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Abstract

Multiple sclerosis (MS) is one of the most common progressive neurological
diseases in young adults and is characterized by neurologic disruption within the
central nervous system. Fatigue has been reported as one of the most debilitating
symptoms in MS patients. Due to limited ankle mobility in MS patients during walking,
investigating potential relationships between dorsiflexion strength asymmetry (SA)
and walking ability is necessary to better understand the impact on quality of life in MS
patients. PURPOSE: To investigate bilateral differences in strength and fatigability
during isometric/isokinetic dorsiflexion in MS patients, and determine the relationship
between SA and functional performance. Methods: 13 MS patients (MS Group: 8
females, 5 males) and 13 individuals without MS (NON-MS: 8 females, 5 males)
participated in the current study. Maximal isometric and isokinetic contractions were
conducted to determine peak torque (PT) and other muscle performance variables
(voluntary contraction time (VCT), time-rate of muscle tension development (TRTD),
and muscle tension-maintaining capacity (MTMC)). Subjects also performed fatiguing
isometric and isokinetic exercise on separate days, and fatigability recovery was
measured to investigate the effect of fatigue on PT and the muscle performance
variables. Functional performance tests were conducted determine the relationship
between isometric/isokinetic SA and walking ability. RESULTS: The MS group exhibited
significant limb-limb PT differences during isometric (p = 0.01) and all isokinetic
contraction speeds (p < 0.02) maximal contractions. The MS group also exhibited

significantly greater SA than the NON-MS group (p = 0.03). There were no significant

Xiv



limb-limb differences or between group differences during the fatiguing tests. There
were significant limb differences in PT before the isometric and isokinetic fatigue tests
(p =0.03, < 0.001 respectively) and after two minutes of recovery (p = 0.04, 0.002
respectively) in the MS group. The MS group exhibited lower performance in the
functional performance tests, and there was a strong relationship between
isometric/isokinetic SA and walking ability. CONCLUSION: There are no bilateral
differences in fatigability in MS patients; however there are bilateral strength
differences in dorsiflexion PT in MS patients. Dorsiflexion SA in MS patients is greater
than in individuals without MS, and the dorsiflexion SA in MS patients has a strong

relationship with walking performance.
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Chapter 1. Introduction

Multiple sclerosis (MS) is one of the most common progressive neurological
diseases in young adults (11). The cause of this disease is not yet clear, but is
characterized by neurological disruptions associated with abnormal immune-mediated
response within the central nervous system (CNS) which damage and sometimes
destroy myelin, oligodendrocytes, and axons (13). The consequence of damage to the
CNS is dysfunctional nerve conduction, which translates into slowed and even blocked
nerve single transmission to and from the CNS. The symptoms associated with the
disturbance to the CNS can compromise central and peripheral function (67).
Additionally, symptoms can vary from person to person and include fatigue, skeletal
muscle weakness, bowel and bladder dysfunction, and even mood disturbances.
Skeletal muscle weakness and fatigue have been reported by individuals with MS as

being some of the most profound and bothersome symptoms (11).

Muscle weakness and fatigue has been shown to directly limit daily function
and contributes to general fatigue, which causes lower quality of life (QOL) in most
individuals afflicted with the disease (4, 6, 11, 13). Symptomatic (general) fatigue
(feeling of tiredness or lassitude) has been reported as the symptom most common
and disabling in MS patients (11) which is different than skeletal muscle weakness and
fatigue. The two types of fatigue are different in etiology but due to the overlapping
consequences it is hard to distinguish them as separate symptoms. Muscle fatigue is

best defined as difficulty in initiating or sustaining voluntary activities, which can cause



reduced exercise tolerance (13). It is widely known that people with MS often
experience muscle fatigue during exercise as well as activities of daily living (ADL) (3, 6,
59, 82), but the mechanisms responsible are unclear and hard to test due to the
overlapping nature of fatigue. Mechanisms of muscle fatigue can be separated into
central and peripheral mechanisms. Central fatigue corresponds to the inability to
sustain central drive to spinal motor neurons as a result of the myelin,
oligodendrocyte, and axon destruction (13, 67). This central impairment leads to
decrements in force production, and muscle activation (15, 46, 67, 93). Peripheral
fatigue in MS has been associated with the loss of force-generating capacity within the
skeletal muscle as a result of muscle weakness and fatigue (59, 67, 82). Peripheral
disruption within the skeletal muscle in MS patients leads to a decrease in oxidative
capacity, slowing of muscle contractile properties, impaired contraction coupling, and
muscle atrophy (15, 36, 47, 66, 94). Collectively, these central and peripheral
impairments can cause alterations in balance, gait, and exercise tolerance which may

lead to decrements in QOL (3, 6, 11, 63).

Recent evidence has shown bilateral differences in function and performance,
i.e. asymmetry, in the legs can be very detrimental to QOL due to the numerous
activities that require bilateral function, such as walking and balance (6, 12, 21, 31). It
has been observed that MS patients exhibit bilateral differences in oxygen
consumption (VO,), peak workloads, and leg strength whereas individuals without MS
display a non-significant difference between legs (15, 46). Research focusing on

bilateral differences in lower limbs is scarce in the MS population. Larson et al. (2013)



conducted experimentation on MS patients, and quantified muscular strength of the
guadriceps in each leg individually. The researchers found that the difference in
strength between the strong and weak leg in MS patients, was significantly larger than
that of the healthy individuals, which was also associated with a significantly lower VO,
peak in the weaker leg of the MS patients (46). These bilateral differences may
contribute to the slower walking speed in MS patients (46). A case study conducted by
White and Dressendorfer (94) showed that an MS patient experienced significantly
weaker quadriceps in the left leg than the right, with a peak strength of 70 and 90 Nm,
respectively. This led to a 30% lower VO, peak in the weaker left leg (94). However,
these initial studies are severely limited in terms of sample size and statistical power.
Further statistically robust research on asymmetry in MS patients may allow for more
specific rehabilitation and exercise interventions. Although current exercise
interventions have shown limited improvement of QOL in MS patients, assessing

asymmetry may elicit more substantial effects on ADL and QOL.

Exercise in individuals with MS has been shown to provide many benefits
including cardiorespiratory fitness, muscle strength and endurance, reduced systemic
fatigue, and enhanced ability to perform ADL (93). More importantly, exercise does
not appear to cause increases in the rate of progression or the severity of the disease
(63). Resistance training in MS has been shown to improve strength, functional
capacity, gait kinematics, and fatigue indices which all lead to a small improvement in
QOL (31, 63, 93). However, when functional measures such the 25-foot walking test

(25W), three minute step test, and the timed up-and-go test (TUG) are conducted,



there seems to be little if any improvements (20, 21, 63, 93). One aspect to consider
is that the exercise interventions have not focused on training and physical
performance limitations, specifically bilateral leg differences. Therefore aerobic
capacity, strength, and other physical improvements that occur after exercise
intervention in MS patients may be more pronounced if limb asymmetry was taken

into consideration.

When compared to healthy subjects, MS patients demonstrate reduced speed
and stride length during walking (6). Benedetti and colleagues evaluated the walking
gait of MS patients by measuring the lower limb kinematic variables, foot-ground
reaction forces, and lower limb muscle activity during self-paced walking and
compared the results to that of healthy subjects (6). Walking velocity was reduced in
MS patients by 35.7 cm/s during self-paced walking, primarily due to reductions in
stride length and cadence. Researchers also recognized arrhythmic gait in MS
patients, evident by significantly different stance durations between the right leg and
left leg (6). This finding might be misleading as not every MS subject’s right leg is
stronger than left, or vice versa. The kinematics of gait in MS patients was also
significantly different from healthy subjects, with varied ankle and knee angles during
many of the stages of walking (6). The tibialis anterior muscle plays a pivotal role in
motor gait, responsible for ankle dorsiflexion, and is activated in the latter portion of
the loading period. It also contributes to ankle stabilization and the transfer of the

weight to the lateral border of the foot (6).



Many MS patients experience a phenomenon called “foot drop,” or difficulty
lifting the front portion of the foot (6). It has been shown that MS patients have
altered ankle muscle recruitment and limited ankle motion during walking, although
knee motion is relatively normal (64). Gait kinematics has been shown to improve
with resistance training in MS patients (31). It has also been demonstrated that
fatiguing exercise of the anterior tibialis muscle enhances corticomotor excitability,
which causes subsequent strength loss (82). A decrement in strength and control of
the anterior tibialis after resistance exercise in individuals with MS may lead to
subsequent decrements in walking, balance, and other ADL. Walking ability and
endurance may be affected not only by muscular strength, but also by the aerobic
capacity of the muscle. Improved knowledge of how the anterior tibialis interacts with
fatigue and asymmetry in MS patients may provide clinicians a better understanding of

how to treat and alleviate symptoms.

Purpose

The purposes of this study were to investigate whether individuals with
multiple sclerosis exhibit: (1) bilateral differences in dorsiflexion strength (both
isometric and isokinetic), and fatigue during exercise; and (2) decrement in
performance during the functional tests (timed up-and-go test, 6-minute walk test,

and 25-foot walk test) compared to individuals without multiple sclerosis.



Research Questions

Are there bilateral differences in isometric/isokinetic strength of the
dorsiflexors in individuals with multiple sclerosis? Are bilateral differences in
isometric/isokinetic strength of the dorsiflexors greater in individuals with
multiple sclerosis compared to individuals without multiple sclerosis?

Are there bilateral differences in the fatigability of the dorsiflexors in
individuals with multiple sclerosis after fatiguing isometric/isokinetic exercise?
Are bilateral differences in the fatigability of the dorsiflexors greater in
individuals with multiple sclerosis compared to individuals without multiple
sclerosis?

Are there correlations between isometric/isokinetic dorsiflexion strength
asymmetry and walking performance in individuals with multiple sclerosis that

would not be correlated in individuals without multiple sclerosis?

Hypotheses

Multiple sclerosis patients will exhibit bilateral differences in
isometric/isokinetic strength of the dorsiflexors and these differences will be
greater than those observed in individuals without multiple sclerosis.

Multiple sclerosis patients will exhibit bilateral differences in fatigability of the
dorsiflexors and these differences will be greater than those observed in

individuals without multiple sclerosis.



3. Multiple sclerosis patients will exhibit correlations between isometric/isokinetic
strength asymmetry of the dorsiflexors and walking performance and these

correlations will not be present in individuals without multiple sclerosis.

Research Sub-Questions

1. Is there a difference in performance of the three functional performance
measures between individuals with multiple sclerosis compared to individuals

without multiple sclerosis?

Sub-Hypothesis

1. Multiple sclerosis patients will exhibit decrements in functional performance

compared to individuals without multiple sclerosis.

Significance

Fatigue is one of the most reported symptoms related to many neurological
diseases, including multiple sclerosis. To date, very few researchers have explored the
effects of multiple sclerosis related muscle asymmetry. Thus, comparing bilateral
differences and the peripheral muscular responses to fatiguing exercise may help
shape current exercise and rehabilitation interventions in multiple sclerosis patients.
These findings will have implications for developing interventions that help prevent

injuries in multiple sclerosis patients and subsequently improve quality of life.



Delimitations

The delimitations for the following study were:

1. The findings of this study are applicable to healthy individuals and with
multiple sclerosis between the ages of 20-65.

2. Multiple sclerosis patients had neurologist confirmed diagnosis of multiple
sclerosis, with an extended disability status scale score (EDSS) less than or
equalto 6.0

3. The findings of this study are applicable to the anterior tibialis muscle.

4. Multiple sclerosis patients were free from relapse for at least 3 months.

5. Multiple sclerosis patients were not currently using prednisone or other
steroids for disease exacerbation within 3 months of the study

6. Individuals without asymmetric orthopedic limitations.

7. Individuals without multiple risk factors for cardiovascular diseases.

Limitations

The limitations for the following study were:

1. The participants were willing volunteers from the Norman and Oklahoma
City areas and do not represent a true random sample.

2. Because testing occurred on multiple testing visits and fatigue is variable
and unpredictable in multiple sclerosis patients, initial fatigue in multiple

sclerosis patients may differ between testing visits.



Medications, symptom management, and disease modification may have
varied between multiple sclerosis patients.

Results will not apply to multiple sclerosis patients that have an EDSS score
> 6.0.

Individuals without multiple sclerosis were matched with the multiple

sclerosis patients in age, gender, and physical activity.

Assumptions

The assumptions of the following study include:

1. Participants gave maximal effort for all muscular fitness testing and

functional testing.

Participants provided accurate medical information and health history.
All participants were honest when filling out fatigue questionnaires.
Participants complied with the directions and guidelines provided prior to

testing. This includes refraining from exercise, caffeine, and food.

Operational Definitions

Bilateral Asymmetry: Differences between the sides of the body (46).
Body Composition: The total amount and distribution of fat mass and fat-
free mass that makes up a human body (32).

Central Drive: Efferent motor neuron outputs to working skeletal muscles

(68).



10.

Central Fatigue: Any impairment or disruption of the central nervous
system that contributes to the overall condition of fatigue in physical
activity (13).

Dual-Energy X-Ray Absorptiometry (DXA): A full body x-ray device that
elicits x-ray beams that absorb different energy levels and allow the
measurement of fat mass and fat-free mas in the human body (32).
Fatigue: Difficulty in initiating or sustaining voluntary activities. This
includes the lack of central nervous system drive to the muscle, central
fatigue, and fatigue in the muscle itself, peripheral fatigue (13).

Kin-Com Dynamometer: An electromechanical device used to provide
resistance during isokinetic and isometric muscular contractions. This
device will provide force and torque measurements during the different
fatiguing exercise protocols (5).

Kurtzke Expanded Disability Status Scale (EDSS): An incremental numerical
scale used to assess the disability level of an individual with MS, from 1-10
(44).

Matched Control Subjects: Subjects in the control group, which will be
matched by average age, gender, and physical activity level to MS subjects
(46).

Multiple Sclerosis (MS): An inflammatory degenerative autoimmune

disease of the central nervous system (42).

10



11.

12.

13.

14.

15.

16.

17.

Peripheral Fatigue: Any impairment in the muscle that leads to fatigue
during physical activity (13).

Relapsing Remitting: A clinical course of multiple sclerosis characterized by
disease relapses and stages of either full recovery or a deficit after recovery
with no progression of disease symptoms during the recovery stages (58).
Strength Asymmetry: A strength ratio using isometric or isokinetic peak
torque where the value for the weaker limb is divided by the stronger limb.
Zero percent asymmetry indicates complete symmetry and 100% indicates
maximal asymmetry (15).

Timed Up and Go Test: This is a functional test of central drive and used to
assess lower extremity motor function in the upper motor neuron diseases,
such as MS. Individuals will be timed beginning seated in a chair, asked to
rise, then walk 3 meters forward, turn around, and walk back to the chair
and sit down (57).

Quality of Life (QOL): An umbrella term to describe a number of outcomes
important within an individual’s life (63).

6-Minute Walk Test (6MW): This is a functional test and used to assess
cardiopulmonary function and has been used in neurological populations.
Participants walk as fast and as far as possible without rest or
encouragement for 6 minutes (79).

25-Foot Walk Test (25FW): This is a functional test used to assess an

individual’s walking ability and leg function based on a timed 25-foot walk.
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Gait speed has been shown to be a reliable and useful measure of walking

ability (23).
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Chapter 2. Review of Literature

The following review of literature is organized into subsections (2.1-2.3). Each
subsection will review some key literature in a study-by-study manner with a summary
at the end of the review of literature to tie the key articles together before Chapter 3,

methods.

2.1 Pathology, Diagnosis, and Progression of Multiple Sclerosis

Multiple sclerosis (MS) is a progressive and degenerative autoimmune disease
of the central nervous system (CNS) and is characterized by demyelination, destruction
of myelin which covers axons, which disrupts the electrical signals carried to and from
the CNS (84). MS is considered an autoimmune disease as T-cells react against proteins
in the myelin, predominantly myelin oligodendrocyte glycoprotein which can cause
alteration in axons signals and even cause the axon to become transected (49). The
destruction of the CNS and disruption of nerve transmissions can lead to sensory and
motor disturbances which ultimately can lead to decreased functional capacity and

overall quality of life (QOL) in individuals with MS (3, 6, 11).

Symptoms related to MS vary from person to person, and are not always
dependent on the progression of the disease. Symptoms can include headaches,
respiratory symptoms, bladder dysfunction, difficulty speaking or with sight, vertigo,
and pain. The more commonly studied symptoms are those affecting motor function

specifically, muscle weakness, and fatigue as they directly impact ADLs and QOL (63).
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Additionally these symptoms tend to be the most physically debilitating symptoms of

MS (50).

The pathology and progression of MS is still not well understood, which makes
this disease difficult to identify and manage on a long term basis. The use of magnetic
resonance imaging (MRI) has allowed for a more accurate diagnosis of the disease
because clinicians are now able to verify lesions (a consequence of demyelination and
disturbance to axons) within the brain and the CNS. The specific progression of the
disease is more subjective, but stringent criteria has helped clinicians to more
accurately determine the course of the disease and identify the subtype of MS used to

help with disease management.

Lublin & Reingold (1996)

These researchers set out to reassess the terminology used to describe the
subtypes for MS. A survey was created by the Advisory Committee on Clinical trials of
New Agents in MS of the National Multiple Sclerosis Society and was administered to
clinicians with a total of 125 completed surveys for analysis. The survey focused on MS
symptoms and relapses also known as “attacks” and how they changed over time. An
MS related “attack” can be difficult to identify as it relates to changes in disease
symptomology. However there are numerous factors that can exacerbate symptoms
such as new medications and over-heating are just two examples (29). The difference
between a relapse (attack) and an exacerbation of symptoms is a relapse is caused by

new damage to the CNS. During a relapse new symptoms might occur as well as
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worsening of current symptoms that lasts more than 24 hours without any explanation

for a sudden change, i.e. a new medication.

While the definitions for the various subtypes were not made with direct
clinical evidence such as lesions observed from magnetic resonance imagery (MRI),
these researchers felt confident that through acute and chronic changes and
frequency of “attacks” experienced by MS patients would a better way to define its

progression. Following analysis of the survey four subtypes are described below:

Relapsing-Remitting (RR) MS is defined as multiple disease relapses with full
recovery or with some residual deficits after recovery. During the time between
relapses and during subsequent recovery individuals will experience no increase in

disease progression.

Primary-Progressive (PP) MS is defined as a continuous progression of the
disease, with occasional plateaus that may also provide temporary improvements of
the disease. This disease progression is nearly continuous, with no distinct relapses

and only minor fluctuations.

Secondary-Progressive (SP) MS is defined as having a similar progression as RR
at the onset of the disease followed by progression of the disease with possible
relapse, plateaus, and temporary remission. This progression of MS is often seen
when an individual has had RR progression for a long period of time. The latter

progression of SP MS is more varied.
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Progressive-Relapsing (PR) MS is defines as a continuous progression of the
disease from onset, with short periods of relapse. This relapse period may or may not
include some recovery, and during the periods between relapse individuals experience
continuous progression. This type of MS is similar to RR, only instead of no
progression of the disease between relapse, PR MS continuously will worsen between

relapse.

McDonald et al. (2001)

There is no one test to identify if an individual has MS. Currently, for an
individual to be diagnosed with MS they must meet certain clinical and para-clinical
evaluations. This study outlined the new recommended diagnostic criteria for MS
disease diagnosis. These guidelines were set guided by the International Panel on the
Diagnosis of MS during a meeting in 2000. One of the major additions was the
inclusion of the ability to detect brain abnormalities using MRI technology which was

not previously used to diagnose MS.

The new criteria for disease diagnosis requires an individual’s brain MRI must
meet three of the four following criteria: one gadolinium-enhancing lesion, one
infratentorial lesion, one juxtacortical lesion, and three periventricular lesion, with
lesions ordinarily being at least 3 mm long. Lesions are commonly found in the spinal
cord in MS patients; however these lesions must only be used as supplementary

evidence if a brain scan provides incomplete information.
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In addition to brain abnormalities individuals must have experienced some sort
of MS related symptomology. The initial onset of symptoms come and go and are
commonly called “attacks” (16). An individual needs to have had two or more attacks
with clinical evidence of two or more lesions. These guidelines make diagnosis of MS
less subjective, and can help to eliminate alternative diagnoses. These criterions are
for ages 10-59 years, and anyone younger or older than this age range clinicians must
take special care to ensure a proper diagnosis. Many other neurological disorders can
mimic MS, especially those with similar symptoms; the use of the clinical tests is a

necessity in its diagnosis.

Weinshenker et al. (1989)

Tracking changes in an individual’s disease has been a way to try and quantify
the progression of MS. The current study evaluated 1,099 patients from the MS Clinic
at the University of London, Canada and included a wide variety of patients that were
followed on average for 12 years during the course of their disease. Any patient
diagnosed with clinical MS was included in the study, as to not bias the severity of the
population studied. Researchers observed that MS was most prominent in females
(66%) with a mean age of onset to be 30.5 years. In addition 65.8% of individuals were
classified as RR at the onset of disease, 14.8% as RP, and 18.7% to have a chronically
progressive form of MS. Researchers were able to demonstrate the frequency of
conversion from remitting to progressive course of the disease since they followed

individuals for multiple years. Most individual’s disease changed to the more
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progressive form within 1-5 years of diagnosis (32%) more than half of patients
entered the progressive form within the first decade of the disease diagnosis (57%).
However, some individuals didn’t experience any further progressive of MS until after
having the disease for more than 26 years (9%). Individuals that had a progressive
course of MS from the onset was most common in those who were not diagnosed with
MS until later in life with 63% of those aged 40-49 with progressive MS at onset, and

74.5% of those greater than 49 years at onset.

There is a difference between disease onset and diagnosis due to wide
variation between when an individual is diagnosed and when the onset (first
symptoms) occurs. Despite these limitations with the large number of subjects and
wide variety of disease courses and levels of disability, this study appears to provide a
better understanding of the distribution of disease course and its progression in the

MS population.

Trapp et al. 1998

This study investigated the pathologic changes in the axon of individuals with
MS. Previously it was thought that axons were spared of destruction; however
neurologic disability had been correlated with atrophy of the spinal cord, cerebellum,
and cerebral cortex in individuals with MS. Brain tissue of 11 patients with either
acute, primary, or secondary progressive MS, ranging in age from 18 to 62 years, who

were either active or chronically active were included in the study. Researchers found
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that axon termination was most pronounced in active lesions, while chronically active

lesions also exhibited axonal terminated ovoids mainly at the edges of the lesion.

It is believed that in RR stages of MS the axons are able to restore conduction.
The appearance of axonal transection in the progressive stage of the disease may be
indicative of an axon destruction threshold that MS patients are unable to recover
from. Chronic demyelination may also lead to axon termination, as indicated by the
terminal axon ovoids in the center of the lesions. Axons away from the lesions also
experienced some degree of alteration. Past research has found N-Acetyl aspartate to
be reduced in regions of no visible lesions in individuals with MS, which may indicate

that, a reduction in N-Acetyl aspartate be a precursor to future lesions.

Kurtzke 1983

Kurtzke Expanded Disability Status Scale (EDSS) (44). The researchers
developed the disability status scale to measure maximal function of each MS patient
as limited by neurological deficits (43). In the current study, the researchers set out to
improve on this scale by including individual ratings of dysfunction among functional
groupings. These scores are based on a standard neurological examination of the 7
functional systems (44). The functional systems are each independent of one another
and reflect neurologic impairment in MS. These functional systems include pyramidal,
cerebellar, brain stem, sensory, bowel & bladder, visual cerebral total and cerebral
mentation. Each of the functional systems lie on a scale of 0-5 or 0-6, where O is

normal function and the latter identifies the most severe effect of this function. The
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EDSS score expanded on the initial disability status scale. EDSS is a rating of 0-10,
where a score of 0 is normal neurological function and 10 is death due to MS. The
rating on the EDSS scale takes into account grading on the individual functional
systems. At scores of less than 4.0 indicate an individual with full ambulation. At the
level of 4.0, an individual will have functional system grades that may be high, but also
now ambulation will also be evaluated. At each score above 4.0 the MS patient will
not only have higher score on functional system scales, but also progressively have
impaired ambulation. An EDSS score of less than 5.5 is indicative of a patient able to
walk without aid for at least 100 meters (44). Scores at or above 6.0 will describe a
patient that must use assistance to walk, and will progressively decrease the length of
walking prior to resting. This new EDSS scale provides additional information to allow
physicians and researchers a better evaluation of the effect the disease has on MS
patients. The next section will focus specifically on muscle fatigue and the current

evidence on the potential mechanisms contributing to muscle fatigue.

2.2 Muscle Fatigue in Multiple Sclerosis (Central and Peripheral Mechanisms)

The origin of skeletal muscle fatigue may be centrally mediated which seems
appropriate in a neuromuscular disease that causes lesions in the myelin and axons of
the central nervous system (CNS). In other words the electrical signals sent to and
from the CNS could be delayed, slower and or incomplete which suggests the
mechanism for muscle fatigue is of central origin as opposed to the muscle

(peripheral). Alterations in skeletal muscle characteristics and function in individuals
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with MS may play a role in the underlying cause of muscular fatigue. Example of
peripheral alterations include but are not limited to, possible impaired oxidative
capacity, fiber type composition, reduction in cross bridge number and density
resulting in lower force, and impaired calcium release from the sarcoplasmic reticulum
(18, 25, 36, 66, 82). The next section is the seminal papers focusing on mechanisms of
muscle fatigue related to central and peripheral disturbances. The final section
outlines new areas of research to further the understanding of central and peripheral
disturbances as it relates to the etiology of MS and how one limb or side of the body
might have more or less disturbances which suggests that studies should focus on
differences between limbs as it might enhance our understanding of the impact

central and peripheral disturbances have on muscle fatigue.

Sharma et al. (1995)

The main purpose of this study was to explore muscle fatigue in individuals
with MS. Force activation and energy metabolism of the anterior tibialis was assessed
in MS patients and healthy subjects during voluntary force production and an exercise
protocol to induce muscle fatigue using electrical stimulation (the leg tested was not
specified). 28 individuals with MS (mean age of 44 years) with a mean EDSS of 5.1,
ranging from 2-8 and 14 healthy subjects (mean age of 34 years) participated in the
study. Prior to the exercise protocol electrical stimulation of the peroneal nerve was
used to determine compound muscle action potential (CMAP), twitch tension (TT),

tetanic force (TF), and MVC was assessed both voluntarily and via electrical
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stimulation. The exercise protocol to induce muscle fatigue consisted of supramaximal
tetanic stimulation of the peroneal nerve every three seconds for nine minutes.

