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The challenge of talking on MS rehabilitation

 Chronic disease

 ‘Active’ versus ‘non-
active’ disease

 Relapses

 Progression

 Motor learning
potential & 
Neuroplasticity



Complexity in MS



ICF framework: What’s related?



Psychological disease burden
& Inactivity-related comorbidities



What if one is not moving enough?

Courtesy D. Hanssen (Uhasselt)



Multi-dimensional ASSESSMENT

1. Recommendations

2. ‘Novel’ symptoms

Efficient Rehabilitation Interventions

1. Physical Exercise

2. Fatigue management

3. Selecting the right interventions
for fatigue & cognition: APPECO

Novel directions

1. Upper extremity training

2. Technological-supported
rehabilitation

Rehabilitation can make a difference in your life.  
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Multi-dimensional assessment recommendations

Feys, Eelen et al (2016) MSJ: the multi-disciplinary approach

Physiotherapist

Neurologist

MS Nurse 

Neuro- & Clinical 
Psychologist 

Social worker 

Occupational 
Therapist 

Rehabilitation Physician 

Speech therapist 

A multi-disciplinary perspective, 

to be known by all HCP



Measuring balance, walking (endurance)

MSWS-12 (0-60)T25FW

2/6MWT

BBS

FES

Berg Balance 
scale

Falls Efficacy 
scale

۵8-10 points

۵9,6/21 m

۵3 points

Feys, Eelen et al (2016) MSJ: the multi-disciplinary approach



6’/1’

>15%

6MWT

McLoughlin et al. , 2015

Novel measures: motor fatigability

Severijns et al, 2017, NNR. Leone et al, 2015, NNR

6MWT

40% of disabled pwMS slow down ≥ 15% 

during 6MWT



Measuring balance, walking (endurance) & upper limb function

MSWS-12T25FW

2/6MWT

BBS

FES

Berg Balance 
scale

Falls Efficacy 
scale

NHPT MAM

ABILHAND

۵20%

۵8-10 points

۵9,6/21 m

۵3 points

Feys, Eelen et al (2016) MSJ: the multi-disciplinary approach



Measuring FATIGUE & COGNITIVE IMPAIRMENT

BICAMS

Brief International Cognitive 

Assessment for MS

www.bicams.net/

Symbol Digit Modalities test 

(SDMT) – information 

processing speed

California Verbal Learning 

test

Brief Visuospatial Memory 

test

- FSS: Fatigue Severity

- FSMC: Fatigue Scale Motor Cognitive functioning

- Modified Fatigue Impact Scale (MFIS) 

38 cut-off for abnormal fatigue.

Clinical meaningful change: 10 points

Physical part

Psychological part

Psychosocial part

Feys, Eelen et al (2016) MSJ: the multi-disciplinary approach

http://www.bicams.net/


Novel measure:
Measuring COGNITIVE-MOTOR INTERFERENCE

Leone, Feys et al (2014) MSJ

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

Cognitive distractors:

- Substracting by 7 or 3

- Word list generation

- Alternative alfabet

- …

>10%



Take home Messages

Assessment

 A multi-dimensional assessment is required, also in early stage of MS

 There is international agreement on core outcome measures

 Novelties are quantifying symptoms as motor fatigability and

cognitive-motor interference



Multi-dimensional ASSESSMENT

1. Recommendations

2. ‘Novel’ symptoms

Efficient Rehabilitation Interventions

1. Physical Exercise

2. Fatigue management

3. Selecting the right interventions
for fatigue & cognition: APPECO

Novel directions

1. Upper extremity training

2. Technological-supported
rehabilitation

Rehabilitation can make a difference in your life.  
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Evidence in MS rehabilitation

Studies addressing

‘Rehabilitation’ AND ‘Multiple Sclerosis’

Khan et al (2016) APRM



Evidence Summaries

Moderate evidence

 Upper limb training

 Spasticity management

 Multi-disciplinary treatment

 Cognitive retraining

 Neuropsychological rehabilitation

 Energy conservation

 Vocational rehabiliation

Highest evidence

• Exercise therapy (walking & fatigue)

• Physical Therapy

• Fatigue management programs

Khan et al (2016) APRM



Exercise Therapy

Lancet Neurology 2017



Impact of exercise in healthy subjects



Resistance training improves
muscle strength

Jorgerson, Daglas et al.(2017) J Neurol Sci

Wens et al (2018) Eu J Neurol

Improved muscle strenght

Changes in  muscle fiber diameter & type

Changes in BNDF



Effect of resistance training on knee muscle strength

Percentage change of knee 45° muscle strength of exercised (EX) and sedentary (CON) MS patients after 6, 12 en

24 weeks of combined exercise or sendentarims, compared to baseline. 

