Cardiovascular function=HR 

 

Pulmonary 

function=FEV1/FVC 

 

Shoulder range of 

motion=external rotation, 

extension, abduction 

 

Measurement time points 

Baseline, 15 weeks 

Tai Chi group had significant 

improvements in right 

shoulder external rotation, 

right shoulder extension, and 

left shoulder extension, 

compared to controls 

(p<0.05) 

 

Tai Chi group had non-

significant improvements in 

cardiovascular function, 

pulmonary function, left 

shoulder external rotation, 

right shoulder abduction, and 

left shoulder abduction, 

compared to controls 

(p>0.05) 

 

Attrition=11.4% 

SAE=Not reported 
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Authors Year 

Study Design 

Sample  

Setting/Location 

Intervention 

 

Main outcome measures 

 

Measurement time points  

Results 

Adherence=All participants 

attended >90% of sessions 

 
AP=Anteroposterior, BDI-II=Beck Depression Inventory-II, BPI-SF=Brief Pain Inventory-Short Form, COM=Center of Mass, COP=Centre of Pressure, EWB=Emotional Sense 

of Well-Being, FEV1/FVC=Forced Expiratory Volume in 1 second/Forced Vital Capacity, FR=Forward Reach, GDS-SF=Geriatric Depression Scale-Short Form, HR=Heart Rate, 

LOS=Limits of Stability, MD=Mental Distraction, MFIS=Modified Fatigue Impact Scale, ML=Mediolateral, POMS-SF=Profile of Mood States Short Form, PWB=Physical Sense 

of Well-Being, QE=Quasi-experimental, RCT=Randomized Controlled Trial, SAE=Serious Adverse Event, SC=Spiritual Connection, SEE=Self-Efficacy for Exercise, 

SWS=Sequential Weight Shifting, VAS=Visual Analog Scale, WHOQOL-BREF=World Health Organization’s Quality of Life Scale 
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APPENDIX D: 

THE UNIVERSITY OF ARIZONA INSTITUTIONAL REVIEW BOARD (IRB) APPROVAL 

LETTER 
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APPENDIX E: 

RECRUITMENT FLYER 
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Seated Tai Chi for Multiple Sclerosis: 
An invitation to participate in a research study 

 
This study will look at the feasibility and safety of a seated Sun-style 

program for individuals with MS (all levels of disability).   

Classes are one hour, twice weekly, over 12 weeks.  Offered at no 

cost at 3 locations in the greater Tucson area: 

• St. Paul’s United Methodist Church, 8051 E. Broadway Blvd 

(near Broadway and Pantano) 

• Resurrection Lutheran Church, 11575 N 1st Ave, (near First and 

Tangerine) 

• Casas Adobes Congregational Church, 6801 N. Oracle Road 

(near Ina and Oracle) 

***Call to determine your eligibility*** 

Emily Taylor, MS, RN, PhD Candidate 

520-203-3189 or etaylor2@email.arizona.edu 

An Institutional Review Board responsible for human subjects’ research at the University of 

Arizona reviewed this research project and found it to be acceptable, according to applicable 

state and federal regulations and University policies designed to protect the rights and welfare of 

participants in research.  IRB protocol 1807726312.  
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APPENDIX F: 

OPTIONAL RECRUITMENT SURVEY 
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Optional Recruitment Survey 

Exercise Self-Efficacy, Exercise Habits, and Barriers to Exercise among Individuals with 

Multiple Sclerosis 

Principal Investigator: Emily Taylor, MS, RN, PhD Candidate 

 

The purpose of this survey is to explore your interest in participating in a seated Tai Chi 

intervention study. 

 

If you choose to take part, you will be asked to answer questions about your beliefs in your 

ability to perform exercise, weekly exercise habits, exercise barriers, and interest in participating 

in a seated Tai Chi study. It will take approximately 30 minutes to complete this survey. There 

are no foreseeable risks associated with participating and you will receive no immediate benefit 

from your participation. Please consider adding to the state of the knowledge of this important 

topic by participating in this survey. Survey responses are anonymous. Participation in the seated 

Tai Chi intervention study is not required, for taking part in this survey. Entries are limited to 

one per person.  

 

If you choose to participate, you must be 18 years or older, participation is voluntary, refusal to 

participate will involve no penalty or loss of benefits to which you are otherwise entitled. You 

may withdraw at any time. In addition, you may skip any question(s) that you choose not to 

answer. By participating, you do not give up any personal legal rights you may have as a 

participant. An Institutional Review Board responsible for human subjects’ research at The 

University of Arizona reviewed this research project and found it to be acceptable, according to 

applicable state and federal regulations and University policies designed to protect the rights and 

welfare of participants in research. For questions about your rights as a participant in this study 
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or to discuss other study-related concerns or complaints with someone who is not part of the 

research team, you may contact the Human Subjects Protection Program at 520-626-6721 or 

online at https://rgw.arizona.edu/compliance/human-subjects-protection-program 

 

For questions, concerns, or complaints about the project, you may contact Emily Taylor, MS, 

RN, PhD Candidate at etaylor2@email.arizona.edu. By taking this survey you agree to have your 

responses used for research purposes.  

