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Onderzoek naar ‘pain-motor interactions and

shoulder pain’

Pijnfysiologie
Relatie tussen pijn en bewegen

Fysiologie van pijnmodulatie

Consequenties hiervan voor de (para)medische praktik.



Programmao

Perifere en centrale aanpassingen in het zenuwstelsel

O Perifere en centrale sensitisatie
O ‘Pain-motor interactions’

Consequenties voor diagnostiek en behandeling

O Diagnostiek van pijnmechanismen
O Pijnmodulerende effecten van fysiotherapie



Perspectief

Wat kunnen de pijnwetenschappen toevoegen aan ons
denken over de behandeling van mensen met
(chronische) musculoskeletale pijnklachtene

O Biomedisch paradigma
O Biomechanisch paradigma



4 redenen om tfe twijfelen

Prognose van schouderpijn (Croft et al, 1996, Struyf et al, 2016, Van der Windt et
al, 1996, Winters et al, 1999 a&b)

Het belang van biomechanische stoornissen (Ratcliffe et al, 2014, Struyf
et, 2013))

Psychosociale en genetische factoren (Bachasson et al, 2015, Curry et al,
2015, George et al, 2015, George et al, 2015)

‘Pain-motor interactions’ (Heales et al, 2016, Heales et al, 2014, Tompra et al,
2014)



Perifere en cenirale

aanpassingen in het zenuwstelsel

Van perifere pijnprikkel tot centrale verwerking
Temporele summatie en wind-up
Long term potentiation

Cenftrale sensitisatie






Neurofysiologie van pijn

Centrale mechanismen

Centrale

sensitisatiepijn
Modulatie van nocisensorische  BIUGEESUINGE

praktijk

Informatie op meerdere nivo's




Centrale sensitisatie

brain: malfunctioning of central pain inhibitory
pathways arising from periaquaductal gray matter

PAIN and rostral ventral medulla in brainstem

brain: cognitive-emotional sensitisation
brain: sensory-motor conflict

overactive malfunctioning of

ascending pain descending pain-modulating
fascilatory pathways
pathways

dorsal horn: hyperexcitability of NMDA-receptor
sites of second-order neurons & progressive
increase in discharges from

spinal cord second-order neurons

injury / trauma /
arthritis y

peripheral tissues:
enhanced responsiveness of
nociceptive endings



The role of central sensitization in shoulder pain: A systematic
literature review

Marc N. Sanchis, PT?, Enrique Lluch, PT>“%®* Jo Nijs, PT, PhD“®¢, Filip Struyf, PT, PhD%,
Maija Kangasperko, PT®

Conclusion

The majority of the literature reviewed suggested that the CNS
becomes hypersensitive in a subgroup of patients with unilateral
shoulder pain, including patients diagnosed with SIS, and the
phenomenon of CS may play a role in the frequent pain complaints
reported by these patients. However, the implications of this involve-
ment are just starting to become clear and will be an active topic of
further research. More studies with low risk of bias are necessary for
providing definite proof of the clinical importance of CS.




Pain-moftor interactions

Brug tussen biomechanisch en pijnwetenschappelijk paradigma



Rio et al, 2013




Pain-moftor interactions

Xy

o‘,;‘-'; ® REVIEW ARTICLE

I PAIN® 152 (2011) S90-598 WN
lASP@ www.elsevier.com/locate/pain

_ Nociception Affects Motor Output
Review
Moving differently in pain: A new theory to explain the adaptation to pain A Review on Sensor.y-'motor Ir!ter qdlon With Focus
Paul W, Hodges ™, Kylie Tucker on Clinical Implications

The University of Queensland, Centre for Clinical Research Excellence in Spinal Pain, Injury and Health, Brisbane Qld 4072, Australia JO NijS, PT, MPT; Ph D,* 7,_ 1 Lies be ¢ h Daenen, P]: MSC,* 1_ §
Patrick Cras, MD, PhD§| Filip Struyf, PT, MSc*{ Nathalie Roussel, PT, MPT, PhD,}§
and Rob A.B. Oostendorp, PT, MPT, PhDY

SpeEcIAL Topric SERIES

Interaction Between Pain, Movement, and Physical Activity

Short-term Benefits, Long-term Consequences,
and Targets for Treatment

Paul W. Hodges, PhD, MedDr, DSc, BPhty( Hons)*
and Rob J. Smeets, MD, PhD7}



Pain-moftor interactions

Pijn en bewegen zijn nauw met elkaar verbonden

Fysiotherapie richt zich op het herstellen van het
bewegen

Hoe werkt dite

O Pain adaptation model
O Vicious cycle model



Pijn en bewegen of ‘pain-motor

Inferactions’
6 Principes van sensomotore controle

O Functional movement involves components that are task
directed and components that are postural

O Functionrequires a balance between movement and
stiffness

O Function depends on the interaction between the passive
elements, active system and sensor/controller



Vervolg ...

