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Headaches & Migraine

Why manual therapy 
is sometimes not 

enough.

Nicole	Oliver,	MChiro,	BSc(Hons),
PgDip(MSK	Neuroscience)	

Lecture	Notes:
https://neuroseminars.co.uk/falkenberg2025

Headache Disorders: 
Peripheral Nociception vs. Central Sensitisation

• Important to identify whether peripheral or central mechanisms (or both) are 
causing the headache. 
Ø Facilitates selection of appropriate individual-specific therapeutic modalities
Ø Multi-modal management often required, incorporating both ‘bottom-up’ 

(mechanoreceptor-based manual therapy) and ‘top-down’ (brain-based) 
interventions. 

(Fernández-de-las-Peñas et al., 2020: https://doi.org/10.3390/ijerph17114126)

• Need to assess:
vPeripheral nociceptive mechanisms
vAnti-nociceptive systems
vDrivers of central sensitisation

https://doi.org/10.3390/ijerph17114126
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Nociceptive Pain Nociplastic Pain
Unique features achieving greatest 
consensus for nociceptive pain:

ü ‘responsiveness to NSAIDs’ 
ü ‘signs of inflammation’
ü ‘predictable pain recovery based on 

expected time of tissue recovery’

For nociplastic pain, the most agreed 
unique features were: 

ü ‘diffuse, widespread, or poorly 
localised pain’ 

ü ‘generalised hypersensitivity’ 
ü ‘multiple somatic symptoms (e.g., 

fatigue, memory / concentration / 
sleep disturbances)’

Features associated with tissue injury or 
inflammation

Ø nociceptive mechanisms
Central sensitisation

Shraim et al. (2022). Features and methods to discriminate between mechanism-based categories of pain experienced 
in the musculoskeletal system: a Delphi expert consensus study. https://doi.org/10.1097/j.pain.0000000000002577

Full text: https://vbn.aau.dk/ws/portalfiles/portal/460474258/00006396_900000000_97799.pdf

https://doi.org/10.1097/j.pain.0000000000002577
https://vbn.aau.dk/ws/portalfiles/portal/460474258/00006396_900000000_97799.pdf
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Nociceptive Mechanisms
in Headache

• Pain & temperature afferents can ascend 
or descend up to 3 levels in the spinal cord 
before synapsing with the 2nd order neuron.
Ø Those that synapse at C3 and above 

will converge with the spinal tract of V.
Ø Pain as low as C6 spinal nerve 

distribution can contribute to 
headaches.

Pain & temperature fibers from CN VII, IX & X are also carried by the 
spinal tract of V. They all synapse in the Spinal Nucleus V.
Ø Any of the structures innervated by CN V, VII, IX, X & C1-C6 can 

potentially contribute to headaches!

Nociceptive Mechanisms in Headache
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Painful, itchy or 
irritated eyes (CN V)

Eye muscle trigger 
points (CN V)

Nociceptive Mechanisms in Headache
Check for signs & symptoms of:

Pain in:
Face (CN V)
Mouth (CN V, IX)
Throat (CN IX, X)
Tooth (CN V)
Ear (CN VII or X)

Sinus problems 
(CN V)

Cervical spine C1-C6 and 
muscles innervated by these 

segments

TMJ & related 
muscles (CN V)

Peripheral
nociceptive mechanisms

Cervicogenic HeadacheCervicogenic Headache

Pain referred to the head 
from a source in the 
cervical spine. 
Ø Should be reproducible 

by pressure palpation.
Ø Nociceptive input from 

the neck (upper > lower) 
converges with the 
spinal nucleus of CN V.
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Cervicogenic Headache

Why do some people 
just get neck pain 

whereas others get 
neck pain with 
cervicogenic 
headache?

• In those patients who 
get cervicogenic 
headache, central 
sensitisation of the 
trigeminal nociceptive 
system is likely. 

• This was investigated 
using quantitative 
sensory testing (QST).