 

1. Do you have Multiple Sclerosis? Y/N 

***A “No” answer for Question 1 will end the survey*** 

2. What is your gender? M/F 

3. What is your age? __ 

4. What type of Multiple Sclerosis do you have? 

o Clinically Isolated Syndrome (CIS) 

o Relapsing-Remitting Multiple Sclerosis (RRMS) 

o Primary Progressive Multiple Sclerosis (PPMS) 

o Secondary Progressive Multiple Sclerosis (SPMS) 

o Unknown 

 

5. Questions from the GLTEQ questionnaire (see Appendix Y) 

6. Questions from the Exercise Self-Efficacy questionnaire (see Appendix Q)  

I will be conducting a Seated Sun-Style Tai Chi study in the Fall of 2018 at the following 

locations: 

• St. Paul’s United Methodist Church, 8051 E. Broadway Blvd, Tucson AZ 85710 

• Resurrection Lutheran Church, 11575 N 1st Ave, Oro Valley, AZ 85737  

• Casas Adobes Congregational Church, 6801 N. Oracle Road, Tucson, AZ 85704 

 

This study will start in August 2018. Classes will be one hour, twice weekly, over 12 weeks with 

home practice encouraged.  

7. Would you be interested in participating in a Tai Chi study? Y/N 

8. If no, what are the reasons (select all that apply): 

 a. Lack of time 

 b. Transportation issues 

 c. Fatigue 

 d. Physical limitations 

 e. Lack of motivation 

https://rgw.arizona.edu/compliance/human-subjects-protection-program
mailto:etayor2@email.arizona.edu
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 f. Weather 

 g. Other, please specify… 

****If participant answered “No” to question 4 the survey will end**** 

9. Would you need assistance with transportation? Y/N 

10. Would you be able to attend a class twice weekly for one hour? Y/N 

11. Would you be willing to practice at home for 30-minutes following a DVD with instructions? 

Y/N 

 

Please email Emily Taylor, MS, RN, PhD Candidate at etaylor2@email.arizona.edu or call at 

520-203-3189 to be considered for participation in this study.  

 

mailto:etaylor2@email.arizona.edu
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APPENDIX G: 

PHONE SCREENING FORM 
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Phone Screening Form 

My name is Emily Taylor and I’m currently a PhD candidate at the University of Arizona 

College of Nursing and my research interest is physical activity among individuals with MS. The 

research study you called about is a one-hour, twice weekly, 12-week seated Sun-Style Tai Chi 

class for individuals with MS. The classes will be offered at 3 locations in the greater Tucson 

area.  

1. St. Paul’s United Methodist Church, 8051 E. Broadway Blvd, Tucson AZ 85710 

(Broadway and Pantano, near Fellowship Square) 

2. Resurrection Lutheran Church, 11575 N 1st Ave, Oro Valley, AZ 85737 (near First 

and Tangerine, located on Tangelo Dr.) 

3. Casas Adobes Congregational Church, 6801 N. Oracle Road, Tucson, AZ 85704 

(near Oracle and Ina) 

 

First, I need to ask some questions to determine if you are eligible for this study. 

 

Inclusion criteria: 

 

1. Do you have Multiple Sclerosis?  

 Yes 

 No 

2. Are you willing to attend a 12-week seated Sun-Style Tai Chi intervention? 

 Yes  

 No 

3. Are you willing to complete electronic questionnaires about your health? 

 Yes  

 No 

4. Do you have access to a computer and are able to use it to complete electronic 

questionnaire? 

 Yes 

 No 
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5. Do you have a valid email address? 

 Yes  

 No 

*****A “No” answer to the above questions excludes individuals from the study.***** 

 

Exclusion criteria: 

 

6. Have you had an MS relapse in the previous 4 weeks? 

 Yes 

 No 

7. Have you had any changes to MS medications or steroid use in the previous 4 weeks? 

 Yes 

 No  

8. Are you currently pregnant? 

 Yes 

 No 

9. Are you under age 18 years of age? 

 Yes 

 No 

10. Are you involved in other physical activity studies? 

 Yes 

 No  
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11. Has your doctor ever told you that you shouldn’t participate in physical activity? 

 Yes 

 No 

***** A “Yes” answer to the above questions excludes individuals from the study.***** 

If ineligible, inform participant and thank for interest in the study.  

If eligible, inform participant and ask if they would like further information. Consent form will 

be sent to an email address and PI will meet with participant at a convenient location (e.g. private 

room at local library), to review the study and have the consent form signed.  

 

Name: _______________________ 

Phone number: ________________ 

Address: _____________________________________________________ 

Email address: _________________________________________________ 
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APPENDIX H: 

INFORMED CONSENT DOCUMENT 
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APPENDIX I: 

DATA COLLECTION CALENDAR 
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Data Collection Calendar 

 

 

Baseline 4 weeks 8 weeks 12 

weeks 

16 

weeks 

Weekly Ongoing 

Demographics X       

Post-

Intervention 

Questionnaire 

    

X 

   

Adverse 

events 

      X 

Personal Factors 

PDDS X       

LE Function X   X    

UE Function X   X    

Fall Calendar  X X X X   

ESE X   X    

Fatigue X X X X X   

Depression X X X X X   

Anxiety X X X X X   

Pain 

Interference 

X X X X X   

Pain Intensity X X X X X   

Behavioral Factors 

Home practice      X  

GLTEQ X   X    

EG/EP X   X    

Environmental Factors 

SSES X   X    

Participant Burden (minutes) 

 37-74 14-28 14-28 41-82 14-28 5  
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APPENDIX J: 

STUDY FLOW 
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Study Flow 

 
 

Participants will complete home practice logs weekly and fall calendars at 4, 8, 12, and 16 
weeks

Participants will complete post-intervention surveys and satisfaction questionairre at 12 
weeks. Survey will be sent electronically the last day of class. Second email will be sent at 

5 days. Third email will be sent at 10 days.

