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a Slow-twitch fibers are more energy efficient

_[ooooo000 P18

M\‘\‘\
J\‘\‘

N A A 0000000\
"W W,

INVOICE:

0



a Slow-twitch fibers are more energy efficient

’dl-_—du

) /)

INVOICE:

0



a Slow-twitch fibers are more energy efficient

e o 0 _, - © o @

_Looooooen LA DA 0000000,

_{oooooooo LLALE
{ A 1 AhHh

INVOICE:

0



a Slow-twitch fibers are more energy efficient

INVOICE:

0



9 Slow-twitch fibers are more energy efficient

INVOICE:

186



9 Slow-twitch fibers are more energy efficient

SLOW-TWITCH

1 Power stroke

(Stienen, J. Physiol., 1996)



9 Slow-twitch fibers are more energy efficient

SLOW-TWITCH

e

©

| Bl Pl
f {1 ¢
ﬁ'ﬁi‘"

1 Power stroke

o

Time (Stienen, J. Physiol., 1996)



9 Slow-twitch fibers are more energy efficient

SLOW-TWITCH

Hold
. S
=t Pee—
v R &+ @
3x
e, i v () I < s
v = —

|
l

A7 | Xik
|

Release

1 Power stroke

Time Time



e Fiber types use different fuels
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G Slow-twitch fibers are more resistant to fatigue
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6 Slow-twitch fibers are more robust
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Slow typology proportion vastus lateralis
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o Invasive method: muscle biopsy

@ Muscle biopsy



o Invasive method: muscle biopsy

@ Muscle biopsy @ Cut muscle tissue




o Invasive method: muscle biopsy

@ Muscle biopsy @ Cut muscle tissue @ Immunohistochemistry

Slow antibody

Mye -




o Invasive method: muscle biopsy

@ Muscle biopsy @ Cut muscle tissue @ Immunohistochemistry @ Muscle fiber visualization

Slow antibody

Mye -




o Invasive method: high variation

(Horwath et al., JAP, 2021)
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e Across-muscle phenotype

Muscles Slow-twitch fiber proportion
0% 20% 40% 60% 80% 100%
L 1 1 1

Soleus
Biceps femoris

Trapezius
Latissimus
dorsi

Gastrocnemius
Biceps Brachii

Vastus lateralis

(Vikne, Muscle & Nerve, 2012)



e Across-muscle phenotype

Muscles Slow-twitch fiber proportion
0% 20% 40% 60% 80% 100%
L 1 1 1

Soleus

Biceps femoris

Trapezius

Latissimus
dorsi

Gastrocnemius

Biceps Brachii

\

Vastus lateralis

Fast typology

(Vikne, Muscle & Nerve, 2012)



e Across-muscle phenotype

Muscles Slow-twitch fiber proportion
0% 20% 40% 60% 80% 100%
L 1 1 1

Soleus

Biceps femoris

Trapezius

Latissimus
dorsi

Gastrocnemius

Biceps Brachii

\

Vastus lateralis

Slow typology

Fast typology

(Vikne, Muscle & Nerve, 2012)



e Genetically determined
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o Can | discover talent in athletics?
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o Can | discover talent in cycling?

30
O

Track Road Cyclo-cross
% % % gﬁ)&u Y
8

> on o 4 Olympic medalists
"'“ 24 World medalists

Lievens & Bellinger
MSSE 2021




Can | discover talent in cycling?

(Lievens & Bellinger,
MSSE, 2021)

‘Road: |
multistage

Mountain bike 1

Cyclo-cross 4

) Road: |
single-stage

Track:
individual pursuit 7

Track: |
omnium

Track: scratch 4

Track: |
points race

~ Road: |
time trial

Track: 0.5-1 km |
time trial

Track: sprint -+
BMX -

Track: keirin -

Se®| @ ee
© 3eedge ©
o & o
® e JloQoo e

-4

Z-score

More efficient '€

More resistant to fatigue



Can | discover talent in cycling?

