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The HANDOUT for today’s Class (the slides)
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Gifts Gifts

© Haavik Research 2024

3



04/10/2024

2

Key Reference for 
today’s talk

De Ridder, D., et al. (2022). "Pain and the 
triple network model." Frontiers in 
neurology 13: 757241.

© Haavik Research 2024
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Major Progress 
in Neuroscience

© Haavik Research 2024

• Understanding of Chronic Pain

• Tripple Brain Network & 
Consciousness

• Mechanisms of Chiropractic 
Care
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Tripple Brain Network & Consciousness

• Goal & task oriented
• Pay attention (& not 

judging)
• Focus on tasks
• Solve problems
• Make decisions

• Threat detection
• Monitors internal and 

external stimuli
• Directs attention towards 

most important (salient) 
stimuli in environment, 
body or thoughts

• Self-referential thinking
• Introspection
• Processing of emotions and memories
• Our story of self

Salience 
Network

Executive 
Network

Default Mode 
Network

Outward facing! 

Inward facing! 
Past, present & future© Haavik Research 2024

(De Ridder et al. 2022) 

Sensory 
Networks

Sensorimotor 
Networks
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(Adapted from Johansson et al 2023)

MPFC

PCC
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Mind 
wandering

Paying 
attention 
to threat

NOTE this changes in 
chronic problems!!

© Haavik Research 2024

‘Normal’ 
‘Healthy’ 

Conditions
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S1

INJURY

Feel Pain

This was the old 
‘structural pathology 

model’ of pain. 
However, the latest 

research shows this is 
far too simplistic

Acute Pain

© Haavik Research 2024
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PAG

PFC

ACC
Ins

M
1 S1

S2

HippThalBG
Amygdala

INJURY

Systemic inflammation

Central neuroimmune Influences

Social problems

Mental health issues

Stress HPA activation

Expectations

Thoughts

Learning effects

Stress autonomic 
sympathetic activation

Attitudes & Personality

Poverty

Sleep
Diet

Microbiome

PCC

Acute PainChronic Pain

© Haavik Research 2024
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Nociception

INJURY

Nociception

Emotional 
Amplification and 
learning!

© Haavik Research 2024

Acute pain is a physiological response that 
causes an unpleasant sensory and emotional 
experience in the presence of actual or 
potential tissue injury.

Acute Pain Chronic Pain

Chronic pain is defined as 
persistent or recurrent pain 
lasting longer than 3 months

(De Ridder et al. 2022; Khera & Rangasamy 2021; Baliki et al 2015; Thompson & Neugebauer 2017; Vachon-Presseau et al 2016) 
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Pain and Suffering are Different

Sensory 
Networks

Pain Suffering

Cognitive reactions
(Catastrophising, pain 

attention, hypervigilance)

Autonomic reactions
(Stress, Arousal, etc)

Emotional reactions
(unpleasantness, anger, 

fear, frustration)

Embodiment

Salience Network Default Mode Network

Disability, QOL Sleep issues

Functional & 
Social Impacts

Central Executive Network

Body Schema 
World Schema

Sensorimotor Network© Haavik Research 2024

(De Ridder et al. 2022) 
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Brain and Body 
Adaptations / 
Plasticity

© Haavik Research 2024

12



04/10/2024

5

© Haavik Research 2024

Number, size, density 
and/or morphology of:
- Dendritic spines
- Axons
- Synapses

- Long term potentiation
- Long term depression
- Homeostatic plasticity

‒ Sensory maps
‒ Motor maps
‒ Inner body schema
‒ External world 

schema

Structural 
Plasticity

Functional (Synaptic)
Plasticity

Functional Network
Plasticity

‒ Gray matter density 
changes

‒ Changes in size of 
nuclei, ganglia etc.

Structural network 
Plasticity

Cellular Level Network Level

Neuroplasticity

13

DO YOU OWN 
YOUR SCIENCE?

© Haavik Research 2024
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ARE YOU A CONFIDANT 
COMMUNICATOR?

