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Pain

■ Physiological pain
⚫ Unpleasant sensory and emotional experience associated with actual or 

potential tissue damage or described in terms of such damage (IASP)

⚫ Important protective function

■ Pathological pain
⚫ Inflammation, neuropathy, cancer, chemotherapy, diabetes

⚫ Hyperalgesia: increased sensitivity to painful stimuli

⚫ Allodynia: pain produced by normally innocuous stimuli

example) stroking sunburned skin
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(Kuner, 2010)
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Pain Pathways & Networks

■ Multiple pain pathways
⚫ Spinothalamic

• Thalamus → Insula, ACC, S1, S2

⚫ Spinoparabrachio-amygdaloid
• PB → AMY → BG

⚫ Spinoreticulothalamic
• PAG → Thalamus

■ Three different pain networks
1) Sensory-discriminative

2) Affective

3) Cognitive
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(Bushnell, 2013)



Pain Network
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Constant activation

S2, Insula, ACC / Thalamus, S1

Sensory-
discriminative 

dimension

S1, S2, Insula, 
Thalamus

Cognitive  
dimension

ACC, PFC,        
PPC 

Emotional 
dimension

ACC, Insula, 
Amygdala

(Peyron, 2000)

Chronic pain



Sensory-discriminative Dimension

■ Sensation with pain qualities
⚫ Stinging, burning, aching

⚫ Location and duration of pain

■ Somatosensory cortex (S1, S2), insula, thalamus
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Emotional Dimension

■ Emotional and motivational aspects of pain
⚫ Observing another individual in pain

⚫ Listening to unpleasant music

⚫ Smelling unpleasant odor

■ What is real?
⚫ Even though it is not real pain, the affective pain sensation makes it 

real, and the opposite situation is possible (deep massage)

⚫ Priming of the affective dimension

→ Enhanced pain experience

■ ACC, insula, amygdala
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Negative emotional state

Positive emotional state
PAIN



Cognitive Dimension

■ Interaction with both sensory and affective dimensions

■ Background
⚫ Wounded soldiers

⚫ Western medicine < Oriental medicine

■ Top-down orienting of the attention system
⚫ ACC, PFC, PPC
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Focusing on pain

Distraction from pain
PAIN



Changes in Pain Systems in Chronic Pain

Increased 
activation of 

pain pathways

Peripheral and/or central 
sensitization in ascending 

nociceptive pathways

Abnormalities in descending 
modulatory systems
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Changes in Pain Systems in Chronic Pain

11

(Bushnell, 2013)



Simultaneous Action of Emotional and 
Cognitive Dimensions
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(Kami, 2022)



Simultaneous Action of Emotional and 
Cognitive Dimensions
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(Bushnell, 2013)



Simultaneous Action of Emotional and 
Cognitive Dimensions

■ Fear-Avoidance Model
⚫ e.g., Mind-Body Techniques

⚫ Techniques for controlling pain

⚫ Use of attentional and emotional factors for pain control

⚫ Work individually via different pathways

⚫ Cognitive behavioral therapy, yoga, meditation, hypnosis
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Focusing on pain
Negative emotional state

Distraction from pain
Positive emotional state

PAIN



MRIcroGL

■ MRIcroGL allows you to view 2D slices and renderings of your brain imaging data. It 
can display many image formats and includes a graphical interface for dcm2nii to 
convert DICOM images to NIfTI format. It allows you to draw regions of interest which 
can aid lesion mapping and fMRI analysis. It provides sophisticated rendering.
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MRIcroGL
Download

https://www.nitrc.org/frs/?group_id=889
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MRIcroGL
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MRIcroGL
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Coordinate: A×B×C 
(0,0,0) Anterior commissure
A: RL → R (+) L (-)
B: AP → A (+) P (-)
C: UD → U (+) D (-)

Anatomical designation; Brodmann area
(ACC_R; B 24, 32, 33)
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File
Open standard

• T1: useful for studying anatomy
• MNI or SPM: useful for writing papers
• Visual human: brain dissection

File
Add Atlas

• AAL (automated anatomical labeling) atlas
• Broadmann atlas



AC-PC Line
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Lindsey (2015)

Anterior commissure:  connecting the two temporal lobes in front of the fornix, (0,0,0)
Posterior commissure: dorsal to the cerebral aqueduct



