
INTRODUCTION TO PAIN  
AND  
HUMAN EXPERIMENTAL MODELS OF PAIN 

Parisa Gazerani, Pharm D, PhD 

Faculty of Medicine, Aalborg University 

gazerani@hst.aau.dk 

mailto:gazerani@hst.aau.dk


LEARNING GOALS 

 Understand basics underlying nociception and pain  

 

 Explain whether and how pain can be measured 

 

 Bring examples of pain types and assessments in clinic and basis for those 

 

 Describe and analyze how experimental models may provide the basis for a mechanism-based 
approach to clinical pain 

 

 Explain advantages/limitations of human experimental pain models  

 

 Discuss importance of including human experimental models at an early phase in drug development 





PAIN – WHAT IS IT? 

 Pain is the subject of a vast field of neuroscientific and medical field. 

 

 Pain is a submodality of somatic sensation and with a changeable nature that makes it difficult 
to deal with, because it is highly subjective.  

 

 But, it is also vital; the importance is in avoiding damaging situations for survival and 
maintaining homeostasis. Patients lacking the ability to perceive pain due to hereditary 
neuropathies often maintain unrealized infections, self mutilate, and have curtailed life spans.  

 

 The International Association for the Study of Pain (IASP)’s definition of pain highlights its 
subjective quality: ‘Pain is an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage’. 

 

 Somatosensory, affective and cognitive factors have repeatedly been shown to alter measures 
of pain. For instance, anxiety can greatly enhance pain and suffering , while expectation of 
treatment can dramatically reduce pain.  

 

 Therefore, to understand pain and modulate it, one should look at an integrated system, i.e. the 
interaction of nociception and cognitive, affective, and other factors, determines the meaning 
of a painful sensation or its modulation. 



WHAT IS NOCICEPTION?  
 - NOCICEPTORS ARE THE SENSORS OF THE PAIN PATHWAY 

The Journal of Clinical Investigation http://www.jci.org Volume 120 Number 11 November 2010 

Normally, nociception and the perception of pain are evoked only at pressures and temperatures extreme 
enough to potentially injure tissues and by toxic molecules and inflammatory mediators. These high 
threshold physical and noxious chemical stimuli are detected by specialized peripheral sensory neurons 
(nociceptors).  
 
Pain is described as having different qualities and temporal features depending on the modality and locality 
of the stimulus, respectively. For instance, first pain is described as lancinating, stabbing, or pricking; 
second pain is more pervasive and includes burning, throbbing, cramping, and aching and recruits 
sustained affective components with descriptors such as “sickening”.  
 
Translation of nociception into pain perception can be modulated by many factors, such as anxiety or 
anticipation.  



Diagrammatic representation of the sensory nociceptive pathways 





Anatomy of nociceptors. (LEFT) Somatosensory neurons are located in peripheral ganglia (trigeminal and dorsal root ganglia) 
located alongside the spinal column and medulla. Afferent neurons project centrally to the brainstem (Vc) and dorsal horn of the 
spinal cord and peripherally to the skin and other organs. Vc, trigeminal brainstem sensory subnucleus caudalis. (RIGHT) Most 
nociceptors are unmyelinated with small diameter axons (C-fibers, red). Their peripheral afferent innervates the skin (dermis 
and/or epidermis) and central process projects to superficial laminae I and II of the dorsal horn. (C) A-fiber nociceptors are 
myelinated and usually have conduction velocities in the Aδ range (red). A-fiber nociceptors project to superficial laminae I and V. 

The Journal of Clinical Investigation http://www.jci.org Volume 120 Number 11 November 2010 



Known or proposed transduction mechanisms in uninjured mammalian nociceptor peripheral terminals. Ion 
channels that transduce heat and cold  

The Journal of Clinical Investigation http://www.jci.org Volume 120 Number 11 November 2010 



Known or proposed transduction mechanisms in uninjured mammalian nociceptor peripheral terminals. Ion 
channels that transduce mechanical stimuli 

Stimuli are presented to the skin, which is depicted as containing representative nonneuronal cells (such as keratinocytes) 
(brown cells) and the free nerve endings of nociceptor axons (blue). Arrows next to channels indicate whether their activity is 
increased or decreased upon stimulation. Note that these nocisensors are not necessarily coexpressed in the same terminal. The 
curved arrow in C refers to the transducer(s) and other channels and molecules that contribute to the firing pattern (e.g., rapidly 
adapting vs. slowly adapting) in these fibers. Molecularly unidentified channels with indicated ion permeabilities inside drawing of 
channel are referred to as “putative RA MA channel” and “putative IA/SA MA channel.” MA, mechanically activated; RA, rapidly 
adapting; IA, intermediate adapting; SA, slowly adapting. 