Chua et al., 2011: https://pubmed.ncbi.nlm.nih.gov/21571757/

Cervicogenic Headache

https://pubmed.ncbi.nlm.nih.gov/21571757/
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Tension-Type 
Headache

Characterized by recurrent 
headaches of mild to moderate 
intensity, bilateral location, 
pressing or tightening quality, 
and no aggravation by routine 
physical activity. 

Peripheral nociceptive
mechanisms are thought to be 
predominantly due to ‘muscle 

tension’ in neck / cranial
muscles, i.e. a myofascial

pain syndrome.

Considered the 
most prevalent 

neurological 
disorder worldwide.

Central
sensitisation is common, 

esp. in chronic cases
& those resistant to

manual therapy.

Cervicogenic & Tension-Type Headache
- Treatment Considerations -

• Address any source 
of trigeminal 
nociceptive input.

• Facilitate pain-gating 
by activating cervical 
and / or trigeminal 
proprioceptive or 
mechanoreceptor 
afferents.

Ø e.g. Manual therapy, 
Rehab exercises
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Cervicogenic & Tension-Type Headache
- Treatment Considerations -

ü Manual therapy usually 
works very nicely when 
the pain phenotype is 
predominantly 
nociceptive…. 

But if the headache is 
more nociplastic and 
driven by central 
sensitisation, then 
manual therapy is 
probably not enough. 

Nociceptive vs. Nociplastic Headache

v Cervicogenic and 
tension-type headache 
can be predominantly 
nociceptive.

v Migraine and post-
traumatic headache
are almost always 
predominantly 
nociplastic, but can, of 
course, have nociceptive 
components.  
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What Goes 
Wrong in 
Nociplastic
Headache?

Failed pain gating
Poor descending pain modulation

Trigeminal sensitisation
Emotion-driven pain

Hypothalamic dysregulation
Autonomic imbalance

Mechanical Allodynia
- Failed Peripheral Pain Gating -

+
++

++
_

_

Pain Gate
- Spinal Cord -

X

(1) Inhibitory interneuron failure
• Lack of stimulation from Aβ

fibres (e.g. immobilisation, 
sedentary lifestyle)

• Lack of stimulation from 
descending pain modulatory 
pathways originating in 
brainstem nuclei. 

(2) Nociceptive sensitisation
• Nerve injury (neuropathic pain)
• Upregulation of alpha-

adrenoreceptors
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In allodynia, the normally inhibitory interaction between areas becomes facilitatory. 
Now a tactile stimulus could be experienced as painful if vigorous activation of 
3b/1 triggers activity in area 3a nociresponsive neurons proposed to underlie slow 
burning pain. www.ncbi.nlm.nih.gov/pmc/articles/PMC4501501/

XX

Mechanical Allodynia 
- Failed Central Pain Gating -

Pain modulating brainstem nuclei, e.g.:
• Periaqueductal gray
• Nucleus raphe magnus
• Nucleus tractus solitarius
• Locus coeruleus
• Rostral ventromedial medulla

Descending Pain Modulation

+ +

+
_

_

Pain Gate
- Spinal Cord -

Projection neuron =
wide dynamic range 
(WDR) neuron

A beta (Aβ) fibres = 
secondary receptors 
of muscle spindles & 
all cutaneous 
mechanoreceptors

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4501501/
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Cerebellar Influence on Trigeminal Nociception
• The cerebellum appears to have a modulatory role during 

trigeminal nociceptive processing.

• Robust functional connectivity during trigeminal nociception exists 
between the cerebellum and the rostral part of the pons as well as 
the periaqueductal grey and the thalamus, involving the 
descending antinociceptive network.

https://pubmed.ncbi.nlm.nih.gov/28192274/

Ø Another reason to assess and rehabilitate the cerebellum in 
all your headache and jaw patients!

