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Anatomy and Physiology of Pain

Gun-Sei Oh, M.D.

Department of Neurology, Eulji University School of Medicine, Daejeon, Korea

Acute, nociceptive pain results from the complex convergence of many signals traveling up and down the neuraxis
and serves to warn us of impending harm. Recently, considerable advances have been made in knowledge of nocicep-
tive transmission. It is now widely believed that stimulation of primary afferent neurons in the peripheral nervous
system results in activation of neurons in the dorsal horn of the spinal cord and then in transmission rostrally to the brain.
This article reviews the transmission of a nociceptive or pain impulse from the site of stimulus in the peripheral to the
central nervous system. The basic anatomic pathways of nociceptive transmission and descending nociceptive modula-
tions are described. Some of the basics of physiology also are discussed. The studies reviewed here is likely apply
more to acute pain than to chronic pain, because most of the experimental paradigms used are more closely analogous to

the injury of acute pain than chronic pain.
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Table 1. Primary afferents classed by conduction velocity and physical nature of the effective stimulus

PERIPHERAL NERVE FIBER CLASSIFICATION
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CONDUCTION
FIBER TYPE FUNCTION SIZE(pum) Velocity (m/sec)
Aa Ia Proprioception, stretch 12-22 70-120
Primary muscle spindle afferents
Motor efferent to muscles (extrafusal)
Aa Ib Contractile force: Golgi tendon organ afferents 12-22 70-120
AR II Mechanoreception: discriminative touch, pressure, joint rotation 5-12 30-70
Secondary muscle spindle afferents
Ay I Muscle spindle (intrafusal) efferents 2-8 15-30
AS 11 Mechanoreception: touch 1-5 5-30
Nociception: discriminative pain
B - Sympathetic preganglionic axons <3 3-15
C v Nociception: in inflammatory or visceral pain, thermal sense 0.1-1.3 0.6-2.0
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Fig. 1. Propagation of action potentials in sensory fibers results in
the perception of pain (Modified from Fields 1987). A; This elect-
rical recording from a whole nerve shows a compound action poten-
tial representing the summated action potentials of all the compo-
nent axons in the nerve. Even though the nerve contains mostly
nonmyelinated axons. The major voltage deflections are produced
by the relatively small number of myelinated axons. This is because
action potentials in the population of more slowly conducting axons
are dispersed in time, and the extracellular current generated by an
action potential in a nonmyelinated axon is smaller than the current
generated in myelinated axons. B; First and second pain are carried
by two different primary afferent axons. First pain is abolished by
selective blockade of A myelinated axons (middle) and second pain
by blocking C fiber (bottom).
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HORIZONTAL

Distribution of L1
Afferent Terminals

A FIBER: Laminae llI-V
Trifurcate: Dosal Column

C FIBER: Laminae I-Il
Trifurcate: Lissauer Trt

*Projections up to +4-6 segments
«Density of projectionsa diminish

C FIBER
. <

TRANSVERSE

Fig. 2. Schematic displaying the ramification of C fibers (left) into the dorsal horn and collate-
ralization into Lissauer’s tract and of AB fibers (right) into the dorsal columns and into the
dorsal horn. Note that the densest terminations are within the segment of entry, and that there
are less-dense collateralizations into the dorsal horns at the more distal spinal segments. This
density of collateralization corresponds to the potency of the excitatory drive into these distal
segments.

Dorsal median septum
Dorsal intermediate sulcus

Aa fiber
Ap fiber
A¢ fiber
C fiber

nterior wh
commisure

Ventral
funiculus

Ventral median
fissure

Fig. 3. Anatomy of the spinal cord at a cervical level. Gray matter can be divided into groups
of neurons that form layers in both dorsal (sensory) and ventral (motor) horns. Termination
of large (Aa and AB) and small (AS and C) afferent axons in the cord vary by depth. The
two groups enter the cord separately and terminate in regions that overlap very little.

TR TEY of= A FAst == o] A7 2 Ui $HEE 37 F%(laminae VII through IX). 2
HAHEY 7]5< wrggth Rexed= 349 34 AE 107 k" 109 A Tlamina X)< AT H4AHA|
goz 9’ S®E 7] 1 (laminae I through VI) O ZE HAHY THFig. 3).
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Ao FE BE2 Y A Zolo AA olojA gl
H, 4o AL %S5 B(medullary dorsal horn)o] it} &
8 9] 7}AA} 2] Z(marginal layer)o] A 1Zo|th A % E=
o} & (substantia gelatinosa)S &3 W Z&(Ilog} )22 tf
Al vk A THEE A Vi 353 (nucleus proprius) E
= Z A Z(magnocellular layer)o]ztal gttt

