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Persons with multiple sclerosis have a range of
symptoms, causing accumulating disability
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In the range of symptoms, fatigue Is one
of the most important

Motor symptoms
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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

Table 1 Estimated prevalence of fatigue in
selected neurologic illnesses

Population

Estimated prevalence, %

Multiple sclerosis

38_83&51-&53

Parkinson disease

Stroke

Myasthenia gravis

Postpolio syndrome
Amyotrophic lateral sclerosis

Traumatic brain injury

28-58122032.54
36-7 71555257
75-8014.e58.58
27-01 7466061
44-83e02
45-73e63e54

IFI

Multiple Sclerosis Council, 1998; Ki%
Kluger etal, 2013; Fernandez -Munoz .



Percentages impact symptoms in MS?

EID Numbness, tingling

X® Headache Dizziness m
m Cognitive dysfunction Vision problems
) pepression Emotional changes €3EQ
m Speech /swallowing problems Hearing 1oss 4§TRL]
Ere athing problems Pain m
p Fatigue Bladder dysfunction
Sexual dysfunction
Bowel dysfunction 4l }’
P Muscle spasms
p selzures m
L EEY Itching TrernnT
iID Walking difficulty
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PERCEPTION FATIGUE FATIGABILITY

AVermoeidheid 0 AVermoeibaarheid ©
A subjective lack of Fatigue that changes
physical and/or mental according circumstances
energy perceived by the and situation
individual
STABLE NOT STABLE

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

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



Perceived Perceived

Performance Performance
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Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHASSELT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Fatigue
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Subjective sensation of
change: What does the
patient FEEL?

\ Perceived Perceived
Objective

change: - Performance Performance
What do we

SEE?

o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHASSEI-T
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Perceived motor Performance Motor
fatigability fatigability
A change in physical A change in objective  motor
sensations during/after parameters during/after activity
activity

s, — ™
Perceived Performance
fatigability fatigability
A change in A change in objective
sensations during/after parameters during/after activity
activity

o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHﬂSSElT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Mental (cognitive)  vs.

fatigability

PHYSICAL

MENTAL

SUBJECTIVE

motor

OBJECTIVE

Feelings af tiredness with a
physical appearance, e.g.

- heawy feeling in the body

- heawy feeling in the head

- tensed feeling in the body

- mild pain somewhere in
the body

E'mj,r pran:tin:e induced reduction
in the abilitj,r to excert muscle
pPOWEr Or force, attributable to

- impairment of muscle fibrers,
ar

- a decline in motormenron

input.

Feelings of tiredness with a
“mental flavour”, 8.5

- tired - mild sadness,

- tired - cannot think
straight.

- tired - relaxed in a pleasant
AT,

- tired - tensed and irritable,

- heavy feeling in the head,

ij,r pran:tin:e induced reduction in
the ability to perform mental work,

=

- inability to concentrate on a
lecture,

- slowness in the course of
thinking,

- learning and memory difficulties,

- lack of creative force in thinking,
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Perceived Perceived

Performance Performance

o

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

A Modified fatigue impact scale  (Fisk et al. 1994;
Kos, 2003)

Phsychological , cognitive and physical subdomain

A Fatigue Severity Scale (FSS)

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

A Neurological Fatigue Index  -MS (Mmills, 201Q)

(4 2
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Example FSS
A Cut off: 36 or 4

Aé/ 63
(Sometimes
divided by 9)

A Example :
A 59/63 =
High severity

Fatigue

Ofr

of

1. Als ik moe ben, ben ik minder

Helemaal mee oneens

gemotiveerd.

B

h h

2. Mijn ver idheid wordt opg

Helemaal mee oneens

3. Ik ben snel vermoeid.

Helemaal mee oneens

4. Moeheid bel h

t mijn li

door

ging.

Helemaal mee oneens

5. Mijn moeheid zorgt vaak voor

Helemaal mee oneens

6. Langdurig lichamelijk insp

problemen.

X

&'

Helemaal mee oneens

7. Moeheid belemmert mij bij het

kan ik niet door de vermoeidheid.

X

Helemaal mee oneens

X

8. Van de klachten die mij het me

est hinderen, is

vermoeidheid é

Helemaal mee oneens

X

Helemaal mee eens

Helemaal mee eens

Helemaal mee eens

Helemaal mee eens

Helemaal mee eens

Helemaal mee eens

uitvoeren van bepaalde taken en verantwoordelijkheden.

Helemaal mee eens

én van de drie ergste.

Helemaal mee eens

word ik bel

9. Bij mijn werk, gezins| of sociale

door mijn vermoeidheid.

Helemaal mee oneens

Helemaal mee eens

(4 2
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Example MFIS

Because of my fatigue during the past 4 weeks...

| have been less alert.

