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Un peu de théorie, beaucoup de pratique.
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Aller au dela du métamere

Systématisation d’un nerf spinal

I - Innervation somatique
II - Innervation sympathique
[fibre préganglionnaire
fibre posiganglionnaire ____
A - Peau
B - Muscle squelettique
C - Ceeur
D - Intestin
E - Vaisseaux
1 - poil
2 - glande sébacée
3 - m. arrecteur du poil
4 - ganglion du tronc sympathique
5 - colonne intermédio-latérale
6 - r. communicant gris
7 « r. communicant blanc
8 - n. végératif
9 - ganglion viscéral
10 - fibre sensitive
11 - ganglion spinal
12 - n. spinal
13 - fibre motrice
14 - racine ventrale

13

Kamina 1983
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90— 15— a pour les F.m.s.sq. b - de
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Fibres efférentes pré-
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J. Perkins

Segmentaire Interneurone
inhibiteur
Afférence la
/,/”_““"‘”‘"‘“ — /
1 . , .
/ b Réflexe myotatique
,/ \\
{ P i
_"f"_' g @ i'\ / [ \' \\\ /
{ v e . 1 \ ;s
e o o \m;;.( AL, N\ \ . Fuseau ' /
AN [ 3 neuromusculaire
0.
: SN\
Fuseau neuromusculaire § ......... * 4
/D
.Y . y
Motoneurone o \\ F "/
S 1’/’7"
Inhibition réciproque la jiselo O\ o
02/10/2021 nhibition reciproqu antagoniste Ny W Bear et al. 2007

David GASQ
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« Modulation de la raideur musculaire

— Modulation du gain du réflexe myotatique par la boucle gamma

Segmentaire SNC

Contraction
intrafusale

SNC

Repos Allongement

02/10/2021
David GASQ
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F=MM™® Réle du systéme fusimoteur gamma ERCET
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Descending Influences
Ascending Joint receptors
Ascending v a Dorsal
Spinothalamic | | Columns ¢ -1V ;

=

Segmentaire

Muscle receptors

o - motoneuron

+
>y
¥- motoneuron e
1{ Muscle Spindle
02/10/2021

David GASQ Modulation de la decharge des Mn gamma Pickar 2002
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Segmentaire

02/10/2021
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Réflexes segmentaires BOREER

Fibres musculaires

Capsule
Fibres Ib

e

Terminaisons
sensorielles

”
.
.
i q
pos kY
5 hR 24
,/ & 14
- ey 9
// 3 y
V0
g
{ O ",
i 0 X s !
il 1 6NN - T
Wi ‘.:‘.‘, i~ ~ \ y
1 “ o N \\
Tendon 3

Organe tendineux de Golgi Fibre de collagéne

Richard et Orsal 2001

Inhibition autogénique Ib ou
réflexe myotatique inverse

Controle fin de la tension musculaire
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Segmentaire
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Réflexes segmentaires et techniques neuro-musculaires

- Etirement passif du muscle
— Contraction de ce muscle (réf. myotatique)
— Relachement de ce muscle (Inh. autogénique Ib)

« Contraction prolongée d’'un muscle (myotensif)
— Dépression post-activation de quelques sec

» Raccourcissement passif du muscle (Jones)
— Relachement par étirements des antagonistes

(inhibition réciproque)

— Silence proprioceptif de ce muscle ...

Fibre la

Fibres musculaires
\ Nual | T
y' vy ) \//
\ \ | e
\ \ \ / i
A |
\ |
\ \ |
\
\ |

Fibre Il

Fibres Ill et IV\ |

Fibres l et Il

Corpuscule
de Pacini

— Organe tendineux

Tendon —'l‘.‘“(
de Golgi

Richard et Orsal 2001
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Segmentaire
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Réflexes supra-segmentaires

Réflexe de protection homolatéral de
flexion et controlatéral d’extension

Interneurones
excitateurs

Muscles
llbchisseurs

r/‘/
g
v

| A /
A /’
4 ) - 7
ot S

o
5 / T —— —
i~ e

{42/
,-‘3'/"'():"' S Afférence

W nociceptive

Bear et al. 2007
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Détendez vous Tina ...on va replacer tout