SUAREE APste TRAFNESL ©
otk Al 1#I} A Vi FZ4E0|4AA /\ﬂ:TE(nocweptlve spe-
cific neuron)S Zral 9ot EZE0] XA
Atk Stte A8 AR GA AS 7| AT
7)ok 7] C A%

A4
2R dYS we

T WA= 1A AS 7]741—? l o ATt S Wt &
el AFshes umA AZAze FsHANBAZ
(wide-dynamic-range neuron)© ]E} F2 A v aga A1
To A= Bop AA)A FAHE FEHANBAZE A
B AGA 71A5+E&71AE A Bt obdz, AS A A+
(YA A8 71 AFE719 L=GE7)) bF 87
C AAHRZ HE A& wEen(Fig 4)."

TEY YL 7|59 oA ABe &t A 1w

AZBAZEAL B 2e B2 AT dejre 7] A=
o AN U BT\ AR BEH Rl 91 8
o} 22 A A} 2 (spinothalamic tract) S 79516 EALEE=
A B AANESL F330 250 F2EEY B4 24
ojtt. o]F FAFONAANEZS(IGA 71448719 L&
7ty C AR £ 9E2Z o7 B=2Hof 93
AAEG P’ o] BZAG Y] ofH A ZH(opiate modula-
fone 715402 2AFHAGE A4S AATT SohA
o] A ofw Ao le AZAZA substance P}
neurokinin A7} E8])Eth" Somatostatine 33| A2} 2o <
A BRIFHAT, Fe71A ATl AsfA = EHEHA &
Lrh o]k $Be] §17} ol BE Eoto] ot A
& A

AS B71-871% Al 1 A lloto] $317 4712
Yol A veiat A XZo| 223} Lissaver2 9] 9|8 4
gto] B2z Solok CAANEE HAHA A 183
A Mot 223 A Vo] FAFE" 2 §RABAH AR
£ A VI gk oy, A M VEe| = FA g 18
U AAEY FoE SBY AZ7 5 (cytoarchitecture)]
2% WaF glo] 2 A2 AAHET0| A 1B oo

Ag¢ fiber ¢

C fiber_¢

AB fiber ¢

Fig. 4. Nociceptive afferent fibers terminate on projection neurons
in the dorsal horn of the spinal cord. Projection neurons in lamina I
receive direct input from myelinated (AS) nociceptive afferent fibers
and indirect input from unmyelinated (C) nociceptive afferent fibers
via stalk cell interneurons in lamina II. Lamina V neurons are predo-
minately of the wide dynamicrange type. They receive low-thre-
shold input from the large-diameter myelinated fibers (AB) of mecha-
noreceptors as well as both direct and indirect input from nocicep-
tive afferent fibers (AS and C). In this figure the lamina V neuron
sends a dendrite up through lamina IV, where it is contacted by the
terminal of an AG primary afferent. A dendrite in lamina III arising
from a cell in lamina V is contacted by the axon terminal of a lamina
II interneuron (Adapted from Fields 1987).

2 }u501Z 4 Uk AABA $5FFL0A o)
RaAATEST AE A Aot Q4 PAEL old AR
oz Agg 4 9
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A& < (anterior
lateral quadrant)2 753t AJAte 2 AT chFig. 5). &
A A} 2 (spinothalamic tract; STT)9} AFRFAI A A AL 2 (trige-
minothalamic tract)= YAH 0.2 53 LEARE A
b 2 ST At s GETh Qi
AE e 329 2o RoAE dEet B9 ge
HHES Ffotel faATol ALHLE AHUE FeHA
o} 2%

T} GE STTE H29] GAZALGS F 95t &
gh7teh. A 427k 2 (spinomesencephalic tract; SMT)& 2]
T S7FEAE AT 57154 R D(dorsolateral funiculus)
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Fig. 5. Three of the major ascending pathways that transmit nociceptice information from the spinal cord to higher centers. The spinothalamic

tract is the most prominent ascending nociceptive pathway in the

o IRk 37418 20l F 244+ A dorsal column post-
synaptic spinomedullary system)= 2] Z(dorsal column)of ¢
28t o214 F7 Z(second-order dorsal column pathway)o]
o 22379 o] F A Y A Q27 (propriospinal multisynap-
tic ascending system)= EZ- Ao oJH I 3l= AlA
HZEY d|A &R 74 Bt Bag 287 otk

A5 o] YIHBARE A 9 HHSTTY SMT7F E4H) Al
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AAAZE B9 9 g (somatotropic organization)S ZF1 Sl
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spinal cord (Adapted from Willis 1985).
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73 (cranial nerve VII), & 915417 (cranial nerve IX), T34
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Rejop i A2 SFARRYRE 74
=4l Z[ophthalmic (V1)],
[maxillary (V2)], o}2 € 417 [mandibular (V3)]| 2.2

[trigeminal ganglion

At JdzT =

B B ohs FAY FRERRY ok 24HNE 3

FAAAR % ‘é‘?lt}(Flg 6).

