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Quintessence of Happiness: 

Not to live FROM but FOR something… 

It‘s an attitude 



No future can replace what has been missed in the present 

Albert Schweitzer  

Resilience 







Recovery mechanisms: diaschisis 

(von Monakow 1914) 

 A process in which neurons 
function abnormally because 
influences necessary to their 
normal functions have been 
removed by damage to neurons to 
which they have been connected 

 

  



Neuroplasticity – the flexible brain 



KVG Art. 32 
Medical applications must 
be                            
effective 
appropriate 
economic 
 
 
effectiveness must be 
determined and proven by 
scientific methods   

Gesetzliche Grundlagen  

Base legale 

Legal basis for neurorehabilitation in Switzerland 



stroke 519-595 (+15%)) 
Multiple Sclerosis 493-576 (+17%) 

Neurorehabilitation Valens (2010 - 14)  
[N=2452 – 3113 (+15%); stationär (+36%), ambulant (+25%)] 

haemorrhage ischemia 

Trauma+ others  

197-309 (+57%) 

Tumor 59-80 (+33%) 

Parkinson 120-190 (+59%) 

Epilepsy      83-112 

Peripheral     114-167 

 



Multiple Sclerosis: longterm disease course 

RR: after 22,1 years 

PP: after    9,6 years 

Expanded Disability Status Scale (EDSS) 

Harding & al,  J Neurol Neurosurg Psych 2014 

Age 53-57 years 



Multifocal: complex symptomatology 

Sensory disturbances 
Visual disturbances 

Pareses 

Gait disturbances 

Ataxia 

Spasticity 

Micturition disturbances 

fatigue 

Depression 

Neurocognitive disturbances 

pain 

dizziness 

Complex interferences 



Rehabilitation:  

management of persons with chronic illness 

• Recurrent planning process 

• Problem assessment 

• Goal setting 

• Identification of appropriate 
treatment regimens 

 

 Fundamentally an education-
training program designed to 
enable (empower) the person with 
impairments to maintain (and 
regain) life activities 

 

 Kesselring J, Beer S  Symptomatic therapy 
and neurorehabilitation in Multiple Sclerosis                         
The Lancet Neurology 2005; 4: 643 – 652  

 Beer S, Khan F, Kesselring J: J Neurol 2012 



EXCEMED - Excellence in Medical Education <no-reply=excemed.org@mail97.suw15.mcsv.net> 

Virtual courses from EXCEMED neurology 

 

Advanced neurorehabilitation in MS 

This Virtual Practice teaching course is designed for neurologists, 

physiotherapists and physiatrists willing to learn about the most 

advanced neurorehabilitation techniques in multiple 

sclerosis. Motor impairment, together with balance loss are the 

most frequent symptoms reported by patients, as well as the main 

causes of walking disability in MS. This course focuses on the 

metrics for the assessment of motor and balance functioning, 

while also providing some practical clues on how to handle 

these issues through rehabilitation. Go there now. 

 

http://excemed.us4.list-manage.com/track/click?u=c914094776a433c2e69af8f4f&id=4975118f9e&e=6d047bdc4a
http://excemed.us4.list-manage.com/track/click?u=c914094776a433c2e69af8f4f&id=4975118f9e&e=6d047bdc4a
http://excemed.us4.list-manage.com/track/click?u=c914094776a433c2e69af8f4f&id=4975118f9e&e=6d047bdc4a
http://excemed.us4.list-manage.com/track/click?u=c914094776a433c2e69af8f4f&id=4975118f9e&e=6d047bdc4a
http://excemed.us4.list-manage.com/track/click?u=c914094776a433c2e69af8f4f&id=4975118f9e&e=6d047bdc4a


Neuroplasticity in MS: functional adaptations 

• Cellular level 
– Axonal sprouting (increased arborisation of neurones)  

– Changes of synaptic stability 

– Reorganisation of synapses 

 

