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Outline
• Motor control problems for low back pain sufferers

• Motor control changes that occur with chiropractic care

• The gut, stress, pain and inflammation

• The many neuroplastic changes that occur after adjustments

• Maladaptive plastic changes that occur after a spinal injury

• The role of spinal proprioception changes in cornification of pain

• The importance of sharing this information with the public
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Motor Control Changes with Low back pain/injury

• Differences in proprioception 
do exist between subjects with 
back dysfunction/LBP and 
normal subjects  (Georgy, Asian 
Spine J. 2011 Dec; 5(4): 201–207; Laird et al 
BMC Musculoskeletal 
Disorders 2014, 15:229; Tong et al 2017. 
Archives of Physical Medicine and 
Rehabilitation. January 2017 98(1):120-
136.e2)

• LBP patients less likely to be 
able to feed forward activate 
core ab muscles (Marshall & 
Murphy. J Electromyogr Kinesiol. 2010 
Oct;20(5):833-9; Hodges &Richardson, 
Arch Phys Med Rehabil. 1999 
Sep;80(9):1005-12)

• Altered motor control of 
spine/trunk muscles in LBP 
(Gotze et al Clin Biomech (Bristol, 
Avon). 2015 Mar;30(3):290-5; Jabcobs
et al 2016)

• Delayed trunk muscle reflex 
responses significantly 
increases the odds of 
sustaining a low back injury 
(Cholewicki et al Spine (Phila Pa 1976). 
2005 Dec 1;30(23):2614-20)

van Dieën JH, Reeves NP, Kawchuk G, van Dillen L, Hodges PW. Motor control changes in low-back pain: divergence in presentations and mechanisms. Journal of Orthopaedic & Sports Physical Therapy. 
2018(0):1-24. © Haavik Research 2019



“The results reveal that chronic low back pain can influences the three 
subsystems (the passive system, the muscular system and the control 
system) of spinal stability, according to the findings of Van Dieën et al. (2003). 

Pain alters sensorial perception such as tactile (Puta et al., 2012; Weiss et al., 2011) and 
visual discrimination (De Lussanet et al., 2012) and probably proprioception (Radebold et al., 

2001). It seemingly alters central and peripheral motor programs. The minor 
changes may require a little input (Boström et al., 2013). However, the minor changes 
may be adversely influence stability (Fritz and Wagner, 2014) and thus in turn affect 
muscle recruitment (Van Dieën et al., 2003) even generating new pain in a vicious 
circle.”

Götze M, Ernst M, Koch M, Blickhan R. Influence of chronic back pain on kinematic reactions to unpredictable arm pulls. Clinical Biomechanics. 3/1/March 2015 2015;30:p294.
© Haavik Research 2019
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• Delayed trunk muscle reflex 
responses significantly 
increases the odds of 
sustaining a low back injury 
(Cholewicki et al Spine (Phila Pa 1976). 
2005 Dec 1;30(23):2614-20)

LBP subjects exhibit altered 
anticipatory postural adjustments, 
impaired detection of the postural 
perturbation, and enhanced late-
phase monitoring of postural 
challenge.
(Jacobs et al 2016; Jacobs et al 2010)

van Dieën JH, Reeves NP, Kawchuk G, van Dillen L, Hodges PW. Motor control changes in low-back pain: divergence in presentations and mechanisms. Journal of Orthopaedic & Sports Physical Therapy. 
2018(0):1-24. © Haavik Research 2019



*Do Nascimento et al., Exp Brain Res 2006
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Jacobs JV, Henry SM, Nagle KJ. Low back pain associates with altered activity of the cerebral cortex prior to arm movements that require postural adjustment. Clin Neurophysiol. 
1/1/2010 2010;121:431-440. © Haavik Research 2019
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impaired detection of the postural 
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LBP subjects redistribute their postural 
control strategy to distal body 
segments
(Brumagne et al., 2008; Claeys et al. 2011; 
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Chronic LBP exhibit altered 
cerebrocortical activity prior to self-
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(Jacobs et al 2016)

van Dieën JH, Reeves NP, Kawchuk G, van Dillen L, Hodges PW. Motor control changes in low-back pain: divergence in presentations and mechanisms. Journal of Orthopaedic & Sports Physical Therapy. 
2018(0):1-24. © Haavik Research 2019



