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Abstract
Multiple sclerosis is a disease o f the central nervous system (CNS) that results in
many symptoms including balance deficits, mobility limitations, spasticity and reduced
quality o f life (Joy & Johnston, 2001). However, little research exists on improving
balance, mobility and spasticity through physical activity interventions in people with
MS. The purpose o f the present study was to determine the effects o f a yoga intervention
on postural control, spasticity, mobility, and quality o f life in people with MS.
A sample o f 12 people aged 30 to 76 (mean age o f 52 yrs.) with varying types of
MS participated in a twice weekly 70 minute yoga intervention for 10 weeks. Participants
completed a spasticity questionnaire, the Adapted Timed Get Up and Go (ATGUG), the
Rivermead Mobility Index (RMI), a postural control assessment, and the Multiple
Sclerosis Quality o f Life Inventory (MS-QLI) at 3 assessments; pre, post, and 12 weeks
after the intervention. After the 10-week program a social validation questionnaire was
also completed.
One way repeated measures ANOVAs or Friedman ANOVAs by ranks indicated
significant changes on the fatigue and vision scales of the MS-QLI MFIS and IVIS
between pre and post assessments. Changes in ATGUG and RMI suggest that yoga may
be a valuable alternative to traditional exercise programs for people with MS. Many o f
the changes began to return to pre intervention values over the second 12-week period.
Future studies should employ a control group, larger sample sizes, and screen more
carefully for initial functional status stratifications.
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Introduction
Multiple sclerosis is an unpredictable disease o f the central nervous system that
destroys the protective myelin covering of the CNS. This condition results in many
symptoms including balance deficits, mobility limitations, spasticity, and reduced quality
of life (Joy & Johnston, 2001). Globally, approximately one in 1000 people are diagnosed
with multiple sclerosis (MS) a year (Multiple Sclerosis Society o f Canada, personal
communication, November 17, 2004). Although there is no known cure, the disease can
be managed in many ways including but not limited to medications, orthotics, and
physical activity (Schapiro, 1991).
In the past, physicians have limited physical activity o f their patients with MS
believing that fatigue and overheating problems associated with the disease would
aggravate the symptoms o f MS (Petajan et al., 1996). Recently, many researchers have
demonstrated that exercise is not only safe for people with MS but can also increase
cardiorespiratory fitness, improve muscular strength and endurance, reduce fatigue
(Petajan et al., 1996), improve quality o f life (Oken et al., 2004; Mostert & Kesselring,
2002), enhance ability to perform activities of daily living and aid in the management o f
MS related symptoms (Petajan et al., 1996). However, little research exists on improving
balance, mobility, and spasticity through physical activity interventions in people with
MS.
It is estimated that between 65 - 87% o f people with MS have some form of
balance or mobility impairment (Aronson, Goldenberg, & Cleghom, 1996) and this
impacts the quality o f life o f people with MS (Hemmett, Holmes, Barnes, & Russell,
2004). Spasticity is closely related to balance, mobility and quality o f life o f people with
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MS as it can affect the sequencing and force of muscle contraction (Ashburn & DeSouza,
1988). As people with MS are significantly impacted by balance and mobility problems,
the Consortium o f Multiple Sclerosis Centers (CMSC) recommends that more research
be conducted on balance and mobility issues for MS (Chan, Hugos, Morrison, & Theriot,
1994). A lack o f research exists for the MS population in the area o f balance and mobility
problem management through physical activity interventions especially considering that
physical activity intervention research has been successful in this area in other
populations such as in older adults.
Physical activity intervention researchers have recently sought other modes o f
exercise to suit populations not able to comfortably perform traditional exercises such as
cycling, aquatic exercise, and high intensity strength training. Both Tai Chi and yoga
interventions have been successful in targeting balance and mobility, particularly in older
populations at risk for falls (Allen & Taylor, 2001; Bastille & Gill-Body, 2004; Galantino
et al., 2004; Gauchard, Gangloff, Jeandel, & Perrin, 2003; Gauchard, Jeandel, Tessier, &
Perrin, 1999; Greendale, McDivit, Carpenter, Seeger, & Huang, 2002; Leininger, Hakim,
Wagner, & Spencer, 2003; Taggart, 2002; Tse & Bailey, 1991; W olf et al., 1996). As
yoga requires little equipment and can be performed in the home alone, it may be
appropriate for people with MS than traditional exercise programs.
Yoga is an ancient Indian form o f physical activity which emphasizes technical
alignment o f the body, flexibility, breathing and internal focus (Riley, 2004). It is thought
that the changes in balance and mobility accompanying yoga interventions occur due to
the slow controlled movements in shifting the center o f mass. This process challenges the
postural control system, and increases strength and flexibility (Gauchard, Jeandel et al..

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1999). Furthermore, flexibility exercises are commonly prescribed to reduce spasticity
(Schapiro, 2001). To date, no yoga interventions have attempted to affect balance,
mobility or spasticity in MS populations. It is imperative that this physical activity mode
be explored in a research setting.

Statement o f the Problem
The purpose o f the present study is to determine the effects o f a yoga intervention
on postural control, spasticity, mobility, and quality o f life in people with multiple
sclerosis.

Definitions

Activities o f Daily Living (ADL) are self-care activities such as washing, bathing,
dressing and using the toilet.
A dapted Tim ed G et-U p an d Go test (ATGUG) is a functional mobility test based on
the time taken to rise from a chair, walk 3m, turn around, walk 3m back to the chair and
sit down. Each segment o f the total test is also timed to provide further information
regarding the segment o f the task (Podsiadlo & Richardson, 1991).
A ntero p o sterio r Sway (AP) is the displacement o f the COP defined by postural sway in
the anterior and posterior directions. It is reflective o f the ankle strategy to maintain
balance (Prieto, Myklebust, Goffman, Lovett & Myklebust, 1996).
A rea of sway (AS) is a function o f path length that defines the shape and size o f the area
of COP excursions, measured in centimeters (cm) squared (Thapa et al., 1994).
Dynamic balance (or balance space) is characterized by the maximum voluntary
excursions o f the COM and COP within the base o f support. It is defined by the range o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

movement in the AP and ML directions where an individual preserves stance and does
not take a step (Blaszyk, Lowe & Hansen, 1994).
C entre o f P ressu re (C O P) has been defined as the location o f the vertical ground
reaction force when projected downward. It represents “a weighted average o f all the
pressures over the surface area in contact with the ground” (Winter, 1995, p.4).
M edio-Iateral Sway (M L) is the displacement o f the COP defined by postural sway in
the medial and lateral directions. It is reflective o f the hip strategy to maintain balance
(Prieto, Myklebust, Goffman, Lovett & Myklebust, 1996).
M S-Q LI is a comprehensive health related quality o f life measurement tool designed for
persons with MS and based on the widely used Short Form (SF-36) (Ritvo, Fischer,
Miller, Andrews, Paty, & LaRocca, 1997).
M ultiple Sclerosis (MS) - is an unpredictable disease o f the central nervous system (the
brain and spinal cord) which destroys the protective myelin covering o f the CNS. It is
thought to be an autoimmune disease and causes a variety o f symptoms such as balance
and mobility deficits, visual and cognitive problems, fatigue, spasticity and sensory
problems (van den Noort, 2005).
P ath length is a measure o f body sway which reflects the total amount o f displacement
o f the COP, measured in centimeters (Jeong, 1994).
P ostural Sway is characterized by continuous, corrective body movements resulting
from the body’s effort to control posture and body position. Sway is evaluated by
measuring COP excursions which reflect shifts in the forces applied by the body in its
attempt to maintain an upright position (Thapa et al., 1994).
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P rim ary Progressive MS (PP) - A nearly continuous worsening o f MS from diagnosis
with no clear relapses or remissions (Halper & Holland, 2002).
Relapsing R em itting MS (RR) - characterized by clearly defined attacks or
exacerbations followed by complete or partial remissions. The most common form o f
MS (75% at the time o f diagnosis) (Halper & Holland, 2002).
Riverm ead M obility Index (R M I) is a 15 point mobility scale developed to assess the
impact o f a condition such as MS on mobility in relation to activities o f daily living
(Collen, Wade, Robb, & Bradshaw, 1991)
Secondary Progressive M S (SP) - begins as RR form o f MS where symptoms start to
worsen within 10 years o f diagnosis. Becomes like PP MS (Halper & Holland, 2002).
Spasticity is a velocity-dependent increase in muscle resistance to passive movement
accompanied by increased stretch reflexes and clonus (intermittent muscular
contractions) due to uninhibited activity in the CNS (Lance, 1980).
Yoga is an ancient Indian form o f physical activity which emphasizes technical
alignment o f the body, flexibility, breathing and internal focus (Riley, 2004).
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Review o f Literature
Approximately one in 1000 people develops MS globally usually in his or her late
twenties. About two-thirds o f people with MS are women. It is more common among
people who live in the northern latitudes and also more common among those with
Northern European heritage. Over 50,000 people in Canada have MS and it is estimated
that almost 1 in 400 people have MS in Thunder Bay, Ontario (Multiple Sclerosis Society
of Canada, personal communication, November 18, 2004).
MS is a progressive disease o f the central nervous system (CNS) that leads to the
destruction of the myelin sheath. Without the myelin sheath, nerve cells lose their ability
to conduct nerve impulses. As the number o f damaged nerve cells increases, the body
loses its ability to perform the functions controlled by these cells. Due to the large
number o f potential sites for demyelination, there is wide variation among symptoms and
combinations o f symptoms in different people. Some o f the most commonly occurring
symptoms o f MS are debilitating fatigue, spasticity, ataxia, loss o f balance, loss o f bowel
or bladder control, problems in sexual functioning, altered sensations, visual
disturbances, depression, and loss o f cognitive functioning (Joy & Johnston, 2001).
An individual with MS can remain capable o f performing activities o f daily living
even though their symptoms can fluctuate greatly over a given period o f time. This daily
range of symptoms is o f particular concern to researchers who must recognize that the
raw values may not be as reflective o f the system state as are the patterns o f the system.
Furthermore, these patterns are different from individual to individual (Kasser,
McCubbin & Hooker, 2004).
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Many factors likely contribute to the cause, exacerbations or progression o f MS.
There is a genetic component, although no single gene has been identified and the genetic
contribution seems relatively minor (Wilier & Ebers, 2000). Most likely, the disease is a
product o f susceptibility in several different genes and these genes interact with multiple
environmental factors (Waxman, 2000).
The disease evolves over decades, going through periods o f relative stability and
increased activity in relation to certain triggers. Agents that can trigger exacerbations
include viral infections, emotional stress, pregnancy, heat exposure, allergic reactions to
foods, and irritation or provocation by environmental agents (Weinshenker, 1995). The
major causative factors most supported by the available research are inherited
susceptibility, microbial infection, and environmental toxin exposure (Kidd, 2001).
Exacerbations o f MS may occur rarely with little or no impact on a person's
ability to function, or they may cause a rapid degeneration to severe disability. Some
people with MS show a steady, often rapid, progressive deterioration, a few have a
benign course with virtually no symptoms, and the majority have a relapsing-remitting
course marked by periodic attacks or exacerbations that remit partially or fully. At any
point during the illness, the course can shift (Lublin & Reingold, 1996). M ost people with
MS fall between these extremes and on average live only a few years less than the
general population (Joy & Johnston, 2001).

Quality o f Life
In recent decades, health-related quality o f life has become increasingly important
as a measurement o f the health status o f people with MS (Pfennings, Van der Ploeg,
Cohen, Bramsen, Polman, Lankhorst et al., 1999). Quality o f life has been defined by the
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World Health Organization as an individual’s perception o f his/her position within the
context o f the culture and value system within which he/she lives, and in relation to
his/her goals, expectations, standards, and concerns (1980). It is a broad-ranging concept,
incorporating a person’s physical and psychological health, level o f independence, social
relationships, personal beliefs, and relationship to features o f the environment.
Health-related quality of life can be considered a distinct component o f general
quality o f life. It has been defined as the functional effect o f an illness and its consequent
therapy upon a patient, as perceived by the patient. Similar to overall quality o f life,
health related quality of life encompasses the emotional, physical, social, and subjective
feelings o f well being that reflect an individual's subjective evaluation and reaction to
his/her illness (Miller, 2002). Quality o f life is distinguished from more traditional
measures o f impairment, activity, and participation where the scores are based on
clinicians’ perceptions because it is based on an individuals’ perception o f his or her
position (Nuyens, Van Asch, Kerckhofs, Vleugels & Ketelaer, 2003).
The quality o f life in people with MS is severely affected by the fact that there is
no known cure, the progression o f the disease is uncertain and by the debilitating effects
of the disease. In a study by Sadovnick, Eisen, Ebers, and Paty (1991) the cause o f death
of 119 MS patients in Vancouver, B.C. and London, Ontario was determined. They found
that 47% o f deaths were related directly to complications o f MS, 30% were due to
malignancy, 29% were suicides, 20% to myocardial infarction, 7% to stroke and the
remainder (9.5%) were due to miscellaneous causes. The rate o f suicide among MS
deaths was 7.5 times higher than that for the age-matched general population. In another
study by Fisk, Morehouse, Brown, Skedgel, and Murray (1998) they found that the rate
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of suicide attempts among a group o f MS patients in Nova Scotia was three times that o f
the general population.
The risk o f attempted or completed suicide in neurologic illness is strongly
associated with depression, feelings o f hopelessness or helplessness, and social isolation
(Arciniegas & Anderson, 2002). In light o f the very high rates of suicide, quality o f life
measures are an important tool in measuring the impact o f any intervention in people
with MS rather than typical clinical measures alone.
Assessm ent o f quality o f life. The Short-Form 36 item questionnaire (SF-36) has
been widely used in many populations to determine generic health related quality o f life.
As this assessment tool does not specifically evaluate the quality o f life o f individuals
with MS, the National Multiple Sclerosis Society (NMSS), the Consortium o f Multiple
Sclerosis Centers (CMSC) and the Multiple Sclerosis Society o f Canada (MSSC)
developed the MS-QLI (Ritvo et al., 1997). This quality o f life tool is a 10 subscale and
138-item package which was field-tested with 300 individuals with MS across 5
comprehensive MS care centers (Ritvo et al., 1997).
The comprehensiveness o f content o f the MS-QLI, and its ease o f administration
as either a self-report or interviewer assisted measure make it a suitable quality o f life
assessment tool. The SF-36 (the core instrument in the MS-QLI) has been demonstrated
to be sensitive to change in patients with musculoskeletal conditions (Beaton,
Bombardier, & Hogg-Johnson, 1994) and patients who have undergone hip replacement
surgery (Katz et al., 1992; Fitzpatrick & Dawson, 1997), percutaneous coronary
revascularization (Krumholz et al., 1996), and hernia repair (Jenkinson, Layte, &
Lawrence, 1997). Extensive normative data are available on the SF-36. Furthermore,
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because the MS-QLI was constructed largely from other established measures, normative
data have been published on the six established symptom-specific measures from the MSQLI. The MS-QLI is a modular tool with clear separation o f components and abbreviated
versions o f the four longer subscales are available. Consequently, the MS-QLI may
afford the most flexibility o f the quality o f life tools currently available (Fischer,
LaRocca, Miller, Ritvo, Andrews, & Paty, 1999).

Mobility
van Bennekom, Jelles, and Lankhorst (1995) define mobility as “the process of
moving oneself, and o f changing and maintaining postures”. Thus, mobility is necessary
for the health and well-being o f all persons. In a study comparing quality o f life in people
with MS, participants with mobility impairments had considerably lower quality o f life
scores than participants without mobility impairments (Haupts et al., 2003). Mobility
issues were identified as having the most impact on quality o f life in a group o f 1128
people with MS (Hemmett, Holmes, Barnes, & Russell, 2004).
A major problem with MS is the degradation o f mobility up to a point where
activities o f daily living may no longer be possible. A study by Aronson, Goldenberg,
and Cleghom (1996) found that between 65 - 87% o f people with MS have some form o f
mobility impairment. One o f the most common responses to mobility problems in people
with MS is to cease many recreational activities (Miller, 1997). Physical activity levels
are also limited, particularly on the advice o f physicians in order to minimize the risk o f
exacerbations and symptoms o f fatigue and to prevent overheating common to people
with MS.
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Limiting physical activity has been widely shown to increase the risk of
developing conditions such as cardiovascular disease, osteoporosis, muscle weakness and
atrophy, fatigue, depression, and sleep disturbances (Stuart & King, 1991). As mobility
becomes increasingly difficult due to the loss o f balance, strength, flexibility and/or
increasing spasticity, physical activity also declines. This cycle leads to a further
deterioration o f aerobic fitness, strength, flexibility, and balance. It is a cycle many can
not escape.
Ecological and dynamical systems theories may provide insight into the nature o f
variability in the movement o f individuals with MS and inherent in the movement o f all
biological systems (Kasser, McCubbin, & Hooker, 2003; Kugler, Kelso, & Turvey,
1980). Bernstein (1967) defined movement coordination as the mastering o f redundant
degrees o f freedom to produce a controllable system. The same degrees o f freedom
coordinated in a different way may accomplish different tasks and the same task may be
accomplished using different degrees o f freedom (Bernstein, 1967). Traditionally
variability has been viewed as negative and often discounted as “noise” . Biological
determinism dictates that biological systems are stable and defined by the individual. The
ecological and dynamic approaches to movement consider that the individual is required
to generate both stable and variable output in response to changing intentions or
environmental conditions (Kugler, Kelso, & Turvey, 1980) and this variability serves an
adaptive function (Turvey, 1990; Newell & Corcos, 1993). Movement may change as
either the individual, the environment, or the task changes; however, the functional
outcome o f movement may not change even as the constraints vary (Kasser, McCubbin,
& Hooker, 2003).
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Most research on exercise interventions in MS has shown improved aerobic
fitness, quality o f life and decreased fatigue (Gappmaier et al., 1994; Patti et al., 2002;
Petajan et al., 1996; Solari et al., 1999), but little research has examined the effects o f
exercise on other physical parameters affecting mobility. In early gait studies in people
with MS, it was thought that aerobic interventions would have significant effects on
mobility. A decline in walking ability was thought to be the result o f a reduction in
aerobic capacity in combination with other symptoms o f disease progression. Gehlsen
and colleagues (1986) showed that an aquatic aerobic exercise program had no apparent
effect on the studied gait parameters (velocity, stride length, cadence, knee, and ankle
joint rotation). In this study, the intensity o f exercise was not monitored closely, the
disability levels o f the participants were very low and the type of exercise varied among
participants. Rodgers et al. (1999) also showed minimal changes in gait abnormalities
after a 6-month aerobic cycling intervention. Jones, Davies-Smith, and Harvey (1999)
compared a mobility exercise program with a weighted leg exercise training program and
a control group receiving no exercise. Both exercise programs were performed at home.
Seventeen participants with MS were randomly assigned to the three arms o f the trial.
Muscle strength o f the quadriceps and the functional activities o f walking and
transferring were timed. Although the weighted leg group improved significantly on time
needed for chair transfers, no significant differences were found between the three groups
for gait speed, ability to transfer and muscle strength. Romberg et al. (2004) examined
the effects o f a 6-month aerobic exercise and strength training program on walking,
strength, endurance, and static balance. The exercise group showed significant
improvements in the 25 foot and 500 meter timed walk tests and muscular endurance.
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Assessment o f mobility. The techniques used to assess mobility vary widely
throughout the literature. Typically, mobility has been measured using videographic gait
analysis to determine active range o f motion, stride length, and other kinetic and
kinematic parameters o f gait (Winter, 1995). This method is highly sensitive, however it
is extremely time consuming, expensive and not easily portable. Timed gait tests in
which participants walk at their normal pace over distances varying from 4 to 500 metres
are also used extensively in mobility related research on people with MS. These tests are
quickly and easily performed with little to no financial investment. However, they are not
sensitive to specific changes in mobility as walking speed is only one aspect o f mobility.
One such test, the Timed Get-Up and Go (TGUG) test measures the overall time to
complete a series o f functionally important tasks: standing, walking 3m, turning, walking
3m, and sitting (Podsiadlo & Richardson, 1991). The TGUG has been reported as having
high test-retest reliability (Intraclass correlation coefficient - 0.97) in a sample o f 96
healthy older adults (61 to 89 years o f age), showing age-related decline (Steffen, Hacker,
& Mollinger, 2002) and has a good correlation with the Barthel Index o f ADL (r = -0.78)
(Podsiadlo & Richardson, 1991). Fleiss (1986) states that an ICC value above 0.75
represents “excellent reliability”.
The Expanded Timed Get-Up and Go test (ETGUG) is similar to the TGUG but
each segment o f the total test is also timed to provide further information regarding the
segment o f the task (Wall, Bell, Campbell, & Davis, 2000). As this assessment tool
requires that the participant ambulate for a total o f 20 metres per trial, it is not likely
appropriate for the MS population due to potential problems with fatigue.
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Similar to the ETGUG, the author o f this paper devised an adapted TGUG
(ATGUG) specifically for this study. This assessment tool requires ambulation over the
same distance as the TGUG, however the time taken to rise out o f the chair and travel to
the Im mark, time to travel the remaining 2m, the time to turn and move back to the 3m
mark, the time taken to travel back to the starting position, the time to sit down and the
total time are all taken. Like the EGUG, the ATGUG is a more specific test than the
TGUG as it better isolates functional deficits throughout the entire 6m test while still
providing the same data as the TGUG (Wall, Bell, Campbell, & Davis, 2000). The
TGUG has shown positive mobility improvements in interventions with people with MS
previously (Hale, Schou, Piggot, Littmann, & Tumilty, 2003) and the ATGUG should
have increased sensitivity to specific changes in mobility for the MS population.
While the different TGUG tests are good timed measures o f basic functional
mobility, they may not capture the effects o f MS on instrumental activities o f daily living
(I-ADL) related to mobility. While basic activities o f daily living (B-ADL) measure
abilities to perform simple self-care activities, they do not include items for measuring
more complex activities related to mobility. These activities are necessary for
independence in the home and community settings. These scales include items that go
beyond basic self-care skills to those representing outdoor and community based
activities. Several researchers have shown that it is possible for an individual to show no
deficit in B-ADL, while I-ADL may be significantly impacted (Bula et al., 1999).
In contrast with the previous instrumental activity o f daily living scales, one
published scale, the Rivermead Mobility Index (Collen, Wade, Robb, & Bradshaw, 1991)
was designed to focus entirely on mobility in the home and community. This scale is
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limited to 15 items and includes three outdoor items: walking on pavement, walking on
uneven ground, and running. The other 12 items represent very basic mobility activities
such as transferring from lying to sitting, transferring from bed to chair and standing
unsupported. The Rivermead Mobility Index has been used in four MS intervention
research studies to date: Fuller, Dawson, and Wiles (1996), Lord, Halligan, and Wade
(1998), Vaney, Blaurock, Gatter, and Meiseds (1996), and Wiles et al., 2001. Scores on
the RMI have been shown to be reliable in studies by Molenaar, Van Dorn, and
Vermeulen (1997) and Green, Forster, and Young (2002) and not significantly correlated
to timed measures such as the TGUG (Lord, Halligan, & Wade, 1998). The RMI is
responsive to intervention as it has been found to change in participants undergoing
treatment (Fuller, Dawson, & Wiles, 1996; Molenaar & VanDom, 1997; Paolucci et al.,
1996; Vaney, Blaurock, Gatter, & Meiseds, 1996; Wiles et al., 2001).
Wiles (2001) performed a randomized cross-over trial to determine whether
physiotherapy can improve mobility in forty patients with MS. The participants were
randomly assigned to either treatments consisting o f physiotherapy at home, in the
outpatient clinic and no therapy. A significant treatment effect was reported on the RMI
when hospital or home-based physiotherapy was compared with no physiotherapy. The
effect on mobility was also shown by significant effects on all above-mentioned
secondary measures in favor o f exercise therapy compared to no exercise.