Almost

| have had difficulty paying attention for long periods of
time.

|- Rarely

| have been unable to think clearly.

| have been clumsy and uncoordinated.

g@ ® N Sometimes

| have been forgetful.

w|w|w t»(gOften

| have had to pace myself in my physical activities.

B e e

«fé
§

| have been less motivated to do anything that requires
physical effort.

| have been less motivated to participate in social
activities.

©f ® NOOAW N

| have been limited in my ability to do things away from
home.

RIS

| have trouble maintaining physical effort for long
periods.

o o(o ololololo| olo Never

11.

| have had difficulty making decisions.

Ww w W w 00‘

12.

| have been less motivated to do anything that requires
thinking

“13.

My muscles have felt weak

14.

| have been physically uncomfortable.

NN NN N

15.

| have had trouble finishing tasks that require thinking.

16.

| have had difficulty organizing my thoughts when doing
things at home or at work.

-] -

17.

| have been less able to complete tasks that require
physical effort.

o OOOO@
N/
Y PN

Bl Dib|AIS Ab@ Al A BlA(DIAE B[S
Always

| UHASSELT
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2 & 8 &6 <<
18. My thinking has been slowed down. 0 1 2 :?7 4
19. | have had trouble concentrating. 0 1 2 4
20. | have limited my physical activities. 0 1 2 4
21| have needed to rest more often or for longer periods. 0 1 2 32 4
Instructions for Scoring the MFIS
Items on the MFIS can be aggregated into three subscales (physical, cognitive, and
psychosocial), as well as into a total MFIS score. All items are scaled so that higher
scores indicate a greater impact of fatigue on a person's activities.
Physical Subscale
This scale can range from 0 to 36. It is computed by adding raw scores on 0

the following items: 4+6+7+10+13+14+17+20+21.

Cognitive Subscale

This scale can range from 0 to 40. It is computed by adding raw scores on
the following items: 1+2+3+5+11+12+15+16+18+19.

Psychosocial Subscale

This scale can range from 0 to 8. It is computed by adding raw scores on
the following items: 8+9.

Total MFIS Score
The total MFIS score can range from O to 84. It is computed by adding

scores on the physical, cognitive, and psychosocial subscales.
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Example fatigue with MFIS

A Psychosocial subscale : 2/8
A Physical subscale : 25/36
A Cognitive subscale : 19/40

A Total: 46/84

A Cut off: 38
A Impact of fatigue in daily life

o
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Perceived Perceived

Performance Performance

o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHASSELT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Assessment of perceived fatigability

Perceived fatigabllity 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

lad
Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHA55|5|_-|-
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Perceived Perceived

Performance Performance

o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHASSELT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




o

Kluger et al, 2013 |UHASSELT



Cognitive fatigability in MS

COGNITIVE FUNCTION: PASAT - PRACTICE ITEMS

L e e R
Date
Subject ID Number Subject Insals Dary Momih Year
PASAT Practice Items
BATE #1
(3 sec.)
9+1 |3 2 6 4 f) 1 4
10 4 7 8 10 13 16 8 3
a+1 |3 2 6 4 9 7 1 4
10 4 7 3 10 13 16 8 3
a+1 |3 2 3] 4 I) 1 4
10 4 7 8 10 13 16 8 3
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Cognitive fatigability in MS
A PASAT: Cognitive fatigability =

WE 1 1 ECO0 QIQIOI DB M @é i 1oL RHd WG Ao

BDE 1 1GEG 00 @QIolDBD M o Dpmm
Schwid et al., 2003, Morrow et al., 2015, Rosti et al., 2006
ATAP M
After cognitive task => Reaction time = cognitive fatigability

Claros-Salinas et al., 2010, Neumann et al., 2014
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different levels of the ICF model

Motor fatigability in MS

I\

A4

Body Structures
and functions
Muscle functioning
(sustained+
repeated
contraction)

N

Activities
Walking, movi

objects, self

wheelchair, handling

ngin

-care

A4

Participation

Social life
Work

Household

V

Environmental
factors

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

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

investigated motor
fatigability

Body
function

Activity
level (12)

level (38)

Isom
(3

Concentric
)
Usual Fastest
speed speed

etric
0)

>

Tl

Wheelchair

driving (2)
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The assessment of motor fatigability can
be classified according to ICF level, type
of activity and intensity

Severijns et al. 2017, NNR Articles

investigated motor
fatigability

Body
function

level (38)

Isom
(3

etric Concentric
o)) (8)
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How to assess motor fatigability on body
function level iIn PWMS?