• Tissue level 
– Resorption of oedema  

– Re-arrangement of Na-channels on axons  

– Re-myelination  

 

• System level: Takeover of functions via 
– contralateral homologous cortex 

– enlargement of representation zones 

 

• Behaviour level 
– novel motor and cognitive strategies 
 

Kesselring J: Neuroplastizität bei MS  

In: Henze T (Hrsg): Symptomatische Therapie der Multiplen Sklerose 

Georg Thieme Verlag Stuttgart, 2005, p. 163 



Highly plastic response of motor system to single neuroinflammatory lesion 

Kerschensteiner et al: Remodeling of axons contributes to recovery in 

an animal model of MS J Exp Med 2004; 200:1027 



1) Regenerative sprouting of interneurones 

surrounding lesion 

3) Remodeling of projection neurones 

 in motor cortex 

  

4) Behavioural tests show   

 importance for recovery 2) „Detour circuit“ in descending corticospinal tr                  

above   lesion                below lesion 
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Januar Februar März April Mai Juni Juli August September

01.04.2003 01.05.2003 01.07.2003 01.09.2003

02.04.2003 02.05.2003 02.06.2003 02.07.2003 02.09.2003

03.01.2003 03.02.2003 03.03.2003 03.04.2003 03.06.2003 03.07.2003 03.09.2003

04.02.2003 04.03.2003 04.04.2003 04.06.2003 04.07.2003 04.08.2003 04.09.2003

05.02.2003 05.03.2003 05.05.2003 05.06.2003 05.08.2003 05.09.2003

06.01.2003 06.02.2003 06.03.2003 06.05.2003 06.06.2003 06.08.2003

07.01.2003 07.02.2003 07.03.2003 07.04.2003 07.05.2003 07.07.2003 07.08.2003
08.01.2003 08.04.2003 08.05.2003 08.07.2003 08.08.2003 08.09.2003

