
BIOLOGICAL MECHANISMS OF SET 

PAIN STIMULATION:  The electrical and cardiac gated pain signal travels from the periphery to the spinal 
cord along an A-delta and C fibers. Because the A-delta fiber is thicker than the C fiber, and is thinly sheathed in 
an electrically insulating material (myelin), it carries its signal faster (5–30 m/s) than the unmyelinated C fiber 
(0.5–2 m/s).  Pain evoked by the faster A-delta fibers is sharp and felt first. These first order neurons enter the 
spinal cord via Lissauer's tract. 

A-delta and C fibers synapse on second order neurons in substantia gelatinosa (laminae II and III of the dorsal 
horns). These second order fibers then cross the spinal cord via the anterior white commissure and ascend in the 
spinothalamic tract (C.N. V). Before reaching the brain, the spinothalamic tract splits into the lateral 
neospinothalamic tract and the medial paleospinothalamic tract. Second order lateral neospinothalamic tract 
neurons carry information from A-delta fibers and terminate at the ventral posterolateral nucleus of the thalamus, 
where they synapse on third order neurons - the dendrites of the somatosensory cortices (SS-I and SS-II) as 
sensory-discriminative pain component. Medial paleospinothalamic neurons carry information from C fibers and 
terminate throughout the brain stem, a tenth of them in the thalamus and the rest in the medulla, pons and 
periaqueductal gray matter as well as cognitive-affective pain components such as anterior cingulate cortex 
(ACC), prefrontal cortex (PFC), amygdala and insula. 

 

Dedicated spinal cord fibers dedicated to carrying A-delta fiber pain signals, and others that carry both A-delta 
and C fiber pain signals up the spinal cord to the thalamus in the brain. Other spinal cord fibers, known as wide 
dynamic range (WDR) neurons, respond to A-delta and C fibers, but also to the large A-beta fibers that carry 
touch, pressure and vibration signals. Pain-related activity in the thalamus spreads to the insular cortex (thought to 
embody, among other things, the feeling that distinguishes pain from other homeostatic emotions such as itch and 
nausea) and ACC (thought to embody, among other things, the motivational element of pain); and pain that is 
distinctly located also activates the primary and secondary somatosensory cortices. 

PAIN CHRONIFICATION: After repeated stimulation, such as that learned by a chronic pain patient, WDR 
(wide dynamic range) neurons experience a general increase in excitability. This hyper-excitability is caused by 



an increased neuronal response to a noxious stimulus (hyperalgesia), a larger neuronal receptive field, or spread of 
the hyper-excitability to other segments. This condition is maintained by C fibers, but triggered by internal 
emotions and thoughts of  a chronic pain patient. 

C fibers cause central sensitization of the dorsal horn in the spinal cord in response to their hyperactivity. The 
mechanism underlying this phenomenon involves the release of glutamate by these pathologically sensitized C 
fibers. The glutamate interacts with the postsynaptic NMDA receptors, which aids the sensitization of the dorsal 
horn. Presynaptic neuronal voltage-gated N-calcium channels are largely responsible for the release of this 
glutamate as well as the neuropeptide, substance. The expression of presynaptic neuronal voltage-gated N-
calcium channels increases repeated stimulation. NMDA receptor activation (by glutamate) enhances postsynaptic 
Nitric Oxide Synthase. Nitric Oxide is thought to migrate back to the presynaptic membrane to enhance the 
expression of the voltage-gated N-calcium channels resulting in a pain wind-up phenomenon. This abnormal 
central sensitization cycle results in increased pain (hyperalgesia) and pain responses from previously non-
noxious stimuli evoke a pain response (allodynia). 

Central sensitization of the dorsal horn neurons that is evoked from C fiber activity is responsible for temporal 
summation of “second pain” or ‘windup’. Windup is associated with chronic pain and central sensitization. The 
fMRI maps show common areas activated by the windup responses which include contralateral thalamus, S1, 
bilateral S2, anterior and posterior insula (INS), mid-anterior cingulate cortex (ACC), and supplemental motor 
areas (SMA). Windup is also associated with other regions of the brain that process functions such as 
somatosensory processing, pain perception and modulation, cognition, pre-motor activity in the cortex.  These 
factor all contribute to chronic pain. 

