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Abstract
The multiple sclerosis functional composite (MSFC) is a three-part quantitative objective measure of neurologic function, measuring leg (Timed
25-foot Walk [25FTW]), arm (Nine-hole Peg Test [9HPT]) and cognitive (Three-second Paced Auditory Serial Addition Test [PASAT3]) function.
The MSFC was developed to be a more sensitive measure of disability than the expanded disability status scale (EDSS) and has excellent
reliability. Validity is supported by moderately strong correlations with EDSS, brain atrophy and quality of life. Advantages of the MSFC include
its continuous scale and inclusion of several disease dimensions. Limitations include practice effects, the lack of a visual function component,
variations in reference populations and limited understanding of clinically relevant MSFC z-score changes. MSFC z-score change has been
used as a secondary end-point in MS trials, but EDSS progression remains the primary disability outcome. A new approach to MSFC data
involves defining MSFC progression as worsening in an MSFC component by 15–20% over three months. With further study, this could be used
as a primary disability outcome in future clinical trials.
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Evaluation of new treatments in clinical trials of multiple sclerosis (MS)
requires valid and reliable measures of disability and disease
progression. It is also important to monitor clinical outcomes in
individual patients to optimise care. There are different kinds of
outcome measure, including physician-oriented measures such as
those based on the neurologic examination and quantitative tests of
neurologic function, as well as patient-oriented self-report measures.1
Physician-oriented outcomes tend to be more objective compared
with patient self-report measures, whereas quantitative tests of
neurologic function are more standardised and reliable than measures
based on the neurologic examination. However, physicians tend to be
more familiar with the latter measures, whereas the clinical relevance
of changes in objective tests of neurologic function are unclear.1

past few years there has been discussion regarding the limitations of
the EDSS.1,13 First, the scale is ordinal rather than equal interval,
requiring non-parametric analyses. The mean staying time is different
at each level of the scale, with longer mean staying times at the upper
and lower ends of the scale than at scores of three, four or five.14
Second, there is subjectivity in determining scores of ambulation and
bowel and bladder dysfunction.1 There is also interexaminer variability
in rating functional system scores as mild, moderate or severe,
resulting in lower reliability at low EDSS scores.13 Finally, higher EDSS
scores are fully dependent upon ambulatory disability, so new changes
in functional system scores do not affect upper-range EDSS scores.
Additionally, the EDSS is relatively insensitive to arm function, cognitive
function, and fatigue, which are important dimensions of MS.1

The expanded disability status scale (EDSS)2 is the most universally
used measure in assessing disability and progression in MS.1 The EDSS
is based on the neurologic examination and measures impairment in
eight functional systems, with EDSS scores in steps of 0.5, ranging
from zero (normal neurologic examination) to 10 (death).2 The EDSS
has been used as a primary or secondary efficacy end-point in clinical
trials of disease-modifying therapies (DMTs) in MS.3–12

Development of the Multiple Sclerosis
Functional Composite

The main strengths of the EDSS are its familiarity and widespread use,
which enable comparisons between different trials. In addition, data
have been collected on its reliability and validity.1,13 However, over the
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Owing to known limitations of the EDSS and the increasing number of
clinical trials in MS, the National Multiple Sclerosis Society (NMSS)
sponsored a workshop in 1994 to evaluate currently available outcome
tools. At this workshop, participants agreed that there was no optimal
assessment measure available and recommended the development of
a multidimensional assessment tool incorporating multiple clinically
independent dimensions of MS, including cognitive function.15 A task
force was then appointed to recommend improved clinical outcome
measures. This task force published important criteria for MS clinical
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Table 1: The Three Components of the Multiple Sclerosis
Functional Composite
Disease Dimension

