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Trends in Neuroscience 
in the past 20 years

• Effects of Traumatic Experiences 
and Stress on brain and body

• Understanding impact of 
microbiome and gut being 
second brain

• Understanding Pain, particularly 
chronic pain

• Glial cells

• Basic science understanding of 
the chiropractic subluxation and 
mechanisms of adjustments
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Basic Science
• What something is
• Eg. what is chiropractic care
• How something works
• Why we get sick
• Why we get healthier
• What is a subluxation
• What is pain
• How does stress affect the brain and 

body
• How does an adjustment affect the 

brain and body

Clinical Science
• How well does something 

treat or fix a condition or 
disorder

• Eg. how well does 
chiropractic care treat 
headaches

• Cost effectiveness of 
treatments

• Safety of treatments
• Medical model, treatment 

oriented
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Patient-Focused, Evidence-Based Practice
Dr David Sackett - The father of evidence-based medicine 

1. What the condition is

2. How your care works

3. The efficacy & safety of 
chiropractic care

4. The efficacy & safety of 
current medical care

Basic Science

Clinical 
Science
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Patients values and 
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experience and 
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The importance of considering both Basic 
Science and Clinical Science in clinical care

Strauman, T. J., & Merrill, K. A. (2004). The basic science/clinical science interface and treatment development. Clinical Psychology: 
Science and Practice, 11(3), 263-266.

“In this commentary, we discuss some potential costs of 
this clinic-first scenario as well as the potential benefits of 
a more deliberate translational strategy.”

“There are numerous examples of psychological
treatment strategies or techniques becoming popularized 
before the underlying principle or phenomenon is 
understood”

“We believe it is important to identify the potential costs 
of incorporating constructs that lack a basic-science 
foundation into treatments, as well as the potential 
benefits of a more deliberate, mindful strategy in which 
basic research either precedes or accompanies clinical 
application of new constructs.”
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Strauman, T. J., & Merrill, K. A. (2004). The basic science/clinical science interface and treatment development. Clinical Psychology: 
Science and Practice, 11(3), 263-266.

“Without a thorough understanding of the interventions 
that therapists might use, it will not be possible to predict 
with appropriate accuracy and reliability which would be 
best for a given patient.”

“There are critical questions about a given clinical
technique or intervention approach that cannot be
answered without basic science data.”
“Is it really what we think it is (construct validity)?” 

“How can it be measured?”

“What individual difference and/or situational variables 
predict its onset, maintenance, and disappearance?”

“Under what circumstances is it most, or least, effective?”

The importance of considering both Basic 
Science and Clinical Science in clinical care
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Strauman, T. J., & Merrill, K. A. (2004). The basic science/clinical science interface and treatment development. Clinical Psychology: 
Science and Practice, 11(3), 263-266.

“A scientifically grounded approach to psychotherapy would 
encourage clinicians both to return to the basic science literature 
for ways to conceptualize the techniques they seek to use, and to 
contribute to the development of basic knowledge as they learn 
about concepts of interest through their clinical practice.”

“A recent National Institute of Mental Health (NIMH; 1999) task 
force report observed that interventions in mental health seldom 
incorporate knowledge and methods developed from basic 
behavioral science. The report noted that ‘‘behavioral science 
offers critical insights into the nature of mental illness and 
mental health, and the processes and interventions that can 
prevent illness or lead from disorder to remission, recovery, and 
rehabilitation’’ (p. 13). Although collaborations between basic 
and clinical scientists remain infrequent, the benefits of such 
collaborations are clear.”

The importance of considering both Basic 
Science and Clinical Science in clinical care
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Strauman, T. J., & Merrill, K. A. (2004). The basic science/clinical science interface and treatment development. Clinical Psychology: 
Science and Practice, 11(3), 263-266.

One of these benefits they mention:

“Theoretical basis for hypotheses regarding mechanisms
of action: Conceptual models of the phenomenon of 
interest provide a logically and empirically sound basis 
for developing hypotheses about how, and under what 
circumstances, an intervention might work.”

