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\ntegrate

Framework:
The Five ATE's

EvaluATE
EducATE
ManipulATE
ActivATE
IntegrATE

The
Neurobiology,
Physiology and
Psychology of

Pain
"%,

Is non-linear: input = output
Involves evaluation of
«experience», fears, beliefs
Involves sensitization: central and
peripheral

Central
Sensitization
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Pain neurobiology: Not all pain is the same

Beliefs/Attitudes

Central
Sensitization

Pain maintained by:

* Nociceptive mechanisms
* Nociplastic mechanisms

* [ Neuropathic mechanisms

Nociceptive Input (threat)

Pain neurobiology: Not all pain is the same

Pain maintained by: Beliefs/Attitudes
* Nociceptive mechanisms Central
. Pain that arises from actual or

threatened damage to non-neural
tissue and is due to activation of

naciceptors

Sensitization

* - Nociplastic mechanisms
. Pain arising 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 pain

* Neuropathic mechanisms

. Pain caused by a lesion or disease of
the somatosensory nervous system Nociceptive Input (threat)
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Pain neurobiology: Not all pain is the same

Pain maintained by:

* Nociceptive mechanisms

Pain that arises from actual or
threatened damage to non-neural
tissue and is due to activation of

naciceptors

Nociplastic mea"

\N Zase or lesion of the
~sensory system causing pain

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

Beliefs/Attitudes

tral
ation

Nociceptive Input (threat)

Pain neurobiology: Not all pain is the same

Pain maintained by:

* Nociceptive mechanisms

Reduce nociceptive input:
Modify tissue loading — manual
therapy and motor control

Nociplastic mechanisms

Pain arising from altered nociception

Reduce amplification:
psychological, education,
pharmacological

somatosensory system causing pain

Neuropathic mechanisms

Modify nerve loading + reduce
amplification

Pain

Beliefs/Attitudes

Central
Sensitization

Nociceptive Input (threat)



* Input mechanisms: Input
mechanisms refer to the
various forms of information
sent into the spinal cord and
brain for processing. This
includes information from
the tissues (nociception),
environmental influences
and the peripheral
nervous system, outside
the dorsal horn.

Processing mechanisms:
The processing mechanisms
refer to the structures and
processes inside the central
nervous system (CNS)

and brain processing the
information sent by the
various input systems, The
processing mechanisms
include processing sensory,
cognitive and emotional
aspects of the experience,
ultimately putting a value on
the information and coming
to some form of conclusion.

Output mechanisms:
Biclogically, there is a
response to the input and
the brain's interpretation of
the experience. The output
mechanisms include various
biological systems and

are strongly driven by
survival instincts in lieu

of a pain experience.

Modified from: Louw (2021)

Beliefs/Attitudes

Central
Sensitization

Pain

ouTPuT

INPUY

Nociceptive Input (threat)

Input mechanisms: Input
mechanisms refer to the
various forms of information
sent into the spinal cord and
brain for processing. This
includes information from
the tissues (nociception),
environmental influences
and the peripheral

nervous system, outside
the dorsal horn.

Modified from: Louw (2021)

Nociceptive Input (threat)
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Goals of the Clinical Examination

Exclude Serious Pathology

Vertebrovascular Injury Peripheral Nervous System (nerve root)
Ligamentous Instability * Radicular Pain

Fracture * Radiculopathy

Infection Central Nervous System (spinal cord)
Space Occupying Lesions * Cervical Myelopathy

12
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* Two population studies using
radiography of the cervical spine,
each involving >1,000 patients,
reported not detecting any
serious pathology that was not
otherwise suspected from the
patient’s history

These data imply a prevalence of
less than 0.4%

Even in patients attending
emergency departments with
suspected fractures, fractures was
only evident in about 4%

Risk Profiling the Patient mDNA: Signs &
Symptoms

Recent history of trauma
Neck pain, Headache, Facial Pain () = Mer‘!tal
Atypical presentation/progression D = Dizziness
Female > Male (3 : 1) D = Drop Attacks
Age 32 -45 D= Dysphagja
Major risk factors D = Dysarthria
Hypertension D = Diplopia
History of migraine N = Nausea
Smoking N = Nystagmus
Oral prevention N = Numbness
A = Ataxia