09.01.2003 09.04.2003 09.05.2003 09.07.2003 09.09.2003

10.01.2003 10.02.2003 10.03.2003 10.04.2003 10.06.2003 10.07.2003 10.09.2003

11.02.2003 11.03.2003 11.04.2003 11.06.2003 11.07.2003 11.08.2003 11.09.2003

12.02.2003 12.03.2003 12.05.2003 12.06.2003 12.08.2003 12.09.2003

13.01.2003 13.02.2003 13.03.2003 13.05.2003 13.06.2003 13.08.2003

14.01.2003 14.02.2003 14.03.2003 14.04.2003 14.05.2003 14.07.2003 14.08.2003

15.01.2003 15.04.2003 15.05.2003 15.07.2003 15.08.2003 15.09.2003

16.01.2003 16.04.2003 16.05.2003 16.06.2003 16.07.2003 16.09.2003

17.01.2003 17.02.2003 17.03.2003 17.04.2003 17.06.2003 17.07.2003 17.09.2003

18.02.2003 18.03.2003 18.06.2003 18.07.2003 18.08.2003 18.09.2003

19.02.2003 19.03.2003 19.05.2003 19.06.2003 19.08.2003 19.09.2003

20.01.2003 20.02.2003 20.03.2003 20.05.2003 20.06.2003 20.08.2003

21.01.2003 21.02.2003 21.03.2003 21.05.2003 21.07.2003 21.08.2003

22.01.2003 22.04.2003 22.05.2003 22.07.2003 22.08.2003 22.09.2003

23.01.2003 23.04.2003 23.05.2003 23.06.2003 23.07.2003 23.09.2003

24.01.2003 24.02.2003 24.03.2003 24.04.2003 24.06.2003 24.07.2003 24.09.2003

25.02.2003 25.03.2003 25.04.2003 25.06.2003 25.07.2003 25.08.2003 25.09.2003

26.02.2003 26.03.2003 26.05.2003 26.06.2003 26.08.2003 26.09.2003

27.01.2003 27.02.2003 27.03.2003 27.05.2003 27.06.2003 27.08.2003

28.01.2003 28.02.2003 28.03.2003 28.04.2003 28.05.2003 28.07.2003 28.08.2003

29.01.2003 #WERT! 29.04.2003 29.07.2003 29.08.2003 29.09.2003

30.01.2003 30.04.2003 30.05.2003 30.06.2003 30.07.2003 30.09.2003

31.01.2003 31.03.2003 31.07.2003

Jahr 2003 Basisdatum 1.1.2003 25.12.2003 26.12.2003

Januar Mai

02.01.2003

Neujahr Berchtoldstag Karfreitag Ostermontag Auffahrt Pfingstmontag Heilig Abend Weihnachtstag Stephanstag

Feiertage 01.01.2003 02.01.2003 18.04.2003 21.04.2003 29.05.2003 09.06.2003 24.12.2003 25.12.2003 26.12.2003

Jahrzahl 37622 37623 37729 37732 37770 37781 37979 37980 37981

Januar Februar März April Mai Juni Juli August September

01.01.2003 01.02.2003 01.03.2003 01.04.2003 01.05.2003 01.06.2003 01.07.2003 01.08.2003 01.09.2003

02.01.2003 02.02.2003 02.03.2003 02.04.2003 02.05.2003 02.06.2003 02.07.2003 02.08.2003 02.09.2003

03.01.2003 03.02.2003 03.03.2003 03.04.2003 03.05.2003 03.06.2003 03.07.2003 03.08.2003 03.09.2003

04.01.2003 04.02.2003 04.03.2003 04.04.2003 04.05.2003 04.06.2003 04.07.2003 04.08.2003 04.09.2003

05.01.2003 05.02.2003 05.03.2003 05.04.2003 05.05.2003 05.06.2003 05.07.2003 05.08.2003 05.09.2003

06.01.2003 06.02.2003 06.03.2003 06.04.2003 06.05.2003 06.06.2003 06.07.2003 06.08.2003 06.09.2003

07.01.2003 07.02.2003 07.03.2003 07.04.2003 07.05.2003 07.06.2003 07.07.2003 07.08.2003 07.09.2003

08.01.2003 08.02.2003 08.03.2003 08.04.2003 08.05.2003 08.06.2003 08.07.2003 08.08.2003 08.09.2003

09.01.2003 09.02.2003 09.03.2003 09.04.2003 09.05.2003 09.06.2003 09.07.2003 09.08.2003 09.09.2003

10.01.2003 10.02.2003 10.03.2003 10.04.2003 10.05.2003 10.06.2003 10.07.2003 10.08.2003 10.09.2003

11.01.2003 11.02.2003 11.03.2003 11.04.2003 11.05.2003 11.06.2003 11.07.2003 11.08.2003 11.09.2003

12.01.2003 12.02.2003 12.03.2003 12.04.2003 12.05.2003 12.06.2003 12.07.2003 12.08.2003 12.09.2003

13.01.2003 13.02.2003 13.03.2003 13.04.2003 13.05.2003 13.06.2003 13.07.2003 13.08.2003 13.09.2003

14.01.2003 14.02.2003 14.03.2003 14.04.2003 14.05.2003 14.06.2003 14.07.2003 14.08.2003 14.09.2003

15.01.2003 15.02.2003 15.03.2003 15.04.2003 15.05.2003 15.06.2003 15.07.2003 15.08.2003 15.09.2003

16.01.2003 16.02.2003 16.03.2003 16.04.2003 16.05.2003 16.06.2003 16.07.2003 16.08.2003 16.09.2003

17.01.2003 17.02.2003 17.03.2003 17.04.2003 17.05.2003 17.06.2003 17.07.2003 17.08.2003 17.09.2003

18.01.2003 18.02.2003 18.03.2003 18.04.2003 18.05.2003 18.06.2003 18.07.2003 18.08.2003 18.09.2003