Objective Tests

Task

Ambulatory function

Timed 25-Foot Walk

Seconds to walk 25 feet

Arm and hand function

9-Hole Peg Test

Seconds to insert and
remove nine pegs

Cognitive function

Paced Auditory

Number of

Serial-addition Task

correct additions

trial outcome measures16 and conducted a meta-analysis of quantitative
measures of arm, leg, cognitive and visual function from historic data
collected in natural-history and clinical studies of MS.17 This led to the
development of the multiple sclerosis functional composite (MSFC).18

Components of the Multiple Sclerosis
Functional Composite
The MSFC is a composite of three objective quantitative tests of
neurologic function that were identified as being important in MS,
including ambulatory function, arm function and cognitive function
(see Table 1).17 The Timed 25-foot Walk (25FTW)17 is a test of
ambulatory function, requiring the patient to walk 25 feet quickly and
safely in his or her usual manner. The Nine-hole Peg Test (9HPT)17,19
measures arm and hand function – the patient moves nine pegs from
a box into nine holes on a peg board, then back into the open box
twice with each hand. The time is averaged for each hand. The
Three-second Paced Auditory Serial-addition Task (PASAT3) 17,20
measures cognitive function. Patients listen to a series of 61
spoken numbers with three seconds between each, and must add
each number to the previous number. The score is the number of
correct additions out of 60.
The MSFC score is reported as a standardised z-score because the
three components are in different units of measurement (seconds and
number correct) and direction of change (improvement is indicated by
higher PASAT scores but lower 25FTW and 9HPT scores). A z-score is
created for each component by standardising to a reference
population and the z-scores for the 25FTW and 9HPT are transformed
such that a decrease represents worsening. Finally, the z-scores from
the three tests are averaged to create the final MSFC score.21 The
reference population might be the baseline study population or a
standard external reference population, such as that of the task force
pooled data set.17 Lower MSFC scores compared with baseline
suggest neurologic deterioration.21

Reliability
The MSFC has excellent reliability, but practice effects have been
demonstrated. A pilot study of 10 patients with secondary progressive
MS assessed the reliability of the MSFC through administration of six
sessions of the MSFC over a two-week period.22 The first five sessions
were conducted by the same technician, whereas another technician
administered the sixth session. The intraclass correlation coefficient
between session four and five was 0.97, demonstrating excellent
intra-rater reliability. The intraclass correlation coefficient between
session five and six was 0.95, again demonstrating excellent
inter-rater reliability, which was maintained six months later.22
There were similar findings of excellent reliability in a larger phase III
trial. The MSFC was used as the primary efficacy end-point in the
phase III International Multiple Sclerosis Secondary Progressive
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Avonex Controlled Trial (IMPACT).23 Before randomisation, the 436
patients underwent three pre-baseline MSFC testing sessions. The
MSFC had excellent intra-rater reliability, with an intraclass
correlation coefficient of 0.90 for session three (final pre-baseline
session) and session four (baseline session).23
Both studies demonstrated practice effects with the MSFC. Although
these effects were evident initially, the MSFC scores stabilised by the
fourth administration.22,23 Practice effects were most apparent with
the 9HPT, followed by the PASAT, whereas there were no practice
effects for the 25FTW after the first administration.24 Thus, it has been
suggested that there should be one pre-baseline administration of the
25FTW, three pre-baseline administrations of the PASAT and four
pre-baseline administrations of the 9HPT to maximise efficiency.24

