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Abstract

This paper traces the evolution of pain theory from René 
Descartes’ 17th-century mechanistic model, which linked pain 
to neural signals and the pineal gland, through the Enlight-
enment’s integration of physiology and psychology by von 
Haller, Cabanis, and Bichat. The 19th century’s Specificity 
Theory, advanced by Bell, Magendie, and Müller, identified 
distinct neural pathways and sensory receptors but faced de-
bate over pain’s uniqueness. The 20th century introduced tem-
poral and integrative perspectives, highlighting central modu-
lation and cognitive influences on pain perception. Melzack 
and Wall’s Gate Control Theory revolutionized pain science 
by demonstrating spinal gating mechanisms modulated by 
both peripheral and brain signals. Later, multidimensional 
models emphasized sensory, emotional, and cognitive compo-
nents, supported by neuroimaging evidence of complex brain 
networks involved in pain processing. This historical and sci-
entific overview underscores pain as a dynamic, multifaceted 
experience shaped by biological, psychological, and social 
factors, informing contemporary approaches to pain diagnosis 
and treatment.

Keywords: Pain - Chronic pain - History of neuroscience - History 
of Medicine



Andrea Grignolio Corsini44

Introduction 
The birth and history of medicine were made possible by pain. Since its dawn, the 
figure of the healer in its various incarnations, first and foremost that of the shaman, 
has played the role of the “mediator of pain” in the early human villages and commu-
nities. Despite being at the center of medical reflection, though, the concept of pain is 
still one of the most elusive.
The understanding of pain has undergone a profound transformation from metaphysi-
cal interpretations to neurobiological frameworks. Early conceptions, such as those 
proposed by René Descartes in the 17th century, framed pain through a mechanistic 
and dualistic lens, laying the groundwork for the Specificity Theory, which posited 
distinct neural pathways dedicated to pain, as discussed in the next paragraph.
The Enlightenment era catalyzed a paradigm shift, integrating physiology, psychol-
ogy, and nervous system anatomy into pain science through the work of thinkers 
like von Haller, Cabanis, and Bichat. The 19th century further refined the Specificity 
Theory through discoveries in neuroanatomy by Bell, Magendie, and Müller, advanc-
ing the idea of sensory specialization. However, challenges to this model prompted 
the emergence of temporal-integrative and multidimensional theories, recognizing 
pain as a complex, subjective experience shaped by central processing and emotional 
states. Recent advances in neuroimaging and molecular neuroscience have revealed 
that pain arises from dynamic brain networks, especially in chronic conditions, where 
plasticity and connectivity are altered. This paper explores the evolution of pain theo-
ries, tracing their philosophical, anatomical, and psychological foundations.

1. Descartes and the Dawn of the “Theory of Specificity”
The Specifity theory saw pain as an independent sensation with its own sensory appa-
ratus1. René Descartes was among the first Western philosophers to provide a detailed 
description of the somatosensory pathways in humans. In the Principles of Philosophy 
(1644) he put forth his insights on phantom limb pain, originally advanced in the Sixth 
Meditation (1641), proposing that the experience of pain originated in the brain rather 
than in the phantom limb2.
He linked the sensation of pain to persistent neural agitation and suggested that the 
“soul of pain” resided in the pineal gland. The concept of the soul was incorporated 
by Descartes to align his theories with Church doctrine—where pain was considered 
a consequence of original sin. He rejected the idea that pain was a specific sensation, 
instead viewing it as a general response linked to touch. His dualistic model of pain 
separated it into sensory (physical) and psychic domains, presenting them as recipro-
cally exclusive3.
In his posthumously published L’Homme (1644), Descartes illustrated his pain model 
using the famous example of a boy withdrawing his foot from a fire. He described pain 



The Last Four Centuries of Pain 45

as the activation of a thread-like fiber traveling from the foot to the brain. This mecha-
nistic explanation was influenced by William Harvey’s model of blood circulation, 
which described valves as doors regulating the flow of fluids and preventing reflux4.
The great French philosopher’s work marked a significant milestone in pain research, 
paving the way for the localization of cerebral functions and distinguishing pain from 
emotional states like sadness. He argued that sadness followed pain as the soul’s rec-
ognition of the body’s fragility.
Descartes’ groundbreaking ideas stood in opposition to English empiricism, which 
emphasized inductive reasoning and profoundly shaped British scientific traditions. In 
contrast, Descartes’ mechanistic and reductionist approach guided the development of 
French science. This intellectual divide influenced research methodologies and scien-
tific paradigms throughout the 18th century3.