19.01.2003 19.02.2003 19.03.2003 19.04.2003 19.05.2003 19.06.2003 19.07.2003 19.08.2003 19.09.2003

20.01.2003 20.02.2003 20.03.2003 20.04.2003 20.05.2003 20.06.2003 20.07.2003 20.08.2003 20.09.2003

21.01.2003 21.02.2003 21.03.2003 21.04.2003 21.05.2003 21.06.2003 21.07.2003 21.08.2003 21.09.2003

22.01.2003 22.02.2003 22.03.2003 22.04.2003 22.05.2003 22.06.2003 22.07.2003 22.08.2003 22.09.2003

23.01.2003 23.02.2003 23.03.2003 23.04.2003 23.05.2003 23.06.2003 23.07.2003 23.08.2003 23.09.2003

24.01.2003 24.02.2003 24.03.2003 24.04.2003 24.05.2003 24.06.2003 24.07.2003 24.08.2003 24.09.2003

Are figures really better 

than stories? 

 

Evidence-based 

medicine: 



Without effort you won’t get even a little fish out of the pond 



Multidisciplinary Team 

 • Person with Multiple Sclerosis  

• Caregiver  

• Neurologist with special interest in disability,                
trained in rehabilitation medicine  

• Nurse specialist in Neurorehabilitation  

• Occupational Therapist  

• Physiotherapist  

• Speech Therapist  

 (incl. swallowing) 

• Neuropsychologist  

 (incl. Driving) 

• Social Worker  

• Continence Advisor  

• Behavioural Therapist 

 



Neurorehabilitation 

Patient 

Betreuer 

Neuro- 
psychology 

Speech  

therapy 

Ergo- 
therapy 

Physio- 
therapy 

Orthopedic- 

technician 

Social- 
Service 

Physician 

Nurses 

Psycho- 

logy 

Assessment 

Goals 
Therapy- 

plan 

Evaluation 



Integrated clinical care pathway 

• Patients‘ descriptions of needs and goals 

• Assessement: therapsists‘ functional description of 

problems (mobility, self-care ADL, communication, daily 

occupations, social interactions) 

• Interdisciplinary setting of common goals 

– clear and meaningful 

– realistically achievable 

– measurable 

• Assessement of goal achievements (timed) 



 

Health condition 
(disorder or disease) 

Body Functions 
and Structures 

Activities Participation 

Enviromental 

Factors 

Personal 

Factors 

The current framework of functioning and disability –                      

the WHO International Classification of Functioning, Disability and Health (ICF)  



ICF Consensus Conference on Core 

Sets for MS              02.05.2008 – 

04.05.2008 

b1 
b130 
b134 
b152 
b180 
b1801 
•  
•  
•  
•  
•  
s299 
s710 
s720  
s730 
s73001 
s73011 
•  
•  
•  
•  
•  
•  
•  
•  

d170 
d230 
d360 
d410  
d415 
d430 
•  
•  
•  
•  
•  

e110 
e115 
e120 
e125 
e135 
e150 
•  
•   
•  

1454 

Core sets 

Kesselring J, Coenen M, Cieza A, Thompson A, Kostanjsek N, Stucki G: Developing the ICF Core Sets for multiple sclerosis to specify 

functioning.Mult Scler. 2008;14:252-4  

Holper L, Coenen M, Weise A, Stucki G, Cieza A, Kesselring J:Characterizing functioning in MS using the ICF J Neurol 2010; 257: 103-113 



Therapeutic strategies 

Sensori-motor 

active motor training 

sensory stimulation 

functional electrostimulation 

„Constraint-induced training“ (CIT) 

Tonusregulation 

Strength-training/aerobic training 
 
Gait 

conventional, treadmill, Lokomat 
 
Cognition 

Memory- /Attentional training 

Perception: neglect-training, 

visual compensation (Nova-Vision) 
 
Speech 

Speech therapy 

Eating/swallowing 

Swallowing assessement and 

therapy 

  

Bladder & bowel function 

Pelvic floor training 
 

Activities of daily living (ADLs) 

