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X-ray computed tomography (CT) is a fundamental component of diagnosis and treatment in many
modern medical applications. Therefore, a successful outcome of patient healthcare often depends on
the image quality provided by CT systems. However, when pushing the boundaries of CT imaging,
several missing pieces in our current understanding of image quality become evident. It is the
objective of this work to scientifically study those missing pieces, particularly in the following four
cases: (i) CT imaging in peripheral regions of the scan field of view. (ii) Increased spatial resolution
CT imaging. (iii) Radiation dose reduction in single-energy CT. (iv) Radiation dose reduction in
dual-energy CT (DECT). As we will see, the study of case (i) unveils an incomplete understanding
of the noise properties of CT systems. Case (ii) challenges the use of observer models for high
contrast and high spatial resolution imaging tasks. In cases (iii) and (iv), potential limitations in
the quantification accuracy will be the main focus. The contributions of this Thesis work to the
current state of knowledge can be summarized in three key results: (i) The noise power spectrum of
clinical multi-detector CT systems is strongly influenced by the use of the bowtie filter and how
well it matches with the image object. (ii) A modified ideal observer model was developed and
validated to predict human observer performance for high contrast and high spatial resolution CT
imaging tasks. (iii) The CT number bias of filtered backprojection based CT systems is inversely
proportional to the exposure level. This limitation can be mitigated with the help of noise-reduction
strategies. Interestingly, limited quantification performance at low dose levels does not extend to
image-based DECT.


	Acknowledgements
	Abstract
	Contents
	Tables
	Figures
	1 Introduction
	1.1 Image quality: is there anything left to study?
	1.1.1 CT imaging at peripheral regions of the SFOV
	1.1.2 Increased spatial resolution CT imaging
	1.1.3 Radiation dose reduction in single-energy CT
	1.1.4 Radiation dose reduction in DECT

	1.2 Layout of the dissertation

	2 Background
	2.1 Spatial resolution
	2.2 Noise
	2.3 Imaging tasks and figures of merit
	2.3.1 Binary classification tasks
	2.3.2 Quantification tasks

	2.4 Mathematical observer models
	2.4.1 Imaging task function
	2.4.2 Ideal observer
	2.4.3 Prewhitening observer with eye filter and internal noise
	2.4.4 Nonprewhitening observer
	2.4.5 Nonprewhitening observer with eye filter and internal noise
	2.4.6 Channelized Hotelling observer


	3 Impact of object position and bowtie filter on the NPS of a clinical MDCT system
	3.1 Introduction
	3.2 Theoretical model
	3.3 Methods and Materials
	3.3.1 Direct NPS computation
	3.3.2 Numerical simulation studies
	3.3.3 Physical phantom studies
	3.3.4 NPS impact on image conspicuity

	3.4 Results
	3.4.1 Direct computation, numerical simulations, and experimental studies
	3.4.2 Qualitative assessment of feature conspicuity

	3.5 Summary and discussion

	4 High resolution mode in MDCT systems: MTF and NPS assessment
	4.1 Introduction
	4.2 Materials and methods
	4.2.1 Technical challenges and solutions in MTF assessment
	4.2.2 Phantom setup and CT acquisition
	4.2.3 Ex vivo bone fracture model

	4.3 Results
	4.3.1 Validation of the proposed MTF assessment method
	4.3.2 MTF properties
	4.3.2.1 Dependence on object positions
	4.3.2.2 Dependence on scan mode
	4.3.2.3 Dependence on reconstruction kernel

	4.3.3 NPS properties
	4.3.3.1 Dependence on object positions
	4.3.3.2 Dependence on scan mode
	4.3.3.3 Dependence on reconstruction kernel

	4.3.4 Ex vivo bone fracture study

	4.4 Summary and discussion

	5 A modified ideal observer model for high contrast and high spatial resolution imaging tasks
	5.1 Introduction
	5.2 Methods and materials
	5.2.1 High contrast and high spatial resolution imaging task
	5.2.2 Human observer studies
	5.2.2.1 Image preparation
	5.2.2.2 Image reading and scoring

	5.2.3 Observer model studies
	5.2.3.1 Conventional observer models
	5.2.3.2 Proposed modified ideal observer model (MIOM)

	5.2.4 Quantification of correlation between human observer and observer model
	5.2.5 Application of MIOM

	5.3 Results
	5.3.1 Human observer results
	5.3.2 Correlation between human observers and observer model results
	5.3.3 Application to Hi-Res mode

	5.4 Summary and discussion

	6 Quantification accuracy of CT numbers at reduced dose levels
	6.1 Introduction
	6.2 Theoretical Model
	6.2.1 Lesion-background model
	6.2.2 Estimation of CT numbers
	6.2.3 CT number bias

	6.3 Materials and methods
	6.3.1 Phantoms
	6.3.2 MDCT data acquisition
	6.3.3 Benchtop CT data acquisition
	6.3.4 CT number bias estimation

	6.4 Results
	6.4.1 Benchtop CT system (Catphan phantom study)
	6.4.1.1 Dependence of CT number bias on exposure level
	6.4.1.2 Dependence of CT number bias on contrast
	6.4.1.3 Dependence of CT number bias on exposure level and contrast

	6.4.2 Diagnostic MDCT scanner
	6.4.3 Anthropomorphic pediatric phantom study

	6.5 Summary and discussion

	7 Impact of noise-reduction schemes on quantification accuracy of CT numbers
	7.1 Introduction
	7.2 Materials and methods
	7.2.1 Data acquisition and reconstruction
	7.2.2 Denoising methods (benchtop CT data)
	7.2.3 Image quality assessment

	7.3 Results
	7.3.1 ASIR implementation
	7.3.2 Denoising impact on CT number accuracy
	7.3.3 Interplay between detectability and CT number bias
	7.3.4 Anthropomorphic phantom study

	7.4 Summary and discussion

	8 Quantification accuracy of DECT material decomposition at reduced dose levels
	8.1 Introduction
	8.2 Theoretical analysis
	8.2.1 Decomposition accuracy
	8.2.2 Dose splitting optimization

	8.3 Materials and methods
	8.4 Results
	8.5 Summary and discussion

	9 Concluding remarks
	9.1 Thesis contributions to the current state of knowledge
	9.1.1 Key result # 1
	9.1.2 Key result # 2
	9.1.3 Key result # 3

	9.2 Future research directions

	References

