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A multidisciplinary consensus conference was held on November 28-29, 2007, by the Consortium of
Multiple Sclerosis Centers (CMSC) to determine the most appropriate outcome measures for gait and
Jatigue in people with multiple sclerosis (MS). The goals of this conference were to 1) improve under-
standing of gait and fatigue outcome measures being used by rehabilitation professionals treating peo-
ple with MS; 2) establish consensus on outcome measures; and 3) establish consensus on required fol-
low-up for transfer of this knowledge to rebabilitation professionals. The consensus conference and this
document are the initial steps toward achieving the stated goals. Although many measures of fatigue
exist, it was recommended that a global outcome measure for fatigue be developed that would 1)
include a screen for the functional ramifications of fatigue for activities and participation; 2) be quick
and easy to administer; 3) demonstrate psychometric integrity for MS; and 4) examine fatigue over a
continuum of the MS disease course. In addition, it was recommended that an assessment battery for
Jfatigue be developed. With respect to gait outcome measures, it was agreed that the following tools
should be included in a preliminary chart for use in a clinical setting: the Timed 25-Foot Walk, Timed
Up and Go test, Dynamic Gait Index, 6-Minute Walk, and self-reported 12-item Multiple Sclerosis
Walking Scale. The global outcome fatigue measure and assessment battery are currently being devel-
oped, and work on a detailed gait outcome measures chart and additional research on commonly used
gait outcome measures are in progress. Int J MS Care. 2009;11:67-78.
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(T25FW) or the Timed Up and Go (TUG) test for gait
(Table 1).

Using those recommendations as a basis, and in
view of the broad range of issues managed by rehabil-
itation professionals, the CMSC focused discussions
more specifically on scales examining fatigue and
gait. The rationale for including both issues was the
intuitive sense of their dynamic relationship. One of
the conundrums in MS is that walking can cause
fatigue, and fatigue affects walking ability. It is
important to understand the various characteristics
that contribute to the link between fatigue and gait
anomalies, such as strength, sensory changes, ataxia,
spasticity, energy expenditure, multitasking, balance,
and the environment.

When fatigue guidelines were developed in 1998,?
fatigue was divided into two broad categories: nonpri-
mary fatigue and primary fatigue. Nonprimary fatigue
was further broken down into two subtypes: non-MS
fatigue and fatigue secondary to MS. Non-MS fatigue
can be acute or chronic and encompasses situations
that are separate from the disease, such as infection,
emotional stress, comorbid medical conditions, med-
ication use, depression, and sleep disorders. Fatigue sec-
ondary to MS was described as primarily resulting from
mobility and/or respiratory impairments. These guide-
lines make an explicit association between mobility and
fatigue, implying that the increased energy costs of
impaired mobility must be addressed when managing
fatigue.

Table 1. Recommendations of the 2004
consensus statement for functional outcome
measures in MS

Recommended functional
outcome tools

Rehabilitation
discipline

Nine-Hole Peg Test

Occupational Modified Fatigue Impact Scale OR

therapy Fatigue Impact Scale
Physical Berg Balance Test
h eyra 25-Foot Timed Walk OR Timed Up

Py and Go test
Speech- Clinical Swallowing Assessment
language Boston Naming Test AND/OR Frenchay
pathology Dysarthria Test

Abbreviation: MS, multiple sclerosis.

Note: Presented at the Rehabilitation Research Interest Group
Meeting, 2006 CMSC Annual Meeting, as “Standardized function-
al outcome tools should be used in rehabilitation of individuals
with MS.”

Primary MS fatigue, as described in the guidelines,
is a diagnosis of exclusion, once “non-MS” and “sec-
ondary to MS” fatigue factors are managed. The guide-
lines defined primary MS fatigue as “significant fatigue
that persists despite adjustment of medications and
management of mobility issues as well as confounding
medical problems such as depression and sleep disrup-
tions.”* It is likely that primary MS fatigue coexists
with other factors affecting fatigue.

A 2008 study of 50 people with MS reported that
72% of respondents experienced fatigue that might be
due to nonprimary MS fatigue sources.? Interestingly,
52% were found to have unresolved gait problems, and
20% were deconditioned. The authors noted that pri-
mary MS fatigue probably is still present, though
masked by these and other factors.

Developing outcome measures to better identify the
problems associated with fatigue and mobility issues in
MS requires an understanding of the measures that are
currently in use. Therefore, a survey of CMSC mem-
bers was undertaken on this subject.