Self care 

Orientation training (AOT) 

 

Technical aids 
 

Instruction of patients/careres 

 

Social service/reintegration 
 



Evaluating Neurorehabilitation: Problems 

 Standardization of input  
 e.g. location/duration/intensity 

 Reluctance to use control group 

 Difficulty with blinding 

 Lack of consensus on outcome (Impairment, 
Disability and handicap, Quality of life, Goal achievement, 
Coping skills, Self efficacy 

 Variable choice of goals and measures (Clinically 
useful; Scientifically sound [reliable, valid and 
responsive], Acceptable [appropriate to sample]) 

 
 Kesselring J: Neurorehabilitation in multiple sclerosis – what is the evidence-

base? J Neurol 2004 ; 251, Suppl 4: iv25 - iv29 ;   

 Beer S, Khan F, Kesselring J J Neurol 2012, Textbook of Neurorehabilitation, 
2nd edition, Cambridge University Press 2014 



Effects of a short term exercise training program on aerobic fitness, fatigue, health 

perception and activity level of subjects with multiple sclerosis. 

• 37 MS patients, 5*30 min sessions per 
week of bicycle exercise with 
individualised intensity. Graded 
maximal exercise test with 
measurement of gas exchange and a 
lung function test before and after 4 
weeks of aerobic exercise training,  

• Results:  

– significant rightward 
placement of the aerobic 
threshold (VO2 +13%; work 
rate +11%) 

– improvement of health 
perception (vitality +46%; 
social interaction +36%) 

– increase of activity level 
(+17%) 

– tendency to less fatigue.  

 

0

10

20

30

40

50

60

VO2

(ml/minxkg)

Load (W) sport related

activity

fatigue (FSS)

before

after

*p < 0.05 

Mostert S, Kesselring J    

Multiple Sclerosis 2002;8:163-170 

The most accessed 

article  



Arguments for physical activity in MS  

• positive effects of aerobic training           
(Morbidity of CHD, Mortality, Anxiety, 
Cholesterol, Blood pressure, Blood sugar 
Mood, Wellbeing, Mental performance, 
Bone mineralisation) 

 

• Good functional reserves required in a 
chronic progressive disorder leading 
potentially to relapsing functional 
impairments 

• Clinical findings often compatible with 
chronic deconditioning 

• Training is possible without danger 

Valens Aqua Bike 



Cooling 

A.M.Humm, S.Beer, J.Kool, M.R.Magistris, C.W.Hess, 

J.Kesselring, K.M.Rösler 

Altered central motor conduction caused by changing body 

temperature: A quanitfication of the Uhthoff phenomenon 

in multiple sclerosis. Clin Neurophysiol 2004;115:2493-

501  



Int MS J 2008; 15: 90 - 93 



Improvement of central motor conduction time 
and function after cold exposure in MS-patients 

Kontrolle 

MS 

Humm A, Beer S, Kool J, Magistris MR, Kesselring J, Rösler KM, A quantification of the 

Uhthoff phenomenon in multiple sclerosis Clinical Neurophysiology 2004; 115: 2493-501 

   Cold bath 
(15°C, 15 min) 

TST after cold bath 



A. Meyer-Heim1, M. Rothmaier2, M. Weder2, J. Kool1, J. Kesselring1                    

Advanced cooling - garment technology: functional improvements in thermosensitive 

patients with multiple sclerosis 

Multiple Sclerosis 2007; 13: 1 – 6 
1Rehabilitation Centre, Valens, Switzerland 
2EMPA (Swiss Federal Laboratories for Materials Testing and Research) 



ETH/McKinsey       

Innovation prize 2008 

Queckenstedt Preis DMSG       

17.1.2009 

C:/Dokumente und Einstellungen/juerg.kesselring/Desktop/Update April 2012/A Vorträge/Kongresse/2007/Projekte & Studien/Uhthoff/DocCheck - Newsletter 07.01.pdf


Cooling garment (Unico Swiss Tex) consists of 

a vest and shorts leading to a large cooling 

area. Cooling is attained by filling the 

membranes with water.  



