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Acute & chronic pain in MSK

§ Acute

• Tissue injury

• Inflammation

• Steroid

• Operation

§ Chronic

• Inflammation (?) – Autoimmune (?)

• Healing state of Initial tissue injury (Scar ?)

• Instability

• Central sensitization

• Pain memory

Aging

Neuromodulation
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Central sensitization (chat GPT)

결과

The central nervous system becomes hyperresponsive 
to stimuli, resulting in an amplified and prolonged pain 
response. 

원인

This can occur as a result of persistent or repeated 
nociceptive input (painful stimuli), leading to changes 
in the excitability of neurons in the spinal cord and 
brain.
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Persistent or repeated nociceptive input

• Decreased central pain Modulation fx.  

• Chronic pain( persistent nociception)

• Depression

• Sedentary lifestyle

• Tissue injury ( antecedent but not 

sufficient condition)

• Trauma – Acute nociception

• Degeneration following injury

• persistent instability 

• repeated nociception
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Nociception (Persistent nociception)
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AMAP receptor following 
disc herniation rat model

Pain withdrawal threshold 
following disc herniation rat model

Homeostasis
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Persistent nociception & synaptic plasticity

• Synapses are also highly dynamic 
structures that can change in response 
to different stimuli.

• This process known as synaptic 
plasticity.

• Synaptic plasticity alters pain 
sensitivity and expands the receptive 
field.
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AMPA receptors and pain memory

Pain memory
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Central 
sensitization 
and pain 
memory
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Descending pain modulation
• Central pain modulation (CPM)

• Central pain modulation refers to the ability of the central nervous 

system (CNS) to regulate and control the experience of pain. 

• It involves the interplay of various neuronal pathways and systems in 

the brain and spinal cord that influence the perception of pain.

• PAG-RVW-SDH pathway modulate pain transmission. 

• PAG: periaqueductal gray  

• RVM: the rostral ventromedial medulla 

• SDH: the spinal dorsal horn  
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CPM and wide dynamic range 
neurons on dorsal horn

• WDR neurons receive input from multiple types of 

sensory receptors, including nociceptors (pain receptors), 

mechanoreceptors (pressure receptors), and 

thermoreceptors (heat and cold receptors).

• WDR neurons are also important for the process of pain 

modulation.

• They can inhibit or enhance the transmission of pain 

signals depending on the context and the overall level of 

pain.
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Limbic system and 
nociception
• Factors such as attention, emotions, and stress can alter pain modulation 

• Ascending pain pathway

• The nociception is transmitted to the somatosensory cortex and 

periaqueductal gray matter(PAG) .

• Nociceptive information also is transmitted to brain areas involved in 

memory and affective aspects of pain, such as the amygdala, 

hypothalamus, PAG, and nucleus accumbens (NAc) through the 

spinoreticular and spinomesencephalic tracts.

• Descending pain modulatory systems 

• The PAG and rostral ventral medulla (RVM). 

• The RVM is the major output node

• It receives input from the PAG and sends diffuse bilateral projections 

to the dorsal horn, terminating at multiple level 

Int J Mol Sci 2019;20(13):3130 17



Limbic system

S1

S2

Reticular formation
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Exercise-induced hypoalgesia. 

• Exercise-induced hypoalgesia refers to the phenomenon of reduced 
pain sensitivity that occurs after physical exercise. 

• Post-movement beta synchronization(PMB) and exercise-induced 
hypoalgesia are two interrelated phenomena.

• Studies have shown that increased post-movement beta 
synchronization is associated with reduced pain perception and 
that physical exercise can enhance beta synchronization in pain-
related brain regions.

• PMRS decreases in case of pain of various origins.

Clinical neurophysiology 2013;124(4);761
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Chronic pain

Nociceptive 
input

(Degeneration
Instability)

Function of 
CPM

Emotion Activity
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Neuromodulation
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Neuromodulation for chronic pain

• Electrical delivery
• TENS

• ESWT (?)

• Pulsed & continuous 
radiofrequency

• Spinal cord stimulation

• rTMS

• tDCS
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• Pharmaceutical agents

• Botulinum toxin

• Alcohol block (?)