Survey of Outcome Measures

During the summer of 2007, a questionnaire was
sent to members of the CMSC (n = 1700) with experi-
ence in MS rehabilitation to obtain rankings of com-
monly used functional outcome measures. The response
(n = 36) was low; this may have been due to difficulties
with the database. The questionnaires were sent to mul-
tiple people at a single facility, but they were often
completed and returned by the facility with input from
several rehabilitation team members. In some cases, five
to seven therapists may have contributed to a single
questionnaire, although this was considered only one
response. In addition, for some clinics a specific indi-
vidual could not be identified, so the mailing was
directed to a “clinic director” or “clinic coordinator”;
these questionnaires may have been misplaced. Finally,
the individual identified for the mailing may not have
had sufficient experience with functional outcome
measures to complete the survey. Regardless, the
responses obtained represented a good geographic
cross-section as well as professional diversity: there were
21 facilities in Canada and the United States, which
included 11 physical therapists, 6 occupational thera-
pists, 3 nurses and nurse practitioners, 3 physiatrists,
and 1 physician’s assistant. The patient base averaged
884 MS patients annually, providing us with a broad
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sampling of individuals and centers with experience in
treating patients with MS. The survey gathered infor-
mation on gait and fatigue measures currently in use,
factors important in assessing gait and fatigue, and
treatment strategies.

The survey results indicated that many different gait
scales are currently in use, including the T25FW, obser-
vation, the Dynamic Gait Index (DGI), the TUG test,
and the 12-item Multiple Sclerosis Walking Scale
(MSWS-12). In addition, professionals rated the use-
fulness of these scales quite differently (Table 2).

The survey was also designed to solicit feedback
regarding important factors to consider when assessing
gait. Spasticity, strength, and fatigue were most often
identified. Balance was seen as important, as well as
equipment used, such as ankle-foot orthoses. Respon-
dents also identified ambulatory aids, safety, endurance,
and the environment as significant factors. Many partic-
ipants commented on assessing the consistency of the
gait pattern, the pattern itself, and the quality of that
pattern.

Fatigue scales were also specifically addressed in the
survey. As with gait, many different fatigue scales are
in use, with the Fatigue Severity Scale (FSS) and FIS
being the most common. Other scales mentioned

Consensus Statement on Gait and Fatigue

were the MFIS, Brief Fatigue Index, and self-report.
Although not a scale per se, interviews were also
acknowledged by several individuals as important. As
with gait, ratings for these scales varied widely (Table
2). Most participants identified the scale as either
“clinically applicable” or “providing them with infor-
mation they wanted to measure,” depending on
whether they had a clinical or a research perspective.

From an assessment standpoint, most respondents
indicated a need to examine the relationship between
fatigue and function—how people managed when
fatigued, particularly in daily activities. Psychosocial
and emotional factors were also considered essential
components to assess, as well as sleep patterns, lifestyle,
and exercise. Because no one set of measures covers all
of these areas, a multipronged approach or some type
of assessment battery may offer a solution.

After the completion of this preliminary work, a
consensus conference was held to achieve consensus on
the best approach to evaluation and outcome measures
for MS patients in the areas of gait and fatigue.

Consensus Conference
The goals of the consensus conference were to 1)

gain a better understanding of outcome measures being

Table 2. Gait and fatigue measures used by rehabilitation professionals and average

usefulness ratings

Scale usefulness?

No. (%) of
Construct Measure responses Mean/10 Range (1-10)

Gait Timed 25-Foot Walk 8(22.2) 7.4 6-8
Observation 8 (22.2) 6.4 2-8
Dynamic Gait Index 2 (5.6) 8 8
Timed Up and Go test 2 (5.6) 8 8
Tandem gait 1(2.8) 8 8
Functional Independence Measure 1(2.8) 8 8
12-item Multiple Sclerosis Walking Scale 1(2.8) NR NA

Fatigue Interview 4(11.1) 5.75 2-8
Fatigue Severity Scale 4(11.1) 5.25 5-6
Fatigue Impact Scale 3 (8.3) 8 7-9
Modified Fatigue Impact Scale 2(5.6) 5 5
Self-rating scale 2 (5.6) 5 2-8
Rate of Perceived Exertion 1(2.8) 2 2
Epsworth Sleepiness Scale 1(2.8) 6 6
Brief Fatigue Index 1(2.8) 5 5

Abbreviations: NA, not applicable; NR, no response.

aParticipants were asked to rate the scales subjectively on a scale from 1 to 10, with 10 indicating “superior.”
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used by rehabilitation professionals treating people
with MS; 2) establish consensus on gait and fatigue
outcome measures; and 3) establish consensus on
required follow-up for transfer of this knowledge to
rehabilitation professionals. As a group of MS clini-
cians and researchers, we hoped to create consistency
and improve communication with regard to gait and
fatigue outcome measures among practitioners across
disciplines. An underlying premise was that consistency
in outcome measures would facilitate both the interpre-
tation of research data and its clinical application.

