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Abstract : Pain, an adaptive but unpleasant sensation, is the most common symptom of numerous diseases in humans
and animals. Although animal patients express this symptom frequently, a lack of communication abilities hinders its
recognition by veterinary physicians, thereby leading to unsatisfactory management of the symptom. On the other hand,
pain itself has its own neurological mechanisms, regardless of the disease that causes it. Thus, a physician may need
to know the mechanisms underlying pain development in order to properly manage the symptom in a particular disease.
In this review, we attempt to provide a brief introduction to the anatomical, physiological, and neurological basis of
pain transmission and sensation. Although most knowledge about these mechanisms comes from studies in humans
and laboratory animals, it is generally applicable to pet, farm, or zoo animals. In addition, we summarize pain behavior
in several pet, farm, and laboratory animals for its proper identification. This information will help to identify and
manage pain, and thus improve welfare, in animals.
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Introduction
 

The definition of pain is “an unpleasant sensory and emo-

tional experience with actual or potential tissue damage, or

described in terms of such damage”, as described in the refer-

ence for humans (15). In a manner similar to humans, animals

perceive and react to the pain sensation (2) to protect their

bodies from existing or potential tissue damage. Pain is there-

fore called an adaptive and early warning sign. Regarding the

perception of pain, there are abundant similarities in anatom-

ical pathways and biochemical and physiological mechanisms

as well as in behavioral responses to pain stimuli, which have

been collectively used to justify the validity of animal research

for the development of pain management tools in humans.

However, unlike in humans, pain assessment in animal

patients is complicated by their lack of communication abili-

ties. Therefore, the recognition and control of pain are far

more difficult challenges in animals than they are in humans,

thereby leading to insufficient healthcare in veterinary clinics.

It is thus necessary for veterinary physicians to not only be

familiar with pain behaviors in animals, but also understand

the anatomical and physiological basis of pain mechanisms.

In this review, we will first summarize the anatomical basis

of pain, particularly in the dorsal horn (DH) of the spinal

cord. The spinal DH receives various peripheral sensory inputs,

including pain, through the primary afferent fibers, whose

cell bodies are located in dorsal root ganglia (DRG). It is

thus the initial central nervous system (CNS) area that pro-

cesses and integrates sensory and pain information, and pro-

vides the source of signals transmitted to the higher brain. On

the other hand, nerve fibers, descending from the brainstem

and other higher brain structures, and intrinsic neurons par-

ticipate in the central processing of peripheral information in

the DH, while projection neurons are in charge of the trans-

mission of integrated information from the DH to various

higher brain regions, particularly to the thalamus. In addi-

tion, we will describe the pathway of pain transmission to

higher brain regions, and also the physiological aspects of

pain, most of which are derived from studies in laboratory

animals, that is, rats and mice. Finally, we will briefly dis-

cuss pain behaviors in animals; it should however be noted

that pain treatments and their principles are not included

here. The basic but essential knowledge of pain mechanisms

provided in this short review would help veterinary clini-

cians properly manage pain in animals and increase aware-

ness of animal welfare.

The spinal cord dorsal horn:
the first central area for pain transmission

The spinal cord is a continuum of the brain, consisting of an

outer layer of white matter and an inner core of gray matter,

and is typically described as a series of segmental compo-

nents determined by the emergence of spinal nerves. In the

case of the dog, there are eight cervical, thirteen thoracic,
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seven lumbar, three sacral, and about five caudal segments

(28). Longitudinally oriented myelinated axons, including some

non-myelinated axons, are responsible for white color of the

white matter. The gray matter occupies the central portion of

the spinal cord, and contains neuronal cell bodies, dendrites,

axons, and glial cells. On the basis of the size, shape, cyto-

logical features, and density of neurons, the gray matter is

divided into 10 laminae (or layers) (as seen in transverse sec-

tions), an organization that was first proposed in the cat (20),

at all levels of the spinal cord except for lamina VI, which is

present only in the cervical and lumbar segments. The first

six distinct laminae (I-VI) in the dorsal-to-ventral direction

are collectively called “the DH” of the spinal cord (Fig 1).

The first and second laminae form the superficial layer of the

spinal DH (6), and laminae III-VI form the deeper layer.

Primary afferent fibers, arranged on the basis of fiber size,

are distinctly distributed to the laminae of spinal DH (25),

which affects, physically, the velocity of nerve conduction

and, physiologically, the modality of sensory information.