Participants will be emailed fatigue, depression, anxiety, and pain measures at 4, 8, 12, and 
16 weeks with emails sent 3 days prior and 3 days after

Seated Sun-Style Tai Chi class twice weekly, 60 minutes, 12 weeks

Participants will be sent an email with access to screening forms in REDCap

Face to face meeting to obtain informed consent

Participants that are eligible and interested will be sent informed consent

Participants that indicate interest will be contacted by phone and screened for inclusion in 
the study

Survey Distributed Electronically
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APPENDIX K: 

TREATMENT FIDELITY CHECKLIST 
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Treatment Fidelity Checklist 

 “A Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi Among 

Individuals with Multiple Sclerosis” 

 

Date: 

Location: 

Instructor(s): 

Warm-up (Report number of minutes) 

Last form performed  

Cool down (Report number of minutes) 

 

Details about the forms:  

 

 

 



 

 

 

 

199 

APPENDIX L: 

BASELINE DEMOGRAPHICS 
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Baseline Demographics 

Please answer the following questions about your health and yourself.  

 

1. What is your age? _____ 

 

2. What is your date of birth? ____/____/______ 

 

3. What is your gender? 

o Male 

o Female 

 

4. What is your height? ____ 

 

5. What is your weight? ____ 

 

6. What is the highest level of school you have completed or the highest degree you have 

received? 

o Less than high school degree 

o High school degree of equivalent (e.g., GED) 

o Some college but no degree 

o Associate degree 

o Bachelor’s degree 

o Graduate degree 

 

7. Which of the following categories best describes your employment status? 

o Employed, working 40 or more hours a week 

o Employed part time, working 20-40 hours a week 

o Employed less than part time, working 1-19 hours a week 

o Not employed, looking for work 

o Not employed, NOT looking for work 

o Retired  

o Disable, not able to work 

 

8. What is your total yearly household/family income from all sources? 

o <15,999 

o 16,000-24,999 

o 25,000-49,999 

o 50,000-74,999 

o >75,000 

o Prefer not to answer 

 

9. What is your race? 

o White 

o Latino/Latina/Hispanic/Mexican 
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o Black or African-American 

o American Indian or Alaskan Native 

o Asian 

o Native Hawaiian or Other Pacific Islander 

o From Multiple Races 

o Prefer not to answer 

o Other _____ 

 

10. What is your marital status? 

o Married 

o Widowed  

o Divorced 

o Separated 

o Never married 

 

11. What type of Multiple Sclerosis do you have? 

o Clinically Isolated Syndrome (CIS) 

o Relapsing-Remitting Multiple Sclerosis (RRMS) 

o Primary Progressive Multiple Sclerosis (PPMS) 

o Secondary Progressive Multiple Sclerosis (SPMS) 

o Unknown 

 

12. What year were you diagnosed with Multiple Sclerosis? _____ 

 

13. What year did you develop your first symptoms of Multiple Sclerosis? _____ 

 

14. What type of medication are you using for Multiple Sclerosis? 

o Oral 

o Injectable 

o Intravenous 

o None 

 

15. How many relapses have you had in the last year? ____ 

 

16. Do you use ambulatory assistance devices? (mark all that apply) 

o None 

o Cane 

o Walker 

o Crutches 

o Standard wheelchair 

o Electronic wheelchair 

 

17. How many falls have you had in the previous 4 weeks? ____ 
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18. Which of the following conditions do you have? (mark all that apply) 

o None 

o Diabetes 

o Heart disease 

o High blood pressure 

o Cancer 

o Depression 

o Anxiety 

o Lung disease 

o Kidney disease 

o Arthritis  

o Other _______ 

 

19. Do you use tobacco products?  

o Yes 

o No 
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APPENDIX M: 

PDDS: PATIENT-DETERMINED DISEASE STEPS 
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PDDS: Patient-determined Disease Steps* 

Please read the choices listed below and choose the one that best describes your own situation. 

This scale focuses mainly on how well you walk. You might now find a description that 

reflects your condition exactly, but please mark the one category that describes your situation the 

closest.  

o Normal: I may have some mild attacks, mostly sensory due to MS but they do not limit 

my activity. If I do have an attack, I return to normal when the attack has passed. (0) 

o Mild Disability: I have some noticeable symptoms from my MS but they are minor and 

have only a small effect on my lifestyle. (1) 

o Moderate Disability: I don’t have any limitations in my walking ability. However, I do 

have significant problems due to MS that limit daily activities in other ways. (2) 

o Gait Disability: MS does not interfere with my activities, especially my walking. I can 

work a full day, but athletic or physically demanding activities are more difficult than 

they used to be. I usually don’t need a cane or other assistance to walk, but I might need 

some assistance during an attack. (3) 

o Early Cane: I use a cane or a single crutch or some other form of support (such as 

touching a wall or leaning on someone’s arm) for walking all the time or part of the time, 

especially when walking outside. I think I can walk 25 feet in 20 seconds without a cane 

or crutch. I always need some assistance (cane or crutch) if I want to walk as far as 3 

blocks. (4) 

o Late Cane: To be able to walk 25 feet, I have to have a cane, crutch or someone to hold 

onto. I can get around the house or other buildings by holding onto furniture or touching 

the walls for support. I may use a scooter or wheelchair if I want to go greater distances. 