During exercise, the CAMP, ratio of last of first CMAP of the tetanic train, TF, and rate
of rise of TF were assessed every minute. Following exercise (recovery) the same
measures assessed during exercise were assessed at 1, 5, 10 and, 15 minutes.
Metabolic data was assessed during exercise using magnetic resonance spectroscopy
(P-MRS) to measure phosphocreatine (PCr), inorganic phosphate (Pi), and intracellular

pH.

Prior to exercise the CMAP amplitude, TT, TF, and MVC (both voluntarily and
via electrical stimulation) were significantly reduced in the MS patients compared to
healthy subjects. During exercise CMAP amplitude increased in MS patients to 112.6 +
3.5% of initial and decreased in controls to 98.5 + 2.5%, p= 0.06. Rate of rise in TF was
significantly lower in MS patients compared to healthy subjects before, during
exercise, and during recovery. Metabolically once the muscle was fatigued Pi had a
significantly greater increase compared to healthy subjects. PCr was significantly
lower between groups during exercise, with the MS patients experiencing greater loss
of PCr. Similarly, intracellular pH decreased more in MS patients compared to healthy
subjects. Following 15 minutes of recovery there were no differences between groups

for all metabolic measurements.

The data from this study suggests that muscle fatigue in MS patients might be

related more to peripheral changes at the muscular level. Since fatigue was induced
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using stimulation of the peripheral nerve the lower potentiation of twitch tension in
MS patients and longer half-relaxation time of tetanic force is suggestive of a
peripheral impairment, possibly in the excitation-contraction coupling. In addition the
observation of impaired energy metabolism exhibited by an exaggerated metabolic
response during exercise compared to healthy subjects is suggestive of a metabolic
role in muscle fatigue in individuals with MS. The deficits seen in maximal tetanic (39%
lower than controls) and voluntary (38% lower) forces suggest peripheral alterations as
opposed to central mechanisms which was supported from the groups being similar in
the metabolic measures prior to exercise. These finding suggest that individuals with
MS could have elevated levels of muscle fatigue from muscle weakness or reduced

muscle size.

Ng et al. (1997)

CNS deficits in MS patients can cause a decreased maximal motor unit firing
rate and inadequate motor unit recruitment (74). If an individual is unable to
adequately recruit enough motor units for a given movement, this may cause an
increased central motor drive to carry out the movement which can contribute to
muscle weakness and fatigue. The purpose of the current study was to determine if
patients with MS exhibit excessive motor drive during voluntary isometric maximal

contractions (MVC) and during fatiguing exercise.

Fourteen patients with MS (mean age of 46.1 years) with an average EDSS

score of 2.5 and eighteen healthy subjects (mean age of 44.4 years) took part in this
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study. Subjects performed MVC’s as well as a bout of fatiguing exercise of the
dorsiflexors, during which surface EMG of the anterior tibialis was measured. The leg
tested was determined by MVC. If unequal strength was observed the weaker leg was
tested. Subjects performed graded submaximal contractions to induce fatigue in
increments of 10% of MVC, from 10-90% MVC, which was followed immediately by a
final MVC. Fatigue was assessed by measuring the difference in force produced from

the initial MVC and the final MVC following the fatiguing submaximal contractions.

MVC strength data did not show a significant difference between MS and
controls (130.0 £ 14.4 vs. 155.5 + 13.8 N, respectively). However, EMG data showed
significantly higher rates of relative force for submaximal contractions from 10-70% in
the MS group compared to healthy subjects. In addition significantly higher
EMG/force slopes were observed between groups. This might indicate a greater
relative central motor drive in MS patients to achieve the same relative force of
healthy subjects. The results of this study suggest that an increased central motor
drive is present in MS patients with a mild/moderately impaired disease during
submaximal isometric contractions as evidence from both higher level of EMG activity

and higher EMG/force relationships.

One of the more interesting mechanisms suggested for explaining the
increased central motor drive was the possibility of a “reorganization” of motor drive

by alterations in motor unit firing. It was unclear as to the exact mechanism
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responsible for the increase in central motor drive but the “reorganization” of motor

drive is suggestive of central impairment as opposed to peripheral alterations.

Kent-Braun et al. (1997)

Intramuscular changes associated with MS have been similar to that of
chronically sedentary individuals, which has been related to increased levels of
muscular fatigue (37). Therefore the purpose of the present study was to assess
skeletal muscle characteristics in patients with MS and determine if the changes were
similar to those seen in sedentary individuals. Nine patients with MS (mean age of 47
years with a median EDSS of 4 ranging from 2-6) and eight health age-matched
subjects (mean age of 42 years) participated in the study. Symptomatic fatigue was
assessed using a questionnaire called the fatigue severity scale (FSS). Dorsiflexor
muscle strength was measured by MVC. MRI measured the fat-free cross sectional
area (CSA) of the anterior compartment. Finally, P-MRS data and muscle biopsies were
obtained from the resting tibialis anterior. It was not stated which leg was tested in

this study.

MS patients reported significantly more symptomatic fatigue than healthy
subjects using the FSS. After MVCs of the dorsiflexors were normalized to fat-free CSA,
MS patients exhibited statistically similar strength compared to healthy subjects (104.9
+22.0vs.173.3+28.0 N, p >0.09, respectively) despite the MS patients being

significantly less active than healthy subjects. However, the fat free CSA of the
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anterior compartment was 30% lower which was significantly lower in MS patients,

which typically indicates atrophy in the dorsiflexor muscles.

Muscle biopsies revealed MS patients had significantly fewer muscle fibers for
all fiber types compared to healthy subjects, type | (66 + 6 vs 76 £ 6%) type lla (28.2 +
5.9vs.19.2 £ 1.8), and type llax (6.3 £ 1.7 vs. 4.9 £ 1.4). Succinate dehydrogenase
(SDH) an enzyme associated with oxidative capacity was significantly lower in MS
patients in all fibers types compared to healthy subjects. No significant differences in
glycerol phosphate dehydrogenase (GDPH) were observed suggesting that the groups
were similar in glycolytic activity. However, the ratio of SDH/GDPH which assess the
overall capacity for oxidative vs glycolytic metabolism were significantly lower for all
fiber types in the MS group compared to healthy subjects. In other words fibers in the
MS group rely on relatively more anaerobic means during exercise creating the

potential for early muscle fatigue.

Overall this data suggests that individuals with MS show characteristics similar
to those seen in disuse models and that these alterations could contribute to increased
levels of muscle fatigue which affect function and the ability to perform ADL. The
authors suggested that the differences in muscle characteristics might be from
reduced maximal discharge rates and altered or incomplete motor unit activation,

alterations in central motor drive.
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Castro et al. (1998)

Earlier studies have shown that MS patients exhibit lower levels of succinic
dehydrogenase and SDH/ a-glycerol-phosphate-dehydrogenase than healthy subjects,
suggesting impaired aerobic capacity (36). Increased energy demand for a muscle to
contract could cause elevated levels of muscle fatigue. An indirect way to assess
energy demands of contraction is to measure myofibrillar actomyosin CA?* ATPase
(gATPase) activity (22). Seven MS patients and five healthy subjects participated in the
current study. Muscle biopsies of the tibialis anterior (leg tested was unspecified)
were taken to measure gATPase activity in addition to myofibrillar actomyosin ATPase
staining intensity (hATPase) to determine fiber-type specific gATPase activity. Maximal
rate of force development during superimposed dorsiflexion exercise was measured as

well.

The activity of gATPase in the tibialis anterior exhibited the following
hierarchical arrangement, llax > lla > I. No significant differences between groups
were found for maximal rate of force development and fiber type gATPase activity.
There was a positive significant correlation between hATPase staining intensity and
gATPase activity for type Il muscle fibers (r =0.551; P < 0.001) with no significant

differences between MS patients and healthy subjects.

This data suggests that muscle contractions in MS patients do not exhibit
altered energy demands, and thus muscle fatigue in MS patients is not reflected by

increased energy demands. This is in disagreement with past work by the same
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researchers, in which it was found that MS patients exhibit reduction in aerobic

enzyme activity (36).

Garner & Widrick (2003)

Previous evidence suggested that muscle fatigue in MS could be from
peripheral disturbances (36, 67). Therefore the purpose of this study was to
investigate cross-bridge mechanisms, isoform content, calcium activated force, and
shortening velocity in the vastus lateralis. Six patients with MS who had been
diagnosed with MS for ~ 13.5 years with an EDSS score of 4.75 (ranging from 4.0-6.0)
and six age-matched healthy subjects. Muscle biopsies were taken from the vastus
lateralis of the weaker leg in MS subjects, and the non-dominant leg of healthy
subjects. Isometric MVC was assessed to determine muscular strength. Daily physical

activity was evaluated by using a pedometer for 14 consecutive days.

The results of the study showed that MS patients exhibited significantly lower
knee extensor torque/kg than healthy subjects, approximately 45% lower and were
significantly less active than the healthy subjects. The groups had similar fiber type
compositions; however MS patients had significantly less type Ila myosin heavy chain
isoforms. In the group of MS patients, type | and type lla fibers produced less peak
calcium activated force than in the healthy subjects, and this is attributed to smaller
CSA of both fiber types, and a decline in tension of type | fibers. As inorganic
phosphate and pH increased, MS patients experienced a reduction in calcium activated

force.
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Peak calcium activated force is a function of the actomyosin cross bridge and
the average force per cross bridge shortening velocity. The reduction of calcium
activated force suggests a reduction in cross bridge number, density, and average
force as indicated by atrophy of both fiber types and decline in tension of type | fibers.
This data suggests impaired cross bridge mechanisms during contractions in MS
patients, and impaired mechanisms differ depending on fiber type. The authors were
not able to tease out if the changes observed were due to inactivity or from central

mechanisms such as alterations in motor unit excitability.

NG et al. (2004)

This study investigated peripheral and central impairments in MS patients and
how they were related to functional capacity. Eighteen MS patients with a median
EDSS score of 3.2, as well as eighteen age-matched healthy subjects. Exercise testing
consisted of MVC and electrically stimulated maximal contractions of dorsiflexion in
the right leg, with EMG measurements made to determine compound muscle action
potential (CAMP) as a test of peripheral muscle function. Muscle twitch and tetanic
force were measured and electrically evoked muscle force-frequency to determine
muscle contractile properties which are also measurements of peripheral muscle
function. Central motor function was measured by having subjects perform a toe-tap
test, measuring the central activation ratio, and rapid voluntary force development at
40% MVC. Cross sectional area (CSA) of the tibialis anterior was measured using MRI,

which allowed calculating specific strength calculated as MVC/muscle CSA.
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Symptomatic fatigue was evaluated by use of the fatigue severity scale and a visual

analog fatigue scale.

MS patients were able to perform significantly less toe taps than healthy
subjects, approximately 50% less. The maximal rate of force development was
significantly slower in MS patients, and MS patients had significantly lower central
activation ratios. These tests indicate central motor dysfunction as a mechanism for
muscle fatigue. The MS group was significantly weaker despite having similar CSA of
the tibialis anterior. Electrically stimulated CAMP and twitch force were similar
between groups, although the MS group demonstrated slower force relaxation. The
force-frequency relationship was significantly shifted to the left, showing higher
percent of maximal force for a given stimulation frequency. These data indicate that
weakness during the MVC in MS patients may be of central origin because there was
no decreased force during stimulated contractions. Central impairment was not
related to symptomatic measures of fatigue. Therefore the peripheral adaptations

may be secondary to changes in central motor drive and disuse in MS patients.

Andreasen et al. (2009)

Exercise-induced loss of voluntary muscle strength is associated with muscle
fatigue, and arises due to peripheral alterations at the muscle or due to a lack of
central motor drive (87). Compared to individuals without MS it has been shown that
individuals with MS may have to increase levels of central muscle activation given

similar levels of effort (% MVC) (87). Therefore the current study investigated the
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relationship between symptomatic fatigue using the Fatigue Severity Scale and central
muscle activation in patients with MS. The study included 60 MS patients that were
divided into three groups; 19 of those with primary fatigue (mean age of 43 years), 20
with secondary fatigue (mean age of 39 years), and 21 with non-fatigue (mean age of
39 years). The groups were defined using the fatigue severity scale; the non-fatigue
group included those individuals with a score lower than 4.0, and those scoring greater
than 4.0 were divided into primary fatigue if no other fatigue-related complications
were present and secondary fatigue if other fatigue-related complications were
present. All patients had an EDSS score of less than 3.5 indicative of little physical
disabilities that may mimic the symptoms of fatigue; mean EDSS score for primary
fatigue was 2.5, mean score for secondary fatigue was 2.0, and mean score for non-
fatigue was 2.0. Walking ability was measured using a six-minute walk test. MVC was
performed on the quadriceps of the right leg only, followed by twitch-interpolated
supramaximal stimulation to determine central activation. Fatiguing exercise
consisted of eight MVC’s held for 4 seconds each, with 2 seconds of rest between
contractions, followed by a 15 second MVC with twitch interpolation superimposed at
the end of the last MVC. The non-fatigue group also was able to walk a significantly
longer distance than the two fatigue groups. Baseline MVC was similar between all
groups. Patients with secondary and primary fatigue had significantly lower central
activation ratios, than the non-fatigue group. Central activation was decreased during

the fatiguing exercise test in all groups, with no difference between groups.
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The primary finding of this study was that MS patients with higher levels of
symptomatic fatigue using the FSS had greater impairment in the ability to activate
their muscles. This might suggest that an underlying cause of fatigue in patients with
MS is impaired cortical motor activation, which may lead to difficulty with motoneuron
drive and an inability to produce maximal force. However it is still unclear as to
whether adaptations in both central and peripheral control in MS patients may be an

underlying cause of muscular fatigue and weakness, and limited exercise capacity.

Malagoni et al. (2014)

Many patients with chronic diseases have been shown to have impaired resting
muscle oxygen consumption (rmVO,) in the legs. rmVO, is a measurement which
describes the muscle’s ability to extract oxygen from blood (61). MS patients have
been shown to have lower aerobic capacity than in healthy subjects, and it is has been
suggested to be due to inability to extract oxygen. The current study set out to
evaluate differences in rmVO, of the gastrocnemius muscle between individuals with
MS compared to healthy subjects. Twenty-eight MS patients (mean age of 42.7 years)
participated in the current study, all of whom had an EDSS score less than 6.0.
Twenty-two healthy age-matched subjects (mean age of 36 years) were also tested.
rmVO, of the gastrocnemius as measured using NIRS, which provided measurements
of oxy and de-oxyhemoglobin concentrations of the gastrocnemius muscle in both
legs. Researchers inflated a cuff around the thigh to induce venous occlusion, and the

cuff was released after 30 seconds. rmVO, was then calculated by averaging the rate
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of increase following occlusion from both legs, when appropriate. Functional mobility

was also assessed by having subjects perform a six-minute walk test.

rmVO, was significantly higher in MS patients than in healthy subjects (p =
0.003). The MS patients were separated into low walking ability and high walking
ability groups based on six-minute walk performance using 450 meters as criteria to
separate groups. It is not clear as to how the cut-off point of 450 meters was
determined. The MS patients with low walking ability had significantly higher rmVO,
than the high walking ability group of MS patients and healthy subjects. The higher
rmVO, in the group who walked less than 450 meters might suggest a compensatory

mechanism of the periphery to sustain mobility.

2.3 Muscle Function and Fatigue Asymmetry

MS patients experience symptoms of muscle weakness and paresis that
typically affects the body asymmetrically (45-47, 94). Due to the heterogeneity of the
disease, MS patients may exhibit varied severity of symptoms between limbs. An
individual may experience greater fatigue, loss of strength, or motor control due to the
disease (45-47). Currently, there is little research that has focused on its potential
effect on muscle fatigue and function. Asymmetry has even been observed in an MS
patient who exhibited high levels of aerobic fitness (94). Despite the knowledge that
MS can asymmetrically affect muscles very few studies have assessed limb to limb
differences in MS patients compared to healthy individuals. There will be two

subsections to 2.3. The first section tests both limbs as either right to left or non-

33



dominant to dominant. Again the comparison might be a bit misleading as MS can
affect the dominant limb in some individuals and non-dominant in a different
individual. The second subsection compares the more affected, weaker limb to the

less affected stronger limb.

2.3A Asymmetry (right to left; non-dominant to dominant)

Lambert et al. (2001)

MS patient’s exhibit reduced muscle strength compared to healthy individuals
at both low and high speeds of dynamic contractions (5). It is well known that MS
patients often experience symptomatic fatigue, but less is known of the interaction of
muscle strength and fatigue during dynamic exercise. Fifteen MS patients (mean age
of 38.8 years) with an average EDSS score of 3.5 and fifteen matched healthy
individuals (mean age of 33.1 years) participated in the current study. Whole body
plethysmography was used to determine body density which was utilized to determine
percent body fat and fat free mass in all subjects. Strength was tested on both lower
limbs performing maximal isokinetic leg extensions and flexions at five different
speeds (30°, 60°, 90°, 120° and 180°/sec). Muscle fatigue was assessed by performing
30 concentric knee extension and flexion contractions at 180°/sec of the dominant leg.
A fatigue index was calculated as the work performed during the latter 15 contractions

divided by the work performed during the first 15 contractions.

No significant differences were observed when comparing peak force between
dominant and non-dominant legs in both groups. When peak torque was adjusted for
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age and body mass individuals with MS were significantly weaker compared to
controls for non-dominant extension (16.9%), dominant flexion (25.7%), and non-
dominant extension (20.8%) for all speeds tested. When measures of strength were
adjusted for fat free mass and age individuals with MS were significantly weaker
compared to controls across speeds for the non-dominant extensors (12.8%), the
dominant flexors (20.2%), and the non-dominant flexors (21.3%). Finally muscle
fatigue using the fatigue index was significantly different between groups for the knee
flexors of the dominant leg (9.8% lower in MS). The average work output during the
30-contractions was significantly lower in the MS group at 34.5% (p = 0.0003) for knee
flexion. Whereas knee extension was not significantly different at 13.3% lower in the
MS group (p = 0.085). When measures of strength were adjusted for age, body mass
and fat free mass, individuals with MS were significantly weaker than matched healthy
subjects. This suggests that muscle weakness and fatigue in MS patients is not
described by less muscle mass, but rather force/muscle mass (muscle quality). Despite

testing both limbs this study did not observe differences between limbs in either

group.

Chung et al. (2008)

Muscle weakness and fatigue may play a role in postural control as well, and
any imbalance in lower limbs may have a larger effect on postural control and balance
in MS patients. Therefore the aim of this study was to measure strength and limb-

loading asymmetries in MS patients, along with postural control and symptomatic

35



fatigue. The study consisted of twelve women with MS (mean age of 55 years) with
and average EDSS score of 4 (ranging from 2-6) and twelve age-matched healthy
subjects (mean age of 53 years). Symptomatic fatigue was assessed using the fatigue
severity scale (FSS) and the visual analog fatigue scale. Peripheral sensory was
assessed by placing a tuning fork on each foot and measuring the time of perception.
Toe-taps were measured as an index of central motor drive (87). A 25-foot walk test
was also used as an index of functional performance. Strength of the dorsiflexor and
guadriceps was assessed in both legs by performing an isometric MVC. Strength
asymmetry was assessed by performing three isotonic contractions at 45% peak
isometric torque. Postural stability was also assessed with force plates, while subjects

stood quietly for 20 seconds.

The right leg of MS patients performed significantly less toe-taps than the
healthy subjects, and both legs exhibited significantly longer perceived vibration than
the healthy subjects. Walk times were also significantly longer in MS patients than in
the controls. Power asymmetry in the quadriceps was greater in MS patients than in
healthy subjects, but not in the dorsiflexors. Knee extensor power was significantly
correlated to fatigue and walk times in MS patients. This data suggests that strength
asymmetry in MS patients is related to fatigue, slowed gait, and postural instability. It
is not known what the cause of each variable is, but may be that all variables interact
with one another to cause the eventual physical dysfunction and lower quality of life in

MS patients. In addition the researchers compared right leg to left leg. It is not clear
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as to which leg was weaker since the right limb could have been more affected than

the left and vice versa.

Thickbroom et al. (2006)

This study investigated the corticomotor response and perceived effort of
repeated contractions of the first dorsal interosseous (a muscle intrinsic to hand
movement) in patients with MS compared to healthy subjects. In other words this
study investigated the differences in fatigability, subjective ratings of fatigability, and

central changes in MS patients compared to healthy subjects.

Twenty three patients with MS (age ranging from 25-51) whose EDSS scores
were less than 3.5 and 14 healthy subjects (age ranging from 22-58) participated in the
study. The subjects performed 7 second voluntary isometric contractions of the first
dorsal interosseous at 40% of MVC, with 3 seconds of rest in between contractions for
20 minutes in both the dominant and non-dominant hand. Rating of perceived
exertion (RPE) was recorded during the third contraction of each minute using the
Borg’s scale. Voluntary muscle activity was recorded using EMG surface electrodes.
Transcranial magnetic stimulation (TMS) was used during the last contraction of each
minute to elicit motor evoked potential (MEP) responses of the first dorsal

interosseous at 30% above threshold level.

MVC was similar between hands for both groups at baseline. However when
comparing healthy subjects and MS patients the MVC force was ~13% lower for both
hands at baseline which was statistically significant. During exercise similar levels of
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force decrements were observed (75.8 + 5.1% vs. 71.5 + 3.0% of baseline,
respectively). Ten minutes following exercise both groups showed strength
improvements however the MS patients showed significantly lower levels of recovery
from baseline compared to healthy subjects (84.0 £ 2.3% vs. 92.6 + 3.5%, respectively).
During the first 5 minutes of exercise the groups exhibited similar RPE ratings; however
the MS group reported higher RPE ratings during the remainder of the exercise task,
including significantly higher levels during the final 5 minutes of exercise. The MEP
response to TMS was significantly lower in MS patients, and MEP amplitude increased
proportionally more in the MS group than healthy subjects during exercise. This data
suggests that patients with MS exhibit enhanced central motor drive and perception of
effort during submaximal exercise. The increased RPE occurred in patients with MS,
although fatigability as measured by the decrement in MVC force was not different
during the exercise protocol. Because both groups increased MEP amplitude during
exercise, this suggests that a similar central response to fatigue is occurring in both
groups, but more excessive in MS patients. This may be occurring due to the
demyelination that affects MS patients, resulting in more cortical activity to exert
similar amount of force. The increase in cortical activity and central drive appears to
cause higher levels of perceived exertion in MS patients. However it is unclear as to
the consistency of their findings as they compared right to left and non-dominant to

dominant not more affected (weaker) to less affected (stronger) .
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2.3B Asymmetry (more affected (weaker) to less affected (stronger))

White & Dressendorfer (2005)

This was a case study of a 38 year old woman with relapsing remitting MS that
was extremely active, jogging and cycling two days/week each. This patient
complained of left leg weakness during intense exercise, and her lower-limbs appeared
to have asymmetric muscle mass but were not assessed in this study. A graded
exercise on a treadmill and on a cycle ergometer was conducted to determine maximal
oxygen uptake (VO;,max), and blood samples were drawn to analyze lactate
concentration. Single-leg cycling was also performed to determine inter-limb
differences. Maximal isokinetic testing of the quadriceps at 60°/sec was performed to
assess maximal muscle strength. Treadmill running was also videotaped to analyze gait

abnormalities.

The individual exhibited very good aerobic capacity when whole body
measurements were taken, but showed considerable differences between legs. The
left leg, which was the leg the subject had identified as the leg experiencing weakness
during exercise, had much lower values for many physiological measurements during
the single-leg cycling tests. When the left and right legs were compared VOy,cak Was
0.77 L (30%) less in the left leg, resulting in less peak workload (150 watts in left leg vs.
170 watts in right leg). Maximal ventilation, heart rate, and blood lactate values were
all lower in the left leg as well. During the treadmill test, gait and stride velocity was

normal until the individual reached later stages of the protocol. Maximal isokinetic
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voluntary contraction of the left quadriceps produced 22% less torque than the right
qguadriceps which confirmed the participant’s complaint of weakness in the left leg

during exercise.

The limited strength in the left leg may have caused the right leg to adapt to
working more during aerobic activities. The right leg performed 85% of whole body
VO;max, While the left leg only performed 60%. This suggests that the right leg may
have compensated to a weaker left leg by increasing oxygen extraction during
exercise. However this was a case study it provides evidence of the potential impact

asymmetry could have on function and performance.

Larson & White (2011)

Reduced mobility has been shown to be associated with increased risk of
osteoporosis in elderly individuals (52). Low bone density may increase bone fracture
risk in patients with MS (91). Commonly bone mineral density is assessed by
measuring one proximal femoral hip, however MS patients exhibit asymmetrical
symptoms associate with the disease. For this reason, researchers in this study
assessed bone mineral density in MS patients by measuring both limbs. Researchers
measured 23 MS patients, 21 of which were females. All MS patients were diagnosed
with relapsing-remitting MS and had a mean EDSS score of 3.34. Patients self-

identified which leg was more affected by the disease prior to the study.

Bone density was measured at the femoral neck of both legs using dual-energy

x-ray absorptiometry (DXA). There was no significant difference between the right and
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left femoral necks, however when researchers evaluated bone mineral density based
on the self-reported symptoms in each leg, the more affected leg had significantly
lower femoral neck bone mineral density. The difference in bone density between legs
in MS patients may be associated with atypical bone remodeling due to muscle
weakness and atrophy of the musculature on the weakened leg. This data provide
evidence that both legs/hips should be measured in MS patients to allow for more
accurate detection of bone mineral density. More accurate detection of bone loss in
MS patient will provide clinicians better knowledge how to accurately prescribe

rehabilitation to individuals.