Postural Control
Postural control has been defined as the ability to maintain the body’s position
over its base o f support (Berg, Wood-Dauphinee, Williams, & Gayton, 1989). The body
is never absolutely stable, so the postural control system works to maintain the body’s
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center of gravity within its base o f support (Nashner, 1985). The execution o f postural
control requires the smooth coordination o f biomechanical, sensory organization, and
motor coordination components. The biomechanical components execute the motor act o f
balance and include bones, muscles, ligaments, and tendons. The visual, vestibular, and
proprioceptive sensory organization components relay internal and external sensory
information to the CNS. Finally, the motor coordination components such as the stretch
reflex and motor programs make up the automatic postural reactions regulated by the
CNS (Horak, Esselman, Anderson, & Lynch, 1984).
Deficits o f postural control in individuals with MS may occur as a result o f
demyelination affecting the vestibular nerve or areas around the vestibular nuclei in the
brain stem (McConvey & Bennett, 2005), the presence o f plaques in the optic nerve and
the degeneration o f the myelin sheaths surrounding the axons o f the visual system (Kraft
& Wessman, 1974), lesions in the long ascending sensory tract (Nelson, DiFabio, &
Anderson, 1995), abnormal somatosensory evoked potential latencies (Dorfman &
Bosley, 1979), and inadequate motor responses (Gehlsen & Whaley, 1990). Corradini,
Fioretti, Leo, and Pipemo (1997) compared the spontaneous postural sway o f individuals
with MS, hemiparesis and healthy adults and determined that the balance involvement in
MS patients cannot be attributed to specific damage to the afferent pathways
corresponding to the proprioceptive, visual, and vestibular entrances to the postural
control system. Rather, it is hypothesized that observed balance impairments arise from
distributed signal disorders affecting several different pathways. Muscle weakness and
spasticity further compromise the ability to balance by affecting the sequencing and force
of muscle contraction (Ashburn & DeSouza, 1988).
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Balance disorders negatively impact the lives o f people with MS by increasing the
difficulty in moving from one position to another, sustaining an upright posture, and
performing functional activities such as walking and turning. All o f these issues
predispose people with MS to loss o f equilibrium and falls (Frozvic, Morris, & Vowels,
2000). Cattaneo et al. (2002) suggest that poor balance may contribute to an increased
fear of falling and this may further lead to a decrease in quality o f life.
The sole research article on MS and falls has shown that fallers can be
discriminated from non-fallers based on balance skill variables, gait impairment
variables, and the use o f a cane (Cattaneo et al, 2002). Currently, no fall risk data exists
for individuals with MS but because of the increased risk for osteoporosis in women with
MS and the relationship between immobility and osteoporosis, Nieves, Cosman, Herbert,
Shen, and Lindsay (1994) examined the bone health o f 80 women with MS. They
determined that the risk o f fractures o f a female with MS is 2 to 3.4 times greater than
that o f a healthy woman o f a similar age.
Since older individuals are among those at greatest risk for poor balance and fall
related injuries, most research in the postural control area has been focused on this
population. Balance has been shown to be related to falls primarily in studies o f older
populations (Hiroyuki, Uchiyama, & Kakurai, 2003; Lord, Ward, Williams, & Anstey,
1994; Sinaki, Brey, Hughes, Larson, & Kaufman, 2004; Stumieks et al., 2004; Suzuki,
Kim, Yoshida, & Ishizaki, 2004). It is thought that the aging process may impair any one
of the systems involved in regulating postural control, either visual, vestibular,
somatosensory or musculoskeletal (Shupert & Horak, 1999). Because o f the extreme
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variability in the damage to the CNS resulting from MS, the risk o f falls is likely to be
higher in this population (Cattaneo et ai, 2002).
A 1992 review panel formed by the Executive Committee o f the Consortium of
Multiple Sclerosis Centers reported that there is a significant lack o f scientific research in
the area o f postural control and balance in individuals with MS despite the frequency of
complaints o f people with MS regarding balance problems (Chan, Hugos, Morrison, &
Theriot, 1994). Few studies have been conducted on improving postural control through a
physical activity intervention in those with MS.
According to Whipple (1997) most balance tests and interventions fail to
adequately reflect the wide variety o f challenges to the postural control system occurring
in daily life. As such, Kasser, Rose, Clark, and Fujimoto (1999) implemented a 12-week
balance training intervention based on the ecological theory o f perception and control of
bodily orientation for four adults with MS. All four participants improved in specific
measures o f the dynamic Limits o f Stability test and two o f the participants improved on
the Sensory Organization Test. The authors suggest that the theoretical basis o f the study
(that improvements in postural control occur from manipulations o f the individualenvironment interaction) is the primary cause for the intervention’s success. Another
successful intervention to improve balance was a Tai Chi ‘mindfulness o f movement’
intervention. Eight participants with MS were given six instructional Tai Chi sessions.
After the sessions, participants had significantly improved their timed single leg stance
balance scores and this was maintained at the three month follow-up (Mills & Allen,
2000 ).
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DeBolt and McCubbin (2004) found that after an 8 week home-based resistance
exercise program, only leg extensor power improved while balance and mobility scores
did not. However, participants did say they noticed improvements in the activities o f their
day to day lives. Short intervention duration and low sample size were cited as limitations
o f the study. After a six-month strength and aerobic exercise training intervention,
Romberg et al. (2004) found that only walking speed improved post intervention. Low
adherence rates on the home based sessions may have been the cause o f a lack o f any
significant gains.
Assessment o f postural control. The measurement o f postural control is typically
done using both a static and dynamic posturographic assessment. The static assessment
consists o f each participant standing as still as possible under eyes open and eyes closed
conditions. The dynamic assessment is so called because each participant must move to
the limits o f their stability boundaries by leaning forward, backward, and to each side.
The center o f pressure (COP) is the location o f the vertical ground reaction vector on the
force platform and the COP movements are recorded resulting in various sway
parameters. These COP excursions reflect shifts in the forces applied on the platform by
the body in an effort to maintain the COP over the base o f support (the feet) (Thapa,
Gideon, Brockman, Fought, & Ray, 1996). The typical parameters measured are the
centre o f pressure total sway path, total sway area, antero-posterior (AP) sway, and
medio-lateral (ML) sway.
Thapa et al. (1996) described postural sway as the corrective body movement
resulting from the body’s effort to maintain balance in that posture, with increased
postural sway indicating greater effort and thus, poorer balance. Sway in the AP direction
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is controlled by the ankle plantar and dorsi-flexors and lateral control is accomplished by
the hip abductors and adductors (Winter, 1995).
The rationale for using an area as a measure o f sway is that it is a reflection o f the
portion o f the base o f support utilized during quiet stance (Thapa et al., 1996). This area
also describes the size and shape of the ground covered by the COP as well as the
proportion o f the base o f support used during sway. It is also a function o f path length as
it is reflective o f the contour o f sway area enclosed by the perimeter o f sway path (Jeong,
1994). Research by Corradini, Fioretti, Leo, and Piperno (1997) has shown that the sway
area in the eyes closed condition seems to be the most sensitive parameter for MS
patients as half o f their participants exceeded the ‘healthy normal’ threshold.

Spasticity
Spasticity is a condition in which a muscle has increased tone and resists being
stretched. Lance (1980) has defined clinical spasticity as a velocity-dependent increase in
tonic stretch reflexes and muscle tone. The mechanism that causes spasticity is still not
completely understood but stretch reflexes are known to be involved. Normally, nerve
signals from the brain and upper spinal cord help control the stretch reflexes, inhibiting
them when necessary to allow appropriate muscle contraction. In MS, it is thought that
spasticity probably arises when the lesions block these inhibitory signals from the brain
(Smyth & Peacock, 2000). The affected muscles feel tight or stiff and are prone to painful
and uncontrollable spasms o f the extremities, usually in the legs (Schapiro, 1991; Young,
2000 ).

Spasticity affects up to 74-90% o f people with MS, and can add to existing
problems with mobility and muscle weakness (Multiple Sclerosis Society, 1999; Paty &
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Ebers, 1998; Shakespeare, Boggild, & Young, 2001). Prevalence data reveals that 69% o f
MS patients alter or avoid daily activities as a result o f spasticity. Treatment o f spasticity
can significantly improve quality o f life parameters by reducing spasms, pain, and fatigue
(Rizzo, Hadjimichael, Preiningerova, & Vollmer, 2004). There are a number of
therapeutic approaches to the management o f spasticity, including stretching, range o f
motion exercises, aerobic exercise, and drug therapies. However, neither stretching, range
of motion exercises or drug treatments alone can cure spasticity or improve muscle
coordination and strength to the point o f function prior to the disease.

Assessment o f spasticity. Typically, spasticity has been assessed using the
Modified Ashworth Scale (MAS) which is an ordinal 4 or 5 point Likert scale based on
the amount o f resistance determined by the evaluator when attempting to move a joint
through its range o f motion (ROM) (Pandyan et al., 1999). Due to the extreme variability
in spasticity levels over a 24 hour period (Holland, 1997) and the subjectivity o f the test,
the MAS is not an appropriate or reliable assessment tool to test the effects o f an
intervention. Many drug researchers have recognized the issues associated with the MAS
and have begun incorporating self-report assessment techniques to describe the effects o f
spasticity on activities o f daily living (Gelber, Good, Dromerick, Sergay, & Richardson,
2001; Lagalla, Danni, Reiter, Ceravolo, & Provinciali, 2000; Milanov & Georgiev, 1994).
This method is perhaps the most useful and appropriate considering the lack o f sensitivity
of the MAS.
Priebe, Sherwood, Thomby, Kharas, and Markowski (1996) evaluated several
spasticity scales and suggested that since the scales poorly correlate with each other, that
each scale measures a different aspect o f spasticity. Furthermore, as spasticity is a
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multidimensional problem, a single scale is likely to under represent the magnitude and
severity o f spasticity. Consequently, it is necessary to evaluate spasticity with several
different scales. The following series o f one item self report scales has commonly been
used in MS and spinal cord injured populations to evaluate spasticity: Penn Spasms
Frequency Scale (Cutter, Scott, Johnson & Whiteneck, 2000; Penn, 1988; Priebe et al.,
2000), the Visual Analogue Scale for pain (Cutter et al., 2000; Richardson, Edwards,
Sheean, Greenwood, & Thompson, 1997; Skold, 2000), the Spasm Severity Scale, the
Interference with Function Scale (Cutter et al., 2000; Priebe et al., 2000) and the Physical
Activity Global Assessment (PAGAS) adapted from Cutter et al. (2000).

The Role o f Physical Activity forlndividuals with M S
For many years, people with MS have been advised to avoid exercising because
o f the tendency for fatigue and overheating. However recently, spurred on by the
anecdotal evidence o f people with MS who refused to lead a sedentary life, many
researchers have begun to examine the effects o f exercise on individuals with MS. It has
now been shown that people with MS can participate in aerobic exercise safely without
increasing the rate or severity o f exacerbations, increase their fitness and quality o f life
(Petajan et al., 1996) and reduce morbidity resulting from cardiovascular disease and
other diseases, which are a consequence o f sedentary living (Blair et al., 1989). In fact,
the most recent Cochrane database review on exercise therapy for individuals with MS
cites strong evidence in favour o f exercise therapy compared to no exercise therapy in
terms of muscle power functions, exercise tolerance functions, and mobility-related
activities (Rietberg, Brooks, Uitdehaag & Kwakkel, 2005).
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The primary benefits o f regular exercise in people with MS include increased
cardiorespiratory fitness (Mostert & Kesselring, 2002; Petajan et al., 1996; PonitcheraMulcare et al., 1997; Rodgers et al., 1999) improved muscular strength and endurance
(DeBolt & McCubbin, 2004; Gehlsen, Grigsby, & Winant, 1984; Petajan et al., 1996;
White et al., 2004), reduced fatigue (Gehlsen et al., 1984; Mostert & Kesselring, 2002;
Petajan et al, 1996), improved quality o f life (Husted, Pham, Hekking, & Niederman,
1999; Kraft, Alquist, & Lateur, 1996; Mostert & Kesselring, 2002; Oken et al., 2004;
Roehrs, & Karst, 2004; Sutherland, Andersen & Stoove, 2001), enhanced ability to
perform activities of daily living and management of MS related symptoms (Petajan et
al., 1996).
White and Dressendorfer (2004) reviewed the physical activity intervention
literature and made several recommendations for exercise prescription in MS. Careful
consideration o f the participants abilities, limitations and goals and sensitivity to the daily
fluctuation o f symptoms including fatigue are paramount to the success o f an individual
participating in an intervention. Physical activity for people with MS should also
incorporate aerobic, strength and flexibility components. Ultimately, the “prescription o f
exercise that enhances cardiorespiratory endurance, muscle strength, mobility, and
balance shows promise as an effective intervention strategy to minimize functional losses
in persons with MS” (White & Dressendorfer, 2004, p. 1097). Similarly, Rosenthal and
Scheinberg (1990) suggest that physical activity interventions, which are designed to
maximize independence, are the most appropriate for individuals with severe physical
impairments. Sutherland and Andersen (2001) also recommend that participant’s
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perceptions o f functioning and well being are central outcomes o f interventions and
should therefore be included in physical activity intervention research.
On-going exercise programs are required to maintain health and fitness levels
(Kirsch & Myslinski, 2000). However, attending lengthy supervised exercise programs
could prove difficult and expensive for anyone with limited mobility (Kirsch &
Myslinski, 2000). A more cost effective and suitable approach may be to attend a
supervised instructional program for several weeks to ensure safety and familiarization
with exercises followed by independent continuation o f the exercise program at home. It
is important to investigate exercise programs for people with MS that demonstrate
efficacy and cost effectiveness, and that can be easily carried out in the home (Solari et
al., 1999). Therefore, activities such as cycling using cycling ergometers, yoga or
stretching programs may be the most appropriate for long-term continuance.
As mentioned previously, several studies have reported on the effects o f physical
activity on mobility and balance o f individuals with MS (Debolt & McCubbin, 2004;
Romberg et al., 2004; White et al., 2004). The varying success rates o f these
interventions have been cited as due to adherence, insensitivity o f measurements, and
lack o f specificity o f the intervention to the target variable. In a review o f physical
activity interventions, Petajan and White (1999) recommend activities in which the
participant must shift their centre o f gravity and react to external cues such as in Tai Chi
and yoga to improve balance and coordination. However, little research in this area
exists.
The role o f yoga as a fo rm ofphysical activity. Hatha yoga emerged from the
Indian culture some 4,000 years ago and commonly comprises postures known as asanas.
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breathing exercises known as pranayama, and meditation known as dhyana. The postures
o f Hatha yoga involve standing, balancing, forward bends, back bends and twists, all o f
which promote balance, flexibility, and strength in a slow and controlled fashion. The
controlled breathing and meditation promote relaxation, a modulator o f autonomic
nervous system function (Riley, 2004).
Iyengar yoga is a style o f Hatha yoga, which emphasizes technical alignment of
the body and is also the most popular form o f yoga in the United States and Canada
(Riley, 2004). In Iyengar yoga, a person assumes a series o f stationary positions that uses
isometric contraction and relaxation o f muscle groups to create specific body alignments
(Riley, 2004). In the past 20 years, yoga has gained momentum in the Western scientific
community. In a review by Raub (2002), he identified 30 published research articles on
the effects o f Hatha yoga on musculoskeletal status, exercise performance or
cardiopulmonary function. Previous studies o f the benefits o f yoga in various illnesses
have found many positive effects particularly in measures o f quality o f life, muscular
strength and aerobic function (Berger & Owen, 1992; Blumenthal et al., 1991; DeMayo,
Singh, Duryea, & Riley, 2004; Ray et al., 2001 ; Manocha, Marks, Kenchington, Peters, &
Salome, 2002; Netz & Lidor, 2003; Woolery, Myers, Stemlieb, & Zeltzer, 2004). Tran,
Holly, Lashbrook, and Amsterdam (2001) assessed the effects o f Hatha Yoga on
muscular strength, muscular endurance, flexibility, cardiorespiratory fitness, body
composition, and pulmonary function after eight weeks o f two weekly sessions o f yoga
training. They found that muscular strength, muscular endurance, flexibility and maximal
oxygen uptake all significantly improved in ten healthy 18-27 year old untrained
participants after the intervention.
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As yoga targets flexibility, balance, and quality of life, and these areas are often
challenged in people with MS, it is an intervention mode that should be explored more
fully. However, few studies have examined yoga for the MS population. Dr. Zwick, from
the Consortium o f Multiple Sclerosis Centers, advises the practice o f Iyengar yoga to
alleviate fatigue, muscle weakness, spasticity and pain resulting from either direct
damage to CNS or from disuse (2004). Iyengar yoga is thought to be particularly
appropriate for people with MS as it emphasizes precision and symmetry in static and
dynamic exercises using props that allow full relaxation into the pose for those with
mobility restriction (Zwick, 2004). In a survey o f 1,980 respondents with MS from
Oregon and southwestern Washington, 30% reported they had taken yoga classes and
57% o f those described the classes as having been “very beneficial” (Bourdette, Yadav &
Shinto, 2004).
Oken et al. (2004) held a 26-week trial o f Iyengar yoga for 69 participants with
MS. The yoga sessions were developed by Eric Small, a certified Iyengar instructor who
also has MS and 2 other Iyengar instructors in order to ensure the classes were suitable
for the MS population. The sessions are detailed in a methodological article published
prior to the study undertaking (Kishiyama et ai., 2002). The study itself examined the
effects o f yoga on cognitive function, fatigue, mood, and quality o f life in people with
MS. While no cognitive changes occurred, the authors found that participants decreased
their fatigue scores on the Multi-Dimensional Fatigue Inventory (MFI) and improved
some aspects o f quality o f life as measured by the SF-36.
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Several studies have examined the effects of yoga training on balance and
mobility in populations other than the MS population. The following is a summary o f the
research on the effects o f yoga on balance and mobility.
Gauchard, Jeandel, Tessier, and Perrin (1999) examined the effects o f physical
activities including yoga and “soft gymnastics” on the static postural control o f forty
participants over the age o f 60 in a prospective research design. The yoga group practiced
yoga or gymnastics at least once per week for 90 minutes. It was found that the group
who performed these ‘proprioceptive activities’ did significantly better in the balance
tasks particularly in the eyes closed condition. The researchers compare the “slow
movements performed sequentially under different postural conditions” in the yoga group
to movements performed in Tai Chi and conclude that “the better central integration
favoured by the practice o f such coordinated movements appears to allow for more
appropriate motor responses” (p. 83). Tai Chi is similar to yoga in that it uses slow
controlled movements in shifting the center o f body mass as well as breathing exercises.
Tai Chi has been shown to significantly improve balance and functional mobility in older
populations (Allen & Taylor, 2001 ; Taggart, 2002; Tse & Bailey, 1991; W olf et al.,
1996). It is thought that the mechanism behind improvements in balance from Tai Chi
interventions can be explained by the motor learning theory. The slow repetitive
movements and changes in the center o f balance with specific sequencing o f movements
lead to the development o f motor programs (Schmidt & Lee, 1999).
In a study by Bastille and Gill-Body (2004), two o f the four participants with
chronic post stroke hemiparesis improved their balance as measured with the Berg
Balance Scale and three o f the four participants improved their Timed M ovement Battery
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mobility scores. In a yoga intervention for women with hyperkyphosis in which the
thoracic region o f the spine is excessively anteriorly concave, Greendale, McDivit,
Carpenter, Seeger, and Huang (2002) found that participants significantly improved in
several balance and mobility measures and 63% o f the women reported increased
postural awareness and improvements after a 12 week intervention o f twice weekly,
hour-long sessions. The authors conclude that the mechanisms by which postural control
occurred may have included increased strength and flexibility and heightened attention to
proper postural alignment. In a similar 6-week yoga intervention study with 22
participants with chronic low back pain, it was found that participants improved in the sit
and reach balance test, forward reach flexibility test, and decreased both disability and
depression as measured by the Oswestry Disability Index and Beck Depression
Inventory. While this pilot study reported promising results, the study was not powered to
reach statistical significance (Galantino et al., 2004).
Leininger, Hakim, Wagner, and Spencer (2003) compared a yoga trained group o f
healthy older adults to a non-yoga group as measured by the Berg Balance Test, the
Multidirectional Reach Test and the Timed Up and Go Test. The researchers found that
none of the tests were able to detect significant changes in this population. The authors
recommend the use o f more challenging and sensitive balance tests. Furthermore, the
participants may have been better balancers and more mobile than the tests were able to
detect.
The success o f these yoga interventions in improving balance and mobility shows
promise for the MS population. Only one study reported no difference between a yoga
group and a non-yoga group in terms o f balance however, this study only compared
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former participants in a yoga class with other older adults who had not participated in a
yoga class. Unfortunately, the article appeared in a supplement and no information
regarding the amount o f time spent in yoga classes or the length o f time since the last
class was reported (Leininger et al., 2003). Three o f the four studies that examined the
effects o f yoga on mobility reported significant improvements (Bastille & Gill-Body,
2004; Greendale et al., 2002; Leininger et al., 2003; Oken et al., 2006). To date, no
research has examined the effects o f yoga on balance, mobility or spasticity in individuals
with MS.
In light o f the potential benefits to people with MS and the lack o f research in the
area, the purpose o f this study is to determine the effects o f a 10 week yoga intervention
on postural control, spasticity, mobility and quality o f life in people with multiple
sclerosis.
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Procedure
Recruitment. Recruitment began following approval from the ethics review board
of Lakehead University and St. Joseph’s Hospital. Participants were recruited from the
Thunder Bay chapter o f the MS Society o f Canada through a mail out in their fall
newsletter. After receiving permission to include the information in the newsletter from
the MSSC, the information packages (Appendix A) were inserted by MSSC staff in order
to maintain anonymity o f their clients.
Dr. Brown’s clients with MS at the St. Joseph’s Care Group Clinic were also
contacted through an information package. The information provided details regarding
the study purpose, intervention requirements and the researchers contact information
(Appendix A). Clients wishing to participate telephoned the researchers for more
information.
Participants were also recruited through advertising using information sheets
placed at the MS Society o f Canada’s Walk for MS. These sheets contained similar
information as the poster. In addition, an advertisement was placed using the local cable
company’s scrolling local information channel. An email interview through the Lakehead
University Office o f Communication was also released on the Lakehead University
website advising potential participants about the study. Potential participants contacted
the researchers for more information.
Participants were largely recruited from the MS Society Support Group. The
coordinator o f the group advised potential participants meeting the eligibility
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requirements o f the study through email or telephone contact and provided interested
members the researchers’ phone numbers.
Upon receiving the phone call expressing interest, the researchers screened
interested participants for previous balance and mobility problems, provided all interested
participants with further information regarding the information session, and answered
questions they had about the intervention.
An information session was held for all interested individuals after the initial
recruitment phase. At that time, further explanation o f the study was provided by the
researchers. The mobility and balance tasks were demonstrated and an explanation o f the
spasticity questionnaire was given. Before beginning the intervention, all participants
were required to read and sign the cover letter and consent form (Appendix B), complete
the PAR-Q or seek permission from their physician by completing the PARmedX
(Appendix C). These physical activity-specific checklists provided medical and physical
activity histories, which determined whether there were any limitations that would
preclude participation in the study. All participants were advised to consult with their
physicians before beginning the yoga intervention.
Participants. Out o f approximately 300 potential participants contacted, a sample
o f 16 participants was recruited to participate in this study. The participants had a varying
range of mobility but were able to walk 6 meters twice in a short period o f time, stand for
a period o f 20 seconds unassisted and were willing to participate in a 10 week yoga
program. Participants did not have any medically documented or suspected conditions
that may have adversely affected them during exercise.
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To be included in the study, participants must have experienced a balance deficit
or mobility issue in the last 6 months and did not experience an exacerbation in the 3
months prior to beginning the intervention.