(Lievens & Bellinger,
MSSE, 2021)

‘Road: |
multistage

Mountain bike 1

Cyclo-cross 4

) Road: |
single-stage

Track:
individual pursuit 7

Track: |
omnium

Track: scratch 4

Track: |
points race

~ Road: |
time trial

Track: 0.5-1 km |
time trial

Track: sprint -+
BMX -

Track: keirin -

Se®| @ ee

o O o
o eede 9

o & o

® e Jo Qo
oo e|Se e
e b

-4

More efficient '€

More resistant to fatigue



0 Can | discover talent in cycling?

(Lievens & Bellinger,
MSSE, 2021)

‘Road: |
multistage

Mountain bike 1

Cyclo-cross 4

) Road: |
single-stage

Track:
individual pursuit 7

Track: |
omnium

Track: scratch 4

Track: |
points race

~ Road: |
time trial

Track: 0.5-1 km |
time trial

Track: sprint -+
BMX -

Track: keirin -

Se®| @ ee

o O o
o eede 9

O

0 BeP

@,
e ®

&e o

oo e

e|Se e

-4

More efficient

More resistant to fatigue

Generate power

High movement frequencies

€



o Why are fast fibers needed?
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o Why are slow fibers needed?
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e ATHLETICS (1,500 m & 800 m):
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(Bellinger et al., EJAP & MSSE, 2021; Mallett
et al., Int. J. Sports Physiol Perform, 2021)
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e Can | adapt my training program?

Total training

large intermediate small
volume
Total training . .
frequency large intermediate small

Recovery duration _ :
in between intense short intermediate long
training sessions



G Can | estimate injury risk?

Lievens et al., Sports
Med, 2021




a How does the muscle typology looks like in football?

118
O

Gent

> Club Brugge
M Zulte-Waregem
’ Kortrijk

Goal keeper Defender  Midfielder Striker

o

- ® z

: e a‘ ox
15 38 37 28

MMy

Lievens et al., Sports
Med, 2021
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@ How does the muscle typology looks like in football?

Endurance
sports

Football

Explosive
sports

Striker
Midfielder
Defender

Keeper

Z-score



@ Can | estimate injury risk?

%
hamstring
injuries

——| Lievens et al., Sports
— | Med, 2021

30

25

20

15

10

15t half

2nd half

16-30

31-45 46-60
Time (min)

61-75

76-90



G Can | estimate injury risk?

Modifiable risk

2 3 4 5hours
| I

.-

ACUTE FATIGUE ACCUMULATED FATIGUE




G Can | estimate injury risk?

* Non-modifiable risk
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Slow-twitch

Larger Z-disk Larger nebulin Larger M-band Larger titin

Fast-twitch

Smaller Z-disk Smaller nebulin Smaller M-band Smaller titin



G Can | estimate injury risk?
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3 seasons
Jupiler Pro League n=118 - 61

Premier League n=47-> 34

Lievens et al., Sports
Med, 2021




G Can | estimate injury risk?

= &

3 seasons
Jupiler Pro League n=118 - 61 n=14

Premier League n=47-> 34 n=13

Lievens et al., Sports
Med, 2021
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(Lievens et al., Sports Med, 2021)
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G Can | estimate injury risk?

* Non-modifiable risk

~ B —— - e —

.A. .A.A.A.A. 6] il ‘ WL Uy Ll 3 2 .A. .A. .A.A.A‘

Slow-twitch

Larger Z-disk Larger nebulin Larger M-band Larger titin

Fast-twitch

Smaller Z-disk Smaller nebulin Smaller M-band Smaller titin



G Can | estimate injury risk?
* Modifiable risk

Total Walking Jogging Running Medium Medium High speed High High
distance 1-6km/h 6-15km/h 15-20km/h acceleration  deceleration > 20km/h acceleration deceleration