O Motor function is inherently variable

O Multiple sources of sensory information ara available to
guide and control movement

O Sensorimotor control varies between individuals

(Hodges & Falla, 2015)



Discrete excessive load

Internal/external

Habitual posture, functional demand

Accumulated load

A 4

load demand exceeds ability/

tolerance (individual)

T
|Sensitized nervous system
v

Nociceptive input/Pain/injury
or threat of pain/injury

Psychosocial features
Fear/attitudes/beliefs

Mismatch between motor

Changes at multiple levels
of the sensorimotor system

Motor cortex (excitability/
organisation)
Sensory cortex
Cognitive-emotional
Sensory integration
Sensorimotor mismatch
Brain stem
Spinal cord (eg, inhibition/
excitation)
Receptor injury
Muscle

Output and sensory input

SUBTLE

Redistributed
activity within & between muscles

MAJOR
Avoidance of
movement

}

Changed motor output/mechanical

behaviour
Changes in stiffness, external force

direction, load distribution (within
muscle, between muscles), variability,

Force & movement amplitude)

}

A 4 A 4

Beneficial: Protection of the
injured/painful part
Change load on tissue source of
nociceptive input (May be sensitised)
(eg, splint, reduce load, etc.)

Suboptimal: Provocation/generation
of pain &/or injury
Change load on injured tissues &
tissues of other segments
(eg, excess load, invariable load,
Dec. shock absorption, suboptimal
distribution, deconditioning)

¥

Short term benefit

Long term consequences —

Hodges & Smeets, 2015



Primary motor cortex
Primary sensory cortex

Central projections of
proprioceptive and
nociceptive inputs

Thalamus

Motor pathways
Proprioceptive pathways

Nociceptive pathways

Interneurons
y- and a- Motoneurons

la, Ib, Il, lll, IV afferences

Suprascapular nerve

Muscle spindles

Golgi tendon organs

Ruffini endings

Pacinian corpuscles

Free Nerve endings

Bachasson et al,
2015



Samenvatting en conclusie

Centrale sensitisatie is waarschijnlijk aanwezig bij een
subgroep van mensen met klachten over schouderpijn

Pijn en bewegen zijn nauw met elkaar verbonden

Centrale processen spelen een rol ‘bovenop’ perifere
processen

Dit heeft klinische implicaties



Diagnostiek van (predominante)

pijnMmechanismen

Neuropathisch

. . . s \ca\
Nocicepfief gence " cf\m
05 ) on O
- o PO Nec‘ . s-‘hcat\o
Centrale sensitisatie .o Node L the



Musculoskeletal pain

Disproportionate pain experience?

/Eﬁ/&

Diffuse pain distribution? no Central Sensitization

YES NO

Central Sensitization Inventory 2 40 ?

no Central Sensitization




Musculoskeletal pain CI’ITel’Ium ]

Disproportionate pain experience? DlS pro pOI’TIO ne I e p” A

(@/“

Diffuse pain distribution? no Central Sensitization Erns_l_ len dlsproporhoneel
VES NO tot hoeveel en/of ernst
= weefsleschade

Central Sensitization Central Sensitization Inventory 2 40 ?

YES NO

| no Central Sensitization

Central Sensitization




| Musculoskeletal pain |

| Disproportionate pain experience? |

y

| Diffuse pain distribution? |

YES

NO

W

no Central Sensitization

“entral Se zatic | Central Sensitization Inventory 240 ? |

YES

NO

no Central Sensitization

Criterium 2:

Diffuse pijnlokatie

Plaats van de pijn
komt niet overeen
met de plaats van
de schade



Musculoskeletal pain CrITerlum 3

Disproportionate pain experience? Hyperse ﬂSITIVITel'I' VvOOor
andersoortige prikkels

)/W

Diffuse pain distribution? no Central Sensitization
Reuk

Smaak

Licht

Geluid

Tast

Medicatie

no Central Sensitization KOUde/WOI’mTe

YES NO

Central Sensitization Inventory 240 ?