Intervention. Yoga participants underwent a 10 week yoga intervention, 2 times
per week, and 70 minutes per session beginning in October. The yoga sessions were
conducted by a trained yoga instructor following a similar program to the Kishiyama et
al. study (2002). Three volunteers from a 3rd year Adapted Physical Activity course in
the Lakehead University Kinesiology program attended the twice weekly sessions and
assisted the instructor and participants getting into and out o f poses and providing support
when needed. Participants were given a yoga instructional booklet, asked to practice at
home and to keep a log o f how much practice they had done and which poses were
practiced in ajournai provided to them by the researchers (Appendix D). These journals
were collected on a bi-weekly basis by the researchers.

Follow Up. Following the 10 week intervention, participants were advised to
refrain from participating in further yoga classes, including home practice and
recommended to refrain from beginning any new physical activities for a 12 week period
before being tested for a final time in March to allow time for a wash-out o f effects due to
the intervention.

Pre, Post and Follow Up Assessments. All participants were offered free
transportation to and from Lakehead University. All assessments were performed in the
School of Kinesiology Research Centre at Lakehead University's School of Kinesiology.
Participants were asked to wear comfortable clothes and comfortable shoes to the
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assessments. Participants completed a pre test in the two week period before the
intervention was to start. The pre test included a spasticity questionnaire, a mobility
analysis where participants were required to walk a total o f 6 metres twice and were
asked a series o f 14 yes or no questions, and a static and dynamic postural control
assessment.
Participants were first asked to complete a brief MS history regarding type o f MS,
length of time since diagnosis, medications, and a description o f balance and/or mobility
issues. Participants then completed the spasticity questionnaire which consists o f 5
questions regarding the participant’s recent experiences with spasticity (Appendix E).
The ATGUG mobility assessment required that participants be able to stand from
sitting, walk a total o f 6m and sit back down. The area for the ATGUG test was set up by
measuring 3m from the front legs o f a straight-backed armchair with a seat height o f
approximately 46cm. The participant was instructed to "sit with your back against the
chair and your arms on the arm rests. On the word 'go,' stand upright, then walk at your
normal pace to the line on the floor, turn around, return to the chair, and sit down." The
multi-memory stopwatch was started on the word 'go', pressed again at the Im mark to
store the time in the memory, again at the 3 m mark, again after the turn was completed,
again at the Im mark and then stopped when the participant’s buttocks touched the seat
of the chair. A total o f two timed trials were performed at each assessment so as not to
fatigue the participants. A short rest period was allowed between trials depending on
participants’ needs. Participants were asked to walk at their usual pace and were allowed
to use any typical walking aids. These walking aids had to be used in both the pre, post
and follow up assessments. The RM l is a five minute questionnaire on a participant’s
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mobility related ADL (Appendix F). Participants completed this questionnaire once
during all the pre, post test and follow up sessions. The single observed item o f the RMI
is accomplished by the quiet standing eyes open trial o f the postural control assessment.
Postural sway was assessed using an Advanced Mechanical Technology, Inc.
(AMTI) force plate. The force platform was connected to an IBM compatible Pentium
166 MHz personal computer and BioSoft-Beta version 1.0 software translated and
recorded the vertical force and antero-posterior (AP) and mediolateral (ML) moments o f
force, applied to the force plate. Measures o f postural sway were taken during the quiet
upright stance and the space task and include: AP and ML sway, area o f sway (AS), and
path length (PL). The static balance assessment required participants to stand barefoot as
still as possible for 20 seconds on a force plate both with eyes open and then with eyes
closed. Three trials o f each test were performed. All measures were taken at a sampling
frequency o f 100 Hz with the gain set at 4000x, 5x, and the electronic filter set at 10.5 Hz.
During the pre-test phase, height and foot size were measured. Each participant was
required to stand barefoot on a plain sheet o f paper while each foot was traced. Mass was
automatically calculated when each participant stood on the force plate. All platform
measures were performed barefoot.
During quiet stance the participant was asked to stand with arms across the chest,
remain as still as possible on the platform, and look straight ahead at a 10” target located
on a wall 10 feet away. During the dynamic balance task, participants were asked to lean
forward, backward, right and left as far as possible while keeping the trunk erect, knees
and hips extended and without lifting toes or heels, for the 20-second duration. As in
quiet stance, the data were projected on the computer screen and the related software
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computed measures o f AP and ML sway, area of sway and path length for each
participant. Three readings o f 20 seconds were taken for each stance and the mean o f the
three trials was used in the analysis. The dynamic balance task was implemented with
eyes open only. Participants then completed the modified MS-QLI questionnaire which
consists o f the SF-36, the modified fatigue impact scale (MFIS), the Medical Outcomes
Study pain effects scale (MGS PES), the MGS the Medical Outcomes Study modified
social support survey (MSSS), Perceived Deficits Questionnaire (PDQ), and the Impact
o f Visual Impairment Scale (I VIS) (Appendix G).
During all o f the assessments there was a ‘catcher’ present if anyone began to lose
his or her balance or needed assistance. Tests took approximately 1 hour to complete.
Following the intervention, the participants completed the same MS-QLI questionnaires,
spasticity questionnaire and completed the same mobility and balance tests. Participants
were also asked to complete a social validation survey which provided them an
opportunity to express feelings about yoga as a mode o f exercise (Appendix H). This
questionnaire was developed by Allen and Taylor (2001) with the assistance o f a
qualitative researcher for a Tai Chi intervention. The social validation survey consists o f
a combination o f closed- and open-response questions. This tool allows participants to
choose negative, positive or undecided responses to questions, and also provides an
opportunity to elaborate on any given response (Henderson, Lyons Morris, & Taylor FitzGibbon, 1987). Kaplan (1990) has argued that behaviour should be the focus o f the final
outcome in health research. Evidence that a person with MS functions better in the
physical, mental and social aspects o f life or that physical activity aids in slowing down
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of MS related physical or psychological deterioration following an intervention must be
provided. The use o f social validation as a measurement aids in accomplishing this goal.
The same procedure was then followed after the 12 week rest period at the follow
up assessment. Participants completed all assessments but the social validation survey.

Analysis
Pre, post and follow up values for the continuous variables; the Visual Analogue
Scale for pain, each sub-measure o f quality o f life (MS-QLI), mobility (ATGUG and
RMI), and sub-measures o f postural control (AP and ML sway, ellipse area and length),
were analyzed using one way repeated measures ANOVAs. Pairwise comparisons for
variables with significant ANOVAs and ANOVAs approaching significance with
medium to large effect sizes were explored using a Student Newman Keuls (SNK) post
hoc. Ordinal spasticity scales (Penn Spasms Frequency Scale, the Spasm Severity Scale,
the Interference with Function Scale, the PAGAS and the SF-36 Health Transition (HT))
were analyzed using Friedman ANOVAs by ranks. Dunn’s multiple comparison
nonparametric tests were performed to determine differences between assessment periods
for the ordinal level variables (Jaccard & Becker, 1990).
Effect sizes for continuous variables were determined using eta-squared (q^), with
small effect sizes between .01-.03, medium effect sizes between .06 and .1 and large
effect sizes >.15 (Cohen, 1988). Eta-squared (SSbetween / (SStotal) represents the
proportion o f total variance in the dependent variable that is attributable to each effect
(Levine & Hullett, 2002). For ordinal scale measured variables, effect size was
determined using epsilon-squared (E^

{k +1)]/NA) where k is the number o f
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conditions and N is the sample size (Jaccard & Becker, 1990).

represents the strength

o f the relationship between the dependent variable and the independent variable. The
social validation surveys were explored for themes and reported in terms o f these themes.

Hypotheses

After performing all statistical analyses, it is expected that the yoga intervention
will significantly increase the quality o f life in at least three domains (physical
functioning, pain and fatigue) as measured by the MS-QLI o f people participating in a
yoga intervention. These quality o f life results were also found after a yoga intervention
for people with MS (Oken et al., 2004). It is also expected that the yoga intervention will
increase AP sway and area o f sway in the postural sway assessment and increase AP
sway and area o f sway in the dynamic balance task because o f similar findings from
previous Tai Chi studies (Allen & Taylor, 2001; W olf et al., 1997). It is posited that the
yoga intervention will reduce spasticity because of the effects o f stretching exercises on
spasticity and as participants’ postural control and spasticity is affected, it is also believed
that the yoga intervention will decrease ATGUG times and improve RMI scores.
Finally, the social validation survey will reveal more detailed information
regarding participant’s perceived changes from the yoga intervention that is not picked up
by the other tests.
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Results

Participant Characteristics
Descriptive characteristics o f participants who completed the 10 week yoga
intervention are reported in Table 1. Sixteen participants completed the pre-intervention
assessments and 3 o f the 16 participants dropped out o f the intervention before the post
assessment. O f the drop-outs, one participant had a mild exacerbation and the other two
were not interested in the class. O f the 13 remaining, 1 o f these participants was unable to
return for the follow up assessment, leaving 12 participants who were assessed at pre,
post and follow up. Participants had a wide range o f ages (30 to 76 yrs) and met all the
inclusion criteria.

Table 1
Participant Characteristics
Characteristics

Intervention Group
(n=I2)
Mean
SD

Anthropometric measures
Age in years
Weight (kg)
Height (cm)
Foot Length (cm)
Right
Left
Foot Width (cm)
Right
Left
Diagnosis Age
Number o f Medications
Initial RMI Score
Intervention Hours

52.00
64.83
166.27

14.98
14.03
6.94

23.68
23.59

1.87
2.00

8.73
8.61
39.91
1.25
13.50
2&88

0.78
0.69
9.36
1.22
1.70
9.15

38
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Ten o f the participants were female (83%), and nine participants (75%) had some
previous yoga experience prior to beginning the yoga intervention. O f the twelve
participants, four had relapsing remitting MS, two had secondary progressive MS, one
had benign MS, four were unsure of the type o f MS they had and one participant did not
have clinically diagnosed MS but had MS like symptoms and attended the MS Society
Group. Ten o f the participants (83%) reported the presence o f spasticity prior to the
intervention.
Three participants reported a change in medication during the course o f the study.
One participant began Beta-Inferon injections at three weeks which is thought to reduce
the number and frequency o f relapses, another stopped taking Prednisone (an immuno
suppressant) at week two o f the intervention and began Amitriptyline (a treatment for
depression) two weeks later and another participant had stopped taking Mitoxantrone, an
antineoplastic, mid-study.

Performance on Measures o f Spasticity
The presence o f spasticity changed throughout the intervention. Ten participants
reported the presence o f spasticity at the pre intervention assessment, eight participants
reported the presence o f spasticity at the post assessment, and seven participants reported
the presence o f spasticity at the follow up assessment. Results of Friedman ANOVAs by
ranks for each o f the Penn Spasms Frequency Scale, the Spasm Severity Scale, the
Interference with Function Scale, and the PAGAS over the pre-intervention, post
intervention and follow up assessments indicate a significant decrease in only the
PAGAS (the effects o f physical activity on spasticity) scores over time (%^ (2, N - 12) =
6.23, p = .04, ES = .062). Chi-squared values for the Penn Spasms Frequency Scale
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approached significance (% (2, N = 12) = 5.12,p = .077, ES = .031) indicating an
increase in the frequency o f spasticity. Dunn’s multiple comparisons for the PAGAS and
the Penn Spasms Frequency Scale revealed no significant differences from pre to post
intervention. The comparison o f means from the Friedman ANOVAs by ranks for pre,
post and follow up results o f the PAGAS and Spasm Frequency scale are shown in
Figures 1 and 2. Table 2 shows all means and standard deviations for spasticity variables
at the pre, post and follow up assessments.

Table 2
Means and Standard Deviations fo r Spasticity Variables fo r Pre, Post and Follow Up
Assessments
Pre Test Mean
(Standard
Deviation)

Post Test Mean
(Standard
Deviation)

Follow Up Mean
(Standard
Deviation)

Penn Spasm Frequency

.92(1.24)

1.42(1.39)

1.17(1.40)

Spasticity Severity

.92 (.10)

.67 (.65)

.58 (.67)

Interference with
Function

.42 (.52)

.33 (.49)

.33 (.49)

16.22 (31.48)

16.61 (32.55)

14.21 (32.95)

-.25 (.87)

.17(1.19)

Variable

Visual Analogue Scale
for Pain
PAGAS

.50 (.91)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

41

0.6
0.4

CO 0.2

i 0
-

0.2

-

0.4
1

2

3

Time

Figure 1. Comparison o f means for the PAGAS over pre (time 1), post (time 2) and
follow up (time 3) assessments.
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Figure 2. Comparison o f means for the Spasm Frequency Scale over pre (time 1), post
(time 2) and follow up (time 3) assessments.
Results o f the one way repeated measures ANOVA for the Visual Analogue Scale
for pain revealed no changes in pain due to spasticity (Table 6 in Appendix I for
p values, and

F and

for all spasticity measures).

Performance on Measures o f Postural Control
Means and standard deviations for all postural control variables in eyes open, eyes
closed and dynamic balance tasks can be found in Table 3. None o f the one way repeated
measures ANOVAs for the postural control variables in the eyes open condition revealed
any changes. Comparisons o f ML sway (F(2, 11) = 2 .6 1 ,p = .109, ES = .061) and area o f
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sway (F(2, 11) = 2.42, p = .112, ES = .053) did not achieve significance at the .05 alpha
level in the eyes closed condition but had moderate effect sizes. Comparison o f means for
pre, post and follow up assessment scores for ML sway and area o f sway are shown in
Figures 3 and 4.

Table 3
Means and Standard Deviations fo r Postural Control Variables fo r Pre, Post and Follow
Up Assessments
Pre Test Mean
(Standard
Deviation)

Post Test Mean
(Standard
Deviation)

Follow Up Mean
(Standard
Deviation)

AP Eyes Open

.61 (.25)

.60 (.15)

.63 (.42)

AP Eyes Closed

.94 (.37)

.86 (.32)

.88 (.:33)

2.31 (.76)

2.21 (.83)

2.28 (.83)

ML Eyes Open

.59 (.30)

.58 (.20)

.61 (.49)

ML Eyes Closed

1.10 (.52)

.88 (.38)

.89 (.34)

ML Dynamic

2.17 (.71)

1.99 (.74)

2.13 (.82)

Area Eyes Open

.32 (.34)

.45 (.86)

.27 (.12)

Area Eyes Closed

.87 (.69)

.65 (.44)

.60 (.36)

Area Dynamic

6.35 (3.79)

5.71 (3.53)

6.59 (4.09)

Path Length Eyes
Open

10.78 (5.87)

11.46 (6.27)

9.92 (7.93)

Path Length Eyes
Closed

18.15(9.47)

17.46(11.34)

15.17(8.71)

Path Length Dynamic

20.35 (5.95)

20.65 (8.16)

18.48 (6.16)

Variable

AP Dynamic
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Figure 3. Comparison o f means for ML sway in the eyes closed condition over pre (time
1), post (time 2) and follow up (time 3) assessments.
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Figure 4. Comparison o f means for area o f sway in the eyes closed condition over pre
(time 1), post (time 2) and follow up (time 3) assessments.
Neither AP sway nor path length in the eyes closed conditions changed over time.
None of the ANOVAs for the dynamic balance tasks revealed changes (Table 7 in
Appendix J for F and p values, and

for all postural control measures).
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Performance on Measures o f Quality o f Life
One way repeated measures ANOVAs revealed significant main effects for time
on one o f the sub-measures o f the SF-36; Bodily Pain (F(2, 11) = 4.26, p = .03, ES =
.067). Comparison o f the vitality sub-measure o f the SF-36 approached significance (F(2,
11) = 3.00,/? = .09, ES = .061) as did the Physical Composite Summary score (PCS)
(F(2, 11) = 2.53,/? = .10, ES = .047). The ANOVA o f the pre, post and follow up scores
of the Impact o f Visual Impairment Scale (IVIS) from the MS-QLI indicated a significant
decrease overtim e (f(2 , 11) = 3.98,/? = .03, ES = .120), while the Modified Fatigue
Impact Scale (MFIS) approached significance with a moderate effect size (F(2, 11) =
3.42, /? = .05, ES = .070). SNK post hoc analysis on significant variables or variables
with ANOVAs approaching significance with moderate effect sizes revealed that the SF36 Bodily Pain decreased from pre intervention to follow up (p = .02) and the IVIS and
MFIS decreased from pre to post scores (p = .02 and .05 respectively). Neither o f the
SNK post hoes for the PCS or vitality scales (VT) for the SF-36 was significant. None o f
the ANOVAs for the other quality o f life measures revealed any changes (Table 8 in
Appendix K for y^, F and p values, and

for all quality o f life measures). Means and

standard deviations for all quality o f life measures in eyes open are found in Table 4.
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Table 4
Means and Standard Deviations fo r Quality o f Life Variables fo r Pre, Post and Follow
Up Assessments
Variable

Pre Test Mean
(Standard
Deviation)

Post Test Mean
(Standard
Deviation)

Follow Up Mean
(Standard
Deviation)

SF36 HT

3.33 (.89)

2.83 (.72)

3.00 (.85)

SF36 PF

55.00 (24.96)

60.83 (25.66)

58.750(25.51)

SF36RP

25.00 (31.98)

41.67 (40.36)

43.75 (42.81)

SF36 BP**

61.42 (25.01)

69.50 (26.30)

77.83 (25.85)

SF36 GH

53.42 (20.73)

59.83 (23.60)

56.50 (21.13)

SF36 VT

36.67(18.63)

45.00 (20.56)

48.75 (20.56)

SF36 SF

70.83 (23.44)

67.71 (25.82)

71.88(22.69)

SF36RE

47.22 (45.97)

41.67(42.94)

58.33 (42.94)

SF36 MH

68.00(11.05)

68.33 (18.41)

73.67 (12.82)

SF36 PCS

39.47 (9.07)

44.43 (11.06)

43.36 (9.80)

SF36 MCS

44.37 (8.76)

42.74 (8.76)

47.202 (9.56)

MSSS

67.33 (22.97)

61.18(28.25)

68.43 (26.20)

MFIS*

42T 7(& 25)

35.08(13.55)

36.92(11.00)

PES

13.42(6.37)

11.75 (5.33)

13.00 (5.66)

PDQ

27.25 (12.05)

25.83 (11.54)

25.33 (9.60)

IVIS*

1.75 (1.42)

.67(1.07)

1.75(1.76)

♦significant at p = .05 level for pre to post intervention scores (SNK post hoc)
**significantatp =.05 level for pre intervention to follow up scores (SNK post hoc)
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Comparison o f means o f the SF-36 BP, VT sub-measures, the IVIS, and the MFIS
over pre, post intervention and follow up assessments are shown in Figures 5, 6, 7, and 8
(respectively).
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Figure 5. Comparison o f means for the SF-36 Bodily Pain (BP) sub-measure over pre
(time 1), post (time 2) and follow up (time 3) assessments.
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Figure 6. Comparison of means for the SF-36 Vitality (VT) sub-measure over pre (time
1), post (time 2) and follow up (time 3) assessments.
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Figure 7. Comparison o f means for the Impact o f Visual Impairment Scale (IVIS) scores
over pre (time I), post (time 2) and follow up (time 3) assessments.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

47

44

42'
40
38
36
34
1

2

3

Time
Figure 8. Comparison o f means for the Modified Fatigue Impact Scale (MFIS) scores
over pre (time 1), post (time 2) and follow up (time 3) assessments.

Figure 9 is a comparison o f the Canadian normative values for the SF-36
(Hopman et al., 2000), the American MS normatives (Ritvo et al., 1997) and the SF-36
means of the participants in this study. The sample o f people with MS who participated in
this study had similar initial scores on the sub-measures o f the SF-36 as compared to
others with MS in the USA, except for the PF (M = 55.0 compared to MS USA
normative values o f M = 38.0) which was significantly higher than USA values (f(I I) =
2.3, p < .05) and Role-Emotional (RE) which was slightly lower (M = 47.2 compared to
MS USA normative values o f M = 62.2). RE differences between populations were not
significant (t(l I) = -1.127,/» = .29).

Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.

48

'SsiTipIS

90.00-

MS USA
N orm atives
_ C a n a d ia n
“ N orm atives

80.00-

\ —
70.00-

c

60.00 —

ra
QJ

S

50.00-

40.00-

30.00

20.00
PF

RP

BP

GH

VT

SF

RE

MH

PCS

MCS

SF- 36 S cale

Figure 9. Comparison o f the pre-intervention yoga participant means, US MS Normative
means and Canadian Normative means for the SF-36 sub measures and Composite
Summary Scales.

Performance on M easures o f Mobility
Means and standard deviations for all mobility measures can be found in Table 5.
O f the mobility variables, the one way repeated measures ANOVAs for the RMI
indicated a significant effect over time {F{2, 11) = 3.57,p = .04, ES = .100) and the
ANOVA analysis for the TGUG 3 and TGUG Total approached significance (F(2, 11) =
3.23, p = .06, ES = .041) and (F(2, 11) = 2.21,p = .13, ES = .019). No other segments o f
the TGUG revealed any changes over time (Table 9 in Appendix L for F and p values,
and T)^ for all mobility measures).
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Table 5
Means and Standard Deviations fo r Mobility Variables fo r Pre, Post and Follow Up
Assessments
Pre Test Mean
(Standard
Deviation)

Post Test Mean
(Standard
Deviation)

Follow Up Mean
(Standard Deviation)

RMI*

13.50(1.68)

14.33 (.89)

14.33 (.99)

TGUG 1

4.15 (2.45)

3.55(1.10)

3.79(1.69)

TGUG 2

3.73 (1.51)

3.57(1.20)

3.99 (2.23)

TGUG 3*

3.34(1.33)

2.64(1.08)

2.64 (.86)

TGUG 4

3.78 (1.49)

3.67(1.23)

3.73 (1.52)

TGUG 5

4.54(1.55)

4.25 (1.54)

4.26(1.12)

TGUG Total

19.54 (7.85)

17.47 (5.48)

18.03 (5.76)

Variable (sec)

♦significant at p =.05 level for pre to post intervention scores (SNK post hoc)

SNK post hoes for the RMI and TGUG 3 revealed a significant difference
between pre and post values (p - .03 and .04). Comparison o f means for the RMI, TGUG
3 and TGUG Total are shown in Figures 10, 11 and 12.
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Figure 10. Comparison o f means for the RMI scores over pre (time 1), post (time 2) and
follow up (time 3) assessments.
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Figure 11. Comparison o f means for the TGUG 3 times over pre (time 1), post (time 2)
and follow up (time 3) assessments.
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Figure 12. Comparison o f means for the TGUG Total times over pre (time 1), post (time
2) and follow up (time 3) assessments.