Trigeminal Sensitisation

From: https://pubmed.ncbi.nlm.nih.gov/35567662

Nociceptive signals from 
- dural meninges
- TMJ & other orofacial 

structures
- ocular blood vessels
- cervical spine

are all transmitted to the
ü trigeminal ganglion (TG)
ü trigeminal nucleus 

caudalis (TNC)
ü posterior thalamus

https://pubmed.ncbi.nlm.nih.gov/28192274/
https://pubmed.ncbi.nlm.nih.gov/35567662
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Trigeminal Sensitisation

From: https://pubmed.ncbi.nlm.nih.gov/35567662

Trigeminal sensitisation

Increased levels of calcitonin
gene-related peptide (CGRP)

Ø Frequently present in 
o Migraine
o Chronic headache
o TMD
o Chronic TBI

(traumatic brain injury)

• Contributes to pain
modulation through
dopaminergic projections
from its A11 nucleus. 
Ø Provides descending

tonic inhibitory control
of incoming trigemino-
vascular nociception, and
generally modulates the 
trigemino-cervical complex (TCC).

Hypothalamic Influences 
on Trigeminal 
Nociception 

• A11 nucleus dysfunction is thought to be a major 
pathophysiological factor in migraine, contributing to 
trigeminal sensitisation. https://pubmed.ncbi.nlm.nih.gov/28179394

https://pubmed.ncbi.nlm.nih.gov/35567662
https://pubmed.ncbi.nlm.nih.gov/28179394
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• Hypothalamic A11 nucleus also modulates activation 
of the ascending trigeminothalamic pathway.

Hypothalamic dysfunction
+

Facilitation of the spinal tract of trigeminal 
⇩

Thalamic Windup

Ø Potential to trigger cortical hyperexcitability to create 
migraine aura (most commonly in visual cortex)

Hypothalamic Contribution to
Migraine Pathophysiology

Hypothalamic 
Influences on 
Trigeminal 
Nociception 

The main aim of the hypothalamus is to maintain a 
state of homeostasis. 
Ø If the hypothalamus is not functioning well, be 

gentle with it and allow its neurons to gradually 
improve their function, rather than metabolically 
exhausting them:

• Regulate blood sugar tightly & healthy eating
• Sleep enough
• Stress management
• Calm down the limbic system
• Regular exercise
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Emotional regulation of jaw muscle activity:

Chronic stress
= jaw clenching & teeth grinding 

Temporomandibular disorder
Ø CGRP-mediated trigeminal 

sensitisation
Ø Neuroinflammation and 

subsequent dysregulation in: 
• Limbic system (emotions, 

fight-or-flight response)
• Hypothalamus
• Brain regions associated with 

endogenous pain modulation

TMJ & Limbic System 
Influences on Trigeminal 

Sensitisation 

SN = substantia nigra pars reticulata 
RFp = pontomedullary reticular formation
Vmes = mesencephalic nucleus of V
RRF = retrorubral field
PLH = posterolateral hypothalamus
RF = Reticular formation 

CeA = central amygdaloid nucleus 

Vm = trigeminal motor nucleus

Yasui2017: 
https://doi.org/10.5772/67581

TMJ dysfunction can 
cause neuroinflammation 

and subsequent 
dysregulation in limbic 

structures.

Limbic overactivity can 
produce too much 
activation of jaw 

muscles.
Ø TMJ dysfunction 

The Jaw and the Limbic System 

Consider treating the TMJ in chronic pain and headache patients. 

Even if the TMJ dysfunction is subclinical / the patient isn’t 
experiencing any jaw pain. 

https://doi.org/10.5772/67581
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Image from: Zhuo M. (2017). Descending facilitation. Molecular pain, 
13, 1744806917699212. https://doi.org/10.1177/1744806917699212

• Over-activation of the anterior cingulate 
cortex (ACC) is common in patients 
with chronic stress and anxiety.

• Some pain facilitatory projections from 
the anterior cingulate cortex (ACC) 
synapse directly onto neurons in the 
spinal cord dorsal horn!

Ø Emotion-driven pain
amplification occurs even if the 
normal anti-nociceptive
mechanisms are working well.

Emotion-Driven Pain

Image from:
Zhuo M. (2017). Descending facilitation. Molecular pain, 13, 
1744806917699212. https://doi.org/10.1177/1744806917699212

• Reduce their anxiety, reassure them.
• Be nice to them, make them feel like 

you are listening to them.
• Make visiting your practice a 

pleasant experience. 