THE FUNDAMENTAL UNIT OF PAIN IS THE CELL! 

 The power of cell biology in addressing key questions related to the neurobiology of pain, 
is not deniable and to suggest ways in which this approach can enhance the development 
of novel treatments for currently intractable chronic pain syndromes is highly important.  

Characteristics of primary afferent fibers 



A simplified schema of a spinal nerve and the different types of fibers contained 
therein. (DC: dorsal columns; STT: spinothlamic tract). The American Pain Society 



IT IS NOT ONE-WAY! 



It has been proposed that an imbalance between facilitation and inhibition leads to pain chronification 







MULTIPLE PATHWAYS OF NOCICEPTIVE TRANSMISSION 
FOR THE SPINAL CORD TO CENTRAL STRUCTURES 

There are 4 major pathways, the A: spinoreticular; B: spinothalamic; C: spinomesencephalic; and D: 
spinohypothalamic tracts. The American Pain Society 



In 1965, Melzack and Wall’s gate control theory (GCT) proposed that interneurons of the substantia gelatinosa 
act as a gate, regulating the input of large and small nerve fibres to lamina V cells. According to GCT, pain is not 
a simple sensory experience but one that involves central perception and cognitive–appraisal mechanisms. This 
theory suggests that if small nociceptive fibre activity in the dorsal horn reaches a critical threshold without 
being blocked, nociceptive impulses are transmitted to the thalamus and cerebral cortex. Pain perception can 
be modulated centrally through descending mechanisms that can be influenced by peoples’ past experience, 
attention, and emotion. The modulation of the nociceptive signal happens via a “gating mechanism” 
in the substantia gelatinosa within the dorsal horn. 



THE GCT 

 This gating mechanism can be open, partially open, or closed. The position of the gate is 
influenced by the relative amounts of activity in large non-nociceptive (A‐beta) and small 
nociceptive (A‐delta and C) fibers. Increased activity in the large fibers closes the gate and 
inhibits the transmission of noxious messages carried by the small fibers to transmission 
cells (T cells) in the substantia gelatinosa. However, if noxious impulses are not blocked by 
large fiber activity (i.e., the gate is open or partially open) and reach a critical level, they 
will be transmitted to second‐order neurons in the substantia gelatinosa. 

 

 The noxious impulse is then transmitted to the thalamus and the cerebral cortex, via 
ascending nociceptive second‐order neurons. 

 

 Although GCT greatly enhanced the understanding of the complexity of the pain 
experience and the potential consequences of unrelieved pain, it is largely a theory of 
acute pain. GCT cannot, for example, explain why a person develops chronic pain long 
after the original injury has healed. 



https://www.youtube.com/watch?v=4RFmePfP0_E 

https://www.youtube.com/watch?v=4RFmePfP0_E


 LOOKING AT PAIN 

 Pain is a biopsychosocial condition from day one! 

 Chronic pain involves numerous combined factors that do not respond 
equally to medications 

 Medications can be effective or simply result in polypharmacy. 

What are Medications Intended to Do? 

 Reverse, mitigate or cure pathology 
 Anti-inflammatories 

 Antispasmodics 

 Relieve symptoms 
 Analgesics 

 Neuropathic pain medications 

 Modify reaction to pain 
 Antidepressants 

 Anti-anxiety 

 Sleep meds 

 



PAIN FEATURES 



The American Pain Society 



PHASES OF NOCICEPTIVE PAIN 

https://www.youtube.com/watch?v=PMZdkac4YLk 
 

https://www.youtube.com/watch?v=PMZdkac4YLk
https://www.youtube.com/watch?v=PMZdkac4YLk


The American Pain Society 



NEUROPATHIC PAIN 

https://www.youtube.com/watch?v=CUH7RTus880 

https://www.youtube.com/watch?v=CUH7RTus880
https://www.youtube.com/watch?v=CUH7RTus880


TERMS USED IN THE STUDY OF PAIN AND PAIN MANAGEMENT 



TERMS USED IN THE STUDY OF PAIN AND PAIN MANAGEMENT 

Stimulus–response function illustrating allodynia and hyperalgesia following nerve damage 
Lancet Neurol 2014; 13: 924–35 



Normal sensation. The somatosensory system is organized such that the highly specialized primary sensory neurons that encode 
low intensity stimuli only activate those central pathways that lead to innocuous sensations, while high intensity stimuli that 
activate nociceptors only activate the central pathways that lead to pain and the two parallel pathways do not functionally intersect. 
This is mediated by the strong synaptic inputs between the particular sensory inputs and pathways and inhibitory neurons that 
focus activity to these dedicated circuits. 