• Nerve block

• Intrathecal pump

Peripheral 

nerve

Brain

Spinal cord
Spinal cord

Peripheral 

nerve



Electrical stimulation

• Intensity of electrical stimuli and length of 

time is necessary to depolarize.

• Rheobase: minimum intensity to cause 

tissue excitation for maximum duration

• Chronaxie: duration required for current of 

twice intensity of the rheobase current
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Duration and intensity

• Intensity ↑ → Current to reach deeper into the tissue, and 

samller fibers

• Duration ↑ → samller fibers and farther away

• Pulse width can be varied to target different fiber types

• Corresponding intensities would be necessary to create a 

depolarizing stimulus for any of the nerve fibers

• Aα = 50-100!s, small A"=150!s, C sensory= 400!s
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Mechanism of TENS
• Gate control theory

• The electrical impulses delivered by TENS activate large-

diameter nerve fibers that carry non-painful sensations to the 

brain

• Effectively block the transmission of pain signals from smaller, 

pain-sensing nerve fibers.

• Limitation

• adaptation or habituation.

• Effectiveness can vary depending on pain type and location.
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Tolerance of TENSE

• Repeated daily administration of TENS – analgesic tolerance 

• Synaptic plasticity

• Blockade NMDA receptor during TENSE – precents the development of 

analgesic tolerance

• Blockade of CCK (G-protein coupled receptors) – prevent development of opioid 

tolerance 

• Alternating-frequency or mixed-frequency – delayed tolerance

27Curr Rheuma Reports 2008;10(6);492



Scrambler therapy for chronic pain

• The developer of Scrambler 
Therapy participated in the 
initial clinical trials.

• There are no large, placebo-
controlled, double-blinded 
clinical trials to estimate the 
effectiveness of Scrambler 
Therapy. 

28Support care cancer 2016;24;2807



Kilohertz frequency alternating current

• KHFAC- rapid block of nerve conduction and reversible
• Action potential are arrested as they pass under the blocking electrode. 

• Typical above 100 Hz-
• neurotransmitter is transiently depleted at the synaptic or neuromuscular junction. 

• Thus, in a neurotransmitter depletion “block,” the axon itself is still activated and not blocked. 

• Skin surface – nerve block X

29Neuromodulation 2014;17;242



Pulsed radiofrequency (PRF)

• Pulse Frequence= 1/x

• PW: pulse width

• Time : 120s

• Common setting
• Pulse frequency:2Hz

• Pulse width: 20ms

• 45V

• 120s
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•reduce heat spike setting
•Pulse frequency:2Hz

•Pulse width: 10ms

•45V

•240s



Kilohertz-frequency stimulation

• Physiological conditions a neuron’s maximum firing rate - typically 500 Hz 

• The kilohertz- frequency range - supraphysiological frequencies 

• Subthreshold effects

• Facilitation: Temporal summation

• Iinduce facilitation with each subthreshold stimulus adding to the 

already built-up charge 

• Suprathreshold effect; 

• Desynchronization of neural firing: As a result of stochastic membrane 

dynamics 
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Temporal 
delay

Desynchro
-nization



Conduction block  of kHz
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• 5 kHz, 15 mA, nerve block occurred

• Inward sodium currents cannot initiate action potentials.

• The potassium current is tightly linked to the change of 

membrane potential, due to the constant activation of the 

potassium channels 

• The ensuing efflux of potassium consequently overwhelms the 

depolarizing sodium currents and biases the transmembrane 

potential towards hyperpolarization - eventually culminates in 

true conduction block 

IEEE Transactions on neural systems and rehabilitation engineering 2005;13(3);415



Pulsed radiofrequency (PRF)
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PRF at DRG

• PRF has a biological effect, unlikely to be related to overt 

thermal damage.

• It appears to be selective in that it targets the group of 

neurons whose axons are the small diameter C and Ad 

nociceptive fibers.

• Expression of ATF3 is regarded as a marker for nerve injury. 