Who Participated?

A total of 24 health professionals with expertise in
MS, listed at the end of this report, participated in the
consensus conference. They represented a broad interdis-
ciplinary mix, including neurologists, physiatrists, nurs-
es, occupational therapists, physical therapists, and social
workers. They were from diverse practice settings—
including MS centers, rehabilitation centers, and private
practice settings—and were widely distributed geograph-
ically throughout Canada and the United States.

Format

Initially, an overview was provided of issues pertinent
to outcome measures in fatigue and gait, including psy-
chometric considerations and factors related to mobility
in MS. This was followed by small-group discussions of
the issues and large-group consensus building.

Considerations for Outcome Measures:
Psychometric Properties

An outcome is “a characteristic or construct that is
expected to change owing to the provision of a strategy,
intervention, or program.” Thus, an outcome measure is
an instrument, scale, tool, or index that will show a
change as a result of a treatment or strategy for which
change is expected. It is essential, therefore, that the
measure matches the purpose of the intervention being
tested. Ensuring the credibility of outcome measures
requires testing for relevant psychometric parameters.
These include validity, reliability, responsiveness, sensitivi-
ty, and clinical utility. Examples of types and definitions
of psychometric parameters relevant to fatigue and gait
outcome measures used in MS are shown in Appendix 1.

Fatigue in MS

Fatigue: No Longer an Invisible Issue
Although fatigue is a real and persistent issue for MS
patients and professionals, for many years it was an

“invisible” problem. In the past 20 years, a dramatic
shift has occurred from doing little to address fatigue to
developing clinical practice guidelines® and conducting
randomized controlled trials of medical, pharmacolog-
ic, and energy-conservation strategies.”” Only in the
past few years has fatigue in MS been assessed and
treated in clinical rehabilitation. No consensus has
emerged, however, on outcome measures or the use of
measurement techniques to understand the impact or
severity of fatigue in MS or the factors that contribute
to fatigue.

Why Is It Important to Measure Fatigue in MS?

Measuring fatigue in patients with MS is important
for several reasons. First, it helps to determine how
fatigue is interfering with the individual’s functioning.
It is known that everyone, both patients and nonpa-
tients, experiences fatigue and that fatigue follows a
normal diurnal cycle. In people with MS, however,
fatigue is often described as occurring more often than
usual and in such a severe form that it profoundly
affects daily life. Thus, screening for fatigue is necessary
to understand the consequences of fatigue in the lives
of people with MS. Second, measuring fatigue can help
identify the factors that may be contributing to the
problem. These factors may be diverse and either
directly related to MS (primary MS fatigue) or not
(nonprimary MS fatigue). Determining the appropriate
course of intervention for each person requires under-
standing these individual factors. Third, if disabling
fatigue is identified, appropriate intervention can be
initiated; many of the factors that contribute to or
exacerbate fatigue in MS patients are treatable. Fourth,
the presence of fatigue should be taken into account in
the treatment of other symptoms or problems, so that
therapeutic regimens that may require expenditure of
energy, such as exercise programs, stretching sessions,
or cognitive retraining programs, can be tailored to
maximize the patient’s available energy.

Current Fatigue Measures in MS

Many different measures are used to evaluate fatigue
in MS, but they inconsistently identify the potential
impact and its severity. Measures of fatigue are general-
ly subjective, often involve the use of paper-and-pencil
or computer-input forms, and use a yes/no, Likert
scale, or visual analogue scale (VAS) format. These
measures are easy to score, use an ordinal or numerical
scale, have between 1 and 40 items, and are usually ret-
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rospective—that is, asking the patient about fatigue
during a previous time period such as in the last day or
week. For most measures, psychometric or clinicomet-
ric properties have been established.

Fatigue measures reported in the literature can be
divided into two categories: general measures and pop-
ulation-specific measures. Examples of populations for
which specific fatigue evaluations have been developed
are people with cancer, HIV/AIDS, arthritis, brain
injury, cardiac problems, Parkinson’s disease, myasthe-
nia gravis, and MS. Of fatigue measures used for
patients with MS, five are MS-specific and five have
been tested with MS as well as other patient popula-
tions.* These ten measures of fatigue fall into three for-
mats: short, categorical, and noncategorical.