Pain. 2011 March ; 152(3 Suppl): S2–15. 



Central sensitization. With the induction of central sensitization in somatosensory pathways with increases in synaptic efficacy and 
reductions in inhibition, a central amplification occurs enhancing the pain response to noxious stimuli in amplitude, duration and 
spatial extent, while the strengthening of normally ineffective synapses recruits subliminal inputs such that inputs in low threshold 
sensory inputs can now activate the pain circuit. The two parallel sensory pathways converge. 

Pain. 2011 March ; 152(3 Suppl): S2–15. 



(A) Diagram of noxious (C fibers) and non-noxious (Aβ fibers) input to second-order projection 
neurons in the spinal cord.  

 
(B) Following stimulation of C fibers (red area) eg, by capsaicin amplification of spinal cord 
signaling systems - central sensitization develops and non-noxious stimulation outside the injured 
area is sufficient to elicit a painful sensation.  
 
(C) After injury to nerves, second-order neurons are excited by abnormal and increased input 
form the periphery, causing central sensitization and non-noxious input from damaged or 
undamaged Aβ fibers, which may now elicit activity 
sufficient to cause pain. Because of injury, there are also areas with a loss of sensitivity (yellow 
areas).  
 
(D) Additionally, a change in the balance of descending inhibitory (–) and facilitating (+) pathways 
from the brain to the spinal cord can affect dorsal horn neuronal activity and can therefore cause 
central sensitization. Red represents sensitization of fibers and blue represents normal fibers in A–
C. 

Mechanism for development of central sensitization 

Lancet Neurol 2014; 13: 924–35 



Mechanisms involved in of peripheral sensitization during inflammation. 

Nor Tannlegeforen Tid. 2016; 126: 28–33 



Mechanisms involved in of central sensitization 

Nor Tannlegeforen Tid. 2016; 126: 28–33 



MAJOR HYPOTHESES ABOUT THE ORIGINS OF PAIN CHRONICITY 
IN THE PERIPHERY.  
NOTE THAT IN SOME CASES, INFLAMMATORY PROCESSES MAY INTERACT WITH NERVE INJURY. 



POTENTIAL CENTRAL MECHANISMS FOR THE DEVELOPMENT OF 
CHRONIC PAIN AFTER SURGERY 

Mechanisms under study for the development of chronic postoperative pain at the spinal cord. The mechanisms are not independent, 
but they represent hypotheses that investigators usually study independently. 



QUESTIONS? 



PAIN ASSESSMENTS - PAIN MEASUREMENTS  

 Pain is an integral aspect of many diseases and it is important to be able to measure it in 
the clinic so that the progression of disease and the animal’s response to treatment can 
be monitored.  

 

 When research into pain is undertaken, it is also important to be able to measure the 
pain, but this time the aim is to provide meaningful results that will further our 
understanding of the mechanisms of pain or how it can be better treated.  

 

 This change in emphasis between clinical and research measurement of pain means that 
the advantages and disadvantages of the many ways in which pain can be measured 
influence the choice of the most suitable technique and the way in which it is used. It is 
important to carefully select the most appropriate methodologies so that the data 
generated are relevant to the hypotheses being tested.  

 

 The features of pain that are most useful for assessment in clinical environments are not 
always the best to use in a research environment. This is because the aims and objectives 
of the two settings are different. 



HOW DO WE MEASURE PAIN? 
 Within the neuroscientific and medical communities, numerous approaches exist that use 

measures of pain.  

 Animal pain research largely relies on measures of avoidance behaviors such as tail flick 
latency. Some research also aims to quantify suffering behavior, such as licking of the 
injured paw and reductions in eating.  

 Many human pain studies use subjective pain ratings to indicate the level of pain. The 
perhaps most common rating scales for pain are the 11-point pain intensity numerical 
rating scale (NRS), and visual analogue scales (VAS) anchored “no pain” and “intense 
pain.”  

 An alternative approach relies solely on objective measures of pain-related activity, eg, 
functional brain imaging. A large number of brain regions are activated in most 
neuroimaging studies of pain. Some, notably the insula, thalamus, and dorsal anterior 
cingulate cortex (ACC), are reported with great consistency. 

 

 No brain region has been identified unequivocally as the objective marker of nociceptive 
input after a more than decade of functional imaging research of pain highlights the 
complexity of the perceptual decision underpinning the pain experience. 