• PRF did not produce any obvious cellular changes in the nerve or 
L4 DRG neurons when applied to the sciatic nerve in mid-thigh. 
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European J of pain 2006;10;171



Electrical field effect of PRF

35Pain medicine 2005;6(6);405



Disc herniation rat model and AMPA on dorsal horn of spinal cord
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Pain medicine 2020;21(9);1913



Ratio of synaptosome to cytosol fractions of 
AMPA receptors

• PRF stimulation decreased the ratio of 

synaptosome to cytosol fractions of 

GluA1 and GluA2 subunit.

• The ratio in the NP+PRF group showed 

a statistically significant decrease 

compared with the NP group.

37



10K SCS

40Biomedicines 2021;9;644





Post-movement beta 
synchronization (PMBS)

• Beta wave : frequency range between 12.5 and 30Hz.

• Movement is followed by a short-lasting beta synchronization: 
exercise related synchronization (ERS).

• 20Hz beta thythm is located in the motor area.

• PMRS decreases in case of pain of various origins.

• The motor cortex stimulation (MCS: implanted mode) restores

partially the physiological PMBS pattern improving defective 

cortical inhibition with reduction of thalamic hyperactivity.
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rTMS in chronic pain

• rTMS showed efficacy in meta-analysis.

• rTMS VS rTMS with conventional pain 
treatment.

• rTMS frequency: 10 -20 Hz.

• Session: 2 – 10 session, 1000 –
4000/session

• The duration and frequency of rTMS is 
presently highly variable. 
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Long-term analgesic effect (?) following rTMS
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One month F/U

Two months F/U



BoNT at synaptic vesicle

• sensory receptor from synaptic vesicle 

through regular fusion process. 

• Exocytosis process at the synapse is 

not only involved in neurotransmitter 

release, but also populates presynaptic 

regions with several pain receptors. 

• Inhibition of fusion vesicles reduces 

number of pain receptors at the 

synapse. 
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Antinociceptive activity

47Neuronal signaling 2018;2(3)



Studies assessing efficacy of botulinum toxin
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Frontiers in neurology 2020;11;716



Studies assessing efficacy of botulinum toxin

• Botulinum toxin could represent a promising therapeutic tool for NP for its documented 

efficacy and tolerability in a wide range of NP conditions 

• BoNT/A seems helpful in particular in trigeminal neuralgia, post-herpetic neuralgia, painful 

diabetic neuropathy, occipital neuralgia, post-surgical pain and in SCI-related pain. 

• No major safety issue emerged in the studies reported 
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Local anesthetics

• Na channels play a vital role in impulse propagation 

• The NaV channel as a bell-shaped transmembrane 

glycoprotein with 4 domains, D1-D4. 

• Only the open state can conduct Na ions through them. 

• Specific sites of the NaV channel for sensing voltage and 

binding Las.

• Local anesthetics (LAs) reduce the permeability of cell 
membranes to Na+, avoiding membrane depolarization, and thus 

blocking neural conduction of painful stimulation. 
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Regional anesthesia prevent central 
sensitization
• Central sensitization, can be mitigated or prevented by blocking the barrage of pain signals with 

local anesthetics, preventing the development of persistent pain after surgery.
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The seven randomized trials investigating regional anesthesia for the prevention 
of prevention of persistent postoperative pain after thoracotomy 
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J clin anesth 2019;55;116



• Group I consisted of cervical medial branch blocks with bupivacaine only 
• Group II consisted of cervical medial branch blocks with bupivacaine and steroid. 



Therapeutic lumbar facet joint nerve blocks in the treatment of chronic low back pain: on RCT

• lumbar facet joint nerve blocks in the treatment of chronic low back pain shows clinical effectiveness 
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NRS ≥ 50% reduction from baseline 
KJP 2018;31(1);27



Inflammation & healing (or scar)
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Injury

• Vasoconstriction
• Platelet aggregation
• Leucocyte                

migration

Inflammatory p
hase 

• Early-neutrophil        
chemoattract           
release

• Late macrophages
• Phagocytosis

Proliferative ph
ase

• Fibroblast.                   
proliferation

• Collagen synthesis
• ECM reorganization 
• Angiogenssis 
• Granulation                 

formation

Remodeling

• Remodeling
• Increase in tensile.       

strength of wound


