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Bob is 65-years-old and has suffered recurrent neck pain for many 
years.  He complains of significant neck stiffness and has difficulty 
turning his head to the left side, and has noticed an unusual aching 
sensation in his left parascapular area over recent weeks.  Bob tends 
to succumb to a 'wry neck’ every couple of years.  Furthermore, he’s 
started to suffer dizzy sensations when looking down to hit a golf ball.  
He often feels disorientation for a short time afterwards.



What is the likely diagnosis?

What has gone ‘wrong’?

What do you aim to achieve with your 
treatment?

M O D E L S  D E T E R M I N E  H O W  W E  
T H I N K ,  R E A S O N  A N D  A C T



They provide a mental 
process for making sense of 
an over-whelming amount of 
information

W H Y  A R E  M O D E L S  I M P O R TA N T ?

Models give us 
structure and meaning

Models guide 
decision-making

They frame the 
reality that we 
impose on the world

M O D E L S  C A N  B E  L I M I T I N G



To improve our own 
models, we need to 
understand how they’re 
formed in the neocortex

Models help us to see 
relationships and 
understand the order of 
actions to solve problems 
and achieve specific goals

N O T  J U S T  A  P I L E  O F  F A C T S A  M O D E L  F O R  T H E  C E R V I C A L  S P I N E

Red flags

Biomechanics and pathoanatomy

Balance, posture and sensorimotor control

Cortical representation (model)

Pain as a protective behaviour



T H E  N E O C O R T E X  I S  T H E  O R G A N  
O F  H U M A N  I N T E L L I G E N C E

T H E  N E O C O R T E X  I S  T H E  O R G A N  
O F  H U M A N  I N T E L L I G E N C E

The human neocortex is 
especially large (70% of the 
brain by volume) and gives 

rise to almost all of the 
capabilities that we think of 

as intelligence - vision, 
language, music, 

mathematics, science, 
clinical reasoning and 

The brain evolved by adding new 
parts on top of older parts.  The 
newest part of the brain is the 
neocortex, which means ‘new 
outer layer’ and is only present in 
mammals



T H E  N E O C O R T E X  I S  T H E  O R G A N  
O F  H U M A N  I N T E L L I G E N C E

T H E  N E O C O R T E X  I S  T H E  O R G A N  
O F  H U M A N  I N T E L L I G E N C E



The prevailing view has been the neocortex works in a 
hierarchical way - like a flowchart of feature detectors.  

But evidence now supports a new perspective

Each mm2 of neocortex (2.5 mm3) 
has about 100,000 neurons, 500 
million synapses and several km of 
axons and dendrites

Each regions must be 
performing something 
far more complex than 
feature detection



?
S A M E  B A S I C  M E C H A N I S M ? T H E  F U N D A M E N TA L  U N I T  O F  

T H E  N E O C O R T E X  I S  T H E  
C O R T I C A L  C O L U M N

While the evolutionary development 
of the brain involved adding new 
parts on top of old parts, this is not 
how the neocortex grew to make up 
70% of our brain volume.  It got 
larger by making more copies of the 
same basic unit - the cortical column



All of the cells in a column respond to a 
receptive field - small part of retina or 
patch of skin for example

The human neocortex consists of 
approximately 150,000 cortical columns 
stacked side-by-side, each 2.5mm long 
and occupying 1 mm square

There are no pure motor 
or sensory regions.  
What differentiates a 
region is not its intrinsic 
function, but what it’s 
connected to

Every part of the 
neocortex works on the 
same principle - all 
intelligence, from vision 
to touch to language and 
higher cognitive 
functions, are 
manifestations of the 
same underlying cortical 
algorithm

A  N E W  T H E O R Y  O F  
N E O C O R T I C A L  F U N C T I O N

Each area of 
neocortex learns a 
model of whatever 
input it receives



T H E  N E O C O R T E X  L E A R N S  A  
M O D E L  O F  T H E  W O R L D

Not simply an input-output 
system.  Neocortex learns 
from inputs and then later 
may act differently

Every column is a sensorimotor 
modelling system.  The 
neocortex makes predictions 
based upon its models

Every cortical column makes predictions - an 
inherent property of the neocortex.  Predictions 
happen constantly in every sensory modality

T H E  N E O C O R T E X  C O N S TA N T LY  
P R E D I C T S  I T S  I N P U T S



H I G H E R  K N O W L E D G E  I S  S T O R E D  
I N  C O N C E P T U A L  M O D E L S

Conceptual knowledge

Language

High level thought

We are able to reason 
about them and make 
predictions about what 
might happen

Concepts such as 
democracy, mathematics 
or clinical diagnosis are 
not just a pile of facts



BiomechanicsSpatial
Orientation

Postural stability
Cortical map

Pathology

Balance organ

NECK Where is the neck 
vulnerable? 