Most fine myelinated (Aδ fiber; conduction velocity, 1.5 to

10 m/sec) or unmyelinated (C fiber; conduction velocity,

< 1.5 m/sec) primary afferent fibers, which transmit mechan-

ical and thermal pain sensation, end predominantly in the

superficial layer of the spinal DH (9,10). On the other hand,

most large-myelinated cutaneous primary afferents (Aβ fiber;

conduction velocity, > 10 m/sec), which function as low-

threshold mechanoreceptors for light touch sensation, have a

characteristic pattern of termination in the deeper layer of the

spinal DH (7). Further, the unmyelinated C fibers can be

divided into two major groups: peptidergic and non-peptider-

gic (25). Peptidergic C fibers express tropomyosin receptor

kinase A (TrkA) or transient receptor potential cation chan-

nel subfamily V member 1 (TRPV1) as cellular markers and

contain neuropeptides such as calcitonin gene-related pep-

tide (CGRP) and/or substance P (17). These fibers are consid-

ered as nociceptors because of their responsiveness to noxious

stimuli (8). The peptidergic CGRP/substance P-containing C

fibers terminate mainly in lamina I and the outer layer of

lamina II. Non-peptidergic C fibers can be identified by stain-

ing with Bandeiraea simplicifolia isolectin B4 (IB4) (24), and

are distributed in the inner layer of lamina II; this population

is also nociceptive (3).

In the spinal DH, lamina I, known as the marginal nucleus,

contains projection neurons whose axons contribute to the spi-

nal thalamic tract for sensory and pain transmission to higher

brain areas. Due to a concentration of small neurons and a

relatively small number of myelinated axons, lamina II is

observable as a translucent band under the naked eye or light

microscope, thus being called “substantia gelatinosa (SG)”

(11,16). All SG neurons are heterogeneous interneurons, and

30% of them are γ-aminobutyric acid (GABA)ergic (26).

Although interneurons also exist in the deeper layer (i.e.,

laminae III-VI) of the spinal DH, it is characteristic that this

area contains many projection neurons of which axons con-

tribute to the spinocervicothalamic and spinothalamic tracts for

sensory and pain transmission (28). Many of the projection

neurons are neurokinin (NK) 1-positive neurons. These neu-

rons project to pain-relating areas in the brain, and receive

inputs from GABAergic interneurons that contain neuropep-

tide Y (NPY) (18). This contrasts with the fact that a subpop-

ulation of projection neurons, called giant marginal cells, in

lamina I lack NK1 and express the glycine receptor-associ-

ated protein gephyrin (19).

The synaptic circuitry in the spinal DH, as an integration

and transmission system for pain, is not clearly demon-

strated yet. However, Melzack and Wall (14) proposed a the-

ory that describes how peripheral pain signals are transmitted

from the DH to higher brain areas (called the gate control

theory; Fig 2). In this theory, SG neurons in lamina II of the

DH play a significant role in the gate for pain transmission

by presynaptically controlling both large and small diameter

fibers that innervate transmission neurons. Because the main

function of SG neurons is an inhibitory one to the terminals

of both small and large fibers, the activation of SG neurons

by the large diameter fibers (Aβ fibers) closes the gate for

passing on the pain signals conveyed through both fibers.

However, the inhibition of SG neurons by the small diameter

Fig 1. A diagram showing the spinal cord dorsal horn and the

spinal thalamic pathway. The dorsal horn includes laminae I to

VI; its superficial layer consists of laminae I and II, and its

deeper layer of laminae III to VI. The axons of projection neu-

rons decussate in the anterior spinal commissure, and are added

to the spinothalamic pathway through the anterolateral fasciculus.

Fig 2. A simplified diagram of the gate control theory of pain

mechanisms. Large diameter afferent fibers (L) excite (+) both

substantia gelatinosa (SG) neurons in lamina II and transmission

(T) neurons in the deeper layer, while small diameter fibers (S)

inhibit (−) SG neurons but excite T neurons. The SG neurons

further inhibit both the L and S fibers presynaptically. Therefore,

the activation of L fibers blocks the transmission of pain signals

through the S fibers (i.e., closing the pain gate), whereas the acti-

vation of S fibers allows transmission (i.e., opening the gate).
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fibers (C fibers) opens the gate and transfers the pain signals to

the transmission system. The transmission system, conceiv-

ably consisting of projection neurons, transmits the signals to

the higher brain areas that are involved in the processing of

pain signals. Although much recent information needs to be

incorporated, the gate control theory helps our neurological

understanding of pain symptoms.