Segmentaire ca ! toutes ces méchantes vertébres qui

X"

http.//criztina.over-blog.com/article-14974146.htm|

HVLA rachis

02/10/2021
David GASQ
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» Deécharge des propriocepteurs

— FNM, OTG et Pacini
* Repos, mise en tension puis impulsion

Segmentaire

—1

/

N

02/10/2021

¢ and Physiological Therapeutics
Volum wary 2001
0161-4754/2001/835.00 + 0 76/1/112017 © 2001 IMPT

ORIGINAL ARTICLES
® Response of Muscle Proprioceptors to Spinal Manipulative-like Loads in the Anesthetized Cat
Joel G. Pickar, DC, PhD,* and John D. Wheeler, DC”

(2 x 2 modalités)

<

David GASQ Platform for dorsal roots Clamp on Lg spinous process



¢ and Physiological Therapeutics
Volun January 2001
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=\ W Proprioce pteu rs ORIGINAL ARTICLES
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Response of Muscle Proprioceptors to Spinal Manipulative-like Loads in the Anesthetized Cat
Joel G. Pickar, DC, PhD,* and John D. Wheeler, DC”

14 / 37
* lllustrations pour le FNM
— Période de silence post-impulsion variable
Segmentaire [ 4
Impulse [ o =
- ol
-2 O
Ramp-up (1 3
Control L " &2
L0
()
o
£ £ II
2 3 |
o |
= S .
295 M
2 S 1l
< - | | . . . Y | . la.za 8.63 9.0s 9.43
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
02/10/2021 Time (seconds)

David GASQ DIRECTION AND ANGLE OF MANIPULATION
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olume 2 * January
0161-475472001/535.00 + 0 76/1//

F=MM™ Proprioce pteurs ORIGINAL ARTICLES
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Response of Muscle Proprioceptors to Spinal Manipulative-like Loads in the Anesthetized Cat
1 5 / 37 Joel G. Pickar, DC, PhD,* and John D. Wheeler, DC”

 Co-activation FNM & OTG

01
112017 © 2001 IMPT

A
— Lors de la mise en tension < impulsion
. . — En distraction > compression
egmentaire 26kg —
— Pacini lors de 'impulsion B AN W R
Okg I \_/ WY | / \._..
10s

B !
» Période de silence post-impulsion ﬂ
« Mise en tension # placebo
« HVLA # mise en tension ol et

02/10/2021
David GASQ



> Spine (Phila Pa 1976). 1999 Jan 15;24(2):146-52; discussion 153.
F— doi: 10.1097/00007632-199901150-00012.

=

=¥ Contract & HVLA
rhiskag Lontracture

Electromyographic responses of back and limb
muscles associated with spinal manipulative therapy

W Herzog ', D Scheele, P J Conway

« HVLA cervico-thoracique en procubitus — lombo-sacré en latérocubitus
« EMG concomitant

16 / 37

Site [n]
. 2 o vlwv—-—-—\/\-—‘-
Segmentaire
4 J\ W
't A \ad
s v ‘“ “U v 4 Vv v
8
IV—'
‘A
10
B
f the electromyographic
Fiqure 5. A, Representative raw data o 7
u‘egsponse at all 16 electromyographic recording sites during a 12 M
treatment applied to both sides of the lower thoracic spine. The
numbering of the channels refers to the electrode placements
shown in Figure 1 and listed in Methods. The onset of the treat- »
inenr thrust occurred at approximately 1 second. The approximate
time of the first electromyographic response IS indicated by the
vertical line. B, Extent of the electromyographic response lq (hlSt
symmetric treatment (®). The enclosed areas represent ared.s 0 16 :
521)“/: or more (long dashed lines), 80% or more (medium :ashed T 1'0 1
re- '
100% (short dashed lines) electromyographic 22 A ;
02/10/2021 lines), and ;
o sponse
David GASQ

Time [s]



> Spine (Phila Pa 1976). 1999 Jan 15;24(2):146-52; discussion 153

FE doi: 10.1097/0 : ;

oerOPAMM::’ Contractu re & HVLA 0007632 199901jSO 00012.