Progress in Pain Theories During the 18th Century
The age of Enlightenment, influenced by the decline of Church authority, marked 
significant changes in medical thought, a shift extended to the understanding and defi-
nition of pain. The legacy of 18th-Century can be summarized by the contributions 
of von Haller, Cabanis, and Bichat who, in different biomedical areas, marked a para-
digm shift in pain science. Their work transitioned from purely mechanical models to 
a holistic understanding of pain that integrated physiology, psychology, and nervous 
system functions5.
The Swiss physiologist von Haller (1708-1777) played a pivotal role in reshaping pain 
theories according to a mechanistic view. He differentiated the irritability of muscle fi-
bers (contractibility) from the excitability of nerve fibers (sensitivity). He argued that 
only nerves produce sensations and that parts of the body disconnected from the ner-
vous system cannot experience pain. von Haller’s strict division between conscious 
nerve sensitivity and unconscious muscle irritability laid the groundwork for modern 
research into pain mechanisms. His work highlighted the roles of muscle fibers and 
nerves, a focus that remains relevant in pain science today6.
The French physiologist Pierre Jean George Cabanis (1757-1808) opposed von 
Haller’s theories, highlighting the emotional and psychological aspects of pain. He 
adopted a unique vitalistic stance, advocating for an intermediate perspective that bal-
anced vitalism with scientific empiricism. This approach positioned him as a precur-
sor to psychophysiology7.
He proposed that pain, inherently tied to pleasure and sensitivity, serves physiological 
and therapeutic purposes, such as stabilizing the nervous and muscular systems. This 
perspective led to innovations like electrical stimulation as a pain treatment. Cabanis 
also introduced the idea that pain can arise spontaneously in the brain, linking physi-
cal pain to mental processes, then restoring the Galenic concept of “hypochondria” 
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in physiological terms. He understood pain as a dynamic interaction between internal 
and external sensations, where dominant stimuli suppress weaker ones, shaping the 
overall perception. Cabanis’ psychophysiological approach marked a significant shift 
in treating pain, combining physical and emotional components, and laid the founda-
tion for holistic treatment strategies5.
The third key representative of the Enlightenment concept of pain is the French anato-
mist Xavier Bichat (1771-1802). He advanced pain research by distinguishing be-
tween the sympathetic and parasympathetic nervous systems. He proposed that these 
systems have separate centers—one in the brain and the other in ganglia—and pro-
duce distinct types of pain. His perspective was also in line with the vitalist school and 
consequently represented a further criticism of von Haller’s mechanistic view.
Bichat’s work highlighted the importance of the sympathetic nervous system in pain pro-
cessing and supported a more integrated understanding of pain. His findings, along with 
Cabanis’ theories, contributed to the rise of psychophysiological and multidisciplinary 
approaches to pain management, including the increased use of opium for treatment.
By fostering a shift from mystical and theological explanations of suffering toward 
empirical observation and rational analysis, Enlightenment thinkers catalyzed the de-
velopment of medicine as a scientific discipline. This intellectual transformation en-
couraged the integration of anatomy, physiology, psychology, and later neurology in 
understanding pain as both a biological and subjective experience, paving the way for 
modern approaches to pain diagnosis and treatment8.