(5) 
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o Bilateral Support: To be able to walk as far as 25 feet I must have 2 canes or crutches or 

a walker. I may use a scooter or wheelchair for longer distances. (6) 

o Wheelchair/Scooter: My main form of mobility is a wheelchair. I may be able to stand 

and/or take one or two steps, but I can’t walk 25 feet even with crutches or a walker. (7) 

o Bedridden: Unable to sit in a wheelchair for more than one hour. (8) 

 

 

 

*The PPDS and/or PS are provided for use by NARCOMS registry: www.narcoms.org/pdds. 

NARCOMS is supported in part by the Consortium of Multiple Sclerosis Centers (CMSC) and 

the CMSC Foundation.  
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APPENDIX N: 

MONTHLY FALL CALENDAR 
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Monthly Fall Calendar 

Sun Mon Tue Wed Thu Fri Sat 

      1  

 

2  

 

3  

 

4  

 

5  

 

6  

 

7  

 

8  

 

9  

 

10  

 

11  

 

12  

 

13  

 

14  

 

15  

 

16  

 

17  

 

18  

 

19  

 

20  

 

21  

 

22  

 

23  

 

24  

 

25  

 

26  

 

27  

 

28  

 

29  

 

30  
 

Instructions: At the end of each day, please place an “X” in the box if you did not fall (X=No Fall); or place a “F” 

in the box, if you did fall (F=Fall). 
Notes: If you placed a “F” in any box, please complete the reverse side of the calendar. 
 
At the end of month, please return the calendar during the next class. The final month will be 
returned with a pre-paid postage envelope.  
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Reverse Side of Calendar 

I agree to monitor any falls that happen during the time I am enrolled in this study and record them below, and to call Emily Taylor at 

520-203-3189 

 

Date of 

Fall 

 

Time of 

Fall 

 

What were you doing just prior to your fall? 

Please indicate extent of injury: 

Minor: minor bruises or scrapes not requiring medical 

assistance 

Moderate: wounds, bruises, sprains requiring a medical 

examination 

Severe: fracture, or internal injury requiring emergency 

treatment or hospitalization 
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APPENDIX O: 

PROMIS LOWER EXTREMITY FUNCTION 
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Neuro-QOL Item Bank v1.0—Lower Extremity Function (Mobility)—Short Form 

Please respond to each question or statement by marking one box per row.  

1. Are you able to get on and off the toilet? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

2. Are you able to step up and down curbs? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

3. Are you able to get in and out of a car? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

4. Are you able to get out of bed and into a chair? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

5. Are you able to push open a heavy door? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

6. Are you able to run errands and shop? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 
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o Unable to do 

7. Are you able to get up off the floor from lying on your back without help? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

8. Are you able to go for a walk for at least 15 minutes? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX P: 

PROMIS UPPER EXTREMITY FUNCTION 
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Neuro-QOL Item Bank v1.0—Upper Extremity Function (Fine Motor, ADL)—Short Form 

Please respond to each question or statement by marking one box per row. 

1. Are you able to turn a key in a lock? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

2. Are you able to brush your teeth? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

3. Are you able to make a phone call using a touch tone key-pad? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

4. Are you able to pick up coins from a table top? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

5. Are you able to write with a pen or pencil? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

6. Are you able to open and close a zipper? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 
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o Unable to do 

7. Are you able to wash and dry your body? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

8. Are you able to shampoo your hair? 

o Without any difficulty 

o With a little difficulty 

o With some difficulty 

o With much difficulty 

o Unable to do 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX Q: 

EXERCISE SELF EFFICACY 
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Reprinted with permission.  
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APPENDIX R: 

PROMIS FATIGUE 
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Neuro-QOL Item Bank v1.0—Fatigue—Short Form 

Please respond to each question or statement by marking one box per row. 

 

In the past 7 days… 

 

1. I felt exhausted… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

2. I felt that I had no energy… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

3. I felt fatigued… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

4. I was too tired to do my household chores… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

5. I was too tired to leave the house… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

6. I was frustrated by being too tired to do the things I wanted to do… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

7. I felt tired… 

o Never  

o Rarely 
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o Sometimes 

o Often 

o Always 

8. I had to limit my social activity because I was too tired… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX S: 

PROMIS DEPRESSION 
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Neuro-QOL Item Bank v1.0—Depression—Short Form 

Please respond to each question or statement by marking one box per row. 

 

In the past 7 days… 

 

1. I felt depressed… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

2. I felt hopeless… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

3. I felt that nothing could cheer me up… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

4. I felt that my life was empty… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

5. I felt worthless… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

6. I felt unhappy… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

7. I felt that I had no reason for living… 
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o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

8. I felt that nothing was interesting… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX T: 

PROMIS ANXIETY 
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Neuro-QOL Item Bank v1.0—Anxiety—Short Form 

Please respond to each question or statement by marking one box per row. 

