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Pathophysiology of MS 

 Chronic disease

 ‘Active’ versus ‘non-
active’ disease

 Relapses

 Progression

 Motor learning
potential & 
Neuroplasticity



Target of my ‘evaluation’

Within-day and between-day variability & Responsiveness: Clinical meaningful change



Complexity in MS



ICF framework: What’s related?



Outcome measures in physical rehabilitation

 Reductionistic by nature

But necessary

 What to recommend?

 Motor domain: moblity

 Motor domain: upper limb

 Fatigue

 Health-related quality of life

Feys, Eelen et al (2016) MSJ 



Measuring UPPER LIMB FUNCTION

Nine Hole Peg Test

ICF ACTIVITY Level: CAPACTICY

MANUAL ABILITY MEASURE

Difficulty of performance of 
uni- and bilateral activities

ABILHAND

Difficulty to perform bilateral
activities

ICF ACTIVITY Level: PERFORMANCE

Feys et al MOSAIC (2017) MSJ 

Lamers, Feys et al (2014) – MSJ & APMR



• 10MWT ≈ T25FW (timed 25 foot walk; 7,62 meter)
As fast as possible. Static start.
Clinical benchmarks: 

• ≥ 6”: change in occupation, walking with a cane, need for help with 
some instrumental ADL

• ≥ 8”: unemployed, increased use of government health care, walking 
with walker, inability to do instrumental ADL

However, limited sensitivity to change in mild disability. 

• 2/6MWT
Normative data available for 6MWT (golden standard)
Superior sensitivity to change than T25FW

Clinical meaningful change: 2MWT = 9,6m. 6MWT = 21,5m

6MWT also recommended by www.rehabmeasures.org

Motor domain: Walking capacity tests

Goldman, Motl et al (2013) Neurology

Baert et al (2014) NNR

http://www.rehabmeasures.org/


Feys, Bibby, Baert, Dalgas (2014) J Neurol Sci

Within-day Variability across the disability spectrum

• Variability 2/6MWT << 10MWT

20%

Variability increases with disability level, often >20%



6’/1’

>15%

6MWT

McLoughlin et al. , 2015

Leone, Feys et al (2015) NNR

Measuring Motor fatigue during walking in MS 

6MWT

Severijns et al. (2017) NNR

Sehle, Dettmers et al. , 2011

Treadmill walking & gait pattern



MSWS-12 items: 0-60

MS walking scale. Score 0-1

‘How much impact has MS on your …’ (0-4)

Baert, Feys, Dalgas et al (2015) NNR

Gijbels, Feys et al (2010, 2012)

Motor domain: perceived walking ability



MSWS-12 is best related to neurological disease
in the early MS phase compared to tests

Meaningful
change 
values of 
MSWS-12: 
8-10

Langeskov- Christensen, Feys, Dalgas et al (2017) J Neu Sci

Baert et al (2014) NNR



ICF framework: What’s related?

Walking capacity is NOT related to overall subjective fatigue in pwMS.

Walking capacity measured by 2/6MWT relates to daily walking activity

in disabled persons with MS.

Walking may be impacted by underlying impairments as muscle

weakness, hypertonia, incoordination, dizziness and balance.

Feys et al (2012) Effect of time of day on walking

Gijbels et al (2010) Predictive value of walking capacity tests 



Multiple Sclerosis Spasticity Scale (MSSS-88)

 SELF-REPORT QUESTIONNAIRE

- 88 items

- 8 domains // ICF 

ActivityBody function Participation



MSSS-88



MSSS-88



MSSS-88



Outcome measures in physical rehabilitation

 Reductionistic by nature

 What to recommend?

 Motor domain: moblity

 Motor domain: upper limb

 Fatigue

 Health-related quality of life

Feys, Eelen et al (2016) MSJ 



Measuring FATIGUE & FATIGUE IMPACT

- Fatigue Severity (FSS)

- Fatigue Scale Motor Cognitive functioning (FSMC) – 9 points cut-off

- Modified Fatigue Impact Scale (MFIS)

38 cut-off point to differentiate normal versus abnormal fatigue

Clinical meaningful change: 10 points 

Questions over the period of last 2 weeks

0-84

0-36

0-40

0-8



Modified fatigue inpact scale (0-84)

Questions related

to physical effort



Health-related Quality of Life

Multiple Sclerosis Impact Scale: MSIS-29
 Total score: 29-145

Clinical meaningful change: 8 points

 Physical score: 20-100

 Psychological score: 9-45

8 points difference



MSIS-29



MSIS-29



MSIS-29



Take home Messages

- Main motor domains at activity level

- Walking capacity AND perceived ability

- 6MWT is most recommended for a ‘full picture’ but 2MWT 
has also robuust psychometric properties

- MSWS-12 is likely an ecologically valid instrument for
overall mobility

- Upper limb function
- NHPT is golden standard and easy to apply

- MAM or ABILHAND have high ecological validity

- Fatigue
- Important symptom in MS

- MFIS is sensitive to physical interventions, and includes a ‘physical’ part

- Health-related quality of life
- MSIS-29 is comprehensive and includes the physical domain, both severity of 

symptoms and perceived impact



COGNITIVE-MOTOR INTERFERENCE

Leone, Feys et al (2014) MSJ

Wadja et al (2014). Learmonth & Motl (2017) APRM

Dual task questionnaires

Evans et al., Schrouwen et al 

Single motor  task = 15” walking (or longer)

Single cognitive task = substraction by 7 or 3

or ‘word list generation’ 

(phonetic, semantic)

or ‘alternating alfabet task’

Combined dual motor-cognitive task = 15” walking

Percentages >10% may indicate on an abnormal

dual task cost
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