
Multidisciplinary Research Program in Medicine Project: Temperature dependency of tonic pain 
responses - A comparison of tonic cold and tonic heat pain protocols to assess temporal summation in 
humans. 

Hypothesis or Research Question(s): Research question: Is tonic cold effective at eliciting temporal 

summation responses in humans?     

Hypothesis: Tonic cold pain will be as effective at eliciting signs of temporal summation in humans when 

compared to tonic heat pain. 

PROJECT BACKGROUND & SUMMARY 

Pain assessment in humans is often predicated on the visual analog scale (VAS), where participants rate 

their pain from 0 being no pain to 10 being the worst tolerable pain. Of course, comparability across 

individuals presents as a challenge with the VAS, as 5/10 for one individual may not mean the same for 

another. With that in mind, a 30% reduction in VAS continues to be the benchmark for success in clinical 

trials. While the "objective assessment of pain" remains elusive (despite advancements in neuroimaging 

techniques), the use of quantitative sensory testing provides an avenue to better characterize elements 

of an individual's pain profile, beyond complete reliance on VAS. One such examine, is tonic heat pain 

assessments with a computerized visual analog scale (COVAS).   Briefly, tonic heat pain assessments 

involve exposure to a painful heat stimulus (42 degrees Celsius) for two minutes in a designated region 

(i.e. 50 square centimeters of the forearm), while participants continuously report their pain ratings to 

the stimulus by means of COVAS slider. Previous studies have shown a typical pain response to tonic 

heat, where participants first experience an adaptation (large increase in pain response, followed by 

reduction and stabilization) and then a clear temporal summation (steadily increase in COVAS response). 

This temporal summation phase (where pain responses continue to increase) represents a characteristic 

adaptation of peripheral nociceptive (pain) neurons, where there is an enlarged pain response to a 

repeated or persistent stimulus. Mechanisms of temporal summation are tightly linked with the same 

pathways involved in chronic pain development, and thus the ability to measure temporal summation 

responses in humans, via tonic heat pain, provides insight into such mechanisms. While the assessment 

of temporal summation via tonic heat pain is well defined, little is known about temporal summation in 

response to tonic cold pain. The assessment of tonic cold pain will provide insight into the mechanism of 

temperature dependent temporal summation, as while noxious heat and cold receptors may differ, they 

share similar pathways. The overall goal of our proposed project is to develop and validate a method to 

reliably assess tonic cold pain in humans, specifically with the aim to characterize temporal summation 

responses. 

BENEFIT TO THE STUDENTS 

Students will be invited to be involved in all steps of the research process. The current state of the 

project is preliminary pilot testing of equipment and ethics application. This timeline will work perfectly 

for summer students to pickup and carry out all aspects of the project, from data collection and analysis, 

to statistical analysis and results preparation. One main aspect of the project where students will have 

freedom is in the development and validation of a graphical user interface (GUI) to deliver heat and cold 

stimuli. Dr. Kramer's lab is already equipped with a TCS II stimulator (QST Lab, Strasbourg, France), and 

Medoc COVAS unit (Medoc, Ramat Yishai, Israel). However, a robust system to use these devices 

simultaneously is required. Under the supervision of Dr. Blouin, and alongside postdoctoral fellow Dr. 

Linde, the students will design and implement a Matlab (Natick, Massachusetts: The MathWorks Inc) 

user interface that can be reliably used to collect, analyze, and graphically display data in real time for 

tonic heat and cold assessments. From there, students will then be equipped to carry out the proposed 

study, exploring optimal parameters of tonic cold pain assessment, in comparison to tonic heat pain 
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assessment. Finally, students will have the opportunity to explore the effects of tonic heat and tonic cold 

on brain activity via electroencephalography (EEG). Here, students will be exposed to advanced 

neuroimaging techniques, that will be used as surrogate measures for participant alertness and 

apprehension to oncoming stimuli.    

For the development of the Matlab user interface, and the processing of data, students will have the 

opportunity to complete some of their work remotely. This will ensure the successful completion of 

their project, regardless of changes in COVID-19 restrictions. Further, in the event project data collection 

must be halted due to COVID-19 restrictions, students will have the opportunity to translate their data 

processing skills to other ongoing projects within the Kramer lab. Multiple deliverables are expected to 

arise from this project. It is expected to produce one publication, and multiple conference abstracts. 

Further, we will support the open sharing of the student's developed Matlab user interface. This will 

enable other research groups that use the same temperature stimulator the opportunity to make use of 

tonic heat and tonic cold pain assessments. There will be the opportunity for the students to earn co-

authorship, as well as present at local or international conferences.