Largest effects in most 

affected leg

Wens et al (2014) PLOS ONE

Training effects proportional

with training duration

Effects

<<<<<



Skilled supervision needed
to avoid ‘maladaptive learning’ & harm

Compensations Normal execution is possible



Neurobiology & exercise: 
Resistance training

Neuroprotective effect of 
exercise therapy

Brain volume decrease in waiting
list control group

24 weeks Resistance training

or

24 weeks 

‘waiting list control’/

Self-guided physical activity

Kjolhede, Dalgas et al (2017) MSJ



Neurobiology & exercise: 
Improved Neural tract structural integrity

24

Cross-over design in 27 pwMS

(24 RRMS). 12 weeks of training.

Prosperini et al (2014) Radiology

Changes in microstructure

of the superior cerebellar peduncles (DTI)

BALANCE TRAINING



Exercise improves physical fitness

Study or Subgroup

Bjarnadottir 2007

Briken 2014

Golzari 2010

Hamburg group 2003/2004

Petajan 1996

Rasova 2006

Skjerbaek 2014

Total (95% CI)

Heterogeneity: Tau² = 0.58; Chi² = 26.30, df = 6 (P = 0.0002); I² = 77%

Test for overall effect: Z = 2.03 (P = 0.04)

Mean

4

1,468

32.07

36.5

29.4

28.89

950

SD

2.9

514

12.05

7.6

1.3

6.9

247

Total

6

32

10

15

21

35

6

125

Mean

-0.5

1,254

35

31.3

26.4

28.14

874

SD

2.9

1,041

15.78

6.9

1.4

8.57

365

Total

10

10

10

13

25

16

5

89

Weight

11.8%

15.5%

14.2%

15.1%

15.3%

16.5%

11.6%

100.0%

IV, Random, 95% CI

1.47 [0.30, 2.64]

0.31 [-0.40, 1.03]

-0.20 [-1.08, 0.68]

0.69 [-0.08, 1.46]

2.18 [1.43, 2.92]

0.10 [-0.49, 0.69]

0.23 [-0.97, 1.42]

0.67 [0.02, 1.32]

Experimental Control Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

-2 -1 0 1 2
Favours [control] Favours [experimental]

Langeskov-Christensen, 

Daglas et al.(2015) Sport Med 

Treadmill walking & Cycling

Improvements >> 10%

Study or Subgroup

Bjarnadottir 2007

Briken 2014

Golzari 2010

Hamburg group 2003/2004

Petajan 1996

Rasova 2006

Skjerbaek 2014

Total (95% CI)

Heterogeneity: Tau² = 0.58; Chi² = 26.30, df = 6 (P = 0.0002); I² = 77%

Test for overall effect: Z = 2.03 (P = 0.04)

Mean

4

1,468

32.07

36.5

29.4

28.89

950

SD

2.9
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12.05
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1.3
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5
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11.8%

15.5%
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1.47 [0.30, 2.64]

0.31 [-0.40, 1.03]

-0.20 [-1.08, 0.68]

0.69 [-0.08, 1.46]

2.18 [1.43, 2.92]

0.10 [-0.49, 0.69]

0.23 [-0.97, 1.42]

0.67 [0.02, 1.32]

Experimental Control Std. Mean Difference Std. Mean Difference
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AEROBIC 
CAPACITY

(VO2-max)

Neurological
disablility

(EDSS)

FATIGUE

(FSS, MFIS) 

Quality of 
life (SF36-
MH, SF36)

Duration of 
illness

POMS

SIP 

Walking
(T25FW, 
6MWT)

Strength / 
gripstrength

Accelerome
ter counts
and GLTEQ 

Vitamin D 
serum level

Plaque
volume in 

brain

Body 
weight

COGNITIVE 
PROCESSING 

SPEED
(PASAT)



