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Fifty years of pain research and clinical advances:
highlights and key trends
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Abstract
This article highlights advances in basic science preclinical pain research, clinical research, and psychological research occurring
over the 50 years since the International Association for the Study of Pain was founded. It presents important findings and key trends
in these 3 areas of pain science: basic science preclinical research, clinical research, and psychological research.
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1. Introduction

Since its inception, the International Association for the Study of
Pain (IASP) has aimed to foster high-quality pain research and
management through a variety of approaches including its scientific
publications (Pain and Pain Reports), books, guidelines, scientific
meetings, and educational activities. This article highlights research
and clinical advances occurring over the 50 years since IASP was
founded. Given the need to be brief, we are unable to provide a
comprehensive overview of the field. We apologize, in advance, to
investigators whose work we fail to mention, omissions that, in fact,
illustrate how productive the field has been over the past 50 years.
We discuss important findings and key trends in 3 areas of pain
science: basic science preclinical pain research, clinical research,
and psychological research. As outlined elsewhere in this special
issue of the journal,20 many of these findings and trends have been
significantly underpinned by several of the technological advances
occurring over this period.

2. Highlights in basic science preclinical
pain research

The past 50 years has seen many preclinical discoveries of the
mechanisms that contribute to acute and chronic pain. Highlights
include characterization of peripheral and central sensitization
processes,3,19,53 transcriptomic analyses of primary sensory and
dorsal horn neurons22,50 and nonneuronal cells,32 and the de-
velopment of induced pluripotent stem cell (iPSC)-derived noci-
ceptors.33 Many of these analyses are also expanding in human
tissue.45 A particularly notable rodent highlight was discovery of the

spinoparabrachial pathway8 and its connections with forebrain
regions that process pain affect.

The development of new animal models of inflammatory and
neuropathic pain also provided important insights into chronic
pain mechanisms.7 Although these models cannot replicate the
clinical condition, they are critical surrogates for the study of
novel therapies. Of note has been the development of more
reliable, nonreflex-based methods to assess ongoing pain in
preclinical settings, including conditioned place preference and
aversion tests14 and the grimace scale.34 Technological
highlights include powerful optogenetic27 and designer recep-
tors exclusively activated by designer drugs (DREADDS49)-
based studies of pain generating and control circuits, as well the
new ability to discover novel analgesics through in silico
screening of millions of molecules against pain-relevant
targets.5,17 Thanks to incredible advances in computer tech-
nology; single unit recording has been replaced by electrodes
that monitor the activity of hundreds of neurons. Computational
power has also greatly expanded the scope of genetic analyses
and brain imaging.

It is of interest that neither the use of gabapentinoids nor
serotonin–norepinephrine reuptake inhibitors for neuropathic pain
resulted from initial preclinical studies. Rather, their assessment in
preclinical studies occurred after their introduction in patients, to
manage seizures and depression, respectively. Ziconotide is an
exception,36 but unfortunately, its clinical use is limited. However,
3 clinically translated highlights are especially noteworthy. First,
the demonstration, initially in rats, that spinal morphine exerts a
powerful analgesic action,with a therapeuticwindowmuchgreater
than after systemic administration.55 Second, recognition of the
parallels that characterize the preclinical phenomenon of diffuse
noxious inhibitory controls and the features of conditioned pain
modulation in patients. These parallels have mechanistic implica-
tions in the etiology of fibromyalgia, irritable bowel syndrome,
temporomandibular disorder, and tension-type headache.41 And
third, what is perhaps the most successful preclinical to clinical
translation was the discovery of calcitonin gene-related peptide
(CGRP), its expression in peptidergic nociceptors, and its potency
as a vasodilator. Those discoveries provided the rationale for
targeting CGRP in migraine39,42 with monoclonal antibodies
against CGRP or with CGRP receptor blockers. Brain stimulation
for chronic pain is now less common but did follow preclinical
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demonstrations of powerful descending control systems.4 For all of
these translational successes, credit should not only go to the
collaborative research of scientists and clinicians but also to the
many volunteers who were participants in these studies.