The 19th Century development of Specificity Theory
The concept of a dedicated pain pathway, known as the “Specificity Theory”, was 
pioneered by the Scottish neurologist Charles Bell (1774-1842) in his essay Idea 
of a New Anatomy of the Brain (1811), later republished in 1868. Bell challenged 
Descartes’ notion of the brain as a “common sensorium” and, drawing on earlier work 
by the English anatomist Thomas Willis, proposed that the brain is a heterogeneous 
structure. He provided evidence that nerves consist of bundles of specialized neurons 
for distinct functions, including sensory, motor, and “vital” neurons connected to the 
mind rather than the brain. Bell distinguished between sensory perception (e.g., noci-
ception) and its experiential counterpart (e.g., pain), laying the foundation for the idea 
of a pain-specific pathway.
The French physician and founder of experimental physiology François Magendie 
(1783-1855) developed Bell’s research by determining distinct motor and sensory 
nerve routes (dorsal roots and ventral roots) in the spinal cord, a discovery codified as 
the Bell-Magendie Law. His contributions, alongside those of the Mauritian physiolo-
gist Charles-Édouard Brown-Séquard (1817-1894), advanced neurophysiology and 
clarified the organization of the nervous system9,10.
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The German physiologist Johannes Peter Müller (1801-1858) further synthesized 
these discoveries in his Manual of Physiology (1833-1840), proposing that each sen-
sory receptor responds to a unique “specific energy”, such as warmth or pain, regard-
less of how it is stimulated. This idea influenced subsequent work on sensory specific-
ity, such as Erasmus Darwin’s early evidence for heat-specific nerves.
The identification of specialized cutaneous receptors—such as Pacini and Meissner’s 
corpuscles—reinforced the concept of sensory specialization. However, the lack of a 
distinct nociceptor, a structure dedicated to processing pain stimuli, fueled discussions 
on whether pain constitutes an independent sense or merely a psychological construct. 
This debate echoes Platonic and Aristotelian perspectives, which frame pain as an 
emotional experience and the opposite of pleasure.
Additional support for the Specificity Theory emerged in the mid-19th century. Schiff 
and Woroschiloff demonstrated the existence of two distinct spinal cord pathways: 
the anterolateral tract for pain and temperature and posterior bundles for tactile sensa-
tion. Their work, corroborated by William Richard Gowers, showed that these path-
ways had unique characteristics, such as decussation patterns, further reinforcing the 
theory3.
By the late 19th century, researchers such as Magnus Blix (1849-1904), Alfred 
Goldscheider (1858 -1935), and Max von Frey (1852-1932) investigated sensory 
spots on the skin, each responsible for a specific sensation: warmth, cold, pressure, 
or pain. von Frey’s experiments, utilizing calibrated “von Frey hairs” (precursors to 
modern aesthesiometers), demonstrated that pain and innocuous pressure originated 
from distinct spots on the skin, associated with free nerve endings and Meissner’s 
corpuscles, respectively. He proposed a mosaic-like distribution of sensory modalities 
across the skin, offering an anatomical basis for the Specificity Theory11,12,1.
Despite its advancements, the Specificity Theory faced challenges, including the lack 
of identified pain receptors and pathways specific to pain. These gaps fueled alterna-
tive models, such as the Temporal Theory, yet the Specificity Theory remains a cor-
nerstone in understanding somatosensory processes and the neuroanatomy of pain.

The Temporal-Integrative Theory
During the early 20th century, pain research underwent a paradigm shift, moving from 
a receptor-centric model to a focus on temporal dynamics, neural conduction speed, 
and central integration. Researchers began to understand pain as a complex inter-
action between peripheral stimuli and central processing mechanisms influenced by 
both cognitive and emotional factors.
One of the foundational contributions came, again, from Goldscheider, who identified 
the temporal summation of pain—where repeated, low-intensity stimuli resulted in 
disproportionate increases in perceived pain. His findings are now recognized as early 