Exercise improves physical fitness

Langeskov-Christensen, 

Daglas et al.(2015) Sport Med 

Treadmill walking & Cycling

Improvements >> 10%

AEROBIC 
CAPACITY

(VO2-max)

Neurological
disablility

(EDSS)

FATIGUE

(FSS, MFIS) 

Quality of 
life (SF36-
MH, SF36)

Duration of 
illness

POMS

SIP 

Walking
(T25FW, 
6MWT)

Strength / 
gripstrength

Accelerome
ter counts
and GLTEQ 

Vitamin D 
serum level

Plaque
volume in 

brain

Body 
weight

COGNITIVE 
PROCESSING 

SPEED
(PASAT)

Endurance training 

reduces FATIGUE
Largest effect size (0,4-0,56)



Exercise therapy in advanced MS stadium

 11 pwMS

 EDSS 6,5-8,5

 CON (n=5)

 EXE (n= 6)

 10 sessions ergometry during 4 weeks

Sjerbaek, Dalgas et al (2013) MSJ



Take home Messages

Assessment

 A multi-dimensional assessment is required, also in early stage of MS

 Novelties are quantifying symptoms as motor fatigability and

cognitive-motor interference

Rehabilitation

 A strong body of evidence for exercise therapy

 Exercise may be neuro-protective and neuro-restorative

 Exercise is effective across the disability spectrum



PATIENT ACTIVATION & BEHAVIOUR CHANGE

Quellenhof Centre, Bad Wildbad, Germany, 12/2011  

 Adherence

 Self-Efficacy

 Behavioral change

Van Asch Paul, B 

Van Asch P et al  - Antwerp 26/4/2015
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MS ‘start-to-run’ 5 kilometer

Start-to-run 5km training program in 

one’s own community

3x/week during 12 weeks

Training was remotely supervised by

means of accelerometry.

Feys, Van Asch et al (2017) MSJ

www.movetosport.be

Neurobiology & exercise: Endurance training

http://www.movetosport.be/
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Program personalized

based on VO2max. 

Instructions weekly.

MS ‘start-to-run’ 5 kilometer

Feys, Van Asch et al (2017) MSJ

www.movetosport.be

http://www.movetosport.be/


Training

A
n
tw

e
rp

 1
0
 M

ile
s

PRE

26/4

Group training

wi-things

MS ‘start-to-run’ 5 kilometer

Feys, Van Asch et al (2017) MSJ

www.movetosport.be

Group Training Session

http://www.movetosport.be/


MS ‘start-to-run’ 5 kilometer: RESULTS

15% drop-out due to time constraints, and mild injuries

94% adherence to the training sessions

Positive effects in favour of EXP group

 Physical fitness

 5x Sit-to-stand

 MSWS-12 walking ability

 FSMC fatigue scale for motor & cognitive function

 MSIS-29 quality of life

 Cognition: spatial recall test (visuospatial memory)

 Neurobiology: Pallidum (basal ganglia)
brain nucleus involved in subtle regulation of voluntary 
movements that occur on the subconscious level

Feys, Moumdjian, Eijnde, Wens, Van Wijmeersch, Popescu, Van Halewyck, Van Asch et al 

(2017) MSJ



Cycling has best results
on both aerobic fitness & walking distance.

41

Multi-dimensional effects of exercise
in persons with PROGRESSIVE TYPE OF MS

42 pwMS. EDSS 4-6.  8-10 weeks training (10% drop-out)



Verbal learning
and memory test

42 pwMS. EDSS 4-6.  

8-10 weeks training (10% drop-out)

Effects of exercise on COGNITION
in persons with PROGRESSIVE TYPE OF MS

Briken, Heesen et al (2014) MSJ

Alertness

Cycling has best results
on both learning & memory, and Alertness



Take home Messages

Assessment

 A multi-dimensional assessment is required, also in early stage of MS

 Novelties are quantifying symptoms as motor fatigability and

cognitive-motor interference

Rehabilitation

 A strong body of evidence for exercise therapy with multi-dimensional

effects including on fatigue & cognition

 Exercise may be neuro-protective and neuro-restorative

 Exercise is effective across the disability spectrum



Evidence Summaries

Moderate evidence

 Upper limb training

 Spasticity management

 Multi-disciplinary treatment

 Cognitive retraining

 Neuropsychological rehabilitation

 Energy conservation

 Vocational rehabiliation

Highest evidence

• Physical Therapy

• Exercise therapy (walking & fatigue)

• Fatigue management programs

Khan et al (2016) APRM



Multi-disciplinary approaches for fatigue
One size does not fit all!