Larson et al. (2013)

The current study set out to quantify and investigate asymmetry in lower-limb
performance and metabolism in MS patients during cycling exercise. Eight MS patients
(mean age of 51.6 years) and seven healthy subjects (mean age of 49.4 years)
participated in the study, and all MS patients had an EDSS score of less than 6.5
indicating low levels of disability with a mean score of 2.6. Muscle strength in each
limb was assessed in the quadriceps using isometric MVC. Each participant performed
continuous ramp exercise on a cycle ergometer to determine VOy,eak. Participants
performed single-leg cycling in each leg to VO,;cak Of each leg. Functional performance
was assessed by using a six-minute walk test. A DXA scan was performed in both
groups to assess lean mass and fat mass in the lower-limbs, which were not different

between legs or groups. MVC, peak workload, and VO,,eak Were statistically different
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between legs in MS patients, and no difference in the healthy subjects. The distance
covered by MS patients was significantly less than the healthy subjects in the six-
minute walk test. Researchers also observed a significant correlation between groups
in the six-minute walk test and leg differences in peak workload. There was a much
larger bilateral difference in MS patients when the lower-limb performance was
measured during single-leg cycling then MVC. The peak workload difference between
legs in MS patients was 28%, and the difference between legs during MVC was 18.2%.
The weaker leg in MS patients may be limiting aerobic exercise tolerance and
performance, as indicated by the significant correlation between six-minute walk

distance and peak workload difference between legs.

Rudroff et al. (2014)

Impaired walking ability is common in MS patients, and often resistance
training is prescribed help improve muscle strength and endurance (17, 20, 21, 31, 93).
EMG has often been used to analyze muscle activity during motor tasks; however
some patients with MS have impaired central activation (67). The current study set
out to analyze glucose uptake and strength of MS patients during a walking test, and
measure any asymmetries present. The researchers tested 4 women with MS and a
mean EDSS score of 3.0, and 4 healthy female subjects. MVC was measured for the
knee extensors and flexors and the dorsiflexors of each leg. Each participant would
then have a 22 gauge i.v. catheter placed into the antecubital vein of the right arm to
deliver a tracer of [*®F]-FDG. Strength testing was followed by 15 minutes of treadmill

walking at a comfortable walking speed. Two minutes into the walking test the
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subjects were infused with the tracer. After the walking test, individuals were placed
in the PET/CT scanner to measure [°F]-FDG uptake in leg muscles. The subjects were
placed in 20 to 21 bed positions, and the PET-CT scanned the whole body of each
subject for 1.5 minutes per bed position. Regions of interest (ROI) of the legs were
measured to analyze the muscle tissue within each leg. This included four large ROl of
the knee extensor, knee flexor, hip flexor, and plantar flexor muscle groups, as well as

16 smaller ROIs to measure individual muscle groups.

Significant differences between leg differences in strength was observed in the
MS group for only the knee flexors (51 N difference), however a similar absolute
strength difference was seen in the knee extensors of the MS patients as well (46 N
difference). Plasma glucose levels prior to infusion of [*®F]-FDG were similar between
MS and healthy subjects. Glucose uptake of the knee flexor and hip flexor were
significantly greater for MS patients. Glucose uptake of the MS group exhibited
asymmetrical differences of the knee and hip flexors. Specifically, the semitendinosus
muscle of the stronger leg had higher glucose uptake in MS patients than the weaker
leg. Although the sample size was small, this study provides insight into how skeletal
muscle metabolism in MS patients may affect walking ability due to leg asymmetry of
glucose uptake. Overall the asymmetry in [*®F]-FDG and strength in the MS group
suggests an increased metabolic cost during activities such as walking which may play

a pivotal role in premature fatigue during activities of daily living.
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Larson et al. (2014)

This study examined unilateral lower-limb cycling exercise to measure
performance asymmetry between legs. Eight MS patients (mean age of 51.1 years)
and seven age and sex matched healthy subjects (mean age of 49.4) participated in the
current study. A DXA was performed to quantify lean and fat mass in each of the
lower-limbs. Isometric MVC of the quadriceps muscle was performed to test strength
in each leg. Graded exercise was performed on a cycle ergometer to measure VOpeak,
and single-leg cycling was performed using 20% of whole body VO,peak for each leg to
test exercise tolerance. The mean EDSS score for the MS patients was 2.6, indicating
low levels of disability. There was no significant difference between groups during
whole body VO,peak, peak workload, or peak lactate. MS patients did exhibit a
significantly lower peak heart rate during whole body exercise compared to healthy
subjects. Although VOy,ea and peak workload were not significantly different between
groups, they both had large effect sizes, -0.98 and -0.97, respectively. There was no
significant difference in MVC strength between legs or between groups. During
submaximal single-leg cycling the MS patients performed significantly more work with
the stronger leg, while the healthy subjects experienced no difference between legs.
The between leg difference for work performed was significantly greater in MS
patients than in healthy subjects. The differences in work performed by each leg in MS
patients may be due to the decrement in central motor drive, affecting the body
asymmetrically. Because many activities of daily living require coordination of both
lower limbs, such as walking, bilateral asymmetries may cause MS patients to favor
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one side more than the other resulting in further development of bilateral
asymmetries. The weaker leg in MS patients may limit aerobic capacity and cause

premature muscle failure.

Summary

The above literature discusses the impact MS has on physiologic function, and
subsequent impairments that limit QOL. Many of the physiologic alterations that
occur relate to fatigue in MS patients, which may affect the patient’s ability to walk
and perform ADL (3, 6, 11, 63). Although it is known that MS patients exhibit
asymmetry in symptoms related to the disease, little research has been done on this
topic. A better understanding of the asymmetrical alterations that occur in MS
patients may provide better rehabilitation and care that is more specific to each
individual. Currently much of the emphasis has been on testing and improving
strength of quadriceps and hamstrings in MS patients, however researchers have
found little impact on walking ability after quadriceps and hamstring resistance
training (20, 21, 63, 93). This may be due to gait abnormalities occurring in other
muscles of the leg musculature, specifically the anterior tibialis. Many MS patients
exhibit a foot drop phenomenon during motor gait which may lead to slowed walking
speed and impaired walking capacity (57). ldentifying the relationship between
walking capacity and strength/endurance of the anterior tibialis of MS patients may

provide a better understanding of how to optimally treat and rehab these patients.
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Chapter 3: Methodology

Introduction

This chapter presents the methodology for the current study. This includes a
description of the participants, their inclusion and exclusion criteria, the design of the
study, data collection procedures, instrumentation to be used, and how the data was

analyzed.

Participants

Thirty volunteers, both male and female between the ages of 20-65 were
recruited to participate in the current study. Thirteen of these individuals were
diagnosed with MS (MS Group); while the other seventeen were individuals without
MS (NON-MS Group) matched for gender, age, and physical activity. Subjects were
age matched + 4 years, and physical activity was assessed using information from the
health status questionnaire. Due to an inability to match with an MS patient, four of
the subjects in the NON-MS group were not included in the data analyses of the
current study. Each subject was provided details of the study design prior to
participation and informed consent approved by the University of Oklahoma
Institutional Review Board (IRB #: 6802) was obtained from each subject. They also
were all notified that we first needed physician’s clearance for safe participation and
each subject filled out a health status questionnaire, medical history questionnaire,
Kurtzke questionnaire, and a questionnaire to determine physical activity readiness

(PAR-Q). Individuals with MS were recruited through the Oklahoma Medical Research

46



Foundation’s MS Excellence Center and through local support groups. Individuals
without MS were recruited from the Norman and Oklahoma City metro area via word

of mouth, flyers, and email.

Inclusion Criteria

Eligibility for the current study was based upon the following requirements.

Participants were required to be:

1. Individuals within the 20-65 age range.

2. Non-smokers or individuals who had quit smoking within last 6 months.

3. Individuals with MS with a physician’s diagnosis of MS and free from relapse for
the previous three months. An individual was considered to have relapsed if
they experienced a period of worsening symptoms lasting more than 24 hours
and had been prescribed steroids.

4. Individuals with physician’s clearance. This was obtained for all exercise tests
included in the current study by both individuals with MS and individuals
without MS.

5. Individuals with MS with an Expanded Disability Status Scale (EDSS) score of <
6.0. This score is considered minimal to moderate disability, and the individual
is still able to walk 100 meters without rest.

6. Individuals who had no past history of lower limb orthopedic asymmetries (hip
replacement, knee surgery, etc.) or other significant lower limb bilateral

asymmetries.
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7. MS patients not currently using prednisone or other steroids to manage

symptoms.

Exclusion Criteria

Individuals with the following characteristics were excluded from participating

in the current study:

1. Men and women outside the age range 20-65 years.

2. Smokers.

3. Any individual with past orthopedic injuries that would create an asymmetry in
their lower limbs.

4. Any individual with metabolic, cardiovascular, or respiratory diseases that may
provide undue variability in the data.

5. Any individual with MS that has had a relapse in the previous 3 months.

6. Any individual with MS that has an EDSS score > 6.0.

7. Any MS patient that was currently using prednisone or other steroids for

symptom management.

Experimental Design

This study utilized a cross-sectional design. Subjects came to the laboratory for
five visits, a screening/familiarization visit followed by four testing visits. All testing
visits were separated by at least 48 hours. Visit 1 consisted of the subjects filling out

and signing the informed consent and HIPPA forms, as well as filling out the health
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status questionnaire, medical history questionnaire, Kurtzke questionnaire, and
physical activity readiness questionnaire (PAR-Q). Subjects also filled out a
symptomatic fatigue assessment and the Modified Fatigue Impact Scale (MFIS). The
subjects underwent a DXA scan to assess whole body composition and lower-leg
composition, and participated in familiarization with the Kin-Com dynamometer. For
each limb, subjects underwent a maximal voluntary isometric contraction (MVC) of the
anterior tibialis muscle on visit 2, as well as maximal voluntary isokinetic contractions
(MVIC) during ankle dorsiflexion/plantarflexion at four speeds: 30°/sec, 60°/sec,
90°/sec, and 120°/sec. Very few studies have incorporated isokinetic testing of the
dorsiflexors in MS patients, and thus the velocities chosen were based on those that
have commonly been used in testing of healthy subjects, older adults, and stroke
patients (30, 39). The order of which leg was tested and the contraction speeds tested
was randomized for visit 2. In visit 3 and 4, subjects performed isometric and
isokinetic fatiguing exercise, respectively. During the isometric fatigue test in visit 3,
subjects were asked to maintain the target force level of 30% of MVC until force
dropped below 90% (i.e. 27% MVC) for 2 seconds or more than 2 instances (66).
During the isokinetic tests in visit 4, subjects were asked to maintain a target force
level of 30% of MVIC at 60°/sec until force drops below 90% (i.e. 27% MVC) (30, 66).
Visit 5 consisted of the subjects performing all three functional tests, and each test
was performed twice after familiarization. The three functional tests included 6-
minute walk test (6MW), 25-foot walk test (25W), and a timed up and go test (TUG).

Every day during the duration of the testing, subjects were given Rochester Fatigue
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Diary (RFD) to assess daily fatigue. These fatigue diaries were filled out by the subjects

even on the days they did not visit the testing laboratory.

Control Variables

Testing of each subject was performed at the same time of day throughout the
course of the study. Subjects were asked to abstain from caffeine, exercise, and
alcohol for 12 hours prior to each testing visit and be 2-3 hours post-prandial prior to
testing. Hydration status was determined prior to all exercise testing using a
refractometer (VEE GEE Refractometer CLX-1, Kirkland, WA); values of 1.004-1.029
USG were required to conduct testing (34). If an individual could not reach these
values within 30 minutes of entering the lab, researchers rescheduled the testing visit.
The subjects were also given Rochester Fatigue Diary (RFD) for each day during the
duration of the study. The RFD was provided to each subject for every day, even days
no testing was conducted. The RFD is a measure of lassitude that the subjects
determined for each hour of the day. If a participant exhibited higher levels of fatigue
during the days prior to testing than normal, the subject was asked to reschedule the
testing visit, as to not provide any unwanted variability. The Modified Fatigue Severity
Scale (MFIS) was also utilized to monitor fatigue on the day of testing. MFISis a 21-
item questionnaire, measuring physical, social, and cognitive symptomatic fatigue,
which uses summated rating Likert scale to access the impact of fatigue on everyday

life (80). We focused our attention for this study on the physical subscale of the MFIS.
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If a subjects’ score deviated more than 2.5 standard deviations from their mean they

were rescheduled for testing on a different day.

Table 1. Protocol Outline.

Protocol Time
1. Informed Consent Approximate
2. Questionnaires Time: 90
Visit 1 3. Symptomatic Fatigue Assessment minutes
4. DXA Scan
5. MVC and MVIC Familiarization
1. MVCTest Approximate
2. MVIC at 30°/sec Time: 120
Visit 2 3. MVIC at 60°/sec minutes
4. MVIC at 90°/sec
5. MVIC at 120°/sec (speeds randomized)
6. Repeat 1-5 for Opposite Leg (randomized)
1. Perform MVC Approximate
2. Perform Isometric Fatiguing Exercise at 30% | Time: 90
Visit 3 MVC minutes
3. Perform MVC
4. Repeat Steps 1-3 on Opposite Leg
(randomized)
1. Perform MVIC 60°/sec
2. Perform 60°/sec Isokinetic Fatiguing Exercise | Approximate
at 30% MVIC Time: 90
Visit 4 3. Perform MVIC 60°/sec minutes
4. Repeat Steps 1-3 on Opposite Leg
(randomized)
1. Perform Timed 25-Foot Walk Test Approximate
Visit 5 2. Perform 6-Minute Walk Test Time: 90
3. Perform Timed Up-And-Go Test minutes
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Visit 1: Screening Visit

Prior to enrollment, physician’s clearance was required of all subjects. On the
initial visit to the laboratory (Screening Visit), subjects were screened to ensure that all
inclusion and exclusion criterion was met. Subjects were given ample time to read
and ask questions regarding both the consent and HIPPA forms approved by the
Institutional Review Board of the University of Oklahoma. Upon signing the consent
form, subjects then completed the following questionnaires: a health status
guestionnaire, a physical readiness questionnaire (PAR-Q), symptomatic fatigue
assessment called the modified fatigue impact scale (MFIS), and Kurtzke self-
administered expanded disability status scale. Following the completion of these
forms, standing height and weight were assessed, followed by a Dual Energy X-Ray
Absorptiometry scan to assess body/lower-leg composition. Familiarization of the
isometric and isokinetic dorsiflexion movements was performed for both legs on the

initial visit as well.

Questionnaires

The health status questionnaire and a PAR-Q provided the researchers the
necessary information about any past health complications that indicate that the
subject might be at increased risk by participating in the current study. The health
status questionnaire form also included any medications the subject was taking, as
well as summary information on the frequency, duration, intensity and types of

exercise each participant had performed in the previous 6 months. The Kurtzke self-
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administered expanded disability status scale (EDSS) allowed the MS patients to assess

disease severity related to eight neurologic categories and walking function.

Modified Fatigue Impact Scale (MFIS)

MFIS is a 21-item questionnaire, measuring physical, social, and cognitive
symptomatic fatigue, which uses a Likert scale to access the impact of fatigue on
everyday life (60). This questionnaire has the subjects describe their own fatigue by
answering a variety of questions on a scale of 0-4; 0 being never experiencing this
fatigue symptom or 4 being almost always experiencing this fatigue symptom. The
guestionnaire is scored on a subscale of physical, cognitive, and psychosocial fatigue
based on specific questions, as well as a total score. This questionnaire was
administered on every testing visit and if the physical subscale of the MFIS was 2.5
standard deviations higher than the previous scores the subjects were asked to

reschedule the testing visit to a later date when fatigue levels normalize (46-47).

Rochester Fatigue Diary (RFD)

The RFD is a measure of lassitude in MS patients. The RFD consists of 24
vertical bars for each subject to rate the severity of fatigue on a visual analog scale at
each hour of the day (80). The location of the hourly mark is translated to 0 (maximal
fatigue) to 100 (no fatigue) and then averaged for a daily fatigue score (80). Sleep is
given a score of zero. The advantage of RFD is that it allows the subject to assess their
own lassitude and is less subjective to recall bias of other fatigue questionnaires (80).
The RFD was given to subjects to take home for every day during the duration of the
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testing and was measured each testing session. The variation of fatigue was
monitored similar to the MFIS, any drastic change in scores for more than 48 hours
along with changes in MFIS would require the subject to reschedule the testing visit to

a later date when the fatigue levels normalize (46-47).

Standing Height

Height was measured to the nearest 0.5 cm using a stadiometer (Seca Model
242, Chino, CA). The subjects were asked to remove their shoes and place their heels

together and stand up tall with their head aligned in the sagittal plane.

Body Mass and Body Mass Index

Body mass was measured to the nearest 0.1 km using a digital electronic scale
(Tanita Model WB-627A, Tokyo, Japan) with subjects wearing light/minimal clothing
and no shoes. The body mass index (BMI) was calculated as the body mass in

kilograms divided by the standing height in meters squared (kg/m?).

Body Composition

Total body and lower-leg composition was measured using a whole body Lunar
DXA dual-energy x-ray absorptiometry (DXA) scanner (with software version
13.60.033, GE-Lunar Prodigy Advanced, Madison, WI) for the following variables;
tissue (% fat), fat mass (kg), lean mass (kg). The purpose of this test was to compare
whole body composition and composition of the lower-legs. Daily calibration was

performed using a manufacturer produced phantom of a known density providing scan
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accuracy. Pre-scan calibration quality assurance indicated a low correlation of
variance (< 0.2%). Subjects were asked to wear clothing without any metal pieces (ex.
zippers, buttons) and all attenuating materials and shoes were removed before
testing. Subjects were positioned in the center of the DXA table in the supine position
using standardized positioning; the arms close to the sides of the body and with legs
secured by Velcro straps. Subjects too wide for the scanning bed had each side of the
body tested separately and composition of both sides of the body were added
together to estimate body composition. Assessment of the lower-legs was used to
determine any significant differences in lean mass of the legs between and within
groups which can alter the interpretation of the strength data (46-47). From the full
body scans, separate regions of interest were made for the lower-legs, using the
tibiofemoral joint of the knee and the subtalar joint of the ankle as landmarks. The
region of interest for each lower-leg was quality checked by two separate researchers
to ensure accuracy. Subjects had their hydration tested prior to the DXA scan. If a
female subject was premenopausal, a urinary pregnancy test (SA Scientific Ltd 087525,

Northalke, IL) was conducted during the first testing visit prior to the DXA scan as well.

Isometric and Isokinetic Familiarization

After the DXA scan on visit 1, the subject was then fitted and familiarized to the
dynamometer that was used for isometric and isokinetic dorsiflexion testing in the
study. All testing was performed using a KinCom dynamometer (KinCom model:

KC125AP, Isokinetic International, East Ridge, TN 37412). The KinCom utilizes a load
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cell and tachometer that will measure the direction and amount of force being applied
to the apparatus by the subject. This includes measuring the rotational speed of the
lever arm. Subjects were seated in the dynamometer and appropriate adjustments
were made to ensure comfort and proper fit. All settings were recorded and remained
the same for all remaining testing and training sessions. All subjects were secured in
place using the safety straps around the testing leg. Each subject was positioned in the
supine position on the Kin-Com bench with the knee in 10° flexion (maintained by
placing a rolled towel under the knee). This angle was chosen because 10° of flexion is
approximately the maximal knee extension angle during walking (95-96). The foot was
then placed in the ankle apparatus and positioned so that the midway point between
the lateral and medial malleolus was aligned with the axis of rotation on the Kin-Com.
The length of the foot from the fifth metatarsal bone to the lower extremity of the
external malleolus was measured to define the lever arm length for all subjects. The
foot angle was set to 120° plantar flexion (66). The subjects were then asked to
perform submaximal voluntary dorsiflexion contractions both isometrically and
isokinetically until they felt comfortable with the device. The subjects were fitted and

familiarized for both legs during this visit.

Visit 2: Strength Testing

The maximal voluntary isometric contraction (MVC) and maximal voluntary
isokinetic contraction (MVIC) testing were conducted during visit 2. All testing was

performed using a KinCom dynamometer (KinCom model: KC125AP, Isokinetic
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International, East Ridge, TN 37412). Subjects began by performing an MVC, in which
subjects were given three warm up contractions, asking subjects to produce self-
perceived 25%, 50%, and 75% contraction of full exertion, with 60 seconds of rest in
between. Upon completion of the warm up, subjects performed three MVC’s.
Subjects were instructed to push against the load cell as hard and as fast as they could
for five seconds and be given 120 seconds between attempts (66). Verbal instructions
and encouragement was given to subjects by the researchers during the contractions.
Upon completion of MVC’s with the initial leg tested, subjects were given 5 minutes of
rest before performing the MVIC testing with the same leg at four different speeds;
30°/sec, 60°/sec, 90°/sec, and 120°/sec. The order of the speeds performed was
randomized for each subject. Subjects performed three warm up sets, followed by
three maximal repetitions for three sets at each speed with 120 seconds of rest
between each set. Subjects were asked to perform the MVIC as quickly and as
forcefully as possible and verbal instructions and encouragement was given to subjects
throughout testing. The subjects were then removed from the dynamometer, and
researchers set up the dynamometer for testing on the opposite leg. After 15 minutes
of rest, the subject was set up into the dynamometer the same as previously
described, and followed the same testing procedure for MVC and MVIC of the opposite

leg. The order of legs tested was randomized for each subject.
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Visit 3-4: Fatigue Testing

After the strength testing visit, subjects returned to the laboratory for visit 3
and 4 for additional testing following the same instructions as during Visit 1. All testing
sessions took place at the same time of day, and were separated by at least 48 hours.
RFD from the previous days between visits and MFIS of the training day were analyzed

prior to the start of testing for each visit.

Fatigue Testing

On visits 3-4, subjects performed fatiguing exercise protocols on the Kin-Com
dynamometer of isometric and isokinetic exercise, respectively. The fatiguing exercise
bouts were performed on the anterior tibialis, and subjects were positioned similarly
to how they were for the MVC and MVIC testing on visit 2, using the same recorded
marks and seat adjustments. Prior to the isometric fatiguing exercise of visit 3,
subjects were given three warm ups at 25%, 50%, and 75% of perceived full exertion,
with 60 seconds of rest in between. Upon completion of the warm up, subjects
performed three MVC’s. Participants were instructed to push against the load cell as
hard and as fast as they could for five seconds and be given 120 seconds between
attempts (66). After the MVC's, the subjects performed isometric fatiguing exercise.
Subjects were asked to maintain the target force level of 30% of MVC until force
dropped below 90% (i.e. 27% MVC) for 2 seconds or more than 2 occasions (66). Upon
termination of the isometric fatigue testing, the subjects immediately performed a

MVC, with two subsequent MVC’s separated by 60 seconds. This maximal testing was
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performed to measure the difference in central drive after the fatiguing exercise. The
subjects were then given 15 minutes to rest before performing the exercise with the
opposite leg. The isokinetic protocol was performed on visit 4 in a similar manner as
the isometric fatiguing exercise, but at 60°/sec contractions. The order of which leg

was tested first was randomized for each visit.

Visit 5: Functional Testing

On visit 5, subjects performed all three functional tests to assess physical
function. These tests were performed to mimic movements that have carry-over to
everyday activities. The functional tests included; the timed up-and-go test, the 25-
foot walk test, and the 6-minute walk test. All subjects were also be familiarized with
each functional test prior to testing, due to the learning effect associated with all three

tests (69, 83). Each test will be described further below:

Timed Up-and-Go Test

One of the functional performance tests performed on visit 5 was the timed
up-and-go test (TUG). The TUG was initially developed to study disturbance in
dynamic balance and as a measure of functional mobility (57, 72). The TUG has been
shown to be a valid and reliable assessment of functional mobility in individuals with
MS (12, 69). The test requires the subject to start sitting in a standard chair (seat
height 46 cm, and arm height 67 cm) with their backs against the chair, arms resting on
the chair’s arms. On the word “go” the subject stands up from the chair, walks 3 m,
turns, and walks back to the chair, and sits down (57). The subject was timed from the
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minute he or she lifted the pelvis from the chair until he or she returned with the
pelvis to the chair. Subjects rested for 3 minutes between attempts, and both trials

were recorded by the researchers, with the time rounded to the nearest .1 seconds.

25-Foot Walk Test

Another functional performance test performed on visit 5 was the 25-foot walk
test (25W). The 25W is a quantitative mobility and leg function performance test
based on a timed 25 foot walk (23). The 25W is the first test administered as part of
the multiple sclerosis functional composite (MSFC) (23-24). The MSFC is similar to
EDSS scale, in that it allows a quantitative assessment of the impact of MS on
neurological status (25 foot walk/100m). Gait speed has been shown to be a useful
and reliable functional measure of an individual’s walking ability (56). Following
National MS Society guidelines, the 25W was administered with clear markings
indicating a 25 foot walk course (24). Subjects were instructed to remain standing
with their toes just behind the starting line. Researchers instructed the subject as to
where the course ends. Researchers then provided the same instructions to each

subject:

“I’d like you to walk 25 feet as quickly as possible, but safely. Do not slow

down until after you’ve passed the finish line. Ready? Go.”

Timing began when the lead foot was lifted off the ground and passes the
starting line. The researcher walked alongside the subject during the test and stopped

timing when the back foot crossed the 25 foot mark. Subjects were then provided 3
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minutes of rest before performing the test again. All trials were recorded by the

researchers, with the walk time rounded within 0.1 seconds (24).

6-Minute Walk Test

The final functional performance test performed on visit 5 was the 6-minute
walk test (6BMW). The 6MW test was originally used as an assessment of
cardiopulmonary function (9). In recent years the 6MW has been used in neurological
populations (28). The 6MW has been shown to be a feasible, reproducible and reliable
functional measure in individuals with MS (27). Subjects walked as fast and as far as
possible without rest or encouragement for 6 minutes. The 6MWT was performed
indoors, along a long, flat, straight, corridor with a hard surface. The walking course
must be 30 m in length. A 100-ft hallway is therefore required, with the length marked
every 3 m. The turnaround point was marked with an orange safety cone. The

following instructions were read to each subject:

“The object of this test is to walk as far as possible for 6 minutes. You will walk
back and forth in this hallway. Six minutes is a long time to walk, so you will be
exerting yourself. You will probably get out of breath or become exhausted. You are
permitted to slow down, to stop, and to rest as necessary. You may lean against the

wall while resting, but resume walking as soon as you are able.