¢ Cranial Nerves
* Peripheral Nerves
Pain Patterns with Cervical Arterial Balance/Coordination

Dysfunction Imaging

Internal’
Carotid
rtery| ‘

Vertebral
Rrtery |
| |

Vertebral
Artery

Thrombus Embolus
Progression

Occlusion To Brain

14
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Risk:

Low absolute risk: 0.006%
Lower risk of complications
when compared to alternative
interventions such as NSAIDs
and pain killers: 6%

Patient: Neck Pain
and/or Headache

Vasculogen (CAD)
hypothesis excluded

Management:
Risik — Effect Analysis

Effect:

Moderate to large effects on
neck pain and functional
impairment

Moderate to large effects on
cervical radiculopathy
Favourable outcome on
cervicogenic and tension-type
headaches

Manual therapy + exercise gives
larger effects

* Compared to other

i) J e interventions, cervical
KZJll NSAIDS (non-  Myocardial infarct ! 5.95% - 6.6% manipulation has low
[ specific) Gastrointestinal bleed ? 0.46% .
g NSAIDS Myocardial infarct ! 6.19% - B.67% absolute risk
=3l (Cox-2) Gastrointestinal bleed ? 0.34% e That does not
(L Aspirin Bleed® 0.21% - 0.35% . .
@ necessarily mean it is
E' Paracetamol® Cardiovascular events® 5.26% - 6.43% the right intervention
o Gastrointestinal bleed” 0.18% - 0.27% .
o Renal 3.24% - 4.30% for the patient
cervical T [Srmis vl o00% IFOMPT Guidelines 2020
15
* Compared to other
interventions, cervical
manipulation has low
absolute risk
* That does not
necessarily mean it is
the right intervention
for the patient
IFOMPT Guidelines 2020
16
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Goals of the Clinical Examination

Understand Possible Pain Generators

Joints: ZAJ and UV)
Intervertebral Disc "
Nerve root Tissues
Connective tissue

Nerves and Spinal Cord Inflammation

Processes Ischemia

. . Congestion
Nociceptive
Neuropathic Mechanisms
Nocifensive ; Musculoskeletal
Neurologic
Systems Vascular
Visceral

&
‘ e

17

@ Intervertebral Disc

® Zygapophyseal Joint

® Uncovertebral Joint
* Ligaments .

Myofascial

* Muscles

@ Blood Vessels

® Nerves

® Bones and Periosteum

23.09.2024
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Mechanism-Based Classification
of Pain

Tissues

Nociceptive Intervertebral Disc

Zygapophyseal Joint
Neuropathic Uncovertebral Joint

. . Ligaments i
Nociplastic Myofascial
Brain Muscles

Bottom-Up Peripheral Blood Vessels
Sensitization Nerves
Central Bones and Periosteum
Sensitization
Cognitive
Sensitization

10
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Challenges with Cervical Pain

* Many structures shares innervation or segments of
innervation

* Somatic referred pain: sensitization involves non-noxious
structures

* Neurogenic inflammation

* For many structures there is good evidence for their role
in pain but there is a lack of valid and reliable tests to
include or exclude them

Can cervical tissues
cause pain without
injury or
degenerative
changes?

11
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Microtrauma

Altered gene expression
from chondrocytes:
inflammation

Local Inflammation

Sensitization of
nociceptors; Antidromic
axon reflexes

Nociception

Ab-fibers responsible for the
acute “first pain”

C-fibers responsible for chronic
pain and central sensitization

Neurogenic Inflammation

Antidromic transportation of
4 proinflammatory cytokines:
neurogenic inflammation in
uninjured but neurally related
tissues

Microtrauma Long-term Outcomes

Altered gene expression Cartilage lesions and thinning

Subchondral bone sclerosis
) : Synovial and subchondral bone cysts
inflammation Hypertrophy and osteophytes

from chondrocytes:

Local Inflammation Systemic Inflammation

Sensitization of Proinflammatory

Redieemiers: A Cytokines detected in blood:
P 4 liver stimulated to produce

axon reflexes proinflammatory CRP

Nociception

Ab-fibers responsible for the

acute “first pain” Chronic Pain
Cfibers responsible for chronic | Widespread Pain

pain and central sensitization

Neurogenic Inflammation

Antidromic transportation of
4 proinflammatory cytokines:
neurogenic inflammation in
uninjured but neurally related
tissues

12



Microtrauma

Altered gene expression
from chondrocytes:
inflammation

Local Inflammation

Sensitization of

nociceptors; Antidromic

axon reflexes

Long-term Outcomes

Cartilage lesions and thinning
Subchondral bone sclerosis
Synovial and subchondral bone cysts

Hypertrophy and osteophytes

Systemic Inflammation

Proinflammatory
Cytokines detected in blood:
liver stimulated to produce
proinflammatory CRP

Nociception

Ab-fibers responsible for the

acute “first pain”

Chronic Pain

C-fibers responsible for chronic | Widespread Pain
pain and central sensitization

Psychosocial Impacts

The experience of pain
The effect of allostatic load
The ability of the immune
system to regulate and
control inflammation

4

Neurogenic Inflammation

Antidromic transportation of
proinflammatory cytokines:
neurogenic inflammation in
uninjured but neurally related
tissues

Neurogenic Inflammation of Adjacent Disc Caused by
Degenerative Disc at L5 —S1

) <"+ Local vasodilation
" |+ Plasma extravasation
* Chemotaxis
e » Cell aggregation
i « MMPs

I

N ® \
Jo® o Qe b
e 0. 2

L4 & Antidromic transport f SP.QG\RP %)

)Y
; o e————— CG\KV \
gy - Antidromic transport S

L5 E QTTQ'gI_Ulv1u(: (Pain :ransnﬁbfioﬂ)"/

. IL-1B8

L6 Ny

* NGF { GF! \

. sP \\
KA -

*+ CGRP Trl

Brain

Pain )
transmission

Spinal cord

Li et al. Intervertebral disc njury triggers neurogenic inflammation of adjacent healthy discs.

The Spine Journal 000 (2024) 1-11

23.09.2024
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What is the role of
Degenerative
Changes and OA in
the Cervical Spine:

Sheep in Wolf’s clothing or = :
Wolf in Sheep’s clothing?

“Identifying or
nominating the precise
lesion in a cervical
structure may be
difficult, but a
symptomatic segment
can be identified with
considerable accuracy
in a clinical
examination
with neck pain”

23.09.2024
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Innervation Cervical Spine

* Common things are common: what do we know about them today?
* Increases the possibility of better understanding the role of tissues in pain

Cervical
. Segments

Dorsal Ramus

Plexus like

Double

Multiple direct

pattern Innervation, facet joint branch
multiple level branches innervation,
single level

Multiple medial

c1/c2

4 c2/c3

C3/ca
7

L]

A

c4/cs
'{

§
i

23.09.2024
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The cutaneous

B cistribution of Dorsal Rami innervation of
the dorsal rami | the Cervical Zygapophyseal
Joints

* The ZAGs share innervation with
the paravertebral muscles and
the cutaneous areas

* The result is a predominantly
paravertebral pain pattern

* Are other pain patterns possible?

* Somatic referred pain
* Sclerotomal pain
* Radicular pain

zygapophyseal joint pain patterns. A study
in normal volunteers. Spine. 1990;15:453-7

16
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Typical Cervical Spine: ZAJ Pain Patterns

Typical Cervical Spine: ZAJ Pain Patterns

17
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Cervical Spine: ZAJ and Radicular Pain

( !) Uncinate )

Process

18
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Articular
Surface

Cartilage

Subchondral
Bone

Loading of joint tissues:
Hydrostatic Pressure; Compressive,
Tensile and Shear Forces

Mechanotransduction

Articular
Surface

Cartilage

Subchondral
Bone

Altered Gene Expression

Proinflammatory
Substance P; CGRP; TH

19
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Notochordal
cell clumps

R & v
& IF L%
Normal IV disc
in an infant

Age Related Changes in the Cervical Discs

“ Age 20 Years B Age 20 Years Old Age

20
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C5

\C5—6 disc/interbody space
cranial endplate _

C5-6 disc/interbody
space caudal
endplate (C6

superior endplate)

