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How is pain related to joint dysfunction?

What is pain?

What mechanisms explain the relationship
between pain, movement and joint dysfunction?

What are the clinical implications?
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How is pain related to joint dysfunction?

What is pain?

* |s an output
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* |s an output

* Is non-linear - input# output

* |s an output

* Is non-linear - input Z output

* |nvolves evaluation of
' £ ” H
experience”, fears, beliefs
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Is an output
Is non-linear - input# output

Involves evaluation of
" 4 n &
experience”, fears, beliefs

Involves sensitisation — centrally
and peripherally

Is an output
Is non-linear - input Z output

Involves evaluation of
' £ ” H
experience”, fears, beliefs

Involves sensitisation — centrally
and peripherally

Can involve ongoing nociceptive
input from the tissues (non-neural
or neural)

Paul Hoages LLKE SPINE UU 2UZ3

Cenftral
sensitisation

Central
sensitisation

<=7

5/23/23



Berlin 2023

Pain neurobiology: Not all pain is the same

Pain maintained by; Pain Beliefs/attitudes

Central
Nociceptive mechanisms sensitisation

Nociplastic mechanisms

Neuropathic mechanisms
IASP 2020

Nociceptive input (threat)

Nociceptive pain (IASP definition)

* Pain that arises from actual or threatened damage to non-neural tissue
and is due to the activation of nociceptors.
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Neuropathic pain (IASP definition)

* Pain caused by a lesion or disease of the somatosensory nervous
system.

Nociplastic pain (IASP definition)

* Pain that arises from altered nociception despite no clear evidence of
actual or threatened tissue damage causing the activation of
peripheral nociceptors or evidence for disease or lesion of the
somatosensory system causing the pain.
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Pain neurobiology: Not all pain is the same

Pain maintained by

Pain will rarely present
neatly in a single box —
the aim is to consider
the predominant
mechanism to guide
selection of treatment

IASP 2020

Pain Beliefs/attitudes

Central
sensitisation

Nociceptive input (threat)

Pain neurobiology: Not all pain is the same

Nociceptive/movement-related

* Arises from actual or threatened damage to
non-neural tissue and is due to the activation
of nociceptors.

Nociplastic/central/central sensitization

* Arises from altered nociception despite no
clear evidence of actual or threatened tissue
damage causing the activation of peripheral
nociceptors or evidence for disease or lesion
of the somatosensory system causing the pain

Neuropathic

* Pain caused by a lesion or disease of the
somatosensory nervous system

IASP 2020
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Pain neurobiology: Not all pain is the same

Nociceptive/movement-related Pain Beliefs/attitudes

Modify tissue loading Central

sensitisation
Nociplastic/central/central sensitization
* Arises from altered nociception despite no

Reduce amplification - psychological,
education, etc

Neuropathic

Modify nerve loading + reduce

amplification Nociceptive input (threat)

s joint loading relevant?

i load on tissues causes nociceptor
discharge which contributes to the pain
experience

Then tissue loading might be relevant and it may
be helpful to change it to reduce the contribution
of nociceptive input to ongoing pain
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When is joint loading a problem

Relationship between joint loading and dysfunction

Loading
tolerance
threshold

Exposure
(Frequency/duration
of loading)

Dye (1996) Clin Orthop Rel Res
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Relationship between joint loading and dysfunction

Threshold Loading
depends on tolerance
Individual factors threshold

Exposure
(Frequency/duration
of loading)

Causes of suboptimal tissue/joint loading

Excessive force/force combination
Excessive Sustained

motion / \ force

Excessive
muscle
tension

Tissue
creep

k Exposure J

Poor coordination Poor coordination
between adjacent Poor control of between
segments axis of rotation rotation/translation
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Implications for rehabilitation
Why does pain persist?

No
ongoing
threat to

S
Nociplastic mechanisms
— interaction between
central sensitization
and psychology

Ongoing
threat to
tissues Bio-
Nociceptive
mechanisms —
Suboptimal K
Address posture, | tissue loading — manual Behavioural
Movement, muscle(therapy/motor control therapy = Graded
activity and joint activity exercise;
dysfunction related . . Consider modifying Education
to tissue loading Consider addressing e
tissue loading )
behaviours

Research Paper

PAIN

Features and methods to discriminate between
mechanism-based categories of pain experienced
in the musculoskeletal system: a Delphi expert
consensus study

Muath A. Shraim?, Kathleen A. Sluka®, Michele Sterling®, Lars Arendit-Nielsen®, Charles Argoff®, Karl S. Bagraith',