You will be walking back and forth around cones. You should pivot briskly
around the cones and continue back the other way without hesitation. Now | am

going to show you. Please watch the way | turn without hesitation.”
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The researchers demonstrated by walking one lap themselves. Researchers
demonstrated how to walk and pivot around the cone briskly. Subjects began walking
after the researchers said, “Go” and continued walking for 6 minutes. When the 6

minutes ended, the subjects were told to stop and the distance covered was recorded.

Data Management and Analyses

Data Management

Data was stored in the Human Performance and Body Composition Lab at the
University of Oklahoma. All data and documents were stored in a locked filing cabinet
that only approved research personnel had access to. Each subject had their own data
collection folder to store all data collection sheets. Each subject was assigned a
number used for data analysis. No identifying subject markers were used other than
the assigned subject number with any data. All information from the DXA scans were
printed off and stored. All exercise performed on the Kin-Com dynamometer was
recorded and saved using the Biopac data analysis software (Biopac Systems MEC 100:
Biopac Systems Inc., Holliston, MA), and recorded for each subject on data collection
sheets. The analysis included a low frequency filter and all measurements were made
to the nearest .01 seconds. All functional performance testing were also recorded on
data collection sheets each visit. Separate sheets were used for each subject for each

visit.
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Data Analyses

Dorsiflexion Peak Torque and Voluntary Contraction Time

Peak torque (PT) measurements during dorsiflexion isometric contractions on
visit 2 and 3 were quantified by multiplying the maximal force produced by the length
of the lever arm. Peak torque was measured to determine the maximal dorsiflexion
strength of the individuals. Similarly, during isokinetic contractions on visit 2 and 4
torque for dorsiflexion was quantified by multiplying the maximal force produced by
the lever arm. The limb with the highest PT value each visit was defined as the “strong
limb” and the lower PT value as the “weak limb” for the given visit. The defined strong
and weak limbs were used to assess limb differences in all other analyses for that visit.

All torque measurements were made in N'm.

Torque (N'm) = force (N) x lever arm (m)

After careful visual analysis of the torque curves, PT was selected as the highest
torque value achieved in the three trials. Once selected, the trial that elicited the peak
torque value was analyzed to determine Voluntary Contraction Time (VCT). VCT is a
common measurement made to determine the speed at which an individual can
achieve PT (76). VCT for the isometric contractions in visit 2 and 3 was measured as
the time from a point corresponding to 10% PT to the point PT was achieved (76). VCT
for the isokinetic contractions in visit 2 and 4 was measured as the time from

plantarflexion PT to dorsiflexion PT during the second repetition (14).
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Time-Rate of Muscle Tension Development

Rate of force production during isometric contractions on visit 2 and 3 were
guantified by assessing the time-rate of muscle tension development (TRTD). TRTD is
the rate of force production during an isometric contraction and is used as a measure
of central drive in MS patients (14, 67). This measure is made by taking the maximal

torque produced and dividing it by the time required to reach peak torque.
TRTD (N'm/s) (14) = Peak Torque (N'm) <+ VCT (s)
Muscle Tension-Maintaining Capacity

Muscle tension-maintaining capacity (MTMC) was assessed using the “Integral”
function in the Biopac software. MTMC was measured to determine the subject’s
capability to maintain maximal force over the course of MVC. The MTMC
measurement was made by quantifying the area under the curve for 4 seconds of the
isometric contractions, beginning when peak torque was achieved, on visit 2 and 3
(14). If there was not 4 seconds after the subject achieved peak torque, analysis was
made using the latter 4 seconds of the isometric contraction. The integral function

used to quantify MTMC is shown below.

4
f PT = MTMC
0
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Strength Asymmetry

Strength asymmetry (SA) was calculated for isometric torque and isokinetic
torque on visits 2-4. SA has previously been quantified by researchers for a better
representation of asymmetry in multiple sclerosis patients (15). SA is quantified as the
strength ratio, where the PT value of the weaker limb is divided by the PT value of the
stronger limb. 100% asymmetry indicated maximal asymmetry, whereas 0% indicated

even distribution of torque.

Strength Asymmetry (15) = [1 — (Weak Limb + Strong Limb)]x100

Statistical Analysis

An a priori analysis indicated that a sample size of 12 participants would be
necessary to detect a significant limb-limb interaction using a dependent (paired
samples) t-test and between group interaction using independent t-tests with an alpha
of 0.05, a power of 0.80, and an estimated effect size of 1.2 and 1.1 respectively.
These calculations were based on effect sizes of MVC data measuring differences

between legs, effect size of 1.2, and between groups, effect size of 1.1 (46).

All analyses were performed using SigmaPlot Software 12.5 (Systat Software,
San Jose, CA). Independent t-tests were used to assess subject characteristics
between groups. Independent t-tests were also used to compare mean differences

between groups for isometric SA during visit 2.
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Two-way repeated measures ANOVA was utilized to assess the group x limb
interaction for lower leg composition in visit 1, and isometric PT, VCT, TRTD, and
MTMC in visit 2. A two-way repeated measures ANOVA was utilized to examine the
limb x speed interactions for isokinetic PT within each group and to assess group x
speed interaction for isokinetic SA between groups. A two-way repeated measures
ANOVA was utilized to assess the group x limb interaction for fatigue time, and fatigue
reps during visit 3 & 4. A two-way repeated measures ANOVA was also performed to
assess the group x time interaction for SA between groups during measurements made
before the fatigue test (PRE), immediately after the fatigue test (POST), and two
minutes after the fatigue test (REC). A two-way repeated measures ANOVA was also
performed to assess the limb x time interaction within each group for the following
measurements during visits 3 & 4; PT, VCT, TRTD, and MTMC. When significant
interactions and effects were found, Student-Newmans-Keuls stepwise multiple
comparisons were used to determine where specific between and within-group

differences were located.

Independent t-tests were also used to assess group mean differences for 25W
time, gait speed (calculated by dividing 25 ft. by the time it took to complete the 25W),
TUG time, and 6MW distance from Visit 5. Linear correlation analyses were used to
examine the relationships between all three functional tests and SA as well as EDSS in
the MS group. All data was expressed as mean + standard deviation. An alpha level of
0.05 was the criteria to establish statistically significant differences. Cohen’s d effect
sizes (d) were analyzed when appropriate. A value of <0.19 was considered trivial,
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0.20 - 0.49 was considered a weak effect, a value of 0.50 - 0.79 was considered a

moderate effect, and a value of > 0.80 was considered a strong effect.
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Chapter 4: Results & Discussion

Results

Descriptive Data

Thirty subjects participated in this study, which included thirteen individuals
with physicians diagnosed MS (MS Group) and seventeen individuals without MS
(NON-MS group). Groups were matched for age, gender, and physical activity. Due to
an inability to match four healthy individuals with an MS patient, these four subjects
were omitted from data analyses. Therefore, twenty-six subject data were analyzed
for this study. There were five males and eight females (n = 13) in the MS group (mean
+SD: age =50.3 £9.1 yrs, height = 172.8 £ 5.4 cm, body mass =99.7 + 17.9 kg) and five
males and eight females (n = 13) in the NON-MS Group (mean + SD: age = 50.8 + 8.5
yrs, height = 166.4 + 10.7 cm, body mass = 79.5 + 13.5 kg). Descriptive and
anthropometric data for both groups are listed in Table 2. The MS group consisted of
one subject with physicians’ diagnosis of primary progressive MS and twelve subjects
with physicians’ diagnosis of relapsing remitting MS. The Expanded Disability Status
Scale (EDSS) score of 3.5 + 1.8 indicates a moderate impairment in the MS patients.
Rochester Fatigue Diaries and Modified Fatigue Impact Scale were assessed and
analyzed prior to each testing session to ensure similar levels of fatigue. No visits had
to be rescheduled due to increased fatigue. The MS group had significantly greater
amounts of body mass (mean + SD: MS vs. NON-MS =99.7 + 5.4 kg vs. 79.5 + 13.5 kg, p

=0.003), body fat percentage (mean = SD: MS vs. NON-MS =46.1+7.6% vs. 37.3 =
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12.4%, p = 0.04) and fat mass (mean + SD: MS vs. NON-MS =45.05 + 13.7 kg vs. 29.7

13.6 kg, p = 0.008).

Table 2. Participant Characteristics

NON-MS MS
Variable n=13 n=13 p
Age (yrs) 50.8 £8.5 50.3+9.1 0.88
Height (cm) 166.4 + 10.7 172.8+5.4 0.07
Body Mass (kg) 79.5+13.5 99.7+17.9 0.003*
Body Mass Index (kg/m?) 29.0+6.1 33.5+6.0 0.07
Body Fat (%) 3731124 46.1+7.6 0.04*
Lean Mass (kg) 47.5+9.4 51.4+7.4 0.24
Fat Mass (kg) 29.7+13.6 45.0 + 13.7 0.008*
Physical Activity (min/wk)  188.1 + 83.2 141.9 + 142.1 0.32
EDSS N/A 35+1.8 N/A

Data are mean + SD. EDSS, expanded disability status scale. *p < 0.05 represents a
statistically significant difference across group means.

Lower-leg composition data is presented in Table 3. Results of the two-way

repeated measures ANOVA indicated no significant group x leg interaction for lean

mass, fat mass or fat percentage in the lower-legs (p < 0.05). There was a significant

group effect for fat mass (F = 12.2, p = 0.001, n® = 0.20) and fat percentage (F = 7.5, p =

0.009, r]2 =0.13) in the lower legs. Post-hoc analysis indicated that the MS group had a

significantly greater amount of fat mass in the right lower-leg (mean + SD: MS vs NON-

MS=1.4+0.6 kgvs.0.9+0.4 kg, p=0.02,d=0.98) and the left lower-leg (mean + SD:

MS vs NON-MS =1.4 £ 0.6 kg vs. 1.0 £ 0.4 kg, p = 0.03, d = 0.78). Post-hoc analysis

indicated that the MS group had a significantly greater percent body fat in the left
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lower-leg than the Non-MS group (mean + SD: MS vs NON-MS = 38.6 £ 9.4 % vs. 30.6 £
11.0%, p = 0.05, d =0.78). Within and between groups comparisons showed no

difference in lean mass for the right and left lower-leg.

Table 3. Lean and Fat Mass of the Lower Legs

Non-MS MS

Variable Right Limb Left Limb p Right Limb  Left Limb p

Lea(”Kg’)'ass 22+07  22%07 074 21%03 22+04 051

Fat(li\g)ass 1.0+04 09:04 011 14+06* 1.4+06* 0.85

LOF";’fE;nyg 31.5+11.3 30.6+11.0 020 388+94 386+9.4* 0.65
(o]

Data are mean + SD. *p < 0.05 represents a statistically significant difference
between groups.

Maximal Torque Testing
The results from the two-way repeated measures ANOVA indicate a significant
group x limb interaction for peak torque (F = 5.9, p = 0.02, n° = 0.20). There was also a
significant limb effect for peak torque (F = 13.4, p = 0.001, n® = 0.36). Post-hoc analysis
showed a significant mean PT difference within the limbs of the MS group (mean £ SD:

Strong vs Weak =35.7 £ 9.4 vs. 30.9 + 10.2, p < 0.001, d = 0.87; Figure 1).
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Figure 1. Mean Group Isometric Peak Torque of each Limb.
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Values are means + SD. * p < 0.05 represents statistically significant
difference between limbs

Figure 2 shows the isometric SA of both groups from visit 2. Independent t-
tests of the isometric SA showed that MS patients exhibited significantly greater
asymmetry than the NON-MS group (mean + SD: MS vs NON-MS =13.7 +18.1vs. 3.3 +

2.6, p=0.03 d =0.84). Isometric SA of each individual subject is presented in Figure 3.
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Figure 2. Mean Group Isometric Strength Asymmetry
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Figure 3. Individual Isometric Strength Asymmetry Response
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Table 4 shows the isokinetic PT values for limbs within each group for each
speed tested, 30°/sec, 60°/sec, 90°/sec, and 120°/sec. The results from the two-way
limb x speed repeated measures ANOVA indicated that there was no significant limb x
speed isokinetic PT interaction in the MS group. However, there was a main effect for
speed (F = 51.8, p < 0.001, n” = 0.96) and a main effect for limb (F = 13.4, p = 0.003, n°
=0.87) in the MS group. Post-hoc analysis showed a significant isokinetic PT mean
difference, as the speed of the contraction increased PT decreased, between all speeds
in the strong limb; 30°/sec-60°/sec, 30°/sec-90°/sec, 30°/sec-120°/sec, 60°/sec-
90°/sec, 60°/sec-120°/sec, and 90°/sec-120°/sec (Figure 4a). There was also a mean
PT difference in the weak limb, as the speed of the contraction increased PT
decreased, between all speeds except between 90°/sec-120°/sec (Figure 4a). The
post-hoc analysis indicated a significant mean difference between limbs at all four
speeds. Mean difference between speeds for each limb within the MS group is found

in Table 5.
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Table 4. Isokinetic Dorsiflexion Peak Torque

NON-MS MS

Variable Strong Limb  Weak Limb p d Strong Limb  Weak Limb p d

Isokinetic 30°/sec
PT (N'm)
Isokinetic 60°/sec
PT (N'm)
Isokinetic 90°/sec
PT (N'm)
Isokinetic 120°/sec
PT (N'm)

27996 25.5+89 <0.001* 0.27 30.7+6.5 26.4+9.5 0.003* 0.54

22977 209+75 <0.001* 0.27 25.0%5.6 204+7.3 0.001* 0.74

203+7.1 18.2+6.4 <0.001* 0.32 21.4+4.38 17.5+6.2 0.005* 0.73

18.2+6.8 15.5+6.1 <0.001* 0.43 19.3+3.0 15.9+5.2 0.012* 0.83

Data are mean £ SD. PT, peak torque. *p < 0.05 represents a statistically significant difference between limbs.



Figure 4. Mean Isokinetic Dorsiflexion Peak Torque for each Speed of
each Limb
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* p < 0.05 represents statistically significant limb difference.

+ p < 0.05 represents statistically significant difference from 30°/sec.
# p < 0.05 represents statistically significant difference from 60°/sec.
B p < 0.05 represents statistically significant difference from 90°/sec.

75



Table 5. Mean Difference between each Contraction Speed for Multiple Sclerosis

MS

Variable Strong Limb p d WeakLlimb p d

9L

30°/sec-60°/sec PT (N'm) 57+0.8 <0.001* 2.11 6.1+0.8 <0.001* 2.77
30°/sec-90°/sec PT (N'm) 9.3+0.8 <0.001* 3.31 89%0.8 <0.001* 2.70
30°/sec-120%/sec PT (Nm) 11.4+0.8  <0.001* 2.93 10.6+0.8  <0.001* 2.68
60°/sec-90°/sec PT (N'm) 3.6+0.8 0.001* 2.18 2.8%0.8 0.001* 1.18
60°/sec-120°/sec PT (N'm) 5.7+0.8 <0.001* 2.16 4.5+0.8 <0.001* 1.43
90°/sec-120°/sec PT (N'm) 2.1+0.8 0.04* 0.79 1.6+0.8 0.11 0.67

Data are mean difference + SE. PT, peak torque. *p < 0.05 represents a statistically significant
mean difference.



The results from the two-way limb x speed repeated measures ANOVA
indicated that there was no significant limb x speed isokinetic PT interaction in the
NON-MS Group. However, there was a main effect for speed (F = 92.6, p < 0.001, n° =
0.98) and limb (F = 39.784, p <0.001, n* = 0.52). Post-hoc analysis showed a significant
isokinetic PT mean difference, as the speed of the contraction increased PT decreased,
between all speeds in the strong and weak limbs; 30°/sec-60°/sec, 30°/sec-90°/sec,
30°/sec-120°/sec, 60°/sec-90°/sec, 60°/sec-120°/sec, and 90°/sec-120°/sec (Figure 4b).
Post-hoc analysis also showed a significant mean PT difference between limbs at all
four speeds for the NON-MS group. Mean difference between speeds for each limb

within the NON-MS group is found in Table 6.
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Table 6. Mean Difference between each Contraction Speed for NON-MS

NON-MS

Variable Strong Limb p d Weak Limb p d

8L

30°/sec-60°/sec PT (N'm) 5.0+0.3 <0.001* 3.73 45+0.3 <0.001* 3,74
30°/sec-90°/sec PT (N'm) 7.6+0.3 <0.001* 543 73+03 <0.001* 4.02
30°/sec-120%/sec PT (Nm)  9.7+0.3  <0.001* 4.20 10.0+0.3 <0.001* 4.89
60°/sec-90°/sec PT (N'm) 2.6+0.3 <0.001* 1.67 2.8+0.3 <0.001* 2.55
60°/sec-120°/sec PT (N'm)  4.7+0.3 <0.001* 2.28 54+03 <0.001* 3.91
90°/sec-120°/sec PT (N'm) 2.1+0.3 0.003* 1.27 27103 <0.001* 1.57

Data are mean difference + SE. PT, peak torque. *p < 0.05 represents a statistically significant
mean difference.



Figure 5 shows the individual isokinetic SA values for each group at each speed
tested. Two-way group x speed repeated measures ANOVA test for the isokinetic SA
at all four contraction speeds indicated no significant group x speed interaction. For
isokinetic SA, there was a trivial effect size between groups at the 120°/sec speed (d =
0.16), weak effect size at the 30°/sec speed (d = 0.39), and a moderate effect size at
the 60°/sec and 90°/sec speeds (d = 0.66, 0.54 respectively). Isometric SA and

Isokinetic SA’s values from Visit 2 are shown in Table 7.
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Figure 5. Individual Isokinetic Dorsiflexion Strength Asymmetry at each Speed
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Table 7. Strength Asymmetry Values

Variable NON-MS MS p d
Isometric SA (%) 33126 13.7+18.1 0.03* 0.84
Isokinetic 30°/sec SA (%) 8.8+5.7 15.7+24.0 0.33 0.39
Isokinetic 60°/sec SA (%) 9.1+6.6 19.9+22.0 0.10 0.66
Isokinetic 90°/sec SA (%) 10.3+7.7 19.4+22.7 0.18 0.54
Isokinetic 120°/sec SA (%) 15.4+13.5 18.6 +23.9 0.68 0.16

Data are mean + SD. SA, strength asymmetry. *p < 0.05 represents a statistically significant

difference between groups.



Muscle Performance Variables

The muscle performance variables from the isometric contractions can be
found in Table 8. The results of the two-way repeated measures ANOVA did not
indicate a group x limb interaction for VCT. There was however a significant limb
effect (F=5.7, p=0.03, n? = 0.19). The post-hoc analysis showed a significantly
greater VCT in the strong limb of the MS group compared to the weak limb (mean
SD: Strong vs Weak =2.1 £+ 1.5vs. 1.2 £ 0.5, p = 0.005; Figure 6). Post-hoc analysis also
indicated a significantly greater VCT in the strong limb of the MS group compared to
the strong limb of the NON-MS group (mean + SD: MSvs NON-MS=2.1+1.5vs. 1.2+
0.5, p = 0.009; Figure 6). VCT showed a strong effect size between limbs in the MS

group (d =0.91) and a trivial effect size in the NON-MS group (d = 0.12).

The results of the two-way repeated measures ANOVA did not indicate a
group x limb interaction for TRTD. There was however a significant group x limb effect
for MTMC (F = 6.0, p =0.02, r]2 =0.20). There was also a significant limb effect for
MTMC (F = 7.0, p = 0.01, n? = 0.23). Post-hoc analysis indicated that the strong limb
MTMC was significantly greater compared to the weak limb in the MS group (mean +
SD: Strong vs Weak = 130.5 + 35.5vs. 113.4 + 41.0, p < 0.001; Figure 7). TRTD showed
a weak effect size between limbs in the MS group and NON-MS group (d =0.39, 0.23
respectively). MTMC showed a moderate effect size between limbs in the MS group (d

=0.76) and a trivial effect size within the NON-MS group (d = 0.11).
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Table 8. Muscle Performance Variables

NON-MS MS
Variable Strong Limb ~ Weak Limb p d Strong Limb ~ Weak Limb p d
Isometric VCT (s) 1.2+0.5 1.1+0.6 0.78 0.12 21+1.5" 1.2+0.5 0.005* 0.91
TRTD (N'm/s) 30.1+£19.2 34.1+21.5 043 0.23 22.9+14.7 28.8+17.8 0.19 0.39

MTMC (N'm) 110.5+36.1 109.8+39.2 0.89

0.11 130.5+355 113.4+41.0 <0.001* 0.76

Data are mean + SD. PT, peak torque; VCT, voluntary contraction time; TRTD, time-rate of muscle tension development;
MTMC, muscle tension-maintaining capacity. *p < 0.05 represents statistically significant difference between limbs.
" p < 0.05 represents statistically significant difference between groups.
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Figure 6. Mean Isometric Voluntary Contraction Time Value of each
Limb between Groups
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Figure 7. Mean Muscle-Tension Maintaining Capacity Value of each
Limb between Groups
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Isometric Fatigue
Figure 8 shows the isometric fatigue test time for each limb in the two groups.
The two-way repeated measures ANOVA results indicated that there was no group x
limb interaction for isometric fatigue time. There was a moderate effect size for the
difference in fatigue time in the strong limb (d = 0.63) and in the weak limb between

groups (d = 0.78).
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Figure 8. Mean Isometric Fatigue Time of each Limb between Groups
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Values are means + SD. * p < 0.05 represents statistically significant
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Figure 9 shows the isometric SA for Visit 3 in each group. The results of the
two-way repeated measures ANOVA indicated that there was no group x time
interaction for isometric SA of the MVC before (PRE), immediately post (POST), and
after 2 minutes of recovery (REC). However, there was a significant time effect (F =
6.2, p =0.004, r]2 =0.14). Post-hoc analysis indicated there were no significant group
differences at any time point. There was a significant increase in SA in the NON-MS
group between PRE-POST (mean + SD: PRE vs POST =3.5+3.1vs.8.9+4.7, p=0.03)
and PRE-REC (mean + SD: PREvs REC=3.5+3.1vs. 8.4 +4.8, p=0.02). There was a
moderate effect size between groups for isometric SA at the PRE, POST, and REC time

points (d = 0.70, 0.54, and 0.54 respectively). Figure 10a and Figure 10b represent
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individual isometric SA at each time point for the MS group and the NON-MS group,

respectively.

Figure 9. Mean Group Isometric Strength Asymmetry at each
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Figure 10. Individual Isometric Strength Asymmetry for each Time
Point.
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Table 9 shows the isometric PT values of each limb at all three time points for
both groups. The two-way repeated measures ANOVA indicated no limb x time
interactions for isometric PT in the MS group. There was a significant time effect for
isometric PT in the MS group (F = 35.0, p < 0.001, r]2 =0.91). Post-hoc analysis
indicated significant mean differences between all time points within the strong limb
and the weak limb for the MS group (Figure 11a). Both limbs showed a significant
decrease in PT after exercise and a significant increase after recovery, however still
significantly less than before exercise. There was also a significant mean difference
between limbs in the MS group for the isometric PT at the PRE time point (mean + SD:
Strong vs Weak =36.9+ 7.9 vs. 32.6 £ 10.6, p = 0.03) and at the REC time point (mean
+ SD: Strong vs Weak =33.0 £ 6.9 vs. 29.0 £ 10.0, p = 0.04). The two-way repeated
measures ANOVA indicated no limb x time interaction for isometric PT in the NON-MS
group. There was a significant time effect for isometric PT in the NON-MS group (F =
24.2,p<0.001, r]2 =0.94). Post-hoc analysis indicated significant mean differences
between all time points within the strong limb and the weak limb for the NON-MS
group (Figure 11b). Similar to the MS group, for the NON-MS group PT in both limbs
significantly decreased after exercise and significantly increased after recovery,
however still significantly less than before exercise values. The effect size for the

interactions of each limb at each time point is shown in Table 10 and Table 11.
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Table 9. Isometric Peak Torque and Muscle Performance Variables during Fatigue Testing

NON-MS MS
PRE POST REC PRE POST REC
Isometric PT Strong  31.9+10.8 243+6.9" 28.0 + 8.6 36.9+7.9 28.3+6.8" 33.0+6.9"
(N'm) Weak  30.8+10.7 23.6+6.7" 27.6 +8.0" 32.6+10.6%¥ 25.9+9.3" 29.0 + 10.0"*
: Strong 1.1+0.9 1.4+1.2 1.1+0.5 1.5+0.8
Isometric VCT N/A N/A
(sec) Weak 09+0.5 1.1+0.7 1.2+0.8 1.1+0.5
Strong  37.0+26.0 27.2+22.4 35.5+15.5 20.7+9.5"
TRTD N/A N/A
(N'm/sec) Weak  38.2+253 28.4+23.4 34.2+22.3 25.0+14.2
() Strong 115.5+37.2 90.6+24.8" 102.0+30.4™ 134.0+29.2 106.0+28.1" 117.4+31.5™
MTMC (N'm
Weak 113.6+41.0 882+251" 100.8+31.7*% 120.5+451  93.3+31.9" 102.3+38.1"*

Data are mean + SD. PT, peak torque; VCT, voluntary contraction time; TRTD, time-rate of muscle tension development;
" p<0.05
represents statistically significant time difference from time point PRE. # p < 0.05 represents statistically significant time

MTMC, muscle tension-maintaining capacity. * p < 0.05 represents statistically significant limb difference.

difference from time point POST.



Figure 11. Mean Isometric Peak Torque at each Time Point
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91



Muscle performance variables (VCT, TRTD, and MTMC) from the isometric
fatigue testing are shown in Table 9. The two-way repeated measures ANOVA
indicated no limb x time interaction for MTMC in either group. There was a significant
time effect (F = 26.3, p < 0.001, n° = 0.82) and limb effect (F = 4.9, p = 0.05, nh* = 0.63)
in the MS group. Post-hoc analysis indicated MTMC significantly decreased PRE-POST
and significantly increased POST-REC, however there was still a significant decrease
PRE-REC in the strong limb. The weak limb MTMC significantly decreased PRE-POST,
and was still significantly less PRE-REC (Figure 12a). Post-hoc analysis also indicated a
significant mean difference between limbs at the REC time point in the MS group

(mean = SD: Strong vs Weak = 117.4 +31.5 vs. 102.3 £ 38.1, p = 0.04).