Short Measures

The short measures of fatigue are those that have less
than ten items; they include the VAS for fatigue, the
ESS, and the Daily Fatigue Impact Scale (D-FIS). The
VAS, a single-item measure, has been shown to be a
moderately reliable, valid, and useful tool for the rapid
screening of fatigue impact.® The scale is represented by
a 10-cm horizontal line, with one end representing
“not fatigued at all” and the other end representing
“extremely fatigued.” The line is usually divided into
thirds indicating 1) that fatigue is not a problem, 2)
that there are periodic issues with fatigue, and 3) that
fatigue is a substantial problem. A major advantage of
this scale is that it takes very little time to administer.

The FSS is a nine-item measure that uses a Likert
scale response. Patients rate statements on a scale of 1 to
7, with 1 indicating “strongly disagree” and 7 indicating
“strongly agree.” Higher scores indicate increased severi-
ty of fatigue. Many clinicians like this scale because it is
quick and easy to administer. Since it is a global scale,
however, it does not pinpoint the precise issue of con-
cern related to fatigue.

The D-FIS is an eight-item measure that also uses a
Likert scale format. It asks respondents to rate state-
ments on a scale of 0 to 4, with 0 indicating “no prob-
lem” and 4 indicating “extreme problem.” Higher
scores indicate increased severity of fatigue. It should be
noted that the metric testing for the D-FIS has been
demonstrated only in Spanish.

Consensus Statement on Gait and Fatigue

Categorical Measures

Categorical measures of fatigue are those that have
subscales or groupings of items; they include the FIS,
MFIS, Multi-component Fatigue Scale (MFES), and
Fatigue Descriptive Scale (FDS). The FIS, introduced
in 1994, was the first scale to be described in the litera-
ture.” Originally, it contained 36 items. After addition-
al research, the FIS was reduced to 21 items and
renamed the MFIS. Both the FIS and MFIS use a Lik-
ert scale format and incorporate the three subscales of
cognitive, physical, and social dimensions.

The MFS uses the Likert scale format and includes
two subscales: cognitive fatigue and physical fatigue.
The cognitive fatigue subscale includes items that differ
slightly from those of other cognitive scales, and the
physical fatigue scale includes questions related to sleep
and drowsiness.

The FDS includes four sections: modality, severity,
frequency, and Uhthoff’s phenomenon (temperature-
related issues). This evaluation uses a narrative or inter-
view method for collecting and recording data. The
FDS was developed by a physician and is usually
administered only by physicians.

Noncategorical Measures

Noncategorical fatigue measures do not divide items
into groupings or subscales but rather consist of a
diverse set of items. These measures include the
Wurzburg Fatigue Inventory for MS (WEIMus),
Fatigue Assessment Instrument (FAI), and Rochester
Fatigue Diary (RFD).

The WEIMus is a recently published scale that is
currently being tested in English after being translated
from German. This 17-item scale includes diverse
aspects of fatigue and uses a Likert scale format.'

The FAI was originally developed for use in patients
with cancer. It is a 29-item scale that has also been test-
ed in people with MS."! Patients rate their responses to
statements from 1 to 7, with 1 indicating “completely
disagree” and 7 indicating “completely agree.”

The RFD is a series of 24 VASs. Respondents mark
a line on the chart hourly to indicate their energy level
at that time. This is considered a temporal tool, as it is
used throughout the day.

Each of these tests or measures seems to serve an
important purpose. Our next task was to determine the

* More recently, two additional measurement systems have been developed: PROMIS (http://www.nihpromis.org/default.aspx) and NeuroQol (http://
www.neuroqol.org/default.aspx). They are currently being tested with MS as well as other populations. They are computerized item-bank measurement sys-

tems that are psychometrically robust and may hold considerable promise.
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optimal outcome measure for MS patients with fatigue.
Fully understanding issues related to fatigue, however,
requires both a global outcome measure and an assess-
ment battery.

Reaching Agreement on Fatigue Measures

With a sense of the measures available, consensus
conference participants discussed the characteristics of
an optimal tool for measuring fatigue and related
issues. The discussion focused on fatigue scales for clin-
ical purposes rather than research purposes. Among the
issues debated were fatigue impact versus fatigue severi-
ty, which are considered to be two different entities.

Conference participants agreed that measures must
be responsive to change for diverse purposes, such as
reimbursement, qualifying for disability benefits, insur-
ance, and demonstrating treatment effect for medical,
pharmaceutical, and behavioral interventions. It was
agreed that it was ambitious to expect one measure to
fulfill all of those purposes.

It was also agreed that fatigue outcome measures in
the form of patient self-reports are needed and should
include screens for a variety of contributing factors.
Several questions were raised: Should there be a con-
ceptual model? Should there be a framework that aligns
with clinical processes? What do patients and clinicians
need? Should outcome measures be clinician-based,
self-administered, or both? If fatigue in MS results
from numerous factors, how can they be accounted for
in the fatigue evaluation?