Motor control changes following spinal manipulation/chiro care

• Spinal Manipulation can 
improve spinal 
proprioception (Yang, Lee & Kim 
J Phys Ther Sci 2015; 27: 795–798; 
Palmgren et al J Manipulative Physiol 
Ther 2006:29:100-106)

• Spinal Manipulation can 
improve feed forward 
activate core ab muscles 
(Marshall & Murphy  JMPT 2006; 
29(3): 196–202)

• Spinal Manipulation can 
change the way the brain 
controls the neck and low 
back spinal muscles (Lalanne, 
Ufond & Descarreaux 2009;32:203-
209; Bicalho et al Manual Therapy 
2010 15(5):469-475; Murphy, Haavik-
Taylor & Marshall JMPT 2010 
33(3):168-177)

Spinal Manipulation can change the early BP, 
known to be involved in anticipatory postural 
adjustments at the cortical level (Haavik et al 2017; 
Brain Sciences; in press)

Spinal manipulation improves ankle proprioception 
and can enable subjects to take a faster 
compensatory step
(Holt et al JMPT 2015 39(4):267-78). 

Spinal Manipulation alters cerebellar-M1 and 
Cerebellar-S1 communication in relation to arm 
movement control
(Daligadu et al JMPT 2013;36:527-537; Andrew et al. 2018. 
Exp Brain Research)

Motor Cortex

Cerebellum

© Haavik Research 2019



Increased MRCP amplitudes and faster FFA with Chiro

Haavik H, Niazi I, Jochumsen M, Sherwin D, Flavel S, Türker K. Impact of Spinal Manipulation on Cortical Drive to Upper and Lower Limb Muscles. 
Brain Sciences. 2017;7(1):2. Marshall P, Murphy B. The Effect of Sacroiliac Joint Manipulation on Feed-Forward Activation Times of the Deep 
Abdominal Musculature Journal of Manipulative and Physiological Therapeutics 2006;29(3 ):196-202.

*Do Nascimento et al., Exp Brain Res 2006
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Gut, stress, inflammation and pain
• Excessive bacterial dysbiosis, small intestinal bacterial overgrowth, or increased intestinal 

permeability (‘leaky’ gut)may produce systemic and/or central nervous system 
inflammation

• The routes of communication between the microbiota and brain are slowly being 
unravelled, and include:

• the vagus nerve
• gut hormone signaling
• the immune system 
• tryptophan metabolism
• microbial metabolites such as short chain fatty acids 

• Altered intestinal permeability is found in patients with primary fibromyalgia and in 
patients with complex regional pain syndrome

• Diet is one of the most important modifying factors of the microbiota-gut-brain axis

Goebel A, Buhner S, Schedel R, Lochs H, Sprotte G. Altered intestinal permeability in patients with primary fibromyalgia and in patients with complex regional pain syndrome.
Rheumatology (Oxford). 2008;47(8):1223-1227; Galland L. The gut microbiome and the brain. Journal of medicinal food. 2014;17(12):1261-1272; Foster JA, Rinaman L, Cryan JF. Stress 
& the gut-brain axis: regulation by the microbiome. Neurobiology of stress. 2017;7:124-136.

© Haavik Research 2019



Gut Microbiome & the Brain

“CNS and neuroendocrine activity, stress 
responses in particular, may, in turn, influence 
the composition of the gut microbiome by 
differentially altering the growth of bacterial 
species and the production of bacterial 
virulence factors”

“gut microbes shape the architecture of sleep 
and stress reactivity of the hypothalamic-
pituitary-adrenal axis.” 