 

In the past 7 days… 

 

1. I felt uneasy… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

2. I felt nervous… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

3. Many situations made me worry… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

4. My worries overwhelmed me… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

5. I felt tense… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

6. I had difficulty calming down… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

7. I had sudden feelings of panic… 

o Never  
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o Rarely 

o Sometimes 

o Often 

o Always 

8. I felt nervous when my normal routine was disturbed… 

o Never  

o Rarely 

o Sometimes 

o Often 

o Always 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX U: 

PROMIS PAIN INTERFERENCE 
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PROMIS Item Bank v1.0—Pain Interference—Short Form 8a 

Please respond to each question or statement by marking one box per row. 

 

In the past 7 days… 

 

1. How much did pain interfere with your day to day activities... 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

2. How much did pain interfere with your work around the home… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

3. How much did pain interfere with your ability to participate in social activities… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

4. How much did pain interfere with your household chores… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

5. How much did pain interfere with the things you usually do for fun… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

6. How much did pain interfere with your enjoyment of social activities… 

o Not at all 

o A little bit 
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o Somewhat 

o Quite a bit 

o Very much 

7. How much did pain interfere with your enjoyment of life… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

8. How much did pain interfere with your family life… 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX V: 

PROMIS PAIN INTENSITY 
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PROMIS Item Bank v1.0—Pain Intensity—Scale 

Please respond to each question or statement by marking one box per row. 

 

In the past 7 days… 

 

1. How intense was your pain at its worst… 

o Had no pain 

o Mild 

o Moderate 

o Severe 

o Very severe 

2. How intense was your average pain… 

o Had no pain 

o Mild 

o Moderate 

o Severe 

o Very severe 

3. What is your level of pain right now… 

o Had no pain 

o Mild 

o Moderate 

o Severe 

o Very severe 

 

 

PROMIS measures © 2008-2018. Reprinted with permission, PROMIS Health Organization. 

PROMIS is a registered trademark of HHS. 
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APPENDIX W: 

TAI CHI PRACTICE RECORD 
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Tai Chi Practice Record 
 

Name: ________________ 

 

Dates: ____/____/______ to ____/____/______ 

 

Week _____ 

 

Whenever you practice Tai Chi outside of class, indicate the number of minutes of practice. This log will be collected weekly 

during class.  

 

 

 

 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

Amount 

of time 

practiced 

(minutes) 
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APPENDIX X: 

EXERCISE RECORD 
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Exercise Record 
Name: ________________ 

 

Dates: ____/____/______ to ____/____/______ 

 

Week _____ 

Whenever you exercise outside of class, indicate the number of minutes of exercise. This log will be collected weekly during 

class.  

 

 Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

Amount 

of time 

practiced 

(minutes) 

       

Type of 

exercise 

(e.g., 

walking, 

cycling, 

yoga) 

       

 



 

 

 

 

235 

APPENDIX Y: 

GODIN LEISURE-TIME EXERCISE QUESTIONNAIRE (GLTEQ) 

 



 

 

 

 

236 

 
Reprinted with permission 
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APPENDIX Z: 

EXERCISE GOALS AND EXERCISE PLANS 
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Reprinted with permission.  
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APPENDIX AA: 

SOCIAL SUPPORT AND EXERCISE SURVEY 
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Reprinted with permission. 
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APPENDIX BB: 

POST-INTERVENTION STUDY QUESTIONNAIRE 
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Post-Intervention Study Questionnaire 

 

1. How satisfied are you with the Tai Chi program overall? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

2. Would you recommend this program to other individuals with MS? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

3. Was this a suitable time commitment? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

4. Was the location convenient? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

5. Was the progression in learning new Tai Chi forms suitable? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

6. Would you continue this Tai Chi program? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

7. If purchased, how helpful was the Tai Chi handbook? 
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o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

o Not purchased 

8. If purchased, how helpful was the Tai Chi DVD? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

o Not purchased 

9. Did this class meet your expectations? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

10. Do you feel your MS improved due to being in this study? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

11. Do you feel your MS worsened due to you being in this study? 

o Not at all 

o A little bit 

o Somewhat 

o Quite a bit 

o Very much 

12. Use this space to provide any comments about the program: 
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APPENDIX CC: 

LETTERS OF SUPPORT 
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May 28, 2018 

Emily Taylor, MS, RN, PhD Student 
College of Nursing 
The University of Arizona 
1305 N. Martin Ave.  
PO Box 210203 
Tucson, AZ 85721-0203 
 
Dear Ms. Taylor, 
 

We would be pleased to provide your study with space to conduct the study interventions 
for your study titled: “A Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style 
Tai Chi Among Individuals with Multiple Sclerosis”. 
 
Our facility is located at 6801 N Oracle Rd.  The room provided has chairs for the seated                  
Sun-style Tai Chi intervention.  We understand the intervention will be held at our facility and 
you will be providing the instructors.   
 
There is no cost for the rental space.  Classes will be one-hour, twice weekly for 12 weeks. 
The room has been reserved for the following dates: we have scheduled the classes on 
Mondays and Wednesdays from August 6 through October 24, depending on the needs of 
the study and instructor.  Please consult with the instructor as to exact times.  We 
understand that we will receive a copy of the University of Arizona IRB approval prior to any 
study activities being conducted at our facility.     
 
Thank you for the opportunity to be involved in this important project.  
 