Scandinavian Journal of Pain 2 (2011) 105–107 



Lancet Neurol 2014; 13: 924–35 
Neuron 87, August 5, 2015 



Information From the Patient History 

The American Pain Society 



The American Pain Society 



The American Pain Society 



COMMON SITES OF REFERRED PAIN FROM VARIOUS BODY ORGANS 

Chapter 30: Pain Assessment and Management 



The American Pain Society 



The American Pain Society 



PAIN ASSESSMENT 

Commonly used self-report pain scales. A: The Visual Analogue Scale. B: The 0–10 Numeric Rating Scale (NRS) 
and the Faces Pain Scales-Revised (FPS-R) combined. C: The Faces Pain Thermometer. 

Chapter 30: Pain Assessment and Management 



The American Pain Society 



PAIN QUESTIONNAIRES 
AND  
BODY CHARTS 

Melzack, R. (1975). McGill Pain Questionnaire Pain, 1, 277–299. Chapter 30: Pain Assessment and Management 



BEHAVIORAL PAIN ASSESSMENT SCALES 

Chapter 30: Pain Assessment and Management 



ADVANTAGES AND DISADVANTAGES OF SIMPLE DESCRIPTIVE PAIN SCALES 

Animals 2016, 6, 71; doi:10.3390/ani6110071 



Quantitative Sensory Tests (QST) 

https://www.ncbi.nlm.nih.gov/pubmed/16697110 
https://www.ncbi.nlm.nih.gov/pubmed/20627413 

https://www.ncbi.nlm.nih.gov/pubmed/16697110
https://www.ncbi.nlm.nih.gov/pubmed/16697110
https://www.ncbi.nlm.nih.gov/pubmed/20627413
https://www.ncbi.nlm.nih.gov/pubmed/20627413


ADVANTAGES AND DISADVANTAGES OF COMMONLY USED 
THRESHOLD TESTING MODALITIES 

Animals 2016, 6, 71; doi:10.3390/ani6110071 



ALLODYNIA AND HYPERALGESIA IN NEUROPATHIC PAIN: 
CLINICAL MANIFESTATIONS AND MECHANISMS 

Lancet Neurol 2014; 13: 924–35 



https://www.youtube.com/watch?v=jtAyeBHB-iw 
 

https://www.youtube.com/watch?v=jtAyeBHB-iw
https://www.youtube.com/watch?v=jtAyeBHB-iw
https://www.youtube.com/watch?v=jtAyeBHB-iw
https://www.youtube.com/watch?v=jtAyeBHB-iw


https://www.youtube.com/watch?v=j5mcWPYi3Zc 
 

https://www.youtube.com/watch?v=j5mcWPYi3Zc
https://www.youtube.com/watch?v=j5mcWPYi3Zc


Lancet Neurol 2014; 13: 924–35 



PROFILE-BASED THERAPY 

Von Hehn, Baron and Woolf 2012 

The sensory phenotype allows to: 
• Subgroup patients 
• Reveal novel “druggable” targets 
• Be used as endpoints (Clinical assessment tool for efficacy - response 

(surrogate endpoint) 





CAPSAICIN IDENTIFIES RESPONDERS 

 Painful diabetic neuropathy – topical clonidine 

Campbell et al. 2012 

Sensory phenotype can be used as endpoints 



Sub-grouping of patients with neuropathic pain according 
to pain-related sensory abnormalities: a first step to a 
stratified treatment approach, Lancet Neurology, 2012 





EVALUATION GOALS AND OUTCOMES 

Chapter 30: Pain Assessment and Management 



COMMON MISBELIEFS ABOUT PAIN 

Chapter 30: Pain Assessment and Management 



HIGHLIGHTS 

 Pain is a subjective, multidimensional experience with sensory–discriminative, cognitive–evaluative, and 
motivational–affective components; many patients need encouragement or help to communicate their 
pain experience, particularly with respect to its intensity, duration, qualities, and related individual 
responses 

 

 Pain can be categorized according to its origin (e.g., somatic, visceral, neuropathic) or according to its 
duration (e.g., acute pain, chronic pain). 

 

 Pain threshold is relatively similar in all people and changes little in the same individual over time; 
conversely, pain tolerance and response vary considerably from person to person and in the same 
person at different times and in different circumstances. 

 

 For pain to be experienced, primary afferent nociceptors must be stimulated. Three main types of pain 
stimuli are mechanical, thermal, and chemical. 

 

 The pain process is complex and involves transduction, transmission, perception, and modulation. 

 

 Gate control theory is the basis of many pain intervention strategies and explains the multidimensional 
nature of pain; yet, it is a theory of acute pain, and it cannot account for nervous system plasticity. 