Validity
Several studies have assessed various components of the validity of
the MSFC. Face validity (i.e. the extent to which the tool measures
what it is supposed to measure) and content validity (i.e. the extent to
which the tool measures dimensions from the range of disease)
were established through a group process. The NMSS task force
established important MS clinical dimensions, and these were
reviewed by the NMSS Advisory Committee on Clinical Trials and by
the NMSS Medical Advisory Board,16,17 establishing face validity.
Content validity was determined through incorporating tests of
various clinical dimensions of MS, including cognitive function,
ambulatory function and arm function. Addition of further clinical
dimensions, such as fatigue, visual function and sensory function,
could also improve the content validity of the MSFC, as previously
suggested.21 Construct validity is the ability of a tool to measure
the disease dimensions that it was designed to measure. The
EDSS score (>3.0) and the 25FTW component of the MSFC are tests
of ambulatory function, whereas the 9HPT and the PASAT measure
non-ambulatory functions that are not well measured by the EDSS.
The EDSS correlates more strongly with the 25FTW than with the 9HPT
or the PASAT, which supports the construct validity of the MSFC.17,23
Concurrent criterion validity involves the degree to which the tool
correlates with other accepted instruments. Concurrent criterion
validity of the MSFC was established through comparisons with EDSS,
magnetic resonance imaging (MRI), and measures of self-reported
quality of life. Several studies have demonstrated a moderately strong
correlation between the MSFC and EDSS.17,23,25 MRI measures, such as
T1 and T2 lesion load, also correlate significantly with MSFC scores.26
Additionally, one study found a moderately strong correlation
between the MSFC and measures of brain atrophy in patients
with relapsing–remitting MS (RRMS) studied over eight years.27
Furthermore, Miller and colleagues28 found significant correlations
between the MSFC and measures of quality of life, including the
Medical Outcomes Study Short Form 36 (SF-36) and the Sickness
Impact Profile (SIP) in 300 patients with MS. The physical components
of both the SF-36 and SIP were more strongly correlated with
the MSFC than the mental and psychosocial components of
these instruments.28
Predictive criterion validity is the ability of an instrument to predict
future disease status. Support for this form of validity was provided by
a follow-up study of the phase III study of intramuscular interferon
beta−1a (IFNβ-1a; Avonex®).5 In 160 patients it was found that MSFC
scores from this clinical trial strongly predicted MSFC and MRI status
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at eight-year follow-up. 29 MSFC baseline scores were strongly
correlated with MSFC scores at two and eight years, whereas there
was a more moderate correlation between baseline EDSS scores and
EDSS scores at two and eight years. Additionally, baseline MSFC
scores and change in the MSFC over two years were correlated with
both EDSS scores and brain atrophy (measured by brain parenchymal
fraction with MRI) at the eight-year follow-up. 29 Despite this
demonstrated high predictive validity in RRMS, a study of 161 patients
with primary progressive MS found that short-term worsening in both
the MSFC and EDSS had poor predictive validity of future disability.30

Clinical Trials Using the Multiple Sclerosis
Functional Composite
The MSFC has been used in several clinical trials, primarily as a
supplement to the EDSS rather than a replacement measure
of disability. The MSFC was not available in early phase III trials of
first-line DMTs, but has been used in further clinical trials of IFNβ-1a,
IFNβ-1b and glatiramer acetate. Newer phase III trials have
incorporated the MSFC as a secondary outcome measure, including
trials of natalizumab, fingolimod and teriflunomide. The MSFC was not
reported in the phase III study of cladribine.12

Inteferon Beta-1a
The MSFC was first used as a primary outcome measure in a phase III
placebo-controlled study of IFNβ-1a in secondary progressive MS
(IMPACT).31 The median MSFC z-score change was reduced by 40.4%
in IFNβ-1a patients compared with placebo, whereas there was no
benefit demonstrated by the EDSS.31 These findings suggest that the
MSFC is more sensitive to change in disability than is the EDSS.