■ Ex effect
⚫ EIH, TIH 개념

⚫ 통증에 대한 운동 효과는 Cognition model (Jenin El-Sayes review, 슬
라이드 4장)처럼 잘 정립되지 못했음

■ EIH

■ TIH

■ Considerations
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Exercise-Induced Neuroplasticity
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Aerobic exercise

Cognitive function

Motor function

Molecular level

Cellular level

Systematic level



Chronic 
Aerobic 
Exercise
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El-Sayes (2019)



Chronic Aerobic Exercise
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Acute 
Aerobic 
Exercise
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El-Sayes (2019)



Acute Aerobic Exercise
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Exercise Effects on Pain

■ Exercise-induced 
hypoalgesia (EIH)

⚫ Reduction in pain sensitivity 
by a single bout of exercise

⚫ EIH after acute (or single) 
exercise

⚫ Mostly experimental

■ Training-induced 
hypoalgesia (TIH)

⚫ Reduction in pain sensitivity 
after repeated bouts of 
exercise

⚫ EIH after regular exercise

⚫ Mostly clinical (exercise for 
controlling chronic pain)
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Exercise-induced Hypoalgesia (EIH)

■ EIH
⚫ Common in healthy people

⚫ Often impaired in patients with chronic pain (e.g., absent or hypoalgesia)

■ Experimental measurements
⚫ Parameters

• Pain threshold (minimal noxious stimulus intensity perceived as painful)

• Pain tolerance (maximum noxious stimulus intensity that one can tolerate)

⚫ Noxious stimulus
• Thermal, electrical stimulation, pressure
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EIH

■ Simultaneous analgesic effect
⚫ Targeted exercising muscles (local effect)

⚫ Small magnitude in non-exercising muscles (systemic effect)

■ Affected by its intensity and duration, not by its type 
(dynamic OR isometric exercise)
⚫ unsuitable for individuals who are incapable or unwilling to 

exercise at high intensities or for long durations (e.g. patients 
undergoing rehabilitation and/or elderly populations).
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EIH Research

32
Wu (2022)
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Training-induced Hypoalgesia (TIH)

■ Exercise aimed at controlling pain
⚫ Multifaceted effects on cardiorespiratory function, mental health 

& pain

⚫ Increasing evidence in chronic neck/back pain, OA & fibromyalgia

⚫ Particularly advantageous in chronic pain comorbid with 
psychiatric illness

■ Dose
⚫ American College of Sports Medicine: 30 minutes of moderate-

intensity exercise five days per week (or 150 MET-minutes) in 
order to maintain cardiorespiratory, musculoskeletal, and 
neuromotor fitness for healthy adults
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EIH & TIH
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Song (2022)



Recent Analysis of TIH

A recent Cochrane review of 
exercise-induced hypoalgesia

(Geneen, 2017)
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Reanalysis focusing on the 
dose of exercise

(Polaski, 2019)



Recent Cochrane Review (2017)

■ Pain conditions
⚫ RA, OA, fibromyalgia, LBP, intermittent claudication, 

dysmenorrhoea, mechanical neck disorder, SCI, postpolio synd, 
and patellofemoral pain

■ Low quality of evidence
⚫ 21 reviews (381 studies / 37,143 participants)

⚫ Small sample sizes and potentially underpowered studies

■ Conclusion
⚫ Some favorable effects in a reduction in pain severity and 

improved physical function (mostly of small-to-moderate effect)

⚫ Variable effects on psychological function and QOL
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■ Pain effect size vs. 
DURATION of exercise for 
neck pain patients for all 
exercise modalities

■ Insufficient evidence to
conclude the presence of 
a strong dose effect of 
exercise on pain
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Reanalysis Focusing Dose (2019)



Potential Influencer for TIH
(from the perspective of brain plasticity)

■ Biological sex

■ Depressive mood

■ Negative expectation
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Biological 
Sex

41

El-Sayes (2019)



Depressive 
Mood

Ohn (2012)
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Negative 
Expectations 
About TIH

Vaegter (2020)
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Conslusion

■ Pain Network
⚫ Sensory-discriminative dimension

⚫ Emotional dimension

⚫ Cognitive dimension

■ Chronic pain
⚫ Changes in the pain network change

⚫ Pain network-level approach for the control of chronic pain

■ Exercise effects on pain
⚫ EIH: single, mostly experimental

⚫ TIH: repeated, mostly clinical, ex-duration dependent, LoE: not high
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