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Acute and chronic neuromuscular adaptations to local vibration

Toward a new neuromuscular rehabilitation modality
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Hypoactivity and deconditioning
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Hypoactivity and neuromuscular deconditioning

SJ two legs: -20%

24 days of
SJ one leg: -28%

unilateral lower
limb suspension

Horstman et al., 2012 (EJAP)
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How to explain neuromuscular deconditioning ?
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But muscular force does not only rely on muscle mass...

Motor neuron 1

Encéphale Motor neuron 2

Faisceau pyramidal

Moelle épiniere

Muscle fiber

Muscle
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What are the inputs involved in motor units recruitment ?

Descending
corticospinal,
propriospinal &
other drives

J Encéphale

Faisceau pyramidal

Moelle épiniere

presynaptic
inhibition
range of i cell muscle
. group IV “MN ™ spindle
uscle reflex inputs system

Gandevia, 2001 (Physiol Rev)
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Neuromuscular plasticity : from comand to movement

Faisceau pyramidal

Moelle épiniére

Muscle
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How to explain neuromuscular deconditioning ?

Duchateau et Hainaut, 1987 (JAP)
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What are the countermeasures to prevent neuromuscular deconditioning or
promote reconditioning ?

Not appropriate in case of impossible or
painfull contractions
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What are the countermeasures to prevent neuromuscular deconditioning or
promote reconditioning ?
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Why local vibration ?

> la afferents activation Burke, 1976 (J Physiol)
» TVR Eklund et Haghbarth, 1966 (Exp Neurol)
» Movement illusions Goodwin et al. 1972 (Science)
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Why local vibration ?

Strong projections
onto spinal and
cortical networks

> la afferents activation Burke, 1976 (J Physiol)
» TVR Eklund et Haghbarth, 1966 (Exp Neurol)

[ » Movement illusions Goodwin et al. 1972 (Science)
Highly dependent on experimental conditions




: UNIVERSITE
JEAN MONNET
’ SAINT-ETIENNE ®

Modulation of corticospinal excitability during local vibration

© Encéphale

Faisceau pyramidal

Moelle épiniere

Spinal or cortical in origin ? What about TMEPs and paired-pulse TMS ?

Lapole et al., 2015 (Exp Brain Res); Souron et al., 2018 (Front Physiol)
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Acute effects of prolonged exposure to local vibration on spinal excitability

Electrical
stimulation

Spinal cord

-10 to -20%
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Acute effects of prolonged exposure to local vibration on spinal excitability

Récepteur
présynaptique
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Vibration-induced depression in spinal loop excitability revisited

Intensity of
stimulation ¥
Hrest % Hpq Hur

Hresr,Hor | x 10 x 10 i/ x 10 F
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STIM

lasoL
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STiM

Souron et al., soon | hope
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Vibration-induced depression in spinal loop excitability revisited
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Souron et al., soon | hope
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Vibration-induced depression in spinal loop excitability revisited
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Souron et al., soon | hope
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Vibration-induced depression in spinal loop excitability revisited
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Souron et al., soon | hope
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Vibration-induced depression in spinal loop excitability revisited

C
Thoracic
stimulation
B | V- 30 min TMEP
TMEPs = x 10 x 10
10% Myax

| Encéphale

Faisceau pyramidal

Moelle épiniere
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Souron et al., soon | hope
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Acute effects of prolonged exposure to local vibration on corticospinal excitability

| Encéphale

Faisceau pyramidal

Moelle épiniére

MEP

TMEP

Souron et al., 2017 (Front Hum Neurosc)
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Can local vibration induce changes in sensorimotor integration ?

transcranial
magnetic ~~-z=a____
stimulation /~=---=

descending tracts
(corticospinal)

la afferent \\ motor axon

= submaximal
electrical
stimulation

250

— N
%) o
o Q

-
o
o

Conditioned MEP amplitude
(% of unconditioned)

(&)}
Q

Median Nerve
Stimulation

§ SO0 8 S

Devanne et al., 2009 (Eur J Neurosci)
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Can local vibration induce changes in sensorimotor integration ?

Before After
0.5 mV
\~/\/\f—v Test LA 20 ms

SN P i

TEp—

Changes in sensorimotor A/ e WAL e

integration

Responders vs non-responders

Lapole et Tindel, 2015 (Neurosci Lett)



UNIVERSITE
DELYON

: UNIVERSITE
JEAN MONNET
’ SAINT-ETIENNE ®

Acute effects of prolonged exposure to local vibration on force production
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Souron et al., 2017 (EJAP)
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Can we use local vibration as a modality to prevent neuromuscular deconditioning ?

! Sollicitation 2 Sollscitation 3
Sollsestation 1 l l
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» Validation in healthy subjects

» What are the mechanisms involved in acute and chronic
adaptations to local vibration

» Toward a clinical application
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Effects of repeated Achilles tendon vibration on triceps surae force production

14 consecutive days
1h per day

50 Hz

n=29

Couple

P1 P2 P3 Post Benefits (%)
MVC (Nm) 11729 117£27 119+ 28 125+ 28" 69+83

Lapole et Pérot, 2010 (JEK)
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Effects of repeated Achilles tendon vibration on triceps surae force production

STIM

P1 P2 P3 Post Benefits (%)
MVC (Nm) 11729 117£27 119+ 28 125+ 28" 69+83

Lapole et Pérot, 2010 (JEK)
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Effects of repeated Achilles tendon vibration on triceps surae force production