Social Validation Questionnaire
Participants were given a social validation questionnaire at the post intervention
assessment which allowed them to convey the perceived benefits o f the yoga program.
All o f the participants completed the questionnaire. Most participants said that their lives
had changed since beginning the program and that they would recommend the program to
a friend. One participant said her life had gotten worse since beginning the program due
to an injury in her neck which may or may not have occurred as a result o f the yoga
program. When asked, this participant said that her MS lesions were in her neck and there
was no way o f knowing if the injury was a result o f yoga or her MS. Regardless o f the
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injury, this participant still reported satisfaction with the program, that she would
recommend the program to a friend, that she would have liked more time to build up
strength early on, and she perceived she gained social benefits.
These social validation surveys revealed three themes for self-described perceived
benefits. Participants reported that they had physical, psychological and social benefits.
Many participants mentioned how the breathing techniques they learned in the class
helped them deal with anxiety or stress outside the class. One participant said “I
discovered I can move better and can allow myself time to totally relax” . In regards to
mobility, another participant said “I also feel that my movements are more controlled in
other activities” and another reported “I felt more agile; when I left the class I had more
energy and was in a good mood”.
Many participants also felt they had increased in strength as a result o f the yoga
program. One participant said that “yoga is excellent for flexibility, core strength and
reminding oneself to breathe” and another said “I feel stronger physically and
emotionally.” Regarding the benefits o f stretching in the yoga program, one participant
reported she had “less need for anti-spasmodics” and that she “noticed a change in
spasticity - less pain”.
Social benefits were often reported by participants. One participant said “I
enjoyed meeting others with MS, which I was avoiding previously. I have made new
friends and hope that I will find some comfort and mutual support with them. I am not as
afraid of having MS as a result o f meeting these people.”
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Discussion
It w as expected that the yoga intervention would have a positive im pact on quality
o f life and m obility. These effects were observed in statistically significant changes on
the M FIS, IVIS, RM I, and TGUG3 from pre to post intervention. The yoga intervention
also had an effect on postural control in the eyes closed condition o f M L sway and area
o f sway. The effect o f physical activity on spasticity, frequency o f spasms, and the
presence o f spasticity is also discussed.

Participants
The group o f participants recruited to participate in this study represents a diverse
and heterogeneous sam ple o f people with MS from the Thunder Bay area. M ost MS
intervention research includes a sim ilar gender breakdow n as two thirds o f people w ith
MS are female. In addition to the gender bias o f MS, m ost yoga classes consist o f fem ale
participants. N ine out o f 12 participants had previous yoga experience w hich m ay have
contributed to their current fitness levels and com petency during the intervention. One
participant reported having as m uch as 10 years experience; how ever the m ajority o f
participants had m uch less experience, m ost often reported as one or two 8-10 w eek
sessions.
Ten (83% ) participants reported spasticity prior to the intervention. This
percentage also reflects the natural spasticity occurrence o f 74-90% m easured by the
M ultiple Sclerosis Society (1999) zind others (Paty & Ebers, 1998; Shakespeare, Boggild,
& Young, 2001). The presence o f spasticity was reported as decreasing over tim e by
participants. Ten participants reported spasticity at the pre assessm ent, eight people
reported spasticity at the post assessm ent and seven people reported spasticity at the
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follow up assessment. While not statistically analyzed, the self-reported reduction in the
presence o f spasticity is promising. The majority of participants had relapsing remitting
MS which is also representative o f the population in Canada.
The age range o f participants in the study does not reflect the typical age ranges in
previous MS intervention research. It is well known that age or aging related decreases in
physical activity impact postural control, strength, mobility (Himann, Cunningham,
Rechnitzer, & Paterson, 1988; Johnson, 1982; Lord, Rogers, Howland, & Fitzpatrick,
1999; Murray et al., 1985; Shumway-Cook & Woollacott, 2000) and because o f the range
of ages, the effects o f this intervention may impact the younger participants to a lesser
extent than the older participants. A further stratification occurs as a result o f initial RMI
scores. Six o f the participants began the intervention with an RMI score o f 15 indicating
high mobility. The remaining eight participants scored less than 15 with a mean of 12.63
(SD = 1.41) indicating a stronger impact o f MS on their mobility. Again, this initial
difference may result in a differing effect o f the intervention on participants particularly
with respect to the RMI. This impact is discussed further in the mobility section.

The Effects o f Yoga on Spasticity
Many interventions have sought to improve spasticity through physical activity
for different populations including spinal cord injuries, cerebral palsy, ALS, post-stroke
and MS, with little to no success (Brar, Smith, Nelson, Franklin, & Cobble, 1991; Drory,
Goltsman, Reznik, Mosek, & Korczyn, 2001; Fowler, Ho, Nwigwe, & Dorey, 2001;
Peurala, Tarkka, Pitkanen, & Sivenius, 2005; Storr, Sorensen, & Ravnborg, 2006).
Typically, researchers cite issues in measuring spasticity as a problem when trying to
determine the effects o f an intervention on spasticity (Cutter et al., 2000; Platz, Eickhof,
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Nuyens & Vuadens, 2005). Some o f the most commonly used scales to measure
spasticity are the Ashworth Scale, The Modified Ashworth Scale, and the Tardieu Scale.
These tests measure increases in spasticity as an increase in tightness o f the muscle
during movement through the range o f motion at whatever time the researcher performs
the assessment and are frequently cited as being unable to capture the
multidimensionality o f spasticity (Cutter et al., 2000; Priebe et al., 1996). In this present
study, five subjective Likert scale questions each measuring a different aspect o f
spasticity and a yes or no question regarding the presence o f spasticity were employed as
outcome variables. In the case o f this single yoga intervention to improve spasticity, no
statistically significant effect on spasticity was found.
Though comparisons were not significant, participants indicated a reduction in the
presence o f spasticity, severity o f spasms, and impact on function, while reporting a
negligible increase in pain due to spasticity (a mean increase o f 0.4 on a scale out o f 100
between pre intervention and post intervention), an increase in the frequency o f spasms
between the pre test and post tests and a general “worsening” o f spasticity due to physical
activity (as measured by PAGAS). Participants may have related an increase in frequency
of spasms with a worsening o f spasticity as reported by decreases in the PAGAS or this
worsening may be the result o f some factor which was not measured or accurately
captured by the outcome variables used here.
It has been illustrated that exercise can increase spasticity (Bobath, 1990; Kilmer,
1994). These researchers have suggested that exercise can increase cocontraction, or the
early onset o f antagonist or inappropriate firing o f the antagonist. Cocontraction may
relate to the reported worsening o f spasticity due to physical activity however, this effect
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is immediate and generally dissipates over time. The return o f the PAGAS and Spasm
Frequency Scale to pre intervention values as seen in Figures 1 and 2 seems to indicate a
short term effect which may be related to a cocontraction. However, the theory of
increasing cocontraction with exercise is largely unsupported (Ashworth, Satkunam, &
Deforge, 2006; M iller & Light, 1997). Several participants were confused regarding the
definition o f spasticity. The medical definition of a velocity-dependent increase in tonic
stretch reflexes and muscle tone (Lance, 1980) was not useful to them, and as a result the
National MS Society definition o f “involuntary muscle stiffness or spasms and/or sudden
muscle contractions or movements” was used. Participants may have evaluated muscle
stiffness due to physical exertion as spasticity rather than spasticity itself.
Another important consideration when weighing the usefulness o f the PAGAS is
that it is an adaptation o f a measure used by medication researchers that asked
participants if Gabapentin made worse, better or did not change their spasticity. This tool
had not previously been validated or tested for reliability and was developed out o f a lack
of subjective tools to indicate whether participants in spasticity medication trials felt that
these interventions were negatively or positively impacting spasticity. The tool does not
indicate how or when participants feel spasticity is being affected. As a result,
participants may have responded to this tool in terms o f immediate effects o f physical
activity (at the time o f exercise), or more generally (daily effects).
A long term effect o f spasticity is a lessening o f the range o f motion (ROM) o f the
affected joint(s) and it is thought that stretching exercises such as yoga may contribute to
improvements in or prevention o f further loss o f ROM (Carr & Shepherd, 1998;
Dombovy, Sandok, & Basford, 1986; Selles et al., 2005; Stokes, 1998). In order to
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measure a change in ROM, it seems logical to include ROM measures to capture the
effects o f exercise interventions on spasticity. In this study, no ROM measures were
included so this effect can not be documented.

The Effects o f Yoga on Postural Control
It was hypothesized that the yoga intervention would increase AP sway and area
o f sway in the postural sway assessment and increase AP sway and area o f sway in the
balance space task. None o f these expected effects were supported by the findings of this
study. In both the quiet standing tasks and the balance space task, none o f the variables
were significantly affected. In the eyes closed condition, ML sway and area o f sway
tended to decrease over time from pre to post intervention in the one way repeated
measures ANOVA with moderate effect sizes, warranting further investigation with
larger sample sizes, a control group and controlling for initial differences in age and
initial balance issues in order to lower variability.
It is generally thought that exercise reduces sway in the static conditions. Tai Chi
has been shown in several studies to increase sway (AP and area o f sway) in quiet
standing with eyes open and closed. It was hypothesized that similar effects would occur
after a yoga intervention. As described by Gauchard, Jeandel, Tessier and Perrin (1999),
the postures o f yoga are similar to the movements o f Tai Chi in that they both employ
slow movements performed sequentially under different postural conditions. These
researchers also show the effects o f proprioceptive activities such as yoga are most
effective in the eyes closed condition. This is thought to be a result o f a greater utilization
o f the proprioceptive system for postural control during the postures o f yoga with little
visual feedback. This effect is most pronounced when vision is removed as input for the
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postural control system (Gauchard, Gangloff et al. 2003; Gauchard, Jeandel et al., 1999;
Main, Fuller, Weil, & Kotsias, 1999; Perrin, Deviteme, Hugel, & Perrot, 2001).
In normal static conditions, the vestibular system is used less than the other
systems (Fitzpatrick & McCloskey, 1994). When the removal o f visual feedback occurs
as in the eyes closed condition, the postural control system allows for compensation by
shifting from visual to proprioceptive afferences. It may be that with yoga training (as in
Tai Chi and Judo training), the postures or movements require a focus on body
positioning not normally considered in daily activities (Gauchard, G angloff et al. 2003;
Gauchard, Jeandel et al., 1999; Hain et al, 1999; Perrin et al, 2001).
The decrease in sway excursions and area of sway are consistent with Gauchard,
Jeandel, Tessier and Perrin’s (1999) static postural control assessment of yoga groups as
well as many other researchers (Judge, Lindsey, Underwood & Winsemius, 1993; Perrin,
Gauchard et al., 1999) who describe good postural control as having small sway
excursions and area o f sway covered by the COP. It is said that an increase in sway
during quiet upright stance reflects an increase in the body’s effort to maintain balance in
that posture, thus poorer balance (Thapa et al., 1996). This increase in sway is associated
with advancing age (Baloh et al., 1994) and discriminates fallers from age-matched nonfallers (Maki, Holliday, & Topper, 1991) and persons with and without Parkinson’s
disease (Horak, Nutt & Nashner, 1992).
Changes in ML sway are not generally observed after physical activity
interventions, van Wegen, van Emmerik, Wagenaar and Ellis (2001) reported a
significantly lower ML activity for participants with Parkinson’s disease as compared to
healthy participants without Parkinson’s disease. This difference is attributed to the
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separate control mechanisms for AP excursions (ankle plantar and dorsi-flexors) and ML
excursions (hip abductors and adductors), van Wegen and colleagues suggested that ML
impairment for people with Parkinson’s is a reflection o f axial rigidity. It may be that
training effects o f yoga allowed for greater control at the hip which translated into lower
ML sway after the intervention. This decrease in ML sway was most affected in the eyes
closed static condition because o f the increase in perturbations that occurs as a result of
the removal o f visual feedback. In other words, in the eyes open condition, there was less
o f a need for this control. In the dynamic condition, ML values also decrease slightly
from pre to post intervention suggesting that there was in fact some effect in hip control.
The follow up values for ML sway and area o f sway do not return to pre
intervention values (as seen in Figures 3 and 4), indicative o f either a longer term effect
o f the intervention or a learning effect from repeated exposure to the testing procedures.
Learning effects are not observed for postural control assessments due to the
instrumentation and involuntary, reflexive responses o f the COP movements; however
the issue o f increasing confidence with the assessment from pre to post intervention is a
concern. Allen and Taylor (2001), Spiriduso et al. (1995), and W olf et al. (1997) have
suggested that balance confidence may be related to an increase in sway excursions and
area o f sway rather than the observed decrease in sway after the intervention as in this
study. A person lacking balance confidence is said to be more rigid and as a result o f this
will have less sway than a person who is more relaxed and confident.
Unlike Tai Chi, the yoga intervention did not support changes in dynamic
balance. This result may be due to the more dynamic nature o f Tai Chi. Both physical
activities require movements to achieve postures; however Tai Chi participants remain in
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constant motion while yoga emphasizes maintenance o f specific postures. More advanced
teachings o f yoga include Ashtanga Vinyasa (power yoga) sequences where participants
rapidly move from one posture to another in a continual flow and link movements to
breath. This type o f yoga was not the focus o f the intervention; nevertheless some
participants were learning the sun salutation o f Ashtanga Vinyasa in the last few weeks o f
the intervention. It is possible that this type o f yoga might have a greater effect on the
balance space task and that Iyengar yoga (as practiced by participants in this study) does
not adequately challenge the dynamic postural control systems.
A further concern in the analysis o f postural control is the sensitivity o f the force
plate assessment for measuring balance in people with MS. Kasser, McCubbin, and
Hooker (2003) examined the variability in functional performances and the physical and
psychological impairments associated with MS in a single subject, repeated measures
design across 5 participants over 4 months. They reported that the underlying constraints
of MS vary more significantly than functional performance. Considering the highly
variable nature o f the disease in terms o f symptoms and disease mechanisms both
between and within participants, an assessment tool which is highly sensitive to very
small changes in COP location may not adequately reflect functional changes particularly
in light o f the functional nature o f variability in providing postural control. As a result o f
this variability, a functional scale may be a useful addition to the postural control
assessment for people with MS. In terms o f functional improvements, participants
reported perceived changes in balance as a result of the yoga intervention from the social
validation survey. It should also be noted that one participant was only able to
successfully complete two trials o f the EC condition and one trial o f the dynamic
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condition at the initial assessment but was able to complete all three trials for both o f
these conditions at the post and follow up assessments.

The Effects o f Yoga on Quality o f Life
The SF-36 Bodily Pain sub measure increased significantly over time. The mean
values increased from pre intervention (M = 61.42, SD = 25.01) to post intervention (M =
69.5, SD = 69.5) and a further increase (significant from pre values) at the follow up (M
= 77.83, SD = 25.85). The SF-36 VT scale mean values increased from pre intervention
(M = 36.7, SD = 18.6) to post intervention (M = 45.0, SD = 20.6) with a further increase
at the follow up (M = 48.8, SD = 20.6). The change in BP scores was not supported by
the Pain Effects Scale (PES). The increases over the entire period from pre intervention
to follow up (Figures 5 and 6) suggest that they were a result of something outside o f the
intervention. Another explanation is that the yoga intervention increased awareness o f
energy (vitality) which persisted over time. This newfound awareness o f energy and
sense o f relaxation may have also helped participants to reduce symptoms o f pain after
the yoga class. While only one participant reported practicing yoga after the intervention
(for a few classes), many reported continuing breathing exercises or meditation after the
intervention at the follow up assessment.
Oken et al. (2004) reported a significant decrease in fatigue (as measured by the
Multi-Dimensional Fatigue Inventory (MFI) and SF-36 Vitality (VT)) after a 6 month
Iyengar yoga intervention on people with MS. As expected, the findings o f this study
support those o f Oken and colleagues for the MFIS and the SF-36 VT scale.
Why is fatigue affected by yoga? Two main types o f fatigue occur in people with
MS: fatigability is the increased weakness with exercise or as the day progresses (Lynch
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& Rose, 1996) and lassitude is an abnormal, constant and persistent sense o f tiredness
(Bakshi, 2003). The cause o f these two types o f fatigue is not clearly understood but it is
thought that many different factors contribute to MS related fatigue. Poor sleep patterns
due to MS related symptoms such as spasticity and pain, increased effort due to weakness
and spasticity, impaired motor function or impaired drive to the motor cortex and
depression are all cited as contributing factors o f fatigue in people with MS. (Branas,
Jordan, Fry-Smith, Burls, & Hyde, 2000; Kesselring & Thompson, 1997). It has been
suggested by Petajan et al. (1996) and Mostert and Kesselring (2002) that a reduction in
fatigue after physical activity interventions is a result o f this physical activity which
counteracts the effects o f detraining secondary to MS. In other words, training resulted in
a greater ability to prevent tiredness. These improvements in physically related fatigue as
a result o f training are further supported by an increase on the physical component
summary scale (PCS) score from pre to post intervention and little change in mental or
psychological scales over time. This lack o f change in mood and cognitive measures was
also reported by Oken et al. (2004).
Mood or a mental components change is widely reported as a benefit o f yoga and
physical activity interventions (Berger & Owen, 1992; DiFabio, Choi, Soderberg, &
Hansen, 1997; Husted, Pham, Hekking, & Niederman, 1999; Patti et al., 2002; Petajan et
al., 1996; Roerhs & Karst, 2004) but was not observed as a result o f this intervention,
suggesting that this yoga intervention may have had a greater impact on physical aspects
o f quality o f life rather than mental. This effect may be a result o f the tailoring o f the
yoga program to a more physical focus, rather than spiritual focus as in other forms of
yoga. Many participants reported perceived social, relaxation, stress reduction, gaining
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peace and calmness, making friends and gaining support as benefits o f the intervention.
The failure o f the SF-36 to reflect these perceived benefits may be a result o f external
factors, such as the impact o f a northern climate winter on mood (Rosenthal et al., 1984).
Rosenthal and colleagues (1984) described a phenomenon o f depression, or seasonal
affective disorder, which occurs at the same time each year (winter) and was alleviated
by extending the photoperiod during that time. Values on some o f the SF-36 scales may
also have been affected by winter due to difficulties with transportation making social
engagements difficult. The impact o f winter on these psychological aspects o f the SF-36
may be reflected by the increase in means towards pre intervention values o f the SF-36
SF, RE, MH and MCS scales from the post intervention assessment (mid December) to
the follow up assessment (early March). In the case o f the SF-36 RE, extremely high
variability which was equal to or slightly less than the mean for all three assessment
times impacted the analysis o f the SF-36 RE.
As seen in Figure 10 (the comparison o f SF-36 subscales for the Canadian
population, American population with MS and the study sample), the sample o f people
with MS who participated in this study had similar initial scores on the sub-measures of
the SF-36 as compared to others with MS in the USA, except for the Physical
Functioning subscale (PF) which was significantly higher than normal and RoleEmotional subscale (RE) which was slightly lower. RE differences between populations
were not significant. Higher PF values suggest that the activities o f daily living are less
limited by health o f the participants in this study than the average person with MS in the
USA. This is likely a result o f functional status necessary to participate in the study due
to the assessments rather than the requirements o f yoga. The scores o f the study’s
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participants with MS on the SF-36 scales are consistent with previous reports that
individuals with MS typically demonstrate lower quality o f life scores than adults without
disability (Di Fabio, Choi, Soderberg, & Hansen, 1997; Roehrs & Karst, 2004).
Participants perceived less o f an impact o f MS on their vision as a result o f the
intervention as measured by a decrease on the IVIS. Some researchers have suggested
that relaxation exercises can improve vision (Bates, 1919; Duan, Tian, Duan, Mao, &
Zhang; 1998) which may be a result o f a change in mood or motivation (American
Academy o f Ophthalmology, 2004). It may be that yoga training has allowed participants
to reduce strain on the eyes by changing the focus from external cues to internal
sensations. The improvements may also be a result o f improved concentration rather than
an improvement in vision. The IVIS itself does not involve any objective visual exam
such as a visual acuity test and it does not assess the cognitive aspects o f vision such as
the processing o f visual information. The IVIS is intended to measure the ways in which
MS impacts everyday activities related to vision and consists o f 5 Likert scale questions
each with responses ranging from 1 to 4 (not difficult to could not do). The items rate the
ability to read or access personal letters or notes; read or access printed materials such as
books, magazines, newspaper, etc; read or access dials such as on stoves, thermostats,
etc; watch television or identify faces from a distance; identify house numbers, street
signs, etc. Participants may have replied to these items with regard to changes in
concentration rather than actual changes in vision.

The Effects o f Yoga on M obility
As hypothesized, the yoga intervention decreased ATGUG times and improved
RMI scores. Similar studies using Tai Chi in populations o f older adults have had success
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on the effects on mobility (Li et al., 2005; Taggart, 2002; Yeh, Chuang, Lin, Hsiao, &
Eng, 2006). Several reasons have been cited by these researchers as the cause of mobility
improvements including improving strength, flexibility, coordination, balance, and
movement confidence. As strength, flexibility, coordination and movement confidence
were not measured in this study, future studies should employ these as outcome variables
to infer causality to improvements in mobility.
In this study, the RMI was used to measure ADL related mobility. As six
participants started with an RMI score o f 15, no further improvements could be recorded
at the post assessment due to the fact that the RMI ranges from 0-15 points. Even though
this ceiling effect occurred for almost half the participants, the ANOVA model was
significant over time with the SNK post hoc showing significance for pre to post. As
shown in Figure 11, the changes in RMI took place from pre intervention to post
intervention but did not change at the follow up. The effects o f the intervention on ADL
aspects o f mobility as measured by the RMI appear to be longer lasting than the 12 week
wash out period after the intervention. Items on the RMI that changed from pre to post
intervention include sitting balance, sitting to standing, managing a flight o f stairs,
walking inside with no aid, walking outside, and running.
One o f the five sections o f the ATGUG significantly decreased from pre to post
intervention. The TGUG Total time also approached significance and had a small effect
size. The TGUG Total is typically used as a measure o f mobility and recently some
researchers (Wall, Bell, Campbell & Davis, 2000) have suggested breaking the TGUG
down into sections to allow for greater discussion o f mobility as has been done in this
study. Interestingly the TGUG 1, 3 and 5 (sitting to standing, turning, and standing to
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sitting) are also items on the Berg balance scale: sitting to standing, standing to sitting
and turning 360 degrees. The improvements in TGUG 3 time, a dynamic balance feature
o f balance, indicate that the intervention had a functional impact on balance which was
not observed in the dynamic postural control assessment. The effect on functional
balance is mirrored in the items o f the RMI which changed significantly for participants.
Although the reduction in TGUG times could be a result o f a participant
attempting to speed up the normal pace after time in order to influence the results, it
seems unlikely that participants could recall speed on a task that was performed only
twice after a 10 week period from pre to post intervention. If participants did consciously
alter their pace, it is likely that larger changes would be observed. Furthermore, the return
towards pre intervention values o f the TGUG Total suggests a removal o f the
intervention effects during the washout indicative o f a change due to the intervention (see
Figure 13).
The potential impact o f the yoga intervention on participants with MS is
promising. Pilkington, Kirkwood, Rampes, and Richardson (2005) advise that yoga may
not be suitable for participants with reduced or impaired mobility. The results o f this
study show that not only is yoga a suitable form o f physical activity for participants with
mobility impairments, but that it may improve mobility.

The Effects o f Yoga on Subjective Well Being
The social validation survey revealed three themes for self-described perceived
benefits. According to Sutherland and Andersen (2001), participant’s perceptions o f
functioning and well being are central outcomes o f interventions. Evidence o f this exists
in the participants’ reports that they had physical, psychological and social benefits.
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Physical benefits were described as feeling stronger, more flexible, having better balance,
less spasticity, less pain from spasticity, better mobility, and more energy. Psychological
benefits included gaining relaxation skills, stress reduction, peace, and calmness. Making
friends and gaining support from other people with MS were the social benefits which
participants perceived they had gained from the yoga program. In terms o f suitability o f
the yoga program to people with MS, most participants discussed the adaptability o f the
yoga program and how it suited the needs o f all participants.
While the results o f the spasticity questionnaires revealed a worsening o f
spasticity as a result o f physical activity, participants did not report any detrimental
perceived effects. Regarding the benefits o f stretching in the yoga program, one
participant reported she had “less need for anti-spasmodics” and that she “noticed a
change in spasticity - less pain”.
Finally, Kaplan (1990) has suggested that alterations in behaviour should be the
ultimate outcome measurement in health research. Evidence o f behaviour modification as
a result o f the yoga intervention is offered by the participant led reinstatement o f the yoga
program from the MSSC that had previously been cancelled. O f the participants who
were unable to attend the MSSC yoga classes, most reported they had signed up for yoga
classes with local instructors at the follow up assessment.

