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Possible Mechanism of Referred Pain
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Department of Physiology, Jeonnam National University Medical School
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Fig. 1. Pain innervation of the viscera. Pain afferents from structures above the thoracic pain line and
below the pelvic pain line tranverse parasympathetic pathways. (Ganong : Review of Medical Physiol-
ogy 14th ed. Lange, 1989. Reproduced from Ruch, T.C. in Physiology and Biophysics. 19th ed. Ruch, T.

C. and Patton, H.D. {editors), Saunders, 1965)
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Table 1. Different Types of Pain Fibers and Pain Receptors Producing Somatic and Visceral Pain

A. Pain fibers

Somatic pain fiber

A) Free nerve ending

B) A 8 Fiber, myelinated conduction velocity
5~30m/sec responsible for fast pain

C) Dorsal root C fiber, unmyelinated conduction

velocity 0.5~2 m/sec responsible for slow pain

Visceral pain fiber

A) Free nerve ending

B) Mainly, sympathetic & parasympathetic
C fibers conduction velocity 0.7~2.3 m/sec
responsible for slow pain

B. Pain receptors

Somatic pain receptors

A) Mechanical receptor

Visceral pain receptors

A) Mainly, chemical receptors

mechanic stretch specific chemicals -
B) Thermal receptor *bradykinin
heat & cold *acidic metabolic end product
C) Chemical receptors specific chemicals *Proteolytic enzyme
*bradykinin *hollow organ spasm & stretch
*serotonin
*histamine
*prostaglandin
{enhance sensitivity of pain fiber
endings)




Table 2. Nerve Fiber Types in Mammalian Nerve (Ganong : Review of Medical Physiology, 14th ed. Lange,

1989)
Fiber  Conduction  Spike R’:’f’f:i‘t‘gfy
Fiber Type Function Diameter Velocity Duration Period
(¢m) {m/s) (ms) (ms)
Ao Proprioception ; somatic motor 12~20 70~120
8 Touch, pressure 5~12 30~70  0.4~0.5 0.4~1
b4 Motor to muscle spindles 3~6 15~30
8 Pain, cold, touch 2~5 12~30
B Preganglionic autonomic <3 3~15 1.2 1.2
C dorsal root  Pain, temperature, some 0.4~1.2 0.5~2 2 2
mechanoreception, reflex responses
sympathetic Postganglionic sympathetics 0.3~1.3 0.7~2.3 2 2

Table 3. Relative Susceptibility of Mammalian A, B and C Nerve Fibers to Conduction Block produced by
Various Agents (Ganong : Review of Medical Physiology, 14th ed. lange, 1989)

Most susceptible Intermediate Least Susceptible
Sensitivity to hypoxia B A C
Sensitivity to pressure A B C
Sensitivity to cocaine C B A

and local anesthetics

A7 dqElge “C fiber”l & (myelin  2o] o] uMapto g oixuAe] MA zhdad

sheath)’} §l 7F=71 wiEolet @eH(Table 2, 3). {(somesthetic sensory area)pl| X3 c}HFig. 2).
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1) ##F*(dorsal column system)
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Fig. 2. The dorsal column and spinocervical path-
way for transmission critical type of tactile
signals. (Guyton: Texthook of Medical
Physiology, 8th ed. Saunders, 1991.
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Fig. 3. The anterior and lateral divisions of the
anterolateral spinothalamic pathway. (Guy-
ton: Textbook of Medical Physiology, 8th
ed. Saunders, 1991)
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Fig. 4. Diagramatic illustration of nerve fiber con-
nection at the dorsal horn.
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Fig. 5. Schezhatic diagram of the gate control system (Melzack and Wall, 1965). SG, substantia gelatinosa;
TC, transmission cells ; L, large fiber, S, small fiber (C fiber); +, excitation ; ~, inhibition.
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Fig. 7. The descending pain-modulating system. An
endorphin-mediated system originating in
the periaqueductal-periventricular gray
(PAG) projects to the nuclei raphe magnus
(rm) and reticularis magnocellularis (mc),
and thence via the dorsolateral funiculus
(DLF) to the spinal cord. Other bulbospinal
pathways potentially relevant to analgesia
arise from nucleus paragigantocellularis
(pg!l) and noradrenergic (ne) cell groups. The
solid cells denote endorphin-containing
interneurons. (Guyton: Textbook Medical
physiology. 8th ed. Saunders, 1891)
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gy. 21st ed. Saunders, 1989), PAG, periaque-
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raphe magnus, mc, reticularis magnocel-
lularis; DLF, dorsolateral funiculus; pgl,
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Fig. 9. Working hypothesis for electroacupuncture analgesia. Needling of a sensory receptor (S) causés the
central nervous system to stimulate the midbrain periagqueductal grey (P; PAG) or pituitary gland
(Pit) to release endorphins. The pituitary endorphins (Ed) travel in the circulation to bind with opiate
receptors on primary afferents in the spinal cord or on cells in the nociceptive line and hence block
painful messages. In the midbrain enkephalins (Ek) act as neurotransmitters to cause the raphe nu-
cleus (R) to send neural messages via the dorsolateral fasciculus (DLF ; Lissauer’s tract to the spinal
cord to block nociception, N, interneuron. (—), inhibition, (+), excitation. (Redrawn from Pomeranz

and Cheng, 1979 : Exp. Neurol. 64 : 327-341)

Fig. 10. Schematic diagram ilustrating possible con-
nection of pain fibers at dorsal horn of the
spinal cord in Mackenzie’s irritable focus
theory.
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2) W %% (Ruch’s convergence-projection
theory)
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Fig. 11. Schematic diagram illustrating possible con-
nection of pain fiber at dorsal hon of the
spinal cord in Ruch’s covergencer-projection
theory.
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Fig. 12. Anatomical bases of referred pain due to
branching afferent theory, C, neuron pool
excited by cutaneous nociceptors ; A, neuron
pool excited by visceral nociceptors; B, a
neuron excited or facilitated by afferents
from both sources; D, primary afferent no-
ciceptive axon branch, with some branches
innervating visceral structures and skin.
Excitation or faciliatation of neurons such
as B would lead to referred pain (Patton,
Fuchs, Hille, Schner and Steiner : Textbook
of Physiology, 21st ed. Saunders, 1989)
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Fig. 13. Surface area of referred pain from different
visceral organs. (Guyton : Textbook of Medi-
cal Physiclogy. 8th ed. saunders, 1991)
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