700
600
= VA=1-(SSy,c/SR)*100
Z 500
8
g 400
el
S 300
o
s SR
8 200
100
¥
0 \
6 8 Temps
(ens)
P1 P2 P3 Post Benefits (%)
MVC (Nm) 117£29 11727 119+ 28 125+ 28" 69183

Lapole et Pérot, 2010 (JEK)



UNIVERSITE
DELYON

: UNIVERSITE
JEAN MONNET
’ SAINT-ETIENNE ®

Effects of repeated Achilles tendon vibration on triceps surae force production

Descending
corticospinal,

propriospinal &
other drives,

QlouP @ muscle
. v fibers
presynaptic
inhibition
range of o Ej:‘ishaw muscle
aroup 11y < spindie
reflex inputs system
= = 13 Post Benefits (%)
MVC (Nm) 117£29 117+ 27 119+ 28 125+ 28" 69+83

Lapole et Pérot, 2010 (JEK)
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Ipsi- and contralateral H-reflexes and V-waves after unilateral chronic Achilles tendon
vibration

MVC: +10% ... same force improvement on the controlateral leg !
H-reflex and V-waves measurements during MVC
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Vibrated leg Mon-vibrated leg

Greater descending neural drive ?

Lapole et al., 2013 (EJAP)
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How to identify potential supraspinal adaptations ?

Descending
corticospinal,

prapriospinal &
other drives

O o~ .
group muscle
la . fibers
presynaptic
inhibition
Renshaw .

range of cell muscle
group -V < spindle

reflex inputs system
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Eight weeks of local vibration training increases dorsiflexor muscle cortical voluntary

activation
8 weeks Neuromuscular measurements:
3 sessions (1h) per week » After 4 weeks of training
100 Hz > After 8 weeks of traning

» 2 weeks after the end of training

Randomized study
Control group n=22
Tested group n=22

20

N
wu

N

o
[y
(6]

MVC (% PRE)
[
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=
o

(92}

o

0
,\ Contralateral ‘\ Contralateral
L‘ leg L‘ leg

Souron et al., 2017 (JAP)
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Neural adaptations in quadriceps muscle after 4 weeks of local vibration training in

young versus older subjects
M L M RF MEP,,RF

4 +3% +35% +8%
J
f;
+9% +16% +5%
[ ar
4 weeks
Post control Post vibration 3 sessions (1h) per week
100 Hz
v
SJ:+15% \\! /
A | CMJ : +6%
" N Silent period %,
=) "
e | §

Souron et al., 2017 (APNM)
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TAKE HOME MESSAGE

Eur I Appl Physiol @ CrossMark
DOL 10, 1007/5004 21 -017 -3688-8

INVITED REVIEW

Acute and chronic neuromuscular adaptations to local vibration
training

Robin Souron' - Thibault Besson' - Guillaume Y. Millet* - Thomas Lapole’

Sl

Souron et al., 2017 (EJAP)
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Strength gains after local vibration training

High-frequency (300 Hz)
mechano-acoustic vibration

L

Souron et al., 2017 (EJAP)
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TAKE HOME MESSAGE

Eur I Appl Physiol @ CrossMark
DOL 10, 1007/5004 21 -017 -3688-8

INVITED REVIEW

Acute and chronic neuromuscular adaptations to local vibration
training

Robin Souron' - Thibault Besson' - Guillaume Y. Millet* - Thomas Lapole’

Souron et al., 2017 (EJAP)
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Can we propose recommandations for the use of local vibration ?

Muscle state
during
vibration

Relative
efficiency

Vibration
characteristics

Planification
des séances
de vibration

Complementa
rity with other
thechniques

Muscle vs
tendon

Responders vs

O non

responders

Individuali-
sation
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Can we propose recommandations for the use of local vibration ?
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Lapole et al., 2015 (Exp Brain Res)
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Can we propose recommandations for the use of local vibration ?

Tendon
vibration

Muscle
vibration

Souron et al., 2018 (Front Physiol)
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Can we propose recommandations for the use of local vibration ?
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Can we propose recommandations for the use of local vibration ?

TMEP VL TMEP VM

1

=
<

TMEP (%Mmax)
(6)]

B PRE Muscle

TMEP RF BA POST Muscle
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204 _ POST Tendon
3
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T}
=
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INVITED REVIEW

Acute and chronic neuromuscular adaptations to local vibration
training

Robin Souron' - Thibault Besson' - Guillaume Y. Millet* - Thomas Lapole’
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Souron et al., 2017 (EJAP)
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Arthrogenic muscle inhibition after knee surgery

— Supraspinal | Netinhibition l 1 Voluntary effort
influences from brainstem -
' v
J Quadriceps
' aMN excitability )l AMI
Spinal reflex : ,.""-
pathways v v
T Flexion reflex T b inhibition I ';,I y-Hoop dysfunction |
AT k2 A LN A A
:<: B Lo” o
.‘\' >
4" ."‘ »"’ \‘\ N\
Factors that alter | Inflammation LSwelling Joint laxity Receptor damage

joint afferent
discharge \
Joint damage

Rice et McNair, 2010 (Semin Arthritis Rheum)
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Rehabilitation after knee surgery

Rice et McNair, 2010 (Semin Arthritis Rheum)
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Chronic effects of local vibration on neuromuscular rehabilitation after total knee
arthroplasty

Control subjects
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Chronic effects of local vibration on neuromuscular rehabilitation after ACL reconstruction
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s 8 8
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