A need was identified for both a fatigue ourcome
measure for MS that could show change and a fatigue
assessment battery for MS that would screen for and
identify factors contributing to fatigue, assist with
informed clinical decision-making, and guide interven-
tion decisions. Both would contribute significantly to
clinical practice. For the purposes of this consensus
conference, however, a fatigue outcome measure for
MS became the focus.

Attention then turned to determining the character-
istics of such a fatigue outcome measure. It was agreed
that the measure should 1) include a screen for the
functional ramifications of fatigue for activities and
participation as defined in the World Health Organiza-
tion’s 2001 International Classification of Functioning,
Disability, and Health; 2) be quick and easy to adminis-
ter; 3) demonstrate psychometric integrity for MS; and
4) examine fatigue over a continuum of the MS disease

course. This measure could be a self-report or clinician-
administered. It was decided that the outcome measure
should incorporate the elements of self-efficacy and a
screening of past behaviors and methods used to deal
with fatigue.

Although considerable debate ensued regarding the
pros and cons of the various scales and their usefulness,
a careful review of the scales in relation to these charac-
teristics was required. A post—consensus conference
analysis of the ten instruments currently used to meas-
ure fatigue in MS described above with reference to
these characteristics and elements revealed that all of
the measures require further development to fulfill

these criteria (Table 3).
Mobility Issues in MS

The other aspects of functioning discussed during
this CMSC consensus conference were ambulation and
gait measures. As with fatigue, gait is difficult to define.
The more it is discussed, the more elusive the defini-
tion seems to become.

The Conundrum of a Single Measure of Gait

Gait is a major area of activity limitation and partic-
ipation restriction in MS. Clinicians and researchers
must use accurate and quantifiable measures of gait
performance in order to determine whether patients are
progressing over time and how intervention(s) should
be targeted (eg, focusing on vertical head turns or
reducing multitasking). Good gait assessments should
uncover other dysfunction that may not be immediate-
ly obvious.

An ideal gait measure would be quick and easy to
administer, would not require major investments in
training or materials to implement, and, most impor-
tant, would be accurate. As with fatigue, psychometric
properties are the key considerations in gait measures.
Is the measure appropriate for people with MS? Are the
results repeatable over time and between or among
raters?

On the surface, developing a gait measure that
incorporates these ideals does not seem difficult; fur-
ther exploration, however, reveals several problems with
this process. First, gait is not a unitary entity but
encompasses many independent and interdependent
variables—such as strength, motor control, range of
motion, and sensation—that must be assessed separate-
ly and together. Depending on the test or gait tasks,
gait will change, which suggests that a single measure
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Table 3. Critique of commonly used fatigue outcome measures in MS

Fatigue Measures .
outcome impact of Items include
measure for No. fatigue on Time Self-
clinical of activities and required Established or clinician- Self-  Managing Contributing
purposes items participation  (min) metrics administered  efficacy  fatigue factors
MS only
FIS (original) 36 Yes 20-30 Yes Self Yes No No
MFIS (modified) 21 Yes 15 Yes Self No No No
FDS 9 Yes 15 No Clinician No No No
RFD (diary) 24 No 10 Yes Self No No No
WEIMuS 17 Yes 10-15 In German Self No No Yes (1 item)
MS and other populations
D-FIS (daily) NG ;‘:r'tvlg) ion 5710 In Spanish Self No No No
FSS 9 Yes 5-10 Yes Self No No No
VAS 1 No 1 Yes Self No No No
FAI 29 Yes 20-25 Yes Self No Yes Yes (5 items)
MES 15 No 10-15 Yes Self No No No
PROMIS-Fsf 7 Yes 5 Yes Self No No No

Abbreviations: D-FIS, Daily Fatigue Impact Scale; FAI, Fatigue Assessment Instrument; FDS, Fatigue Descriptive Scale; FIS, Fatigue Impact

Scale; FSS, Fatigue Severity Scale; MFIS, Modified Fatigue Impact Scale

; MFS, Multi-component Fatigue Scale; MS, multiple sclerosis;

PROMIS-Fsf, Patient Reported Outcome Measurement Information System-Fatigue short form; RFD, Rochester Fatigue Diary; VAS, visual

analogue scale; WEIMuS, Wurzburg Fatigue Inventory for MS.

of gait will not suffice, as multiple aspects of gait can be
measured. Among them are speed, distance, fatigue,
gait deviations, force and angles, kinetic and kinematic
changes, fall risk, and use of assistive devices.

Gait disorders in MS can present unique challenges.
Unlike some other neurologic diseases, MS is highly
heterogeneous. Because each patient has an individual
gait pattern, there is no benchmark or “typical” MS
gait, although this concept has been explored and some
common characteristics have been presented.'” This
makes it difficult to identify a single “MS gait measure.”