“They influence memory, mood, and cognition 
and are clinically and therapeutically relevant 
to a range of disorders, including alcoholism, 
chronic fatigue syndrome, fibromyalgia, and 
restless legs syndrome.”

Galland L. The gut microbiome and the brain. Journal of medicinal food. 2014;17(12):1261-1272. © Haavik Research 2019



So what is the evidence now for a neuroplasticity 
effect of chiropractic care?

And what does this mean?

© Haavik Research 2019



Summary of the Evidence
Post spinal manipulation 
Improved elbow and ankle JPS
Changes to SMI

Decreased N30 SEP peak amplitude (pre-frontal cortex)
Altered SICI & SICF and shorter CSP

Improved mental rotation
Improved multimodal integration (sound and vision)
Improved Cerebellum-M1 modulation
Altered Cerebellum-S1 communication
Increased strength and cortical drive to upper & lower limb muscles

16% students
6% elite athletes
65% chronic stroke patients

Relaxed female pelvic floor muscles
Increased jaw strength
Larger MRCPs
Altered SR curves to both upper and lower limb muscles

© Haavik Research 2019
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chiropractic care continued
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So brain knows 
MORE accurately 
what is going on

Improved body awareness
Improved body control
Improved function

Changes brains 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

Effects of 
Adjustment

© Haavik Research 2019



The role of chiropractic therefore appears to be 
re-establishing accurate communication between 

the brain and the body and the environment

• By improving spinal function by adjusting subluxated segments 
(dysfunctional spinal segments) we appear to IMRPOVE:

• brain awareness of body schema (elbow JPS, ankle JPS, spine JPS)
• brain awareness of environment schema (visual and sound perception, mental 

rotation of objects in space)
• sensorimotor integration (TMS, SEPs, Cerebellum) 
• body control (strength efficiency, feedforward activation)

• Clearly a neural plastic mechanism
• Clearly help with spinal (neck & back) and head pain (clinical evidence)

© Haavik Research 2019



So chiropractic adjustments are probably improving PFC function and 
through this we are probably turning down or off the pain in the 

BRAIN itself

Lelic, D., Niazi, I.K., Holt, K., Jochumsen, M., Dremstrup, K., Yielder, P., Murphy, B., Drewe,s A. M., & Haavik, H. (2016). Manipulation of 
dysfunctional spinal joints affects sensorimotor integration in the prefrontal cortex: A brain source localization study. Neural Plasticity, 
1.doi:10.1155/2016/3704964. © Haavik Research 2019



Why its important the public understand

1) Because we ‘learn’ to be in pain
2) Opioid Epidemic

www.therealitycheck.com/event
© Haavik Research 2019



Pain in Kids does NOT go away

© Haavik Research 2019



And they are likely to get worse!

© Haavik Research 2019
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Why chronic 
stress and pain 
leads to opioid 
addiction

Massaly N, Morón JA, Al-Hasani R. A trigger for opioid misuse: chronic pain and stress dysregulate the mesolimbic pathway and kappa opioid system. Frontiers in 
neuroscience. 2016;10:480. © Haavik Research 2019



Dysfunction of the prefrontal cortex in addiction

“imaging studies in addictive 
behaviours have identified a 
key involvement of the 
prefrontal cortex (PFC) 
both through its regulation of 
limbic reward regions 
and its involvement in higher-
order executive function (for 
example, self-control, salience 
attribution and awareness)”

Goldstein RZ, Volkow ND. Dysfunction of the prefrontal cortex in addiction: neuroimaging findings and clinical implications. Nature Reviews Neuroscience. 
10/20/online 2011;12:652. © Haavik Research 2019



Low back pain patients seeing chiropractors 
are 55% less likely to use prescription opioids!

