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Abstract 
Magnetic resonance imaging (MRI) offers high soft-tissue contrast compared to computed tomography 

(CT). This contrast is helpful in many cases, such as tumour delineation for radiotherapy treatment, and has 

led to increasing use in radiotherapy treatment planning (RTP). The soft tissue contrast is also valuable for 

combining MRI with positron emission tomography (PET) imaging in PET/MRI hybrid systems. It also adds 

the option for simultaneous acquisition of PET and MRI images which is not feasible for the well-established 

PET/CT systems. 

When PET attenuation correction and RTP are based on CT images, the necessary information on the 

approximate electron density of the tissues is available from the CT images. MRI images lack this 

information and must be transformed into electron density equivalent information. This is usually done by 

conversion to the form of substitute CT (sCT) images or directly to attenuation maps for PET reconstruction. 

The MRI images suffer from geometric distortions dependent on the MRI scanner as well as the imaged 

patient itself, which can affect the sCT and attenuation map conversion. 

This thesis aimed to investigate the size of the geometric MRI distortions for different settings on the MRI 

scanner and their effect on the resulting RTP and reconstructed PET images. Such information can aid in 

optimising the MRI imaging for different purposes. It can also give some information needed to determine 

tests to run in a quality assurance (QA) regime. 

In Paper I, we studied the MRI gradient-field nonlinearity distortions effect on PET reconstruction through 

simulation into CT images. We found that the effects should be acceptable if distortion correction algorithms 

available on the MRI systems are applied. 

In Paper II, we developed a patient-induced susceptibility effect simulation method that was later used in 

Paper III, together with measurements of system-dependent distortions and patient-specific shimming to 

determine their dosimetric effect on head and neck cancers. We found this effect to be small for high 

bandwidth spin echo sequences. 

Paper IV presented a proof of concept for patient-specific quality assurance of sCTs and attenuation maps. 

Simulations using the method from Paper II were compared with B0-map measurements to identify 

problematic areas in the sCTs and attenuation maps. 

This work has contributed to the knowledge and methods needed for the necessary considerations for 

optimisation and setting up a QA protocol aimed at PET/MRI and MR-only radiotherapy. 
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