Gait disorders in MS can occur for many different
reasons. Primary causes include spasticity, weakness,
sensation loss through proprioception or kinesthesia,
ataxia, diminished motor control, visual disturbance,
fatigue, and vestibulopathy. Exacerbation of any of
these symptoms may lead to gait impairment and
fatigue. Secondary causes of gait impairment include
contractures, disuse weakness due to lack of exercise,
and secondary fatigue. Tertiary causes of gait impair-
ment may relate to environmental factors, including
walking surface, ambient temperature, and use of med-
ications that affect gait, both directly and through
fatigue-related side effects. Secondary and tertiary caus-

es may compound the problem of repeatability of

measuring the different aspects of gait such as distance
and speed.

Gait in MS can be measured in multiple ways, and
multiple potential deviations may occur. Thus, gait is
an uncertain and variable construct with an uncertain
and variable measure. The challenge of the conference
was to develop a consensus on the optimal measures of
gait outcomes within the diverse population of people

with MS.

Current Gait Measures in MS

The survey identified the most common gait meas-
ures used in MS as the T25FW, observation, the DGI,
the TUG test, the MSWS-12, and the Functional Inde-
pendence Measure (FIM) (Table 4). Other measures
discussed during the conference include the Expanded
Disability Status Scale (EDSS), the Hauser Ambulation
Index, the Tinetti Gait Assessment, the 6-Minute
Walk, and kinetic and kinematic analysis (Table 5).

Many other tools are used in rehabilitation to
examine balance and broader components of mobility,
such as the Rivermead Mobility Index. In addition,
some of the measures mentioned do not represent
“true” gait or ambulation measures. These were never-
theless included to provide information on what is

being used and highlight the difficulty of measuring
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Table 4. Commonly used gait measures identified in survey of CMSC rehabilitation

professionals

Gait measure Characteristics

Advantages

Psychometric

Disadvantages properties

Person is timed walk-
ing 25 feet, as fast as
he/she is able safely

Timed 25-Foot Walk

Clinician observation
of an individual’s gait,
usually in a controlled
clinical setting

Observation

Dynamic Gait Index 8-point ordinal scale

Score range 0-24

Score of <19 correlates
to high falls risk

Timed Up and Go test From a seated posi-
tion, an individual is
asked to stand, walk
3 m, turn around, and
walk back to the chair

at a regular pace

Score of <14 s has
been shown to indi-
cate high risk of falls

12-item Multiple
Sclerosis Walking Scale

12-item self-report
Score range 0-100

Higher scores reflect
greater limitations in

walking
Functional 18-item, 7-level ordinal
Independence scale
Measure

Completed by obser-
vation, in conference,
or by telephone

Two dimensions:
motor and cognitive

Easy to administer
Inexpensive

Easy to administer
Inexpensive

Easy to administer
Inexpensive

Easy to administer
Inexpensive

Correlates with gait
speed and balance

Easy to administer
Inexpensive

Provides patient’s
perspective

Designed to assess
dysfunction in individ-
uals with progressive,
fixed, or reversible
neurologic disorders

Unable to assess gait
deviations due to
fatigue

High inter-rater and
test-retest reliability
and good concurrent
validity'314

Poor inter-rater
reliability

Requires training to
understand normal
and abnormal gait

Valid and reliable in
people with MS?3

Overlap of categories

Does not assess fatigue
due to short distances

Unable to assess gait
deviations due to

Validity and reliability
for fall prediction in

fatigue community-dwelling
older adults'®
Self-report Valid, reliable, and

questionnaire responsive patient-
based measure of
impact of MS on

walking'7.18

Valid and reliable tool
for assessing people
with MS19.20

Requires training
Fee required

Abbreviations: CMSC, Consortium of Multiple Sclerosis Centers; MS, multiple sclerosis.

gait. Measures of balance and broader components of
mobility will be considered in a future forum, such as
a consensus conference.

Because clinicians must evaluate a range of criteria
to assess gait in MS patients, a single scale will not pro-
vide a comprehensive picture. A complete MS gait eval-
uation must include several relevant components,
incorporating fatigue, speed, distance, balance and falls
risk, observation, and use of assistive devices. Assess-
ments should also be easy to administer, inexpensive,
valid, and reliable, and should provide the clinician
information that is useful in developing a treatment

plan. Multiple scales—or an assessment battery—are
necessary to provide a comprehensive view of the
patient and incorporate all of the variables involved in

measuring gait in people with MS.