Electromyogrzfphlc responses of back and limb
muscles associated with spinal manipulative therapy

W Herzog ', D Scheele, P J Conway

* Réponse 50-200 ms =>» activité réflexe

 Activation symeétriq ' -
ue en cervico-thoracique vs latéralis€ :
o alisé en -
— Résolution de contractures lombo-sacre

17 / 37

Contexte

EMG

Time [s]

Figure 8. Electromyographic response in a patient with hyper-
tonic thoracic musculature. The hypertonicity manifested itself in
intense electromyographic activity before the treatment thrust
During the spinal manipulative therapy in the thoracic spine, an
02/10/2021 electromyographic response was superimposed on the hypertonic

. activity (arrow). After the thrust, the electromyograph was virtually
David GASQ silent, and the hypertonicity had largely resolved.
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Contexte

02/10/2021
David GASQ

Etude du systéme nerveux autonome

Bull. Acad. Natle Méd., 2013, 197, n° 1, 175-186, séance du 22 janvier 2013

Variabilité sinusale
Fréquence cardiaque
PSA

Conductance cutanée g

Diamétre pupillaire

| Parasympathique |

Systéme nerveux végétatif

| Orthosympathique|

U

U

Fréquence cardiaque

Décubitus 8 min

FC (bpm)

A

A

Energie Spectrale
(Transformée de Fourier)

Orthostatisme 7 min

temps

N

N

-

LF = Basse fréquence

0 02 03 04 05 0
Fréquence (Hz)
Activité parasympathique

prédominante
(HF : Haute Fréquence)

Activité orthosympathique

HF ="Haute fréaquence

01 02 03 04 05
Fréquence (Hz)

prédominante
LF : Basse Fréguence;

FiGure 1. —L’équilibre neuro-végétatif

DON;

Kamina 1983
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Neurophysiological Effects of High Velocity and
Low Amplitude Spinal Manipulation in
Symptomatic and Asymptomatic Humans

19 /37 \'Sys

o, Chirc ! Eling D. de Br PT, PhD,
yh..v-.:vIT | D l k n Humphre \l , PhD,

« HVLA & effets sur le SNA chez des sujets sains

— Cervico-thoracique: augmente ratio LF/HF =» effet Ortho-S +
« Effet idem mais moindre en thoraco-lombaire
— Cervical haut = diminue ratio LF/HF =» effet Para-S +

Contexte

 Effets variables chez les sujets douloureux
— Stimulus douloureux = effet Ortho-S +

* Importance majeure dans I'explication des
symptémes et des effets des TM

02/10/2021
David GASQ
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J. Nijs, B. Van Houdenhove | Manual Therapy 14 (2009) 3—12
H =, A brain: malfunctioning of central pain inhibitory
» Voies de la douleur activées pour des  pattways arising from periaquaducial gray matter
. . . s and rostral ventral medulla in brainstem
stimuli habituellement non douloureux
— Abaissement du seuil d’activation brak:chgnie:omiotoned oxnssetion
— Activation par la manipulation (non douloureuse) bl eensory-aolor conict
overactive malfunctioning of
ascending pain descending pain-modulating
fascilatory pathways
pathways dorsal horn: hyperexcitability of NMDA-receptor
; sites of second-order neurons & progressive
Supra-spinal increase in discharges from
spinal cord second-order neurons
» Activation du Mn également facilitée
— contracture injury /trauma /
arthritis
peripheral tissues:
enhanced responsiveness of
nociceptive endings
02/10/2021

David GASQ
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* Diminution du seuil de la douleur cutanée (dans les métameéres concernés)
: 41
Douleur maximale -
endurée (manipulated) o
n=25
3! 2.7/
Current 2.43
Intensity
(mA) 2.05
Supra-spinal 21
1.6
/.84
1 .1'37 10 147 1.58 (non-manipulated)
n=25
02/10/2021 0.5 2 5 10

David GASQ Pickar 2002, d’aprés Terrett et Vernon 1984 Time (min)
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Supra-spinal

02/10/2021
David GASQ
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REVIEW ARTICLE

Neurophysiological mechanisms of chiropractic spinal
manipulation for spine pain

Carlos Gevers-M 0'** | Benjamin Pr her'? | Martin Descarreaux'” ©
Arantxa Ortega de Mues® @ | Mathieu Piché'? ©

@ Peripheral Mechanisms

\(p

@ bupraspma! Mechanisms

.

