
Theories of Pain
The IASP defines pain as "an unpleasant sensory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such damage" is derived from a 1964 definition by Harold 
Merskey, and it was first published in 1979 by IASP in PAIN, number 6, page 250.

https://www.iasp-pain.org/Taxonomy#Pain

Specificity ---- Intensity ---- Pattern (Gate Control)
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Rene Descartes

Beginning of the Specificity Theory

Descartes' pain pathway: "Particles of heat" (A) 
activate a spot of skin (B) attached by a fine 
thread (cc) to a valve in the brain (de) where this 
activity opens the valve, allowing the animal 
spirits to flow from a cavity (F) into the muscles 
causing them to flinch from the stimulus, turn the 
head and eyes toward the affected body part, and 
move the hand and turn the body protectively.



Wilhelm Erb, while agreeing with the sensory nature of pain, 

articulated what became known as the intensive theory (Erb, 

1874). Erb reasoned that pain was the outcome of any type 

of strong sensory stimulation, arguing that intense activation 

of any sensory modality is unpleasant. A relationship 

between the mechanisms of pain and intensity of stimulation 

had been anticipated by earlier commentators, e.g., and the 

physiological psychologist Ernst Weber(1795-1878).

Arthur Goldscheider further advanced the Intensity Theory, 

based on an experiment performed by Bernhard Naunyn in 

1859 [cited in Dallenbach (1939)].[3] These experiments 

showed that repeated tactile stimulation (below the 

threshold for tactile perception) produced pain in patients 

with syphilis who had degenerating dorsal columns. When 

this stimulus was presented to patients 60–600 times/s, they 

rapidly developed what they described as unbearable pain. 

Naunyn reproduced these results in a series of experiments 

with different types of stimuli, including electrical stimuli. It 

was concluded that there must be some form of summation
that occurs for the subthreshold stimuli to become 

unbearably painful. (Also helps lead to pattern-gate control 

theories.)

Intensity TheoryWilhelm Erb

https://www.physio-pedia.com/Theories_of_Pain


In 1884 Magnus Blix, a Swedish psychophysicist, 
described discontinuous sensitivity in human 
skin. Blix noted that mechanical stimulation with 
a small probe of spot-like loci on human skin 
evoked pain, whereas the same stimulus to 
adjacent regions gave rise to different sensory 
experiences. Subsequently, Blix recognized spots 
for warmth, cold, and pressure, but, in contrast to 
his earlier report, not for pain. The German 
psychophysicist Alfred Goldscheider (1884) in 
similar studies initially did not describe pain 
spots, but later altered his view and favored 
them. Still later, Goldscheider again shifted 
position, denying pain spots and proposing that 
pain was produced by strong stimulation of 
pressure spots (Dallenbach, 1939).

Magnus Blix Alfred Goldscheider

Support for Specificity Theory



German psychophysicist, Max von Frey, entered this shifting field, 
adding data from quantitatively defined localized skin pressure 
produced by calibrated flexible probes constructed of animal vibrissa 
hairs of various stiffnesses (i.e. von Frey filaments we still use today). 
von Frey interpreted his observations on sensations evocable by 
calibrated punctate mechanical stimuli to strongly support the 
presence of four kinds of skin sensory spots: pressure, cold, warmth, 
and pain. He explicitly proposed specific receptive structures to 
underlie each kind of spot-like area (Frey, 1894, 1895, 1896), 
including a special afferent ending for pain.  von Frey’s views 
complemented the concept of pain as a specific sensation. von Frey 
went a step further. He circumstantially correlated the distribution of 
modality-specific sensory spots with the distribution of histologically 
defined endings in given regions of the skin. On this basis, he 
associated pressure sense with hair follicles and Meissner corpuscles, 
cold sense with Krause end-bulbs, warmth with Ruffini endorgans, 
and pain with free nerve endings. Although soon challenged and 
eventually shown to be mostly incorrect, these correlations became 
widely cited in the 20th century and found their way into textbooks 
of physiology and neurology.

Max von Frey Specificity Theory



Seminal contributions to neural functioning were made at 
the turn of the century by the English neurophysiologist 
Charles Sherrington (1857–1952), who – among other 
ideas – provided evidence for the existence of inhibition in 
CNS functions (Foster and Sherrington, 1897). Sherrington 
also provided a common ground for the various stimuli 
capable of evoking pain. It had been argued that pain was 
not an independent sense because it can be elicited by 
widely different stimuli (e.g., mechanical, chemical, 
thermal) in contrast to the defined stimuli for other 
sensations. Sherrington (1906) countered with the logic 
that a common feature of events evoking pain is damage of 
tissue. He suggested that all stimuli capable of injuring 
tissue be labeled ‘‘noxious’’ and coined the terms 
‘‘nociception’’ and ‘‘noci-ceptor,’’ to describe unique 
activity by selective afferents. Thus, he defined a common 
ground for the concept of pain evoking stimuli.