© Haavik Research 2024
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© Haavik Research 2023
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Chronic Pain - widespread structural and functional 
synaptic and cellular changes and spinal cord changes

• Synaptic plasticity
• Spinal presynaptic and 

postsynaptic changes
• LTP and LTP (fire together, 

wire together)

© Haavik Research 2024

• Spinal cord changes
• Reduced descending inhibition
• Remodelling of spinal 

circuits

• Structural & function 
changes in glial cells
• Nociceptive hypersensitivity
• Microglia, astrocytes, satellite 

glial cells, & oligodendrocytes, 

(Kuner & Flor 2017)
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PAG

PFC

ACC
Insular

M1
S1

S2

HippThalBG
Amygdala

Expansion and shift of 
cortical representation
ACC, Insular, M1, S1 & S2

Altered structural 
integrity and 
connectivity
PFC and BG

Impaired descending 
inhibitory control
ACC and PAG

Alterations in grey 
matter volume
ACC, M1, S1, PFC, BG, 
Thalamus, Insular, 
Hippocampus

Altered resting-state 
and pain-evoked 
functional connectivity
ACC, S1, S2, PFC, BG, 
Amygdala, Thalamus, 
Insular, Hippocampus

Altered glial activity
S1 and Thalamus

Structural and Functional changes in chronic pain

© Haavik Research 2024

PCC

(Kuner & Flor 2017)
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• Resting-state networks changes 
within and between

• Default Network changes 

• Salience Network changes 

• Central Executive Network changes

• Sensory Networks

• Sensorimotor Networks

© Haavik Research 2024

Widespread CNS network changes occur with chronic pain

(Kuner & Flor 2017; Baliki et al 2015; Weiss 2016; De Ridder et al 2022; Jiang, Y., et al. 2016; Johansson et al. 2023; Brandl et al 2022; Kim et al. 2019)

22

Why is all this important to understand?

Meier, M. L., Vrana, A., & Schweinhardt, P. (2018). Low Back Pain: The Potential Contribution of Supraspinal Motor Control and Proprioception. The Neuroscientist, 
1073858418809074. doi:10.1177/1073858418809074 © Haavik Research 2024
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Vertebral 
subluxation

Altered vertebral 
column function

Altered vertebral 
column afferent 

input

Altered vertebral 
column motor 

control

Exteroceptive input:
• Vision
• Olfaction
• Audition
• Gustation

Abnormal multisensory 
processing and filtering 

of exteroceptive and 
interoceptive stimuli and 
abnormal sensorimotor 

integration

Interoceptive input:
• Pain 
• Temperature
• Chemoreception
• Emotions
• Proprioception

Past experiences 
and expectations 
about the future

      Impacting:
• Whole body 

proprioception
• Whole body 

motor control
• Whole body 

control, 
homeostasis, 
neuro- and bio-
plasticity

• Resilience, 
adaptability, 
function, 
wellbeing

Spinal adjustment

Haavik et al 2021 EJAP 

The Contemporary 
Model of the 
Subluxation

© Haavik Research 2024
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Changes in Default Mode Network with Chronic Pain

• Not deactivating under threat or during pain stimuli 

• Decreased anterior – posterior DMN connectivity 

• Hyper connectivity Salience Network - DMN
• This hyperconnectivity also occurs in Depression and 

Anxiety - common mechanisms!

• Chronic LBP patients have hyperconnectivity 
between
• S1 – DMN  (longer pain = stronger connection)
• S1  – SN
• S1 - ECN 

© Haavik Research 2024
(Kuner & Flor 2017; Baliki et al 2015; Weiss 2016; De Ridder et al 2022; Jiang, Y., et al. 2016; Johansson et al. 2023; Brandl et al 2022; Kim et al. 2019)

duration of pain
pain catastrophizing 
Pain ruminating  

DMN changes explain why 
pain becomes embodied (part 
of self) and maintained after 
injury heals!!!

25

Changes in Salience Network in Chronic Pain

• Hyperconnectivity within SN in chronic widespread pain patients 
• Increased SN - DMN connectivity - strongly correlated to pain 

catastrophizing
• Increased cortisol increases unpleasantness by modulation of ACC

• Perceived unpleasantness and catastrophizing leads to suffering
• When suffering becomes chronic this also leads to 

• Fear and Anxiety (↑ SN  & ↑ SN – DMN, ↑ DMN )
• Depression (↑ DMN  & Abnormal SN – DMN – CEN)
• Frustration and Anger (↑  CEN, ↑ SN, ↓ DMN, & Abnormal SN – DMN – CEN)
• Functional Disability

(van Ettinger-Veenstra, Lundberg et al. 2019; Kim, Mawla et al. 2019; De Ridder et al 2022)

Pain catastrophising
• Magnification of threat 

value of pain stimulus

• Sense of helplessness

• Rumination on pain 
thoughts 

• Embodiment of pain

© Haavik Research 2024
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“Energy expenditure could be reduced by rewiring the 
pain pathways to connect to the default mode network, 
which overlaps with the parasympathetic central 
network and disconnect from the energy consuming 
sympathetic nervous system.”