Sincerely,  
 
Anne Bailey 
Office Manager 
Casas Adobes Congregational Church, UCC 
520.297.1181 
 
 



 

 

 

 

248 
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June 21, 2018 

Emily Taylor, MS, RN, PhD Student 

College of Nursing 

The University of Arizona 

1305 N. Martin Ave.  

PO Box 210203 

Tucson, AZ 85721-0203 

 

Dear Ms. Taylor, 

 

I would be pleased to provide your study with space to conduct the study interventions for your 

study titled: “A Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi 

Among Individuals with Multiple Sclerosis”. 

 

Our facility is located at St Paul’s UMC, 8051 E. Broadway, Tucson, Arizona, 85710. The room 

provided has chairs for the seated Sun-style Tai Chi intervention.  I understand the intervention 

will be held at our facility and you will be providing the instructors.   

 

The cost for the rental space is $10 per Hour. Classes will be one-hour, twice weekly for 12 

weeks. The room has been reserved for the following dates: Aug 21 to November 8, 2018, 

Tuesdays and Thursdays, 2:30 pm to 3:30 pm. I understand that I will receive a copy of the 

University of Arizona IRB approval prior to any study activities being conducted at our facility.     

 

Thank you for the opportunity to be involved in this important project.  

 

Sincerely,  

 
Rev Ed Denham 

St Paul’s Facilities Team 

St Paul’s United Methodist Church 

8051 E. Broadway 

Tucson, AZ, 85710 

520-296-6149 

facilitiesteam@stpaulsumctucson.net 
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May 7, 2018 

Emily Taylor, MS, RN, PhD Student 

College of Nursing 

The University of Arizona 

1305 N. Martin Ave.  

PO Box 210203 

Tucson, AZ 85721-0203 

 

Dear Ms. Taylor, 

 

I would be pleased to provide instruction f or your seated Sun-style Tai Chi study titled: “A 

Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi Among 

Individuals with Multiple Sclerosis”. I understand the purpose of th is study is to determine the 

feasibility of a seated Sun-style Tai Chi intervention among adults with MS and explore effects 

of the intervention on personal (physical function, exercise self -efficacy, MS symptoms), 

behavioral (physical activity, exercise habits, exercise planning, exercise goal setting), and 

environmental factors (social support). 

 

I strongly support this project using seated Sun-style Tai Chi among individuals with Multiple 

Sclerosis. I have been practicing Sun-style Tai Chi for three years and became a Board Certif ied 

Instructor in Sun-style Tai Chi, including seated, with the Tai Chi for Health Institute (TCHI) in 

2016.  In addition to teaching a weekly class, I attend scheduled skill development workshops 

and weekly classes where I receive mentorship from Heather Chalon, Master Trainer . 

 

I understand we will be teaching 6-form seated Sun-style Tai Chi. I understand courses will be 

one-hour, twice weekly over a 12-week period and each course will have 2-3 instructors present.  

 

I understand that I will receive a copy of the University of Arizona IRB approval prior to 

beginning any study activities.     

 

Thank you for the opportunity to be involved in this important project.   

 

Sincerely,  

 

 

 

 

 

 

Judy Safarewitz, RN, OCN 

Board Certified Instructor, Tai Chi for Health Institute 

Member Tai Chi for Health Community 
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May 7, 2018 

Emily Taylor, MS, RN, PhD Student 

College of Nursing 

The University of Arizona 

1305 N. Martin Ave.  

PO Box 210203 

Tucson, AZ 85721-0203 

 

Dear Ms. Taylor, 

 

I would be pleased to provide instruction f or your seated Sun-style Tai Chi study titled: “A 

Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi Among 

Individuals with Multiple Sclerosis”. I understand the purpose of th is study is to determine the 

feasibility of a seated Sun-style Tai Chi intervention among adults with MS and explore effects 

of the intervention on personal (physical function, exercise self -efficacy, MS symptoms), 

behavioral (physical activity, exercise habits, exercise planning, exercise goal setting), and 

environmental factors (social support). 

 

I strongly support this project using seated Sun-style Tai Chi among individuals with Multiple 

Sclerosis. I have been practicing Sun-style Tai Chi for three years and became a Board Certified 

Instructor in Sun-style Tai Chi, including seated, with the Tai Chi for Health Institute (TCHI) in 

2016.  In addition to teaching a weekly class, I attend scheduled skill development workshops 

and weekly classes where I receive mentorship from Heather Chalon, Master Trainer . 

 

I understand we will be teaching 6-form seated Sun-style Tai Chi. I understand courses will be 

one-hour, twice weekly over a 12-week period and each course will have 2-3 instructors present.  

 

I understand that I will receive a copy of the University of Arizona IRB approval prior to 

beginning any study activities.     

 

Thank you for the opportunity to be involved in this important project.   

 

Sincerely,  

 

 

 

 

 

 

Mike Safarewitz 

Board Certified Instructor, Tai Chi for Health Institute  

Member Tai Chi for Health Community 
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May 14, 2018 

Emily Taylor, MS, RN, PhD Student 

College of Nursing 

The University of Arizona 

1305 N. Martin Ave.  

PO Box 210203 

Tucson, AZ 85721-0203 

 

Dear Ms. Taylor, 

 

I would be pleased to provide instructors for your seated Sun-style Tai Chi study titled: “A 

Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi Among 

Individuals with Multiple Sclerosis”. I understand the purpose of this study is to determine the 

feasibility of a seated Sun-style Tai Chi intervention among adults with MS and explore effects 

of the intervention on personal (physical function, exercise self-efficacy, MS symptoms), 

behavioral (physical activity, exercise habits, exercise planning, exercise goal setting), and 

environmental factors (social support). 