C3 - C4 Disc: o
22 Year Old Male

Posterior View

Uncovertebral
Cleft

Fissure across
posterior disc

~

s Viev Brisme.& 9 .
s - - —y 4 ? - .P% = DR
Taylor J. The cervical spine: an atlas of normal anatomy and the morbid anatomy of ageing and injuries.
Australia: Elsevier 2018

42
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B NI
C3 - C4 Disc: y 3 gy %+ The UV are small but true
22 Year Old Male & ~ y ™N synovial joints

Posterior View ’ '

n * Does have a dense somato-
) sympathetic innervation

{ » Substance P, CGRP and
Neuropeptide Y

Uncovertebral
Cleft

* Source of nociception

* Subject to degenerative
changes (from early 20s)

Pain
“ May cause popping and

Iy grinding noises when moving

Hypertroph:
Ypertiophy the neck
Osteophyte Symptoms often worse in the
forma%’ . morning or after inactivity
: ik A 18

—
Taylor J. The cervical spine: an atlas of normal anatomy and the morbid anatomy of ageing and injuries.
Australia: Elsevier 2018

43

Innervation of Intervertebral Discs

* Somatosympathetic

innervation
e Sinuvertebral
nerve (SVN)
* Gray Rami
Communicantes
* Can create complex
and confusing pain
Nociceptive
Sensory via
sympathethics
Neurogenic
inflammation
Neuropathic with
injury to C-fibers

Spinal Cord

Sinuvertebral

Sympathetic
Chain

23.09.2024
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Innervation of the
Disco-Ligamentous Complex

* Important neuronal
structures:

* Spinal nerve with its
branches to the dura
The Sinuvertebral nerves
with their connections to
the sympathetic trunk
The basivertebral nerves
The perivascular plexus

Staining positive for CGRP
* A potent vasodilator and
involved in the neurogenic
inflammatory response

Denser in areas of vessels,
possibly involved in
neoangiogeneses with tissue
injury

Discogenic Pain

23



Discogenic Pain

Challenges with Cervical Discogenic Pain

What is known

* Basic science evidence supports the concept of cervical disc pain
* Experimental studies in normal volunteers provoke disc pain

* Laboratory studies have have provided models of the complex
mechanisms involved in nociception from the disc

The unknown

* The pathologies rendering the disc painful is still unknown
* Spondylosis and disc degeneration is not an explanation

* There is no convenient method of diagnosing the painful disc

23.09.2024

24



23.09.2024

Cervical Radiculopathy

Radicular Pain versus Radiculopathy?

Reliable Suspicion of Cervical Radiculopathy Based On':

SR o | sweows

. . .
s Neck- and/or Positiv Spurling;
' Scapular and/or  Arm-Squeeze Test
[ arm pain
Arm pain; Paresthesia: Muscle : -
Neck Pain; ’ weakness; Paresthesia; Hyporeflexia
Scapular or RS Loss of deep DI EEES
periscapular and Sensory tendon Motor deficits Shoulder-ABD
pain Changes reflexes Relief Sign

1Grade B recommendation. North American Spine Society (NASS) 2010}

Genetics

Radiculopathy =» C5-C6 > C6-C7

* Average age 40 - 59 yr (47 - 48 yr)
* Men: 107.3 pr 100.000

* Women 63.5 per 100.000

* Natural history =» Good Prognosis

Ageing

Injury

w48 Nutrition

QOO0

49

The Cervical Myofascial Tissues

25
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Neuromuscular adaptations in people with neck pain

There are 44 muscles in the neck which
collectively facilitate the control and support
of the cervical spine while simultaneously
executing voluntarily movements

The central nervous system copes with this
anatomic complexity and redundancy of the
neck muscles by developing consistent
muscle synergies to generate
multidirectional patterns of force

Adaptive changes may occur in relation to
* Nociception and pain
* Anticipation of pain

