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ABSTRACT:

Dosimetry is a crucial process in radiation therapy to ensure that radiation dose is accurately delivered
to patients. A number of different dosimetry protocols are used at all stages of the external beam
radiation therapy workflow. Recent advancements in radiation therapy delivery have posed a
dosimetry challenge due to the use of highly modulated radiation fields and large dose per treatment
fraction. Therefore, there is a need for novel accurate dosimetry techniques that are volumetric, non
beam-perturbing, and near real-time. X-ray acoustic computed tomography (XACT) is an emerging
imaging modality that detects the acoustic waves generated in an object via the thermoacoustic effect
following a single pulse of x-ray irradiation. By using these transducer signals, an image of the
differential pressure build-up can be reconstructed. Since XACT images can be related to radiation
dose, it has been proposed that XACT could be a valuable tool for radiotherapy dosimetry.

The goal of this thesis was to demonstrate the feasibility of using XACT for relative water tank and in
vivo dosimetry applications in photon external beam radiation therapy. First, the properties of the
acoustic waves induced following the irradiation of metal blocks were systematically investigated
through experimental measurements. Simultaneously, a simulation workflow capable of modelling
the induction and propagation of acoustic waves following a pulse of clinical linear accelerator (linac)
radiation was developed and validated using the experimental metal block measurements. This study
established the relationships between the properties of radiation-induced acoustic waves and the
deposited dose distribution. Next, the ability to detect radiation-induced acoustic waves in a
homogeneous water tank and image the deposited dose distribution was demonstrated. XACT images
of dose distributions of a variety of shapes and sizes were formed and compared to ion chamber and
film measurements to verify the linear relationship between XACT image magnitude and deposited
radiation dose. In addition, the acquisition of XACT images was extensively characterized, and the
repeatability, sensitivity, and required imaging dose were found to be promising for relative water
tank dosimetry applications. The final portion of this thesis comprises a simulation study to investigate
XACT as a tool for in vivo dosimetry. The acoustic waves induced in a prostate patient during irradiation
with static rectangular fields or a volumetric modulated arc therapy plan were modelled to simulate
the signal detected by a transducer placed at the perineum. It was observed that the position of dose
distribution gradients in the patient could be inferred by back-projecting the transducer signal onto a
computed tomography (CT) or ultrasound image of the patient.

This work demonstrates that XACT has great promise as a radiotherapy dosimetry technique,
particularly for relative water tank and in vivo applications. Future work in the field should focus on
the improvement of transducer technology and image reconstruction to enhance the sensitivity of the
technique. Ultimately, XACT could be used as a tool for rapid volumetric water tank dosimetry of
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complex treatment fields and be combined with anatomical ultrasound imaging for near real-time in
vivo dosimetry and treatment monitoring.
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