CARDIAC STIMULATION: as well as the above described pain afferent stimulation, the SET systolic and 
diastolic cardiac stimulation activates nucleus ambiguous through two major afferent pathways. 

(1)!Carotid Sinus pathway. Electrical stimulation of the finger and thumb of the right hand increases blood 
pressure in the carotid sinus (C.N. IX) and stimulates carotid baroreceptors. Blood pressure variability 
and BRS also increase. Baroreceptor action potentials are relayed to the NTS and then projected to the 
nucleus ambiguus situated deep in the medullary reticular formations. 

(2)!Vagal pathway. Electrical stimulation innervates arterial baroreceptors and the spinal nerve (C.N. X). Its 
action potentials relay to the tractus corticonuclearis and project to the nucleus ambiguous as one of the 4 
nuclei of the vagus nerve.Its action potentials relay to the tractus corticonuclearis and project to 
the nucleus ambiguous. 

 

EFFERENT PATHWAYS:  The nucleus ambiguus contains cholinergic preganglionic parasympathetic neurons 
for the heart (Machado & Broda, 1992).These neurons are cardio inhibitory (Nosake et al., 1979). The action 



potentials rise to the nucleus dorsalis nervi vagi and the efferent fibers of nervus vagus (C.N. X). This increases 
the amount of inhibition reaching the preganglionic sympathetic. Postganglionic motor neurons located in the 
ganglionic plexus in the heart become innervated (Cheng et al., 1999, Cheng and Powley, 2000) leading to a 
reduction of heart rate. 

This cardio inhibitory effect regulates quick changes in blood pressure from the central nervous system (primarily 
through increases in sympathetic nervous system activity, which constricts arterioles and makes the heart pump 
faster and harder). Through this integrated and antagonistic system with 1) sympathetic outflow from 
the vasomotor center of the brainstem, 2) parasympathetic outflow arising from the nucleus ambiguus, and 
3) dorsal motor nucleus of the vagus nerve; cardiac activity in response to fast increases in blood pressure is 
decreased.  The mechanism protects the heart.  As measured through HRV or BRS, in diseased patients this 
mechanism is broken due to constant high sympathetic tone.  The SET cardiac gated electrical stimulation 
protocol has been clinically found to improve HRV and BRS. 

Vasodilation also directly affects the relationship between mean arterial pressure, cardiac output, and total 
peripheral resistance (TPR). Vasodilation occurs in the time phase of cardiac systole, whereas vasoconstriction 
follows in the opposite time phase of cardiac diastole. An increase in either of these physiological components of 
cardiac output or TPR causes a rise in the mean arterial pressure. Vasodilation works to decrease TPR and blood 
pressure through relaxation of smooth muscle cells in the tunica media layer of large arteries and smaller 
arterioles. Although it is recognized that the sympathetic nervous system plays an expendable role in vasodilation, 
it is only one of the mechanisms by which vasodilation can be accomplished. The spinal cord has both 
vasodilation and vasoconstriction nerves. The neurons that control vascular vasodilation originate in the 
hypothalamus. Some sympathetic stimulation of arterioles is mediated by epinephrine acting on β-adrenergic 
receptors of arteriolar smooth muscle, mediated by cAMP pathways. Sympathetic nerves control the skin 
arterioles for this purpose, with greater release of norepinephrine causing vasoconstriction. Since under neutral 
conditions there is some steady sympathetic, reduction of the sympathetic effects allows vasodilation. Unlike 
many structures, arterioles do not have the dual innervation by both sympathetic and parasympathetic nerves. 

 

 



CONCLUSION Chronic pain combines central sensitization, decreased HRV and BRS, and psychosocial 
elements of pain behaviors, adaptations, solicitous spouse behaviors and catastrophizing.  These are often 
combined with anxiety, negative mood, unrefreshed sleep, weight gain, and other comorbidities.  The SET 
treatment initially attracts the reduced HRV and BRS by directly impacting the homeostasis with cardiac 
stimulation and effecting pain perception by introducing a short painful stimulus that is greater than the everyday 
stimuli of the chronic pain.  The associated operant-behavior therapy replaces the current pain patterns with 
healthy pain free patterns. 
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