Summary
From the analysis o f spasticity, mobility, quality o f life and postural control
variables at the pre and post intervention and follow up assessments, the yoga
intervention appears to have had a positive impact on mobility and quality o f life as
illustrated by differences in scores on the TGUG 3, the RMI, the MFIS and the IVIS. The
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intervention also appears to have had an impact on spasticity and a possible effect on
postural control. Variables approaching significance with moderate effect sizes include
the mobility outcomes: TGUG Total, the quality o f life variables: SF-36 Vitality, SF-36
PCS, SF-36 BP, the spasticity Spasm Frequency scale and the PAGAS, and the postural
control assessment variables: ML sway and Area o f sway in the eyes closed condition.
While participants reported by means o f the Spasm Frequency scale and the PAGAS that
spasm frequency increased and a worsening o f spasticity occurred as a result o f the
intervention, it should be noted that the self-reported presence o f spasticity decreased
after the intervention. Participants self-rated perceived benefits greatly support the use o f
a yoga intervention for people with MS.

Limitations & Recommendations
It is clear that additional studies are needed in order to further examine the effects
of a yoga intervention on people with MS. For many o f the variables reported in this
study, F values and SNK post hoes approaching significance in combination with
moderate effect sizes ( > .6) indicate an effect, however the lack o f a control group limits
the generalizability o f this study. Furthermore, heterogeneity o f participants and clear
stratifications in age, initial mobility and adherence increase variability and in
combination with the small sample size, reduce the power o f the study. Future studies
should limit age ranges to control for the effects o f aging on outcome variables. The RMI
may be a useful tool in screening for initial mobility problems for participants with MS.
The use o f traditional postural control variables from COP analysis for
participants with MS may prove to have too much noise to accurately determine the
effects of interventions. In combination with high variability o f individual performances.
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the evaluation o f balance may more suited to functional scales like Berg Balance scale.
Alternately, the use o f these functional measures often falls subject to ceiling effects as in
the case o f the RMI in the present study. The use o f other postural control variables such
as time to peak velocity and relative time in corrective phase may be more appropriate for
people with MS than the traditional variables (AP and ML sway, area o f sway, and path
length) (Przysucha, Taylor & Weber, 2006; Slobounov, Slobounova & Newell, 1997).
The absence o f spasticity in this study clearly undermines the measurement o f the effects
of the intervention on this variable. If there is no problem, what can be changed? Future
studies should either screen for these variables for inclusion into an intervention or
employ a mix of functional scales and quantitative ratio level assessments as in the case
of the ATGUG and the RMI.
Adherence is always an issue in physical activity interventions, particularly in
participants with limited mobility. Participants o f the yoga program took part in 20.9
hours o f yoga on average (class time and home practice) over the 10 week intervention
period, attended a minimum o f 9 classes and practiced yoga for a maximum o f 32.5
hours (class time and home practice) over the same 10 week period. With the exception
o f one person who may or may not have sustained an injury as a result o f yoga during the
intervention, all participants tolerated the program and reported at least one benefit.
Participants should be cautioned to begin exercising very slowly.
In future studies, the effects of yoga on flexibility and strength should also be
measured. While many studies have shown these benefits as a result o f yoga interventions
(Blumenthal et al, 1991; DeMayo, Singh, Duryea & Riley, 2004; Oken et al., 2006; Tran,
Holly, Lashbrook & Amsterdam, 2001), their impact on balance, mobility, and spasticity
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has not been described for participants with MS. Further studies using the ATGUG as a
more descriptive version o f the TGUG are also justified. Important changes that occur in
particular sections o f this test such as the turn in the TGUG 3 may be overlooked if only
the TGUG total time is analyzed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

References
Allen, D., & Taylor, J. (2001, July). The effects o fT a i Chi on the balance and mobility o f
older women who are at various risk levels fo r falls. Poster session presented at the
International Federation o f Adapted Physical Activity, Vienna.
American Academy o f Ophthalmology (2004, Oct 21). Complementary therapy
assessment visual training fo r refractive errors. Retrieved August 13, 2006 from
http://www.aao.org/aao/education/library/cta/upload/visual_training_2004.pdf
Arciniegas, D. B., & Anderson, C. A. (2002). Suicide in Neurologic Illness. Curr Treat
Options Neurol, 4(6), 457-468.
Aronson, K. J., Goldenberg, E., & Cleghorn, G. (1996). Socio-demographic
characteristics and health status of persons with multiple sclerosis and their
caregivers. M S Manage, 5(1), 514.
Ashburn, A., & De Souza, L. H. (1988). An approach to the management o f multiple
s c \ qxos \ s . Physiother Tract, 4, 139-145.
Ashworth, N. L., Satkunam, L. E., & Deforge, D. (2006). Treatment for spasticity in
amyotrophic lateral sclerosis/motor neuron disease. Cochrane Database Syst Rev.,
25(1), CD004156.
Bakshi, R. (2003). Fatigue associated with multiple sclerosis: Diagnosis, impact and
management. M ultiple Sclerosis, 9(3), 219-227.
Baloh, R. W., Fife, T. D., Zwerling, L., Socotch, T., Jacobson K., Bell, T. et al. (1994).
Comparison o f static and dynamic posturography in young and older normal people.
J Am Geriatr Soc., 42(4), 405-412.
Bastille, J., & Gill-Body, K. (2004). A Yoga-based exercise program for people with
chronic poststroke hemiparesis. Physical Therapy, 84(\), 33-48.
Bates, W. H. (1919). Memory as an Aid to Vision. New York Medical Journal, May 24.
Beaton, D., Bombardier, C., & Hogg-Johnson, S. (1994). Choose your tool: A
comparison o f the psychometric properties of five generic health status instruments
in workers with soft tissue injuries. Qual Life Res 3, 50-56.
Berg, K., W ood-Dauphinee, S., Williams, J. I., & Gayton, D. (1989). M easuring balance
in the elderly: Preliminary development of an instrument. Physiotherapy Canada, 41,
304-311.
Berger, B. G. & Owen, D. R. (1992). Mood alteration with yoga and swimming; aerobic
exercise may not be necessary. Perceptual and M otor Skills, 75, 1331-1343.

70

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

71

Bernstein, N. A. (1967). The co-ordination and regidation o f movements. Oxford:
Pergamon Press.
Blair, S. N., Kohl, H. W., Paffenbarger, R. S., Clark D. G., Cooper. K. H., & Gibbons L.
W. (1989). Physical fitness and all-cause mortality. A prospective study o f healthy
men and women. JAMA, 262(17), 2395-2401.
Blumenthal, J. A., Emery, C. F., Madden, D. J., Schniebolk, S., Walsh-Riddle, M.,
George, L. K. et al. (1991). Long-term effects of exercise on psychological
functioning in older men and women. JG cronto/., 46(6), P352-361.
Bobath, B. (1990). Adult hemiplegia: Evolution and treatment. (3rd ed.) London:
Heinemann Publishing.
Bourdette, D., Yadav, V., & Shinto, L. (2004). Multiple sclerosis. In: B.S. Oken (Ed.),
Complementary therapies in neurology: An evidence-based approach, (pp. 291302). New York: Parthenon Publishing.
Branas, P., Jordan, R. E., Fry-Smith, A., Burls, A., & Hyde, C. J. 2000. Treatments for
fatigue in multiple sclerosis: A rapid and systematic review. Health Technology
Assessment, 4(21), 1-61.
Brar, S. P., Smith, M. B., Nelson, L. M., Franklin, G. M., & Cobble, N. D. (1991).
Evaluation o f treatment protocols on minimal to moderate spasticity in multiple
sclerosis. Arch Phys M ed Rehabil, 72(3), 186-189.
Bula, C. J., Berod, A. C., Stuck, A. E., Alessi, C. A., Aronow, H. U., Santos-Eggimann,
B. et al. (1999). Effectiveness o f preventive in-home geriatric assessment in well
functioning, community-dwelling older people: Secondary analysis o f a randomized
trial. J A m Geriatr Soc., 47(4), 389-95.
Carr, J., & Shepherd, R. (1998). Neurological Rehabilitation: Optimizing M otor
Performance. Oxford: Butterworth-Heinemann.
Cattaneo, D., De Nuzzo, C., Fascia, T., Macalli, M., Pisoni, L, & Cardini, R. (2002).
Risks o f falls in subjects with multiple sclerosis. Arch Phys M ed Rehabil, 83, 864867.
Chan, A., Hugos, C., Morrison, S., & Theriot, K. (1994). Balance and spasticity: W hat
we know and what we believe. Journal o f Neurologic Rehabilitation, 8, 119-130.
Cohen, J. (1988). Statistical pow er analysis fo r the behavioral sciences. Hillsdale, N. J.:
L. Erlbaum Associates.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

72

Collen, F. M., Wade, D. T., Robb, G. F., & Bradshaw, C. M. (1991). The Rivermead
Mobility Index: A further development o f the Rivermead M otor Assessment. Int
Disabil Stud., 13(2), 50-54.
Corradini, M. L., Fioretti, S., Léo, T., & Pipemo, R. (1997). Early recognition of postural
disorders in multiple sclerosis through movement analysis: A modeling study. IEEE
Trans Biomed Eng., 44(11), 1029-1038.
Cutter, N. C., Scott, D. D., Johnson, J. C., & Whiteneck, G. (2000). Gabapentin effect on
spasticity in multiple sclerosis: A placebo-controlled, randomized trial. Arch Phys
gJ(2), 164-169.
DeBolt, L. S., & McCubbin, J. A. (2004). The effects o f home-based resistance exercise
on balance, power, and mobility in adults with multiple sclerosis. Arch Phys M ed
,^5(2), 290-297.
DeMayo, W., Singh, B., Duryea, B., & Riley, D. (2004). Hatha yoga and meditation in
patients with post-polio syndrome. Ahern Ther Health Med, 10(2), 24-25.
Di Fabio, R. P., Choi, T., Soderberg, J., & Hansen, C. R. (1997). Health-related quality o f
life for patients with progressive multiple sclerosis: Influence o f rehabilitation. Phys
Ther., 77(12), 1704-1716.
Dombovy, M. L., Sandok, B. A. & Basford, J. R. (1986). Rehabilitation for stroke: A
rQvxQ-w. Stroke, 17, 363-369.
Dorfman, L. J., & Bosley, T. M. (1979). Age-related changes in peripheral and central
nerve conduction in man. Neurology, 29(1), 38-44.
Drory, V. E., Goltsman, E., Reznik, J. G., Mosek, A., & Korczyn, A. D. (2001). The
value o f muscle exercise in patients with amyotrophic lateral sclerosis. J Neurol Sci.,
J 9 /(l-2 ), 133-137.
Duan, S., Tian, T. X., Duan, Y. J., Mao, Y.- R., & Zhang, C.- Z. (1998). The breathing
exercise. Qigong: A traditional exercise approach for the improvement o f symptoms
in aged diabetics through modulation o f psychological state. Annals o f the New York
Academy o f Sciences, 854, 504.
Fheodoroff, K., Wissel, J., Entner, T., & Freimuller, M. (2001). M easuring outcome in
spasticity rehabilitation. Wien Klin Wochenschr., 773(S4), 11-5.
Fischer, J. S., LaRocca, N. G., Miller, D. M., Ritvo, P. G. Andrews, H., & Paty, D.
(1999). Recent developments in the assessment of quality of life in M ultiple
Sclerosis. Multiple Sclerosis, 5(4), 251-259.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

73

Fisk, J. D., Morehouse, S. A., Brown M. G., Skedgel, C., & Murray, T. J. (1998).
Hospital-based psychiatric service utilization and morbidity in multiple sclerosis.
Can J Neurol Sci, 25(3), 230-5.
Fitzpatrick, R., & Dawson, J. (1997) Health-related quality o f life and the assessment of
outcome o f total hip replacement surgery. Psychol and Health, 12, 793-803.
Fitzpatrick, R., & McCloskey, D. I. (1994). Proprioceptive, visual and vestibular
thresholds for the perception o f sway during standing in humans. J Physiol, 7(478),
173-86.
Fleiss, J. L. (1986). The Design and Analysis o f Clinical Experiments. New York: John
Wiley & Sons.
Fowler, E. G., Ho, T. W., Nwigwe, A. I., & Dorey, F. J. (2001). The Effect of
Quadriceps Femoris Muscle Strengthening Exercises on Spasticity in Children With
Cerebral Palsy. Physical Therapy, 81(6), 1215-1223.
Frzovic, D., Morris, M. E., & Vowels, L. (2000). Clinical tests of standing balance:
performance o f persons with multiple sclerosis. Arch Phys M ed Rehabil, 81, 215221.

Fuller, K. J, Dawson, K., & Wiles, C. M. (1996). Physiotherapy in chronic multiple
sclerosis: a controlled trial. Clin Rehabil, 10, 195-204.
Galantino, M., Bzdewka, T., Eissler-Russo, J. L., Holbrook, M. L., Mogck, E. P., Geigle,
P. et al. (2004). The impact o f modified Hatha Yoga on chronic low back pain: A
pWot siu&y. Alternative Therapy Health Medicine, 10(2), 56-59.
Gappmaier, E., Spencer, M. K., White, A. T., Mino, L. M., Hicks, R. M., & Petajan, J. H.
(1994). Fifteen weeks o f aerobic training improve fitness o f multiple sclerosis
patients. M ed Sci Sports Exerc, 26, S29.
Gauchard, G. C., Gangloff, P., Jeandel, C., & Perrin, P. P. (2003). Influence o f regular
proprioceptive and bioenergetic physical activities on balance control in elderly
women. The Journals o f Gerontology Series A: Biological Sciences and Medical
Sciences, 58, M846-M850.
Gauchard, G. C., Jeandel, C., Tessier, A., & Perrin, P.P. (1999). Beneficial effect o f
proprioceptive physical activities on balance control in elderly human subjects.
Neuroscience Letters, 273, 81-84.
Gehlsen, G., Beekman, K., Assmann, N., Winant, D., Seidle, M., & Carter, A. (1986).
Gait characteristics in multiple sclerosis: Progressive changes and effects o f exercise
on parameters. Arch Phys M ed Rehabil, 67(8), 536-539.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

74

Gehlsen, G. M., Grigsby, S. A., & Winant, D. M. (1984). Effects o f an aquatic exercise
program on muscular strength and endurance o f patients with Multiple Sclerosis.
Physical Therapy, 64, 635-637.
Gehlsen, G. M., & Whaley, M.H. (1990). Falls in the elderly: Part II. Balance, strength,
and flexibility. Arch Phys M ed Rehabil, 71, 739-41.
Gelber, D. A., Good, D. C., Dromerick, A., Sergay, S., & Richardson, M. (2001). Openlabel dose-titration safety and efficacy study o f tizanidine hydrochloride in the
treatment o f spasticity associated with chronic stroke. Stroke, 32(8), 1841-1846.
Green, J., Forster, A., & Young, J. (2002). Reliability o f gait speed measured by a timed
walking test in patients one year after stroke. Clinical Rehabilitation, 16(3), 306-314.
Greendale, G. A., McDivit, A., Carpenter, A., Seeger, L., & Huang, M. H. (2002). Yoga
for women with hyperkyphosis: results o f a pilot study. Am J Public Health, 92(10),
1611-1614.
Hain, T. C., Fuller, L., Weil, L., & Kotsias, J. (1999). Effects o f T'ai Chi on Balance.
Arch Otolaryngol Head N eck Surg., 125, 1191-1195.
Hale, L., Schou, E., Piggot, J., Littmann, A., & Tumilty, S. (2003). The effect of a
combined exercise program for people with Multiple Sclerosis: A case series. New
Zealand Journal o f Physiotherapy, 31(3), 130-138.
Halper, J. & Holland, N. J. (2002). Comprehensive Nursing Care in Multiple Sclerosis
(2nd ed.). New York: Demos.
Haselkorn, J. K., Leer, S. E., Hall, J. A., & Pate, D. J. (2000). Mobility in Multiple
Sclerosis. In J. S. Burks & K. P. Johnson (Eds.), Multiple sclerosis: Diagnosis,
medical management, and rehabilitation. New York: Demos Medical Publishing.
Haupts, M., Elias, G., Hardt, C., Langenbahn, H., Obert, H., Pohlau, D. et al. (2003).
Quality o f life in patients with remitting-relapsing multiple sclerosis in Germany.
Nervenarzt, 74(2),144-150.
Hemmett, L., Holmes, J., Barnes, M., & Russell, N. (2004). What drives quality o f life in
multiple sclerosis? QJM, 97(10), 671-676.
Henderson, M. E., Lyons, M. L., & Taylor, F. C. (1987). How to measure attitudes.
Newbury Park, CA: Sage.
Himann, J. E., Cunningham, D. A., Rechnitzer, P. A. & Paterson, D. H. (1988). Agerelated changes in speed o f walking. M ed Sci Sports Exerc, 20, 161-166.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

75

Hiroyuki, S., Uchiyama, Y., & Kakurai, S. (2003). Specific effects o f balance and gait
exercises on physical function among the frail elderly. Clin Rehabil, 7 7(5), 472-479.
Holland, N. (1997). Multiple sclerosis, spasticity and treatment. The Exceptional Parent,
27(9), 87.
Hopman, W. H., Towheed, T., Anastassiades, T., Tenenhouse, A., Poliquin, S., Berger,
C. et al. (2000). Canadian normative data for the SF-36 health survey, CMAJ, 765(3),
265-271.
Horak, F. B. (1991). Assumptions underlying motor control for neurologic rehabilitation.
In M.J. Lister (Ed.), II Step: Contemporary Management o f M otor Control Problems
(pp. 11-28). Washington, DC: Foundation for Physical Therapy.
Horak, F. B., Nutt, J. G., & Nashner, L. M. (1992). Postural inflexibility in parkinsonian
subjects. Journal o f the Neurological Sciences, I I I , 46-58.
Horak, F. B., Esselman, P., Anderson, M. E., & Lynch, M. K. (1984). The effects of
movement velocity, mass displaced, and task certainty on associated postural
adjustments made by normal and hemiplegic individuals. Journal o f Neurology,
Neurosurgery, and Psychiatry, 47, 1020-1028.
Husted, C., Pham, L., Hekking, A., & Niederman, R. (1999). Improving quality o f life for
people with chronic conditions: The example to fai chi and multiple sclerosis.
Alternative Therapies in Health A nd Medicine, 5(5), 70-74.
Jaccard, J. & Becker, M. A. (1990). Statistics fo r the behavioural sciences (2"^ ed).
Belmont, CA: Wadsworth.
Jeka, J., Kiemel, T., Creath, R., Horak, F., & Peterka, R. (2004). Controlling human
upright posture: Velocity information is more accurate than position or acceleration.
J Neurophysiol., 92(4), 2368-2379.
Jeong, B. Y. (1994). Contour representation o f sway area in posturography and its
application. Arch Phys M ed Rehabil, 75(9), 951-956.
Jenkinson, C., Layte, R., & Lawrence, K. (1997). Development and testing of the
Medical Outcomes Study 36-item Short Form Health Survey Summary Scale scores
in the United Kingdom: Results from a large-scale survey and a clinical trial. M ed
Care, 35, 410-416.
Johnson, T. (1982). Age-related differences in isometric and dynamic strength and
endurance. Phys Ther, 7, 985-989.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

76

Jones, R., Davies-Smith, A., & Harvey, L. (1999). The effect of weighted leg raises and
quadriceps strength, EMG and functional activities in people with multiple sclerosis.
Physiotherapy, 55(3), 154-161.
Joy, J. E. & Johnston Jr., R. B. (Eds.). (2001). Multiple sclerosis: Current status and
strategies fo r the future. Washington, D C .: National Academies Press.
Judge, J. O., Lindsey, C., Underwood, M., & Winsemius, D. (1993). Balance
improvements in older women: Effects o f exercise training. Phys Ther., 73(4), 254265.
Kamm, J. A. S., Thelen, E., & Jensen, J. L. (1990). A dynamical systems approach to
motor development. Physical Therapy, 70, 763-775.
Kasser, S. L., McCubbin, J. A., & Hooker, K. (2003). Variability in constraints and
functional competence in adults with multiple sclerosis. American Journal o f
Physical Medicine & Rehabilitation, 52(7), 517-525.
Kasser, S., Rose, D. J., Clark, S., & Fujimoto, K. (1999). Dynamic balance retraining: its
effectiveness for adults with multiple sclerosis. Neurology Report, 25(1), 5-12.
Katz, J, N., Larson, M. G., Phillips, C. B., Fossel, A.H., & Liang, M. H. (1992).
Comparative measurement sensitivity o f short and longer health status instruments.
50(10), 917-925.
Kesselring, J., & Thompson, A. J. (1997). Spasticity, ataxia and fatigue in multiple
sclerosis. JP sychosom Res, 45, 33-38.
Kidd, P.M. (2001). Multiple sclerosis. An autoimmune inflammatory disease: Prospects
for its integrative management. Alternative Medicine Review, 6, 540-566.
Kiemel, T., Oie, K. S., & Jeka, J. J. (2002). Multisensory fusion and the stochastic
structure o f postural sway. Biol Cybern., 57(4), 262-277.
Kilmer, D. D., McCory, M. A., Wright, N. C., Aitkens, S. G., & Bernauer, E. M. (1994).
The effect o f a high resistance exercise program in slowly progressive
neuromuscular disease. Archives o f Physical Medicine and Rehabilitation, 75(5),
560-563.
King, M. B., Judge, J. O., & W olfson, L. (1994). Functional base of support decreases
with age. J Gerontol Med. Sci., 49, M258-268.
Kirsch, N. R., & Myslinski, M. J. (2000). The effect of a personally designed fitness
program on the aerobic capacity and function for two individuals with multiple
sclerosis. Physical Therapy Case Reports, 2(1), 19-27.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

77

Kishiyama, S., Carlsen, J., Lawrence, J., Small, E., Zajdel, D., & Oken, B. (2002). Yoga
as an experimental intervention for cognition in multiple sclerosis. International
Journal o f Yoga Therapy, 12, 57-62.
Kraft, G. H., Alquist, A. D., & Lateur, B. J. (1996). Effect o f resistive exercise on
physical function in multiple sclerosis. Rehabilitation R & D Progress Report, 33,
328-329.
Kraft, A. M., & Wessman, H. C. (1974). Pathology and etiology in multiple sclerosis; a
review. Phys Ther, 54(7), 716-20.
Kreighbaum, E., & Barthels, K. M. (1990). Biomechanics: A qualitative approach fo r
studying human movement. (3rd ed.) New York; Macmillan.
Krumholz, H. M., McHorney, C. A., Clark, L., Levesque, M., Bairn, D.S., & Goldman, L.
(1996). Changes in health after elective percutaneous coronary revascularization; A
comparison o f generic and specific measures. M ed Care, 34, 754-759.
Kugler, P. N., Kelso, J. A. S., & Turvey, M. T. (1980). On the concept o f coordinative
structures as dissipative structures; I. Theoretical lines o f convergence. In G. E.
Stelmach & J. Requin (Eds.), Tutorials in motor behavior (pp. 44-50). New York:
North-Holland.
Lagalla, G., Danni, M., Reiter, P., Ceravolo, M. G., & Provinciali, L. (2000). Post-stroke
spasticity management with repeated botulinum toxin injections in the upper limb.
Am J Phys M ed Rehabil., 79(4), 377-384.
Lance, J. W. (1980) Symposium synopsis. In R. G. Feldman, R. R. Young & W. P.
Koella (Eds.), Spasticity: D isordered Motor Control (pp. 485-494). Chicago, Year
Book Publishers.
Lee, W. A. (1989). A control systems framework for understanding normal and abnormal
posture. American Journal o f Occupational Therapy, 43, 291-301.
Lee, W. A. (1990). Anticipatory control o f postural and task muscles during rapid
forearm flexion. Journal o f M otor Behaviour, 2, 185-196.
Leininger, P. M., Hakim, R. M., Wagner, B. R., & Spencer, J. (2003). Appropriate
balance tests when assessing the effects o f yoga on healthy community-dwelling
older adults. Medicine & Science in Sports & Exercise, 55(5), Supplement 1, S I 68
(Poster).
Levene, T. R., & Hullett, C. R. (2002).Eta squared, partial eta squared, and misreporting
o f effect size in communication research. Human Communication Research, 25(4),
612-625.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