What hurts and what 
fails?

T H E  N E C K  A S  A  M E C H A N I C A L  
S Y S T E M



H O W  W E L L  C A N  Y O U  
V I S U A L I S E  T H E  N E C K ?

How good is your 
visual model.  How 
could you expand it?

W H Y  C 5 / C 6 ?

Highest incidence of:
• Arthrosis
• Disc degeneration
• Disc protrusion
• Modic changes

Most mobile
Least stable with CDD
Most narrow IVFs
Large cord cross section
V2 segment of vertebral artery



W E  M U S T  C O N S I D E R …

How do we get 
therapeutic leverage upon 
the neck’s sensory 
machinery but at the 
same time be very 
conservative with applying 
forces to its mechanical 
machinery?

Cervical disc 
degeneration (CDD) 
and instability

T H E  N E C K  A S  A  M E C H A N I C A L  
S Y S T E M

Facet joints and 
synovial folds

Radicular pain and 
radiculopathy (nerve 
root insult and 
compression)

Uncinate joints - guide 
rails for sagittal 
movement

Degenerative 
instability Cervical canal 

stenosis and 
myelopathyCervical arteries



Often begins in 
adolescence and 
is almost 
universal after 
age 45 years

C E R V I C A L  D I S C  D E G E N E R AT I O N



Less well-defined 
nuclear/annular 
structure - less 
proteoglycan

N O T  M I N I AT U R E  L U M B A R  D I S C S

No discrete annulus 
at the posterior disc 
margin

Nucleus is 
approximately 30% of 
disc material (vs 50% 
in lumbar spine)

Average 
thickness is 
4-5mm 
(thickest at C5)

C L E F T S  A N D  F I S S U R E S  F O R M

Diagram reproduced from:  Swanson, B. T. & Creighton, D. Cervical disc degeneration: important considerations for the manual 
therapist. J Man Manip Ther 1–15 (2021) doi:10.1080/10669817.2021.2000089.



A X I S  O F  R O TAT I O N  S H I F T S  
A N T E R I O R LY

Diagram reproduced from:  Swanson, B. T. & Creighton, D. Cervical disc degeneration: important considerations for the manual 
therapist. J Man Manip Ther 1–15 (2021) doi:10.1080/10669817.2021.2000089.



W H AT  A B O U T  D I S C  PA I N ?

Free nerve endings in the 
outer third of the annulus 
posteriorly (branches of the 
sinuvertebral nerve), laterally 
(vertebral nerve), and 
anteriorly (branches of the 
cervical sympathetic trunks) 

N E O I N N E R V AT I O N

The development of neck pain in individuals 
with CDD and positive findings on discography 
has been associated with neoinnervation, with 
extensive ingrowth of substance-P sensitive 
fibres observed extending into the nuclear 
region. 

Wu B, Yang L, Peng B. Ingrowth of nociceptive receptors into diseased cervical intervertebral 
disc is associated with discogenic neck pain. Pain Med. 2019;20 (6):1072–1077. 



“Changes of structure and function of cervical disc 
with degeneration is related to neck pain. This neck 
pain is usually accompanied by stiffness of the neck, 
headache, unilateral or bilateral shoulder pain, non-
root arm pain, ocular and vestibular dysfunction, and 
pain in the anterior chest wall.”



“Discogenic neck pain alone without cervical disc 
herniation or cervical spondylosis accounts for a 
large proportion of chronic neck pain, and the 
reported prevalence is between 16% and 41%.”

H E R N I AT I O N S  C A N  B E  
A S Y M P T O M AT I C  



“An asymptomatic population demonstrates a high (37% in 
our study) prevalence of annular tears on MR-images… 

Our results confirm previously reported prevalence of 
bulging discs (73%) and protrusions (50%) in a 
asymptomatic population. In our population, we found only 
one (3%) extruded disc. These findings may support the 
hypothesis that extruded discs are well correlated with 
neck pain or brachialgia but need further investigation.”

R A D I C U A R  S Y M P T O M S

Herniation is almost always median or paramedian 
due to uncinate buttress posterolaterally



“Similar to the lumbar region, extrusions, migrated 
disk material, and laterally situated disk herniations 
are more likely to undergo spontaneous regression. 
As most lesions causing cervical radicular pain are 
not purely soft disk, but at least in part bony, overall 
regression of the root compressive lesion is less 
likely than in the lumbar region.” “A minimum duration of 8 to 12 weeks of radicular arm 

pain was considered the optimal timing to perform 
surgery for cervical disc herniation by the majority of 
the neurosurgeons.”



Contribute to mobility and stability as 
well as to protect the IVF contents 
from herniated disc

U N C I N AT E  J O I N T S  -  W H Y ?