Embrace the placebo effect
as much as possible!

….. after all, it doesn’t matter how 
we change brain function to be 

more anti-nociceptive! 

Emotion-Driven Pain

https://doi.org/10.1177/1744806917699212
https://doi.org/10.1177/1744806917699212
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Autonomic Dysregulation in Nociplastic Pain
• Many studies suggest dysregulation of the autonomic nervous system 

in chronic pain (e.g. PMID: 35420372, PMID: 28389378, PMID: 34286166).

• “Non-pharmacological therapeutics, such as vagus nerve stimulation, 
mindfulness-based meditation, and exercise, have shown promise in 
alleviating painful symptoms of joint diseases, and these interventions 
may be partially mediated through the autonomic nervous system.” 
(Yeater et al., 2022: PMID: 35420372)

Sympathetics RVLM       CVLM NTS

Midline Cerebellum Vestibular Nuclei
+

+
++ _ +

_

• Appropriate vestibular and/or vagus nerve stimulation can attenuate 
sympathetic activity.
Ø Might help to reduce pain in chronic pain patients.

Vagus
Nerve

Autonomic Dysregulation in Nociplastic Pain
- Sympathetic modulation through vestibular & vagus nerve stimulation -

https://pubmed.ncbi.nlm.nih.gov/35420372/
https://pubmed.ncbi.nlm.nih.gov/28389378/
https://pubmed.ncbi.nlm.nih.gov/34286166/
https://pubmed.ncbi.nlm.nih.gov/35420372/
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Vagus Nerve Stimulation for Trigeminal 
Nociception & Sensitisation

• Non-invasive vagal nerve stimulation (nVNS) had 
significant preventative effects in treatment-
adherent patients with episodic migraine.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6791025
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970666

• nVNS inhibits mechanical nociception (e.g. neck 
muscle inflammation) and represses expression of 
proteins associated with peripheral & central 
sensitisation of trigeminal neurons in rats.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5741328

Vagus Nerve Stimulation

• Transcutaneous auricular vagus nerve stimulation
• Auricular acupuncture

(Protocol used in research study described here: 
http://www.biomedcentral.com/1472-6882/12/255; 

blue points are site of sham/control stimulation)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6791025
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970666/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5741328/
http://www.biomedcentral.com/1472-6882/12/255
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Other Ways to Stimulate the Vagus Nerve
• Singing
• Laughing
• Breathing exercises
• Meditation
• Yoga, Tai Chi
• Gargling
• Chewing gum
• Probiotics & fish oil supplements
• Intermittent fasting

Exercise training:
• capable of reducing pain in chronic pain syndromes
• leads to increased pressure pain thresholds (PPTs) 
• more effective than non-exercise interventions, such

as pain education, massage and stress management,
for reducing pain sensitivity

• effect was greater when exercising the body part
that hurts compared with exercising remote regions 

https://pubmed.ncbi.nlm.nih.gov/33253748

Motor control exercises may lead to greater reductions in 
pain and disability than strengthening exercises.

https://pubmed.ncbi.nlm.nih.gov/33609357

Sedentary cervicogenic headache patients had lower 
suboccipital PPTs than regularly active cervicogenic 
headache patients. 

Pain sensitivity 
is reduced by 

exercise 
training

https://pubmed.ncbi.nlm.nih.gov/36450870

https://pubmed.ncbi.nlm.nih.gov/33253748
https://pubmed.ncbi.nlm.nih.gov/33609357
https://pubmed.ncbi.nlm.nih.gov/36450870
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Effect of regular exercise on local post-injury 
pro-inflammatory cytokine release

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097240/

• Physical activity levels modulate phenotype of macrophages in muscle 
(M1 vs. M2 macrophage phenotype).

• Regularly physically active = more M2 (release anti-inflammatory cytokines)
• Sedentary = more M1 (release pro-inflammatory cytokines) 

ØAfter tissue injury, pain sensitisation 
leading to chronic pain is more likely 
to occur in sedentary individuals.