Over time =» Maladaptive response which

may contribute to persistence and
recurrence of symptoms

Neuromuscular adaptations in people with neck pain

Motor Output

Decreased strength

Decreased endurance

Decreased force steadiness
Decreased range of motion
Decreased speed of movement
Reduced smoothness of movement

Muscle Behavior

Increased muscle coactivation

Reduced specificity of neck muscle activity
Decreased activation of deep muscle activity
Delayed muscle responses

Reduced muscle relaxation

Increased muscle fatigability

Changes in Muscle Properties

Muscle fatty tissue infiltrate and atrophy
Reduced muscle microcirculation
Muscle fibre transformation

Biochemical alterations

26



23.09.2024

Myofascial Pain and Dysfunction

* Causes and mechanisms of myofascial pain is still
unknown and debated (Mense, 2015, 2021)

Difficult to Localize
Characteristic Cramps, aching, pulling pain

. Referred pain
of Muscle Pain -
Strong affective components

(Mense, 2015, 2021) Nausea
Autonomic reactions: sweat (sudomotor)

* Provocative tests commonly used in practice

* Palpation of muscles and their changes for symptom
provocation (tenderness and tissue texture changes)

¢ Isometric muscle testing to reproduce pain

* Palpatory changes often described as

* Myofascial trigger points (MTrP): local pathophysiologic
changes in muscles as the bases for localized and
referred pain
Tender Points: specific tissue changes and local pain as
indicators of specific muscle and joint dysfunctions

* Energy crisis model and tissue sensitization

Neuron

Effective Synapse > Ineffective Synapse

Axon Convergence on
Multifidus Muscle WDR neurons:
Thoracolumbar Fascia when effective
Other Deep Somatic Tissue synapses is
Cutaneous senzitized its AP
Other Deep Somatic Tissue can activate
Gastrocnemius — Soleus Muscle ineffective
Other Deep Somatic Tissue synapses

ONO VA WN R

27



The Intervertebral Foramina

* To highlight processes that may compromise the IVF
* To highlight the effects of compression, inflammation and fibrosis

55

Durrant et al (2002)

F Conditions Influencing the
Intervertebral Foramina

* Protrusion and Prolapse
Intervertebral Disc

Sublaminar space

* Oedema in Nerve Roots

* Venous Congestion

| |+ Osteophytes from
Extraforaminal — Uncovertebral Joints
* Osteophytes from

Zygapophyseal Joints

A (0 R

* Swelling in the Capsule of the
Cervical ZA Joints

* Hypertrophy of Scalene Muscles

} k Clinical Manifestations

Neck pain: Common

Intraforaminal space

The dorsal root ganglia (DRG) is exposed to
greater risk of compression when it is located * Radicular pain:  + /-
more medial in the intervertebral foramina * Radiculopathy: +/-

56

23.09.2024
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Changes in the Intervertebral Foramina

/ -

Compressed
intraforaminal
venous plexus

Spinal nerve

Perineural fibroproliferation ~

constricting IVF contents \

o -

Sinuvertebral nerve

Disk herniation compressing
the intraforaminal venous plexu

Durrant DH, True JM. Myelopathy, radiculopathy, and peripheral entrapment syndromes.
London: CRC Press 2002

Venous Congestion

* Venous plexus congestion may occur with
thecal sac effacement

Chronic compression produces engorgement
and dilation of local venous tributaries, which
can lead to the development of

* Inflammation, and

» fibrous infiltration secondary to venous
stasis

Durrant DH, True JM. Myelopathy, radiculopathy, and peripheral entrapment syndromes.
London: CRC Press 2002

23.09.2024
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Common pathomechanism
of radicular irritation

Nerve

' Mass effect
(1]

Blockage
or
Reduction

Ischemia

Nerve endings

D
Bradykinin activated or
Potassium sensitized

Histamine

Inflammation

A
foy

Entrapment 5

Adhesion

Fibroproliferation

Durrant DH, True JM

Common pathomechanism
of radicular irritation

Nerve

r Mass effect
(1]