The two-way repeated measures ANOVA indicated a time effect in the NON-
MS group for MTMC (F = 19.7, p < 0.001, n> = 0.93). Post-hoc analysis indicated MTMC
significantly decreased PRE-POST and significantly increased POST-REC, however there
was still a significant decrease PRE-REC within each limb (Figure 12b). The effect size

for the interactions of each limb at each time point is shown in Table 10 and Table 11.
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Figure 12. Mean Muscle Tension-Maintaining Capacity at each Time

Point
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The two-way repeated measures ANOVA indicated no limb x time interaction
for VCT and no time or limb interaction in either group. Similarly, there was no limb x
time interaction in either group for TRTD, however there was a significant time effect
for TRTD in the MS group (F = 7.6, p = 0.017, n> = 0.36). Post-hoc analysis indicated a
significant decrease within the strong limb from PRE-POST in the MS group (mean *
SD: PRE vs POST = 35.5 + 15.5 vs. 20.7 £ 9.5, p = 0.02; Figure 13). The effect size for the
limb differences at each time point in the MS group and the NON-MS group is shown

in Table 10 and Table 11 respectively.

Figure 13. Mean Time-Rate of Muscle Tension Development in
each Limb at each Time Point
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Table 10. Effect Size for Isometric Peak Torque and Muscle Performance
Variables from Fatigue Testing in Multiple Sclerosis

MS
Isometric PT  Isometric VCT TRTD MTMC
(N'm) (s) (Nm/s)  (Nm)
Cohen’s d Cohen’s d Cohen’sd  Cohen’sd
Strong PRE-POST 2.48" 0.46 0.80" 1.55"
Strong PRE-REC 1.38" n/a n/a 0.92"
Strong POST-REC 1.76" n/a n/a 0.88"
Weak PRE-POST 1.22° 0.13 0.54 1.61°
Weak PRE-REC 0.99° n/a n/a 1.26"
Weak POST-REC 1.02" n/a n/a 0.86
Limb PRE 0.82* 0.19 0.08 0.66*
Limb POST 0.42 0.50 0.26 0.54
Limb REC 0.56* n/a n/a 0.58

Data are Cohen’s d. PT, peak torque; VCT, voluntary contraction time; TRTD,
time-rate of muscle tension development; MTMC, muscle tension-maintaining
capacity; Strong, strong limb; Weak, weak limb; Limb, limb difference. +p <0.05
represents statistically significant time difference. * p <0.05 represents
statistically significant limb difference.
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Table 11. Effect Size for Isometric Peak Torque and Muscle Performance Variables
from Fatigue Testing in NON-MS Group

NON-MS
Isometric PT  |sometric VCT TRTD MTMC
(N'm) (s) (N'm/s) (N'm)
Cohen’s d Cohen’s d Cohen’sd  Cohen’sd
Strong PRE-POST 1.85" 0.18 0.28 1.45"
Strong PRE-REC 0.99" n/a n/a 1.19°
Strong POST-REC 1.62" n/a n/a 1.18"
Weak PRE-POST 2.22° 0.22 0.11 1.89°
Weak PRE-REC 0.90" n/a n/a 1.72°
Weak POST-REC 2.00" n/a n/a 1.50"
Limb PRE 0.33 0.22 0.07 0.18
Limb POST 0.17 0.23 0.04 0.13
Limb REC 0.14 n/a n/a 0.09

Data are Cohen’s d. PT, peak torque; VCT, voluntary contraction time; TRTD, time-
rate of muscle tension development; MTMC, muscle tension-maintaining capacity;
Strong, strong limb; Weak, weak limb; Limb, limb difference. + p < 0.05 represents
statistically significant time difference. ) p <0.05 represents statistically significant
limb difference.

Isokinetic Fatigue

Results of the isokinetic fatigue test are presented in Table 12. The two-way
repeated measures ANOVA results indicated that there was no group x limb
interaction for fatigue time or number of reps during the isokinetic fatigue test. There
was a moderate effect size between groups in the strong limb for fatigue test time (d =

0.55) and a trivial effect size in the weak limb (d = 0.05).
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Table 12. Isokinetic Fatigue Testing

NON-MS

Variable Stronger Limb Weaker Limb p d
Isokinetic Time (s) 126.7 +84.0 111.3+51.4 0.21 0.57
Isokinetic Reps 84.0+53.0 72.2+33.8 0.19 0.48

MS

Variable Stronger Limb Weaker Limb p d
Isokinetic Time (s) 83.6+72.9 116.0 £ 118.6 0.16 0.49
Isokinetic Reps 56.5144.4 78.3176.7 0.18 0.47

Data are mean + SD.

Group means for isokinetic SA at each time point are shown in Table 13.
Results of the two-way repeated measures ANOVA indicated that there was no group x
time interaction for SA when looking at PRE, POST, and REC (Figure 14). There was a
moderate effect size between groups at the PRE time points (d = 0.64), weak effect
size at the POST time point (d = 0.40), and moderate effect size at the REC time point
(d =0.74). Individual isokinetic SA responses at each time point are shown graphically

in Figure 15a and Figure 15b for the MS group and NON-MS group respectively.
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Table 13. Isometric and Isokinetic Dorsiflexion Strength Asymmetry in Fatigue Tests

NON-MS MS
PRE POST REC PRE POST REC
Isometric
+ + * + * + + +

PT SA (%) 34+31 89+11.6 8.4+125 12.7+19.1 16.2+245 16.2+23.8
Isokinetic

7.8+76 119+7.6 7.7+6.8 17.0+18.7 17.0+16.8 18.0+18.7
PT SA (%)

Data are mean = SD. PT, peak torque; SA, strength asymmetry. * p < 0.05 represents
statistically significant difference from the PRE value.



Isokinetic Dorsiflexion Strength

Figure 14. Mean Group Isokinetic Dorsiflexion Strength
Asymmetry at each Time Point

45

B
o

w
w
1

w
o

N
(6]

O NON-MS

N
o

B MS

Asymmetry (%)

[Ty
o uv

6]

PRE POST REC

Values are means + SD.

99



Figure 15. Individual Isokinetic Dorsiflexion Strength Asymmetry at

each Time Point
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Isokinetic dorsiflexion PT values at each time point for both groups are shown
in Table 14. The two-way repeated measures ANOVA indicated a limb x time
interaction for isokinetic dorsiflexion PT in the MS group (F = 3.5, p = 0.045, n* = 0.23).
There was a significant time effect as well (F = 40.0, p < 0.001, n° = 0.92) and post-hoc
analysis indicated both limbs significantly decreased PT from PRE-POST, and
significantly increased POST-REC, but still significantly less PRE-REC (Figure 16a). There
was also a significant limb interaction in the MS group (F = 13.9, p = 0.003, n° = 0.78)
and post-hoc analysis indicated a mean difference at the PRE time point (mean £ SD:
Strong vs. Weak = 25.7 £ 6.7 vs. 21.8 £ 8.0, p < 0.001) and at the REC time point (mean
+ SD: Strong vs. Weak =22.9+6.1vs.19.4 + 6.4, p =0.002). There was a moderate
effect size in the MS group between limbs at the POST time point (d = 0.59) and a large

effect size at the PRE and REC time point (d = 1.25, and 0.93 respectively).
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Table 14. Isokinetic Peak Torque and Voluntary Contraction Time during Fatigue Test

NON-MS MS
PRE POST REC PRE POST REC
Isokinetic  gyrong  23.4+79  14.6+52°  19.9:6.4% 25.7+6.7 17.8+53°  229+6.1%
PT
(N'm) Weak  21.8+83* 13.5+4.4>* 187+58%  218+80* 16.0+6.4°  19.416.4%*
lsokinetic ~ Strong  541+102  632+80.7° 537+119" 578 + 207 628 + 181 587 + 179

VCT(ms) Weak 536 +82.8 639 + 121° 569 + 59.2° 535 +64.0 632 +93.6° 552 + 83.0°

Data are mean + SD. PT, peak torque; VCT, voluntary contraction time; TRTD, time-rate of muscle tension
development. * p <0.05 represents statistically significant limb difference. ® p < 0.05 represents statistically

significant difference from the PRE value. b p < 0,05 represents statistically significant difference from the
POST value.



Figure 16. Isokinetic Dorsiflexion Peak Torque at each Time Point
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There was no limb x time interaction for isokinetic dorsiflexion PT in the NON-
MS group. There was however a significant time interaction (F = 35.7, p < 0.001, r]2 =
0.98) and post-hoc analysis indicated both limbs significantly decreased PT from PRE-
POST, and significantly increased POST-REC, but still significantly less PRE-REC (Figure
16b). There was also a significant limb effect (F = 11.0, p = 0.006, n* = 0.58) and post-
hoc analysis indicated a mean limb difference at the PRE time point (mean + SD: Strong
vs. Weak =23.4+7.9vs.21.8+8.3, p=0.003,), POST time point (mean + SD: Strong vs.
Weak =14.6 £ 5.2 vs. 13.5 £+ 4.4, p = 0.04), and REC time point (mean + SD: Strong vs.

Weak = 19.9 + 18.7 vs. 18.7 + 5.8, p = 0.03).

Table 14 shows the results of isokinetic VCT for each limb at each time point.
The two-way repeated measures ANOVA indicated no limb x time interaction for
isokinetic VCT in either group. There was however a significant time effect in the MS
group (F = 16.3, p <0.001, n° = 0.36). Post-hoc analysis indicated a significant increase
in VCTPRE-POST and a significant decrease POST-REC in the strong limb of the MS

group (p = 0.001 and 0.003 respectively; Figure 17a).
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Figure 17. Isokinetic Dorsiflexion Voluntary Contraction Time at each
Time Point
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There was a significant time interaction in the NON-MS group for VCT (F = 19.1,
p <0.001, r]2 =0.64). Post-hoc analysis showed both limbs significantly increased PRE-
POST and significantly decrease POST-REC (p < 0.01; Figure 17b). Effect size values for

all time points for isokinetic VCT and PT from visit 4 are shown in Table 15.

Table 15. Effect Size for Isokinetic Dorsiflexion Peak Torque and Voluntary
Contraction Time from Fatigue Testing

NON-MS MS
Isokinetic PT Isokinetic  Isokinetic PT  Isokinetic
(N'm) VCT (s) (N'm) VCT (s)
Cohen’s d Cohen’s d Cohen’s d Cohen’s d
Strong Limb PRE-POST 2.33* 1.60* 2.33* 0.54
Strong Limb PRE-REC 1.54* 0.05 1.50* 0.09
Strong Limb POST-REC 2.41* 1.36* 1.99* 1.54
Weak Limb PRE-POST 1.93* 1.00* 1.39* 0.99*
Weak Limb PRE-REC 1.29* 0.52 0.97* 0.19
Weak Limb POST-REC 2.23* 0.86* 1.30* 0.93*
Limb Difference PRE 1.28" 0.07 1.25" 0.23
Limb Difference POST 0.60" 0.06 0.59 0.05
Limb Difference REC 0.64" 0.54 0.93" 0.22

Data are Cohen’s d. PT, peak torque; VCT, voluntary contraction time. * p <0.05
represents statistically significant time difference. * p < 0.05 represents statistically
significant limb difference.

Functional Performance Tests

The results of the functional performance tests are presented in Table 16.
Independent t-tests indicated there was a significant between group differences in all

three functional performance tests. The MS group exhibited significantly greater time
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to perform the 25W test (mean = SD: MS vs NON-MS =8.3 +5.7vs. 5.2 £ 0.7, p = 0.03;
Figure 18), significantly decreased gait speed assessed by the 25W test (mean + SD:
MS vs NON-MS =1.2 £ 0.4 vs. 1.5 £ 0.2, p = 0.01; Figure 19), significantly greater time
to perform TUG test (mean = SD: MS vs NON-MS=10.7+9.4vs. 6.1+ 1.1, p=0.04;
Figure 20), and significantly less distance covered during the 6MW test (mean + SD:
MS vs NON-MS =418.5 + 157.9 vs. 523.9 £ 67.9, p = 0.04; Figure 21) than the NON-MS
group. There was a moderate between groups effect size for the TUG test (d = 0.72)
and a large effect size for the 25W test, walking speed assessed by the 25W test, and

the distance covered during the 6MW test (d = 0.80, 1.11, and 0.92 respectively).

Table 16. Functional Performance Testing

Variable NON-MS MS p d
25W Time (s) 52+0.7 8.3%5.7 0.03* 0.80
Gait Speed (m/s) 1.5+0.2 1.2+04 0.01* 1.11
TUG Time (s) 6.1+1.1 10.7+9.4 0.04* 0.72
6MW Distance (m) 523.9+67.9 418.5+157.9 0.04* 0.92

Data are mean + SD; * p < 0.05 represents statistically significant group differences.
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Figure 20. Mean Time from the Timed Up-and-Go Test
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Figure 21. Mean Distance from the 6-Minute Walk Test
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Walking Performance and SA Relationship

Linear correlations were measured to assess the relationship between
functional performance of the walking tests, EDSS, isometric SA and isokinetic
dorsiflexion SA at 60°/sec. The results for all 26 pooled subjects are presented in Table
17. There was a significant correlation between all three functional performance
measurements including gait speed and the isometric SA (Figure 22) and isokinetic SA

(Figure 23).

Table 17. Correlation Coefficients for the Relationship between Strength
Asymmetry and Functional Performance Tests in all subjects (n = 26)

Pooled Subjects

Variable Isometric SA Isokinetic Dorsiflexion SA

r p r p
25W Time 0.78 <0.001* 0.89 <0.001*
Gait Speed -0.52 0.006* -0.68 <0.001*
TUG Time 0.65 <0.001* 0.78 <0.001*
6MW Distance -0.47 0.02* -0.62 <0.001*

Data are linear r correlation coefficients. 25WT, 25 foot walk test; TUG, timed up
and go test; 6MW, 6 minute walk test; SA, strength asymmetry; EDSS, expanded
disability status scale. * p < 0.05 represents statistically significant correlations
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Figure 22. Correlation Coefficients between Isometric Strength Asymmetry
and Functional Performance Tests in both groups (n = 26)
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Figure 23. Correlation Coefficients between Isokinetic Strength Asymmetry
and Functional Performance Tests in both groups (n = 26)
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Groups were separated to investigate the linear correlation in each group
separately. In the NON-MS group, there were no significant correlations between any
of the functional performance tests and isometric/isokinetic dorsiflexion SA (Table 18).
Results of the MS group correlations are shown in Table 19. In the MS group, there
was a significant positive correlation between the 25W test and TUG for isometric SA (r
=0.76 and 0.61 respectively; Figure 24). There was a significant positive correlation
between the 25W test and TUG for isokinetic dorsiflexion SA (r = 0.93 and 0.81
respectively) and a significant negative correlation between gait speed and 6MW for
isokinetic dorsiflexion SA (r = -0.76 and -0.67 respectively; Figure 25). Results of the
MS group EDSS correlation coefficients are shown in Figure 26. When comparing
functional performance tests to EDSS, there was a significant positive correlation
between 25 W test and TUG (r = 0.69 and r = 0.72 respectively). There was also a
significant negative correlation between EDSS and gait speed (r =-0.75) and 6MW

distance (r =-0.78).
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Table 18. Correlation Coefficients for the Relationship between Strength
Asymmetry and Functional Performance Tests in NON-MS (n = 13)

NON-MS
Variable Isometric SA Isokinetic Dorsiflexion SA
r p r p
25W Time -0.40 0.18 -0.17 0.57
Gait Speed 0.38 0.20 0.17 0.58
TUG Time -0.45 0.12 -0.29 0.34
6MW Distance 0.47 0.11 0.22 0.48

Data are linear correlation coefficients. 25WT, 25 foot walk test; TUG, timed up
and go test; 6MW, 6 minute walk test; SA, strength asymmetry; EDSS, expanded
disability status scale. * p < 0.05 represents statistically significant correlation.
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Table 19. Correlation Coefficients for the Relationship between Strength Asymmetry and Functional Performance
Tests in Multiple Sclerosis (n = 13)

MS
Variable Isometric SA Isokinetic Dorsiflexion SA EDSS
r p r p r p
25W Time 0.76 0.002* 0.93 <0.001* 0.69 0.009*
Gait Speed -0.50 0.08 -0.76 0.002* -0.75 0.003*
TUG Time 0.61 0.03* 0.81 <0.001* 0.72 0.005*
6MW Distance -0.43 0.14 -0.67 0.01* -0.78 0.002*

Data are linear correlation coefficients. 25WT, 25 foot walk test; TUG, timed up and go test; 6MW, 6 minute walk test;
SA, strength asymmetry; EDSS, expanded disability status scale. * P < 0.05 represents statistically significant
correlation.
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and Functional Performance Tests in Multiple Sclerosis (n = 13)
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and Functional Performance Tests in Multiple Sclerosis (n = 13)
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1)

2)

3)

4)

5)

6)

Discussion

Main Findings

The main findings of this study are as follows:

Individuals with MS exhibited a bilateral difference in isometric dorsiflexion
strength. The asymmetry for isometric dorsiflexion strength was significantly
greater in the MS group than in the NON-MS group.

Individuals with MS exhibited a bilateral difference in isokinetic dorsiflexion
strength at all four speeds tested; 30°/sec, 60°/sec, 90°/sec, and 120°/sec. The
asymmetry for isokinetic dorsiflexion strength as a group was not significantly
greater in the MS group than the NON-MS group.

Individuals with MS exhibited bilateral differences in the muscle performance
variables VCT and MTMC examined in the isometric dorsiflexion strength
testing.

Individuals with MS did not exhibit a bilateral difference in fatigability of the
dorsiflexors during isometric exercise.

Individuals with MS did not exhibit a bilateral difference in fatigability of the
dorsiflexors during isokinetic exercise. There was no bilateral difference in
fatigability between groups.

Individuals with MS exhibited a bilateral difference in isometric dorsiflexion
strength and in muscle performance variables MTMC, TRTD, and VCT before

and after fatiguing exercise.
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7) Individuals with MS exhibited a bilateral difference in isokinetic dorsiflexion
strength and in the muscle performance variable VCT before and after fatiguing
exercise.

8) Individuals with MS exhibited a significant decrement in functional
performance testing compared to the NON-MS group.

9) Individuals with MS exhibited a significant correlation between strength
asymmetry and the functional performance tests. The correlation between
strength asymmetry and functional performance tests were greater than

correlations in the NON-MS group.

Maximal Torque Testing

The results of the isometric strength testing agree with our hypothesis, that the
MS group would exhibit a significant difference between the strong and the weak limb
in isometric strength. To our knowledge, this is the first study to show a significant
difference in dorsiflexion isometric PT, which is in contrast with previous studies
analyzing dorsiflexion strength in MS patients (15, 35). The difference between these
studies results and our own may be due to the current study analyzing the limbs based
on strength as opposed to the more common right-left or dominance comparisons (14,
15, 35, 45). Due to the heterogeneity of MS, we decided defining the limbs based on
strength would be better for assessment of any clinical implications the results may
have. This analysis is similar to previous studies that have shown bilateral differences

in isometric strength of the knee flexors (40, 46, 47).
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Further analysis of the bilateral strength differences by calculating isometric SA
showed that the MS group exhibited significantly greater isometric SA. SA has
previously been calculated in MS subjects to investigate bilateral differences in
muscular strength (15, 35, 77). The results of the current study agree with previous
work by Kalron et al. (2011) in clinically isolated MS patients (35). Chung et al. (2008)
found a non-significant difference in isometric dorsiflexion SA (mean difference: 1.6%),
while Kalron et al. (2011) found a significant difference (mean difference: 6.6%), albeit
lower than the difference in the current study (mean difference: 10.4%). One unique
aspect of the current study was having subjects lie in the supine position during testing
as opposed to the more common testing of having subjects seated (15). We chose to
test subjects in the supine position to mimic the position the body would be in during
walking, which is similar to the testing position when MS patients exhibited a greater

isometric dorsiflexion SA than individuals without MS in previous research (35).

The results of the isokinetic strength testing showed the strong limb to be
significantly stronger than the weak limb in the MS group at all four testing speeds;
30°/sec, 60°/sec, 90°/sec, and 120°/sec. This is in agreement with our hypothesis that
there would be bilateral strength differences in the MS group for isokinetic
dorsiflexion PT. To our knowledge this is one of the first studies to investigate bilateral
differences in isokinetic exercise testing of the dorsiflexors. Researchers have used
isokinetic testing to examine limb differences for knee extension/flexion in MS
patients, but they did not show any significant limb differences (45). The NON-MS
group also exhibited a significant mean limb difference for isokinetic PT at each speed.
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Cohen’s d effect size analysis showed a weak effect size between limbs at all speeds in
the NON-MS group (d =0.27,0.27, 0.32, and 0.43 respectively), and a moderate effect
at speeds 30°/sec, 60°/sec, and 90°/sec and a large effect size at 120°/sec (d = 0.54,

0.74, 0.73, and 0.83) in the MS group.

Isokinetic SA analysis showed that MS patients did not exhibit isokinetic
asymmetry that was significantly different from the NON-MS group. This disagrees
with our hypothesis that the MS group would exhibit greater asymmetry than the
NON-MS group. However, effect size calculations indicated a weak effect between
group isokinetic SA means at 30°/sec, a moderate effect at 60°/sec and 90°/sec, and a
trivial effect at 120°/sec (d = 0.39, 0.69, 0.56, and 0.16 respectively). Closer
examination of the data show that both groups had increased SA with increasing
contraction speed; however it seemed to plateau in the MS group after 60°/sec. The
difference between the two groups at the 60°/sec speed was similar to that of the
isometric SA which showed significant group difference (isometric SA vs isokinetic SA:
10.4 % and 10.8 % respectively). Dorsiflexion during walking in individuals with
hemiparesis commonly moves between 30°/sec-60°/sec and that may be why
isokinetic SA did not show further increases in the MS group (70). Further studies
should investigate the effect of contraction speed on SA to clarify the ceiling effect

observed in the current study.

As expected, when the contraction speed increased in the NON-MS group the

isokinetic PT declined significantly in both limbs (73). In the MS group, the strong limb
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followed a similar pattern as the NON-MS group, however in the weak limb there was
not a significant decline in strength between 90°/sec-120°/sec. The lack of a significant
decrease in PT between 90°/sec-120°/sec in the weak limb also was the only speed
difference that did not exhibit a large effect for mean difference (d = 0.67). The
inability for the weak limb to produce higher torque values at the 90°/sec speed may
be related to the limited ankle muscle recruitment that has been shown to occur
during walking in MS patients (56). This would agree with research by Newsome et al.
(2011) which showed dorsiflexion in the weak limb to be negatively related to walking
speed (65). Alterations in gait kinematics may lead to an increased risk in falls,
therefore future research should investigate the relationship between weak limb

isokinetic strength and fall risk in MS patients.

Muscle Performance Variables

To further investigate bilateral difference in muscle function, muscle
performance variables were calculated from the isometric strength testing. The
results of VCT indicated a significant limb effect, and post-hoc analysis showed that the
MS group exhibited slower VCT in the strong limb than the weak limb. Post-hoc
analysis also showed that VCT in the strong limb was slower in the MS group compared
to the NON-MS group. Slower VCT in the strong limb in MS patients may be due to a
reduction in motor unit firing rates and impaired motor unit recruitment (25). MS is a
centrally mediated disease, therefore MS patients may show impaired activation of the

muscle translating to slower VCT. The demyelination in the CNS presumably would
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reduce the spinal excitability and result in a reduction in motor unit recruitment (74).
Previous work in the dorsiflexors has shown lower central activation in MS patients
than individuals without MS and this inability to activate the muscle during maximal
exercise may be due in part to this central impairment (15, 74). While central
impairment is evident, alterations to the periphery can cause impaired excitation in
the muscle. Similar to our result, Kent Braun et al. (1994) showed that MS patients
exhibit prolonged twitch contraction time and tetanic force relaxation time, suggesting
altered excitation-contraction coupling (38, 82). The impaired excitation-contraction
coupling may be due to altered muscle metabolism as well as less muscle fibers
containing type Il myosin heavy chain and reduction in cross bridge numbers (25). The
slowed VCT in the present study in the strong limb may suggest altered muscle
characteristics in the weaker limb, and the ability to produce force at a faster rate in
the weaker limb may be a compensatory mechanism due to lower strength necessary

for motor gait (1).

In the present study, the MS group also exhibited a bilateral difference for
MTMC. Our results indicated a significant group x limb interaction, and a limb effect
for MTMC. Post-hoc analysis showed that the MS group exhibited significantly greater
MTMC in the strong limb compared to the weak limb. MTMC is a measure of
sustained maximal force and requires coordination of multiple muscle groups to
produce smooth movements (14). Activation of the agonist muscle (anterior tibialis)
and deactivation of the antagonist muscle (plantarflexors) is required to produce
steady force for a given time (14). These requirements to sustain a maximal
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contraction may be difficult in MS patients whom are prone to increased fatigability
and muscle incoordination. Short duration of force generation and sustained force is
necessary for posture and balance, and the altered posture and balance in MS patients
may be due to central impairments from neural disturbances caused by demyelination.
The lower MTMC in the weak limb may be a sign of increased fatigability of the weak

limb, or a lack of central drive to recruit and sustain activation of motor units (74).

Researchers have previously shown a reduction in MTMC in MS patients
compared to individuals without MS (14). The results of the current study did not
show a group difference between the MS group and the NON-MS group. Because the
calculation of MTMC uses an integral function that includes maximal torque achieved,
initial strength would have a strong positive correlation with MTMC. In the current
study, the MS group had higher strength values than the NON-MS group which may
provide reason for the lack of group differences. Future research may look into central

and peripheral causes of the reduced MTMC in the weak limb in MS patients.

