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A B S T R A C T

Background: In multiple sclerosis (MS) rehabilitation, most currently used outcome measures were validated in
patients with a relapsing remitting MS and mild to moderate impairments. We aimed to assess whether these
measures were also adequate in more impaired patients, frequently encountered in those with progressive MS
(PMS).
Methods: Outcome measurements were extracted from medical records of 229 patients with PMS undergoing 3
weeks of routine inpatient rehabilitation between 2011 and 2015. We assessed the acceptability of Nine-Hole
Peg Test (9HPT), Timed 25-Foot Walk (T25FW), 2-Minute Walk Test (2MWT), Rivermead Mobility Index (RMI)
and the Functional Independence Measure (FIM) by analysing their statistical distributions, concurrent validity
by comparing Spearman correlations with pre-specified hypotheses, and responsiveness across impairment
status by calculating standardized response means.
Results: Our concurrent validity hypotheses were mainly satisfied. However, all outcome measures had skewed
distributions, showed low variability, and thus were inadequately discriminative. Moreover, 9HPT was never
responsive across the impairment states, whereas the T25FW was responsive for mildly impaired patients, and
the 2MWT for mild to moderate MS, respectively. Generic multi-items measures such as RMI and FIM-motor
were adequately responsive for all severity levels.
Conclusions: Currently used outcome measures are inadequate for patients with impaired mobility, and there is a
dire need of specifically designed outcome measures for routine care that are less burdensome and short-term
responsive.

1. Introduction

Multiple sclerosis (MS) is a chronic disease of the Central Nervous
System, characterized by a variety of manifestations in different func-
tional systems. Due to the limited options for immunomodulatory
treatment (Elovaara et al., 2018), rehabilitation plays an essential role
in reducing the multi-faceted MS-caused impairments in persons with
progressive MS (PMS). For objective and reliable evaluation of re-
habilitation interventions, the use of standardized outcome measures
(OMs) is crucial (Jette and Halbert, 2009). Generally, a comprehensive
core set of OMs should include feasible, acceptable, valid, and re-
sponsive OMs. They should also cover all the relevant International
Classification of Functioning, Disability and Health (ICF) domains

(Stucki, 2016), namely activity and participation (Khan et al., 2007).
In response to the multitude of proposed OMs in MS rehabilitation,

the American Physical Therapy Association Neurology Section nomi-
nated the MS Task Force (MSTF) to review and assess the psychometric
data and clinical utility of the most common OMs in the field.
Subsequently, the MSTF issued setting and MS-severity specific re-
commendations for 63 OMs (henceforth MSEDGE guidelines) (Potter
et al., 2014). Moreover, the MS Outcome Assessments Consortium
(MSOAC) pursued a similar goal, but with a focus on clinical trials, and
aims „to accelerate the development of therapies for MS“ (Larocca
et al., 2017).

In routine inpatient rehabilitation settings, patient characteristics
tend to differ very substantially from the general MS population in
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outpatient clinics and clinical studies, mainly due to a much larger
proportion of patients with a PMS form. PMS forms are also under-
represented in most rehabilitation outcome validation studies, which
were mainly performed in patients with relapsing remitting MS
(Coleman et al., 2012; Fischer et al., 1999; Gijbels et al., 2012; Kaufman
et al., 2000; Kragt et al., 2006; Rabadi and Vincent, 2013; Rosti-
Otajärvi et al., 2007). The patients with PMS have longer disease
duration and higher levels of disability that might affect the feasibility
as well as the psychometric properties of the OMs used in rehabilita-
tion. Precisely to take the effect of disability into account, there have
also stratified the patients by disability level (Baert et al., 2014).
Therefore, the aim of this study was to evaluate the psychometric
properties of the most commonly used OMs in routine rehabilitation for
patients with PMS in a routine inpatient rehabilitation programme.

2. Methods

2.1. Participants

This study included patients with a PMS form, who underwent an
inpatient programme in 2011–2015 at the Neurorehabilitation Center
Berner Klinik Montana. The use of these data was approved by the Ethics
Committee Zurich (BASEC. 2017-00077), who also issued a waiver for
the retrospective retrieval of informed consent. The Berner Klinik
Montana is a neurorehabilitation clinic in South-western Switzerland
and part of RIMS, the European network for best practice and research
in MS Rehabilitation. Its MS inpatient rehabilitation programme cares
for approximately 250 patients per year, which corresponds to ap-
proximately 35% of all MS neurorehabilitation stays in Switzerland.
The majority of patients (70%) have a progressive form of MS, either
primary or secondary. This high percentage can be explained by the
reimbursement policies of Swiss insurances.

MS inpatient multidisciplinary rehabilitation consists of a 3-week
programme with individualized objectives, consisting of physiotherapy
and occupational therapy, complemented with speech therapy, nutri-
tion counselling, psychology, neuropsychology, and hippotherapy as
needed. The therapy sessions are at least 30min long, with a total daily
duration of at least 2–3 h, for at least 5 days a week (Khan et al., 2007).