 

 Numerous factors influence a person’s perception and reaction to pain such as age, gender, and ethnic. 

Chapter 30: Pain Assessment and Management 





QUESTIONS? 



PAIN ASSESSMENTS AND TREATMENTS 

 Treatment of pain is a major challenge in clinical medicine.  

 

 Pain mechanisms involved in pain associated disorders are only partially understood. 
This may lead to suboptimal treatments.  

 

 Studying of pain mechanisms in pain patients is often difficult due to the fact that 
many symptoms of underlying diseases confound the outcome assessment.  

 

 In addition, selection of analgesics is mainly based on trial-error due to difficult 
characterization and treatment of pain in heterogeneous pain population.  

 

 Hence, there is a need for new methods in pain assessments and associated 
strategies for optimal pain treatments.  

 

 Human experimental pain models can limit confounders and offer possibility of 
exploring pain system under controlled settings. Pain models can also be used to 
screen analgesic profiles of drugs developing to treat pain.  



Clinical versus experimental pain. Schematic overview of factors influencing a patient’s perception of pain in the clinic (top) 
and illustration of concepts in experimental pain (bottom). 



 Confounders  may bias clinical evaluation of pain itself and evaluation of the effect of analgesic 
drugs.  

 

 Confounders may include psychological, cognitive, and social aspects of the painful condition, 
comorbid conditions, or side effects of used medication.  

 

 Human experimental models of pain are models in which diverse methods are used to evoke pain 
to mimic some aspects of clinical painful situation and to assess the evoked pain under controlled 
conditions.  

 

 Multimodal stimulation and assessment methods are available and being used in better 
understanding of pain mechanisms and also testing analgesic efficacy of potential compounds to 
treat pain.  

HUMAN EXPERIMENTAL MODELS OF PAIN 

Pain induction  Pain assessment   

Volunteer 



BASICS OF EXPERIMENTAL PAIN MODELS 
 In human experimental pain research a stimulus is needed that will elicit pain and a measure of 

the response to the painful stimulus 

 

 

 

 

 

 Ideally, an experimental pain stimulus should have the following  characteristics: 

 

 Non-invasive, and produce no tissue damage 

 Specific: measure pain and not other sensations 

 Sensitive: be able to measure pain within a range which is ethically acceptable and 
physiologically relevant 

 Measurable, and able to show a relation between stimulus and pain intensity 

 Variable from zero to maximal tolerable levels 

 Reproducible, and frequently repeatable with no change in the response over time 

 Applicable to various tissues 

 

Pain induction  Pain assessment   

Volunteer 



EXPERIMENTAL PAIN STIMULI  

 Experimental pain stimuli may be electrical, thermal, mechanical, ischemic or chemical.  

 

 None of these fulfil the requirements for the ideal pain stimulus.  

 

 A major challenge is to develop experimental pain stimuli that more closely reflect clinical pain. 

 

 

 



EXPERIMENTAL PAIN ASSESSMENTS 

 The response to a painful stimulus can be assessed by psychophysical, electro-physiological, 
and imaging techniques.  

 

 

x 

x x 

x 

x 

x 

x 

x 



EXPERIMENTAL PAIN ASSESSMENTS 

 Psychophysical assessment: In these assessments the relationship between the intensity of 
a stimulus and the evoked perception is described. They can roughly be divided into 
stimulus-dependent and response-dependent methods.  

 

 In the stimulus-dependent method, the stimulus intensity is adjusted until a pre-defined 
threshold is reached. Three sensory thresholds can be defined: 

 

 Perception threshold - the lowest stimulus intensity perceived 

 Pain detection threshold - the lowest stimulus intensity perceived as painful 

 Pain tolerance threshold - the highest stimulation intensity tolerated 

 

 In the response-dependent method a series of fixed-stimulus intensities are applied. The 
perceived intensity of each stimulus is then scored. Scoring can be performed using a visual 
analogue scale (VAS), or a verbal descriptor scale (e.g. weak, moderate, strong, intolerable). 