Robot-assisted 

Treadmill 

training 

(Lokomat®) 

Beer S, Manoglou D, 

Kesselring J: Robot-

assisted gait training in 

MS – a randomised 

controlled trial 

C:/Dokumente und Einstellungen/juerg.kesselring/Desktop/Update April 2012/arzt09/Desktop/HemiGangLokomat.mpg


ROBOT-ASSISTED GAIT TRAINING (RAGT) IN MS 
PILOT TRIAL IN PATIENTS WITH HIGHER DISABILITIES (EDSS 6.0-7.5) 

Assessment Robot-assisted gait 

training (RAGT) 

N=14 

Conventional walking 

training  

(CWT) 

N=15 

  base-

line 

3 w p base-

line 

3 w p 

20m walking velocity, m/s 

(mean, SD) 

0.21 

(0.19)  

0.35  

(0.29) 

0.002 0.27  

(0.16) 

0.33  

(0.22) 

0.021 

3 min walking distance, m  

(mean, SD) 

77  

(68) 

103  

(92) 

0.010 97  

(56) 

109  

(70) 

n.s. 

Stride length, cm 

(mean, SD) 

37  

(14) 

39  

(17) 

n.s. 38  

(12) 

37  

(10) 

n.s. 

Strength knee extensor right (N) 

(mean, SD) 

15.9  

(7.5) 

19.4  

(7.5) 

0.006 13.5  

(7.5) 

13.0  

(6.0) 

n.s. 

Strength knee extensor left (N) 

(mean, SD) 

13.6  

(6.3) 

16.9  

(6.4) 

0.004 13.6  

(9.4) 

14.2  

(8.7) 

n.s. 

 

Higher benefit by 
  

- reduction / adaptation of physical load 
- preventing motor fatigue/exhaustion 

- physiological movement pattern  

- more efficient training of leg muscles 

- postural stability during gait training 
- single task, reduction of fear of falling 

- enhancement of central adaptive processes? 

 

Beer & al, Multiple Sclerosis (2008) 



GAITRite® Analysis System 

Electronic walkway (10x0.9m) 

• mat (active area 7.6x0.6m) with 16’128 pressure sensors 

• continuous registration of temporal and spatial parameters (data 

sampling 80Hz, time resolution 11ms) 

Data collection and processing  

(GAITRite Gold, Version 3.9) 

•Recording and data analysis of different 

qualitative gait parameters 

   

High reliability and validity compared with video-based motion analysis 
(Bilney & al 2003) 



PHYSICAL TRAINING IN MS 
RECOMMENDATIONS 

 Endurance training / aerobic training 
 running, rowing in patients with no or minimal disabilies 

 ergometric training, water training, treadmill training 

 starting intensitiy 50-70% VO2-Max (60-80% max. heart rate) 

 2-3 sessions p. week 
 

 Resistance training 
 supervised by a therapist 

 max. 8-15x repetitions 

 2-4 min resting periods between exercises 

 focussing on leg muscles 
 

 Combined training 
 alternating 1-2 sessions endurance and resistance training p. week 

 resistance training before endurance training 
  

Dalgas & al, Multiple Sclerosis (2008) 



 

 

 

Reduced VO2-max 

 

 

 

 

 

 

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  

Accelerometer 
counts and 

GLTEQ  

Vitamin D 
serum level 

Plaque volume 
in brain  

Body weight  

Cognitive 
processing 

speed / PASAT 

Langeskov-Christensen et al. Sports Med 2015 Jun;45(6):905-23 



 

 

 

Reduced VO2-max 

 

 

 

 

 

 

VO2-max is an important health and 

performance marker 

 

~20% lowering of VO2-max 

 

 