Pain pathways to the brain

Pain sensation is not simple; rather, it has a distinct quality

with different psychological dimensions in humans, as well

as, probably, in pets and animals. Several anatomical pain

pathways, which convey the integrated signal in the spinal

DH to the higher brain regions, play roles in the quality of

pain, that is generally described as a combination of sensory-

discriminative (temporal, spatial, thermal/mechanical), affec-

tive (subjective and emotional; e.g., fear, tension, and auto-

nomic responses), and evaluative (cognitive, describing the

magnitude of the quality; e.g., stabbing/pounding or mild/

severe) components (12).

The first pathway is the spinothalamic pathway (27) that

involves the projection neurons in lamina I and the deeper

layer of the spinal DH (Fig 1). This pathway is fast-conduct-

ing and located in the anterolateral fasciculus of the spinal

cord (Figs 1 & 3), and it decussates in the anterior spinal

commissure in one to three segments above the level of the

root entry. While ascending through the anterolateral fascicu-

lus, the bundle of axons from above-levels of the spinal seg-

ment are added to the inner side of the tract one by one,

terminating in the several brainstem and the thalamic struc-

tures. This pathway helps animals to identify the location

(spatial) and time (temporal) of pain stimuli, therefore con-

tributing to the sensory-discriminative component of pain.

The main arrival region of the spinothalamic pathway in the

thalamus is the ventrobasal and posterior nuclei for its lateral

division and, for its medial contingent, the intralaminar com-

plex of nuclei and in the nucleus submedius (21).

Another fast-conducting pathway is the postsynaptic dorsal

column pathway (Fig 3), which follows dorsal column nuclei

(gracile nucleus and cuneate nucleus in the brainstem), exert-

ing a modulating effect on pain transmission. This pathway

reaches the ventrobasal and ventroposterior nuclei of the thal-

amus (21).

The rest pain pathways, rather slowly-conducting, include the

spinoreticulothalamic and spinohypothalamic pathways (Fig 3)

(21). The spinoreticulothalamic pathway directly projects to

the reticular core of the medulla and the midbrain, forming

synapses in the nucleus gigantocellularis and, more rostrally,

in the nuclei of the parabrachial region, the midbrain reticu-

lar formation, the periaqueductal gray matter, and the hypo-

thalamus. The spinohypothalamic pathway targets both sides

of the hypothalamus, the thalamus, the superior colliculus,

and reticular formations in the midbrain, the pons, and the

medulla. The pain signals passing through these slowly-con-

ducting pathways then terminate in the medial and intra-

laminar nuclei of the thalamus, and contribute to the affective

component of pain, including various reflexes, endocrine ad-

justments, and emotional changes caused by pain. The evalu-

ative component of pain involves broad areas of the brain,

including the primary and secondary somatosensory cortex,

and may also be applicable to animals.

Physiological aspects of pain

Pain is typically evoked by the sequential activation of

peripheral nociceptors, pain pathways, and the central pain

centers of the brain. The particular stimuli that activate spe-

cific nociceptive receptors are diverse. For example, nocicep-

tive receptors in the skin can be activated by pricking, cutting,

crushing, burning, and freezing. However, those stimuli do

not activate the joints, which are sensitive to hypertonic

saline or inflammation in the synovial membrane. In addi-

tion, pain in skeletal muscles, as well as in cardiac muscles,

is caused by ischemia, necrosis, hemorrhage, injection of irri-

tating solutions, prolonged contraction, or injuries of connec-

tive tissue sheaths. Therefore, to identify the exact sources

that cause pain in animals, veterinary physicians need to

delineate the stimuli sensitive to a specific tissue in the pain

area.

Tissue damage, activating the nociceptors and/or pain path-

ways and causing “primary pain”, induces the release of pro-

teolytic enzymes. These enzymes locally act on tissue proteins

to liberate substances, for instance, histamine, prostaglan-

dins, serotonin, and potassium ions. The nociceptors in the

periphery respond to the released pain substances, thereby

increasing vascular permeability. The activation of nocicep-

tors, especially C fibers, further releases substance P, which

Fig 3. A summary of ascending pain pathways. Projection neu-

rons in the spinal dorsal horn, particularly, the deeper layer, send

axons to the various regions of the brain through ascending tracts.