Reaching Agreement on Gait Measures

The consensus conference revealed agreement, in
principle, on the need for a means of measuring and
assessing these variables. The general discussion revolved
around the “what, why, and how” of determining
appropriate measures and the best ways to encourage
other rehabilitation professionals to adopt them.
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Table 5. Commonly used gait and mobility measures used in MS but not identified through
survey of CMSC rehabilitation professionals

Gait measure

Characteristics

Advantages

Disadvantages

Psychometric
properties

6-Minute Walk2

Expanded Disability
Status Scale

Tinetti Gait and
Balance Assessment

Hauser Ambulation
Index

Kinetic and kinematic
analysis

Distance walked is
measured over 6-min
time period

Walking is self-paced

20-point scale

0-10 with half-point
increments (except
with no 0.5 on scale)

Scores of 0—4.5 indi-
cate person is “fully
ambulatory” for 50 m

Scores of >5.0 indicate
ambulatory deficits or
other functional
impairment

Separate gait and bal-
ance scores

Gait portion scored as
0-16 points

Examines different
phases of gait, identi-
fying deficits or con-
tralateral differences

Ordinal scale
combining qualitative,
self-report, and
observation

10 grades from 0 to 9,
with 0 being normal

and 9 being unable to
transfer independently

Measures force and
angle of joints during
gait cycle

Provides data on spa-
tial and temporal gait
parameters

Easy to administer
Inexpensive

Provides valuable infor-

mation on effects of
fatigue on ambulation

Easy to administer

Widely used and tested

Easy to administer
Inexpensive

Can be combined with
balance portion to
determine risk of falls

Quick and easy to
administer

No specialized training
required

Provides precise,
objective data

Time to administer

Does not account for
changes over the 6
min (eg, whether the
first few minutes are
faster than the last)

Qualitative changes
are not assessed

Ambulation defined
only in terms of dis-
tance and assistance

Qualitative changes
are not assessed

Has not been tested in
MS for validity and
reliability

Not responsive

Expensive

Requires special
training

Biomechanics may

not reflect activity limi-
tations/participation
restrictions

High inter-rater and
intrarater reliability?'

Valid as a disability
measure, but not spe-
cific to ambulation??

Good to excellent
inter-rater and
intrarater reliability;
mobility test scores
highly correlated with
gait speed in Parkin-
son’s disease?3

Good inter-rater and
test-retest reliability
and convergent
validity?*

Moderate reliability in
pediatric population?>
No data found specific
to MS population

Abbreviations: CMSC, Consortium of Multiple Sclerosis Centers; MS, multiple sclerosis.
aSome clinicians use a 2-min walk, but this has not been researched.

It is important to understand how these measures
and variables behave in different settings, such as in-
home, outpatient, and inpatient clinic settings. Meas-
ures should be continuous over a period of time and

have strong psychometric properties. Space and safety
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must be considered, as well as variables such as time,
temperature, and medication use. It was also acknowl-
edged that the tools used by researchers and clinicians
differ, and that the consensus conference would focus
on the clinical setting. We also debated other issues,
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such as deviations for higher-functioning patients, the
pros and cons of various additional measures, and how
many of these measures, in what combinations, should
be used. Consideration must be given to insurance
reimbursement, safety, and behavior modification, as
well as the validity, reliability, and sensitivity of the
measure or measures.

The most useful document that could result from
this consensus conference would be a chart describing
outcome measures for gait with information such as the
type of tool (self-report vs clinician-administered);
time, expense, and equipment required; and psychome-
tric properties available. Most rehabilitation profession-
als want to know whether performance of a test is real-
istic in his or her specific setting; what equipment is
needed; and the appropriate setting, such as neurology
clinics or inpatient or outpatient rehabilitation clinics.
A preliminary chart was established with characteristics
for each measure (Table 6).

It was agreed that in a clinical setting, the T25FW,
TUG test, DGI, 6-Minute Walk (and possibly a 2-
minute version), and self-reported MSWS-12 should be
the tools initially included in a gait outcome measures
chart. Inclusion of psychometrics—such as validity, reli-
ability, internal consistency, sensitivity, and responsive-
ness—is also extremely important. As noted in Table 5,

however, much of this data is not currently available.
Therefore, further research and development of this
resource is needed. This chart provides a sense of what
tools to use and can also answer the questions of when,
why, and how.

Next Steps for Rehabilitation Outcomes

As previously noted, in addition to the chart for gait
outcome measures, conference attendees also agreed on
the need for a fatigue assessment battery. Of primary
interest was information regarding specific and consis-
tent outcome measures, to be disseminated to thera-
pists throughout North America to improve decision-
making. The goal is to establish clear communication,
guidelines, and criteria for selecting the best outcome
measures for both fatigue and gait.