78

Li, F., Harmer, P., Fisher, K. J., McAuley, E., Chaumeton, N., Eckstrom, E., & Wilson,
N. L. (2005). Tai chi and fall reductions in older adults: A randomized controlled
trial. The Journals o f Gerontology, 60A{2), 187-194.
Lipsitz, L. A. (2002). Dynamics o f stability: The physiologic basis o f functional health
and frailty. J Gerontol A Biol Sci M ed Sci., 57(3), B 1 15-125.
Lord, S. E., Wade, D. T., & Halligan, P. W. (1998). A comparison o f two physiotherapy
treatment approaches to improve walking in multiple sclerosis: a pilot randomized
controlled study. Clin Rehabil, 72(6), 477-486.
Lord, S. R., Rogers, M. W., Howland, A., & Fitzpatrick, R. (1999). Lateral stability,
sensorimotor function and falls in older people. Journal o f the American Geriatrics
Society, 47(9), 1077-1081.
Lord, S. R., Ward, J. A., Williams, P., & Anstey, K. J. (1994). Physiological factors
associated with falls in older community-dwelling women. J A m Geriatr Soc, 42(10),
1110-1117.
Lublin, F. D., & Rengold, S. C. (1996). Defining the clinical course o f multiple sclerosis:
Results o f an international survey. Neurology, 46, 907-911.
Lynch, S. G., & Rose, J. W. (1997). Multiple sclerosis. Dis Mon, 42, 1-55.
Maki, B. E., Holliday, P. J., & Topper, A. K. (1994). A prospective study o f postural
balance and risk o f falling in an ambulatory and independent elderly population.
Journal o f Gerontology: Medical Sciences, 49, M72-M84.
Manocha, R., Marks, G. B., Kenchington, P., Peters, D., & Salome, C. M. (2002). Sahaja
yoga in the management o f moderate to severe asthma: A randomized controlled
trial. Thorax, 57, 110-115.
Mathew, K. M., Ravichandran, G., May, K., & Morsley, K. (2001). The biopsychosocial
model and spinal cord injury. Spinal Cord, 39(12), 644-649.
McConvey, J., & Bennett, S. E. (2005). Reliability o f the Dynamic Gait Index in
individuals with multiple sclerosis. Arch Phys M ed Rehabil, 56(1), 130-133.
McGinnis, P. M., & Newell, K. M. (1982). Topological dynamics: a framework for
describing movement and its constraints. Human Movement Science, I, 289-305.
Mevellec, E., Lamotte, D., Cantalloube, S., Amarenco, G., & Thoumie, P. (2003).
Relationship between gait speed and strength parameters in multiple sclerosis. Ann
Readapt M ed Phys, 46(2), 85-90.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

79

Milanov, I., & Georgiev, D. (1994). Mechanisms of tizanidine action on spasticity. Xc/a
Neurol Scand, 89, 274-279.
Miller, C. M. (1997). The lived experience of relapsing multiple sclerosis: A
phenomenological study. JN eurosci Nurs, 29(5), 294-304.
Miller, D. M. (2002). Health-related quality of life. M ult Scler, 8, 269-270.
Miller, G. J. T., & Light, K. E. (1997). Strength training in spastic hemiparesis: Should it
he avoidedl NeuroRehabilitation, 9, 17-28.
Mills, N., & Allen, J. (2000). Mindfulness o f movement as a coping strategy in multiple
sclerosis. A pilot study. General Hospital Psychiatry, 22(6), 425-31.
Molenaar, D. S. M., Van Dorn, P. A., & Vermeulen, M. (1997). Pulsed high dose
dexamethasone treatment in chronic inflammatory demyelinating polyneuropathy: A
pilot study. J Neurol Neurosurg Psychiatry, 62, 385-390.
Mostert, S., & Kesselring, J. (2002). Effects o f a short-term exercise training program on
aerobic fitness, fatigue, health perception and activity level o f subjects with multiple
s c \ qtos \ s . M ult Scler., 8, 161-168.
Multiple Sclerosis Society. (1999). Multiple Sclerosis Symptom M anagement Survey.
Letchworth: Multiple Sclerosis Society.
Murray, P. M., Duthie, E. H., Gambert, S. R., Sepic, S. B., & Mollinger, L. A. (1985).
Age-related differences in knee muscle strength in normal women. Journal o f
Gerontology, 40, 275-280.
Nashner, L. M. (1985). Strategies for organization o f human posture. In M. Igarashi & O.
F. Black (Eds.), Vestibular and visual control on posture and locomotor equilibrium
(pp. 1-8). Basel, New York: Karger.
Nelson, S. R., DiFabio, R. P., & Anderson, J. H. (1995). Vestibular and sensory
interaction deficits assessed by dynamic platform posturography in patients with
multiple sclerosis. Annals o f Otology, Rhinology, Laryngology 104, 62-68.
Netz, Y., & Lidor, R. (2003). Mood Alterations in mindful versus aerobic exercise
modes. J Psychol, 757(5), 405-419.
Newell, K. M. (1986). Constraints on the development o f coordination. In M. G. Wade &
H. T. A. W hiting (Eds.), M otor development in children: Aspects o f coordination
and control (pp. 341-361). Amsterdam: Martin Nijhoff.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

80

Newell, K. M., & Corcos, D. M. (1993). Issues in variability and motor control. In
Newell, K. M. and Corcos, D. M. (Eds.), Variability and Motor Control (pp. 1-12).
Champaign, Illinois; Human Kinetics.
Nieves, J., Cosman, F., Herbert, J., Shen, V., & Lindsay, R. (1994). High prevalence of
vitamin D deficiency and reduced bone mass in multiple sclerosis. Neurology, 44,
281-326.
Nuyens, G., Van Asch, P., Kerckhofs, E., Vleugels, L., & Ketelaer, P. (2003). Predictive
value of SF-36 for MS-specific scales o f the MS quality of life inventory.
International Journal o f M S Care, 5(1), 1.
Oken, B. S., Kishiyama, S., Flegal, K., Dehen, C., Haas, M., Kraemer, D. F. et al.
Randomized, controlled, six-month trial o f yoga in healthy seniors: Effects on
cognition and quality o f life. (2006). Altern Ther Health Med., 72(1), 40-47.
Oken, B. S., Kishiyama, S., Zajdel, D., Bourdette, D., Carlsen, J., Haas, M. et al. (2004).
Randomized controlled trial o f yoga and exercise in multiple sclerosis. Neurology, 8,
62, 11,2058-2064.
Pandyan, A., Johnson, G., Price, C., Curless, R., Barnes, M., & Rodgers, H. (1999). A
review o f the properties and limitations of the Ashworth and modified Ashworth
Scales as measures o f spasticity. Clinical Rehabilitation, 75(5), 373-383.
Paolucci, S., Antonucci, G., Guariglia, C., Magnotti, L., Pazzamigli, L. O., & Zoccolotti,
P. (1996). Facilitory effect o f neglect rehabilitation on the recovery o f left
hemiplegic stroke patients: A crossover study. J N eurol, 243, 308-314.
Patti, F., Ciancio, M. R., Reggio, E., Lopes, R., Palermo, F., Cacopardo, M. et al. (2002).
The impact o f outpatient rehabilitation on quality o f life in multiple sclerosis. J
7Vgwro/, 249(8), 1027-33.
Paty, D. W., & Ebers, G. C. (1998). (Eds), Multiple Sclerosis. Phildelphia: F .A. Davis
Co.
Perrin, P., Deviteme, D., Hugel, P., & Perrot, C. (2002). Judo, better than dance, develops
sensorimotor adaptabilities involved in balance control. Gait & Posture, 75(2), 187194.
Petajan, J. H., & White, A. T. (1999). Recommendations for physical activity in patients
with multiple sclerosis. Sports Medicine 27(3), 179-191.
Petajan, J. H., Gappmaier, E., White, A. T., Spencer, M. K., Mino, L., & Hicks, R. W.
(1996). Impact o f aerobic training on fitness and quality o f life in multiple sclerosis.
Ann Neurol, 59(4), 432-41.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

81

Peurala, S. H., Tarkka, I. M., Pitkanen, K., & Sivenius, J. (2005). The effectiveness o f
body weight-supported gait training and floor walking in patients with chronic
stroke. Arch Phys M ed Rehabil, 56(8), 1557-1564.
Penn, R. D. (1988). Intrathecal baclofen for severe spasticity. Ann N Y A cad Sci., 153,
157-166.
Pfennings, L. E., Van der Ploeg, H. M., Cohen, L., Bramsen, I., Polman, C. H.,
Lankhorst, G. J. et al. (1999). A health-related quality o f life questionnaire for
multiple sclerosis patients. Acta Neurol Scand, 100, 148-155.
Pilkington, K., Kirkwood, G., Rampes, H., & Richardson, J. (2005). Yoga for depression:
The research evidence. J Affect Disord., 59(1-3), 13-24.
Platz, T., Eickhof, C., Nuyens, G., & Vuadens, P. (2005). Clinical scales for the
assessment o f spasticity, associated phenomena, and function: A systematic review
o f the literature. Disability and Rehabilitation, 27(1-2), 7-18.
Podsiadlo, D., & Richardson, S. (1991). The timed "Up & Go": A test o f basic functional
mobility for frail elderly persons. J A m Geriatr Soc, 59(2), 142-148.
Ponichtera-Mulcare, J. A., Mathews, T., Barrett, P. J., & Grupta, S. C. (1997). Change in
aerobic fitness o f patients with multiple sclerosis during 6-month training program.
Sports Medicine Training and Rehabilitation, 7, 265-272.
Priebe, M., Sherwood, A. M., Thomby, 1., Kharas, N. P., & Markowski, J. (1996).
Clinical assessment of spasticity in spinal cord injury: A multidimensional problem.
Arch Phys M ed Rehabil, 77, 713-716.
Prieto, T. E., Myklebust, J. B., Hoffmann, R. G., Lovett, E. G., & Myklebust, B. M.
(1996). Measures o f postural steadiness: Differences between healthy young and
elderly adults. IEEE Trans Biomed Eng., 45(9), 956-966.
Przysucha, E., Taylor, M. J., & Weber, D. (2006). The nature o f control in postural
adaptations o f boys with and without Developmental Coordination Disorder.
M anuscript submitted for publication.
Raub, J. A. (2002). Psychophysiologic Effects o f Hatha Yoga on Musculoskeletal and
Cardiopulmonary Function: A Literature Review. The Journal o f Alternative and
Complementary Medicine, 5(6), 797-812.
Ray, U. S., Sinha, B., Tomer, 0 . S., Pathak, A., Dasgupta, T., & Selvamurthy, W. (2001).
Aerobic capacity & perceived exertion after practice o f Hatha yogic exercises.
Indian J M ed Res., 114, 215-221.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

82

Riach, C. L., & Starkes, J. L. (1993). Stability limits of quiet standing postural control in
children and adults. Gait & Posture, 1, 105-111.
Riccio, G. (1993). Information in movement variability about the qualitative dynamics o f
posture and orientation. In K. Newell (Ed.), Variability and Motor Control, (pp. 317357). Champaign, IE: Human Kinetics.
Richardson, D., Edwards, S., Sheean, G. L., Greenwood, R. J., & Thompson, A. J.
(1997). The effect o f botulinum toxin on hand function after incomplete spinal cord
injury at the level o f C5/6; A case report. Clin Rehabil, 11, 288-292.
Rietberg, M., Brooks, D., Uitdehaag, B., & Kwakkel, G. (2005). Exercise therapy for
multiple sclerosis. Cochrane Database Syst Rev., 1, CD003980, 1-25.
Riley, D. (2004) Hatha yoga and meditation for neurological conditions. In B. S. Oken
(Ed.), Complementary therapies in neurology: An evidence based approach (pp.
159- 167). London; The Parthenon Publishing Group.
Ritvo, P. G., Fischer, J. S., Miller, D. M., Andrews, H. & Paty, D. W. (1997). Multiple
Sclerosis Quality o f Life Inventory (MS-QLI): A U ser’s Manual. New York; National
Multiple Sclerosis Society.
Rizzo, M. A., Hadjimichael, O. C., Preiningerova, J., & Vollmer, T. L. (2004).
Prevalence and treatment o f spasticity reported by multiple sclerosis patients.
Multiple Sclerosis, 10(5), 589-595.
Rodgers, M. M., Mulcare, J. A., King, D. L., Mathews, T., Gupta, S. C., & Glaser, R. M.
(1999). Gait characteristics o f individuals with multiple sclerosis before and after a
6- month aerobic training program. Journal o f Rehabilitation Research and
Development, 36(3), 183-188.
Roehrs, T. G., & Karst, G. M. (2004). Effects o f an aquatic exercise program on quality
o f life measures for individuals with progressive multiple sclerosis. Journal o f
Neurologic Physical Therapy, 28, 63-71.
Romberg, A., Virtanen, A., Ruutiainen, J., Aunola, S., Karppi, S. L., Vaara, M. et al.
(2004). Effects o f a 6-month exercise program on patients with multiple sclerosis; A
randomized study. Neurology, 14(63), 2034-2038.
Rosenthal, B. J., & Scheinberg, L. C. (1990). Exercises for multiple sclerosis patients. In
J. V. Basmajian & S. L. W olf (Eds.), Therapeutic exercise (pp. 241-250). (5th ed.)
Baltimore, MD: Williams and Wilkins.
Rosenthal, N. E., Sack, D. A., Gillin, J. C., Lewy, A. J., Goodwin, F. K., Davenport, Y. et
al. (1984): Seasonal affective disorder— A description o f the syndrome and
preliminary findings with light therapy. Arch Gen Psychiatry, 41, 7 2 - 80.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

83

Sadovnick, A. D., Eisen, K., Ebers, G. C., & Paty, D. W. (1991) Cause o f death in
patients attending multiple sclerosis clinics. Neurology, 41, 1193-1196.
Schapiro, R. T. (1991). Multiple sclerosis. A rehabilitation approach to management.
New York: Demos Publications.
Schapiro, R. T. (2001). M anagement o f spasticity, pain, and paroxysmal phenomena in
multiple sclerosis. Curr Neurol Neurosci Rep, 7(3), 299-302.
Schmidt, R. A., & Lee, T. D. (1999). Motor Control and Learning; A Behavioural
Emphasis (3'^'* ed.). Champaign, IL: Human Kinetics.
Selles, R. W., Li, X., Lin, F., Chung, S. G., Roth, E. J., & Zhang, L. Q. (2005). Feedbackcontrolled and programmed stretching o f the ankle plantarflexors and dorsiflexors in
stroke: Effects o f a 4-week intervention program. Arch Phys M ed Rehabil, 86, 23302336.
Shakespeare, D. T., Boggild, M., & Young, C. (2003). Anti-spasticity agents for multiple
sclerosis. Cochrane Database Syst Rev, 4, CD001332.
Shumway-Cook, A., & Woollacott, M. (2000). Attentional demands and postural control:
The effect o f sensory context. Journal o f Gerontology, 55A(l), MlO-16.
Shupert, C. L., & Horak, F. B. (1999). Adaptation o f postural control in normal and
pathological aging: Implication for fall prevention programs. Journal o f Applied
Biomechanics, 15, 63-74.
Sinaki, M., Brey, R. H., Hughes, C. A., Larson, D. R., & Kaufman, K. R. (2004). Balance
disorder and increased risk o f falls in osteoporosis and kyphosis: Significance o f
kyphotic posture and muscle strength. Osteoporos Int, 15, 13.
Skold, C. (2000). Spasticity in spinal cord injury: self- and clinically rated intrinsic
fluctuations and intervention-induced changes. Arch Phys M ed Rehabil, 81(2), 144149.
Slobounov, S. M., Slobounova, E. S., & Newell, K. M. (1997). Virtual time-to-collision
and human postural control. Journal o f Motor Behavior, 29(3), 263-281.
Slobounov, S. M., Moss, S., A., Slobounova, E. S., & Newell, K. M. (1998). Aging and
time to instability in posture. Journal o f Gerontology, 53 A , B71-B78.
Smyth, M .D., & Peacock, W. J. (2000). The surgical treatment o f spasticity. Muscle
Abrve, 25(2), 153-63.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

84

Solari, A., Filippini, G., Gasco, P., Colla, L., Salmaggi, A., La Mantia, L. et al. (1999).
Physical rehabilitation has a positive effect on disability in multiple sclerosis
patients. Neurology, 7(52), 8-10.
Spirduso, W.W. (1995). Balance, posture and locomotion. In Physical dimensions o f
aging. Champaign, IL; Human Kinetics.
Steffen, T. M., Hacker, T. A., & Mollinger, L. (2002). Age and Gender-Related Test
Performance in Community Dwelling Elderly People: Six M inute Walk Test, Berg
Balance Scale, Timed Up and Go Test and Gait Speeds. Physical Therapy, 52(2),
128-137.
Stokes, M. (1998). Neurological physiotherapy. London: Mosby Int.
Storr, L. K., Sorensen, P. S., & Ravnborg, M. (2006). The efficacy o f multidisciplinary
rehabilitation in stable multiple sclerosis patients. Multiple Sclerosis, 72(2), 235-42.
Stuart, A. L., & King, A. C. (1991). Evaluating the efficacy o f physical activity for
influencing quality o f life outcomes in older adults. Ann Behav Med, 13, 108-116.
Sturnieks, D. L., Tiedemann, A., Chapman, K., Munro, B., Murray, S. M., & Lord, S. R.
(2004). Physiological risk factors for falls in older people with lower limb arthritis. J
Rheumatol, 57(11), 2272-2279.
Sutherland, G., & Andersen, M. B. (2001). Exercise and multiple sclerosis:
Physiological, psychological, and quality o f life issues. J Sports M ed Phys Fitness,
47(4), 421-432.
Sutherland, G., Anderson, M. B., & Stoove, M. A. (2001). Can aerobic exercise training
affect health-related quality o f life for people with multiple sclerosis. Journal o f
Sports & Exercise Psychology, 23, 122-135.
Suzuki, T., Kim, H., Yoshida, H., & Ishizaki, T. (2004). Randomized controlled trial o f
exercise intervention for the prevention o f falls in community-dwelling elderly
Japanese women. J Bone M iner Me tab, 22(6), 602-611.
Taggart, H. M. (2002). Effects o f Tai Chi exercise on balance, functional mobility, and
fear o f falling among older women. Appl Nurs Res., 75(4), 235-242.
Thapa, P. B., Brockman, K. G., Gideon, P., Fought, R. L., & Ray, W. A. (1996).
Injurious falls in nonambulatory nursing home residents: A comparative study o f
circumstances, incidence and risk factors. Journal o f the American Geriatrics
Society, 44, 273-278.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

85

Tran, M. D., Holly, R. G., Lashbrook, J., & Amsterdam, E. A. (2001). Effects o f Hatha
Yoga Practice on the Health-Related Aspects o f Physical Fitness. Preventive
Cardiology, 4, 165-170.
Tse, S., & Bailey, D. M. (1996). T'ai Chi and postural control in the well elderly. Am J
Occ Ther., 46, 295-300.
Turvey, M. T. (1990). Coordination. Xw Psychol, 45, 938-953.
Vaillancourt, D. E, & Newell, K. M. (2003). Aging and the time and frequency structure
of force output variability. J Appl Physiol., 94(3), 903-12.
van Bennekom, C. A. M., Jelles, F. J., & Lankhorst G. J. (1995). Rehabilitation Activities
Profile; The ICIDH as a framework for a problem-oriented assessment method in
rehabilitation medicine. Disabil Rehabil, 17, 169-175.
van den Noort, S. (2005). Signs and symptoms o f multiple sclerosis. In M. J. Olek (Ed.),
Current Clinical Neurology: Multiple Sclerosis, (pp. 1-14). Totowa, NJ; Humana
Press Inc.
van Emmerik, R. E. A., & van Wegen, E. E. H. (2002). On the Functional Aspects o f
Variability in Postural Control. Exercise & Sport Sciences Reviews, 30(4), 177-183.
van Wegen, E. E. H., van Emmerik, R. E. A., Wagenaar, R. C., & Ellis T. (2001).
Stability boundaries and lateral postural control in Parkinson's disease. M otor
Control, 5(3), 254-269.
van Wegen, E. E. H., van Emmerik, R. E. A., & Riccio, G. E. (2002). Postural
orientation: Age related changes in variability and time-to-boundary. Human
M ovement Science, 21, 61-84.
Vaney, C., Blaurock, H., Gatter, B., & Meiseds, C. (1996). Assessing mobility in
multiple sclerosis using the Rivermead Mobility Index and gait speed. Clin Rehabil,
70, 216-226.
Wall, J. C., Bell, C., Campbell, S., & Davis, J. (2000). The Timed Get-up-and-Go test
revisited: M easurement o f the component tasks. J Rehabil Res Dev, 37(1), 109-113.
Waxman, S. G. (2000). Multiple sclerosis as a neuronal disease. Archs Neurol, 57, 22-24.
Weinshenker, B. G. (1995). The natural history o f multiple sclerosis. Neurologic Clinics,
13, 119-146.
Whipple, R. (1997). Improving balance in older adults: Identifying the significant
training stimuli. In J. C. Masdeu, L. Sudarsky, & L. Wolfson (Eds.), Gait disorders

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

86

in aging. Falls and therapeutic strategies, (pp. 355-379). Philadelphia, PA:
Lipincott-Raven.
White, L. J., & Dressendorfer, R. H. (2004). Exercise and multiple sclerosis. Sports
Medicine. 34, 1077-1100.
White, L. J., McCoy, S. C., Castellano, V., Gutierrez, G., Stevens, J. E., Walter, G. A. et
al. (2004). Resistance training improves strength and functional capacity in persons
with multiple sclerosis. Multiple Sclerosis, 10, 668-674.
Wiles, C. M., Newcombe, R. G., Fuller, J. K., Shaw, S., Furnival-Doran, J., Pickersgill,
T. P. et al. (2001). Controlled randomized crossover trial o f the effects of
physiotherapy on mobility in chronic multiple sclerosis J. Neurol. Neurosurg.
Psychiatry, 70, 174-179.
Wilier, C. J., & Ebers, G. C. (2000). Susceptibility to multiple sclerosis: Interplay
between genes and environment. Curr OpinNeuro., 13, 241-247.
Winter, D. A. (1995). Human balance and posture control during standing and walking.
Gait and Posture, 3, 193-214.
Wolf, S. L., Barnhart, H. X., Kutner, N. G., McNeely, E., Coogler, C. E., & Xu, T.
(1996). Reducing frailty and falls in older persons: An investigation o f Tai Chi and
computerized balance training. Atlanta FICSIT Group. Frailty and Injuries:
Cooperative Studies o f Intervention Techniques. J A m Geriatr Soc., 44(5), 489-497.
Woolery, A., Myers, H., Sternlieb, B., & Zeltzer, L. (2004). A yoga intervention for
young adults with elevated symptoms o f depression. Altern Ther Health Med., 10(2),
60-63.
World Health Organization. (1980). International Classification o f Impairments,
Disabilities and Handicaps (ICIDH): A M anual fo r Classification. Geneva: WHO.
Yeh, S. H., Chuang, H., Lin, L. W., Hsiao, C. H., & Eng, H. L. (2006). Regular tai chi
chuan exercise enhances functional mobility and CD4CD25 regulatory T cells.
British Journal o f Sports Medicine, 40(3), 239.
Young, R. R. (2000). Spastic paresis in multiple sclerosis. In J. S. Burks & K. P. Johnson
(Eds.), Multiple sclerosis: Diagnosis, medical management, and rehabilitation. New
York: Demos Medical Publishing.
Zwick, D. (2004). Yoga and M ultiple Sclerosis. Retrieved Dec. 18, 2004, from
http://www.m scare.org/pdf/yogaforms_daiiazwickl0042004.pdf

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Appendices

87

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

89

Appendix B - Cover Letter & Informed Consent Form

Balancing Act: Yoga and MS
September, 2005
Dear participant,
My name is Jaime Kirstein and 1 am studying the effects o f yoga on balance, spasticity,
mobility and quality o f life in people with MS for my M.Sc. in Kinesiology at Lakehead
University under the supervision o f Dr. Jane Taylor. Many people with MS lose their
mobility as the disease progresses and stop exercising. In the last 10-15 years, research
has shown that exercise is beneficial to people with MS and that there exists about the
same risk o f exercising for people with MS and for people without disease. While typical
exercise programs such as cycling and swimming fail to target specific problems such as
loss of balance, flexibility and spasticity, yoga is a mild form of exercise that may
positively affect people with MS.