- Aerobic exercise
- Cognitive behavioural therapy
- Energy conservation programs

- Self-management programs 

- Environmental modifications

Khan et al (2014) Frontiers in Neurology

Finlayson, Khan, Kos, ..
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www.appeco.net

Applying

Evidence with

Confidence in 

clinical practice

Established by European MS rehabilitation network (www.eurims.org) 

How to find a best evidence-based intervention?

Targeting FATIGUE & COGNITIVE FUNCTION

http://www.appeco.net/
http://www.eurims.org/


Multi-dimensional ASSESSMENT

1. Recommendations

2. ‘Novel’ symptoms

Efficient Rehabilitation Interventions

1. Physical Exercise

2. Fatigue management

3. Selecting the right interventions
for fatigue & cognition: APPECO

Novel directions

1. Upper extremity training

2. Technological-supported
rehabilitation

Rehabilitation can make a difference in your life.  
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An increasing research interest 
in upper limb rehabilitation in MS.

May 
2011. BMC

September 
2016. NNR



Content of therapy

0 1 2 3 4 5 6

Sensory training

Robot-based training

Physiotherapy

Passive motor training

Occupational therapy

Home-based motor training

Endurance training

Electrical nerve stimulation

Constraint-Induced movement therapy

Task-oriented upper limb motor training

Trunk exercise based on Bobath concept

Multidisciplinary therapy

Resistance training

Physiotherapy in rehab center

Physiotherapy home program

Multidisciplinary training

Home exercise program

Endurance training

Community-based group aquatic training

Combined endurance and resistance training

Active motor training

Lower and upper
body training

Upper limb training

Trunk and upper
limb training

Lamers et al (2016) NNR

- 30 studies, of which 11 (small) RCT
- Promising effects at the level of training (body 

function or activity level)



Editorial 2016. MSJ

Book published in 2018



ROBOT-ASSISTED UPPER LIMB REHABILITATION

Brachio di Ferro – 2DOF Haptic Master– 3DOF & I-TRAVLE

END-EFFECTOR

EXOSKELETON

Armeo Spring – multiple joints Armeo Spring– 3DOF & SAIL

Different underlying training principles in software programs

Unilateral and mainly proximal (shoulder-elbow) training systems



Robot-assisted Upper Limb Training

Lamers, Feys & Swinnen. Chapter 18 in ‘Rehabilitation Robotics’ 2018 – Colombo & Sanguinetti

• Small sampled studies

• Pilot trials show beneficial effects of robot-assisted upper limb rehabilitation: 

movement efficiency, clinical effects on body function & activity level

• 2 RCT’s

• No superiority of the robot training compared to conventional therapy

however, effects may last longer

• Increased clinical effects if object manipulation is included



Robot-Assisted Gait
Training (RAGT)

Lokomat - Hocoma Gait Trainer
Powered
Exoskeleton



Robot-assisted Gait Training

Lamers, Feys & Swinnen. Chapter 18 in ‘Rehabilitation Robotics’ 2018 – Colombo & Sanguinetti

RAGT is 

- Mostly clinically effective

- Mostly as effective as CWT (conventional

walking training) for improving walking and

QoL* (and other)

- Is well accepted by persons with MS

Superiority of RAGT compared to CWT in those studies with higher EDSS (≥6)

- QoL – physical domain

- Walking distance (but not always walking speed)

- Number of pwMS reaching clinical meaningful change in walking (2MWT, FAC)

chance to change from ‘dependent’ to ‘independent’ walking (20meter walking)



Take home Messages

Assessment

 A multi-dimensional assessment is required, also in early stage of MS

 Novelties are quantifying symptoms as motor fatigability and cognitive-

motor interference

Rehabilitation

 A strong body of evidence for exercise therapy with multi-dimensional

effects including on fatigue & cognition

 Exercise may be neuro-protective and neuro-restorative

 Exercise is effective across the disability spectrum

 There are different types of effective fatigue rehabilitation programs

 Novelties are upper limb training & the technological-supported programs
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