Andrea Grignolio Corsini48

evidence for central sensitization, a key mechanism in chronic pain conditions. He 
also discovered distinct skin zones that transformed from pressure-sensitive to pain-
sensitive areas, suggesting dynamic plasticity in sensory processing11.
Henry Head (1861-1940) advanced these ideas by proposing a model linking the 
thalamus and cortex, based on his observations of the thalamic pain syndrome. He 
emphasized the affective-motivational dimension of pain, arguing that lesions in the 
thalamus altered emotional responses to sensory input. Head’s integrative model laid 
the foundation for later theories, including Melzack and Wall’s Gate Control Theory, 
and positioned the optic thalamus as central to conscious sensory experience13.
Meanwhile, Charles Sherrington (1857–1952), who together with E. D. Adrian were 
awarded the Nobel Prize in 1932 for their research on the functions of the nervous 
system, revolutionized the understanding of pain by integrating evolutionary theory 
with neurophysiology. He coined the term “synapse”, described reflex arcs, and high-
lighted how motor and sensory responses were coordinated across neural circuits. His 
classification of stimuli (proprioceptive, exteroceptive, interoceptive) and assertion 
that the nervous system functions as a coherent, integrative whole shaped modern 
somatosensory science14.
Building on electrophysiological methods, Edgar Douglas Adrian (1889-1977) used 
the cathode ray oscillograph to study neural transmission, discovering that nerve im-
pulses travel at different speeds depending on fiber size. His findings on stimulus 
duration, intensity, and summation contributed significantly to understanding how the 
central nervous system interprets pain signals15.
Finally, Thomas Lewis (1881-1945) distinguished between fast and slow-conducting 
fibers, laying groundwork for identifying nociceptive pathways still recognized today. 
He classified sensory receptors into proprioceptive, exteroceptive, and interoceptive 
categories, providing a broader framework for the study of somatic and visceral pain.
Collectively, these advances represented a departure from Specificity Theory, steer-
ing pain research toward a multi-dimensional, integrative approach that considered 
evolutionary, neurophysiological, and emotional dimensions1.

The Gate Control Theory
In 1965, Ronald Melzack (1929-2019) and Patrick Wall (1925-2001) introduced the 
Gate Control Theory of Pain, a groundbreaking model that transformed pain science 
by integrating and reconciling elements of the two dominant theories of the time: 
the Specificity Theory and the Pattern Theory. Both earlier theories had experimental 
backing, but they couldn’t fully explain the complexity of pain perception. Melzack 
and Wall’s Gate Control Theory offered a comprehensive neurophysiological frame-
work that bridged these gaps16.
According to the theory, pain signals are not transmitted passively from the skin to 
the brain but are modulated by a “gate” mechanism in the spinal cord, specifically in a 
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region called the substantia gelatinosa within the dorsal horn. The spinal gate controls 
whether pain signals reach the brain through a dynamic interaction between large-
diameter (non-nociceptive) and small-diameter (nociceptive) nerve fibers: a) Large 
fibers (touch, pressure) inhibit pain signals by closing the gate; b) Small fibers (pain, 
temperature) facilitate transmission by opening the gate. Additionally, descending sig-
nals from the brain can influence this gate, allowing higher brain centers to suppress 
or enhance pain perception based on cognitive or emotional states17.
The Gate Control Theory marked a major shift by introducing the idea that pain is not 
purely a sensory experience but a modulated process involving both peripheral and 
central mechanisms, including psychological influences. This theory laid the founda-
tion for modern pain management approaches, including psychological and cognitive 
interventions1.

The Multidimensional Theory
By the 1950s, William K. Livingston (1892-1966) emerged as a pivotal figure in trans-
forming pain research from a mechanistic and reductionist paradigm to an integrated, 
neuropsychological framework. His research shifted attention away from simple stim-
ulus-response models to the dynamic interplay of sensory input, central processing, 
and emotional modulation. Livingston asserted that pain is not always proportional to 
stimulus intensity and highlighted the brain’s active role in modulating nociceptive 
signals, even before they reach conscious perception. He noted that emotional states 
can amplify pain, making it a subjective and individualized experience18.
Livingston’s investigations demonstrated that the anterolateral tract in the spinal cord 
was not the exclusive pathway for pain. Rather, pain signals could ascend via mul-
tiple, indirect routes, bypassing interruptions in the spinal cord and reaching subcorti-
cal brain regions outside the primary somatosensory cortex. These findings led to his 
conclusion that the cerebral cortex is not the sole center for pain perception, and that 
subcortical structures play a central role in the affective dimension of pain. His per-
spective emphasized the top-down influence of the brain on sensory processing, an-
ticipating contemporary understandings of central sensitization and neuroplasticity19,1.
In his work Pain and Suffering, Livingston further argued against the traditional dual-
ism between psychological and physiological interpretations of pain. He maintained 
that all pain is inherently psychological, as perception is ultimately constructed by 
the brain. Consequently, the labeling of certain pain types as “psychogenic” was, to 
him, both arbitrary and scientifically unsound. This rejection of Cartesian dualism 
positioned Livingston as a bridge between historical biomedical views and modern 
biopsychosocial approaches to pain.
This intellectual groundwork paved the way for Melzack’s later work with Wall 
and Kenneth Lyman Casey (1935-), which introduced in 1968 a multidimensional 
model of pain20. This model delineated three interrelated components: the sensory-