If you have been diagnosed with MS and have balance and/or mobility problems you can
be part of this study. You must be willing to complete a series o f assessments and be
willing to either take a 10-week yoga course at the Body M ind Centre or be a member o f
the non-yoga group.

The assessments will be conducted at the School o f Kinesiology in the C.J. Saunders
Fieldhouse at Lakehead University. Please understand that transportation will be
provided for you to and from the Field house if you require it. The assessments include
completing questionnaires on spasticity, mobility and quality o f life and performing tests
of balance and walking. It will take about an hour to complete all tasks.

The program was designed by a yoga instructor with MS, for people with MS. If you are
participating in yoga, it is better for you if you are able to go to as many o f the exercise
sessions as possible. However, you may withdraw from the study at any time. Please
understand that if you have any difficulties during the exercise sessions, you may stop
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(807)343-8752
Appendix C - PAR Q & PAR MedX

Physical A ctivity R e a d in e ss
Q u ^ o n n a i r c - PAR-Q
(re v ise d 2 00 2}

PAR-Q & YOU
(A Q uestionnaire for P eople Aged 15 to 6 9 )

Rtegular physical activity is fun and healthy, and increasingly more people are starcng % become more acdve each day. Being m ore active is very safe for
m ost people. However, som e people should check with their d o c w before they Stare becoming much more p h y ^cs’ly acdve.
If you are t^anning to become much m ore physically active than you are now, sta rt by answering th e seven questions in the box below. If you a re between
th e ages of IS and 63, the bAR'Q
t*M you if you should check
your doctor before you start. If you are over 69 years of age, and you are n o t used to
being very active, check with your doctor.
Common sense is your b est guide when you answ er these questions. A ease read the questions carefully and answer each one honestly; check YES or NO.

YES
□

NO
1.

□

□

□

2.

□

□

3.

□

□

4.

Do you l o s e your balance b e c a u se o f dizziiiess or d o you ever lo se co n scio u sn ess?

S.

Do you have a b o n e or jcHnt problem (for ea a m p le. bach, k n ee or hip) th a t could b e m ade w o r se by * cha n g e in yc
physical activity?
I s your d o cto r currently prescribing drugs (fo r e x a m p le , w a te r pills} for your b lood p r e ^ u r e or heart condition?

□

□

□

□

e.

□

□

7.
Y ES t o of>e o r m o r e c f u e s tjo f is

If
you
an sw ered

Talk with your doctor fay phone er tn person BETORE you s ta rt becoming m uch m ore p h y s ic a l active o r B^O A E you have a fitness
appraisal. Tel! your doctor about th e PAR-tQ and which questions you answered YES.
•
You may b e able te do any activity you w ant « a s long a s you scan slowly and build up gradually. Or, you m ay need te restrict your
activities te those which arc safer for you. Talk with your doctor about the kinds of activities you wish to participate :m and h ^ w
h is/h er advice.
♦
Find ou t which community program s are safe and helpfuf for you.

NO to o«e o r more questions

DELAY BECOMING MUCH MORE ACTIVE:

If you answered NO honestfy to aH PAA-Q questions, you can be reasonably sure
chat you can:
•
start becoming much m ore physfoaRy active * begin slowly and bu'sW up
gradually. This is the safest and easiest way to go.
* tak e p art m a fitness appr»s#l • this ^s an excelfont wSy te determ m e your
basic fitness so th a t you can plan th e b est way for yw* te live actively, k is
also highiy recem m ehded th at you have your blood pressure evaluated. If
your reading is 144/94, talk with your doctor before you start becommg
much m ere physicafiv active.

*
*

If you are no: foelmg well because o f à tem porary iHness
such a s a cold o r a ^ e r * weic until you feel b etW ) or
If you are o r may be pregnant - talk to your doctor
before you start becommg m ore active.

PL E A S E N O T E : If your health changes so th at you then answer YES
to any of th e above questions, ceil your fitness or health professional.
Ask whether you should change your physical activity plan.

Informed Use of th e PAR-Q; The Canadiarr Society for E:*;ercise K i^ioldgy, Health Canada and thek agents assksme ho liabWity for persons who undertake
phy^cal activity, and if In doubt afoer completing ihls questionnaire, consult ytKir docter prior te phyKcal activity.

No cfwmges permitted. You are encowaged to photocopy t|te PAR-Q but imly if you u sé the entire form.
NOTE: If th e PAR-Q ia being ÿ v e n to a person before He or sh e paiticipates m a physical a c ti v é program or a fitness appraisal, this s e c t;w may be used for
fogal o r administrative purposes.

'I have read, understood and completed this questionnaire. Any questions 1 had were answered to my full satisfaction."
NAME:
SIGNATURE:

DATE;

SIGNATURE OF PARENT:

WITNESS;

or GUARDIAN (participan ts under t h e a g e o f m ajority}

Note: This physical activity clearance is valid for a maximum of 12 months from the date It is corrected and becomes
Invalid if your ccmdltton changes so titat you wotdd ^ s w e r YES to any cd the seven questions.
C@n#d4 OenAde
With regard to th e provisions of the Privacy Act, I hereby give m y permission for HSC Health System s Group Limited to collect any p e rso n ^ information
contained in this docum ent, maintain personal information already on file and to collect further information for ti^e purpose o f contacting m e by tnaH, fax,
t^epho n e an d /o r email.
NAME:
SIGNA TURE:
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P A R m ed-X

W iyslcal A ctivity R e a d in ess
M edical E x am in atio n
(re v ise d 2 0 0 2 )

PHYSICAL ACTIVITY READINESS MEDICAL EXAMINATION

The PARmed-X b «
ectlvitr-specific flie c k lb t to Iw used by a physicien w ith pathrnt» w ho h*ve had positive re sp o n ses Co th e Physical Activity
R eadiness Q ue stionnaire (PAR-Q). In ad^Rtion, Hie CcMftveymHe/Relerral Form in th e PARmed-X can be o sed to convey cteerance for pliysical activity partkfoathm ,
o r Co m ake a referral to a m edkaW y-supervised exercise program .
ReguUr physical activity is fun and healthy, and increasingly mere people are starting to become more active every day. Being more active is very safe for most p e o ^ . The PAR-Q by
teetf provides adequate screening for the majonty of people. Hov ie w , seme individual may require a iwüca» evaluation and specific advice (exem se prescnpticn) due to one or more
positive responses to tiw PAR-Q.
Following the participant'» evaluation by a physician, a physical activi^ plan should be devised in corsuluticr with a physical activity professionsi (CSEP-Professional Fitness fi Ufestyle
Consultant or CSEP-Esercise Therapist
To assist in this, the foliowino instructions are provided:
"Sections A. B, c, and 0 should be completed by the participant BEFORE the examination by the physidan. The bottom section is to be completed by dw examining
phvsidan.

PAGE 1:
PACE 2 A Î :

'A checklBt of medical conditions requiring special cor^eicyabons and management.

PAGE 4:

“Physical Activity & Lifestyle Advice for people who do ncx require specific instructions or prescribed exercise.
•Physscal Activity ftiMdiness Conveyance/Referral Form - an optional tear-off tab for the physioan to convey clearance for physical activity oartidpation. w t o make a
referrW to a mcOicaffy-supervieeO exercise program.

T h is s e c tio n to b e c o m p le te d b y th e p a r tic ip a n t
P E R S O N A L IN F O R M A T IO N

D

NAME:

□
□
□
□
□
□
□

ADDRESS:
TELEPHWE:
BIRTHDATE:
MEDICAL No.

r

P A R - Q : P l e a s e i n d ic a te t h e P A R -Q q u e s t i o n s t o
w h ic h y o u a n s w e r e d YES

RISK FACTORS FOR

CARDIOVASCULAR DISEASE:

Qt

Heart Condition

Q2

Chest pain durii-m activity

Q3

Chest pain at rest

Q4

Loss of balance, dizziness

Q5

Bone w joint problem

qe

Blood pressure w heart drugs

Q7

Other reason;

(Chtifck all th a t a p p ly)
Less than 30 minutes of moderate
physical activity most days cf the

[ j

i—•

LJ

Q

6,cess:ve accui
around waist.

P H Y S IC A L A C T IV IT Y IN T E N T IO N S :

What physical activity do you intend to do?

□
□
□

Currently smoker (tobacco
smoking 1 or more times a week!.
High Mood pressure reported by
Dhysk'ian after repeated
measurements.
t#gh cholesterol level reported by
physkiar.

O

Family history of heart disease.

P lease note: Many of these risk
factors are modifiable. Please refw
to page 4 and discuss w<th your
ohyskian.

T h is s e c tio n to b e c o m p le te d b y th e e x a m in in g p h y s ic ia n
M iyskal ExAin:

Plryskbl Activity R eadiness C otiveyam e/R eferrM :

Ht

VA

8P

i)

/

BP

ii)

/

Based upon a current review of health status, I
recommended:

CoiKfitiens limiting p h y s k s l actlvfty:
n

Cardiovascular Q

r~) Musoiloskefeta? Q

Respiratory Q
Abdominal

Other

Further Iriforrnabori:
Q

r r

Attached

Ho p h y s k a i activ ity

f~ | To be forwarded

□

only a medicaily-supervked exercise program until
furtiier medical clearance

n

Progressive physical activity:

r~ l Available on request

r~] with avoidance of: _ _ _ _ _

Tests required:
Q

ECG □

Exercise Test Q

x Ray

r n with inclusion of:

n

Blood Q

Urinalysis Q

Other

□
□

Under tite supervision of a CSEP-Professional Fitness
fk Lifestyle Cwsultant or CSEP-Exercise Therapist ^
Unrestricted physical activity - stert slowly and build
up gradually

With re g ard to th e provisions of th e Privacy Act. [ h ereb y give m y perm ission for HSG H ealth S y ste m s G roup Limited to collect a n y perso n al Inform ation
contained In th is d o c u m e n t, m ain tain personal inform ation alre a d y on file and to collect fu rth e r inform ation for t h e p u q x is e of contacting m e by m ail, fax,
te lep h o n e a n d /o r em ail.

NAME:
SIGNATURE:
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Physical AOivity Readiness
Medical Examinatton
(revised 2002)

PARmed-X

P H Y S IC A L ACTIV ITY R E A D IN E S S
M E D IC A L E X A M IN A TIO N

Following is a c h eck lisi o f m ed ic a l c o n d itio n s lor w hich a d e g re e of p recau tio n an d /o r s p e cia l ad v ic e sh o u ld b e c o n s id e re d for th o s e who
a n s w e re d "YES" to o n e o r m o re q u e s tio n s on th e PAR-O. a n d p e o p le o v er th e a g e of 69. C onditions a r e g ro u p e d by sy s te m . T h ree
c a te g o rie s of p re c a u tio n s a r e provided. C o m m e n ts u n d e r A dvice a re g e n e ra l, s in c e d e ta ils a n d alte rn a tiv e s req u ire clinical ju d g em e n t in
e a c h Individual In sta n c e.

A b s o lu te
C o n tr a in d ic a tio n s
Permanenl restriction or temporary
restriction until condition is treated,
stable. andr'Of past ao ite phase.

R e la tiv e
C o n tra in d ic a tio n s

S p e c ia l P r e s c r ip tiv e

ytighty v a r ia is . Value of exercise
testing an<liof program may
exceed risk. Activity may be
restricted.

ihdMduaiized prescriptive advice
generally apprc^xiate;

OestraWe to maximize control cl
condition
Oirsct or indirect medical
supervision of exercise program
may oe d e s i r ^ e .

Cardiovascular

U aortic aneutysm (dissecting)

□ aortic stenosis (moderate)
J suoaortic stenosis (severe)

□ congestive heart failure

!.] marfred cardiac enlargement

J crescendo an ^ n a

Ü supraventricular dysrhythmias
(uncontrdled or high rate)

□ myocéU'üitis (active or recant}

□ ventncuiar ectopic activity
(repetitive or frequent)

Ü pulmonary or systemic
em bolism -acute

□ ventricular aneurysm

Ü thfombophtwitis

□ hypertension-untreated or

Q venuicuiar tachycaroia and
W*er dangerous d^rhythm ias
(e.g.. multi-focal ventncuiar
activity)

Inlections

Metatxilic

U ao ite inteoious cBsease
(feg ^ o iess «Xetiology)

□ com pensated congesirve heart

3 uncontrolled metabolic
discxders (diabetes meiittus,
Ihyrctoxiccrsis. myxedema)

special exercises preschbed.

A D V IC E

stenosis—mild angina pectoris
and other manifestations of
coronary insufficiency (e .g .
post-acute infarct)
J cyanotic heart disease

□ conduction disturbances

□ hypertrophie cardiomyopathy

J ^Dacutft/r.h(cntcireaiiTftnt
irtiectious d iseases (e g.,
malaria, others)

'

May require medicai monitoring
andtor initial super/ision m
exercise çwogram.

Q shunts (intermittent or fixed)

uncontrolled severe (S^tennc
or pulmonary)

faitore

• lim itio n s imposed: anAtor

□ aortic (Of puVnonaryi

Q aortic stenosis (severe)

□ myocardial intarctlofi (acute)

C o n d itio n s

• complete AV block
• leftBSB
• woiffParKinson-Whrte
syndrome
Q dysrhythmias—controlled

□ compwcaled pregnancy
(e.g.. toxemia, h e m o r r h ^ ,
incompétent cervix, etc.)

* slow progression of exercise
to tavels based on te a
performance and individual
tolerance.
• consider intAtidual need for
initial conditioning program
under medical supervision
(indirect or direct).

□ fixed rate pacemakers
Q irtierrrettent claudication

p rocessive exeràse to tolerance

Q hyperwnston; systolic
160-180, diastolic f05>-

progressive exercise; care with
m e«cattons (serum electrolytes,
post-exercise syncope; etc.)

J m o n ic H\tections

vatiao e as to ccwWton

□ HIV
□ renal, hepatic & (Aher
metabolic insuftidency

variable a s to s ta u s

□ obesity

dietary moderation, and initial Ight
ex e rcé es with slow progression
(walking, swimrrung, eyeing)

□ single kidney

Pregnancy

> cNnica} exercise test may be
warranted in selected cases,
for specific determination
of functional capacity and
HmitaDons and precautions
(Many).

3 adv w ced pregnancy (late 3rd
trimester)

refer to the ”PARmed-X for
PREGNANCY*

r T h e PA R-Q a n d PA Rm ed-X w e re d e v e lo p e d by th e British C olum bia
Arroix, G.A , Wigle. D .T , M ao, Y (1992). Risk A ssessm aftt of P hysical
Activity a n d Physical A ln e s s in th e C a n a d a H ealth S urvey FollowUp Study. J. Clin. E pidem iol. 45:4 419-428.
Moltola. M.. Wolfe. L.A. (1994). Active Living a n d P regnancy. In.
A. Q uinney, L Gauvin, T. Wail (ed«.), Toward A c tiv e Living:
P roceed in g# o f th e Ineem attonat C on feren ce o n Phyaical
Acdvfty, Fitrte## an d Health. C ham paign, IL: Hum an Kinetics.
PAR-Q Validation R eport, Bntw h C olum bia M'nieiry of Health. 1978
T hom as, S.. R eadm g, J., S h ep h ard . R J. (1992). R evision cf th e Physical
Acfivrtv R e a d in e s s O uestionnaire (PAR-O). Can. J . $p t. S ci. 17 :
4 338-345.

Ministry of H ealth. T hey h a v e b e e n rev ise d by a n Expert A dvisory
C o m m ittee o f th e C a n a d ia n S o ciety for E x e rc ise P h y sio lo g y c h a ire d
by Dr. N. Gledhlll (2002).

No ch an ges permitted. You are encouraged to
photocopy the PARmed-X, but only If you
u se the entire form.
D isponible e n fra n ç a is s o u s le titre
«É valuation m e d ic a te d e l'ap titu d e à l'activité p h y siq u e (X-AAP) »
C ooiinued on peg # 3...
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Physical Activity
Medical Examination
(revised 2D02)

S p e c ia l P re s c r ip tiv e
C o n d itio n s
Lung

J tXvoric pulmonary (SsorOers
□ cbstmctive lung asiM se

ADVICE
special retaxation ana U e a t r ^ exercises
breath control during endurance exercises to toferance. avoid poHuted air

□ asthm a

M uscuiosketetal

□ exerdsa-lnduced txcncnospasm

avoid hyperventilation (hiring exemlse: avoid extremely coid conditions: warm up aderpiately:
utmze appropriate medlcaDon.

□ low back conditions (psdboiogicai, functional)

avoid or minimize exercise that precipitates or exasperates e.g., forced extreme flexion,
extension, and violent twisting: correct posture, proper back exercises

J arthritte-acule (Intective. rtieumatOKi: gout)

treatment, plus judicious blend ol rest, splinting and gentle movement

3 arttvttis-subacute

p ro ^ ^ s iv e increase of active exercise therapy

J afthriite-ctvonic {osteoarttvitis a«vd ^ v e
conditions)

maintenance ot mobility and strength; ncn-weightbearing exercises to minimize joint trauma
(e.g.. cycling, aquatic activity, etc )

□ orthopaedic

highly variable and indivxiualized

□ osteoporosis or low bone density

avoid exercise with hiÿi riA tor fracture such as push-ups, cwt-ups. vertical jump and trunk
forward Rexton: engage in low-impact weight-bearing adivtiies and r e l a n c e training

□ convutôtve disorder rxX completely contrstied oy
medication

mirymlze or avoid exercise in hazardous environmenls andtor exercising alone (e.g.,
swimming, mounlainciimblng. etc.)

□ recent concussion

thorough examination if history of two concussions: review for disconhnuation ol contact
sport it three concussions, depending on duration of unconsciousness, retrograde amnesia,
persistent headaches, arxf other objective evidence of cetebral damage

□ an e m ia -se v e re (< lOGm-*dl)

control preferred; exercise a s tcterated

mtrarrxze straining and isonetrics: stregthen abdominal muscles

CNS

Blood

□ electrolyte dtsUirbances

M edications

□ aniiarkÿnal

□ antiairhylhinic

□ aniihypenenslve

□ anflconvmsarti

□ Defa-Mockers

□ digitalis preparations

J diuretics

□ gangHortic cuockers

NOTE: consider underlying conditicn. Potential kx: exertional syncope, electrolyte
Unbalance, biadycairtia. dysrhythntias. iinpaiied coordination and reaction time, heat
mteterancd. May alter resting and exercise ECG's and exercise test performance

□ others

O ther

□ post-exerdse syncope

moderate pogram

□ heat intolerance

prolong cool-down with light activities; avoid exercise in extreme heat

□ temporary minor illness

postpone untrt recovered

□ cancer

il potential m étastasés, test oy cycle ergometry. consider non-weight bearing exerdses;
exercise at lower end of prescriptive range (40-65% of heart rate reserve), d ^ ien d n g
on condition and recent treatment (radiation, chemotherapy): mortitor hemoglobin and
lymphocyte counts, add dynamic lifting exercise to strengthen muscles, using m arlines
rather than weights

’R efer to special publications lor elaboration a s required

The totlowif>g com panion form s a r e avaiirtote online:
T he P h y e lc e l A etlvhy R e a d ln e a e Q u e e tlo n n a ire fPA R -0) - a q uestionnaiie lor p e o p le ag e d 15-69 to com plete b eio re becom ing m u ch m ore physically

The P h y eio ei A ctrvrty R e a d in c e e M edical E x a m in a tio n fo r P re g n a n c y (PARm ed-X fo r PREGNANCY) - to b e u s e d by physicians with pregnant
patients w ho whsh to b ec o m e m ore physically active.
For m ore information, p le a s e co n ta ct the;
C anadian Society lor E xercise Physiology
202 • 185 S o m e rset St. W est
Ottaw a. ON K 2 P 0 J 2
Tel. 1-877-651-3755 • FAX (613) 234-3565 • Orpine: w w w .csep.ca

N o te to p h y s ic a l a c tiv ity p r o f e s s io n a ls ...
It Is a p ru d en t p ra c tic e to reta in th e c o m p le te d P h y sical Activity
R e a d in e s s C o n v e y a n c e /R e fe rra l Form in th e p a rticip a n t's file.

9 Canadian Society lor Exercée Physiology
Sijf^xjrled by

M

Health
C an ad a

S an té
C an ad a

C ontinued on p eg e 4..
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Appendix D - Examples o f Yoga Poses and Sample Sheet o f Yoga Logbook

Aoeeof aCMId

Suppcfied OcMirvad Dog

E aaeP B w

Anidfran Knee
Fonivard B«nd

Suipocted Back Send

Ciagcnal Slre^

wamsrii

Reàmng Somd Anÿe

Legs up%%g

List o f yoga poses selected for people with MS by Kishiyama, Carlsen, Lawrence, Small,
Zajdel & Oken, pg. 58, 2002:
Breath Work

Supported Downward Dog

Arms Overhead Stretches

Cat pose

Eagle Pose

Ankle on Knee Forward Bend

Warrior II on Chair

Table Pose to Diagonal Stretch

Side Angle Pose

Hand to Toe

Tree Pose

Seated Twist

Legs up on the Wall

Rising Sun Twist

Triangle Pose

Pose o f a Child

Relaxation Pose

Supported Back Bend

Mountain pose (seated)

Reclining Bound Angle
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Name:

October 4**’ - 1 0 “*
10/04
Tues

10/05
Wed

10/06
Thur

10/07
Fri

10/08
Sat

10/09
Sun

Breath Work (p. 22-24)
Sit/Easy position (p. 12)
Arms Overhead Stretches
Eagle Pose (seated) (p. 13)
Eagle Pose (p. 13)
Mountain Pose (seated) (p. 12)
Mountain Pose (standlng){pA2)
Ankle on Knee Forward Bend

(p. 14)
Forward Bend {p. 14)
Warrior II on Chair (p. 18)
Warrior II Standing (p. 18)
Warrior 1 (p. 18)
Extended Side Angle (p. 15)
Supported Side Angle Pose

(p. 16)
Tree Pose (p. 13)
Triangle Pose (p. 15)
Supported Triangle Pose

(p. 15)
Supported Downward Dog

(p. 17)
Downward Dog (p. 16)
Table Pose to Diagonal
Stretch (p. 17)

Seated Twist (p. 14)
Reclining Bound Angle (p. 21)
Dog/Cat pose (p. 12)
The Child Pose (p. 17)
Hand to Toe (p. 19)
Supported Back Bend
Rising Sun Twist (p. 20)
Legs up on the Wall (p. 20)
Relaxation Pose (p. 21)

Y/N
Attended Class (circle one)
Total Minutes (this day)
(poses in bold italics are balance poses)

Y/N

Notes (medication changes, pose variations, etc):
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Appendix E - Spasticity Questionnaire
Name;
Date:

Spasm Frequency Scale

On average, in the past 2 weeks, how often have you had spasms?