Interferon Beta-1b
The MSFC was used as a secondary outcome measure in the phase III
trial of Betaseron in newly emerging MS for initial treatment
(BENEFIT).32 Patients with a clinically isolated syndrome, including a
first neurologic event and two or more clinically silent MRI lesions,
were given either subcutaneous IFNβ-1b (Betaseron®) or placebo
every other day for two years or until they developed MS. They were
then eligible to enter a follow-up study involving continuing IFNβ-1b or
switching from placebo to IFNβ-1b for three additional years to assess
whether early treatment had an effect on disability progression. Early
treatment had a beneficial effect on six-month-confirmed EDSS
disability progression three years after the initial neurologic event,
suggesting that a treatment delay early in the course of disease affects
later disability accumulation. However, the MSFC did not detect any
relevant deterioration in either group and there was no difference
between groups in their overall scores. The investigators were
surprised by this finding because the MSFC was designed to improve
sensitivity to change compared with the EDSS. However, the authors
concluded that the MSFC might not be suitable in measuring disability
early during the course of disease because domains not included in
the MSFC (i.e. visual and sensory function) are often more affected
in early MS than are those domains measured by the MSFC (i.e. arm
dexterity, ambulation and cognition).33
The MSFC was also used as a secondary outcome measure in a
randomised placebo-controlled pilot trial of IFNβ-1b in 73 patients
with primary progressive or transitional MS. There was no difference
between groups in disability progression as measured by the EDSS;
however, there was a significant difference in MSFC scores favouring
IFNβ-1b,34 suggesting better sensitivity of the MSFC in this study.
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Glatiramer Acetate
The MSFC was used as a secondary disability end-point
placebo-controlled trial of glatiramer acetate (Copaxone®)
progressive MS (PROMiSE).35 Changes in both the MSFC
score were not significantly different in the placebo or
groups, and the study was terminated early.35

in a large
in primary
and EDSS
treatment

Natalizumab
The MSFC was a secondary efficacy end-point identified in the
placebo-controlled phase III trial of natalizumab (Tysabri ®)
monotherapy in relapsing MS (The efficacy of natalizumab on clinical
and radiological measures in the phase III Natalizumab Safety and
Efficacy in Relapsing–Remitting MS [AFFIRM]).7 Natalizumab reduced
disability progression compared with the placebo as measured by
both the EDSS and MSFC. There was a significant difference in MSFC
z-score change from baseline apparent after 12 weeks of treatment,
which was maintained over two years.36 The MSFC was also used as a
secondary efficacy end-point in the trial of natalizumab plus IFNβ-1b
versus IFNβ-1b alone (The Safety and efficacy of antegren in
combination with IFNβ-1a in subjects with relapsing-remitting MS
[SENTINEL] trial).8 Similarly, the natalizumab-treated group had a
reduced risk of disability progression as measured by the EDSS and
MSFC compared with IFNβ-1b alone. There was a significant
difference between groups in the MSFC z-score change from baseline
that was apparent 48 weeks after beginning natalizumab and
sustained over two years.36

Fingolimod
The MSFC was also a secondary efficacy end-point in the two
recently published Phase III trials of fingolimod in RRMS. In the phase
III placebo-controlled trial of oral Fingolimod for relapsing MS
(FREEDOMS) study,10 both EDSS scores and MSFC z-scores remained
stable or improved slightly in the fingolimod groups, but worsened
in the placebo group. Similarly, in the phase III study of oral
fingolimod versus IFNβ-1b (Trial assessing injectable interferon
versus FTY720 oral in relapsing–remitting multiple sclerosis
[TRANSFORMS]),11 EDSS and MSFC z-score changes were similar and
both measures were generally better in fingolimod-treated groups
than in the IFNβ-1b group. Figure 1 displays a comparison between
the 24-month z-score change in EDSS and in MSFC from baseline in
the fingolimod and placebo groups in the FREEDOMS study. 10
Figure 2 displays a similar comparison of 12-month z-score change
in EDSS and in MSFC in the fingolimod and IFNβ-1b groups in the
TRANSFORMS study.11 Changes in EDSS and MSFC z-scores in a
given treatment group were similar, which suggests that the
MSFC did not provide a much more sensitive measure of disability in
these trials.