AFAIA A o S A4 2=k A H(spinal cord-medulla
junction)of| A] Z_]’l:](mldbra1n)_4 FE7IA] MHYE d&
A Az7)5< B8t ok &FAZE L HrhE(pons)
ZF7HE9 o 9l F7+2 - (principal sensory nucleus; Vp) 2

Fig. 6. Schematic representation of ascending pathways of the central
trigeminal system with priority to nociception. The figure is based on
a representation of the human trigeminal system by Nieuwenhuys et al
but includes trigeminal structures found in other species, which may
differ In part from the trigeminal system of primates. Contours of nuclei
are simplified; symbols for single cell bodies and nerve fibers represent
populations of neurons. The trigeminal brain stem nuclear complex
(TBNC) includes subnucleus principalis (Vp) and the spinal trigeminal
nucleus, which consists of subnuclei oralis (Vo), interpolaris (Vi) and
caudalis (Vc). Primary afferents from the trigeminal divisions (V1-3) pro-
ject to all subnuclei of the TBNC, thick myelinated fibers mainly to Vp,
and thin A and C fibers preferentially to caudal subnuclei and the first
spinal segments (C1-2). Minor projections to the spinal trigeminal nucleus
run through nerves VII, IX, and X (not further described). Intersubnu-
clear connections are shown originating from Vc but may connect all
subnuclei of the TBNC. Neurons from Vp ascend to the ipsilateral and
to the contralateral thalamus, forming the trigeminal lemniscus (VLem).
Trigeminothalamic neurons Involved in nociception project via a crossed
pathway mainly to the VMpo (in primates), the ventroposterome-dial
nucleus (VPM), the medial region of the Pom, and the ventrocaudal medial
dorsal nucleus (MDvc;in primates) or nucleus submedius (SM; in rat and
the ventrocaudal medial dorsal Nucleus (MDve; in primaes) or nucleus
submedius (SM; in rat and cat) in the medial thalamus. There is also
a significant projection from the TBNC to the hypothalamus (Hyp) and
to the pontine parabrachial (PB) and Kolliker-Fuse (KF) nuclei. Abbre-
viations: ceP, cerebellar pedunculus; SDH,spinal dorsal horn, SI, primary
somatosensory cortex’; SVT, spinal trigeminal tract; ISVT, interstitial
nucleus of the SVT; VPL, ventroposterolateral thalamic Nucleus. The
main cortical projections from these thalamic nuclei are to the cingu-
late cortex (in primate) or ventrolateral orbital cortex (Vlo, in cat and
Rat), the insula, and the primary and secondary somatosensory cortices
(SI and SII).
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formation)?} A2 0.2 FAA7| wEo] wHFEY wWZ
AAE g G AL JERE(Vo) o3
A AN EZLE] AN, Ol5L AFAAE
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Fig. 7. Peripheral distribution of the trigeminal nerve and the inverted somatotopic arrangement of the hemiface within the spinal trigeminal

nucleus pars caudalis (A). Functional onion-skin pattern of facial Pain is superimposed along the caudal to rostral axis of the pars caudails (B).
CN, cranial nerve.
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Fig. 8. Intrinsic opioid-mediated brain stem connectivity. Periaque-
ductal grey (PAG) neurons activate an opioid (presumably enkephali-
nergic) neuron. This endogenous opioid inhibits u-opioid receptor-
bearing on cells and GABAergic inputs to off cells. The inhibition
of the GABAergic inputs disinhibits the off cell, which when activa-
ted inhibits nociceptive transmission at the level of the dorsal horn.
The sources of the GABAergic inputs to rostral ventromedial medulla
(RVM) off cells and the location of the opioid neuron are not known.
However, on cells are not the source of GABAergic inputs to off
cells because selective inhibition of RVM on cells does not activate
RVM off cells.
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Fig. 9. A major painmodulating pathway with critical links in the
midbrain periaqueductal grey (PAG) and rostral ventromedial med-
ulla (RVM). Regions of the frontal lobe and amygdala project dire-
ctly and via the hypothalamus (H) to the PAG. The PAG in turn
controls spinal nociceptive neurons through relays in the RVM and
the dorsolateral pontine tegmentum (DLPT). The RVM contains both
serotoninergic and non-serotoninergic projection neurons; the DLPT
provides noradrenergic innervation of the dorsal horn. The RVM exerts
bidirectional control over nociceptive transmission in dorsal horn.
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