The importance of considering both Basic 
Science and Clinical Science in clinical care
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www.chirosacademy.com

Many courses, many topics, Clinical science, Basic science, Neuroscience
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Basic Science

• Why we get sick
• How we get healthier
• What is a subluxation
• What is pain
• How does stress affect the brain and 

body
• How does an adjustment affect the 

brain and body

Clinical Science

• Evidence based practice 
model

• Safety of chiropractic care
• Cost effectiveness of 

chiropractic care
• Condition by condition 

what do we know about 
chiropractic’s efficacy, 
medical treatment 
efficacy and safety

www.chirosacademy.com
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Patient-Focused, Evidence-Based Practice
Dr David Sackett - The father of evidence-based medicine 

1. What the condition is

2. How your care works

3. The efficacy & safety of 
chiropractic care

4. The efficacy & safety of 
current medical care

Basic Science

Clinical 
Science
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Neuroplasticity

“It is now well established that the functional organization of the 
cerebral cortex is plastic, that is, changes in organization occur 
throughout life in response to normal as well as abnormal 
experiences”

P.1, Chapter 1, cose & Ziemann 2003 Book Plasticity in the Human Nervous system

“The adult brain is not only capable of changing, but it does so 
continuously throughout life, in response to everything we do and 
every experience we have.” 

“Nervous systems evolved to enable us to adapt to the 
environment and determine the best course of action in any given 
situation, based on what has been learned from past 
experiences.”

Costandi, M. (2016). Neuroplasticity. MIt Press.p.2, chapter 1

“Neuroplasticity can be defined as the brain’s ability to change, 
remodel and reorganize for the purpose of better ability to adapt 
to new situations.” 

“Despite the fact that the concept of neuroplasticity is quite new, 
it is one of the most important discoveries in neuroscience.”

Demarin, V., & MOROVIĆ, S. (2014). Neuroplasticity. Periodicum biologorum, 
116(2), 209-211. (p.209)

“Today it is generally accepted that the adult brain is far from being 
fixed. A number of factors such as stress, adrenal and gonadal 
hormones, neurotransmitters, growth factors, certain drugs, 
environmental stimulation, learning, and aging change neuronal 
structures and functions. The processes that these factors may induce 
are morphological alterations in brain areas, changes in neuron 
morphology, network alterations including changes in neuronal 
connectivity, the generation of new neurons (neurogenesis), and 
neurobiochemical changes.”

Fuchs, E., & Flügge, G. (2014). Adult neuroplasticity: more than 40 years of research. 
Neural plasticity, 2014.
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NEURAL PLASTICITY
The adult brain changes 
continuously throughout 
life, in response to 
everything we do and 
every experience we haveTypes of changes:

• morphological alterations in 
brain areas

• changes in neuron 
morphology

• network alterations 
• changes in neuronal 

connectivity
• generation of new neurons 

(neurogenesis)
• neurobiochemical changes
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Neural plasticity
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What can induce neuroplasticity?

• Adrenal and gonadal hormones
• Neurotransmitters
• Growth factors
• Certain drugs
• Environmental stimulation (light, physical forces, sound, smells, tastes, etc)

• Learning
• Aging
• Stress
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Internal & External Potential Stressors
Physical stressors 
(internal)
• Fatigue
• Overload / 

overtraining
• Burnout
• Pain
• Acute infections
• Chronic illnesses
• Dehydration
• Digestion
• Pregnancy
• Chiropractic 

Subluxation

Physical stressors 
(external)

• Exercise 

• Sleep

• Physical workload

• Stimulants e.g. coffee, 

• Medications

• Alcohol or other 
substances

• hangover

• Sauna

• Temperature

• Noise

• Altitude

• Jetlag

Psychological stressors

• Anxiety, depression, 
sorrow

• Negative emotions

• Traumatic events

• Work stress

• Psychological 
conditions

• Fear, tension

• Relationship problems

• Excitement e.g. falling 
in love

Social stressors

• Pressures

• Lack of social 
support

• Isolation, loneliness

• Presentation / 
speech

• Fear of social 
situations
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Levels of neuroplastic changes
• Cellular (structural, function or neurobiochemical changes within neurons or 

glial cells)

• The generation of new neurons (neurogenesis)

• Synaptic (on, off, up, down)

• Axon and dendrite growth or changes (e.g. the appearance and 
disappearance of axon boutons and dendritic spines, myelination of axons)

• Circuitry (changes in groups of neurons and connectivity)

• Structural morphological alterations (grey matter changes, cortical 
thickness changes, size changes to other brain areas)
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EXAMPLE: Widespread CNS neural plastic changes with chronic pain

• Plasticity at synapses
• presynaptic and postsynaptic changes

• 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 R, Flor H. Structural plasticity and reorganisation in chronic pain. Nature Reviews Neuroscience. 2017;18(1):20; Baliki M, áVania Apkarian A. 
Nociception, pain, negative moods, and behavior selection. Neuron. 2015;87(3):474-491; Diverse Role of Biological Plasticity in Low Back Pain and 
Its Impact on Sensorimotor Control of the Spine © Haavik Research 2021