NS

(b) | Spinal Mechanisms

I

S e

,O o * Nociception transmission

Nociception modulation

A
5 Changes in pain-related brain
B activity

Activation of descending
inhibitory systems

VA

sensitization

i

N2

Inhibition of temporal
summation
A

Il

Segmental inhibition of
nociceptive processes

[ Inhibition of central }

Decreased pro-nflammatory
cytokine response
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Supra-spinal
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Thérapie manuelle & modulation de la douleur

J. Nijs, B. Van Houdenhove | Manual Therapy 14 (2009) 3—12

I acute/subacute pain
|

| patient with musculoskeletal pain |

nature of complaint?

| chronic localised pain ]

| chronic widespread pain

mappropnate beliefs?

mappropnate behefs"

7

treat local address
problem beliefs +
with MT*  treat local
problem with
MT below
pain
threshold

A

treat local address
problem beliefs +
with MT treat local
below pain problem with
threshold MT below
pain
threshold

when appropriate:

Ly treat local problems
with MT below pain
threshold

-» pain neurophysiology
education

L» treat hypermobility
below pain threshold

Lp aerobic exercise
allowing muscle
(re)perfusion, below
pain threshold &
without post-exertional
symptom increase
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Science Press www.journals.elsevier.com/journal-of-integrative-medicine
Review
24 / 37 Spinal manipulation therapy: Is it all about the brain? A current review
of the neurophysiological effects of manipulation
Giles Gyer™*, Jimmy Michael *, James Inklebarger*, Jaya Shanker Tedla"”
*The London College of Osteopathic Medicine. London NW1 6QH. United Kingdom
. ®Department of Medical Rehabilitation Sciences, College of Applied Medical Sciences, King Khalid University, 3665 Guraiger, Abha, Saudi Arabia
Activation of SNS
Catecholamine Tissue heahng
= Release of CRH | Anti-inflammatory
Analgesia s #
Glucocorticoid effect
t Activation of /
Inhibition of AR
muscle activity
\ \ Autonomic activation}—p Pain reduction
’ ‘ Opioid independent hypoalgesia O e
Attenuation of f Re
corticospinal
excitabili i X 2 g
il Activation of descending Mechanism of Action of Spinal Mobilizations
pain inhibitory pathways A Systematic Review
lon Lascurain-Aguirrebefia, MSc,™' Di Newham, PhD,' and Duncan John Critchley, PRD'
> Attenuation of a &
Synthese y motor neuron Activation of » Segmental i ’ H igesia
excitability gate closing mechanism inhibition b
\ Activation of mechanosensitive
and nociceptive afferent fibers —
. — Paraspinal
Spinal cord . - |tissue
02/10/2021

David GASQ Mechanical stimulus
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Supra-spinal
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Mécanorécepteurs cutanés

La peau du patient ... et du thérapeute

C Receptive field
architecture

Champs récepteurs
petlt Large Supexficial r
layers
Meissner FAI Pacini FAIl
Rapide _/—L _/—\_
c
Q 1 | 1 1 1l
',8 LLLS T Ll L] LU
g
2 Merkel SAI Rufini SAl
Lente _/_\_ _/_\_
T | e =

Kandel, 2008

Slowly / Fastly Adapting (SA/ FA) type 1 or 2 mechanoreceptors
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Supra-spinal
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Somesthésie
: Récepteurs :
Récepteurs Récepteurs
: musculo- e
cutanés : viscéraux
squelettiques
v \ 4
Sensibilité Sensibilité
superficielle profonde
l l |

Sensibilité somatique Sensibilité viscérale

!