 

I strongly support this project using seated Sun-style Tai Chi among individuals with Multiple 

Sclerosis. I am Tai Chi for Health Institute Senior Trainer and have taught Sun-style Tai Chi for 

over six years in numerous county libraries, local senior care facilities, and other facilities. I am 

certified to teach the Tai Chi for Arthritis & Fall Prevention Parts 1 &2, Tai Chi for Energy, Sun 

73 Forms and the Seated programs.  I understand we will be teaching 6-form seated Sun-style 

Tai Chi. I have another certified instructor available to assist teaching classes at the St Paul 

United Methodist Church. I understand courses will be one-hour, twice weekly over a 12-week 

period and each course will have 2-3 instructors present. The cost for instructors will be $20 per 

week to cover expenses.  Participants will be provided written instructions and a class 

agenda/schedule to monitor treatment fidelity.   

 

I understand that I will receive a copy of the University of Arizona IRB approval prior to 

beginning any study activities.     

 

Thank you for the opportunity to be involved in this important project.   

 

Sincerely,  
 

Donald L. Poling 
Donald “Donnie” Poling 

Senior Trainer, TCHI 
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May 16, 2018 

Emily Taylor, MS, RN, PhD Student 

College of Nursing 

The University of Arizona 

1305 N. Martin Ave. 

PO Box 210203 

Tucson, AZ 85721-0203 

 

Dear Ms. Taylor, 

 

I would be pleased to be a safety assistant  for your seated Sun-style Tai Chi study titled: “A 

Feasibility Study Assessing the Safety and Benefits of Seated Sun-Style Tai Chi Among 

Individuals with Multiple Sclerosis”. I understand the purpose of this study is to determine the 

feasibility of a seated Sun-style Tai Chi intervention among adults with MS and explore effects 

of the intervention on personal (physical function, exercise self-efficacy, MS symptoms), 

behavioral (physical activity, exercise habits, exercise planning, exercise goal setting), and 

environmental factors (social support). 

 

I strongly support this project using seated Sun-style Tai Chi among individuals with Multiple 

Sclerosis. I am a Tai Chi for Health Institute certified instructor and have assisted/taught Sun-

style Tai Chi for over five years in numerous county libraries, chruches and other facilities. I am 

certified to teach the Tai Chi for Arthritis & Fall Prevention Parts 1 &2, and the Seated programs.  

I understand we will be teaching 6-form seated Sun-style Tai Chi. I am available to assist Senior 

Trainer Donnie Poling teach classes at the St Paul United Methodist Church. I understand 

courses will be one-hour, twice weekly over a 12-week period and each course will have 2-3 

instructors present. The cost for instructors will be $20 per week to cover expenses.  Participants 

will be provided written instructions and a class agenda/schedule to monitor treatment fidelity.   

 

I understand that I will receive a copy of the University of Arizona IRB approval prior to 

beginning any study activities.     

 

Thank you for the opportunity to be involved in this important project.   

 

Sincerely, 
 

Pamela (Pam) Steffe 
Certified Instructor. 
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APPENDIX DD: 

LIST OF RESEARCH PERSONNEL 
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APPENDIX EE: 

SUBJECTIVE BENEFITS 
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Week 4 Benefits 

• Yes I stop and breath deeply. 

• No 

• For the past 6-7 years I rarely get more than 3 hrs of sleep, let alone get into bed before 

midnight. But the past two weeks. I have made it into bed btw 8- 9, on 4 evenings. That's 

a start since I'm up and out the door by 5. 

• I have been off my routine of pool aerobics. Haven't gone in a few months. I raise And 

show African Violets. I have gone way overboard and probably have 350 plants plus 

babies I raise for the club to sell. I have not been keeping up with what I need to do. This 

class has started me looking at a number of things I have let slip. I am actually planning 

time to get some of these things done. Thank you. 

• Yes 

• Yes. I am beginning to get my head around the idea of exercising, and this is just the 

start. Thank you, Emily. 

• Yes, I am able to sleep a little longer without waking up as often and have learned to 

focus more on the tasks at hand. Thanks 

• Yes, I have more movement on my left foot and some improvement in balance. 

• Yes. Posture is better. Am feeling somewhat better by the end off the day. 

• Calming affects 

• I have more energy. And am sleeping better especially on Monday and Wednesday night 

• Yes 
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Week 8 Benefits 

• No (n=6) 

• A little 

• being calmer 

• Not really 

• No. Still getting over vacation. 

• Getting more relaxed while going through the movments 

• Stronger 

• More energy and more relaxed 

• I am able to move my right a little bit more 

• Less depression and improved coping skills 

• More mobility on left ankle. 

• Yes 

• Lifting weak right leg more when doing warm ups.[ 

• I have more energy. I still have auite a bit of pay in the evening and when I go to bed, 

during the day time I am able to do more than I had in quite awhile 

• I noticed more strenght in legs and core. Posture is better and Im able to stand in place 

longer. Muscle pain got worse but is lessening and i feel much more relaxed am I am 

actually starting sleep better and I am dreaming! 