Andrea Grignolio Corsini50

discriminative, affective-motivational, and cognitive-evaluative dimensions3. While 
these components are functionally interdependent, they are also partially dissociable, 
meaning that cognitive processes can differentially modulate specific aspects of the 
pain experience10.
Typically, the greater the intensity of a noxious stimulus, the more unpleasant the 
experience. However, cognitive modulation can disrupt this correlation. For instance, 
hypnosis has been shown to alter the unpleasantness of pain without affecting its sen-
sory intensity, suggesting a selective modulation of the affective component21,22. This 
illustrates how higher-order cognitive states can influence pain perception, particu-
larly through the affective-motivational system23.
Further evidence of cognitive modulation is seen in the placebo and nocebo effects, 
where expectations and beliefs influence pain outcomes via top-down neural mecha-
nisms24. Such phenomena underscore the role of cognitive-evaluative processing in 
shaping subjective pain experiences.
Recent advances in neuroimaging have shifted the conceptualization of brain function 
from modular localization to network-based processing. In the context of pain, dis-
tinct but overlapping brain networks—including the default mode network, salience 
network, and sensorimotor network—have been implicated in pain perception and 
modulation25,26.
Moreover, in chronic pain conditions, alterations in brain structure and function have 
been observed, suggesting neuroplastic changes that affect the connectivity and func-
tionality of pain-related networks. These findings emphasize that chronic pain is not 
merely a prolonged acute pain state but reflects complex reorganizations in the central 
nervous system.
As our understanding of the neurophysiological and neuroanatomical foundations of 
pain deepens, contemporary theories of pain continue to evolve. The integration of 
data from neuroimaging, molecular biology, and systems neuroscience is essential for 
the development of more effective, personalized approaches to pain management3. A 
thorough grasp of the historical and scientific progression of pain models is critical to 
advancing both clinical and theoretical knowledge in this field.

Conclusion
The history of pain research, from Descartes’ dualistic model to contemporary mul-
tidimensional and network-based theories, reveals a progressive shift toward an in-
creasingly nuanced understanding of pain as a complex, integrated experience shaped 
by sensory, emotional, and cognitive factors. Foundational theories like the Specificity 
Theory, Temporal-Integrative models, and the Gate Control Theory have each con-
tributed to unraveling the physiological and psychological underpinnings of pain, cul-
minating in the modern recognition of pain as both a neurobiological and subjective 
phenomenon. Advances in neuroscience, particularly neuroimaging and molecular 
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studies, have revealed the plasticity of pain networks and underscored the importance 
of top-down modulation in shaping individual pain experiences.
However, even as science has clarified the mechanisms behind pain perception and 
modulation, socioeconomic disparities in pain experience and treatment remain poorly 
understood. Emerging epidemiological data consistently shows that individuals from 
lower socioeconomic backgrounds report higher pain intensity and frequency and are 
more likely to use opioid analgesics27. Future research must therefore delve deeper 
into the biopsychosocial, environmental, and structural determinants that explain why 
the less well-off perceive more pain and rely more heavily on pharmacological inter-
ventions than their wealthier counterparts. Addressing this inequity is essential not 
only for advancing pain science but also for ensuring just and effective pain care 
across all social strata.
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