!

Sensibilité somato-viscérale

D’aprés Richard et Orsal, 2001
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Supra-spinal

02/10/2021
David GASQ

Thérapie manuelle : orage proprioceptif ? reset ?

« Orage somesthésique plutét que proprioceptif

— Propriocepteurs
— Reécepteurs cutanés
— Nociception

Neuron. 2013 August 21; 79(4): . doi:10.1016/j.neuron.2013.07.051.

The Sensory Neurons of Touch

Victoria E. Abraira and David D. Ginty

A. Glabrous . B. Hairy

Awl/Auchene

J) Merkel cells
(A SALLTMR)
= Ruffini ending
(AB SAILLTMR?)
4 Meissner corpuscle
x (AB RAI-LTMR)
§ Pacinian’s corpuscle
(A} RAILLTMR)
Longitudinal lanceolate endings:

(AP RA-LTMR)
/O (AS-LTMR)

L
/:Zt& (C-LTMR)
Crcumferential
lanceolate endings
(phywoogy wsknowe

Free necve endin
(HTMBR)
‘q

Cell. 2011 December 23; 147(7): 1615-1627. doi:10.1016/j.cell.2011.11.027.

The functional organization of cutaneous low-threshold
mechanosensory neurons
Lishi Li'", Michael Rutlin'”", Victoria E. Abraira', Colleen Cassidy?, Laura Kus®, Shiaoching

Gong?, Michael P. Jankowski‘, Wengin Luo', Nathaniel Heintz®, H. Richard Koerber®, C.
Jeffery Woodbury?, and David D. Ginty'

C-LTMR SE—
AS-LTMR S—
AB RA-LTMR s

—_—

AB SAT-LTMR

Awl/
Guard Zigzag  Auchene



Supra-spinal

02/10/2021
David GASQ

Thérapie manuelle : orage proprioceptif ? reset ?

« Orage somesthésique plutét que proprioceptif

* Notion d’intégration sensori-motrice
— Modulation supra-spinale

Commandes centrales Corticospinal

FNM n

Pierrot-Deseilligny 2005
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Supra-spinal
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Thérapie manuelle : orage proprioceptif ? reset ?

« Technique manuelle = vague d’afférences sur les grosses et petites fibres
» Pourrait « casser » (fonction ‘reset’) 'emballement des boucles réflexes segmentaires :
— En diminuant la facilitation des voies de la douleur

— Par un effet ‘gate control’

— En levant la facilitation de la boucle gamma

Descending Influences
Joint receptors

’ Ascending
Dorsal
Columns

Ascending
Spinothalamic

Muscle receptors

N

> . o~ motoneuron ﬁ
¥~ motoneuron ;
\f{ Muscle Spindle

Pickar 2002

Modification des afférences somato-viscérales
+ aspects biomécaniques

Modification de I'intégration centrale
segmentaire et supra-segmentaire

Modifications des efférences somatiques
et viscérales

Effets cliniques
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« Orage somesthésique plutét que proprioceptif
* Notion d’intégration sensori-motrice
— Modulation supra-spinale
H. Haavik, B. Murphy /Journal of Electromyography and Kinesiology 22 (2012) 768-776
(a) | (b)
Supra-spinal | Abnormal m— Approprisie .
st | | e . (A o ———
input N - integration input integration
7’ l ’ l
p|JJro_p;iate
=
motor control
Altered function . Good function
02/10/2021 [ (pain and dlsability)J

David GASQ



Neurophysiology of human touch and eye gaze in
Le toucher et le regard ! therapeutic relationships and healing: a scoping review

Toulouse 2021

Fiona Kerr**5. Rick Wiechula'?. Rebecca Feo'2. Tim Schultz?. Alison Kitson '

JBI Database System Rev Implement Rep 2019; 17(2):209-247.

Contexte

Segmentaire

SNA

Supra-spinal

Synthése

02/10/2021
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Le CERVEAU ...