• Better concentration and overall well being. 

• Yes, I am more flexible with my arms, and this week looking at strength legs while 

sitting and doing tai chi great classes 
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Week 12 Benefits 

• I have learned the importance of sitting and streching properly. 

• Breathing control, concentration on movements as well as sleeping better when I put 

these two benefits together 

• The commitment, calming effect, discipline, comradery 

• I missed more classes than I thought I would. Buying the DVDs helped me catch up on 

what I missed. If there was something I could have put on my iPad it would have been 

easier for me to practice on a regular basis. The dvd is hard because I could not fast 

forward through the legs. This class was important for me because it reminded me I know 

how to get things done. I just need to stop procrastinating. And just get done. 

• Improvement in posture and balance. Calming technique for exercise 

• Less stress 

• I don't need to nap as often 

• Better balance 

• Help me relax and help with breathing techniques 

• Being a little more patient 

• Improved coping skills 

• My balance is a little better and realizing I needed to improve my breathing 

• Slow down. Better posture. Relax 

• My right leg is my weak one. at times I could lift the leg better. I also benefit in core 

strength. 

• Calming 
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• Got me out of rut. 

• The benefits are many! I mainly have felt more calm and have less anxiety. Initially I felt 

more muscle pain but after several weeks i felt less pain and more strength in core and 

legs. 

• I can feel my feet. 

• Flexible upper body was able to relax 

Additional Comments 

• Being with others who have MS but doing for ourselves is empowering. 

• Thank you! 

• I enjoyed it and learned a lot. I would love to find classes to continue. I am so thankful 

for the opportunity to do this program, and am open to any in the future. Also, I 

appreciated that it was so close to me making it easier to participate!! 

• I am normally very good about getting to H2O aerobics 3 times a week. I have been off 

my schedule for the last six months. I have gotten to the point I am going back to my 

original exercise goals. My MS has gotten to the point I can only do one major activity in 

a day. 

• Wish there was a plan for ongoing seated tai chai classes in Tucson I missed 2 weeks of 

class and exercise at home due to pneumonia. I would like to continue the program. 

• I attended one class primarily. Visited a different class twice. My regular class was not as 

advanced-instructor taught us about a 'bubbling well' -something that was not relevant to 

our seated TaiChi class. We also didn't practice the choreography as many times in each 

session. I, too, didn't help the class by ALWAYS being late and disrupting the lesson. I 
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really enjoyed the lengthy introduction to this practice. Thank you, Emily, for the 

opportunity! 

• Great program! 

• I would like to take advanced classes in the future 

• Wonderful program-thank you so much. 

• I enjoyed the classes and the instructors were very helpful 

• Excellent. Instructor needs to speak louder 

• I would like to see Chair Tai chi offered again. 

• clearly stated directions at the beginning for practicing and using resources 

• I am now exercersing daily, even when I have an off day (ms) I find my self doing light 

exercising helps 

• I loved the program and plan to continue Tai Chi. With MS you experience ups and 

downs but overall i felt it made mind, body and spirit better. I suffer from anxiety and I 

felt that was my biggest improvement. The Program was structured but fun and I enjoyed 

coming! Marilyn and Carolyn were awesome instructors! 

• thank you! 

• Great class wish I could stand longer to do regular class but my time doesn't permit me to 

do it maybe next time 
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APPENDIX FF: 

HISTOGRAMS AT BASELINE AND FOLLOW UP 

 



 

 

 

 

270 

FF1 Histograms of lower extremity function scores at baseline and 12 weeks (n=22). 

 
 

 

FF2 Histograms of upper extremity function scores at baseline and 12 weeks (n=22). 
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FF3 Histograms of exercise self-efficacy scores at baseline and 12 weeks (n=22) 

 
 

 

FF4 Histograms of fatigue scores at baseline (n=22), 4 weeks (n=22), 8 weeks (n=19), 12 weeks 

(n=22), and 16 weeks (n=22). 
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FF5 Histograms of depression scores at baseline (n=22), 4 weeks (n=22), 8 weeks (n=19), 12 

weeks (n=22), and 16 weeks (n=22).  

 
 

 

FF6 Histograms of depression scores at baseline (n=22), 4 weeks (n=22), 8 weeks (n=20), 12 

weeks (n=22), and 16 weeks (n=22). 
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FF7 Histograms of pain interference scores at baseline (n=22), 4 weeks (n=22), 8 weeks (n=19), 

12 weeks (n=22), and 16 weeks (n=22).  

 
 

 

FF8 Histograms of pain intensity scores at baseline (n=22), 4 weeks (n=22), 8 weeks (n=19), 12 

weeks (n=22), and 16 weeks (n=22). 
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FF9 Histograms of GLTEQ scores at baseline and week 12 (n=22). 

 
 

 

FF10 Histograms of exercise goals at baseline and 12 weeks (n=22). 
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FF11 Histograms of exercise plans at baseline and week 12 (n=22).  

 
 

 

FF12 Histograms of social support and exercise survey total at baseline and week 12 (n=22).  
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FF13 Histograms of family participation subtotal at baseline and week 12 (n=22). 

 
 

 

FF14 Histograms of family rewards subtotal scores at baseline and 12 weeks (n=22). 
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FF15 Histograms of friend participation subtotal scores at baseline and week 12 (n=22). 
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