Repetitive Grippmg Strength ws Time

Gold standard W’

Decline in peak force 2r M

Grip Strength (M)
g LY

Other options W
Endurance time
Decline in movement speed
Decline in power
Decline in movement accuracy

TTTTTTT
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The assessment of motor fatigability
with sustained maximal contractions

Severijns et al. 2017, NNR Articles

investigated motor
fatigability

Body
function

level (38)

Isom
(3

etric Concentric
0) (8)

o




The assessment of motor fatigability
with sustained maximal contractions
A SFI: 100%*[1 i (Auc/HAuc)]
A Decline of + 30% shows fatigability

Strength in kg

0 Tmax 10

20 30

Time in seconds

o

Djaldetti, 1996; Schwid et al, 1999; Surakka et al, 2004, Severijns et al, 201 5| UHASSELT




The assessment of motor fatigability with

sustained maximal contractions
Schwid , 1999

A Different muscle groups, 30 seconds

] | -] z E—— —_l
- LS g | P N
i | L -NI'L-H..- wr _?-‘\_Ht|
w : dj '1

E u I =

& Elbow Extansor ! ] Hand Gnp

LL 1 . ; e S " ; .

E ] il o - ] ] L] " & - ]

E

=

1]

=

L=

&

Time (seconds)
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The assessment of motor fatigability with
repetitive contractions

48 articles

investigated motor
fatigability

Body

function
level (38)

Isometric Concentric
(30) (8)




The assessment of motor fatigability
with repetitive  contractions

DFI: 100*[ 1i (MVc2/ MVcl)]

Maximal

Submaximal

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

Severijns et al. 2017, NNR 48 articles Van Geel et al. (in review)

Activity
level (11)

Concentric
)
Usual Fastest
speed speed >

investigated motor
fatigability

Body

function
level (38)

etric
0)

Wheelchair

Isom
3 driving (2)

Tl

c
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Walking

assessment

- '
. Treadmill
Overground walking walking
\ r
I 3
100 m 400 m 500 m 10 min 12 min Unitil exhaustion
\ v,
n=2 n=4 n=3 n=1 n=1 n=3
Last steps /-End vs begin End vs Begin End vs begin Average vs Min vs min End vs begin
Vs average Usual speed begin Fastest speed Usual speed
Usual speed Elderly (n=3) MS (n=1) Elderly (n=1) Usual speed MS (n=1) MS (n=3)
Arthritis (n=2) Lap vs lap Fastest speed MS (n=6) Elderly (n=1)
Fastest speed MS (n=1) SMA (n=2)
Elderly (n=1) Last 100 m Average vs
vs T25ftW first lap
\ Fastest spead Usual speed
MS (n=1) Fatigued elderly

MG: myastenia gravis
MS: multiple sclerosis
SMA: spinal musdle atrophy
T25FW: timed 25 foot walk

with Arthritis
(n=1)

Fastest speed
ILD (n=1)

Min vs min
Fastest speed
MG (n=1)

MS (n=2)

SMA (n=1)
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6MWT: Fatigability

MS:
0 0.762*

(Ai "1 ATHHHI'HH 8 Al T AT
Al T ATHHHIHH 8

Interpretation:-15% was chosen to categorize WF

Suggestiomew cut off value:10%

. MS:0.903+
Eqni i 8 . .. . x
[ Eqni i 8 ]6
ER A HC 0.865*
Suggestion cubff value:2.00
S 2 MS: 0.952+
Eqni THI i 8_ ., .. ,
[ Efni T "Hil i %6
EfQ A HC 0.842+
Suggestiorcut off value:2.00
UHASSELT
Van Geel et al. (under submission) I—m



Review results for MS

A Fatigability seen as:
Walking speed decline

20.0—
..... 5%
. — 55,
- === =150
o — =] 5%
10.0- . .
----------------- - 7
- *
0= -
.-*/
e ——————————
7 T -
A B e -
-10.0v
=
=
-20.0+
-30.04
-40.0
1 I | 1
3 ¥ 5 [
Minute (6MWT)
~~
Leone et al., 2015 e
e
<
L |
3

distance covered (6 minute wailic)

Kinematic changes

s -7"—'> ‘;_
i - a2
~—~

) ‘ .-
Sehle et al. , 2011 I (J 2

Distance decline

6MWT

120+

100+ 1
l

ML E

1 2 3

o0
[=]

i

5
minute

B healtty controls group || mild MS group B moderate MS group
Burschka et al. 2012
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Clinical manifestation
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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 , € )

=> EDSS but NOT in Functional

Systems

o

MS group; WF: n=24 NWF: n=25,
HC: n=28. Van Geel et al. (under submission)

I UHASSELT



Clinical prevalence of walking fatigability

Relation with disability status (Higher EDSS, more
decl i ne 1 n walking speed on

shows fatigability)