Ralf Baron?, Helena Brisby", Daniel B. Carr, Ruth L. Chiment#, Carol A. Courtney*, Michele Curatold, Beth D. Darnall™,
Jon J. Ford", Thomas Graven-Nielsen®, Melissa C. Kolski®, Eva Kosek®", Richard E. Liebano®, Shannon L. Merkle',
Romy Parker", Felipe J. J. Reis"", Keith Smart*, Rob J. E. M. Smeets’?, Peter Svensson®®, Bronwyn L. Thompson®,
Rolf-Detlef Treede™, Takahiro Ushida®, Owen D. Wiliamson®®, Paul W. Hodges*

More later...
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How is pain related to joint dysfunction?

What mechanisms explain the relationship
between pain, movement and joint dysfunction?

Requires understanding from cells to systems

Behaviour i i Motoneurones Tissue cell biology
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Suboptimal
fissue loading

Nociceptor firing

PAIN
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Suboptimal
fissue loading

Nociceptor firing

interference/

Decreased activity ;\
(inhibition)

-

R.eﬂex networks
(involuntary
Movement)

Spinal cord
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Hodges, Kaigle-Holm, Holm 2006 Spine 31(25):2926-33 ISSLS Prize Hodges et al, 2007 Eur J Neurosci 29(7):1

Time-dependent multifidus muscle plasticity: ACUTE
Different mechanisms

Acute
Acute inhibitory/
regeneration phase
Muscle inhibition
Acute size reduction
(?vascular/other mechanism)
Acute adipose activation
Regeneration pathway
activation
Maximum
intervertebral disc
degenkration

1 week 3 months 6 months 9 months
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Subacute phase
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Battie, Niemelainen, Gibbons, Dhillon 2012 Spine J
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Sub-acute phase
Counterintuitive degradation of muscle structure
Control Lesion - injured Lesion — non-inj.
Whole muscle analysis Whole Tissue Be - & PN
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Possible role of inflammatory response in muscle
changes

* Inflammation is increasingly recognized as a mechanism underlying accumulation
connective tissue and fat in muscle and other tissues

Tendon (Barbe et al. 2013)
Liver, kidney, lung & heart (Weiskirchen et al. 2018)

* TNF expression increased after intervertebral disk disease
(Olmarker et al. 1998; Burke et al. 2002)

* Role in muscle remodeling
(Phillips et al 2005; Li et al. 2001)

* Connective tissue and fat are also a source of inflammatory cytokines
(James et al. 2018)
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Myostatin Pluripotential precursors
Slow-to-fast transition TNF
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IL-18
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Hodges, James, Blomster, et al, 2014 Spine 39(13):1010-7 Hodges, James, Blomster, et al, 2015 Spine 40(14):1057-71
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Time-dependent multifidus muscle plasticity
Different mechanisms

Afferent
information
regarding length
change & rate of
length change

* Structure
* Intrafusal muscle fibres

* Connective tissue
capsule
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* Increased connective tissue & collagen
expression of the muscle spindle capsule
* Potential impact on mechanical properties

* Modify transmission of length change to
muscle spindles

* Modify transduction of sensory information

->Might explain some of the proprioceptive
deficits identified with low back pain

Paul Hoages LUKE SPINE U 2UZ3

James et al, 2022 European Spine Journal
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Time-dependent multifidus muscle plasticity: CHRONIC
Different mechanisms

Chronic
Disuse/deconditionin
g phase
Muscle/muscle fiber
atrophy

Fibrosis

Fatty infiltration

Maximum
intervertebral disc
degenkration

3 months 6 months 9 months 12 months

Hodges et al, 2015 Spine

Does the inflammatory process also occur in humans?

Human IDD: Relationship between

fat & expression of TNF

* Multifidus muscle harvested at surgery
(n=24)

* TNF expression in multifidus is greater
in individuals with higher clinical grade
of fat (Kjaer)

+IEY
H-2b-CK 433

James, Chen, Diwan, Hodges, et al. 2019
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Interaction between systemic and local inflammatory
processes

Injury/tissue-

Injury to  level pathology
neighboring
tissue
Exercise Lifestyle
Peripheral / Low physical activity
\ nervous Alcohol

system Smoking

. Di
Local Systemic \
Inflammation Inflammation
Central

nervous
system

Sleep

. . Psychosocial
Fibrosis Stress

Fat Depression

Klyne, James, Barbe, Hodges. 2022

Planning & initiation of voluntary

movement (incl. postural components)
Primary
somatosensory cortex

Posterior Supplementary motor cortex
parietal cor Premotor cortex
Prefrontal cortex