Found cranially at the level of the 3rd 
cervical vertebra and extend 
caudally to as low as the 2nd 
thoracic vertebra – but most 
commonly C3-C7

Guide rails to control anteroposterior 
translation in sagittal plane

I V F  E N C R O A C H M E N T

Diagram reproduced from:  Swanson, B. T. & Creighton, D. Cervical disc degeneration: important considerations for the manual 
therapist. J Man Manip Ther 1–15 (2021) doi:10.1080/10669817.2021.2000089.



B E  M I N D F U L  O F  C E R V I C A L  I V F

Typical IVF measures approximately 10 mm vertical diameter, 
5 mm AP diameter, 4 mm in length – like a tall rectangular 
window with height twice its width

Nerve roots generally occupy approximately 25–50% of the 
foraminal area in healthy spines

When compared with normal IVF diameters, disc space 
narrowing affects foramina area: 

1 mm = 20% to 30% reduction 
2 mm = 30% to 40% reduction 
3 mm = 35% to 45% reduction

N E R V E  R O O T  I N S U LT

Mechanical insult:

Radiculitis can result from excessive segmental 
translatory motion or angular motion.  Be mindful of 
instability and positioning.

Vascular insult:

Narrowing may compress the radicular arteries 
within the dural root sleeves, leading to decreased 
vascular perfusion.  Venous obstruction can lead to 
oedema.



F A C E T  J O I N T S ,  M E N I S C O I D S  A N D  
S Y N O V I A L  F O L D S

The joint capsules are 
often cited as the major 

culprit, although 
meniscoid synovial folds 

have also been shown to 
suffer damage during 
whiplash, resulting in 

haemorrhage and pain

Although the diagnosis 
of Z joint pain is well 
accepted in a post-
trauma scenario, there is 
still significant debate 
about the actual tissue 
source of pain

F A C E T  J O I N T S ,  M E N I S C O I D S  A N D  
S Y N O V I A L  F O L D S



Must consider the effect 
of cervical motion and 
spondylotic hypertrophy 
on the V2 segment of the 
VA 

T H E  V E R T E B R A L  A R T E R Y

Non-intuitive strain 
patterns IN V2 due to the 
complex fixation of the 
vertebral artery to the 
transverse foramen

Understanding of the role of posture 
and position on foraminal area, IVF 
pressure, and neural tension should 
inform the provision of targeted 
cervical management for patients 
with CDD and radicular complaints

PAT H O A N AT O M I C A L  L E V E L



Distal limb

Axial muscles

Movements

Motor commands

CNS 
INTEGRATION

Vision

Vestibular

Neck
proprioception

Somatosensation 
from rest of body, 

especially the foot

New 
information

Afferent
information



N E U R O L O G Y  O F  P O S T U R A L  
S TA B I L I T Y S E N S O R Y  R O L E  O F  T H E  D I S C



“It is likely that these mechanoreceptors in normal 
cervical discs are involved in a proprioceptive 
transducer function. Indeed, as cervical discs are 
located in the axis of cervical spinal movements, 
they are in a favorable position for the accurate 
detection of small load or position changes...”

“If the firing characteristics of the mechanoreceptors in the 
diseased cervical disc are changed due to both inflammation 
and an increase in their number, erroneous signals will be 
produced. These erroneous signals will increase neck deep 
muscle activity, and subsequently result in muscle tension. 
Abnormal neck proprioceptive input integrated from the 
signals of mechanoreceptors in cervical discs and muscle 
spindles in neck muscles is transmitted to the central nervous 
system, and will lead to a sensory mismatch with vestibular 
and other sensory information, resulting in a subjective 
feeling of vertigo or dizziness and unsteadiness.”



N E C K ,  B A L A N C E  &  W E L L B E I N G

“Specifically, the parabrachial nucleus is a 
site of convergence of vestibular 
information processing and somatic and 
visceral sensory information processing in 
pathways that appear to be involved in 
avoidance conditioning, anxiety, and 
conditioned fear.”



B A L A N C E  A N D  A N X I E T Y

Vestibular
Nuclei

Nucleus
Tractus
Solitarii

Vagal
efferent

limb

Autonomic responses

Vestibular
Proprioceptive

Visual
Visuomotor

Vagal
afferent

limb

Eye movement
Head movement
Postural changes

Vestibulo-thalamo-
cortical pathways

Parabrachial
Nuclei

Limbic
System

Hypothalamus

I M PA I R E D  B A L A N C E  A F F E C T S  
C O G N I T I V E  R E S E R V E



Numerous studies have found impaired balance in 
individuals with anxiety disorders and conversely, elevated 
levels of anxiety among individuals with vestibular 
disorders – suggesting that there is a common 
pathological mechanism.