Meyer et al. Chiropractic & Manual Therapies (2019) 27:60 Chiropractic &

https//doiorg/10.1186/512998-019-0265-8 Manua'T erapies
Unravelling functional neurology: does c@,
updates

spinal manipulation have an effect on the
brain? - a systematic literature review

Anne-Laure Meyer'**'®, Michel-Ange Amorim'?, Martin Schubert®, Petra Schweinhardt® and
Charlotte Leboeuf-Yde'?*¢

<

’A
z=19,

Tinnermann et al. 2021
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Non Specific Responses
¢ Placebo/Expectation
e Psychological measures
» Fear
» Catastrophizing
» Kinesiophobia

Circuitry
ACC
Amygdala

PAG Endocrine Response
RVM e B-endorphins
e Opioid response
g - Autonomic Response
[ e Skin temperature
= e Skin conduction
e Cortisol levels
e Heart rate
Mechanical
Stimulus

Neuromuscular Responses
e Motoneuron Pool
e Afferent Discharge
e Muscle activity

Peripheral Nervous
System

Synthése Tissue [ Spinal Cord

Hypoalgesia

e Temporal summation
Inflammatory mediators l o Selective blocking of

I

I

I

I

Decrease Spasm

Increase range of
motion

neuro- transmitters

02/10/2021 L-""m Imaging ill

David GASQ

Bialosky et al. 2009
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Non Specific Responses
e Placebo/Expectation
e Psychological measures
» Fear
» Catastrophizing
» Kinesiophobia

Pain-Related Brain
Circuitry

ACC
Amygdala -
PAG Endocrine Response
RVN e B-endorphins

e Opioid response

(Price et al.,
1999)
(Benedetti et

al., 2003)
(Vase et al.,
2002)

Autonomic Response

(Lanotte et al., 2005) Skin temperature
(Pollo et al., 2003) Skin conduction -
(Johansen et al., 2003) i L (Amancio et al., 2001)
Cortisol levels (Benedetti et al., 2006)
(Price et al., 2007) Heart rate (Zubieta et al., 2005)
han: o (Kong et al., 2006)
Mf“h‘m“dl (Bingel et al., 2006)
Stimulus
Neuromuscular Responses
e Motor Neuron Pool
Tissue ———— —qm—— e Afferent Discharge
Synthése | o Muscle activity

| 1
- 5 v I(Pria etal., 2002) ! ﬁ> { Hypoalgesia
I RERRRBRBEEBBBTBBBBBRSS |
Increase range of Inflammatory mediators ' ]
S N -
L petonr ] Ll — L mesre

(Goffaux et al., 2007)

Decrease Spasm

(Matre et al., 2006)

Bialosky et al. 2009

‘ (Goebel et al., 2002) |

David GASQ Mécanismes d’action similaires a ceux des TM lors d’un traitement placebo

02/10/2021
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Contexte
Segmentaire
SNA
Supra-spinal

Synthése
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Modele global

\._ PLACEBO AND NOCEBO

PSYCHOBIOLOGICAL

Fig. 1. Placebo and nocebo psychobiological determinants.

= Soyez empathique > bon techniquement !!

Manual Therapy
Volume 24, August 2016, Pages 65-74

».-\:,
i U
L5,

ELSEVIER

Masterclass

Enhance placebo, avoid nocebo: How contextual
factors affect physiotherapy outcomes

Marco Testa & &, Giacomo Rossettini

" disord: ! —e Specific effect of therapy
L suwessee Specific effect of therapy

+ positive context
.............. Specific effect of therapy

High + negative context

Treatment session

Fig. 4. The modulation of the specific effect of therapy by positive and negative
context.
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Synthése
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» Guide pour le choix de la technique ? e e DR BiG
T . DEUX EXPERIENCES :
— Sensibilisation centrale
— Les techniques que vous maitrisez il o T

— Les représentations et attentes du patient

* Une voie de recherche ?
— Equipes actives sur le sujet : chiropracteurs ++
— Intérét pour :
» Le choix des techniques

* Le mode d’administration

« La part des choses entre facteurs « techniques » et
facteurs « prise en charge »

CEWE DE

Synthése

02/10/2021
David GASQ