The Nobel Prize awarded for the discovery of the transient
receptor potential vanilloid 1 (TRPV1) and Piezo channels is
unquestionably among the most memorable preclinical pain
research highlights.35 In addition, there remains a plethora of
sensory neuron pain-relevant targets, including voltage-gated
Na1, K1, and Ca11 channels.3 Lidocaine, despite its therapeutic
window limitations, is still themost effective way to block pain. For
this reason, the clinical failure to date of drugs that target and
block NaV1.7, loss of function of which leads to pain in-
sensitivity,16 is disappointing. Nevertheless, the search continues
for drugs to regulate NaV1.7 and other pain-relevant Na channels
(eg, NaV1.8 and NaV1.9). The discovery of multiple opioid
receptors30 and endorphin subtypes26 was also groundbreaking,
but we still await translation of those findings to improved pain
pharmacotherapy. Particularly disappointing is that we still lack a
reliable laboratory or clinical biomarker for pain. Here is an
important challenge for the new generation of basic and clinical
pain researchers.

3. Highlights in clinical pain research

A cure for chronic pain has not been found; however, a number of
milestones in clinical pain research have been seen in the past 50
years. Perhaps the most remarkable one has been the mutual
exchange of knowledge and ideas between basic and clinical pain
scientists. In the 1970s and 1980s, the pain field sparkled with
optimism. Basic science studies showed that stimulating brain-
stem opioid–linked circuits activate descending control systems
that target the dorsal horn by the dorsolateral funiculus and
suppress nociceptive processing.1,4 Opioids when administered
intraspinally produced powerful analgesia55 without sedation or
affecting cognitive function. This observation had an immediate
clinical impact on the management of acute preoperative and
postoperative pain and certain types of cancer pain.10 However,
the enthusiasm for opioids for chronic pain faded substantially with
the increasing documentation of side effects associated with
opioids. For postoperative pain, other multimodal pain strategies
were introduced. These strategies not only improved pain
management but also recovery after surgery, so-called fast track
surgery.29 In the 1990s, many clinical pain trials were performed
with compounds, such as antidepressants and gabapentinoids
developed for other conditions, but these showed meaningful
clinical pain relief in mainly neuropathic types of pain.18,19

Systematic reviews and meta-analysis became an important
instrument for clinicians to understand what works and what
does not work.37 Following a number of negative clinical pain
trials, where treatment efficacy was based solely on disease and
type of pain, a completely new emphasis emerged, namely, a
mechanism-based classification approach.54 The key tenet in
this approach was that a focus on specific small molecules
targeting a specific mechanism may produce the relevant
necessary and sufficient pain relief. Noted above is the success
of CGRP receptor blockers and monoclonal antibodies to treat
and even prevent migraine.39,42 Unfortunately ,progress in the
mechanism-based approach has been limited.

Brain imaging has shown that the complexity of the pain
experience is mediated by a neuronal network connecting brain
areas involved in sensory, emotional, and cognitive processes.13

Within the past 2 decades, genetic and genomic sequencing has
contributed to understanding several Mendelian pain disorders.6

Genetic analysis, careful analysis of symptoms, and detailed
sensory profiling of patients2 with common pain conditions are
areas being actively explored.

The development of more sophisticated outcome measures
for pain beyond simple unidimensional pain scales maymove us
closer to identifying mechanisms underlying common pain
disorders. Epidemiological pain research has great potential,
not only for characterizing the prevalence of different types
of pain but also their causes and how to prevent them.11,51 The
new classification system for chronic pain46 may generate new
epidemiological data, similar to what has been seen in the field
of headache.23 Neuromodulation represents an interesting
approach for both invasive and noninvasive electrical therapies
for chronic pain.31 However, to rigorously test the effectiveness
of these neuromodulation therapies, we need more high quality
randomized controlled trials (RCTs).