There was not a significant difference between groups or limbs for TRTD. TRTD
is a measure of force development, and previously MS patients have been shown to
have impaired rate of force development in the anterior tibialis muscle (67). The
differing results may be due to the difference in rate of force development
calculations. Traditional calculations are made by finding the maximum slope of the
MVC curve; however we chose to simply divide PT by the time it took to reach PT from

the initiation of the contraction. We used this calculation of force development
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because it is similar to previous analysis in MS patients (14). The rate of force
development requires activation of motor units and the execution of adequate
excitation-contraction coupling, both of which are impaired in MS patients (38, 82).
Rate of force development calculated in the traditional sense has been shown to be
asymmetric in the knee extensors and flexors of MS patients (40). Future research
should quantify the rate of force development using the maximum slope of the MVC

curve in the dorsiflexors to examine any asymmetries present.

Isometric Fatigue

We hypothesized that bilateral differences would occur during the isometric
fatigue test, to which our results showed no significant bilateral difference in the MS
group. The use of a relative force value (30% MVC) in the current study may be the
reason for similar fatigability between the two limbs. NG et al. (2000) used a similar
protocol using 30% MVC during their endurance test of the dorsiflexors and did not
show a group difference between MS patients and individuals without MS. Ng et al.
(2000) did have a similar effect size between groups for fatigue test time (d = 0.90) as
the effect size in the weak limb of the current study (d = 0.78). It should also be noted
that there was a moderate effect in the fatigue time of the strong limb between
groups, although not significantly different (d = 0.63). Fatigue rates may differ in MS
patients due to a suppressed mean arterial pressure response and altered metabolic
(phosphate, phosphocreatine, pH, and H,PO4) responses during exercise (38, 66).

While our results did not show a significant limb difference in the MS group, further
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studies should evaluate the potential difference in limb fatigue as it relates to

metabolic processes.

Isometric MVC’s were conducted before exercise (PRE), immediately after
exercise (POST), and after 2 minutes of recovery (REC). When investigating isometric
SA at all three time points between groups, the results of the two-way repeated
measures ANOVA indicated no significant group x time interaction. This is in
disagreement with our hypothesis that the MS group would exhibit greater asymmetry
than the NON-MS group. The NON-MS group did exhibit a significant increase in
asymmetry after exercise that was still significantly higher after two minutes of
recovery. The isometric PT decreased significantly PRE-POST in both limbs of the MS
group and the NON-MS group and significantly increased POST-REC, although still
significantly less than PRE-REC. Post-hoc analysis indicated a significant mean
difference for PT between limbs in the MS group at the PRE and REC time points. As
discussed above, this agrees with earlier work by Kalron et al. (2011) that there is
greater isometric SA in the dorsiflexors of MS patients compared to individuals without
MS. Other researchers have investigated bilateral differences over the course of
fatiguing exercise but did not show asymmetrical differences between MS patients (81,
86). These studies were conducted in the hand muscles and data was analyzed based
on limb dominance, as opposed to the stronger-weaker method utilized in the current
study. Inthe current study there was a non-significant increase in isometric SA in both
groups after the fatiguing exercise that did not decrease after two minutes of recovery
which is expressed by the decrease in effect size over the course of the testing (d= 0.74
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and 0.54 respectively). The NON-MS group did not show any mean limb differences of
isometric PT at any of the time points, which agrees with previous research in the
hands (87). The lack of bilateral PT difference in the MS group immediately after
exercise may suggest attenuation in bilateral strength differences in a fatigued state.
This may be due to independent central adaptive motor control mechanisms in the
strong and weak limb to cause the decrement in force to be greater in the strong limb

(87).

The isometric MVC’s PRE, POST, and REC also indicated significant bilateral
differences in the muscle performance variables measured. MTMC showed a
significant time and limb effect in the MS group. MTMC was utilized to assess the
individual’s ability to maintain a maximal force, an indirect measure of central drive
during the isometric task (87). The strong limb in the MS group showed a similar trend
to both limbs in the NON-MS group, decreasing PRE-POST but increasing POST-REC,
although still significantly less than PRE. In the weak limb, there was only a significant
difference between PRE-POST and PRE-REC. This suggests that the strong limb was
able to regain central drive after the two minutes of recovery, while the weak limb had
still not recovered. The lack of recovery in the weak limb also elicited a significant limb
difference at the REC time point. Maintaining maximal force requires the continued
recruitment of motor units over a period of time. MS patients have shown lower
levels of central activation during isometric exercise in the dorsiflexors when
compared to individuals without MS (67). Researchers previously have shown that
submaximal fatiguing exercise may lead to an enhanced central motor drive indicated
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by motor evoked potential amplitude (87). The increased central drive during the
submaximal fatigue test may have led to the weak limb MTMC not recovering. MS
patients have also been shown to have slower rates of phosphocreatine recovery
kinetics, which may lead to inadequate recovery in the weak limb (82). Future
research should investigate the independent central and peripheral mechanisms that

may lead to different limb responses to fatiguing exercise.

There were no significant group differences for TRTD in current study at PRE or
POST time points. TRTD was assessed to measure rate of force production (14). Rate
of force development would be an indication of central motor function or the ability to
develop force quickly. The dorsiflexors have previously been shown to elicit similar
force development from stimulated tetanic contractions between MS patients and
individuals without MS; however they appear to be impaired during voluntary
contractions (67). Individuals without MS have shown the rate of force development
to decline after fatiguing exercise (67). The results of the current study did not show a
significant decline in the NON-MS group, which may be due to the manner in which
TRTD was calculated for the current study. We chose to assess TRTD similar to
previous work in MS patients, which looks at the rate of force production over the
course of a maximal contraction from the onset of the contraction until PT is achieved
(14). This assessment allows TRTD to better describe the entire contraction as
opposed to small portion of the rise. In individuals without MS the anterior tibialis
muscle contains ~ 70% type | muscle fibers and ~62% in MS patients, and type | muscle
fibers are fatigue resistant (36). The decrement in PT and rate of force development is
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much less pronounced in muscles with a high percentage of type | muscle fibers. This
would agree with work by de Ruiter et al (2001) in the adductor pollicis muscle,
another muscle with a high percentage of type | fibers, which showed similar rate of

force development between MS patients and NON-MS individuals.

The MS group did exhibit a significant decrease in TRTD between time points
PRE-POST in the strong limb, showing a large effect (d = 0.80). The decrease of TRTD in
the strong limb after fatiguing exercise agrees with previous MS research showing a
greater decrement in maximal rate of force rise in the quadriceps muscles (18). Closer
examination of the data showed that the p-value between time points in the weak
limb also approached significance (p = 0.09), evident by the moderate effect size in the
weak limb (d = 0.54). As discussed earlier, MS patients appear to have increased
corticomotor excitability during submaximal exercise testing that may cause a greater
reduction in central motor drive after a fatiguing test (86). The reduced central motor

drive could lead to delayed force production after fatiguing exercise in MS patients.

The current study did not find any limb x time interactions in isometric VCT in
either group between PRE-POST. VCT was measured to assess how quickly individuals
could produce maximal torque before and after fatiguing exercise (76). These findings
agree with previous work in individuals without MS showing that fatiguing exercise

does not affect VCT (41).
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Isokinetic Fatigue

During the isokinetic fatigue test, there were no group or limb interactions
between or within the MS group and the NON-MS group. We hypothesized there to
be a bilateral difference in the MS group, which was not supported by the data. The
isokinetic fatiguing protocol is similar to that which has been used in individuals
without MS (30). Isokinetic exercise has previously been shown to be a safe method of
testing in MS patients and has been utilized as a means of inducing fatigue (5, 45, 81).
Only one other study looked at dynamic fatigue of the dorsiflexors, and they
conducted intermittent foot tapping bouts as opposed to using a dynamometer (86).
These dynamic tasks require concentric and eccentric contractions of the agonist
muscle and its antagonists, the plantarflexors in this case. The use of multiple muscle
groups may attenuate any strength differences between limbs, as one muscle group

may be able to make up for the impairment of the other.

Isokinetic MVC’s were conducted before exercise (PRE), immediately after
exercise (POST), and after 2 minutes of recovery (REC). When investigating isokinetic
SA at all three time points between groups, the results of the two-way repeated
measures ANOVA found no significant group x time interaction. This does not support
our hypothesis that the MS group would exhibit greater bilateral differences than the
NON-MS group. There was a significant limb x time interaction in the MS group for
isokinetic PT. The isokinetic PT decreased significantly PRE-POST in both limbs of the

MS group and the NON-MS group and significantly increased POST-REC, although still
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significantly less than PRE. The reduction in dorsiflexion force after dynamic exercise
in the MS group and the NON-MS group agrees with the previous dynamic toe-tap
exercise by Thickbroom et al. (2008). Post-hoc analysis indicated a significant mean
difference between limbs in the MS group at the PRE and REC time points. This agrees
with our isometric fatigue test results as well, that the PT limb difference is attenuated
after exercise but returns after two minutes of recovery in MS patients. These results
also agree with our hypothesis that MS patients would exhibit bilateral differences in
isokinetic dorsiflexion performance. Unexpectedly, there was also a significant mean
limb difference at all time points in the NON-MS group. The inability for limbs to
produce symmetrical force may be the result of inadequate motor unit recruitment
and motor discharge rate production; which may result in reduced exercise capacity

and disturbances in gait after exercise.

There was a significant time effect in both groups for isokinetic VCT. In the
NON-MS group both limbs significantly increased VCT after the fatigue test PRE-POST,
and significantly decreased back after REC to levels similar to PRE. Previously Chen et
al. (1988) reported that MS patients and individuals without MS have similar time to
peak tension values during isokinetic exercise, albeit during knee extension and flexion
(14). The VCT during isokinetic testing is determined by the inhibition of force by the
antagonist muscle (plantarflexion) in order to initiate force in the agonist muscle
(dorsiflexion). The speed of the isokinetic contraction dictates VCT to a certain extent
once the movement is initiated, so any differences would occur in the latency period
prior to activating the dorsiflexors. In the MS group the weak limb behaved similar to
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the limbs in the NON-MS group, increasing in time PRE-POST, but returning to similar
baseline values after REC. VCT in the strong limb however did not change over the
course of the fatigue testing in the MS group at any time point. This is one of the few
instances in the current study that the weak limb behaved similar to the NON-MS
group and the strong limb did not. This may be due to the fact that the strong limb
had a lower fatigue time and total reps than the weaker limb in the MS group.
Although isokinetic PT showed similar rates of fatigue after the test, the shorter test
may not have been adequate to elicit VCT changes in the strong limb. The lack of
change in the strong limb may also be a central adaptive motor control mechanism to

compensate for the weakness in the weaker limb.

Functional Performance Tests

We hypothesized that the MS group would exhibit decrements in functional
performance compared to the NON-MS group. The results of the current study
confirm our hypothesis, and there were significant decrements in all four functional
performance variables in the MS group compared to the NON-MS group. The MS
group exhibited significantly slower times in the 25WT and slower gait speed. The
25WT is a part of the Multiple Sclerosis Functional Composite Score, and has been
shown to be a good measure of overall walking ability in clinical settings (26). The
longer duration of the 25WT in the current study in the MS group agrees with previous
research (7, 26, 71). Gait speed as determined by the 25WT also was significantly

lower in the MS group, confirming previous results (15, 55, 62). MS patients exhibit
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slower gait for a variety of reasons from decreased stride length, prolonged double
support phase, limited ankle motion, altered ankle recruitment, and muscle strength
and endurance among others (7, 35, 56). MS patients also self-identify attention
deficits, heat sensitivity, muscle endurance, and fatigue as risk factors for falling (69).
Previous research has identified the weaker limb (knee extensor) to have a negative
correlation with walking performance, and ankle dorsiflexion strength to be a
significant predictor of walking ability in MS patients (40, 65). Being that the ankle has
shown limited motion and altered recruitment in MS patients, the dorsiflexors in the
weaker limb may also be a good predictor of walking ability in MS patients. Future
research should continue to investigate the relationship between dorsiflexion strength

of the weak limb and walking performance and fall risk.

The TUG test took significantly longer to complete in the MS group compared
to the NON-MS group, which is in agreement with previous research (2). While initial
standing and sitting requires more involvement of the hip and knee extensors, the
dorsiflexors are also important in the early stages of standing to stabilize the foot to
the ground at the initiation of forward trunk flexion (50). A strong correlation has
been shown in stroke patients with hemiparesis between ankle dorsiflexion strength of
the affected limb and sit to stand time (53). Thus, the SA of the dorsiflexors and
strength of the weak limb in MS patients may also show a strong relationship with the

ability to stand from the seated position.
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The 6MW also showed a significant difference between the two groups in the
current study, with the MS group walking less distance than the NON-MS group. The
6MW has been shown to be a good indicator of muscle and walking endurance in MS
patients and is considered to be a good indicator of the exercise level of activities of
daily living (7). The results of the current study agree with previous studies showing
decreased distance during the 6MW in MS subjects (27, 47, 79). The decrease in
walking distance in the 6MW test may be due to limitations in walking ability as

discussed earlier.

Walking Performance and SA Relationship

Linear correlations were examined to assess the relationship between
isometric/isokinetic SA and the four variables of the functional performance tests. We
examined the relationship between SA and the four functional performance variables
in all subjects pooled together to increase the sample size and reduce type Il error. In
the linear correlations of the pooled subjects, all four performance variables were
significantly correlated to isometric SA: 25W time, r = 0.78; Gait Speed, r = -0.52; TUG
time, r =0.65; 6BMW distance, r = -0.47). The linear correlations indicated significant
correlations between all four performance variables and isokinetic SA as well: 25W
time, r = 0.89; Gait Speed, r =-0.68; TUG time, r = 0.78; 6MW distance, r = -0.62).
These relationships indicate that as SA increase, walking performance decreases. One
of the first studies to examine SA in MS patients also ran correlations between gait

speed and isometric dorsiflexion SA; however they did not report a significant
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relationship when MS patients were pooled with NON-MS individuals (15). Itis
difficult to determine the differing results between the current study and Chung et al.
(2008) since asymmetry score was calculated in a similar fashion and walking speed
was determined using a 25WT (15). One possible explanation may be due to previous
researchers comparing power asymmetry to walking performance as opposed to SA

(15).

To investigate if the MS group exhibited correlations between
isometric/isokinetic SA of the dorsiflexors and the four functional performance
variables, linear correlations were examined in each group independently. In support
of our hypothesis, the MS group exhibited significant correlations between isometric
SA and 25W (r = 0.76) and TUG (r = 0.61). The MS group also exhibited significant
correlations between isokinetic dorsiflexion SA and all four functional performance
variables: 25W time, r = 0.93; Gait Speed, r = -0.76; TUG time, r = 0.81; 6MW distance,
r =-0.67. In contrast, the NON-MS group did not show any significant correlations with
the four functional performance variables and isometric/isokinetic SA. This supports
our hypothesis that the MS group would exhibit stronger correlations between

isometric/isokinetic SA and functional performance variables than the NON-MS group.

The MS group exhibited significant positive correlations between 25WT and
TUG with isometric SA, such that individuals with greater asymmetry had longer
walking times in these two tests. To our knowledge, this is the first study to show a

correlation between dorsiflexion SA and walking abilities in MS patients. Previously
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power and strength asymmetry in knee extensors as well as the knee flexors has been
shown to be strongly correlated to walking ability in MS patients (15, 40, 77).
Dorsiflexion of the weak limb has been shown to be strongly correlated with sit to
stand time and gait velocity in stroke patients (50, 51). MS patients that have
previously fallen are known to have slower gait speed and TUG time than those that
have not fallen (11). Thus, if there is a relationship between isometric dorsiflexion SA
and slower walking speeds during 25WT and TUG time, there may also be a
relationship between dorsiflexion SA and risks of falls. Future research should

investigate the relationship between dorsiflexion SA and fall risk in MS patients.

Additionally, the MS group also exhibited significant correlations between
isokinetic dorsiflexion SA and all four functional performance variables. To our
knowledge this is the first study to investigate dorsiflexion SA using isokinetic
contractions. Because isokinetic contractions require movement of the ankle unlike
isometric contractions it may be a better predictor of walking performance. Isokinetic
dorsiflexion SA in stroke patients has a strong correlation to gait speed and walking
ability (51). Weak dorsiflexion strength may lead to limited ankle motion during
walking, and in elderly individuals isokinetic dorsiflexion strength at 60°/sec was much
lower in individuals who had previously fallen (92). Also dorsiflexion strength has a
non-linear relationship with walking ability, that at lower strength values a small
decrease in strength may lead to a large decrement in walking speed (8). The

relationship between isokinetic dorsiflexion SA and the functional variables in the
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current study may suggest an increased risk of falls and decreased walking ability in MS

patients.

To better understand the relationship between disease severity and functional
performance variables in MS patients, we ran correlations between EDSS score and the
functional performance variables. The results of the linear correlations indicated
significant relationship between all four functional performance variables and EDSS:
25W time, r = 0.69; Gait Speed, r =-0.75; TUG time, r = 0.72; 6MW distance, r = -0.78.
These correlations indicated that as disease severity (EDSS) increased, the
performance of the four functional performance variables decreased. EDSS has
previously been shown to have strong positive relationships with 25WT, TUG, and
negative relationship with 6 MW distance (72, 77). Significant correlations have also
been found between dorsiflexion strength in the weak limb and EDSS (64). Follow up
correlations examining EDSS and SA indicated no significant relationship for isometric
SA or isokinetic SA of the dorsiflexors (r=0.29 and 0.55 respectively). This suggests
that the relationship between SA and walking ability may be independent of disease
severity based on EDSS. EDSS score is not solely based on walking ability, but also
includes assessment of neurologic function of a variety of categories (44). Future

research should investigate the prevalence of SA at different levels of EDSS.
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Chapter 5: Conclusions

Purpose

The purpose of this study was to investigate bilateral differences in isometric
and isokinetic dorsiflexion strength and bilateral differences in fatiguing exercise tests
in multiple sclerosis patients compared to individuals without multiple sclerosis. We
also investigated the relationship between strength asymmetry and various walking

tests in multiple sclerosis patients and individuals without multiple sclerosis.

Hypotheses

1. Multiple sclerosis patients will exhibit bilateral differences in
isokinetic/isometric strength of the dorsiflexors and these differences will be

greater than those observed in individuals without multiple sclerosis.

a. Multiple sclerosis patients did exhibit bilateral differences in isometric
peak torque. Isometric strength asymmetry was greater in multiple
sclerosis patients compared to individuals without multiple sclerosis.
Multiple sclerosis patients also exhibited bilateral differences in the
muscle performance variables measured.

b. Multiple sclerosis patients did exhibit bilateral differences in peak
torque at four isokinetic speeds; 30°/sec, 60°/sec, 90°/sec, and
120°/sec. The multiple sclerosis patients exhibited similar asymmetry

as the healthy individuals at all contraction speeds.
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Multiple sclerosis patients will exhibit bilateral differences in fatigability of the
dorsiflexors and these differences will be greater than those observed in

individuals without multiple sclerosis.

a. Multiple sclerosis patients did not exhibit bilateral differences in
isometric fatigue time. Peak torque did show bilateral differences
before the fatigue test and after two minutes of recovery in multiple
sclerosis patients, however there were no differences in strength
asymmetry at any time point from the individuals without multiple
sclerosis.

b. Multiple sclerosis patients did not exhibit bilateral differences in
isokinetic time and performed the isokinetic fatigue test similarly to
individuals without multiple sclerosis. The multiple sclerosis patients
showed a bilateral difference in peak torque before exercise and after
two minutes of recovery, however there were no differences in strength
asymmetry at any time points from the individuals without multiple
sclerosis.

Multiple sclerosis patients will exhibit correlations between isometric/isokinetic
strength asymmetry of the dorsiflexors and walking performance and that
healthy individuals will not exhibit these correlations.

a. Multiple sclerosis patients exhibited positive correlations between
isometric strength asymmetry and the 25 foot walk and timed up-and-
go tests. Individuals without multiple sclerosis did not show any
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correlations between isometric strength asymmetry and functional
performance.

b. Multiple sclerosis patients exhibited positive correlations between
isokinetic strength asymmetry and the 25 foot walk and timed up-and-
go tests. They also exhibited negative correlations between isokinetic
strength asymmetry and distance during the six minute walk test and
gait speed. Individuals without multiple sclerosis did not show any
correlations between isokinetic strength asymmetry and functional
performance.

Strengths and Limitations

The results of this study may be limited to multiple sclerosis patients with an
EDSS < 6.5 and may be different in individuals with higher EDSS scores. The multiple
sclerosis patients had significantly more body mass and fat mass than individuals
without multiple sclerosis which may have influenced strength values observed.
Another limitation may be strength asymmetry variability. Although we performed
multiple trials during the strength testing, day-to-day variation in strength asymmetry
levels has not been investigated in multiple sclerosis patients and it is possible that
strength asymmetries and functional performance may vary day-to-day in this
population. Another limitation is that we used a different method of assessing
bilateral differences. Many other studies have chosen to view bilateral differences by
comparing right-left limb or dominant-non-dominant limbs. In this study we chose to
compare the limbs by defining a strong-weak limb for each visit. This may have biased
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the data to show limb significance, however it would have done so for both groups.

We also implemented the strength asymmetry score to account for this.

This is one of the first studies to examine isokinetic dorsiflexion strength
asymmetry in multiple sclerosis patients. Additionally, this is the first study to examine
the relationship between isokinetic dorsiflexion strength asymmetry and walking
performance. The strong-weak study design allowed asymmetry to be more easily

compared and allowed for unique within group comparisons.

Significance

Isometric strength asymmetry of the dorsiflexors in multiple sclerosis patients
is greater than individuals without multiple sclerosis. This did not cause differences in
fatigability between limbs, but did attenuate bilateral peak torque differences directly
after exercise. The isometric/isokinetic strength asymmetry of the dorsiflexors was
significantly correlated to walking performance during the functional performance
tests. The isokinetic strength asymmetry showed greater correlations with functional
performance tests than the isometric strength asymmetry in multiple sclerosis
patients. The relationship between strength asymmetry and walking ability provides
evidence that asymmetry may increase the risk of falls and reduce the ability to

perform activities of daily living in multiple sclerosis patients.
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Conclusions

The results of this study indicate that bilateral differences exist in the
dorsiflexors of multiple sclerosis patients. The strength asymmetry in multiple
sclerosis patients is related to functional performance of walking tests, and isokinetic
strength asymmetry shows a stronger relationship with walking performance. The
relationship between dorsiflexion strength asymmetry and walking ability may lead to

increased fall risk and mobility issues in multiple sclerosis patients.

Future Research Directions

Future studies should examine strength asymmetries in a variety of muscle
groups in multiple sclerosis patients. Additionally, further exploration of altered gait
kinematics due to strength asymmetries should be investigated. Bilateral differences
in multiple sclerosis patients may not be only occurring in muscular strength, therefore

other physiologic variables should be measured to evaluate other asymmetries.
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Q’ T UNMIVERSITY o OKLAHOMA

In=titutional Review Board for the Protection of Human Subjects
Initial Submissicn — Board Approval

Date: July 13, 2045 IRB&: 6302
To: Repecea D Larson, PhD Mesting Date: 07/11/2015
Referance Mumbar: 551533 Approval Date: 077112016

raflon Date: 0EB02017
Study Title: Bilateral Fatigue of the Antanor TIxaks in Indviduals with Multiple Scizrosls

Study Status: Acive - Open
Collectioniles of PHI: Yes

At lts regularly scheduled meetng e IRB reviewsd tha above-referenced rasearch study. Study
documents associated with Mis sLMmission are listed on page 2 of this lefier. To review andior 30065
the submisslon forms as well 35 Me study doclments approved for this submission, opan this study fram
the My Studies option, ik 2 open His study, Iook under Protocal tems to cliek on e cument
Applcation, infsrmed Consent and Offer Study Documents.

Hmluahldjrmlmd reuting throwgh the OfMice of Ressarch Adminlsfration [ORA)L you may nor
, a8 par OUHSC Instifutional pollcy, until the aulimuthmlgn ORA I8
finalizad :ruslmm.

F.Eprﬂn.lpallmeslgm Of this: research study, It Is your responsility fo:
Corduct the research study In @ manner consistant with the requirements of e IRB and federal
reguiations at 45 CFR 45 andior 21 CFR 50 and 56.

+  Request approval from the IRS prior to Implementing anyial modifcations.

+  Prompily report o the IRE ary ham axperienced by a participant that Is both unantipated and
relatad per IRS Polcy.

»  Malntain aceursis and compiste study reconds for evaluation by the HRPP quallly Improvement
program and I applicabie, Inspecion by regulatony agencies and'or the siudy Sponsor.

+  Promptly submit confnuing revew documents to fhe IRE upon notifcation approxmately 60 days
prior to e axpiration date Indicated above.

In addition, It s your responsiblity o obiain informed consent and reseanch privacy authorization using
the cumently approved, stamiped forms and retain al orginal, signed fomns, I applcable.

I you have quastions about this notification or using IS, contact the IRB at A05-271-2045 or
I cuhss 2oy,

., : :
%". MO

Chairparsan, Insihional Review Bosm

1145 ¥ Stoanawall Avanus, Dklaboma Clity, OK TI01T (FWADAATREL)
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Coscemt Form
Unbversity of (iklaboms Healil Selences Center (O HSC)
University of (iklabons - Mormas

Bitaverad Farlgue of the Anterior Tibiinls ta fmdividuals wink Minkdple Seleros(s

Principal fevesngater: Rebecea D, Larson, Pliy

This is a research siudy, Research stedies mvolve anly individuals who choose 1o
participaie. Please ke your time o make vour decision. Discuss this with your family
and friends.

Why Have | Been Asked Te Participate In This Study?

*t'ou are being asked to mke part im dhis sudy because you heve been diagnosed 2s having,
miultiple sclerosis, or yoa maich one of the panticipants with multiple sclerosis mvalved
in the study.

Why Iz This Study Being Done?

The purpose of this sudy i © determine whether individuals with mahiple sclernsis
exhibit leg differences that are gresier than that of bealhy imdividusls. Multiple sclerosis
mzy affect the body asymmseirically, and dis stedy bopes o ivestigate the difference in
strength and fatipes betwesn |inshs, and compare that difference o healthy conirols.

How Masy People Will Take Part In The Study?