0% 0%
+3.6% +3.1%

-5% -5%
-5.1%

-6.0%

-10% DECLINE
IN THE 2ND
HALF -10.8% -11.3%

-11.9%

-10%

® SLOW-TWITCH TYPOLOGY
® INTERMEDIATE-TWITCH TYPOLOGY
® FAST-TWITCH TYPOLOGY

P=0.039 P=0.033 P=0.045
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G Can we prevent injuries?
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INTENSE INDIVIDUALISED TRAINING & RECOVERY CYCLES

TRAINING/
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TAKE HOME MESSAGE:
o Talent identification 'MORE SLOW Z-score ST TYPOLOGY
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Talent identification

Training prescription

Total training
volume

Total training
frequency

Recovery
duration

in between
intense training
sessions

TAKE HOME MESSAGE:

IMORE SL/ Z-score [ TYPO

1
1
il
1
1
1
1
1
'
1
'
1
1
1
'
'
L)
1
1
1
7 2
'
in
1
1

_’.—.
=

intermediate small

intermediate small

short intermediate Ion-




TAKE HOME MESSAGE:

Talent identification Z-score
-3 2 -1 0 +1 +2 +3

T
1

fria!h lon
1

1

1

4
Long distance running y ‘

1 1

R'oadcycling :

1 |

1

: Hockey i
s . U ps
Mlddfe distance rur\nmg . ‘

E 5 Soccer s ‘

E e E ,;"; Delcathlon

L e s

1 1 | | | 1

: : : : - o

1 1 1 1 1 ) 1

' ! ! ! -: Sprint (tunning)

1 1 1 1 1 ] 1

Training prescription

Total training . .
volume large intermediate small
Total training
frequency . .

large intermediate small
Recovery
duration ) .
in between short intermediate long
intense training
sessions

Injury risk sx

higher
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@ Fast-twitch fibers are faster

A twitch® is nnuch shorter/fast
ot their name

il
i
1
u
i
1
=
(]
=

=~ Slow-twitch

Force
Farce

Time Sheortening
velocity

ouild up produce
force much faster than slow

twitch fibers (40ms vs 90ms

orce at "ig'ﬂE’ maxirmurm
hortening velocities™ than
ow-twitch fibers.

i
Wi

( = slow-twitch

Power = force x speed

G

2T

Po

> slow-twitch : T

! I E Slow-twitch

Shortening velocity

Sarcomere
]
ot —
ﬂ'" Y
o -
.-"" -““"n

Thick filament

re is the basic functional unit of a muscls fiber, and consists

ng proteins, which are organized into (myolfilaments

-—...‘_

Contraction

Relaxation

hen the thick filament pulls the thin filament to the
ere (= power stroks).




|“DI“IDUAL Can | discover talent? ®\
SPORTS

The classical stugies in the sevenues oOf Saitin, Costill & Gollnick e ATHLETICS:
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Can | adapt my game strategy? N )

":"T'.s ctica :i’.__- -:__ _ : -‘.;M‘:: ' POSSIBLY

¢ The choice of your starting team depending on your
game calendar:

congestion periods, a "_.:__: :é:::: :Ei during

~S DIigyers =) are |ess atigue resistant, tine
o gtigue eariier in thegame
Howeaver the effect o acs ased tactical decisions on
QWEVE € & CSE OTyOEe-0a85eC tactliCal gecisions O
qaMme parformance nNas Not bean confirmed ve
iy

I~
r

Canlestimate injury risk? [Tk -

A sty glite soccer glayers demonstrated the importance of
otypes on the risk of getting a hamstring strain inju

o

Curmnulative hazard

Muscie fiber typology might oe a risk factor of injuries.
Athletes with a fast typology may have a higher risk of muscle
injuries.
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What is next?

Eline Lievens/Kim Van Vossel/Freek Van de Casteele

Department of Movement & Sports Sciences
Ghent University, Belgium
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Is the muscle typology important for your progress?