It has been shown that postural sway of highly anxious 
children is:

1.Greater in magnitude
2.Greater in velocity
3.Less complex than typically developing children

Stins et al found that the anxiety group is less 
reliant on automatized postural control 
processes, and centre of pressure (COP) 
fluctuations were less complex compared to 
controls.

These latter two measures have been linked 
with the amount of attention invested in the 
regulation of balance



“Thus, the present findings suggest that children with 
elevated levels of anxiety utilise excessive attentional 
resources for the maintenance of posture. Under normal 
circumstances the regulation of balance takes place in a 
(nearly) fully automatic manner, which leaves the 
individual enough room to allocate attention to other 
tasks, such as talking, thinking, or visual search. Our 
results imply that children with elevated levels of anxiety 
will be less capable of dividing attention between the 
regulation of balance and cognitive secondary tasks.”

A course of balance training involving 
12 weekly sessions resulted not only in 
improved balance, but also in reduced 
anxiety and higher self-esteem in a 
group of children with comorbid 
balance disorders and elevated levels 
of anxiety.

Bart et al 2009



M A P S  O F  O U R  E N V I R O N M E N T  
I N  T H E  O L D  B R A I N

Mammals have mapping neurons located in the 
hippocampus and entorhinal cortex - roughly the 
size of a finger in humans

Consider the evolutionary advantages of an 
animal knowing where it is within its environment

M A P S  O F  O U R  E N V I R O N M E N T  
I N  T H E  O L D  B R A I N



M A P S  O F  O U R  E N V I R O N M E N T  
I N  T H E  O L D  B R A I N

Place cells Grid cells

M A P S  O F  O U R  E N V I R O N M E N T  
I N  T H E  O L D  B R A I N

Place cells fire every time the 
rat is at a particular location

Grid cells fire at multiple 
locations, forming a grid 
pattern like the rows and 
columns on a paper map

Neck provides input to 
‘head direction cells’





“Motor cortex reorganization supports the notion that 
the nervous system adopts a new strategy for 
movement/stability with LBP. It has been 
hypothesized that in the presence of pain and/or 
injury, the nervous system implements new motor 
strategies to “protect the part” from further injury/
pain. This is often mediated by increased trunk 
muscle activity, particularly large superficial 
muscles, to splint the spine.”



There is also good evidence for an 
impaired representation of neck function 
within multiple brain regions, leading to 
a general stiffening motor control 
pattern in neck pain patients.



• Delayed onset of deep neck flexors
• Increased activation of superficial neck flexors
• Decreased flexor muscle endurance
• Decreased cervical muscle strength
• Multifidus muscle atrophy
• Lower movement velocity
• Jerky movement patterns
• Reduced trajectory movement control
• Irregular and stiffer movement patterns
• Increased postural sway
• Functional balance disturbances and dizziness
• Reduced cervical joint position sense
• Breakdown in eye movement control

The key finding was that neck pain patients show an 
overall more rigid neck motor control pattern 
compared to healthy controls - indicated by lower 
neck flexibility, slow movement velocity, increased 
head steadiness and a more rigid trajectory.  Neck 
flexibility was the parameter that showed the 
significant association with clinical features in neck 
pain patients.



Neck pain patients may still have a full 
gross range of motion in a certain 
direction, but the conjunct movements 
were much more limited.  There is a 
marked limitation in the richness of small 
movements.

CNS

A  S M U D G E D  B R A I N  M A P  A N D  
S T I F F  N E C K  /  B A C K



A  M O D E L  F O R  T H E  C E R V I C A L  S P I N E

Red flags

Biomechanics and pathoanatomy

Balance, posture and sensorimotor control

Cortical representation (model)

Pain as a protective behaviour

S E C O N D  O R D E R  N E U R O N S  A R E  
K E Y  P O I N T S  O F  M O D U L AT I O N



T H E  PA I N  N E U R O M AT R I X

PAIN IS ABOUT 
MEANING

U N P L E A S A N T  S E N S AT I O N S  
A N D  P R O T E C T I V E  B E H AV I O U R



PA I N  I S  A N  O U T P U T  B E H AV I O U R

P E R C E I V E D  N E E D  T O  P R O T E C T

Second order neuron
of the pain pathway

Mechanical pain 
Aδ fibres

Velocity-sensitive 
portion of muscle spindle
1A afferent (proprioception)

fast

slow

Muscle spindle inputs 
hyperpolarise the second order 

neuron of the pain pathway - 
preventing pain transmission

N O V E L  S E N S O R Y  S T I M U L U S



?
H O W  D O  W E  I N F L U E N C E  A L L  

D I M E N S I O N S  O F  B O B ’ S  
P R O B L E M ?