Primary motor cortex
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Primary motor cortex

Primary motor cortex
(M1)

Corticospinal tract
Medulla

Erector
NellglelS)
Spinal cord

Multifidus
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Primary motor cortex
(M1)

Corticospinal tract
Medulla

Erector
spinae
Spinal cord

Multifidus

Primary motor cortex
(M1)

Corticospinal tract
Medulla

Erector
NellglelS)
Spinal cord

Multifidus
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Chronic LBP: Adaptation of motor cortex organization is related
to function

1 2 3 45

« Healthy
LBP

CoG-lateral (cm)

r=0.57 p<0.001

0 i
-100 -50 0 50
Relative onset of TrA (ms) Tsao, Galea, Hodges 2008 Brain

Pain-free

Tsao, Danneels, Hodges, 2011 Spine. 36(21):1721-7 ISSLS Prize
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Different organisation of the motor cortex in tennis
elbow

Extensor digitorum Extensor carpi radialis brevis

A — 00

i

Lateral
epicondylalgia

Painfree
control

MEP amplitude (mV)

Schabrun, Hodges, Vicenzino, Jones, Chipchase (2015) Med Sci Sports Exerc

49

Planning & initiation of voluntary

movement (incl. postural components)
Primary .
somatosensory cortex Primary motor cortex

Posterior Supplementary motor cortex
parietal cor Premotor cortex
Prefrontal cortex

Paul Hoages LLKE SPINE UU 2UZ3 25
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Suboptimal
fissue loading

Nociceptor firing

interference/

Suboptimal
fissue loading

Nociceptor firing

interference/

Paul Hoages LLKE SPINE UU 2UZ3 26
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Implication for
rehabilitation

Restoration of moetor cohtrob may.contributé togecovery
of low back pain - if subeptimdMeading of jissue
contributes to symptoms

This may require motor learning inferventions

Suboptimal
fissue loading

Nociceptor firing

interference/

Paul Hoages LLKE SPINE UU 2UZ3
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Real or threatened
nociceptive input/pain/injury

Real or threatened
nociceptive input/pain/injury

Subfle Changes in motor behaviour Major

Redistributed activity Avoidance of
within & between muscles movement

Paul Hoages LLKE SPINE UU 2UZ3
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Real or threatened
nociceptive input/pain/injury

Sublle Changes in motor behaviour Major

Redistributed activity Avoidance of
within & between muscles movement

Real or threatened
nociceptive input/pain/injury

Subfle Changes in motor behaviour Major

Redistributed activity Avoidance of
within & between muscles movement

Changed motor output/mechanical behaviour:
Stiffness, force direction, load distribution,
variability, force & movement amplitude

Paul Hoages LLKE SPINE UU 2UZ3

Experience
Pain cognition
Pain beliefs

Experience
Pain cognition
Pain beliefs

5/23/23
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Real or threatened
nociceptive input/pain/injury

Sublle Changes in motor behaviour Major

Redistributed activity Avoidance of
within & between muscles movement

Changed motor output/mechanical behaviour:
Stiffness, force direction, load distribution,
variability, force & movement amplitude

Short term benefit:
Protection of the injured/painful region
Ymuscle activity/stress, Wmovement, Ypotential for error

Long term consequence:
Suboptimal tissue loading

Paul Hoages LLKE SPINE UU 2UZ3
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Experience
Pain cognition
Pain beliefs

Experience
Pain cognition
Pain beliefs
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Suboptimal
fissue loading

Nociceptor firing

Protective interference/

Long term consequences

Reduces movement which is Reduced movement
important for dissipation of forces variability

L BN WAOOY®
Performance

Resultant motion

Variability
-2 0] 2 4 6 8
Preparatory motion

Increases joint
[eJelellgle
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Delayed “offset” of trunk muscle activity predicts
future LBP

T
eruink Angle Magnet Release

o)

Cc

EMG

asea|ay 1aubeyy
Magnet Release

N=292 college athletes

Force
Episode of LBP

_ Longer delay: 77 [36] vs. 63 [31] ms
,Agon'fts Fewer muscles off: 0.8[1] vs. 1.3[1.1]

Antagonists

Odds of low back pain 1 3% for each 1 ms
change

Time (s)

L —

0.4 -0.2 0 I 0.2 04

Cholewicki, Stifles, Shah, et al., 2005 ISSLS Prize Spine

63

Protective adaptation can become part of the problem

Knee muscle co-
contraction

=
(@]