Blockage
or
Reduction

Ischemia

N Nerve endings
Bradykinin activated or
Potassium sensitized

Histamine

Inflammation

7.5

,/:;gﬂ';"
; "17”
Entrapment ‘ o

>
Adhesion

Myelopathy,
radiculopathy, and
peripheral entrapment
syndromes. London:
CRC Press 2002

Fibrotic adhesion of nerve
root preventing normal
nerve root glide

Fibroproliferation

23.09.2024
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Common pathomechanism
of radicular irritation

Nerve

Blockage
or
Reduction

(2

Ischemia

=2\ .
e _ Nerve endings

&
Bradykinin
Potassium

— . activated or
———'  sensitized

L 4

Histamine @

Inflammation
(3)

Entrapment ———¢
Adhesion 1}/;

Fibroproliferation

Pedicle

A

Fibrotic adhesion of nerve
root preventing normal
nerve root glide

Clinical Symptoms

Axial Neck Pain
¢ Sinuvertbral nerve
irritation
Radicular Pain
¢ Stretching and
ischemia of nerve
Paresthesia
¢ Due to ischemia of
the nerve
ULTT positive + / -

Neurological findings
* Rare
¢ Venous obstruction
with hypoxia may
lead to neuronal
atrophy and nerve
root damage

+/-

61

The Venous System

* To highlight its possible role in musculoskeletal pain from the cervical region
* To highlight its possible role in headache syndromes

62

23.09.2024
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PO

€

T s

The Caval Vertebral The Cranio-Cervical
System System Venous System

Contains a multitude of
* Venous plexuses
¢ Larger collector veins
* Interconnecting veins
¢ Avalveless plexus

Situated between two
pressure cavities which
impacts both inflow and
outflow

Embedded within soft-
tissues and the spine

Congestion can possibly
irritate neural structures
and tissues

Headaches, myofascial pain,
radicular pain, pain from
cervical myelopathy

Active and passive care

32



Intracranial Sinuses
Superior sagittal sinus
Confluence of the sinuses

Basilar plexus
Occipital sinus

Foramen magnum plexus
Mastoid emissary vein

Sub-occipital plexus e

Transverses plexus

Anterior mternal plexus

Posterior internal plexus

65

The Cervical Venous System

23.09.2024

33



23.09.2024

The Cervical Venous System

OCCipitGI - Basilar
bone . 5 - Artery
(]
Basilar Plexus
s Atlanto-Occipital Plexus

ertebral ~», !“‘“ :
and Vv 44

Spinal Suboccipital Plexus

R
A
=
N"‘
X
>
\
Wi
(o]
o
a

)
——
W\ N
\\§\ .\'\\‘S ‘\

X 3 | AvPULLO-
o ¢ — GLOMERULAR
Ml “—1 1~ oraan

£l
'
» ]
X! 4
] \
A .
3 ey Epidural
| i Veins
Mol o
T i
o E f,
R
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occipital )
bo::e i Ampullo-Glomerular
Organ
3 Arteriovenous shunts in
{ the atlantooccipital

sinus

Epidural sinuses within
the skull are denied any
significant area for
expansion for
hydrostatic reasons

S, spinal This sinus could respond
<t R = ;
oreenral (R [~ cord to subtle changes in
A “ intravenous pressure by
j | T AWPULO- passive expansion
¢ —}— GLOMERULAR
Y |~ ORGAN
P Neurovascular reflexes:
E
iasp - » baroreceptors that
21 converts mechanical
3 deformation into nerve
Epidural i
» -s-r pidur: impulses
Passive congestion

69
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Findings of interest is the frequency of
venous engorgement in the suboccipital
space post-whiplash

Especially behind the lateral C1 — C2 joint
around the C2 nerve roots

Suboccipital venous plexus irritation of C2
nerve root has been implicated in chronic

headaches, including occipital and
cervicogenic headaches (Jansen et al,

1989; Pikus and Philips, 1995, Alpini et al
2014; Taylor 2017)

The suboccipital venous plexus is
unique, in that small arteries feed into
g;ﬁ;n d 2 ’ 3 ’. . A the veins creating a hogher venous

r ol : . pressure than normal around the

i : gl second cervical dorsal root ganglion and
{' the origin of the greater occipital nerve

Dorsal

23.09.2024
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