Effect of regular 
exercise on 
microglial 
function

• Overactive glial cells are common in migraine 
and posttraumatic headache.
https://pubmed.ncbi.nlm.nih.gov/28176234
https://pubmed.ncbi.nlm.nih.gov/36197286

• It seems that exercise can normalise
microglial function when microglia
are either highly activated or
highly inactivated.

• Regular exercise
reduces inflammatory
cytokines and 
increases anti-
inflammatory
cytokines.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7716033/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097240/
https://pubmed.ncbi.nlm.nih.gov/28176234
https://pubmed.ncbi.nlm.nih.gov/36197286
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7716033/
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Increased phosphorylation (P) of the 
NR1 subunit of the NMDA receptor:
Ø ↑↑ excitability, hyperalgesia & pain 

Regular exercise activates 
mu-opioid receptors on the 
pain facilitation neurons of 
the RVM
Ø ↓↓ cell excitability due to 

reduced NR1 subunit 
phosphorylation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097240/

Rostral 
Ventromedial 
Medulla (RVM)

Sedentary 
individuals have 
less opioid tone 
in their nervous 

system

erenumab (monoclonal antibody mAb) is a CGRP receptor antagonist:

Ø can prevent migraine attacks by reducing processing in trigeminal 
nociceptive neurons

Ø also reduces hypothalamic activity and changes its functional 
connectivity to the insula, temporal lobe, hippocampus and trigeminal 
nuclei

Ø has few side effects

Ø a preventative treatment administered with monthly subcutaneous 
injections. 

Ø costs around £5,000 per patient per year.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7257830

Medical Treatment of Increased CGRP

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6097240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7257830/
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Medical Treatment of Increased CGRP
• Other monoclonal antibodies 

that bind to the CGRP molecule 
have also been shown to be 
very effective in migraine 
prevention.

• gepants are another class of 
anti-CGRP medication;
Ø CGRP receptor blockers
Ø usually used for the acute 

rather than preventative 
treatment of migraine

Ø effectiveness similar to triptans
From: https://pubmed.ncbi.nlm.nih.gov/30995909

Medical Treatment 
of Increased CGRP

• Since TMD is associated with 
increased CGRP, it would 
seem sensible to evaluate 
whether anti-CGRP drugs 
are effective for human and 
not just rat TMD patients!

https://pubmed.ncbi.nlm.nih.gov/30995909
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• Headaches can be nociceptive, nociplastic, or both.

• For all headaches consider and address all possible nociceptive 
contributions.

• Manual therapy and MSK rehab exercises are likely to work best for 
predominantly nociceptive headache phenotypes.

• Be careful with manual therapy in nociplastic headaches:
Ø Pain gates may have failed
Ø Anti-nociceptive parts of the nervous are usually not working well and 

therefore susceptible to overstimulation

For nociplastic headaches, also consider the need for:
ü Neuro-rehab of the cerebellum, brainstem and vestibular system
ü Blood sugar, sleep and stress regulation for the hypothalamus
ü Addressing chronic stress and anxiety to reduce emotion-driven pain

• For nociplastic headaches, also consider the need for (continued):
ü TMJ treatment (even if TMJ dysfunction is subclinical) to:

§ Prevent trigeminal sensitisation and further CGRP release
§ Reduce neuroinflammation & dysregulation of the limbic system, 

brainstem and hypothalamus
ü Vagus nerve and vestibular stimulation to:

§ Calm the limbic system
§ Restore autonomic balance
§ Reduce trigeminal nociception and sensitisation

ü Regular exercise; include the body part that hurts, e.g. neck / jaw and 
remember to incorporate motor control exercise to:
§ Aid restoration of normal pain gate function
§ Reduce peripheral sensitisation (more M2 macrophages)
§ Normalise overactive microglial cells - reduce neuroinflammation
§ Lessen pain facilitation through better opioid tone

ü Anti-CGRP medication
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The	End
Any	Questions?

nicole@neuroseminars.co.uk

Lecture	Notes:	https://neuroseminars.co.uk/falkenberg2025