Clinical Relevance of the Multiple Sclerosis
Functional Composite
To interpret MSFC scores in both clinical trials and individual patients,
it is important to understand meaningful changes in the MSFC. It has
been suggested that a 20% change in the 25FTW and 9HPT represents
a reliably true change in function, whereas lower levels of change
might represent clinically insignificant day-to-day fluctuations.37 In
addition, it has been suggested that an increase of more than 20%
in the 25FTW or 9HPT also indicates a clinically significant impact on
disability, as perceived by patients with MS.38–40 However, the clinically
relevant change in the overall MSFC score has not yet been
determined.41 This limits the usefulness of the MSFC as an outcome
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Figure 1: Comparison of Mean Change in Z-score
Multiple Sclerosis Functional Composite and
Mean Change in Z-score Expanded Disability Status
Scale in the FREEDOMS Study 10
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Figure 2: Comparison of Mean Changes in Z-score
Multiple Sclerosis Functional Composite and Mean
Change in Z-score Expanded Disability Status Scale in
the TRANSFORMS Study 11

There are several additional limitations to the MSFC. Unlike the EDSS,
there are practice effects with the 9HPT and PASAT components of
the MSFC, making interpretation of improvement difficult and
requiring at least three pre-baseline sessions.24 Additionally, the use
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of various reference populations affects MSFC scores, limiting the
comparability of scores across different studies.17 Finally, the clinical
interpretation of changes in MSFC z-scores is unclear. Although
clinically meaningful scores have been recommended for the
components of the MSFC,37–40 clinically meaningful scores for overall
MSFC scores have not been established.41 Thus, the MSFC has not
been used as a primary outcome measure in clinical trials and is
not useful in clinical practice. This is in contrast to the EDSS,
which can be scored in clinical practice across patient visits to track
changes in the neurologic examination, thus aiding in treatment
decision making.2

Multiple Sclerosis Functional Composite

Z-scores have been converted such that higher scores represent improvement.
INFβ-1a = interferon beta-1a.

measure. Additionally, the MSFC z-score value is not clinically useful
and it is neither practical or beneficial to incorporate the MSFC
routinely into clinical practice.

Multiple Sclerosis Functional Composite versus
Expanded Disability Status Scale
The MSFC was originally developed to improve or supplement the
EDSS as a measure of disability, given flaws identified in the EDSS.
There are several technical issues that favour one scale over the
other, which are discussed below. The single biggest limitation of
the MSFC is the fact that a given score tells a clinician nothing about
how a patient with MS appears from a neurologic perspective, which
the EDSS does do. As such, the MSFC is less informative for clinicians
and, therefore, is used far less than the EDSS, which is a widely used
disability end-point in clinical trials of MS. Although there are
advantages of the MSFC, there are also several additional limitations
to its use, as discussed below.
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The main advantage of the MSFC is that it is a quantitative linear
continuous measure with high reliability and validity. By contrast, the
EDSS is an ordinal scale and deterioration is non-linear with a ceiling
effect.2 It has been suggested that, given its continuous nature, the
MSFC is more sensitive to change in disability than is the EDSS.17 This
is supported by a study that showed that the MSFC had better
precision than did the EDSS in detecting differences in MS severity
based on MRI findings, however overall both the EDSS and
MSFC correlated weakly with MRI pathology.42 Additionally, the MSFC
measures a broader range of MS dimensions than does the EDSS, with
inclusion of measurements of cognitive and arm function, rather than
the sole reliance on ambulation at high EDSS scores.17 However,
despite including these dimensions, the MSFC lacks measures of
visual function, sensory function and fatigue, which are also
important dimensions of MS.17 It has been suggested that contrast
letter acuity would be a useful addition to the MSFC as a measure of
visual function.43 Another quoted advantage of the MSFC is that it can
be administered by a trained staff member rather than a neurologist,
which has been suggested to be cost effective and more practical
than the neurologist-administered EDSS.44 However, clinical trials
generally still include the EDSS, with the MSFC as an additional
measure rather than a replacement. Thus, the argument of lowering
costs by implementing the MSFC is problematic.