 



Thermal testing 
 
CDT:    Cold detection threshold 
WDT:   Warm detection threshold  
TSL:    Thermal sensory limen  
PHS:   Paradoxical heat sensations  
CPT:    Cold pain threshold  
HPT:    Heat pain threshold  
 
Mechanical testing 
 
MDT:   Mechanical detection threshold 
MPT:   Mechanical pain threshold 
MPS:   Mechanical pain sensitivity 
DMA:   Dynamic mechanical allodynia 
WUR:  Wind-up ratio 
VDT:    Vibration detection threshold 
PPT:    Pressure pain threshold 

Rolke et al. (DFNS Study Group) PAIN 123 (2006) 231-243  -  Magerl et al. PAIN 151 (2010) 598-605   

DFNS PROTOCOL OF QUANTITATIVE SENSORY TESTING 



TSA 

 Thermal testing Primary afferent pathway  

CDT:   cold detection threshold Aδ-Cold-Fibers 

WDT:  warm detection threshold C-Warm-Fibers 

TSL:   alternating CDT/WDT       

PHS:  provocation of paradoxical heat sensation by TSL C-Nociceptors 

CPT:  cold pain threshold C or Aδ-Nociceptors 

HPT:  heat pain threshold C-Nociceptors  

DFNS - QUANTITATIVE SENSORY TESTING (QST) – I  



 Mechanical testing  Primary afferent pathway  

MDT: mechanical detection threshold (tactile)  Aβ-low threshold mechanoreceptors (SA-LTM) 

VDT: vibration detection threshold (64 Hz)  Aβ-low threshold mechanoreceptors (RA-LTM) 

MPT: mechanical pain threshold (pin prick)  

MPS: mechanical pain sensation (pin prick)  Aδ-Mechano-Nociceptors (mostly AMH-I) 

WUR:  wind-up ratio (pain summation)  Central integration of nociceptive input 

DMA: allodynia (pain to light touch)  Aβ-low threshold mechanoreceptors (crosstalk) 

PPT: pressure pain threshold (blunt)  Deep (muscle) C nociceptors 

DFNS - QUANTITATIVE SENSORY TESTING (QST) – II  



EXPERIMENTAL PAIN ASSESSMENTS 

 Two main electrophysiological methods are used: evoked potentials and nociceptive 
reflexes to painful  stimuli. The response is quantitative but the main problem is that they 
may not always be a correlate of pain intensity. 

 

 

DOI: 10.1152/jn.91181.2008  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAtb2v8a3QAhXDVywKHQ1FCFAQjRwIBw&url=http://www.smi.hst.aau.dk/research/laboratories/assessment-of-spinal-nociception-laboratory/&bvm=bv.139138859,d.bGg&psig=AFQjCNEIMjoVpTVsvPn3zdAHI-u5VAtV5Q&ust=1479406564368452


TEMPORAL AND SPATIAL SUMMATION 

 The evoked responses to a painful stimulus can be highly dependent on the stimulation 
modality, duration and area stimulated.  

 

 Applying a nociceptive stimulus to a large area, and thereby stimulating more nociceptive 
afferents, will elicit a more intense pain than if the same stimulus is applied to a smaller 
area. This phenomenon is termed spatial summation.  

 

 Repeating nociceptive stimuli may also cause a central summation of the afferent stimuli 
and increase the resulting response. This is termed temporal summation.  

 

 Temporal summation can be assessed by psychophysical pain ratings or by increases in the 
amplitude of the nociceptive reflex elicited by the repeated stimuli. 

 

 





x 

x x 

x 

x 

x 

x 

x 

Application area 

SH area 
Heat pain threshold  

in SH area 

 

 

Application of irritant on skin for 90min/ 7min/ 4min 

•Brush allodynia  

Static allodynia  

TOPICAL CAPSAICIN/ HEAT INJURY/ MUO MODEL 



A HUMAN SURROGATE MODEL OF POSTOPERATIVE PAIN 



Anesthesiology 2011; 115:387–97 



T. Klein et al. / Pain 115 (2005) 227–233 



T. Klein et al. / Pain 115 (2005) 227–233 



EXPERIMENTAL DESIGN OF A HUMAN MODEL OF MIGRAINE 



Patterns of cranial muscle pain 

Illustration of subject-based and superimposed drawings (n = 20) of perceived pain following infusion of 0.2 ml hypertonic saline 
into six pericranial muscles.  Cephalalgia, 2006, 26, 568–577 



Distension of the oesophagus with a balloon. The different layers of the oesophagus and the cross 
sectional areas of the lumen are imaged with ultrasound. The picture to the left illustrates the 
oesophagus with a nearly deflated balloon, corresponding to a slight, nonpainful sensation. The picture 
to the right illustrates an inflated balloon, corresponding to the pain detection threshold. 

Basic & Clinical Pharmacology & Toxicology 2004, 95, 97–111. 

EXPERIMENTAL MODEL OF VISCERAL PAIN  



THE IMPORTANCE OF MULTI-MODAL-MULTI-STRUCTURE 
STIMULATION AND ASSESSMENT 

 The study of pain in humans is the investigation of a complex multiple input-multiple 
output system, because pain is subjective and multidimensional. So only a multi-
dimensional sensory testing involving several stimulation modalities and a multi-
dimensional assessment technique may allow us to draw comprehensive conclusions.  