• Why? (we don’t know)

• Valid Biologically Plausible Possibilities:
• We are not pill pushers
• We improve their function and thus reduce their pain (so they don’t need the pain meds)

• We turn the sensation of pain off at the level of the brain (so they don’t need the pain meds)

• We affect their prefrontal cortex which helps regulate their limbic system and/or 
improve their self control against addictive behaviors

Whedon, J. M., Toler, A. W., Goehl, J. M., & Kazal, L. A. (2018). Association between utilization of chiropractic services for treatment of low-back pain and use of 
prescription opioids. The Journal of Alternative and Complementary Medicine, 24(6), 552-556. © Haavik Research 2019



• Chronic Pain and Chronic Stress go hand in hand
• Lack of sleep, pain, stress and inflammation are all linked
• Mental health issues is also common with all of the above
• Chronic stress, microbiome, leaky gut, chronic pain go hand in hand

• Chronic pain and chronic stress leads to consistent neuroplastic changes in the 
central nervous system (in particular amygdala and prefrontal cortex)

• The brain ‘learns’ to be in chronic pain

• We know we (chiropractors) impact several parts of the stress/pain neuromatrix!!

Lets RECAP 

© Haavik Research 2019



Lets RECAP 
What your patients need to know?

• Understand what we have covered so far
• The bio (neuro)plasticity of pain (a learnt problem)

© Haavik Research 2019



Neuroscience education 
about pain helps on its own!!

Conclusions: For chronic MSK pain 
disorders, there is compelling 
evidence that an educational strategy 
addressing neurophysiology and 
neurobiology of pain can have a 
positive effect on pain, disability, 
catastrophization, and physical 
performance.

Louw, A., Diener, I., Butler, D. S., & Puentedura, E. J. (2011). The effect of neuroscience education on pain, disability, anxiety, and stress in chronic 
musculoskeletal pain. Archives of Physical Medicine and Rehabilitation, 92(12), 2041-2056. © Haavik Research 2019



What your patients need to know?

• Understand what we have covered so far
• The role of neuroplasticity of pain
• The neuroplastic effect of chiropractic care

© Haavik Research 2019



Discussion: The results of this study show that a neuroplasticity explanation, compared 
to a traditional biomechanical explanation, resulted in a measureable difference in SLR 
in patients with CLBP when receiving manual therapy. 

Louw, A., Farrell, K., Landers, M., Barclay, M., Goodman, E., Gillund, J., . . . Timmerman, L. (2017). The effect of manual therapy and neuroplasticity 
education on chronic low back pain: a randomized clinical trial. Journal of Manual & Manipulative Therapy, 25(5), 227-234. 

What you tell 
your patient 

matters!

© Haavik Research 2019



What your patients need to know?

• Understand what we have covered so far
• The role of neuroplasticity of pain
• The neuroplastic effect of chiropractic care
• Symptoms do NOT arise out of thin air & pain is an ALARM system

© Haavik Research 2019



Symptoms often only arise when there are a 
1000 things that have gone wrong already

© Haavik Research 2019



Symptoms don’t just appear out of thin air

Nociceptors firing

Local inflammation

Systemic 
inflammation

Dorsal horn cells of 
spinal cord firing

Peripheral 
neuroimmune
Influences

Central neuroimmune
Influences

Social problems

Mental health issues

Stress HPA 
activation

Beliefs & Expectations
Thoughts Learning bio- (neuro-) plastic effects

Stress autonomic 
sympathetic activation

Family background

Genetics Attitudes & Personality

Poverty

Leaky gut

Traumatic 
experiences

Exercise

Diet

Sleep

Spinal function
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Pain is Basically Your Alarm System

© Haavik Research 2019



What your patients need to know?

• Understand what we have covered so far
• The role of neuroplasticity of pain
• The neuroplastic effect of chiropractic care
• Symptoms do NOT arise out of thin air & pain is an ALARM system
• Chronic pain may be fully (or predominantly) a brain problem

© Haavik Research 2019



Pain may fully or partially be in the brain

Pain may be coming from here more than from here

© Haavik Research 2019



The Brain’s Pain Matrix

Spinal cord

Amydgala

Pre-frontal cortex Cingulate cortex

The pre-motor areas

Hippocampus
Hypothalamus

Sensory cortex

Thalamus

Cerebellum
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What your patients need to know?