New Approach – Multiple Sclerosis Functional
Composite Progression
To address limitations and improve the clinical interpretation of the
MSFC as an outcome measure, an MSFC Working Group was recently
formed to develop new approaches to using MSFC data.45 Rather than
using MSFC z-score change as an outcome, this group created a
definition for MSFC progression, which involved worsening from
baseline score on at least one MSFC component by 20% (MSFC
Progression-20) or 15% (MSFC Progression-15), sustained for at least
three months. The group used AFFIRM7 and SENTINEL8 data to study
MSFC progression rates using this definition. They found that the MSFC
Progression-20 and MSFC Progression-15 were sensitive measures of
disability and correlated with EDSS, relapse rates and SF-36 Physical
Component Summary score change. The MSFC Progression-20 and
MSFC Progression-15 at one year were predictive of EDSS progression
at two years, and both MSFC progression end-points demonstrated
treatment effects in AFFIRM and SENTINEL.45 The MSFC progression is
more useful and clinically meaningful than is the MSFC z-score change,
and is more similar to the way that EDSS data are currently used in
clinical trials.
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Conclusions
The MSFC is a multidimensional objective measure of neurologic
function that was developed to be a more sensitive measure of
disability than the EDSS for use as a clinical trial disability end-point.
The MSFC has excellent intra- and inter-rater reliability.22,23 Validity
of the MSFC has also been demonstrated; the MSFC correlates
well with EDSS, MRI measures of disease, and quality of life
measures.17,23,25–28 Since its development, the MSFC z-score change has
been used as a secondary disability end-point in clinical trials.32–35,7,8,10,11
The MSFC is a linear, quantitative continuous measure that may be
more sensitive to detect changes in disability than the ordinal EDSS
scale.2,17,42 Additionally, it measures a broader range of disability,
including cognitive and arm function in addition to ambulation.
However, it does not include a measure of visual function.17 Other
limitations include significant practice effects with the 5HPT and

1.
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.

Amato MP, Portaccio E, Clinical outcome measures in
multiple sclerosis, J Neurol Sci, 2007;259:118–22.
Kurtzke JF, Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS),
Neurology, 1983;33:1444–52.
The IFNB Multiple Sclerosis Study Group. Interferon
beta-1b is effective in relapsing-remitting multiple sclerosis.
I. Clinical results of a multicenter, randomized, double-blind,
placebo-controlled trial, Neurology, 1993;43:655–61.
Johnson KP, Brooks BR, Cohen JA, et al., The Copolymer 1
Multiple Sclerosis Study Group. Copolymer 1 reduces relapse
rate and improves disability in relapsing-remitting multiple
sclerosis: results of a phase III multicenter, double-blind,
placebo-controlled trial, Neurology, 1995;45:1268–76.
Jacobs LD, Cookfair DL, Rudick RA, et al., The Multiple
Sclerosis Collaborative Research Group (MSCRG).
Intramuscular interferon beta-1a for disease progression in
relapsing multiple sclerosis. The Multiple Sclerosis
Collaborative Research Group (MSCRG), Ann Neurol,
1996;39:285–94.
Ebers GC, et al., PRISMS (Prevention of Relapses and
Disability by Interferon beta-1a Subcutaneously in Multiple
Sclerosis) Study Group. Randomised double-blind placebocontrolled study of interferon beta-1a in relapsing/remitting
multiple sclerosis, Lancet, 1998;352:1498–504.
Polman CH, O’Connor PW, Havrdova E, et al., AFFIRM
Investigators. A randomized, placebo-controlled trial of
natalizumab for relapsing multiple sclerosis, N Engl J Med,
2006;354:899–910.
Rudick RA, Stuart WH, Calabresi PA, et al., SENTINEL
Investigators. Natalizumab plus interferon beta-1a for
relapsing multiple sclerosis, N Engl J Med, 2006;354:911–23.
O’Connor PW, Li D, Freedman MS, et al., A phase II study of
the safety and efficacy of teriflunomide in multiple sclerosis
with relapses, Neurology, 2006;66:894–900.
Kappos L, Radue E, O’Connor P, et al., FREEDOMS Study
Group. A placebo-controlled trial of oral fingolimod in
relapsing multiple sclerosis, N Engl J Med, 2010;362:387–401.
Cohen JA, Barkhof F, Comi G, et al., TRANSFORMS
Study Group. Oral fingolimod or intramuscular interferon for
relapsing multiple sclerosis, N Engl J Med, 2010;362:402–15.
Giovannoni G, Comi G, Cook S, et al., CLARITY Study Group.
A placebo-controlled trial of oral cladribine for relapsing
multiple sclerosis, N Engl J Med, 2010;362:416–26.
Amato MP, Ponziani G, Quantification of impairment in MS:
discussion of the scales in use, Mult Scler, 1999;5:216–9.
Weinshenker BG, Bass B, Rice GPA, et al., The natural history
of multiple sclerosis: a geographically based study. 2.
Predictive value of the early clinical course, Brain,
1989;112:1419–28.