= +59%

= +5/-5%

= -5 = 15%
= -15%

B0O00d

EDSS 5 categories

3
I UHASSELT




Manifestation walking fatigability on fatigue

and fatigability

Perceived Perceived

Performance Performance

o

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

A Some researchers suggest a relation (eg; Walking
fatigability related to MFIS physical (motor fatigue )

A Others do not (eg; Dalgas et al, 2018)
A CONCLUSION:

Significant relation but only 0.31 => They are not

measuring the same construct

o
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Manifestation walking fatigability on perceived
fatigability

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

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

. HC: n=28, Van Geel et al.
A Feys 2012 et al;, MSJ (under submission)

85
80 v ]
75
70
65
£
= 60
w
(/4
55
50
45
40

Mornin Afternoon Morning Noon Afternoon
Time of Day Time of Day

B Mid (7=53) [ Moderate (n = 49) B Mid (1=53) [l Moderate (n= 49)

(a) (b) I (4 g
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Manifestation between Fatigability

Y e

Perceived Perceived

Performance Performance

=)
o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHASSELT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




Walking - and cognitive fatigability

A Cognitive fatigability after physical task :
TAP M
After physical task (treadmill walking )

Reaction time

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

3
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Walking and cognitivefatigability

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

(PASAT)

PASAT scores

25

20
7]

] ] —
é 15 .\
[
4=

10

First 1/3 Last 1/3

=== \Nalking fatigability =~ ====Non walking fatigability

Van Geel et al. (under submission)
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Perceived motor Performance Motor
fatigability fatigability
A change in physical A change in objective  motor
sensations during/after parameters during/after activity
activity

s, — ™
Perceived Performance
fatigability fatigability
A change in A change in objective
sensations during/after parameters during/after activity
activity

o

Kluger et al. 2013, Langeskov-christensen et al. 2017, Enoka et al. 2016, Rudroff et IUHﬂSSElT
al. 2016, Loy et al. 2017, Seamon et al. 2016, Van Geel et al (under review)




HOW?
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Underlying and related factors
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Underlying and related factors

i

Task Dependency Environmental Dependency

Conditional Dependency

Physical/Mental Capacity

Central
Factors

Psychological
Factors

Peripheral

Factors

Fatigue

|

I Decreased Task Performance = fatigability I

FIGURE 1 | Fatigue Is defined as the decrease in physical and/or mental performance that results from changes in central, psychological, and/or
peripheral factors. These depend on the task being performed, the environmental conditions It Is performed In, and the physical and mental capacty of the
Individual (conditional dependency). Importantty, fatigue Is greatty affacted by the factors of conditional dependency and the Inferactive changes In central,

psychological, and/or peripharal factors that cause fatigue.

Rudroff et al 2013




causes

Homeostatic
factors

Fatigue

Psychological
factors

\

Peripheral
factors

Central
factors

a. Hypothalamus

b. Central regulation
of activity based
on energetic,
inflammatory and
neural feedback

c. Unknown, possibly
PD, hypothalamic
lesions

a. Frontal lobes

b. Mood and
motivational
influences on

feelings of fatigue

c. Depression, CFS,

possibly PD

a. Muscle, nerves, and
glycogen stores

b. Loss of muscle force
secondary to energy
depletion or EC
uncoupling

c. Myopathies, MG,
GSD, GBS

a. Domain-specific
cortical and
subcortical networks

b. Domain-specific task
failure secondary to
dysfunction in
cognitive networks

c. MS, TBI, CVA, PD,
other dementia

Kluger et al 2013
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causes

Homeostatic
factors

Psychological
factors

Fatigue

Peripheral
factors

Central
factors

a. Hypothalamus

b. Central regulation
of activity based
on energetic,
inflammatory and
neural feedback

c. Unknown, possibly
PD, hypothalamic
lesions

a. Frontal lobes

b. Mood and
motivational
influences on

feelings of fatigue

c. Depression, CFS,

possibly PD

a. Muscle, nerves, and
glycogen stores

b. Loss of muscle force
secondary to energy
depletion or EC
uncoupling

c. Myopathies, MG,
GSD, GBS

a. Domain-specific
cortical and
subcortical networks

b. Domain-specific task
failure secondary to
dysfunction in
cognitive networks

c. MS, TBI, CVA, PD,
other dementia
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Motor fatigability in MS is caused by

central and peripheral processes

afferent efferent

afferent d efferent

Central Factors
ACentral drive
ASpinal motor neuron
excitability
AConduction velocity

Peripheral Factors

AMuscle contractile function

AMetabolite production
AOxidative capacity

o

Severijns et al. 2016

I UHASSELT