• Resting-state networks changes
• decreased connectivity of the medial Prefrontal cortex

with the posterior constituents of the default mode 
network (DMN) and increased connectivity with the 
insular cortex in proportion to the intensity of pain 

• Major cortical reorganisation
• prefrontal regions, the anterior insula, anterior 

cingulate cortex, basal ganglia, thalamus, 
periaqueductal grey, post-and pre-central gyri and 
inferior parietal lobule 

• more intense and expanded brain activation patterns 
involving areas such as somatosensory cortices, the 
insula or anterior cingulate cortex, that tend to 
correlate with clinical pain duration 

Kuner R, Flor H. Structural plasticity and reorganisation in chronic pain. Nature Reviews Neuroscience. 2017;18(1):20; Baliki M, áVania Apkarian A. 
Nociception, pain, negative moods, and behavior selection. Neuron. 2015;87(3):474-491; Weiss T. Plasticity and cortical reorganization associated 
with pain. Zeitschrift für Psychologie. 2016.

EXAMPLE: Widespread CNS neural plastic changes with chronic pain
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PAG

PFC

ACC

Ins

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

Kuner R, Flor H. Structural plasticity and reorganisation in chronic pain. Nature Reviews Neuroscience. 2017;18(1):20.

EXAMPLE: Widespread CNS neural plastic changes with chronic pain
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The Rubicon Group Model
of the Subluxation

www.TheRubiconGroup.org/policies
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The Rubicon Group Model Preamble
• The term ‘subluxation’ has been used by the chiropractic profession for over a century.1, 2 

• It is an important element of chiropractic practice, embedded in legislation and regulation, and its 
clinical implications have been, and continue to be scientifically explored.2, 3 

• The term subluxation, as used by chiropractors, is a researchable concept that is important to 
health and health care delivery.1, 2, 4 

• The need to properly define this entity has been widely recognized as a high priority within the 
profession, as evidenced by the number of groups and organizations who have offered definitions 
of subluxation.1, 2 5-10 

• Many of the past definitions do not provide a testable definition of chiropractic subluxation. 11

• Some do not reflect the current research that supports a neurologically-centered model of 
subluxation.2

• The Rubicon Group (TRG) has utilized the current available scientific evidence to define the 
chiropractic subluxation. 

• Contemporary neurophysiological language and concepts, based on current scientific publications 
on the topic, have been used. 

• As this definition is subject to ongoing scientific exploration that is likely to lead to new findings 
and understandings, modifications may be anticipated. 

• However, this definition reflects what is currently known, and it is congruent with current 
neurophysiological scientific understanding

© Haavik Research 2021



“We currently define a chiropractic subluxation as a 
self-perpetuating, central segmental motor control 
problem that involves a joint, such as a vertebral 
motion segment, that is not moving appropriately
thereby yielding ongoing maladaptive neural 
plastic changes that interfere with the central 
nervous system’s ability to self-regulate, self-
organize, adapt, repair and heal.” (The Rubicon 
Group, May 2017.)

“We currently 
define” indicates 
that this definition is 
subject to revision as 
new evidence 
evolves.

We acknowledge that the chiropractic use of the 
term subluxation differs from the  medical/ 
orthopedic use of the term.

Self-perpetuating,  
implies a negative 
self-reinforcing 
cycle.

A central segmental 
control problem 
means that the 
central nervous 
system is not 
controlling the 
movement of the 
spinal segment as it 
should (including 
multisensory 
perception, 
integration and 
muscle commands)

A chiropractic subluxation is 
most commonly associated 
with the spine but may also 
occur in other joints.

Inappropriate 
movement would be 
hypo-, hyper-, or 
movement 
inconsistent with 
function and need.

Ongoing, maladaptive, neural plastic 
changes reinforce the problem, adding 
to the self-perpetuating nature of the 
situation and providing corrupted input 
to the CNS about the state of the body.

The hallmark of the chiropractic 
subluxation is the confusion it creates 
within the CNS and how it causes the 
body to misinterpret itself and its 
status in the environment.