4. Highlights in psychological pain research

In the early 1970s, psychological pain research was rapidly moving
away from case studies rooted in psychodynamic formulations of
chronic pain (ie, the notions of psychogenic pain or “pain prone
patient”). Spurred on by developments in research and pain theory
(ie, the gate control theory (Fig. 1) and behavioral and cognitive
theories) and a growing recognition of the important role that
biological, psychological, and social factors play in illness anddisease
(the biopsychosocial model), new assessment and treatment
strategies emerged. Advances in psychometrics (multidimensional
scaling) informed the development of the McGill Pain Question-
naire.38 Psychophysical measures of sensory, affective, and other
domains of pain are now used in many basic (pain threshold or
tolerance measures; suprathreshold pain scaling) and applied (eg,
quantitative sensory testing) research settings. The 1980s witnessed
growth in the use of standardized psychological instruments and led
to one of the most consistent, robust, and interesting findings in this
area, ie, how much individuals experiencing pain vary in their
psychological functioning. Early studies using the Minnesota
Multiphasic Inventory found important individual personality differ-
encesandsubgroups in chronicpain samples.9,43Wenowknow that
such individual variations are apparent on most standardized
psychological measures, eg, those assessing pain-related thoughts,
beliefs, expectations, coping, or observed pain-related behaviors.
Recent studies show that one can use smartphones and mobile
devices to reliably capture within and across day variations in these
domains.44 This research can help clinicians better understand and
explain variations in how their patients adjust to pain and can guide
the tailoring of psychological treatments.

Psychological approaches now encompass a diverse array of
empirically validated treatments. Fordyce pioneered a behavioral
therapy approach based on operant conditioning.21 Early on,
electromyographic (EMG) biofeedback (BFB) was found effective
for tension headache. An important landmark study24 found that
changes in cognitions (self-efficacy), not changes in muscle
tension (levels of EMG activity), explained the benefits of BFB for
tension headache. Mitchell andWhite40 were among of the first to
develop and test a protocol for managing pain that taught
patients cognitive and behavioral skills for managing pain (ie,
cognitive-behavioral therapy [CBT]). Turk et al.47 provided a
comprehensive rationale and detailed description of CBT for
chronic pain. Landmark studies demonstrated that CBT proto-
cols could be tested using rigorous RCT methods,48,52 and
numerous RCTs have now tested psychological pain-treatment
protocols (eg, graded exposure, hypnosis, imagery, meditation,
mindfulness training, acceptance and commitment therapy, and
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partner-assisted treatments). More RCTs testing the efficacy of
combining psychological and medication treatments for pain are
needed,25,28 given that this combination is used so often
clinically. Recent interest in psychological treatments is not only
due to growing evidence they may help in managing acute and
persistent pain (eg, in children, older adults, and those having
disease-related pain conditions) but also to the possibility that
they may limit long-term use of opioids. The current focus on
developing novel and disseminable strategies for enhancing
access to psychological treatments is important. This could
ensure that psychological treatments for pain are more readily
available to the large population of individuals who may need and
benefit from them.12,15

5. Conclusions

Although the field of pain research and clinical practice has
advanced considerably in the 50 years since the founding of
IASP, it is clear that our understanding and ability tomanage pain,
in particular chronic pain, remain limited. We believe future
advances in basic and applied pain science will provide a key
pathway to the goal that we all share: reducing pain and pain-
related suffering.

Conflict of interest statement
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Figure 1. This IASP poster of the Gate Control Theory, presented in Adelaide at the 1990 World Congress on Pain, celebrated the 25th anniversary of the
Ronald Melzack and Patrick D. Wall publication: Pain mechanisms: A new theory. Science 1965;150:971–9. The theory completely changed the way
preclinical and clinical pain researchers addressed questions about the generation of acute and chronic pain and provided important insights into novel
approaches to pharmacological, neuromodulatory, and psychological methods to pain management. Provided by Troels Jensen.
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