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Background: 

What you need to know



Persons with multiple sclerosis have a range of 
symptoms, causing accumulating disability

Motor symptoms

Sensory symptoms

Cognitive symptoms

EDSS score
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In the range of symptoms, fatigue is one 
of the most important

Fatigue

Motor symptoms

Sensory symptoms

Cognitive symptoms



In the range of symptoms, fatigue is one 
of the most important

Reported by 40 -80% of 
the PwMS

Impacts on exercise 
participation, employment 
and quality of life

Multiple Sclerosis Council, 1998; Kister et al, 2013; 
Kluger et al., 2013; Fernandez -Munoz et al. 2015



Percentages impact symptoms in MS?



State fatigue

Fatigue

Trait fatigue

PERCEPTION FATIGUE
ñVermoeidheid ò

A subjective lack of 
physical and/or mental 
energy perceived by the 
individual

STABLE

FATIGABILITY
ñVermoeibaarheid ò

Fatigue that changes 
according circumstances 
and situation

NOT STABLE

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Fatigability

Fatigue

Trait fatigue

Perceived

Performance Performance

Perceived

Motor CognitiveMotor Cognitive

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Fatigability

Fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Subjective sensation of 

change: What does the

patient FEEL?

Objective

change: 

What do we 

SEE?

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Performance Cognitive
fatigability

A change in objective cognitive
parameters during/after activity

Perceived cognitive
fatigability

A change in cognitive
sensations during/after 

activity

Perceived motor
fatigability

A change in physical 
sensations during/after 

activity

Performance Motor
fatigability

A change in objective motor 
parameters during/after activity

Fatigability

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Mental (cognitive) vs. motor 
fatigability



Assessment 



State fatigue

Fatigue

Trait fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Motor Cognitive

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Assessment of fatigue

The general feeling of fatigue is most often 
assessed with questionnaires 

Á Modified fatigue impact scale (Fisk et al. 1994; 

Kos, 2003)
Phsychological , cognitive and physical subdomain

Á Fatigue Severity Scale (FSS)

Á Fatigue Scale for Motor and Cognitive 
functioning (Penner , 2009)

Á Neurological Fatigue Index -MS (Mills, 2010)

Elbers et al. , 2013



Example FSS

ÁCut off: 36 or 4

Áé/63 or é/7

(Sometimes

divided by 9)

ÁExample : 

Á59/63 =

High severity of 

Fatigue



Example MFIS





Example fatigue with MFIS

ÁPsychosocial subscale : 2/8

ÁPhysical subscale : 25/36

ÁCognitive subscale : 19/40

ÁTotal: 46/84

ÁCut off: 38

ÁImpact of fatigue in daily life



Fatigability

Fatigue

Trait fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Motor Cognitive

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Assessment of perceived fatigability

Perceived fatigability refers to 

subjective sensations of weariness, 

increasing sense of effort , 

mismatch between effort expended and actual 
performance

Can be assessed with a Borg or Visual 
Analogue Scale for fatigue (Krupp, 1998; Tseng, 

2010;Genova et al., 2013)

Not tired at all As tired as can be

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



State fatigue

Fatigue

Trait fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Motor Cognitive

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Performance fatigability

Kluger et al.,2013

MotorCognitive



Cognitive fatigability in MS



Cognitive fatigability in MS

ÁPASAT: Cognitive fatigability =

ὧέὶὶὩὧὸὥὲίύὩὶίὪὭὶίὸὸὬὭὶὨὸὩίὸὧέὶὶὩὧὸὥὲίύὩὶίὰὥίὸὸὬὭὶὨὸὩίὸ

ὧέὶὶὩὧὸὥὲίύὩὶίὪὭὶίὸὸὬὭὶὨὸὩίὸ
Øρππ

ÁTAP M
After cognitive task => Reaction time = cognitive fatigability

Claros-Salinas et al., 2010, Neumann et al., 2014

Schwid et al., 2003, Morrow et al., 2015, Rosti et al., 2006



different levels of the ICF model

Motor fatigability in MS

Body Structures 
and functions

Muscle functioning 
(sustained+ 

repeated 
contraction)

Activities
Walking, moving in 

wheelchair, handling 
objects, self -care

Participation
Social life

Work
Household

Environmental
factors

Personal factors

Motor fatigability in MS



The assessment of motor fatigability can 
be classified according to ICF level, type 
of activity and intensity

Articles 
investigated motor 

fatigability

Body 
function 

level (38)

Isometric 

(30)

Max Submax

Concentric 
(8)

Activity 
level (12)

Walking 
(9)

Usual 
speed

Fastest 
speed

Wheelchair 
driving (2)

Max Submax

Severijns et al. 2017, NNR Van Geel et al. (in review)



The assessment of motor fatigability can 
be classified according to ICF level, type 
of activity and intensity

Articles 
investigated motor 

fatigability

Body 
function 

level (38)

Isometric 

(30)

Max Submax

Concentric 
(8)

Activity 
level (12

Max Submax

Severijns et al. 2017, NNR



How to assess motor fatigability on body 
function level in PwMS?

