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Abstract

ABSTRACT

This thesis describes the design, optimisation, construction and evaluation of a laboratory
based digital mammography system which uses phosphor coated charge-coupled devices
(CCDs) for x-ray detection. The size mismatch between the breast and the CCD is
overcome by operating the CCD in time delay and integration (TDI) mode and scanning

across the breast.

Multiparameter optimisations have been carried out for a wide range of digital
mammography system configurations and requirements, with the aim of optimising the
image quality for a given patient dose. The influence of slot width, exposure time, focal
spot size, detector resolution and noise level, dose restrictions, patient thickness and x-

ray tube target on the system configuration to give optimum image quality is examined.

The system is fully characterised in terms of responsivity, dark current, modulation
transfer functions (MTFs), noise power spectra (NPS) and spatial frequency dependent
detective quantum efficiency (DQE(f)). Direct interactions of x-rays with the CCD are
shown to give a significant increase in the high frequency values of the MTF. These
interactions also act as a source of noise and act to significantly reduce the DQE(f) at all
frequencies. A subjective comparison of images produced with the optimised prototpye
system with those produced using a conventional film-screen detector shows that these
interactions must be removed if the prototype system is to produce images of equal
quality to those currently produced using film-screen combinations. Other improvements

to the system are suggested. -
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Chapter 1 Introduction to conventional and digital mammography

1. INTRODUCTION TO CONVENTIONAL AND
DIGITAL MAMMOGRAPHY

1.1 Introduction

Breast cancer is the commonest form of cancer to affect females in the UK, with 24000
new cases and 15000 deaths each year. Such a high incidence rate - it affects one

woman in twelve - is considered an epidemic (Roebuck 1994).

In 1985, when nearly half the health districts within the National Health Service had no
mammographic facilities whatsoever, the Minister of Health set up a working group,
chaired by Professor Sir Patrick Forrest, to investigate all information available on breast
cancer screening, to examine any appropriate changes in the UK policy on
mammographic screening, to suggest a range of policy options and to assess the costs
and benefits involved. The working group issued its final report, known as the Forest
Report, in 1986, in which it recommended breast screening every three years for women
between 50 and 64 years of age. Their findings were strongly influenced by the results of
two randomised controlled trials: The New York Health Insurance Plan (HIP) trial and
the Swedish ‘two counties’ trial, both of which identified a 30% reduction in mortality of
screened women compared with control groups. Results of other trials have since been
published (Alexander et al 1994, Wald et al 1991), which also indicate that screening can

reduce breast cancer mortality rates.

Conventional mammography is currently seen as the most efficient technique for the
early detection of breast cancer, and is used by breast screening programmes throughout
the world, including the now well established United Kingdom National Health Service
Breast Screening Programme (NHSBSP). In spite of its success, the effectiveness of
film-screen combinations for imaging the breast is limited by several technical problems
which it hoped can be overcome by replacing the film-screen combination with a digital

detector.
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Chapter 1 Introduction to conventional and digital mammography

This theses is an investigation into the use of one specific digital imaging detector, the
charge-coupled device (CCD), for digital mammography. The first chapter serves as an
introduction to conventional mammography and also to some elementary x-ray imaging
concepts such as film response curves and patient dose. The limitations of film-screen
combinations are discussed, and the advantages of digital detectors are described.
Various digital detectors are then considered for mammography, and the reasons for
choosing CCDs are discussed. The design and operation of charge-coupled devices is

then described in some detail.

The construction of a prototype digital mammography system based on charge-coupled
devices is detailed in chapter 2. Chapter 3 describes the initial calibration of this system,
including evaluation of characteristics such as gain and dark current in the CCD.
Chapter 4 then describes resolution (modulation transfer function) and noise (noise
power spectra) measurements as well as detective quantum efficiency. The theoretical
optimisation of this system for use in mammography is detailed in chapter 5. Chapter 6
then uses breast phantom images to evaluate the image quality, both subjectively and
quantitatively, as well as providing some validation of the model used for the theoretical
optimisation in chapter 5. Chapter 7 describes the use of CCDs for stereo-
mammography, including an initial evaluation of such a system. Finally, chapter 8
discusses improvements which could be made to the present system, and gives some

- suggestions for future work.

1.2 Anatomy of the female breast

The female breast is a mixture of adipose and glandular tissue. It “exhibits a continuous
flow of transitional forms between the extremes of abundant parenchyma and practically
no parenchyma at al” (Craigmyle 1984). The mammary gland contains 15-18 lobes, each
of which has a main duct opening in the nipple. Each main duct branches out to form the

terminal ductal lobular unit (TDLU) which is made up of the extralobular terminal duct

16



)<

@
)
C)< )

B)A

%



$@

(!

A9$BON
$

| |
!
!
!
!
!
B@')
o

1 % 1



Chapter 1 Introduction to conventional and digital mammography

Detailed analysis of the form, size, density, number and distribution of the detected
microcalcifications can lead to a very high level of diagnostic accuracy (Tabar and Dean
1985), although the number detected is highly dependent of the mammographic
technique used. It should also be noted that 80% of biopsied clusters of calcifications
represent benign processes (Tabar and Dean 1985). Different classifications of

calcifications which can be identified by mammography are illustrated in Figure 1-2.

Circumscribed and stellate lesions and thickened skin syndrome

Circumscribed and stellate lesions are identified by their structure, shape and density.
Definite diagnosis is not always possible and histologic examination may be necessary.
For further details of the mammographic characteristics of these lesions and of thickened

skin syndrome the reader is referred to Tabar and Dean 1985.

1.4 Patient dose

Any examination using ionising radiation has an associated risk of radiation-induced
carcinogenesis although in mammography,. with modern equipment and techniques, this
risk is generally considered low compared with the benefit of the examination (NCRP
1986, Law 1987, IPSM 1989). The female breast is, however, considered to be a
particularly sensitive organ for the induction of cancer and patient dose must be carefully

monitored.

Absorbed dose is defined as (ICRU 1980, Johns and Cunningham 1983)

Absorbed dose = dE,,
dm

Equation 1-1

where dE is the mean energy imparted by the ionising radiation to a mass dm. It has

units of gray (Gy), defined as 1Gy=1 J kg'. In the breast it is believed that it is the
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Chapter 1 Introduction to conventional and digital mammography

glandular tissues (IPSM 1989) which are most sensitive to radiation induced
carcinogenesis. That is, the mean dose to the glandular tissues (the mean glandular dose)
is considered to be more closely related to patient risk than mean dose to the entire

breast.

1.5 Conventional mammography

Figure 1-3 shows a schematic of a conventional mammography system. Each of the
elements seen in this figure are subject to reasonably strict guidelines and requirements,
as issued by bodies such as the National Health Service Breast Screening Programme,
The Department of Health and the Commission of the European Communities. Typical

specifications considered as ‘good practice’ are (CEC 1990) reproduced below.
Diagnostic requirements

e Visually sharp reproduction of the whole glandular breast
e Visually sharp reproduction of the cutis and subcutis

e Nipple should be parallel to the film
Criteria for good imaging performance
e Important image details: round details : 3mm diameter

microcalcifications : 0.2mm

e Patient dose per film with grid: 2mGy average glandular dose (CEC 1995)
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