YES NO




Central Sensitization Inventory
Meten van overgevoeligheid

- Bepaalde geuren (parfums)

- Mijn benen voelen
ongemakkelijk, rusteloos

- Stress verergert mijn klachten

- |k ben gevoelig voor fel licht

- Cut-off 40

Mayer et al, 2012, Neblett et al,
2013

WwWw.paininmotion.be

Musculoskeletal pain

Disproportionate pain experience?

v —— N0
Diffuse pain distribution? no Central Sensitization

Central Sensitization Inventory 2 40 ?

YES

NO

no Central Sensitization



Piinmodulerende effecten van

fysiotherapie

- Fysiologie van pijinmodulatie
Neuro-anatomie en neurofysiologie

- Hands-on technieken

- Oefentherapie

- Placebo



Prefrontal Cortex

Anterior Cingulate
Cortex

Primary Motor
Cortex

g

Cortices

Posterior Parietal

Insula
Putamen
Thalamus

Amygdala
- Rostral

Hippocampus Ventromedial

Medulua
—

Periaqueductal
Gray

Ad or C ﬁ

Nociceptive drive



Amygdala

Hypothalamus
- Insula
v ACC
| Descending
| Ascending
NCF
Midbrain 3 PAG

DLPT

Medulla (

Spinal Cord

Rostral Ventromedial Medulla

Ad or C “nociceptive”
input
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Hands-on technieken

Systematic review

Analgesic effects of manual therapy in patients with musculoskeletal @CmssMark
pain: A systematic review

Lennard Voogt ™% "1 Jurryt de Vries 9, Mira Meeus ™", Filip Struyf ™ <",
Duncan Meuffels /, Jo Nijs &'

4L 1/ 111 1daliudl Lulitact
group.
Teys et al. RCT (randomized, 24 (13 woman; average Anterior shoulder pain Pressure pain threshold Mobilization with Significant effect No power +
(2008) double blind, age: 46.1, SD 9.86) over the most sensitive movement (Mulligan) (P = 0.04) for PPT over  analysis POD
within subjects point over the anterior at the shoulder shoulder joint. included
repeated measures aspect of the shoulder. PPT increases 20,1%

design)



Non Specific Responses
e Placebo/Expectation

* Psychological measures
» Fear
» Catastrophizing
» Kinesiophobia

Pain Modulatory

PAIN Pam-R'elatf:ad Brain Circuitry
| Circuitry ACC
: Amygdala

\ PAG Endocrine Response
: RVM ¢ B-endorphins
[ ¢ Opioid response
' Autonomic Response
Skin temperature

Skin conduction
Cortisol levels

Heart rate
Mechanical
Stimulus
Neuromuscular Responses
Peripheral Nervous *  Motoneuron Pool
Tissue -\ System » Afferent Discharge
* Muscle activity

I
v Hypoalgesia

Decrease Spasm

e Temporal summation
Increase range of Inflammatory mediators * Selective blocking of

motion neuro-transmitters

Bialosky et al,
2009



Oefentherapie

A Meta-Analytic Review of the Hypoalgesic Effects of Exercise

Kelly M. Naugle, Roger B. Fillingim, and Joseph L. Riley, Ill

Pain Research and Intervention Center for Excellence, University of Florida, Gainesville, Florida.

dynamic resistance exercise (d.,, = .83, dint = .75) were large. In chronic pain populations, the magni-
tude and direction of the effect sizes were highly variable for aerobic and isometric exercise and ap-
peared to depend on the chronic pain condition being studied as well as the intensity of the exercise.
While trends could be identified, the optimal dose of exercise that is needed to produce hypoalgesia
could not be systematically determined with the amount of data available.



Chronic joint pain
DOMINATED BY CS

Chronic joint pain

WITHOUT DOMINANT CS

Pain neuroscience education Pain neuroscience education

_

Pacing strategies Graded exposure

Graded Time contingent grading \
activity
. /\/\ _/_/—/_/_

# Aspecific exercises ® Specific exercises 0
\ Day1 Day2 Day3 Day4 Day5 12345678 91011121314J

Proposal exercise program

100
/ Pain contingent baseline
determination

0
Start Short Mid

Lon

—_
o

Minutes




Placebo

PLACEBO
(psychosocial context)

LN

serotonin-dependent non-opicid endogenous
hormone secretion mediators opioids \
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. Benedetti et al,
Nociceptive input 20] 5



Conclusies en implicaties

Diagnostiek gericht op ‘dominant pijnmechanisme’

Pijn modulerende effecten van fysiotherapie

Integratie van pijnwetenschappen met biomedische en
biomechanische wetenschappen
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Contact: l.p.voogt@hr.nl