EUROPEAN NEUROLOGICAL REVIEW

PASAT3 components24 and the use of varying reference populations
affects MSFC scores and limits comparability between studies.17
Although a 20% change in components of the MSFC has been
suggested to be clinically meaningful,37 clinical interpretation of MSFC
z-score change remains unclear,41 which limits the use of the MSFC as
a primary outcome measure in clinical trials. An alternative approach
to analysing MSFC data has recently been suggested to improve the
clinical interpretation of this scale. This involves defining MSFC
progression based on a three-month period of sustained worsening
by 15 or 20% in at least one MSFC component, rather than using MSFC
z-score change.45 Currently, the most widely accepted end-points in
MS clinical trials are relapse rate and disability progression measured
using the EDSS. With further study, the newly defined MSFC
progression could be used as a primary disability outcome measure in
future clinical trials. n

15. Whitaker JN, McFarland HF, Rudge P, Reingold SC, Outcomes
assessment in multiple sclerosis clinical trials: a critical
analysis, Multiple Sclerosis, 1995;1:37–47.
16. Rudick R, Antel J, Confavreux C, et al., Clinical outcomes
assessment in multiple sclerosis, Ann Neurol, 1996;40:469–79.
17. Cutter GR, Baier ML, Rudick RA, et al., Development of a
multiple sclerosis functional composite as a clinical trial
outcome measure, Brain, 1999;122:871–82.
18. Rudick R, Antel J, Confavreux C, et al., Recommendations
from the National Multiple Sclerosis Society Clinical
Outcomes Assessment Task Force, Ann Neurol,
1997;42:379–82.
19. Goodkin DE, Hertsgaard D, Seminary J, Upper extremity
function in multiple sclerosis: improving assessment
sensitivity with box-and-block and nine-hole peg tests,
Arch Phys Med Rehabil, 1988;69:850–4.
20. Gronwall DM, Paced auditory serial-addition task: a measure
of recovery from concussion, Percept Mot Skills,
1977;44:367–73.
21. Rudick RA, Cutter G, Reingold S, The Multiple Sclerosis
Functional Composite: a new clinical outcome measure for
multiple sclerosis trials, Mult Scler, 2002;8:357–8.
22. Cohen JA, Fisher JS, Bolibrush DM, et al., Intrarater and
interrater reliability of the MS functional composite outcome
measure, Neurology, 2000;54:802–6.
23. Cohen JA, Cutter GR, Fisher JS, et al., IMPACT Investigators.
Use of the multiple sclerosis functional composite as an
outcome measure in a phase 3 clinical trial, Arch Neurol,
2001;58:961–7.
24. Solari A, Radice D, Manneschi L, et al., The multiple sclerosis
functional composite: different practice effects in the three
test components, J Neurol Sci, 2005;228:71–4.
25. Kalkers NF, deGroot V, Lazeron RHC, et al., MS functional
composite. Relation to disease phenotype and disability
strata, Neurology, 2000;54:1233–9.
26. Kalkers NF, Bergers L, deGroot V, et al., Concurrent validity
of the MS Functional Composite using MRI as a biological
disease marker, Neurology, 2001;56:215–9.
27. Fisher E, Rudick RA, Cutter G, et al., Relationship between
brain atrophy and disability: an 8-year follow-up study of
multiple sclerosis patients, Mult Scler, 2000;6:373–7.
28. Miller DM, Rudick RA, Cutter G, et al., Clinical significance of
the multiple sclerosis functional composite: relationship to
patient-reported quality of life, Arch Neurol, 2000;57:1319–24.
29. Rudick RA, Cutter G, Baier M, et al., Use of the Multiple
Sclerosis Functional Composite to predict disability in
relapsing MS, Neurology, 2001;56:1324–30.
30. Kragt JJ, Thompson AJ, Montalban X, et al., Responsiveness
and predictive value of EDSS and MSFC in primary
progressive MS, Neurology, 2008;70:1084–91.