Charles Sherrington
Specificity Theory



Stephen W Ranson

1915

Ranson proposed that fine unmyelinated fibers of the lateral 
dorsal root division are protopathic (crude), and in part represent
an afferent limb for pain.



Pioneering studies by Herbert Gasser and Joseph 
Erlanger on nerve conduction (Gasser and Erlanger, 
1922; Erlanger 1924) led to their development and 
use of the cathode-ray oscilloscope to record rapid 
electrical changes. Gasser’s and Erlanger’s elegant 
analyses in 1927 established the first peak (A) and its 
subdivisions (Aα, Aβ, Aδ) to be the summed electrical 
activity of myelinated fibers.

Herbert Gasser Joseph Erlanger



Edgar Adrian, a pioneering British physiologist, 
recorded nerve action potentials from thin 
filaments of peripheral nerve in the 1920s, 
concluding that impulses in the afferent fibers 
were evoked by particular forms of peripheral 
stimulation. These extracellular recordings of 
electrical activity were concluded to indicate that, 
under constant conditions, activity of a particular 
nerve fiber appears as impulses of a given 
amplitude and shape. Reports from Adrian’s 
laboratory in the mid-1920s are based on 
electrical records interpreted as evidencing 
selective excitation of impulses in certain fibers by 
specific stimuli (Adrian, 1926; Adrian and 
Zotterman, 1926). On the other hand, these 
recordings were not universally convincing of that 
interpretation.

Edgar Adrian
Specificity Theory



The American psychologist John P. Nafe (1929, 1934) pointedly 
disagreed with the interpretation of early electrophysiological 
recordings from primary afferents as indicative of specialized 
receptive function. Nafe proposed instead that the recordings 
from peripheral nerve showed differing patterns of activity to 
particular forms of stimulation. He suggested an arrangement 
for somatic sensation based upon such patterns of activity. The 
presumed patterns were represented by the frequency and 
timing of discharge of individual fibers in relation to impulses 
from other fibers of the population. The pattern concept, like 
the intensive theory, presumes no specialization of afferent 
fibers to reflect particular forms of stimulation.

Pattern TheoryJohn P. Nafe



In the 1930s, Yngve Zotterman, Adrian’s 
one-time trainee, reported that some 
mammalian C-fibers respond to innocuous 
mechanical stimuli while others require 
strong stimulation for activation (Zotterman, 
1936, 1939). These reports made the link 
between thin-fiber activity and pain less 
clear. Therefore, in 1940 the specific sensory 
concept for pain faced  problems. In 
particular, documentation and 
characterization of afferent fibers that are 
selectively nociceptive was lacking.

Yngve Zotterman

*First to describe C-LTMRs



By the early 1930s there were three main ideas about the 
relationship of primary afferent activity to pain: specific, 
selectively responsive sense organs; the intensity concept; and 
the newly conceived pattern proposal. All viewed pain as a 
sensory phenomenon. At this juncture pain as an affect was 
not in the mainstream of contention about mechanisms.



Ainsley Iggo

*Confirmed the existence of CLTMRs



Iggo, 1959

Iggo, 1960

Evidence for Nociceptors pre-Gate Control Theory 



In 1959 William Noordenbos hypothesized that the balance 
of activity in large and small afferent fibers was responsible 
for somatosensations including pain where activity in large 
fibers could decrease the effects of activity in small 
afferents fibers. 

This idea was further developed by Melzack and Wall to 
propose the Gate Control Theory.

Pattern Theory



Melzack and Wall deconstructed von Frey’s theory of 
specificity into 3 assumptions: Although they accepted 
the possibility that Individual receptors might have a 
specific anatomy (the anatomical assumption) correlated 
with sensitivity to a specific physical stimulus (the 
physiological assumption), they were skeptical that the 
‘‘psychological dimension of the somesthetic experience’’ 
could be identified with a specific skin receptor type (the 
psychological assumption). They argued in favor of a 
pattern theory where barrages of impulses produced in 
different sensory fibers initiated a computation in the 
central nervous system that was decoded into a 
somesthetic experience based in part on other ongoing 
brain activity. (i.e. Pattern Theory)

Lorne Mendell, 2014

Gate Control Theory

Ronald Melzack

Pat Wall

Pattern Theory vs Specificity





As originally proposed earlier by 
Noordenbos, the balance between 
small and large fiber input, not the 
activity in in a special class of fibers
responding to damage, would 
determine the output of the T cell
via the gate. Once the integrated 
firing level of T cells exceeded a
critical preset level, it would trigger a 
sequence of responses by
the action system (i.e. pain).



15% of myelinated fibers were nociceptors



Andrew Todd, 2012 





Unified Theory of Pain 

Components of Specificity --- Intensity ---- Pattern theories are correct





Questions