The Rubicon Group Model of Subluxation

For more information, including prefatory comments and related literature citations, visit: www.TheRubiconGroup.org/policies © Haavik Research 2021



There are three 
key elements, 
namely:
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• A chiropractic subluxation often relates to the spine and its connecting 
structures.1

• Chiropractic subluxation assessment generally involves evaluating the 
pathophysiological consequences of the central segmental motor control 
problem;4, 12 these may include pain, asymmetry, biomechanical or postural 
changes (such as changes in relative range of intervertebral motion), 
changes in tissue temperature, texture and/or tone, and other findings that 
can be identified using special tests.12 

• Once identified, subluxations are corrected using a variety of techniques 
including high velocity low amplitude chiropractic adjustments, instrument 
assisted adjustments, and lower force manual techniques and approaches.13

• A growing body of scientific evidence has demonstrated that spinal function 
impacts central neural  function in multiple ways,3, 4, 14-19 and that improving 
spinal function has an impact on clinical outcomes.20-24 
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† In the scientific literature, this is often called deafferentation.

• Scientists have known for several decades that neurons continuously adapt in 
structure and function in response to our ever-changing environment.25-27 

• This ability to adapt is known as ‘neural plasticity’,27 and it is now well 
understood that the central nervous system can reorganize in response to 
altered input.28-35

• Examples of increased sensory input* that can lead to neural plastic  changes 
include repetitive muscular activity 29, 36-41 such as typing or playing the piano, 
or repeated tactile sensory input such as occurs with blind Braille readers.42

• Similar central nervous system change or reorganization may take place due 
to a decrease in behavior or activity.† 32, 43-49 

• Thus the concept, that alterations in paraspinal muscle function due to 
abnormal spinal movement patterns are capable of changing central neural 
function is totally congruent with current neuroscience understanding, as 
well as current scientific findings.3, 4, 14-19

* In the scientific literature, this can be known as hyperafferentation. Hyper–meaning increased, and afferentation – meaning the afferent 
nerves, which are the ones that go to the brain with information.
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Communicating the 
contemporary model of the 

subluxation and mechanisms 
of the adjustment

© Haavik Research 2021



The contemporary model of the subluxation and 
the mechanisms of HVLA adjustments

Heidi Haavik, Nitika Kumari, Kelly Holt, Imran 
Khan Niazi, Imran Amjad, Amit N. Pujari, 
Kemal Sitki Türker, Bernadette Murphy. (2021) 
The contemporary model of vertebral column 
joint dysfunction and impact of high-velocity, 
low-amplitude controlled vertebral thrusts on 
neuromuscular function" Invited Review. 
European Journal of Applied Physiology. 
https://doi.org/10.1007/s00421-021-04727-z
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Chiropractic 
Subluxation

So brain does NOT 
know accurately 
what is going on

Poor body 
awareness
Poor body control
Poor function

Changes brain’s internal 
representations about what is 
going on inside and outside 
body

Stress

OR

Injury

Small muscles closest to spine and 
skull go to sleep

Info sent to 
brain

Altered messages going to brain 
from spine

Self 
perpetuating 

cycle
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Effects of 
Adjustment

So brain knows 
MORE accurately 
what is going on

Improved body awareness
Improved body control
Improved function

Changes brain’s internal 
representations about what is 
going on inside and outside 
body

Adjustment

Stretches small muscles closest to 
spine and scull

Info sent to 
brain

Bombards brain with 
mechanoreceptor input

[References 57-83]
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Chiropractic 
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
• Emptions
• Proprioception

Past Experiences and 
expectations about the 

future

Impacting:
• Whole body 

proprioception & 
awareness 

• Whole body movement 
control

• Whole body control, 
including homeostasis, 
neuro- and bio-plasticity

• Resilience, adaptability, 
function, wellbeing

© Haavik Research 2021

Chiropractic 
Adjustment



Summary and Take Home Messages
• Major changes in neuroscience over past 20 years

• The CNS is adaptable from within utero to the day we die

• Basic science is about what something is and Clinical science is about how effective that 
something is at improving a health outcome

• Patient-focussed, evidence-informed chiropractic practice includes informing a patient 
about the latest basic science and clinical science, sharing your clinical experience and then 
asking them about their values and wishes about their health concern. 

• Both basic science and clinical science are important

• Neuroplasticity is the adaptability of the nervous system and can occur at all levels

• Neuroplasticity plays a major role in evidence-informed chiropractic care by helping to 
explain why spinal dysfunction is not good and how chiropractic adjustments help

• The Rubicon Group Model of the Subluxation

• Communicating the contemporary model of the subluxation and neurophysiological 
mechanisms of the chiropractic adjustment
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