The lateral fast-conducting pathways (solid lines) includes

spinothalamic (ST) and postsynaptic dorsal column (pDC) path-

ways; the medial slowly-conducting pathways (dotted lines)

include spinoreticulothalamic (SRT) and spinohypothalamic

(SH) pathways.
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induces vasodilation, erythema, and edema (“neurogenic in-

flammation”), causing “secondary pain” in a much broader

area than just the area that is injured.

Regarding the perception of pain, it should be mentioned

that the pain threshold depends on the state of an animal. If

an animal is in a state of distraction, strong emotion (e.g.,

fear or rage), or depression, the threshold to evoke pain would

be lowered, i.e., the animal is more sensitive to pain stimuli.

In addition, pain is heterogeneous, regarding etiological fac-

tors, mechanisms and temporal characteristics (22). A single

mechanism may potentially produce different symptoms,

such as spontaneous pain or shock-like pain, while the same

symptom (a pain response to light touch) may involve sev-

eral different mechanisms. In addition, the mechanisms con-

tributing to the early state of pain will change in later

(chronic) states, and therefore require different pain manage-

ment strategies.

Pain itself may cause various physiological responses that

can sometimes be used for objective measurements of pain.

Those physiological parameters are measured before and dur-

ing pain, or after the administration of pain medication. As

neurophysiological signs, outward symptoms of the peripheral

and/or central nervous system, such as twitching, tremors,

convulsions, paralysis, dilated pupils, etc., can be measured;

alternatively, using complex techniques, such as evoked poten-

tial analyses, standard electroencephalograms or brain wave

analyses, may be considered. As cardiovascular signs, changes

in heart rate, blood pressure, blood flow, cardiac output, etc.,

can be measured. Changes in respiratory rate, minute volume,

and blood gases and pH levels can be measured as respira-

tory signs. In addition, digestive and urinary signs can be

measured.

Pain behaviors in animals

The recognition of pain in animals is problematic, and relies

on the interpretation of an animal’s behavior by an observer,

because there is no effective means of communication

between them. Therefore, animals experiencing pain can be

evaluated by parameters that relate to their behaviors (Table

1) (23). Visible pain behaviors could be a limping gait or a

behavior not to apply weight on the affected limb. In addi-

tion, animals’ nocifensive signs, to escape from nociceptive

stimuli, could be measured, which are paw licking, exces-

sive grooming, excessive exploratory behavior, and guarding

of the affected area. In some of serious pain conditions, par-

ticularly in the case of peripheral nerve injury, an affected ani-

mal attacks and mutilates the denervated areas (“autotomy”). 

In veterinary hospitals and laboratories, pain behaviors can

be tested by applying mechanical or thermal stimuli to the

affected area, which can be determined as allodynia or hype-

ralgesia. Allodynia is the case of withdrawal responses to

non-painful mechanical or thermal stimuli, for example, light

touch and brushing, while hyperalgesia describes stronger or

early withdrawal responses to painful mechanical (e.g., Von

Frey filaments) or thermal (e.g., hot or cold water) stimuli. It

should be noted that the degree of pain behavior depends on

the species, the pain type (not described in this review), and

the affected areas.

Regardless of the advances that have been made in under-

standing pain behaviors in animals, finding convincing scores

for pain identification is still challenging. Visual analogue

scores (VAS) (1), numerical rating scales (29), or any other

pain score indices usually involve translating subjective as-

sessment values into numbers. It is not rare to find significant

differences in pain scores among multiple observers or veter-

inary clinicians. In addition, these methods are sometimes

unreliable in the assessment of acute pain in dogs (5). In this

regard, the Glasgow Composite Measure Pain Scale (GCMPS)

would be a reliable way to assess pain in animals (4). The

GCMPS was developed by using methods similar to McGill

Pain Questionnaire in humans (13), and took the form of a

structured questionnaire completed by an observer, while fol-

lowing a standard protocol which includes the assessment of

spontaneous and evoked behaviors by evaluating the interac-

tion between the observer and the animal.

Concluding remarks

The understanding, treatment and management of pain is

of great importance in the veterinary clinic. Although most

knowledge about pain mechanisms comes from studies in

humans and laboratory animals, the understanding of pain

mechanisms may also help to manage pain in veterinary clin-

ics. Furthermore, extensive efforts need to be made to define

pain behaviors in pet, farm, zoo, or laboratory animals, and

to understand the neurological etiology of pain. In addition,

careful observation of specific pain behaviors in different

species by veterinary clinicians would help identifying the

adequate treatment for individual animal patients. Such an

effort would highly improve animal welfare.
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