31. Cohen JA, Cutter GR, Fischer JS, et al., IMPACT Investigators.
Benefit of interferon beta-1a on MSFC progression in
secondary progressive MS, Neurology, 2002;59:679–87.
32. Kappos L, Polman CH, Freedman MS, et al., BENEFIT Study
group. Treatment with interferon beta-1b delays conversion
to clinically definite and McDonald MS in patients with
clinically isolated syndromes, Neurology, 2006;67:1–1.
33. Kappos L, Freedman MS, Polman CH, et al., BENEFIT Study
group. Effect of early versus delayed interferon beta-1b
treatment on disability after a first clinical event suggestive
of multiple sclerosis: a 3-year follow-up analysis of the
BENEFIT study, Lancet, 2007;370:389–97.
34. Montalban X, Overview of European pilot study of interferon
beta-1b in primary progressive multiple sclerosis, Mult Scler,
2004;10:S62–4.
35. Wolinsky JS, Narayana PA, O’Connor P, et al., PROMiSe Trial
Study Group. Glatiramer acetate in primary progressive
multiple sclerosis: results of a multinational, multicenter,
double-blind, placebo-controlled trial, Ann Neurol,
2007;61:14–24.
36. Rudick RA, Panzara MA, Natalizumab for the treatment of
relapsing multiple sclerosis, Biologics, 2008;2:189–99.
37. Schwid SR, Goodman AD, McDermott MP, et al., Quantitative
functional measures in MS: what is a reliable change,
Neurology, 2002;58:1294–6.
38. Kaufman M, Moyer D, Norton J, The significant change for
the Timed 25-Foot Walk in the Multiple Sclerosis Functional
Composite, Mult Scler, 2000;6:286–90.
39. Kragt J, van der Linden F, Nielsen J, et al., Clinical impact of
20% worsening on Timed 25-foot Walk and 9-hole Peg Test in
multiple sclerosis, Mult Scler, 2006;12:594–8.
40. Hoogervorst EL, Kalkers NF, Cutter GR, et al., The patient’s
perception of a (reliable) change in the Multiple Sclerosis
Functional Composite, Mult Scler, 2004;10:55–60.
41. Uitdehaag BM, Adèr HJ, Kalkers NF, Quantitative functional
measures in MS: What is a reliable change?, Neurology,
2002;59:648–9.
42. Hobart J, Kalkers N, Barkhof F, et al., Outcome measures for
multiple sclerosis clinical trials: relative measurement
precision of the Expanded Disability Status Scale and Multiple
Sclerosis Functional Composite, Mult Scler, 2004;10:41–6.
43. Balcer LJ, Baier ML, Cohen JA, et al., Contrast letter acuity as
a visual component for the Multiple Sclerosis Functional
Composite, Neurology, 2003;61:1367–73.
44. Polman CH, Rudick RA, The Multiple Sclerosis Functional
Composite: A clinically meaningful measure of disability,
Neurology, 2010;74:S8–15.
45. Rudick RA, Polman CH, Cohen JA, et al., Assessing disability
progression with the Multiple Sclerosis Functional
Composite, Mult Scler, 2009;15:984–97.

35