 

 Each added stimulation and assessment modality will increase the amount of information 
obtained in a study, but this will also increase the difficulties of interpreting the data.  

 

 In many animal and human experimental studies it is often the case that only one 
stimulation modality is used and only one assessment technique.  



TRANSLATIONAL MODELS 



APPLICATIONS OF HUMAN EXPERIMENTAL PAIN  

 In the clinical situation, conditions are not standardized because the patients have 
coexistent diseases, and operations vary in type and extensiveness. The emotional, 
psychological and cultural factors vary, and a pathological re-organization of the nociceptive 
system due to chronic pain may be present.  

 

 Controlled conditions can be achieved in the experimental setting. The stimulus intensity, 
duration and modality can be defined and kept constant over time, and the psycho- 
physical and physiological responses can be quantified. Furthermore, the patient or 
volunteer can be used as his/her own control, thereby minimizing inter-individual response 
variation, and variation over time. But the psychological/emotional aspects cannot be 
simulated in experimental volunteer studies. 

 

 Mechanism-based classification of pain 

 Evaluating the analgesic effect of anesthetic and analgesic drugs 

 Peripheral and central hyper excitability 



A theoretical sketch showing how a volunteer or patient is stimulated by various pain stimuli activating different nociceptors, 
pathways, and/or mechanisms. The pain responses to the individual stimuli can then be assessed in a quantitative way. A 
stimulus together with the associated response is termed amechanistic pain biomarker (illustrated by dotted line box). At 
sketch 4, pain biomarkers are combined to the mechanistic pain profile of the person. The individual responses can then be 
inside or outside the normal range (shaded). If the response is outside the normal range, it can either show a loss of function 
(e.g. hypoalgesia) or gain of function (e.g. hyperalgesia). 

http://dx.doi.org/10.1016/j.sjpain.2013.07.025. 



The mechanistic pain profile composed of 4 mechanistic pain biomarkers characterizes the pain patient. Two of the biomarkers 
show gain of function, and one shows loss of function. The patients are then exposed to drug A and/or B. Drug inhibits 
significantly the facilitated biomarker 1 response whereas drug B significantly inhibits the facilitated biomarker 4 response. 
Theoretically, combining drug A’s mode-of-mechanism with drug B’s mode-of- mechanism should cause an inhibition of the 
facilitated pain mechanisms indicating theoretically how individualize pain management regimes could be implemented. How 
such an approach would benefit patients needs to be proven for different classes of chronic pain disorders. 

http://dx.doi.org/10.1016/j.sjpain.2013.07.025. 



Schematic overview over how several parameters can affect the outcome of trials involving drug testing in human 
experimental pain models 





fMRI, functional magnetic resonance imaging; MEG, magnetoencephalography; PET, positron emission tomography; UV, ultraviolet. 

http://dx.doi.org/10.1016/j.pain.2014.07.003 



Schematic overview of the effect of non-opioid analgesics in acute human experimental pain models 



Schematic overview of the effect of non-opioid analgesics in human experimental pain models inducing 
hyperalgesia 

DOI:10.1111/j.1365-2125.2009.03433.x 

• Allodynia: Pain due to a stimulus that does not 
normally provoke pain 

• Hyperalgesia: Increased pain from a stimulus that 
normally provokes pain 

Cervero and Laird, 1996 



Buprenorphine effect on skin heat pain. Graph showing an example of analgesic effect of buprenorphine to experimental 
induced heat pain in the skin using a thermode (top right). Measurement of heat tolerance threshold (degrees Celsius) was 
assessed before treatment and 24, 48, 72, and 144 h after treatment with buprenorphine (orange) and with placebo (blue). 
Tolerance threshold increased over time after treatment with buprenorphine compared with placebo. 



Oxycodone and morphine effects on muscle pain. Analgesic effects of morphine (purple), oxycodone (green), and placebo 
(blue) on cuff pressure algometry in the thigh are shown for 24 healthy volunteers. Bottom, pain detection thresholds; top, pain 
tolerance thresholds. Analgesic effect was more pronounced when the higher intensity thresholds were evaluated. 