0
1
2
3
4

No spasms
Spasms induced only by stimulation
Infrequent spontaneous spasms occurring less than once per hour
Spontaneous spasms occurring more than once per hour
Spontaneous spasms occurring more than ten times per hour

Spasm Severity Scale

On average, in the past 2 weeks, how severe have your spasms been?

1
2
3

Mild
Moderate
Severe

Interference with Function

On average, in the past 2 weeks, how often does your spasticity interfere with your daily
activities?

0
1
2

Does not interfere with function
Makes function difficult
Prevents function
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Visual Analogue Scale for pain

On average, in the past 2 weeks, how much pain does your spasticity cause you?

I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I
no pain

severe pain

Global Assessment

-2
-1
0
1
2

My
My
My
My
My

spasticity
spasticity
spasticity
spasticity
spasticity

is a lot worse with physical activity (including yoga)
is a little worse with physical activity (including yoga)
is unchanged with physical activity (including yoga)
is a little better with physical activity (including yoga)
is a lot better with physical activity (including yoga)
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Appendix F - RMI

R iv e rtn e a d M o b ility In d e x
Overview ; T h e R iv ertn ead Mobility Index is a m e a s u re of disability re la te d to bodily m obility. It d e m o rtstra te s
th e p a tie n t's ability to m ove h e r o r his ow n body. It d o e s n ot m e a s u re th e effective u s e of a w h e e lc h a ir o r th e
mobility w h en a id e d by s o m e o n e e ls e . It w a s d e v e lo p e d for p a tie n ts wtio h a d su ffere d a h e a d injury or stro k e
at the R iv ertn ead R ehabilitation C e n tre in O xford E ngland.
R iv erm ead M otor Index
No

P a r a m e te r

Q u e s tio n

1

T urning o v er in b e d

D o y o u tu rn o v e r from y o u r b a c k to sid e w ithout h e lp ?

2

Lying to sitting

From lying in b ed d o you g e t u p to sit on th e e d g e o f th e
bed on your ow n?

3

Sitting b a la n c e

Do you sit on th e e d g e of th e b e d w ithout holding on for
10 s e c o n d s ?

4

Sitting to sta n d in g

Do y o u s ta n d up (from a n y chair) in le s s th a n 15
s e c o n d s a n d sta n d th e re for 15 s e c o n d s (u sin g h a n d s
a n d with a n aid if n e c e s s a ry ) ?

5

S ta n d in g u n s u p p o rte d

O b s e rv e sta n d in g for 10 s e c o n d s w ithout a n y aid tw
support.

6

T ran sfer

Do you m a n a g e to m o v e from tred to ch air a n d b a c k
witfiout an y h elp ?

7

W alking in sid e with a n aid if
needed

Do you w alk 10 m e te rs with a n aid o r furniture if
n e c e s s a ry b u t w ith n o sta n d b y h e lp ?

8

S ta irs

Do you m a n a g e a flight o f s ta ir s w ith o u t h e lp ?

9

W alking o u tsid e (ev en
ground)

Do you w alk a ro u n d o u tsid e o n p a v e m e n ts without
h e lp ?

10

W alking in sid e with n o aid

D o yo u w alk 10 m e te r s in sid e with n o caliper splint aid
or u s e o f furniture a n d no sta n d b y h e lp ?

11

P icking o ff floor

If yo u d ro p so m e th in g o n th e floor d o yo u m a n a g e to
walk 5 m e te rs pick it u p a n d th e n w alk b a c k ?

12

W alking o u tsid e (u n ev en
gro u n d )

Do yo u w alk o v e r u n e v e n g ro u n d ( g r a s s g rav el dirt
sn o w ice e tc .) w ittrout h e lp ?

13

B athing

Do you g e t in a n d o ut of trath o r sh o w e r u n su p e rv is e d
a n d w a s h se lf?

14

U p a n d d ow n 4 s te p s

D o you m a n a g e to g o up a n d dow n 4 s te p s with no rail
a n d w ithout h elp b ut u sing a n a id if n e c e s s a ry ?

15

R u nning

Do you run 10 m e te rs without limping in 4 s e c o n d s (a
f a s t w alk is a c c e p ta b le )?
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Appendix G - MS-QLI

S F 3 6 '1
Patient’s Name:

_____________________

Date;

m #:

_____________________

Test#:

_____ /
/
month day year
1 2

3

4

HEALTH STATES QUESTIONNAIRE (SF-36)
INSTRUCTIONS
This survey asks for your views about your health and daily activities. If you are
marking your own answei-s, please circle the appropriate responses (0 ,1 , 2v«). If you
need help in marking your responses, tell the interviewer the number of the best
response (or what to fill in). Please answer every question. If you are not sure which
answer to select, please choose the one answer that comes closest to describing you. The
interviewer can explain any words or phrases that you do not understand.
1. In general, would you say your health Is:
Excellent
1

V eiv Good
2

Good
3

Fair
4

Poor
5

2. For each statement please circle the one number that indicates how true or false
that statement is for you.
Definitely
T rue

3.

Mostly
True

Not
Sure

Mostly
False

Definitely
False

a) I seem to get sick a little
easier than other people.

1

2

3

4

5

b) I am as healthy as
anybody I know .

1

2

3

4

5

c) I expect my health to get
worse.

1

2

3

4

5

d) My health is excellent.

1

2

3

4

5

Compared to one year ago, how would you rate your health In general now?

Much
Better

Somewhat
Better

Same

Somewhat
Worse

Much
Worse

© QuaU^'
In c., 1989
A il R j^hrs RcsetN'vd
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SF36-2
4. Now, tbiuk about the activities you might do on a typical day. Does vour health
limit you in these activities? If so, how much? Please cii cle 1,2 or 3 for each item
to indicate how much vour health limits you.
Yes,
Limited
A Lot

Yes,
Limited
A Little

No, Not
Limited
At All

b) Moderate activities, such as moving
a table, pushing a vacuum cleauer
or bowling, or playing golf

1

2

3

c) Lifting or carrying groceries

1

2

3

d) Climbing several flights of stairs

1

2

3

e) Climbing one flight o f stall’s

1

2

3

f) Bending, kneeling, or stooping

1

2

3

g) Walking more than a mile

1

2

3

h) Walking several blocks

1

2

3

i) Walking one block

1

2

3

j) Bathing and dressing yourself

1

2

3

a) Vigorous activities, such as
running, lifting heavy objects,

5.

During the past 4 weeks, have you had any of the following problems with your
work or other regular daily activities as a result of vour physical health? Please
circle "I" (Yes) or "2" (No) for each item.
YES

NO

a) Cut down on the amount of time you spent on work
or other activities___________
b) Accomplished less than you would like
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S F 3 6 -3
During the past 4 weeks, have you had any of the following problems with your work
or other regular daily activities as a result of vour physical health? Please circle "1"
(Yes) or "2" (No) for each item.
YES

NO

c) Were limited in the kind of work or other activities
d) Had difficulty peiform ing the work or othei activities
(for example, it took extra effort)___________________

6.

How much bodilv pain have you had during the past 4 weeks?

None

7.

Mild_________ Moderate______ Severe______ Very severe

During the past 4 weeks, how much did pain interfere with your normal work
(including work both outside the home and housework)?

Not at all
1

8.

Very’ mild

A little bit
2

Moderately
3

Quite a bit_________ Extremely
4
5

During the past 4 weeks, have you had the following problems with your work or
other regular daily activities as a result of anv emotional problems (such as feeling
depressed or anxious)? Please circle "1” (Yes) or "2" (No) for each item.
YES

NO

b) Accomplished less than vou would like

1

2

c) Did do work or other activities less carefully than usual

1

2

a) Cut down on the amount o f time you spent on work
or other activities

9.

During the past 4 weeks, to what extent have your phy sical health or emotional
problems interfered with your normal social activities with family, friends,
neighbors, or gr oups?

Not at all_______ Slightly_______ Moderately
1
2
3

Quite a bit_________Extremely
4
5
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SF36-4
10. The next set of questions is about how you feel and how things have been with you
during the past 4 weeks. For each question, please circle the one number for the
answ er that comes closest to the way you have been feeling.
How much of the time
All
of the
Time

Most
o f the
Time

A Good
Bit of
the Time

Some
of the
Time

A Little
of the
Time

None
of the
Time

a) did vou feel full of pen?

1

2

3

4

5

6

b) have you been a veiy
nervous person?

1

2

3

4

5

6

c) have you felt so down in
the dumps nothing could
cheer vou up?

1

2

3

4

5

6

d) have you felt calm and
peaceful?

1

2

3

4

5

6

e) did you have a lot of
energy?

1

2

3

4

5

6

f) have you felt down
heaiied and blue?

1

2

3

4

5

6

g) did vou feel worn out?

1

2

3

4

5

6

h) have you been a happy
person?

1

2

3

4

5

6

i) did you feel timed?

1

2

3

4

5

6

11. Finally, during the past 4 weeks, how much of the time has your physical health or
emotional problems intefered with your social activities (like visiting with friends,
relatives, etc.)?
All of the
time

Most o f the
time

Some of the
time

A little of
the time

None of the
time
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M F IS -l

Patient's Name:

Date:

ID#:

Test#:

/ /
month day year
1 2

3

4

MODIFIED FATIGUE IMPACT SCALE (MFIS)
Following is a list of statements that describe how fatigue may affect a person. Fatigue
is a feeling of physical tiredness and lack of energy that many people experience from
time to time. In medical conditions like MS, feelings of fatigue can occur more often
and have a greater impact than usual. Please read each statement carefully, and then
circle the one number that best Indicates how often fatigue has affected you In this way
during the past 4 weeks. (If you need help in marking your responses, tell the
interviewer the number of the best response.) Please answer everv question. If you are
not sure which answer to select, please choose the one answ er that comes closest to
describing you. The inteiviewer can explain any words or phrases that you do not
understand.
Because of my fatigue
during the past 4 weeks ...

Never Rarely Sometimes

Often

Almost
always

1.

I have been less aleit.

0

1

2

3

4

2.

I have had difficulty
paying attention for
long periods of time.

0

1

2

3

4

I have been unable to
think clearly.

0

1

2

3

4

I have been clumsy
and uncoordinated.

0

1

2

3

4

5.

I have been forgetful.

0

1

2

3

4

6.

I have had to pace myself
in my physical activities.

0

1

2

3

4

I have been less motivated
to do anytliing that requires
physical effort.

0

1

2

3

4

3.

4.

7.
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M F IS -2

Because of my fatigue
during the past 4 weeks...

Never Rarely Sometimes
8.

Often

Almost
always

I have been less motivated
to participate in social
activities.

0

1

2

3

4

1 have been limited in my
ability to do things away
fi'om home.

0

1

2

3

4

I have had trouble
maintaining physical effort
for long periods.

0

1

2

3

4

I have had difficulty
making decisions.

0

1

2

3

4

I have been less motivated to
do anything that requires
thinking.

0

1

2

3

4

13.

mv muscles have felt weak.

0

1

2

3

4

14.

I have been physically
uncomfortable.

0

1

2

3

4

I have had trouble finishing
tasks that require thinking.

0

1

2

3

4

I have bad difficulty
organizing my thoughts
w hen doing things at home
or at work.

0

1

2

3

4

I have been less able to
complete tasks that require
physical effort.

0

1

2

3

4

my thinking has been
slowed down.

0

1

2

3

4

I have had trouble
concentrating.

0

1

2

3

4

9.

10.

11.

12.

15.

16.

17.

18.

19.
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M F IS -3

Because of my fatigue
duriiig the past 4 weeks....

Never Rarely Sometimes
20.

21.

I have limited my
physical activities.

0

Often

Almost
always

I

I have needed to rest more
often or for longer periods.
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Patient's Initials:

Date;

/
/
month day year

ID#:

Test#:

1 2

3

4

MOS PAIN EFFECTS SCALE (PES)
INSTRUCTIONS
Individuals with MS can sometimes experience unpleasant sensorv symptoms as a result
of their MS (e.g., pain, tiugliag, burning). The next set of questions covers pain and other
unpleasant sensations, and how they affect you. Please circle the one number (0 ,1 , 2,,..)
that best indicates the extent to which your sensory symptoms (including pain) interfered
with that aspect o f your life during the past 4 weeks. If you need help In marking your
responses, tell the interviewer the number of the best response (or what to fill in). Please
answer ev em question. If you are not sure which answ er to select, please choose the one
answer that comes closest to describing you. The interviewer can explain any words or
phrases that you do not understand.
During the past 4 weeks.
how much did these symptoms
interfere with vour...
Not at
all
A little

Moderatelv

Quite a
bit

To an
extreme
degree

1.

mood

1

2

3

4

5

2.

ability to walk or
move around

1

2

3

4

5

3.

sleep

1

2

3

4

5

4.

normal work
(both outside your
home and at home)

1

2

3

4

5

5.

recreational activities

1

2

3

4

5

6.

en.ioyment of life

1

2

3

4

5
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Patient's Name:

Date:

/

month day year
ID#:

_____________________

Test#:

1 2

3

4

IMPACT OF VISUAL IMPAIRMENT SCALE (IVIS)
INSTRUCTIONS
The following questions concern your vision and how any visual problems have affected
your ability to do your daily activities. If you are marking your own answers, please circle
the appropriate response (0,1, 2,...) based on how your vision has been during the past 4
weeks. If you need help in marking your responses, tell the interviewer the number of the
best response. Please answer everv question. If you are not sure which answer to select,
please choose the one answer that comes closest to describing you. The interviesvcr can
explain any words or phrases that you do not understand.

During the past 4 weeks.
how difficult did you find it to...
Not at
Somewhat
all difficult
difficult

Extiemely
difficult

Could not do
due to visual
problems

1. read or access personal
letters or notes?

0

1

2

3

2. read or access piloted
materials, such as books,
magazines, newspaper, etc.?

0

1

2

3

3. read or access dials, such as
on stoves, thermostats, etc.?

0

1

2

3

4. watch television or identify
faces from a distance?

0

1

2

3

5. Identify house numbers,
street signs, etc.?

0

1

2

3

R eproduced with permission of the copyright owner. Further reproduction prohibited without permission.

110

PDQcl
Date:

Patient's Name:

/

/

month day year
Test#:

ID#:

1 2

3

4

PERCEIVED DEFICITS QUESTIONNAIRE (PDQ)
INSTRUCTIONS
Everyone at some point experiences problems with memoiv, attention, or concentration,
but these problems may occur more frequently for individuals with neurologic diseases like
MS. The following questions describe several situations in which a person may encounter
problems with memory, attention or concentration. If you are marking your own answers,
please circle the appropriate response (0,1, 2,...) based on your cognitive function during
the past 4 weeks. If you need help in marking your responses, tell the interviewer the
number of the best response. Please answer eveiw question. If you arc not sure which
answer to select, please choose the one answer that comes closest to describing you. The
interviewer can explain any words or phrases that you do not understand.
During the past 4 weeks,
how often did vou....

1.

2.

3.

4.

5.

6.

7.

Some
times

Ahnost
always

Never

Rarely

lose your train of thought
when speaking?

0

1

2

3

4

have difficulty remembering the
names of people, ev en ones you
hav e met several times?

0

1

2

3

4

forget what you came into
the room for?

0

1

2

3

4

hav e trouble getting things
organized?

0

1

2

3

4

have trouble concentrating
on what people are saying
during a conversation?

0

1

2

3

4

forget if you bad already
done something?

0

1

2

3

4

miss appointments and meetings
you had scheduled?

0

1

2

3

4

Often
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PD Q :2
During the past 4 weeks.
how often did vou....
Never

Rarelv

Soinetimes

Often

Almost
always

have difficulty planning
what to do in the dav?

0

1

2

3

4

have trouble concentrating on things
like watching a television program
or reading a book?

0

1

2

3

4

10.

forget what you did the night before?

0

1

2

3

4

11.

forget the date unless you looked
it up?

0

1

2

3

4

have trouble getting started, even if
you had a lot of things to do?

0

1

2

3

4

13.

find your mind drifting?

0

1

2

3

4

14.

forget what you talked about after
a telephone conversation?

0

1

2

3

4

forget to do things like turn off the
stove or turn on vour alarm clock?

0

1

2

3

4

feel like your mind went
totally blank?

0

1

2

3

4

have trouble holding phone
numbers in your head,
even for a few seconds?

0

1

2

3

4

18.

forget what you did last weekend?

0

1

2

3

4

19.

forget to take your medication?

0

1

2

3

4

20.

have trouble making decisions?

0

1

2

3

4

8.

9.

12.

15.

16.

17.
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MSSSPatient's Name:

Date:

/

/

month clay year
Test#:

ID#:

1 2

3

4

MOS MODIFIED SOCIAL SUPPORT SURVEY (MSSS)
INSTRUCTIONS
People sometimes look to others for companionship, assistance, or other types of
support. This questionnaire covers the types of support that would be available to you
if you needed it. If you are marking you own answers, please circle the appropriate
response (0,1, 2,...) based on the support available to you during the past 4 weeks. If
you need help in marking y our responses, tell the inteiv iewer the number of the best
response (or what to fill in). Please answer eveiv question. If you are not sure which
answer to select, please choose the one answer that comes closest to describing you. The
interviewer can explain any words or phrases that you do not understand.
How often is someone available...
None
of the
Time
1.

A Little
of the
Time

Some
of the
Time

Most
of the
Time

All
of the
Time

to help you if you are
confined to bed?

1

2

3

4

5

to listen to you when you
need to talk?

1

2

3

4

5

to give you good advice
about a crisis?

1

2

3

4

5

to take you to the doctor if
y ou need to go?

I

2

3

4

5

to show y ou love and
affection?

1

2

3

4

5

6.

to have a good time with?

1

2

3

4

5

7.

to give y ou information to
help you understand a
situation?

1

2

3

4

5

to confide in or talk to about
yourself or y our problems?

1

2

3

4

5

2.

3.

4.

5.

8.
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MSSS'2
How often is someone availabie..
None
of the
Time

A Little
of the
Time

Some
of the
Time

Most
of the
Time

All
of the
Time

9.

to hug you?

1

2

3

4

5

10.

to get together with for
relaxation?

1

2

3

4

5

to prépai e your meals if
you are unable to do
it yourself?

1

2

3

4

5

whose advice you really
want?

1

2

3

4

5

to help with daily chores
if you are sick?

1

2

3

4

5

to share your private
wo tries and feais with?

1

2

3

4

5

to turn to for suggestions
about how to deal with a
personal problem?

1

2

3

4

5

to do something enjoyable
with?

1

2

3

4

5

to understand your
problems?

1

2

3

4

5

to love and make you feel
wanted?

1

2

3

4

5

11.

12.

13.

14.

15.

16.

17.

18.
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Appendix H - Social Validation Questionnaire
Yoga Questionnaire

Please read the following questions and provide the response which best explains your
opinion about the exercise program. Your honest opinions; positive or negative are
greatly appreciated.

1. How do you feel that your life has changed since you have been in this program?

1

Gotten worse

Not at all

a great deal

Please explain why you feel that way

2. If this program were to be offered again, would you choose to participate?

Yes

No

Undecided

Please explain why you feel that way

3. Would you recommend this program to a friend?

Yes

No

Undecided

Please explain why you feel that way
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4. Do you feel that your instruction was geared toward your ability level?

Yes

No

Undecided

Please explain why you feel this way

5. How did you feel about the length o f your program?

1

2

3

Too long

Just right

Too short

Please explain why you feel that way

6. How did you feel about the length o f your exercise session?

1

2

3

Too long

Just right

Too short

Please explain why you feel that way

7. In general were you satisfied with the program?

Yes

No

Undecided

Please explain why you feel this way

8. Do you have any other comments about your participation in the Yoga program?
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Appendix I - Inferential Statistics and Effect Sizes for Spasticity Variables

Table 6
or F and p Values, and Effect Sizes fo r Spasticity Variables fo r Pre, Post and Follow
Up Assessments
Variable
Spasticity Frequency

value
5.120

p value
.078

ES
.031

Spasticity Severity

1.000

.607

-.083

Spasticity Function

0.400

.819

-.010

Spasticity Pain*

0.136

.874

.001

Spasticity Activity

6.231

.044

.062

*

One way repeated measures ANOVA, reported F value and r\^ for effect sizes
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Appendix J - Inferential Statistics and Effect Sizes for Postural Control Variables

Table 7
F a n d p Values, and Effect Size Tables fo r Postural Control Variables fo r Pre, Post and
Follow Up Assessments
Variable
AP Eyes Open

F value
0.085

p value
.919

ES
.003

AP Eyes Closed Mean

0.966

.396

.011

AP Dynamic

0.180

.751*

.003

ML Eyes Open

0.053

.903*

.002

ML Eyes Closed

2.671

.109*

.061

ML Dynamic

0.555

.504*

.011

Area Eyes Open

0.409

.571*

.021

Area Eyes Closed

2423

.112

.053

Area Dynamic

0.713

.459

.010

Path Length Eyes Open

0.524

.600

.009

Path Length Eyes Closed

1.221

.314

.018

Path Length Dynamic

1.825

.185

.021

*Sphericity v io la tio n ,v a lu e reported for Huynh-Feldt correction
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Appendix K - Inferential Statistics and Effect Sizes for Quality o f Life Variables

Table 8
or F and p Values, and Effect Size Tables fo r Quality o f Life Variables fo r Pre, Post
and Follow Up Assessments
Variable
SF36 HT

F value
2.385**

p value
.304

ES
-.045

SF36 PF

1.113

.347

.010

SF36RP

1.098

.351

.049

SF36 BP

4255

.027

.067

SF36 GH

1.260

J9 8 *

.015

SF36 VT

3.001

.092*

.061

SF36 SF

0.306

J39

.006

SF36R E

0.928

.410

.026

SF36 MH

0.996

.361*

.034

SF36 PCS

2.533

.102

.047

SF36 MCS

1.155

J3 3

432

MSSS

1.424

265*

.029

MFIS

3.421

.051

.070

PES

0.479

^26

.016

PDQ

0.245

.785

.005

IVIS

3.981

.033

.120

*Sphericity violation, p value reported for Huynh-Feldt correction
**Friedman ANOVA by ranks analysis,
value reported, ES = E^
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Appendix L - Inferential Statistics and Effect Sizes for M obility Variables

Table 9
F and p Values, and Effect Size Tables fo r Mobility Variables fo r Pre, Post and Follow
Up Assessments
Variable
RMI

F value
3.571

p value
.045

ES
.100

TGUG 1

0.803

.425*

.024

TG U G 2

0.558

.582

.008

TGUG 3

3.233

463

.041

TGUG 4

0.436

453

.003

TGUG 5

1.632

223

414

TGUG Total

2.205

.134

.019

“Sphericity violation, p value reported for Huynh-Feldt correction
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