Gold standard

Decline in peak force 

Other options 

Endurance time

Decline in movement speed

Decline in power

Decline in movement accuracy

Kluger, Krupp and Enoka, 2013, Al-Mullah et al, 2011



The assessment of motor fatigability 
with sustained maximal contractions

Articles 
investigated motor 

fatigability

Body 
function 

level (38)

Isometric 

(30)

Max Submax

Concentric 
(8)

Max Submax

Severijns et al. 2017, NNR



The assessment of motor fatigability 
with sustained maximal contractions

ÁSFI: 100%*[1 ï(Auc/ HAuc )]

ÁDecline of ± 30% shows fatigability

Djaldetti, 1996; Schwid et al, 1999; Surakka et al, 2004, Severijns et al, 2015



The assessment of motor fatigability with 
sustained maximal contractions

Schwid , 1999

ÁDifferent muscle groups, 30 seconds



48 articles 
investigated motor 

fatigability

Body 
function 

level (38)

Isometric 

(30)

Max Submax

Concentric 
(8)

Activity 
level (12)

Max Submax

The assessment of motor fatigability with 
repetitive contractions



The assessment of motor fatigability 
with repetitive contractions

DFI: 100*[ 1ï(MVc2/ MVc1)]

Maximal

Submaximal



The assessment of motor fatigability on 
activity level is mainly performed with 
walking paradigms

48 articles 
investigated motor 

fatigability

Body 
function 

level (38)

Isometric 

(30)

Max Submax

Concentric 
(8)

Activity 
level (11)

Walking 
(9)

Usual 
speed

Fastest 
speed

Wheelchair 
driving (2)

Max Submax

Severijns et al. 2017, NNR Van Geel et al. (in review)



Walking assessment

Van Geel et al. (in review)



6MWT: Fatigability

Author(s) (Year) Formula ICC 

Leone et al. (2015) 

Aldughmiet al. (2016)

Proesslet al. (2018) 

Ramariet al. (2018)

ἎἱἻἼἩἶἫἭἿἩἴἳἭἬἱἶἵἱἶȢ ἎἱἻἼἩἶἫἭἿἩἴἳἭἬἱἶἵἱἶȢ

ἎἱἻἼἩἶἫἭἿἩἴἳἭἬἱἶἵἱἶȢ
ὀ

Interpretation: -15% was chosen to categorize WF

Suggestion new cut off value: -10%

MS: 

0.762**

HC:

0.602**

Barbosaet al. (2016)
ἙἥἡἵἱἶȢ

ἙἥἡἵἱἶȢ
ἙἥἎ

ὀ

Suggestion cut off value: 2.00

MS:0.903**

HC: 0.865**

Murphy et al. (2016)
ἙἥἡἷἾἭἺἵἱἶȢ

ἙἥἡἷἾἭἺἵἱἶȢ
ἙἥἎ

ὀ

Suggestion cut off value: 2.00

MS : 0.952**

HC: 0.842**

Van Geel et al. (under submission)



ÁFatigability seen as:

Walking speed decline
6MWT

Distance decline

Kinematic changes
Burschka et al.  2012

Leone et al., 2015 

Sehle et al. , 2011

Review results for MS



Clinical manifestation



Manifestation on other symptoms

Objective baseline differences

- Strength (of the right leg)

- Spasticity in the lower leg ( except left hamstring)

- HADS depression

- MSWS-12

- FES-1

- General motor functions (NHPT, T25ftW, VAS 
symptom inventory ,é)

=> EDSS but NOT in Functional Systems

MS group; WF: n=24 NWF: n=25, 

HC: n=28, Van Geel et al. (under submission)



Clinical prevalence of walking fatigability

Relation with disability status (Higher EDSS, more 

decline in walking speed on prolonged tests) (Ó4: 40% 

shows fatigability)

Leone, Severijns et al, 2015



State fatigueTrait fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Motor Cognitive

Manifestation walking fatigability on fatigue
and fatigability

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Manifestation walking fatigability on 
fatigue

Questionable relation between fatigue and 
performance fatigability (Loy et al. 2017)

ÁSome researchers suggest a relation (eg; Walking

fatigability related to MFIS physical (motor fatigue )

ÁOthers do not (eg; Dalgas et al, 2018)

ÁCONCLUSION:

Significant relation but only 0.31 => They are not 
measuring the same construct



Manifestation walking fatigability on perceived
fatigability

ÁWalking fatigability NOT related to VAS score during
and after 6MWT ( Perceived fatigability )

ÁFeys 2012 et al;, MSJ

MS group; WF: n=24 NWF: n=25, 

HC: n=28, Van Geel et al. 

(under submission)



State fatigueTrait fatigue

Motor Cognitive

Perceived

Performance Performance

Perceived

Motor Cognitive

Manifestation between Fatigability

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



Walking - and cognitive fatigability

ÁCognitive fatigability after physical task :

TAP M

After physical task ( treadmill walking )

Reaction time 

Claros-Salinas et al., 2010, Neumann et al., 2014



Walking- andcognitivefatigability

Difference in WF ( -9,1%) 
and NWF ( -3,7%) for the
cognitive fatigability test 
(PASAT) 

Van Geel et al. (under submission)



Performance Cognitive
fatigability

A change in objective cognitive
parameters during/after activity

Perceived cognitive
fatigability

A change in cognitive
sensations during/after 

activity

Perceived motor
fatigability

A change in physical 
sensations during/after 

activity

Performance Motor
fatigability

A change in objective motor 
parameters during/after activity

Fatigability

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et 

al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)



HOW?



Underlying and related factors



Underlying and related factors

= fatigability

Rudroff et al 2013



Causes

State fatigueTrait fatigue

Kluger et al 2013



Causes

State fatigueTrait fatigue



Motor fatigability in MS is caused by 
central and peripheral processes

Central Factors
ÅCentral drive
ÅSpinal motor neuron 

excitability
ÅConduction velocity

Peripheral Factors
ÅMuscle contractile function
ÅMetabolite production
ÅOxidative capacity

afferent

afferent efferent

efferent

Severijns et al. 2016