MS patients vs.  
healthy controls 

Muscle strength 
Muscle mass 
Muscle activation 
Aerobic capacity (VO2-max) 
CVD risk 
Depression 
Fatigue 

 

 

 

 

 

 

 

Daily activity level 
Functional capacity 
Balance 

  

  

 

QoL  

 

 

 

 

 

 

 

 

 

MS patients vs. healthy controls 

Dalgas et al. Mult. Scler.14(35);35-53:2008  

Red arrow = Impaired in MS patients 
  

Motl & Pillutti, Nat Rev Neurol; Sep;8(9):487-97.2012  

ICF level 

Body Functions 

Activity  

Participation 



MS- secondary aspects 

• Reduced cardio-respiratory capacity (1,2) 

  
• Reduced activity level (3) 

 

• Inactivity negative for health status (4) 

 

• Increased incidence of cardio-vascular diseases (5)  

 
 

1  Mostert and Kesselring Mult Scler 2002;8(2):161-168. 
2 NG Kent Braun J Appl Physiol 1997;83(2):1998-2004. 
3  Motl et al. Mult Scler 2011;17(9):1034-1040. 
4 Miller and Dishon Qual Life Res 2002;15:259-271. 
5  Wens et al. Mult Scler 2013;19(12):1556-1564. 

 
  



Different health profiles 

Dalgas et al. Mult Scler 2008;14(35):35-53 



Inactivity = risk factor 

Univ.-Prof. Dr. med. Wilhelm Bloch Valens, 27. Februar 2014

Institut für Kreislaufforschung und Sportmedizin

Abteilung Molekulare und Zelluläre Sportmedizin

Angepasst von Pedersen 2009

Training

Adapted from 
Pedersen 2009 



Training enhances neuroplasticity 

       

Nice 
Training  



 

 

 
 

Increased BDNF 
expression under 
immersion  
 
 

Significant BDNF increase by 3387 
pg/ml (95% CI -593.4-7367.6; 
p=0.046) within the water group  



Results study 1 / Primary outcomes -     
Long-term effects   

47/43 



BDNF regulates energy supply of the brain 

Neurotrophic factors 
 
Enriched Environment 
 



 

 

 

 

 

 

 

 

 



“Physical exercise is not for MS patients” 

 

Background 

 

 

 

 

 

 

 

 

 

Rate of 

relapse 

Relative risk of relapse 

(vs. Control) 

Control 6.3% 

Exercise 4.6% 0.73  

→ Exercise may protect against relapses in 

persons with MS. 



 

 

 What is exercise therapy? 

Resistance training Endurance training 

• Endurance training: Continous contractions against low 

loads (”Aerobic metabolism”) 
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• Resistance training: Few contractions against heavy 

loads (”Anaerobic metabolism”) 



 

 

 

 

 

 

Results 

Walking velocity m/s 

0 

 

 

 

 

1 

 

2 

 

Crossing 1.5m/s 

MS before exercise1.29m/s 

MS after exercise 1.51m/s 

Healthy 2.2m/s 



• Benefit of rehabilitation measures in MS 

– improvement of disability/handicap/QoL/wellbeing 

by multidisciplinary inpatient rehabilitation  

– benefit of physiotherapy (inpatient/outpatient) on 

disability 

– benefit of other specific components  

• Long-term effects 

– benefits outlasting treatment period after inpatient 

rehabilitation, cognitive training (?) 

– short-term effect of outpatient physiotherapy 

– no influence on disease activity/progression 

Summary 



• Neurorehabilitation is applied neuroplasticity: forming of new synaptic 
networks and consolidation of existing ones according to requirements 
from the environment 

 
• Neuroplasticity is the basis of learning. induced, exploited and enhanced 

must be resilience: all forces which act against and counterbalance the 
forces of gravity (in the physical, mental, emotional, and spiritual domains) 

 
• Learning is always an activity. It does not happen just on its own or by 

chance. It is most effective in an appropriate environment under adequate 
guidance by good teachers and therapists 
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