Eline Lievens/Kim Van Vossel

Department of Movement & Sports Sciences
Ghent University, Belgium



99 elites => reference (IAAF>1050)
» Range of mean £SD

51 young athletes

> 34 matches
> 17 mismatches

400 m o o° —$% o-o—

Mean z-scores



Current

results

1250 (a) Reaching >1050 IAAF-points
p=0.231
r | \ 5.9%
1200 -+ N ‘
1150 -
o’ .
i
1100 -+
67.6% 94.1%
1050 S J p =0.036
IAAF- 1000 i Matches Mismatches
points ° I °
950
900 -+ |
850
e o s
300 o °
e
750 A+
™
700 ]
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Are there other non-invasive techniques?

Freek Van de Casteele

Department of Movement & Sports Sciences
Ghent University, Belgium
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The coaches' view

90% of the coaches would like to use the muscle
typology to tailor their training or competitions.

—f> The relevance of the muscle typology for
sports is clear.

Only 18.4% of the coaches think that their athletes
would be willing to undergo a muscle biopsy.

- We are in need of a robust & easy way to
estimate the muscle typology non-
invasively.

At the moment, coaches are estimating the muscle
typology of their athletes based on their own
experience, jJump or strength tests.

—p» [t 5 still unclear if these are the best non-
invasive strategies to estimate the muscle

typology.

Coaches currently use the information on the
muscle typology to individualize training wvolume,
duration, intensity & frequency, to individualize
recovery, to guide athletes in the best
discipline/event, to individualize the taper strategy
and to decide on pacing strategy.

—f» Knowledge of the myotype of your athletes
might have multiple implications.

Data based on a survey filled out by 532 coaches of several countries
{unpublished)
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Influence of on resistance
training adaptations

Kim Van Vossel

Department of Movement & Sports Sciences
Ghent University, Belgium
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Study aims
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" Muscle volume
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e Scans can be performed before puberty

Gastrocnemius carnosine
post-puberty (mM)

A
16 4
® °
o
12 . .’
. ,'1'
.
® .-’
8 2 Yo \
*
Male
4 1 [] 1 ’
4 8 12 16

Gastrocnemius carnosine
pre-puberty (mM)

(Lievens et al., JAP, 2021)



Profile of the sports discipline

Biomechonical: eg, generated forces by muscles and joints,
movement frequency, chonges in direction, technique
Physiological: eg, race duration, cardiorespiratory and
load, load, contribution of different

vascular metabolic

metabolic processes, muscle fiber recruitment

&8 8 & 3

%Training voelume
(24
(=]

e
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2 THR

/ Type | oriented endurance athletes

\ Type Il oriented endurance athletes



o Can | discover talent in swimming?

Ty

Bellinger & Lievens,
Unpublished
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0 Can | discover talent in swimming?

+4

Butterfly - middle distance . @ e E’O o
Butterfly - sprint distance - o0 PO ®
Freestyle - long distance 4 g) C-C% % O 80 @
Freestyle - middle distance - o O&@tg o) o)
Freestyle - sprint distance - ® C}g J)O SOO
Backstroke - middle distance - 00 O | 00 @
Backstroke - sprint distance - @ e E @ o
Breaststroke - middle distance A @ © l e o
Breaststroke - sprint distance A g o 'o Og
L] I I 1
4 2 0 +2
Z-score

(Bellinger & Lievens
Upublished)



e Can | adapt my competition strategy?

e ATHLETICS (1,500 m & 800 m):

Even-paced Slow start & fast end

e SWIMMING (200 m freestyle):

Even-paced Slow start & fast end
(Bellinger et al., EJAP & MSSE, 2021; Mallett

et al., Int. J. Sports Physiol Perform, 2021)



o How does the muscle typology looks like in football?

Endurance
sports

Football
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sports

Striker
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Defender

Keeper

Z-score



o Other sports?

S
o
o
-l
o
o
>
—
—
2
LL
Ll
o
o
=3

MORE SLOW TYPOLOGY




o Why are fast fibers needed?

- are
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o Why are slow fibers needed?
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(Bellinger, EJAP, 2020)



9 Can | adapt my competition strategy?

players players
might be ideal because of might be ideal because of
their nigher sprint capacity. their fatigue resistance.
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