About & people |20 individuals with mullipk: n:l:mm.nﬂﬂlﬂhhy individaals
without multiple sclernsis) will take part in this sbady. Al testing visits. will ocoar i the
Body Compesition and Heman Performance Lab 2 the University of Ok lzhoma

‘What Is Isvelved In The Study?
1f you take pan in this sudy, vou will kave o perform the following tess and procedures:

Aiitl

Priar i the first visit of the siudy o physician's clearance letter will nead to be compleied
by your physician and given to the research ieam. Denng she first visit of the siudy we
will discuss the purpose of the study and go over the denils of each sbedy visit 1 you
choose, you will be sked 1o read and sign this infomeed corsent. ¥ou will zleo Gll out

quzsticnraires regarding vour physical health and quality of kifz.
After completing the questionraires, vouo will be ssked 1o undergo a dual Mray

ahsorpiismeiry | XA ) scan which allows o5 in messare the amount of the fat and nuscle
in wour bady. This is o procedare that requires vou io lie down 2nd remaim as still and

guietly & prasible for spprcocimately 10 minuies.
Adier the DX A scan, you will then be fitied and familiarized 1o a specialized machine

called an mokinetic dyramomster (Kin Com) which will be used in messare the sirength
of your lower kegs. You will be seated in the Kin Com and adjustisents will be made 1o
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ensure caomfon and proper fit wsing safety siraps around the waist, chest, ond 1esting leg.
W'ou will them be asked to perfoms sehmanimal effors (coniractions  unil you feel
comdnmahle with the device. Sahmaximal contmetions require you o perform the
exarcise o bow imersities that ore less than maocimal efforl Two fvpes of contractions
will he perfoamed, an isometric coniraciion which is similar io pushing againsi a
:d.llim.llyuhjﬂ:ll::: pushing ageirsi wall) and isokinetic coniraciions which is where

againsd an vljou ihel s ai vasius spocds Caluesledp, You wall e Giied
l.nd[nuhmmd fior both legs dering this visil All messsrements of the Limb and s2a1
settings will be recorded and be used in subsequent iesting visiis.

Wisit | will tzke spproximately 60 minuies.

Wisit 2

The maximal iscmetnc and isokinetic testing will be condected during visit 2. All iesting
will be perfomeed using the Kin Com 2= vou were famdliarized with during Visit 1. %'em
will begin by performing three maximal isomeiric muscle contracions | feels like you are
psshing &gainst a siaticwary ohject] after 2 woms wp ai 28%, 304, and T5% of your
mzximnal effort, with 130 seconds of rest in between each warm up effort. During your
mzximal effort contractions woa will be instructed to pash as hard as you can for five
sepands and be given 120 seconds of rest berween aitempis; afier the last efort you will
e grven 10 mimasies of rest. Once vou are fully recovered, you will be asked io
mzximal isokinetic contmctions & different speads with the same leg for four different
speeds; Jesec (show ), G0Rsec (medim ), S0'sec (fast), and 1 20%5ec (very fostl The
speed of a comtraction is measured in *Vsec™ which defines how mach the angle of the
ankle mowes during the contraction. Again you will be asked to perform three maimal
efforts ai each speed with 120 secomds of rest between speeds.

Adter 13 minuies of rest, you will be st up into the Kin Com and perfioms the same iests
that were previosly described, with the opposite leg. The order of legs tesed (right vs.
left) will be randomized 2= well as the iesting spesads.

Finally, during this visit vou will also be familarized with the dwee functional tests o be
perfimed 21 Visit 3. These sests inchade the 25-foo walk test, S-minme walk 1est, and
the timed mp-and-<go tesi. Daring this tinse, irstnsciion will be provided how 1o perform
the tesis and ample time will be given fior you o perfom all three tests il you feel
comfonahle performing them, Below is a descniption of each test.

The 23<foot walk tzst will consist of you walking in & samight line when instrucied for 25
feet as guickly and 2% safely as possible

The timed up-amd-go best reguines you i siar sitting o a sinndard dhair with your back
against the chair, smes resiing on the chair's ames. Y on will be instructed o stand, walk 3
meters, iurn around and walk back wo the chair, and st domm

The fi-minute walk test consists of walking a course of 50 meters im length foc 6 minutes.

The gnal of the test i io walk as for snd 2= bong as possible withoul running or jogging.
¥ou are free to speed up and slow down accordingly.

Page 2od 6
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Visit 2 will take approximately 90- 130 misses.

Visit 4

U wisils 3=4, you will perform reo different types of fitiguing exercise on the Kim Com.
The fatigaing exercise will consist of similar movements. {isometric and isodonetic ) &
damnimg visit Lland 2. Yoa will be positiored similarly #o0 how you were for the testing an
visit land 2, using the same recorded marks and seat adjusimenis.

During the isometnic fabgaing exercise an visi 3, you will be mked to press agains the
Kim Com machine maintaining a specific effon, This effon will be iodd to you before the
testing, and you will be able io vismlly see how much effon you are producing ona
compuler sereen. ¥ ou ore requirsd so mainizin this specific effort bevel for s long &
pessible, until researchers deem that you are fageed. You will alss perform meaximem
coniracions hefore and afier the (aiguing mometnc exercie, You will then be grven 13
minuies 1o rest before performing the exercize with the opposiie leg.

The isokimetic proinoal will be performed on visit 4 ima similar manner as the isomeinc
fiti guuimeg exercise, bt a1 GlMsee comtractions. You will also perform mxinm

coniracions hefore and afier the faiguing exercise as you did denng visil 3. The order of
which leg is tested {rnehd v, left) will be rendomized for each sabject.

Wisiis 3 and 4 will ke approximaiely $0-1350 minutes each.

Vst &

U wisil 3, you will perfiorm all three functional tesis to assess physical fonction. These
are the same fesis you performed during, wisit 2 which inchade; the 25-foot walk fest, the
timed up-and-go e, and dhe t-mims walk tesi. Esch test will be performed three times
expcept the & nummie walk wesi.

Wisit 3 will take spprosimanely S manmes

Huow Long Willl | Be s The Stsdy?

‘We think that you will be in fhe stady for 3= weels during which you will visit the Body
Composition and Human Performance Lab om 2 occasions, Fach visit will ke
appeoximaiely 1-2 boers,

There may be aniicipaiad crcumstances under which your pariicipation may be
termimaied by the investigator wishout regand o your consen.

» Ifit & determined o be in your best medical interest.

» ¥ our condition worsens.

»  Mew infomaton hecomes available
»  Wom fail i followr stedy requiremsenis.
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W'ou cam stop paricipaiing in this sbedy at amy time. However, if you decide o siop
participating in the sbedy, we encourage you 1o @ik o the researcher ond your regualar
dector first,

‘What Are The Risks of The Study?
Risks and side fferts related 1o this study imclude:

Radiation Risk from XA
During the D30A scam, vou will be exposed i wery how doses of radanon.

1f you paricipaie in this research, you will be exposed to radiation from 2 DXA scan (2
type of x-ray). The amount of radiation to which you will be exposed from one DXA
scan is approximastely less dan 1% of the amount of rediation that weu‘e-n.p:nedh:u.:h.
vear from nasaral bazkground sources of radimion. The risk of mdistion expoere is
cumulative ower yoor lifetimee,

This siudy may he bazardous v an unbom child. 1§ you are & pre-menopassal female
participant, vou will be asied to perform o simple unine fest io delemune possible
pregnancy. There is no cost o you for this tesi. A negative pregrancy test is neaded prior
o pariicipating in this sbady. For enexpected pregrancies, sabjecis are encoursged o

Maximal Comtractioss and Fatipue Exercise on the Kis-Com Dvnamsmeter

These tests require that voe exen a maximal effort. The nsk for perfonming these tesis is
muscle discomdort, While rare and encommon, you may expenence {mnines, nases,
andior lightheadedness, You will be closely monitored fior sy possible il effecis. To
further redece your nsk of discomfon you will be soreened fior risk faciors.

This study may slsn include nsks that are enimoan ot the time.

Are There Beneffis to Taking Part I The Stsdy?
There are no direct medical benefis from paricipating in this siudy. However, the
inframaiion gained from this study will benefii those with maliple sclensis in the fubare,

What Crther Chptions Are There?
¥ou may choose o 0 participale in the siudy.

‘What Abouwt Confldestialioy?

Effors will be made to keep vour persomal imformation confidentisl. ¥ou will noi be
identifiable by name or description in amy reponts or pablications shout this sbedy. We
conmol guarmmies sbeoluie confideniiality. Your personal imformation may be disclosed if
required by law. Yom will be asked 1o sign a separate authorization fiom for use or
sharing of your protecied healih information.

There are arganizations cutside e OLUHSC that may imspect sndfor copy your research

records for guality esverance and dain nalysis. These arganizstions include the US Food
& Dwug Admimisiration and other regulaiory sgencies. The OUHSC Human Research
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Participani Program office, the OUHSC Instituiioral Review Board, and the UHSC
{Hfice of Compliance may also mspect andfor copy your research records fior these
[PpOSTL,

What Are ihe Cosis?
Theere will be no cost o voe for pariicipating in this sbedy.

Will I B Pakd For Participating bn This Stedy?

Participanis will be compensated § 100 for completing this stedy. ¥ ou will be paid ot the
end of the study, [T you do nod complete the siudy, you will receive 510 per completed
visiL.

What if | am Injured ar Became 10 While Participsting (s this Stsdy?

In case of injury or illness resulting from this stedy, emergency medical reatment is
available. However, mmmmmpﬂ?l\ﬂ he expected i pay the el
charge for this treaiment. Mo fonds bave been set aside by the University of Oldlshoma

Hezhh Seimnees Cenier, the University of Oklahoma, or Oklshoma Medical Research
Eﬂ:ﬂumpﬂmﬂeyﬂu in the event of injary.

‘What Are My Rights As a Partichpant?

Taking pan in this study is volemary. You may choose not to panicipate. Fefusal in
participate will involve no pemalty or boss of benefiss 1o which you are otherwise entiled.
11 you zgree o participate and then decide against i, wou can withdrew for any reason
and leave the study ai 2y time, . You may dscontinue your participalion at any ome
without peralty or bess of benefits, 1o which vou sre atherwise entilad.

We will provide you with amy significani new findings developed during the course of the
research thai may affect your health, welfzre or willingness 1o comtinue your panticipatian
in this sssdy.

W'ou have the right io access the medical imformation thai has been collected ashowt you &
a part of this research study, However, you may not have access o this medical
informstion until the extire research siudy has completely finished and you corsent o
this iemporary resimciion.

Whom Dwe 1 Call IF 1 have Qheesilons or Problems?

1f you have questions, concens, or comnyplainis shout the stady or bave a resesrcherelsted
injury, contact Dr, Bebecea Larsom at 3823568432 (cell) or 4053230525 (affice).

1f you cannoi reach the Investigaior or wish o speak 1o someone other than the
investigator, coniact the OUHSC Drector, Office of Human Resesarch Participant
Prosection at 408-27]-2045,

Faor guestions showt your nghix 2= a resesrch pariicipant, comact the OUHSC Direcior,
{Hfice of Hueman Besearch Participant Protection ai 408-271-h45,
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Sigmature:

By signing this form, you are agrecing to participate in this research study under the
conditions described. You have not given wp any of your legal rights or released any
individual or entity from liability for negligence. You have been given an opportunity to
ask questions. You will be given a copy of this consent docament.

| agree to participate in this study:

PARTICIPANT SIGNATURE (age >18)  Printed Name Dase
(Or Legally Aurhorized Representanve)

SIGNATURE OF PERSON Printed Name Dase
OBTAINING CONSENT
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Umiversity of (Hdahoma Health Stienees Center Kesearch Priveey Form 1
FHI Besesrch Autherization

ALUTHORIEEATHN TO USE or SHARE
HEALTH INFORMATHN THAT IDEXTIFIES YOU FOR RESEARCH

An Igfarmed Consemr Documem for Research Parmiciparion saay alsa be reguires
Form 2wt be nsed for research imvohing paeckadieramy nores.

Title of Research Project: Bilsteral Fatigse of the Anterior Tikbdalis in Isdividesls with Multiple
Sclerosis.

Liegder of Besearch Team: Rebeeca Y Larssn, PhDy

Address: Deparimest of Healih and Exercie Science, 1400 Asp Avemue., Reom 117 HHC,
Narnean, UK TS

Phong Munsher: J8-324-052%

If you decide io sign this docamend, Umiversity of Oklahoma Healih Sciences Center (OLUHSC)
researchers may use or share infiomaiion that ‘identifies voul [ projecied health infomsiicn ) for their
research. Protscied bealih information will be called PHI in this doosment

FHI To B Used or Shared. Federmal law rﬂquil:u that researchers get vour pemuission
{mathorizaiiom b to ese or share your PHL If you give permissian, the researchers may use or share
with the people identified in this Authonedion any PHI relatad to this research I'm:l“:-'mdmll
records mnd from any iest resulis. lnfurmllmn.u.udnrﬂlndm}'u:ht.lﬂ infarmation relating, to
any iesis, procedurds, sarveys, of imeviews os outlined n the consent form; medical records and
charts; name, u{hir:ﬂ.. n:l:phunt ulrl:ﬁ: dade of hu:lL I:-‘.'t. g:rvemntumuad .rdunﬁmlm

rrun:rJ'rurrdn.lJI'un.:l mkluunﬁmmn - .|n:| i I.|n:| )
Hb&

WMLHM En-'e pu.'n'l.uﬂun..lh:ruun:h.en may e vour PH1 1o

[t |I' a:re:lln:l i a:m:iu.

Oither Use and Sharisg of FHL 1f vou give permission, the researchers may also mse your PHI o
develop new procedurss or commercial prodects. They may share your PHI with other researchers,
the pesearch sponsor and iis agenis, the (UHSC Institutional Review Board, audibors and inspectors
who check the research, and govemment agencies such as the Food and Dnag Administration {FIDA)
and the Depanment of Health and Human Services (HHS), and when regaired by law. The
researchers may also share your PHI with no one ouiside the ressarch beam.

" i 1raith lnd 1o i dl*ﬂ“mmhw*ﬁillidlﬂl
oalil w beiber pasi, p fuiure, inerd by 2 Covered Enisty,
Rl Cfice s Dy
Waron DRNO0 [
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Umiversity of Oklahoma Health Stiences Cemter HResearch Privaey Form 1
PHI Research Autherization

Confidentiality. Although the researchers may report their findings im scieniific journals or mesings,
they will not identify you in their reports. The researchers will oy i keep vour imformation
confidential, but confidentiality is not guarantesd. The law doees not require everyone receiving the
informesiion coverad by this document i keep it confidential, so they could relese it 1o others, and
federal law may no longer protent it

YO UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY
NCLUDE INFORMATION REGARDING A COMMUNMCABLE OR XONCOMMUNICABLE
MEEASE.

{ The chioice io give OUHSC researchers permuission to wse of share your PHI for
their resemrch is voluntary, I is compleizly upio you. Mo one can force you o give penmission.
However, you must give permission for OLUHSC ressarchers (o use or share yoor PHI if vou want 1o
pariicipaie im the research and, if you camce| your authoneation, you can no benger pariicipaie in this
study.

Refusing to give permission will not affect year ahility to get rostine trestmend or kealth care enrelmed
to this study from OLHSC.

Canceling Pernsksion. If you give the (UHSC researchers permission e use or share your PHI,
voea have a right to camcel your permission whenever you wanl. However, canceling your permission
will not apply i imformation that the researchers have already seed, relisd on, or shared or o
infomesiion necessary & mainiain the reliahility or imegnty of this reseanch.

End of Permission. Unless you cancel i, pemuission for (UHSC resesapchers 1o use or share your
PHI for their research will never end.

Conterting CFLHSC: You may fimd oot if your PHI kas been shared, get 2 copy of your PHI, or
cameel your permission 2 any tme by wTibing to:

Privacy Official ar Privacy Boaerd

University of (klahoma Health Sciemces Cenier  University of (klahoma Healih Sciences Center
PO Bow 26501 Ph B 365010

Cklahoma City, OK 73190 Ok et City, O T3 1940

If wou heve questions, call; (405) 2T1-2511 or (408 271-2045,

Acpess io Information, Yoe bave the nght to scoess the medical informuaiion dat has been colleciad
ahout vou as 2 part of this research siudy. However, you may not have scoess 1o this medical
infomeiion until the entire research siudy is completely finisked. You comsent o this temporany
restriction.

Liiving Permission. By signing this form, you give (UHSC and OUHSC's researchers led by the
Research Team Leader permissicn to share your PHI for the research project listed m the top of this
form.

T
‘uron [DEEOH p—

Page 2wl X W 128 AFPRDAL SATE EPIVE

161



University of Oklahoma Health Selences Cemter Research Privacy Form 1
PHI Research Autherization

Patient/Pantbcipant Name | Prist)z

Signature of Paibeni-Participanm Dt
ar Parent if Participanti is a nxinor

o

Signature of Legal Fepreseniative®* Date

*#|f signed by & Legal Representarive of the Patient-Participant, provide & dzscrigtion of the
relstionship to the Patierd-Parmicipant and the authority w0 act &5 Legal Represenistive:

(HIHSC may ask you o produce evidence of your relanonship,

A sigwed copy af this form smust be givew to tee Parfens=Prrticipant e the Legal Representatve af
whe niwe theis stgaed fore is providad fe the Fesearcher oF RiS FepreT e ve.

E. 1R MLRICA: BN
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Multiple Sclerasis Clearance Letter
Date

Dear Dr

A patient of yours, id ke o p i in 2 stady called,
“Bilateral Fatigos in Individuals with Multiple Sclerosts™ which will be condocied at the
Usniversity of Oklshoma. The goal of this study Is 10 investigate bilateral differences in leg
performance and function, Each testinglexercise session will be performed at the Univensity of
Oklahons. Personnel expenencad of working with individuals with MS will supervise all visis

Your support of oer MS rescarch is very much appreciaiad. To comply wah Iastimutional
Review Board policy, we need a letter froms you clearing yossr MS patient foe participation i this
study. Amached please find a copy of the rescarch protocol and informsed consent. Your wrisien
apguoval leter will include the subject’s dlagnosis, classification of discase and level of disabiliy
o study entry, and current madications.  This letier indicates that you are aware of the testing
procedures and the specific activities this mdividual will be performing. Participants will be
Included if they bave an expanded disabelity status score less than 6.5 which reflects ansbalatory
status,

The isdividual peeticipating in this research study will Be advised 0 comact you if they expersssce any clinical
sympioes hetwees stdy visits.,

Again, we greatly appeeciate your support and request, al your sarlics! convenicnce, & respomse Lo
this letier indicating your sppeoval or deapproval of subject participation.

Redecca D. Larson, Ph.D., Principal levestigaor
of Health sad Exercise Sciesce

College of Arts and Sclesce

Universay of Oklahossa

Norsan, OK

123 MUNECR:
% R0 APPROVAL CATT: IVIVDR
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M- M5 Clearsncs Letler

Dezar D

A pacient of yours weoidd like w0 parnecipase ina siedy calbsd,
“Hilatersl Fatigee of the Aeror Tilialis in ldividusls st Mahigle Sclensis™ which will
B conductsd s e Universiy of ODkilahomne, The goal of this siedy B oo wwvesigae bilaeral
defTerenee i leg perfommance and Tunction, Eschlsibngrenscise seamion will be perfonmed &
e Umiversiny af Ok laboma,

Wowr Support of o ME retearch i very much apprecimed. To comply wih [estinicions]
Eeview Board policy, we need a bener o voa cleanng yous WS patbent (o0 panicipation isthis
aidy. Amached please find a copy of e reseanch protocol sind infamsed coisent. Ths keier
indicates that you are awre of the Esnsg procedures s the specilic setivivies this individaal
will he perfonming. Your wrinen approval lener willl include & hist of gy curment modicalioss and
the Tedson G the maediestion.

The isadevictio] pasticipaning in this ressanch sty will Be adviesd b contesl you il they experesos any clinical
EyveEgis heiwes stedy visis.

Again, we grestly appFeciile VOour support ssd request, & ol el convenieles, & NEiponss L
this beier indicating your sppeoval or dsapproval ol subject pamicipation

Relica DL Larson, Ph.Dx, Princigal |8y estgaion
Depantmest of Health sl Exereise Scieace
Cinllege of Ams and Selemoe
Uinbwersaty o O la o

™ e, (I
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(] 3 Initials

Diisalality Saanis Soone; Ininsk:
Carrenl Medicatoss: Medezation rationale | eg., Bood presins):
Ininsk:

Adklinional Cossmenis By Plysieio:

Please caele i Sppnopaian APPROVED

HMSAPFRONVED

Mame ol Plyvican

Sgrannine off Pliys cias:

Diare

g 178 MUBIECA: B
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FORM 3.1 Physical Activity Readiness Questionnaire

== PAR-Q & YOU
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FORM 3.2 Health Status Questionnaire
This qeestonmaire demifies adults for whom physical activity might be insppropriaie
of sdalis who should seel physician consuliation before beginming & repalar physical
BCLRATY program.

Section § Pervomal and Emergency Contact Information

Mame: [nate of hirth:
Aaddress: Plwcme:
Fhiysician's name: Hizigha:
Weighs
Ferson i coniact i case of emergency
Mume: Plwoiz:
Section 2 Ceneral Medical Histery
Flease check dhwe following conditions yous bave experienced.
Hear History
Hean minck Cardiac rhythan disiurbance
Hean surgery Hean valve disease
Cardine catheterizalion Hean failure
— Coronary angioglasty (FTCA)  _ Hesnt sransplanistion
Cardin: pacemaker Congenitel hean disese
Nt

o experience chest disoormifion with exertion.
_ 'vom experience unreasonahle shommess of breath @ any oime.
Vo experience dizzmess, fainting. or Mackous.
_ ¥om ke heam medicalions.
Audd¥rdonal Kealih feoiues
— Wiom bave nsthma or other bong disease {e.g., emphysema).

Wi Buave burning o cramping sensations in your lower legs with nuisdmal
physicel activity.

17 HLRAIR: BN
El 1Rl APPSR CATE INTAVL R
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You heve joint protdems (eg-, arthritis} that lmit your physics] sctiviry.
You have concems ahout the safety of exercise.

You teke prescription medications.

You ere pregnant.

Section 3 Risk Fector Assesoment
Risk Facrars for Coronary Hearr [Neease
__ You are a man older ghan 43 yr
— You sre o woman older than 55 yr, have had & bysereciomny, or e
posamenopausal.
You have dishetes (type 1 or oype 2L
You smoke or you gui smoking within the previous 6 mo.
Your blood pressure is =14050 mmHg.
Your blood cholesterol is =200 mg « dIF.
You have a close male blood relative | fatker cr beothery who hed g hean aiisck

of hean surgery hefore ghe age of 55 or a close female Blood relative {mother ar
siwier] who bhad o hean smack or hean surgery befone the age of 63,

You are phivsically inactive {you get <30 min of physical activicy @ least 5 days

per wkl.
Your waist circunsderence i =30 in. (1006 om in men) or =55 in. (B89 omin
WOITEN L

Sechion 4 Medications

Are yoe currenty takisg any medicatoa? Yes Mo

16 ves, please list all of your prescribed medicstions snd bow ofien you ke them,
whether daily {2} or as needed (PRMNL

04 the medications yom have lisied, are there any you do not ke & prescribed?

Section 5 Fhysical Activity Patteras aod (bjeciives
List the type, fregeency, intensity {e.g., low, nuoderate, stremuous), and durstion of yoer
weekly exercise.

A

17 ML= B
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List your specific goals for your exercise program.

Please inform the Mimess professions] imneediately of any changes that scour in your
healih status.

FPatient fnformation Kelease Form

1f you have snswered yes in questions indicating that vou bave significam cardiac,
palmonary, metsholic, or orthopedic protlems that may be exacerbaied with exercise,
woi agree it i permissible for us po conimet your physician regarding vour health simus.

Signature: Dhate:

Fimmess suaff signapere: Dhate:
T e compleied by fimness professional (circle onel:
AHASACSM nisk mranficasion: Low  Moderaie High  Physician consent: Yes Mo

P L L o . P, s . by K, P, P’y
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[ate:

Medical History
Participation Information

Hame: [iate of Birih:
Address: Pleome nunsher: {w)
ihy
Email:
Blood Pressure:, ! tcell)
Heighi: Weight:
(render: Male Female (circle)
Edtmicity :  Cascosian African Amencan Hiispamic Asian Chher
Emergency contact name and numsher:
Family Physician name and numsber:
Please answer the following qeestions:
L GENERAL HEALTH
1. Have vom been dizgnosed with diabeies™ ¥ |
1§ "yes”, please explain
1. Have yom ever had an oral glucese polermmce e ? ¥ o]
1§ "yes”, please explain
3. Have yom ever been old by 2 physician thai you have OsienporosistOsieopenia? Y |
4. Have vow ever been tald by & physician that you have o hean condition? ¥ N
3. Have you or mpang in wour immediate family had a hean snnck, stroke, or ¥ o]
cardicvascular disense before gge 50 yrs? 1§ “yes,” please explain.
5. Have you ever been told by a physician that you have high blood pressure? A o]
& Have you ever been tald by & physician that yvou have bigh cholestenal® ¥ N
T. Have vow ever been tald by & physician that you have thyroid problems? ¥ N
If you enswered yes, please define (Evpothyrosdism or hypentbyroidism)
R MLMRD: B
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Dhine:

& Have you ever been iold by 2 physician thai vou have Kidney disemse? ¥ M
9. Do vou feesl angina-like sympioms {pain or pressure in yoor chest, neck,
shive lders, or s ) during or sfier physical activiny? ¥ N
1L Do vou ever lose your halance because of dizziness? ¥ N
11. Do vou ever lose consoiceness? ¥ N
11X Do vou consider maost of your days very stressful ? ¥ M
13, Do vou consider your eating habits healthy overall® ¥ N
{Lower in fats and fried foods, kigher in fraiis, veggies and grains)
14. Have vom bhad any magor sargenies, of 2y sargery that required mcisions™ ¥ |
1§ “yes”, please explain:
13, Do vou consider yourself o be generally beakhy® ¥ N
&, Do vou cumrenily smoke cigmeties or cigars o chew wobacoo? ¥ N
1§ “yes™, v axften amd bo: mschs
17T, Are yooa a former smoker? ¥ M
If 50, how long has it been since wou quit smoking?
1. Has wour weight changed more then $ poands in the |t 6 months? ¥ N
EARS: WOSE:
beearimg difficulty hlzeding
nnging difficulty smilling
pain nzsal congestion
discharge sinus problems
cther ather
Mease expluin
FULMONARY:
shormess of breath chronic coagh
wheezing allergies
asthma ather
Messe expluin
19. Are there any other bealih-relaied issues we should know about?
Plezse explain
2 ] 18 AFPRA Sare: EUTUTE
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kg

1L MEDCATIONSUPPLEMENTS
1. Please list all of the prescripiion medicatisns you are corently inking,
Medicine namse Amouni iaken per day Monthsfyears om the medication Hemson

a.

b

1 Any known allergies? Explain

3. Have o been on sieroud medication in the: past® ¥ u |
I 50, please explam in detail

4. Plezse lis all of the sver-the-counter medicines or smpplements (inclading vitamins that yoa
tzke regularly)

Item name Amouni iaken per day Monthsfyears on medication  Reason
a
b
.
d
&
f.
E] ] = —
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Dage:

LL REPRODUCTIVE STATUS (1f mabe. skip to section 1V}

1. Have vou resched menopanse? (if Wil skip to Section [V) ¥ N

Y. How long has it been since you reached menopassse? ¥ N

3. Do vou still have vour ovares? ¥ |
o If mot, beorw ald were vom when they were removed? .

4. Have vom ever been on homuone replacement therapy? ¥ N
a. If so, are you siill iaking hormaone replecement therapy® ¥ N

b 1f you hawe previowsly inken hormone replacement therapy, but have
since stopped, when did vou siop iaking hormone replacement therapy™

4. Hove vow ever mken exieaporosis medications? ¥ N
Which ones and for hoar bong™

V. S TEOPOROSISFRACTURERONE HEALTH SECTION

1. Have vom ever had & bome scan? ¥ N

If s, what vemr?
What was e outcome?