We are pleased that we were able to reach consensus
to move in this direction. Clearly, more work is needed.
Many specific topics related to both fatigue and gait
need to be addressed, and validating some of these
measures in MS will be time-consuming. Conference
participants have already begun work on both the
fatigue assessment battery and a more detailed gait out-
come measures chart. In researching existing tools and
developing new ones, it is also important to consider
the interaction between gait and fatigue. We believe
that this consensus conference marks an important step

Table 6. Preliminary gait measures chart with measures identified at consensus conference

Gait measure Administration

Psychometric

Time and expense

Equipment needed

properties

Timed 25-Foot Walk

Dynamic Gait Index

12-item Multiple
Sclerosis Walking Scale

Timed Up and Go test

6-Minute Walk

Clinician-administered

Clinician-administered
Training recommended

Clinician-administered

Clinician-administered
Training recommended

Minimal time
(1-2 min)

No additional expense

Minimal time
No additional expense

Time varies for individ-
uals, but should be
<10 min

Minimal time

(1-2 min)

No additional expense
6 min of testing time;

need to provide time
for adequate recovery

Tape measure,
stopwatch

Stopwatch

Survey, pen/pencil

Armchair, tape meas-
ure, stopwatch

Stopwatch, premea-
sured distance

Content and construct
validity in MS popula-
tion compared with
EDSSM

Valid and reliable in
MS population'

Valid, reliable, and
responsive patient-
based measure of
impact of MS on
walking'#15

No validity and
reliability data for MS
population

High inter-rater and
intrarater reliability'”

Abbreviations: EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.
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toward improving understanding of gait and fatigue
among MS rehabilitation professionals. The conference
participants identified a wide range of outcome meas-
ures for both gait and fatigue. The survey responses, as
well as discussions among colleagues, make it clear that
rehabilitation professionals are only moderately satis-
fied with these scales, and a new outcome measure or,
more likely, a testing battery needs to be developed. We
hope that this consensus conference lays the ground-
work for creating more consistency in assessment and
outcome measures and improving communication
among practitioners and across disciplines. I
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Rehabilitation outcome measures in MS are impor-
tant to coordinate treatment, monitor progress
toward established goals, improve quality of care,
and maximize third-party reimbursement.

e Consensus on outcome measures can increase
consistency in assessment and treatment among
rehabilitation professionals.

* In people with MS, gait and fatigue are closely
related and should be considered together.

¢ Additional research is needed to defermine the

most appropriate gait and fatigue outcome meas-

ures to use in clinical and rehabilitation settings.
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Appendix 1. Psychometric characteristics of fatigue

and gait outcome measures in multiple sclerosis

Reliability: consistency or repeatability of test scores

1. Inter-rater reliability: consistency between two or
more different raters

2. Test-retest reliability (also known as stability): consis-
tency of results over time
* Meaningful when a parameter is expected to stay

stable or a behavior is not expected to change over
the time between test administrations, eg, 48 hours

3. Alternate form reliability: stability of test form, ie,
altering sequencing of test items without a result
change

Depending on the measure, the results of reliability

testing can be expressed as:

a) percent agreement (ideal percent agreement is 100%;
range, 0—100%)

b) intraclass correlation coefficient*

¢) other variations of the correlation coefficient*

*Perfect reliability for all variations of correlation coeffi-

cient is 1; range, 0—1.

Internal consistency (IC): consistency within the test,

eliminating the influence of time

* Relevant only for tests with multiple items

* High IC suggests that the test as a whole measures
one homogeneous construct, while low IC suggests
that constructs being measured have heterogeneous
factors.

Depending on the measure, the results of IC testing

can be expressed as a Cronbach o or using the Kuder-

Richardson formula.

Validity: appropriately, meaningfully, and usefully meas-
ures targeted behavior or entity and not something else
1. Content validity: How well the test samples the
behavior of interest
* “Face validity”: On the surface, users, readers,
and/or the person being tested agree that the test
captures the behavior of interest. Results are built
into item generation and instrument development.
2. Criterion validity: How well the test captures the
behavior of interest relative to an external criterion,
usually a “gold standard.” Results are expressed as a
correlation coefficient.
3. Construct validity: Test correlates with variables to
which it should be theoretically related or the process
of testing hypotheses about the behavior in question.
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Results can be based on searching for alternative expla-
nations that might account for the observed perform-
ance or a statistical factor analysis of which there are
several types, eg, principal components analysis or clus-
ter analysis.

Responsiveness: ability of the test to detect change,
when change in fact has occurred

Sensitivity: ability of the test to correctly classify a con-
dition, performance, or situation

Specificity: ability of the test to correctly classify those
not having a condition or performance issue
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