Possibly to conserve energy?

• The sympathetic system increases energy consumption by 15–35%
• In acute pain, daily energy expenditure is increased by 60% 
• Fear increases the daily energy expenditure by 22% 

• Chronic anxiety only increases energy expenditure by 6%

(De Ridder et al. 2022)

© Haavik Research 2024
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• Your thoughts, beliefs and 
expectations can influence your 
experience of pain  

• The FPN / ECN is involved in 
guiding decisions and 
performance adjustment

• Chronic pain LBP 

• Hyperconnectivity SN – CEN/FPN

• Hyperconnectivity S1 – ECN/FPN 
(and S1 – DMN)

Changes in FPN / ECN 
in Chronic Pain

Also found in anxiety 
Worse in those who 
catastrophise

(Jiang et al 2016; De Ridder et al 2022)
© Haavik Research 2024
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Physiological Stress

• Physiological stress is defined as an 
unpleasant sensory, emotional and 
subjective experience that is associated 
with potential damage of body tissue 
and bodily threat, especially when an 
environmental demand exceeds the 
natural regulatory capacity of an 
organism

• Too much emotional, physical or 
chemical input 

• Pain is considered prototypical stressor!

© Haavik Research 2024

29

Stress and symptoms build up over time!

© Haavik Research 2024
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H
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Y
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O
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GY

Major Depression
PTSD
Anxiety
Bipolar disorder
Schizophrenia
Suicide

Symptoms
Appear

Stress Induced Maladaptive Neuroplasticity  

Positive neuroplastic adaptations

Enough
Symptoms
To fit disease 
category

Traumatic 
Event

Increased HR, 
BP, BR
Irritability
Emotionally 
Aroused
Anxiety
Depression

Sleep & digestive 
Drug/alcohol abuse
Memory/Attention
Tight/sore big muscles
Frequent subluxations
Pain & Addiction
Metabolic syndromes

ADHD
Autism
Heroin addiction
Autoimmune
Fibromyalgia
CFS
Chronic pain

Stress
(eg VS)

Potentially 
stressful

Potentially 
stressful

Coronary artery 
disease
Diabetes
Cancer
Obesity
Alzheimer's 
disease
Endocrine 
disorders

PAIN

Subluxation

© Haavik Research 2024
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ARE YOU A CONFIDANT 
COMMUNICATOR?

PA 32: Stress

© Haavik Research 2024
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Pathology

Maladaptive Neuroplasticity 

Positive neuroplastic adaptations

Symptom
Free

Subluxations

Pain 
Stress

© Haavik Research 2024
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Vertebral 
subluxation

Altered vertebral 
column function

Altered vertebral 
column afferent 

input

Altered vertebral 
column motor 

control

Exteroceptive input:
• Vision
• Olfaction
• Audition
• Gustation

Abnormal multisensory 
processing and filtering 

of exteroceptive and 
interoceptive stimuli and 
abnormal sensorimotor 

integration

Interoceptive input:
• Pain 
• Temperature
• Chemoreception
• Emotions
• Proprioception

Past experiences 
and expectations 
about the future

      Impacting:
• Whole body 

proprioception
• Whole body 

motor control
• Whole body 

control, 
homeostasis, 
neuro- and bio-
plasticity

• Resilience, 
adaptability, 
function, 
wellbeing

Spinal adjustment

Haavik et al 2021 EJAP 

The Contemporary 
Model of the 
Subluxation

© Haavik Research 2024
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DO YOU OWN 
YOUR SCIENCE?

© Haavik Research 2024
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All the resources for your 
patients and the public!

Over 70 online classes 
about the science of 
chiropractic for you!

Online classes for your 
chiropractic assistants! 

Code heiditalk
Gives you 15% off
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Built to help you implement the brain model of chiropractic in practice

50+ videos to use on 
website / social 
channels

Posters, screensavers 
and digital resources

Chiropractic research 
articles fully referenced

And much more for Gold Members

38

ARE YOU A CONFIDANT 
COMMUNICATOR?

PA 33: Maintenance Care

© Haavik Research 2024
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Did you know…….

The latest science is showing us 
that more frequent adjustments 

early on when you start care 
leads to better outcomes up to 
a year later for people like you 
with these kinds of headaches 

that come from your neck

Science is showing us that 
regular adjustments means less 
days in pain for you, as opposed 

to letting it build back up and 
you only come back in when it 

hurts

© Haavik Research 2024
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Enlightening	the	world	about	the	
science	of	chiropractic

www.heidihaavik.com
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