Oxycodone and morphine effects on visceral pain. Analgesic effects of morphine (purple), oxycodone (green), and placebo (blue) 
are shown for 24 healthy volunteers. Pain detection thresholds for electrical stimulation in the esophagus are shown. Visceral 
hyperalgesia was induced after baseline stimulation by perfusion of the esophagus with a combination of acid and capsaicin. 
Therefore, less intensity was tolerated over time after treatment with placebo. The hyperalgesia was prevented by oxycodone and 
reduced after morphine treatment. 

http://dx.doi.org/10.1124/pr.111.005447. 



Phase Ia 
Safety  

+ 
Human pain biomarker models 

 
Screening for analgesia 
 Pain thresholds to phasic stimuli 
 Stimulus-response functions 

Phase Ib and II 
POC study, Human pain biomarker models 

 
Screening for multi-modal, multi-tissue analgesia 
 Pain thresholds to phasic stimuli 
 Stimulus-response functions 
Screening for mechanism 
 Inflammation 
 Peripheral and central sensitization 
 Temporal summation 
 Descending modulation 
 Referred pain 

Phase II 
POC study, screened patients 

 
Clinical measures 
Screening for analgesia with selected: 
 Pain thresholds  
 Stimulus-response functions 
Screening for mechanism with selected models 

Pre-clinical data on  safety and 
analgesic and anti-inflammatory 

actions 

Profiling pain  
patient population 

Phase III 
Screened patients 

 
Clinical measures 
Selected  human pain biomarkers 

No 
Go GO 

GO 

No 
Go 

GO 

No 
Go 

No 
Go 

GO Further development 

Dashed lines show the possibility 
of returning to, refining and 
repeating tests at earlier stages 



SUMMARY 

 Experimental methods to evoke and assess pain under controlled circumstances are 
advantageous and offer a unique opportunity to investigate analgesic effects on 
different pain modalities arising from different tissues as well as peripheral and 
central pain mechanism. 

 

 The disadvantages of experimental models are the short lasting acute stimuli and 
hence the limited psychological involvement. The experimental stimuli may therefore 
not mimic clinical pain sufficiently as pain experienced and reported by healthy 
volunteers is different from clinical pain. 

 

 Sensitization, a hallmark of clinical pain, can be evoked experimentally in healthy 
volunteers to mimic pathological conditions such as allodynia and hyperalgesia. 

 

 The concept of an advanced pain profiling using translational, mechanism-based 
human pain biomarkers for profiling/ characterization of pain patients can be shown. 
and for mechanistic profiling of drugs in early development.  

 

 In addition opportunities exist to match a mode of- action for a drug with a patient’s 
pain profile and hence start to implement individualized pain management regime 
although there is still a long way to go before such a strategy can be implemented. 

 



Questions: 
How would you re-assess this condition? Use all tools for pain assessments that you 
may need.  
What changes, if any, would you make to the current recommendations to her?   
What non-drug recommendations-plans would you implement? Apply all 
recommendation you can think of that can help Melinda’s situation.  
  

Case:  
 
Melinda is a 45-year old office worker who re-presents to you with persistent lower back pain. She 
initially presented 3 weeks ago with acute onset severe pain after lifting a heavy box for which you 
recommended paracetamol. Her pain has improved but not resolved. Melinda’s lower back pain is 
“aching” in nature and it is diffuse, it radiates into her left buttock. Sitting for long periods and 
housework exacerbate her pain. She is worried that her back pain will get worse if she does too 
much.  
Melinda is not a good sleeper and does not eat well. Her excuse is stress and limitation of time that 
leads her to eat lots of canned food but she has no drug allergies. She often finds herself 
demotivated to take any sport activities on a regular basis in a nearby gym or joining walking club 
with her colleagues at work. She is a single mom, has 2 kids, and her mother recently passed away 
from a brain cancer. She is still recovering from her divorce and loss of an important family member. 
She does not have a large circle of friends and has started smoking regularly and heavy drinking 
during weekends.  
On examination she has diffuse tenderness of her lower back. Recent full blood count, liver and 
renal function tests were unremarkable.  
 



QUESTIONS? 



http://www.ncbi.nlm.nih.gov/books/NBK57269/ 
 

http://www.crcnetbase.com/doi/book/10.1201/9781420042566 
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PAIN PERCEPTION AND THE HUMAN BRAIN 

https://www.youtube.com/watch?v=3VBOTYq2E8c 
 

https://www.youtube.com/watch?v=3VBOTYq2E8c
https://www.youtube.com/watch?v=3VBOTYq2E8c


CENTRAL NERVOUS SYSTEM MECHANISMS OF PAIN MODULATION 

https://www.youtube.com/watch?v=FbJF8gijf8E 
 

https://www.youtube.com/watch?v=FbJF8gijf8E
https://www.youtube.com/watch?v=FbJF8gijf8E