• Understand what we have covered so far
• The role of neuroplasticity of pain
• The neuroplastic effect of chiropractic care
• Symptoms do NOT arise out of thin air & pain is an ALARM system
• Chronic pain may be fully (or predominantly) a brain problem
• The important role of the Prefrontal Cortex in pain (and stress)

© Haavik Research 2019



How to talk about the role of the PFC in 
emotional regulation to a patient

• Make a fist
• Explain the wrist is the 

brain stem (controls 
breathing, heart rate, 
etc)

• The hidden thumb is 
the ‘emotional’ limbic 
brain (no reasoning, 
not time, no words)

• The four fingers 
covering the limbic 
brain are your 
prefrontal cortex 
(reasoning, calming)

• When a stressor occurs 
our prefrontal cortex 
(the four fingers) gets 
disengaged

• Lift your four fingers up
• Without the inhibition 

from the prefrontal 
cortex we go into our 
limbic ‘emotional’ brain

• Now we become 
irrational, emotional, 
angry, sad

• Here we have no 
reasoning and time does 
not exist so no point in 
trying to ‘talk’ or ‘reason’ 
with someone who is 
operating in this place

Dr Dan Siegel’s hand model. E.g. see https://m.youtube.com/watch?v=gm9CIJ74Oxw © Haavik Research 2019

https://m.youtube.com/watch?v=gm9CIJ74Oxw


Chiropractic (exercise, mediation, etc) appears to have a positive adaptive effect

Physical, chemical and emotional/mental 
stress causes maladaptive plastic changes

© Haavik Research 2019



The Prefrontal Cortex - the Brain’s Conductor

Chiropractic Care impacts the Prefrontal Cortex

Volume

© Haavik Research 2019



Understanding Stress, Pain and the Immune system

© Haavik Research 2019



What your patients need to know?

• Understand what we have covered so far
• The role of neuroplasticity of pain
• The neuroplastic effect of chiropractic care
• Symptoms do NOT arise out of thin air & pain is an ALARM system
• Chronic pain may be fully (or predominantly) a brain problem
• The important role of the Prefrontal Cortex in pain (and stress)
• The importance of beliefs, attitudes, expectations, feelings, isolation, 

loneliness, financial problems, emotional problems, etc that influcence
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The Feeling of Pain

Nociceptors firing

Local inflammation

Systemic 
inflammationDorsal horn cells of 

spinal cord firing

Peripheral 
neuroimmune
Influences

Central 
neuroimmune
Influences

Social problems

Mental health issues

Stress HPA 
activation
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Expectations

Thoughts Learning bio- (neuro-) plastic effects

Stress autonomic 
sympathetic activation

Family background

Genetics Attitudes & 
Personality

Poverty

Leaky gut

Traumatic 
experiences

ExerciseDiet

Sleep
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Your patients Goals need to shift away from 
us fixing the tissues and towards:

• Re-establishing proper brain-body communication (chiro)

• Improving posture and body movements (physio/chiro)

• Reducing excess inflammation, possibly due to poor gut health and/or 
nutritional deficiencies (naturopath/chiro/physio/GP/patient)

• Assessing and working on emotional resilience, such as mindfulness 
meditation (psychologist/patient/chiro)
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Implications for the Chiropractor
• Patient Education/Public Awareness about the neural plasticity model (of 

pain and of chiropractic care) is essential!

• Improving the patient’s (and your own) Understanding about:
• Pain is complex
• Spine function and dysfunction is complex
• Patients themselves are complex and multi-dimensional

• Reassessing how we talk about pain 
• do you always refer to the tissues as the cause?

• Inter-professional Collaboration
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