2.2. The measurements

At the Berner Klinik Montana, the OMs assessed, both at baseline and
at discharge, are: Functional Independence Measure (FIM), Rivermead
Mobility Index (RMI), the 2-Minute Walk Test (2MWT), and the Timed
25-Foot Walk test (T25FW) assessed by the physiotherapists, and the
Nine-Hole Peg Test (9HPT) measured by the occupational therapists.
The Short and Graphic Ability Scale-10 (SaGAS10) is then computed
from T25FW and 9HPT (Barin et al., 2016). The neurologists assess the
Expanded Disability Status Scale (EDSS) only at discharge.

The measurements are performed within 48 h from admission and at
discharge of the patient.

All OMs used cover the ICF domain of activity, while FIM and EDSS
additionally assess the body structures and function domain. Moreover,
FIM also covers the participation domain. All OMs are performance-
based and, with the exception of the patient-reported RMI, assessed by
health care professionals. According to MSEDGE guidelines, T25FW and
9HPT are considered highly recommended, while RIM and FIM are
recommended, EDSS is not recommended, and 2MWT is classified as
“unable to recommend” due to lack of evidence at the time of the re-
view. SaGAS10 was not assessed in MSEDGE guidelines.

2.3. Validation status of the measurements

The advantages, but also shortcomings, of these OMs are well
documented for the general MS population, but have remained largely
unexplored in the context of PMS. EDSS is the gold standard disability

measure in MS (Amato and Portaccio, 2007). However, it has an un-
equal mean stay-time at each progression stage, it is prone to sub-
jectivity, and is poorly responsive in the short-term (Amato and
Portaccio, 2007). The RMI scores 15 mobility tasks with 1 (able to
perform) or 0. Despite being frequently used for neurological condi-
tions, it has not been validated for MS patients (Franchignoni et al.,
2003).

FIM includes 13 motor and five cognitive items that evaluate the
independence level in daily activities (Skinner and Turner-Stokes,
2006). Its good reliability and concurrent validity were demonstrated
for MS (Brosseau and Wolfson, 1994), but responsiveness data are
limited as illustrated by the lack of a Minimal Clinically Important
Difference. FIM has been systematically collected in the Berner Klinik
since 2015 and data were available for 67 patients in our population.

The 2MWT was recently suggested as a substitute for the gold
standard 6-Minute Walk Test (Baert et al., 2014; Gijbels et al., 2012).
The T25FW at highest safe speed is part of the MS Functional Composite
(MSFC), and has excellent properties in ambulatory MS patients
(Fischer et al., 1999; Kaufman et al., 2000). In the Berner Klinik Montana
the T25FW test is performed once with a flying start (Gijbels et al.,
2012), and non-ambulatory patients are scored with a time value of
180 s (Hoogervorst et al., 2002).

9HPT assesses fine manual dexterity and is also a component of the
MSFC (Fischer et al., 1999), whose properties are well-studied (Kragt
et al., 2006). The 9HPT is executed once per hand and, in case of failure
to complete, 300 s were assigned.(Hoogervorst et al., 2002) For both
9HPT and T25FW the standard procedure would require repeating the
tasks twice, but, due to time constraints and more substantial impair-
ments, it is frequently infeasible in stationary rehabilitation settings.
SaGAS10 is a revised version of SaGAS (Vaney et al., 2004) and com-
bines logarithmic transformations of right- and left-hand 9HPT, as well
as T25FW results. It correlates moderately with RMI and EDSS, highly
with 2MWT and is moderately responsive (Barin et al., 2016).

For study inclusion, we required the patients to have a PMS form,
and the complete assessments of RMI, T25FW, both 9HPTs, and EDSS at
discharge. We excluded multiple visits from the same patients, in-
cluding only the first visit, provided the above-mentioned criteria were
fulfilled. We comprehensively checked the data quality (range checks,
missing data), by crosschecking suspicious values against patient
charts.

2.4. Statistical analysis

We used descriptive statistics to describe the demographic in-
formation and baseline assessments. We stratified the results by severity
level of MS: mild MS when 0≤ EDSS≤ 4, moderate MS when
4.5≤ EDSS≤ 6.5, and severe MS when EDSS≥ 7 (Gijbels et al., 2010).

2.4.1. Acceptability
To assess the acceptability (Fitzpatrick et al., 1998) of the OMs, we

investigated the range, mean, standard deviation (SD), skewness, and
ceiling and floor effects, all at baseline. Ideally, an OM's theoretical
range should be fully covered by the observed data; while the empirical
distribution should be approximately normal (Trochim and Donnelly,
2006), with a skewness index not exceeding the absolute value of 2.
Furthermore, the fraction of measurements with the lowest or highest
score should be limited because longitudinal changes may not be de-
tected otherwise. We considered ceiling (resp. floor) effects as excellent
when the percentage of patients obtaining the best (resp. worst) score
was ≤5%, adequate when within 5–20%, and poor when ≥20%
(Andresen, 2000; Lim et al., 2008). For interval measures, we applied
the following thresholds: ≥11 s for 9HPT, ≤240m for 2MWT, ≥2 s for
T25FW. As 9HPT and T25FW are stopped respectively after 5 and 3min
if not completed, the ceilings were set at 13 s, 2 s, 235m, the floors at
250 s, 150 s, 5 m, for 9HPT, T25FW, and 2MWT respectively. Hence a
minimum change of 20% in 9HPT or T25FW and of 5m in 2MWT
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