Y PMlese provide a list of any bone fraciures wou heve had in the past.
Bang Cause {fall, sacodent, eic) 'gar

1. Dad a doctor sell wou that sey of these fracmirss were due 1o ¥ N
oreapoinsinsisapenia?

4. s vour diet low in dairy prodects (< 3 servingsfdayT*
b N

4. Do you mke calcium supplements? b N
1f 50, how much per day?

& In o typicel wesk, how many aleobalic drinies do yoo consumse?

T. Do vou drnk coffes, bea, or cola prodects routimely? ¥ N
Ahout berw misch coffiee, e, of cols do you dnok on an aversge day? =

133 HLRAIDR: B
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Daie:

. Do vou have a heart valve or implant device sach as knee, hip eic? % N

FEAR OF FALLING (Falls Efficsey Sealbe)

U & scale fromn | w14, with 7 Bang very conifaion ot 10 being med coxBdenr af alf, b confident are

vou that you do the following actvities withow falling?

Activity
Take a bath or shower

Seore
I wery comfident
10 mot comfident at all

Keach into cabinets ar closets

Walk around the house

Prepare meals not requiring cammying heavy or hat objects

et m and owl of bed

Answer the door ar lelephome

el m and owl of a chair

{setting dressed and undressed

Personal groomang {e.g., washing your face)

{aetting an and off of the toilet
lotal Sewre

V. 5UN EXPOSURE

1. Hew many times a week do you spend mare than 10 mirses ceside?

X How meach time do you spend ouldoors iminuies) per week®
3. Hew neach of yeer sutdoor time is spend without serscreen on {minutes7?
4. How mvech of your outdoor time is spent “fully exposad™ (nuimses)?

{"fally exposed” is defined ss uncoversd face, arms, and handsp

VI EXERCISE HABITS

1. How many times per week do vou genemlly exercise?

o, Wha typeish of exercise do you generally perform® {eircle 2l that spply)
Bicwcli

Walking Running

175
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D

Weight Lifiimg Merohics Spinning Tenmis

(ether

b Ina typical weelk, bow many days do you exercise? (circle |
0] tmefweck 2-3 timesfwesk A timesiwesk daily
¢. How many minmies do vou typically exercise per session (oircle)

<14 i 15360 miin 5045 =48
ety

d What is the rypical level of exertion daning vour exercise”
Light Minderme ModemiaHeavy Heavy
e. When you are exercising do you ever feel limited by the fiollowing?
Yes Mo Activity
Breathing

Chest mm neck pain
Lo back pain
Side ache

Leg pain —_ —_
Foot drap _ _
her? Plesse explain

VIL MULTIFLE SCLEROSIS STATUS

1. How long have yom been disgnosed with Maltiple Sclerosis?

Y. When did you have your first M5 symgeom?

1. Has your physician ever discoussad what type of M5 yon have? YES MO
Relapsing remitting  Primary progressive  Secomdary pregressive  Progressive relapsing

4. Briefly described wour current M5 symptoms

] 173 MRS BN
E. Rl APRSIAL 2ATE: IVTDR
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Dhage:

i Does M5 affect your legs?  YES N0 Dioes M5 affect your ames™  YES RO

If yes, which leg is meore involved? Right Lefi  Both same
If yes, which s is more valved? Right Lefi  Both same

4. Do you feel nunsbeess in your legs? YES  NO
If ez, which leg is neore involved? Bight Left  Both sanse
T. Do you feel numieess i your arms? Yes Mo
If yes, which mm is more invalved? Right Lefi  Both same
£ Do wvou feel tingling in voor legs?  YES N0
If yes, which bag is necre involved? Right Left  Hoth sanse
9. Do you feel tingling in vour amms®  YES  NO
If yes, which mm is more involved Right Lefi  Both same

1. Do vou fatigue easily? YES N0
If yes, what causes it 10 he worse?

11, D wos eveT experience worsening of sympioms? YES NO
Ikeseribe YES NO Haw aften?

Bathishower o

Physical sctivity

Hen outside

(her o

(her I
1L Do vou dnve yourself independenily? YES MO
13, Do vou walk {circle) without aid with cane wlker wheslchair
14. Has your phiysicien ever recommeended that you get a bone scan®
13, Has your phiysicisn ever recommeended that you exercise?
Family Practice Physician Frtwome
Meurakogist Frtucimes

? % 13 PR SATE B
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s

VIIL EMPLOYMENT STATUS

1. Full-time employved
Part-time employed
L Retired

e

4. Mot warking,

Mezse deseribe employment simus

. EDLCATION

1. P I
3 High Schoal .
3 College .
4. Massers _
i Ph.Ly, -
o8 Crher

I eertify that these answers are accurate asd cemplets

YOUR SIGMATURE DATE

B 123 MR 3 BN
Q. 1Rl AFFSIMVA ZAIT ITVLE.
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Dae:

Medical History — Mon M5

Farticipation Information

Mame: Diate of Birth:
Address: Phomee number: {wi
th)
Erail:
Blood Pressure: /! (el
Heightz Weights
(render: lale Femazle rcmrele)
Erbamicity: Camcatian Adrican Amenean Hispanic Asian (ther

Emergency contact name and number:

Family Phwsician name and numer:

Pleaise answer the followlsg qeestions:

L GEMERAL HEALTH

1. Hove you been diggnosed with diabee? ¥ o]
1§ “yes®, please give daie
1. Have you ever had an oral ghicose wolerance test? Y |
1f “yes", please give daie
3. Hawe vou ever been told by & physician that you have OsteoporcsisiOsteopemia? Y M
4. Hamve you ever been told by & physician that you have any heart ¥ N
candition/problems?
1f “yes", please list
4. Have vou or mnyon in vour imsmediate fanxily had a hean atinck, siroke, or ¥ N
cardicvascular disesce befiore gge 50 yr=? 1§ "ves,” please list relstives
{e-g faiher, mather).
& Haove you ever been told by & physician that you have high blond pressure? Iy
T. Haowve vou ever been tald by & physician that you have high cholesienal® M
& Haowve vou ever been tald by & physician that you have dnroid problems? M
9. 1f you enswered yes, please specify | hyperthyroidism or bypothyroldism)
R MM S
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Deage:

1L Have you ever been told by 2 physician that you have kidney disesse? ¥ N
11. Do you feel angina-like sympioms {pain or pressure in your chest, neck,
shomlders, or s ) during or afier phyvsical acivity? ¥ N
12, Do you ever lose your halance because of digxiness? ¥ N
131, Do you ever lose corsciommess? ¥ N
14. Do you eonsider most of wour days very stressful ? ¥ N
13, Do you consider vour sating habits healthy overall® ¥ N
{Lower in fats and fried foods, bigher in frais, veggies and graine)
14 Have you had any major sargenies, or sy sargery requiring 2o incision® Y M
If “yes", please list:
17, Do you consider yoarse|f io be genemlly healhy? ¥ |
1&. Do you currenily smeoke cigaretizs or cigars or chew mobacco? ¥ N
1f *yes", bow aften and bow masch:
19, Are vou a fonmer smoker? ¥ N
If 50, how long has it been since you quit smoking®
. Has your weight changed more than 3 posnds in the |z 6 months? Y M
EARS: MOISE:
heanng difficulty hleeding
nnging difficulty smelling
pain nasal congestion
discharge sinus problems
aither ather
Plezse Explain
FULMONARY:
shorimess aof breath chronic cough
wheezing allergies
asthmna aiher

Plezse Explain

1. Are dhere any other bealth-relasied issues we showld now about?
Please list any of these conditions

180
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Dhane:

IL MEDCATIONSUPPLEMENTS

1. Plesse lism all of the prescriptisn med|catbsns you are carendly tnking.

Medicine rame Ao taken per day Mlonthsfyears on the medication Heason
o
[
.
d
)
f.
L Any known allergpes? b |
Mease lis
1. Have you been on steroid medication in the pasi? ¥ N

If 0, |-1I|:u|: list end provide dates

1. PMesse lim all of the sver-the-sounter medicines or smpplements | incleding vitamins that you take
regalary].

Med fvapplemsent name Amount inken per day Monthsfyears on the medication Heazon

a.

b

g 173 MURRCS: B
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[hine:
. REFRODUCTIVE STATUS (If mabe. skip to section 1V}

1. Have vou reached meenopause? (if Wi skip to Section [V) ¥ N

2. How long has it been since you reached menopasse? ¥ N

3, Do you siill have your ovarnies? v |
o If mot, bovw ald were vou when they were removed?

4. Have you ever been on homone replacement therapy™ ¥ N
2. i sn, are you siill inking hormone replacement therapy™ Y L]

1§ “yes", please list medication:

b 18 you have previcesly taken hormone replacement therapy, but have
since siopped, when did vou stop taking hormaone replacement therapy™

4. Hove vou ever mken oeleaporosis medications? ¥ N
Which ones and for b lomg?

IV, OSTEOPOROSISFRACTUREBONE HEALTH SECTION

1. Have you ever had & bome scan? Y L]
If =0, what vear?
Whant was the outcome?

L Plesse previde a list of any bone fraciures you have had m the past.

Which bang Cmase [ fall, accdent, eic) ear

3. [nd a dooor tedl you that 2oy of these fracures were due io Y L]
[ A R N TR

4. s your diet low in dairy producis { < 3 servings)? ¥ L]

A, Do you mke calcium supplemenis® ¥ N

1§ 50, how much per day?
&, In o typical week, bow many aleobolic dnnks do vou oonsums:?

T. Do you drink coffiee, wea, or cola products coutimely? Y L]
About b mesch ooffes, tea, or cols do vou dnink on an sversge day?

. Do you have a heart valve or implant device sach o5 knee, hip eic? ¥ ]
4 ] gwm::fu: TR
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FEAR OF FALLING (Falls Efficacy Scalke)

Ihige:

n & seale from | s 10, with § Being vy confflems and 10 being mor comfldenr o all, how confidsnt are yom Sl

Wil o B2 following acavmies wathoin falling?

Score
I wery comfident
Activity 10 mot comfident at all

Take a bath or shower

Reach mio cahinets ar closels

Walk around ihe howse

Prepare meals not requiring carrying heavy or bat abjects

{azt m and ot of bed

Answer the door ar lelephone

(et m and owt of & chair

{atting dressed and undressed

Personal grooming {e.g., washing vour face)

{atting on and off of the toilet

lotal Score

V. 5UN EXFOSURE

1. How many tins2s a week do you spend mare than 10 minutes sutside?

i

Howw much timee di you spend ouldoors (minutes) per week?

1. How much of yeer sutdoor time is spent without serscreen on {minutes)?

4. How much of vour outdoeor time is speni “fully exposed” | minwies)?

{"fully expomed™ is defimed & uncovered face, arms, and handsy

VIL EXERCISE HABITS

1. [ you perform any voluniary exercise? ¥ L]
. Whatt Es[nﬂ'ﬂ:eﬂ:uﬂ dos you gemerally perform® (circle all that spply)
Walking Runnirg Hicycling Swimming
Weight Liftimg Aerohics Spinming Tiemmis
Oher
b Inatypice week, bow many days do wou exercise? (circle)
0] cimefwesk 2.3 imesfweek 4 timeshweck daily
5 ¥ I PR AT BTV
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D
¢. How many mimgges do vou typically exercise per session (circle)

=14 muim 15341 mniin 45 =44
ey

d What is the rypical level of exeriion dunng vour exercise?
Liighat Moderme ModermieHeavy Heavy
e, 'When you are exercising do you ever feel limited by the fallowing®

Yes Iio Activity
Bremhing

Chest am neck pain
Lover back pain

Side ache

Leg pain

Foot drop

Oher® Please explaim

VIL EMPLOYMENT STATUS
1. Full-tme employved

Part-tme emploved
£ Reetired

|

4. Mt woaking

Messe describe employment siatus

VIIL EDUCATRHON

I. Wone _
% HighSchool _
3 Caollege _
4. Masters

i 178 MLRCR: BN
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x Ph..

I certify that ihese answers are sccurabe asd complete

YOLE SIGHATURE DATE
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TABLE 13-3

SellAdmimistered hurtake

Instrectioms: Individuals with M5 may expenience difficulty in 2 mamber of different arems, For cach of e 8
reurchogical cmegories below, please indicate the degree of difficulty none, minimal, moderme, or severe) that
VML Are EXpeTiencing ai the present tme.

Mimimal Moderme Severs
Difficulity Didficalty Difficalty
Interferes Imterferes Litthe cr Mo
anly Significanily | Fumction 1s
Mane Slightly With Femciion | Possible
With Funciion

1. Wenkness in amufs) andfor kagis) 1l 1 1 3

2. Tremso, clumsimess, or boss of balamce [} 1 1 3

3. Double vision or shared speech, or difficulty L] 1 2 3

swallowing

4, Mumbness or difficulty in feeling heat, pain or 0l 1 2 3

wikwation im any part of the body

3, Frequency or mrgent urination, awakening o [T 1 2 3

urinme, not emapiying the bladder completely, boss

o hladder or bowel cominol, or constipation

t. Blurred vision in one o both eyes (even with L 1 3 3

)

T. Difficulty with memory, caloslstion or L 1 2 3

rEasaning

3. Siiffness or jerking of the nvscles 1l 1 ! 3

OVERALL FUMNCTIIN

U the finllowing pwo pages are a number of siaiements that might be used i descnbe the overall fanction of
M35 subjects. These siniements are armnged in order from least severe () 10 mosi severe (9.0].
Instrsctioms:

1. First, bocate the ivem that best descnibes your shility to walk.
1f you are able io walk without limitators, please choose s sistensent under the section called " Akle

o Walk."

1§ wou are able 1o walk only & limited disiance, please choose @ sistement under the saction called

“Ahle to0 Walk Only a Limited Disance.”

1f you require aidis) or assisiance i walk or are unable wo walk, plesse choose o stnlemen mnder the

section called “Aid|s) Reajuired or Unahle o ‘Walk."

L Circle the number of the ane ststerment which best deseribes vour owerall condition 21 the present time.
1. In selecing your answer, refer back to vowr rating of the & neurnlogic coiepories lisied.
Remsemwher: ©hoose on ane of the statensenis (0905 which Follow.

ABLE TOWALK

REREREE

Essentially momal
Abnormality m oee of the neurologiea] caiegones but with no difficulty in fenction
Abnormality i stowe than one of the nearelogical categonies ban with no difficalty in function
Sdininal difficaliy in one of the neuralogical categories
Minimal difficaliy in teo of the neurologicsl caisgonies
Miodersie difficalty in one of the neuralogical caegories, shile o walk
Miodersie difficalty in one of the neuralogical categories end minimal difficaly in one ar mare of the

reurclogical cmegomes, able w walk

186
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ABLE TO WALK OMLY A LIMITED DISTANCE

40 Abbe w walk without aid or rest ai beasa 7 city hlocks | 300 meters ar 1,625 fee)
Self-sufficient, up and showat some 12 hours a day {Relatively severe difficulty in ane neurologics]
categry or misderaie difficulty in several of the nesrological calegories )

43 Able w walk without aid or rest ai leesst 4 city hlocks | 300 meters or 973 feet)
May need minimal essistance, sble o work o Gall day b may bave some limitation of full activity
| Relatively severe difficulty im ome neuralogical category or modernie difficulty in szveral of the
reurchgics cmegomnes)

30 Abde o walk without aid or rest ai legsat 2 % city blocks {200 meters or 650 feet)
Dmability is severe encagh io lim fall daily sctivilies==for example: 1o waork o full day without jobh
miodifications
{'ery severe difficulty in ome of the neurnlogical caiegories)

33 Abbe wowalk without aid or rest ot beasat | city hlock (900 meters or 328 feet)
sability is severe encugh to prevent fall daily setivities
{¥ery severe difficulty in ome of the neurnlogical caiegories or moderate difficulty in several of the
reurchogical comegones)

AlS) REQLUIRED OR UNABLE TO WALK

g

Assisionce on ane side (cane, cruich, bmce) is required in walk approximaiely | ciiy block
{approximately 100 meters or 323 feet), with or withom resting
44 Consiant sssistance on both sides (canes, cruiches, braces, walker) & required o walk aboui 200 meters
{63 feet)
i{Moderaie difficulty in more than rew neuralogical categoris)
T  Unahle io walk mcre than shout & meters | 16 feet) even with ad
Eszentially restricied so wheelchair
Can whee sl in standard wheekhair and can smansfier slors
Up and showt in wheeldhair sonse 12 hours 2 day
{Sewere difficulty in mece than one neurological category of severe wenlmess only)
T3 Unahle to toke meore tham a few steps, resriceed o wheelchair
Cam whed self in standard wheelkhair 2nd may need aid io oo fer
Cammeod remain in wheelchaar for a full day
May require motorized whedchair
{Sewere difficulty in more than one neurslogical caegoryy
£0 Essentially resiricied io bed or chair
Proqeelled by oihers in wheelchsir
May be out of bed pant of the day
U e mmess and ahle to care for seff
{Severe difficulty in several neurological caiegories)
#3  Essentially resiricied wo bed nvach of the day
Has limiied use of omxs
Remins some self-care functions
{Severe difficulty in several neurological calegories)
90 HRemnicted 1o bed
o e anms
o sgpealk, can eat if fed by others
{Sewere difficulty in several neurnlogical calegories)

Sowree: Schemberg, L.C. Medicsl Rebabilnation Research and Trainimg Cemter for M5, Depanmend of
Meurakogy, Alsert Einstein College of Medical, Broao, New Yok,
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TABLE 13-4
Sell- Admlnkstered Kurizke | French Vershos)
SyMpLams NONE ML MODERATE | SEVERE
1. Weakness af right arm 1] 1 2 i
1, Wenkness of lefi am 1] | 2 i
3. Weakness of night leg 1] [ 2 i
4, Weakness of lefi leg [1] [ 2 ]
3. Leg stiffiness or deficit at walk 1] 1 2 i
5. Tremor 1] 1 2 i
7. Clumsimess of smes 1] | 2 i
#. Lose of halance 1] [ 2 ]
%, Double vision 1] | 2 i
10, Difficulty in spesking andior swallowing 1] 1 2 i
1 1. Uncomtralled wnmary wgency 1] [ 2 i
12. Difficulty in urination, incompleie micuriicn 1} 1 2 i
Cir bilsdder emptying
13, Cowresti pation 1] 1 2 i
14, Loss of comtrol of bladder 1] | 2 i
135, Loss of comtral of howel 1] [ 2 ]
1. Difficulty in feeling a comdaci i 1 2 i
17. Difficulty in Feeling hess 0 1 2 i
13, hificully in feeling pain [1] 1 2 i
19, Paim or burning sensation in any pari of the 1} 1 2 i
body
M), Bizamre feeling (pins or needles, cosstriction 1] | X £
im any part of the hody
21. Difficulty with memory 1] [ E] 3
22, Difficulty with calculations i 1 2 3
23, Difficulty with ressoning or thinking 1] 1 2 3
Level of vision (with glases) =10 &0 10 30 or 200 =110
{reading {recognition | (distmction of [ sz o
possible] | perssiblde) forms ) Wisinnj
24, Righteye i 1 2 3
14, Left eye 1] | g 3
[ Sowree Werdier-Taillefer MEH, Rouiiet E. Cesaro P, Alperoviich A, Validation of self-reporied neurological
diszhility in maliiple scleresis. fsermaional foumal of Epdemindogy 1994; 23: 148-134.
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Appendix C: Modified Fatigue Impact Scale and Rochester Fatigue
Diary
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Patiena"s Code: Dtz I !

Testdz1 X 3 4 % &

MODIFIED FATIGUE IMPACT SCALE (MFI=)

INSTRUCTHONS

Following i= a list of satemenis tha describe how fatigue may affect & person. Fatigue is a feeling of
phvsical tivedness and lock of energy that many people experience from bme o fime,  In medical
conditions. like M5, feelings of fmigue can occur more often and bave & greaier impact than usual.
Messe rend each stalemend carefully, and then cirele the one sumber that best indicates how afien
fmigue has affected you im this way during the pasi 4 weeks. (I you meed help in marking, yosr
respanses, tell il interviewer ilse mumber of the best resporse. | Please answer every gquestben. You
may ask for clariflestion to explain any wonds or phmses that you do not understand.

Bersee of my fatigue dunng the past 4 weelks...

Adminsi
Mever  Rarely  Sometimes  Ofen Alwavs

—L. | howe been ks alen i I 2 i 4
X 1 have had difficulty paying attention

fior long penods of tme. 1] 1 3 3 4
L | howe been ueable o thisk clegrly L] 1 2 i 4
4. | hawve been clumsy and unconrdinated. [} i p i 4
4. | hawe been forgetful. [} 1 2 E| 4
. | have had 1o pace myselfl in my
phwsical activities. [} i pd i 4
T. 1 have been less motivated o do anything
—ihai requires physical effon [} ] 3 3 4
5. 1 have been bess modivated o pariscipaie
in social activities. 1] 1 3 3 4
9. | have been less mativaied to do things away
—from home L[] I 2 i 4
Dhate:_ J
Inigials:
] 18 PR ZarE: TV
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Admose
Mever  Rarely  Sometimes  Often Alwavs

1. 1 have had trouble mammaziming physical effon

fior long periads. ] 1 2 3 4
11 | have had difficulty making devisions, L] i i K| E|
12X 1 have been bess motivated to do anything
that requires thinking. 1] 1 2 3 4
1% my muscles bave feli weak 1 i 2 i 4
14. 1 have been phvsically unoomfonshile. 1] 1 3 3 4
15, 1 have had trouble fimishing msks thai reguire
—thinking ] i 2 i 4
¢ 1 have had difficulty organizing my thoaghes
when doing thimgs at home or a1 work. 1] 1 p 3 4
17, 1 have been bess ahle i complee msks dat
—require physical ffor 0 1 a i 4
15y thinkirs bas been showed down. ] 1 2 3 4
19. 1 have had irouble concenirming. 1] 1 p 3 4
0 | have bimited my plysical sciiviies L[ 1 i i E|
21. 1 have nesded 1o rest more often or for longer
perioads. [} 1 3 3 4
Date__ &
Initialks:
1R LR A
¥ 1R AFCRIVAL ZATE: IV
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20

Journal of R hand Vol. 39 No. 2 2002
ROCHESTER FATIGUE DIARY | e DATE.
Instrctions. Flease merk @ kne each hour 10 (316 your average energy level from energetic (high
anergy no fatigue] to axhausted (low energy, severe fetgue) during 2 24 haur perod (7 am to 7 am) EXAMPLE
i PM (atem P
7-5‘8-9 9.10110-1 ll-12¥12-* 1:212-3]3.414.5148.616.7 1 BT] I
Enargeic. |
no fatigue
] ‘ |
: !
Extausted, ;
sivace nigue
POV o o 0 A e T o o e A e e O I O O 131
The patent has reconded
mid {adgue from3 - 10 pm,
PM {aversng) from 10
2.818.919.-1900-yelvr-12l92-111-212-313.4]¢.5185-6[6.7 ‘;vn.nim-nlm!h
12 pm
| Energanic, |
| nofatgee
; )
| B NUMBER: 6802
| Eshoummd, Qi APPROVAL DATE: 07/14/2016
|mmhum
[ Copyngnt ©1999
Asdep L1 h CETE] l_l I_l 1 1 ‘—l 1M Urnversty of Rachester |
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Appendix D: Recruitment Flyer
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Subjects Needed!!!

Bilateral Fatigue of the Anterior Tibialis in Individuals with
Multiple Sclerosis.

Pl Rebecca [ Larsan, PR

To Partici
hen and wormen, age 20-65

Ay activaty level

Interested in leamng your body fal percentage
Interested in testng leg strength

Time Commitment

5 Visins
-4 Weeks of testing
1-2 Howrs each Visit

Body composition seanfbody fal percentage testmg (Visit 1)
Strength testing (Visit 2)
Fatiguing exerciae (Viain 3 & 4)
Functional performance lesting (Visit 5§
IF vou would ke more information please conlac:
David Lantis
dlantisi@ouedu

26%-363=5650
Deparmend of Health and Fxercise Science

I Liniversity of {klahoma is an equal opporiunity insisation. Approved by the [RB for siudy S8802

FHEEHEHE 5 i HER R I
E%i E%i E%i §§§ E?ﬁi E%i E?ﬁi §§i E?ﬁi
o I
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