Short term
Protection

Long term
M Cartilage loss

=
(@]

Medial tibial annual cartilage
volume change

10 20 30 40 50 60

Co-contration duration (% gait cycle) @
—

Hodges, Bennell, Wrigley, van den Hoorn (2015) Man Ther 21:151-8
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Suboptimal
fissue loading

Nociceptor firing

Protective interference/
response PAIN inaccuracy

Conditioned
pain response

Unconditioned stimulus Pain
Movement + Nociceptor discharge I

Conditioned stimulus Condiﬁoneq response
Movement Pain

Pain interference
Protective response
Suboptimal loading

Nijs et al., 2015 Man Ther; Moseley & Viaeyen 2015 Pain

Paul Hoages LUKE SPINE U 2UZ3
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Suboptimal
fissue loading

Nociceptor firing

Protective interference/

&

How is pain related to joint dysfunction?

What are the clinical implications?

Paul Hoages LLKE SPINE UU 2UZ3 34
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Implication for
rehabilitation

* |dentify the likely painnmechanism

e |If subopitimaljointloading is relevant -
ldentify and addiess subopiimalloading
— Restorefjoinhfunction

— Optimise motor comirel —~movemenigposilre,
muscle activation

How can we identify pain mechanisms in clinical practice?

Pain features

Questionnaire

History

Paul Hoages LLKE SPINE UU 2UZ3
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How can we identify pain mechanisms in clinical practice?

Pain features

Questionnaire

History

Nociceptive pain

Predictable

Inc/dec with movement/posture
Proportional

Localised

Normal sensitivity or local
hyperalgesia

Generally low psychosocial
features — multiple
questionnaires available to
assess specific features

Relevant injury

Smart2012a, b, c Man Ther; Nijs et al. 2015 Pain Physician; Chimenti et al 2018 PhysTher;

Shraim, Massé-Alarie & Hodges 2021 Pain.

How can we identify pain mechanisms in clinical practice?

Pain features

Questionnaire

History

Nociplastic pain

Unpredictable
Inconsistent inc/dec
Disproportionate
Broad area/multiple
area/changing area

Hyperalgesia - \, pressure/
temp threshold — local &
distant areas

Central Sensitization Inventory
Various Psychological Qs — Pain
Catastrophizing Scale; Fear
Avoidance, Pain Self Efficacy, etc

Mismatch between pain &
history/mechanism

Smart2012a, b, c Man Ther; Nijs et al. 2015 Pain Physician; Chimenti et al 2018 PhysTher;

Paul Hoages LLKE SPINE UU 2UZ3

Shraim, Massé-Alarie & Hodges 2021 Pain.
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How can we identify pain mechanisms in clinical practice?

Pain features

Questionnaire

History

Neuropathic pain

“Electric”

Dermatomal distribution/ribbon
Pins & needles

Numbness

+/- positive neurodynamic signs

Can be sensitized —
Hyperalgesia - \, pressure/
temp threshold

PainDETECT, LANSS (not specific
to neuropathic)

History of nerve damage/
dysfunction

Smart2012a, b, c Man Ther; Nijs et al. 2015 Pain Physician; Chimenti et al 2018 PhysTher;

Shraim, Massé-Alarie & Hodges 2021 Pain.

How can we identify pain mechanisms in clinical practice?

Nociceptive pain

Predictable

Inc/dec with movement/posture
Proportional

Localised

Pain features

Normal sensitivity or local
hyperalgesia

Generally low psychosocial
features — multiple
questionnaires available to
assess specific features

Questionnaire

History Relevant injury

Neuropathic pain

Nociplastic pain

“Electric”

Dermatomal distribution/ribbon
Pins & needles

Numbness

+/- positive neurodynamic signs

Can be sensitized —
Hyperalgesia - \, pressure/
temp threshold

PainDETECT, LANSS (not specific
to neuropathic)

History of nerve damage/
dysfunction

Unpredictable
Inconsistent inc/dec
Disproportionate
Broad area/multiple
area/changing area

Hyperalgesia - \, pressure/
temp threshold — local &
distant areas

Central Sensitization Inventory
Various Psychological Qs — Pain
Catastrophizing Scale; Fear
Avoidance, Pain Self Efficacy, etc

Mismatch between pain &
history/mechanism

Smart2012a, b, c Man Ther; Nijs et al. 2015 Pain Physician; Chimenti et al 2018 PhysTher;
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