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Introduction 

In MR imaging, a lot of protocols are limited by Specific Absorption Rate (SAR) 
constrains. Therefore, the power we can use for RF excitation during MRI is limited. 
This to prevent the human body from heating up too much. However, there is no well-
established method of measuring SAR in-vivo and we are therefore not completely 
certain how large the energy deposition in the human body is during a clinical an MRI 
scan. Therefore, we are mostly relying on the history of safe usage that exists with 
current guidelines. 

However, simulation studies have indicated that the temperature increases in certain 
body regions might reach dangerous levels with the current guidelines. These 
simulation studies have never been validated. If we would be able to demonstrate 
how much the human body heats up during an MRI examination, it would allow us to 
validate the simulation studies. This can then be used to make a more clear 
statement about the validity of the current guidelines on SAR; if heating it too high we 
should make the guidelines more stringent, but if heating is not high at all we could 
re-evaluate these SAR guidelines to make them less stringent. 

Project goals 

In the past, we have been experimenting with the proton resonance frequency shift 
method (PRFS), which looks at the phase signal of MRI data as the phase will 
change with temperature according to the following equation: Δ𝜙 = 𝛾𝐵!𝑇"𝛼𝛥𝑇, with 
Δ𝜙 being the change in phase signal between 2 images (acquired at 2 different time 
points), 𝛾 gyromagnetic ratio, 𝐵! the main magnetic field strength, 𝑇" the echo time, 
and 𝜶 the PRF coefficient (demonstrating the change in resonance frequency with 
temperature).  

We have developed a pipeline to use this PRFS method to evaluate the temperature 
increase in a human thigh at 7T. However, we would also like to apply this method to 
clinical field strengths (1.5T and 3.0T). Translation to these clinical field strengths 
requires us to re-evaluate our protocol.  

The goal of this project is to optimize the protocol for temperature mapping using an 
MRI scanner operating at a field strength of 1.5T. This will require investigation into 
(among others) the following parameters: 

• 𝐵! shimming 

• Echo times 

• Repetition times (related to cardiac triggering and SENSE acceleration) 

Note that this project will require data to be acquired at the MRI system at the UMC 
Utrecht. You are therefore expected to be present in Utrecht for 1 or 2 days every 
week! 



Student profile 

• Enthusiastic student with background in electrical engineering, biomedical 
engineering, computer science, or a related field 

• Sufficient understanding of MRI (e.g., followed the Voortgezette Beeldvormende 
Technieken course (8VC00)) 

 
4. Related literature 

• https://onlinelibrary.wiley.com/doi/10.1002/mrm.29591  
• https://onlinelibrary.wiley.com/doi/10.1002/mrm.25710 
• https://onlinelibrary.wiley.com/doi/full/10.1002/mrm.24671 
 

Contact 

For project details, please contact Mathijs Kikken. Email: m.w.i.kikken@umcutrecht.nl  

 

Figures 

Figure 1. Temperature increase in the human thigh at 7T 

 

 

 

 

 




