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Computed tomography: an overview

Figure 1.1 A conspicuous difference between CT and current radiographic imaging is that CT creates and shows cross-sectional and
three-dimensional (3D) images from the sectional image data sets; radiographic imaging produces planar images.
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Figure 1.2 The major components of a CT imaging include the CT scanner, the CT computer Figure 1.3 The process of
system, and the operating console. CT involves three essential

steps: data acquisition,
image reconstruction, and
image display, storage, and
communication.
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Introduction

A significant and important technological innovation that has
now become a popular tool for diagnostic imaging of patients
is computed tomography (CT), an imaging technique that was
first investigated as early as 1967. Later, in 1971, a prototype CT
scanner for imaging the brain was developed by EMI Limited
(Electric and Musical Industries [a manufacturer of records
and electronics; the Beatles recorded under the EMI label], now
Thorn EMI) in Middlesex, UK. This prototype resulted in the
first patient being scanned in 1971, and this development earned
two pioneers of CT, Godfrey Hounsfield and Allan Cormack, the
Nobel Prize in Medicine in 1979.

A striking fundamental difference between CT and current
radiographic imaging is clearly illustrated in Figure 1.1. While CT
creates and shows cross-sectional and three-dimensional (3D)
images from the sectional image data sets, radiographic imaging
produces planar images. There are other differences between
these two imaging modalities, which will be described in later
chapters. One such example is that CT uses much more sensitive
electronic detectors, which can show very small differences in
tissue attenuation compared to radiographic detectors. This
characteristic results in CT providing much better tissue image
contrast than radiography, and therefore the observer can see
soft tissues much better than with radiography.

Radiographic imaging

The major components of radiographic imaging includes an
X-ray tube and generator that provide the appropriate X-rays to
image the patient, a detector that captures X-rays transmitted
through the patient, a computer processing system, and an image
display workstation (Figure 1.1). X-rays transmitted through
the patient are converted into digital data for processing by the
computer. The image output from the computer is subsequently
displayed for viewing and interpretation by an observer. These
radiographic images are usually referred to as planar images. The
problems with these images are (i) superimposition of all struc-
tures on the detector (which makes it difficult and sometimes

impossible to distinguish a particular detail) and (ii) the quali-
tative nature of radiographic imaging. The latter simply means
that it is difficult to distinguish between a homogeneous object
(one tissue type) of non-uniform thickness and a heterogeneous
object (bone, soft tissue, and air) of uniform thickness. Finally,
the beam used in radiography is an open beam (wide beam)
and this creates more scattered rays, which get to the image and
essentially destroy the image contrast.

CT imaging

CT overcomes these limitations by removing the superimposi-
tion of structures, improving image contrast, and imaging very
small differences in tissue contrast.

The major components of a CT imaging are shown in
Figure 1.2 and include the CT scanner, the CT computer, and
the CT operating console. Furthermore, the process of acquiring
images of the patient involves three steps shown in Figure 1.3,
data acquisition, image reconstruction, and image display,
storage, and communication.

The CT scanner contains the X-ray tube and detectors, which
rotate around the patient to collect attenuation data. These data
are subsequently sent to the CT computer, which produces images
using image reconstruction algorithms (computer programs that
build up the image using the attenuation data). Furthermore, CT
imaging now creates several 3D image types (Figure 1.1) using
what is referred to as 3D rendering algorithms. These image types
are intended to enhance diagnostic interpretation. Finally images
are displayed for viewing and interpretation, after which they are
stored for retrospective analysis, and sent to another location
using computer network communications technology. One such
popular technology is a Picture Archiving and Communication
System (PACS).

Asnoted earlier, CT produces cross-sectional images of patient
anatomy, which are transverse axial sections (Figure 1.4a). These
images are referred to as transverse axial images (Figure 1.4b).
These sections are perpendicular to the long axis of the patient as
illustrated in Figure 1.4a.

Figure 1.4 A notable feature of CT is the production of cross-sectional images of patient anatomy called transverse axial
sections (a), which are perpendicular to the long axis of the patient. These images are referred to as

transverse axial images (b).

()

Transverse axial sections

Transverse axial
images

Longitudinal axis of the
patient

(]
=
-9
=
-
®
=
—h
(]
(=]
S
=
=
—
[1-]
=
=}
3
=]
«c
-
-
£
-

MBINJIN0 ue




| &=

Nobel prize for the invention of the CT
scanner

The invention of the CT scanner is credited to two individuals
(Godfrey Hounsfield and Alan Cormack) working in two separ-
ate countries and who shared the Nobel Prize in Medicine in
1979 for their contributions to the development of the scanner.
Photographs and detailed notes of their work are published by the
Nobel Foundation (http://www.nobelprize.org). A summary of

each of their contributions is shown in Figure 1.5. It is interesting
to note the title of their Nobel Lectures. While Hounsfield’s lec-
ture is entitled “Computed Medical Imaging,” Cormacks lecture
is entitled “Early Two-Dimensional Reconstruction and Recent
Topics Stemming from It” Both of these pioneers worked out the
mathematical solutions to the problem in CT, but Hounsfield
developed the first useful clinical CT scanner. Figure 1.6 shows a
note sent to the author, Dr Euclid Seeram, from Dr Hounsfield in
response to several questions relating to his early work.
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Figure 1.5 A summary of each of the contributions of Nobel Prize winners Godfrey Hounsfield and
Alan Cormack for their pioneering work in the invention of the CT scanner. Note the title of their
Nobel Lectures. While Hounsfield’s lecture is entitled “Computed Medical Imaging,” Cormack’s
lecture is entitled “Early Two-Dimensional Reconstruction and Recent Topics Stemming from It.”

* 1919 - Born in England

* 1939 - Joined RAF

* 1951 — Obtained degree in Mechanical and Electrical Engineering from
Faraday House

¢ 1951 — Joined EMI — worked on pattern recognition

® 1972 — McRobert Award — highest honor for innovation

> 1975 — Fellow of the Royal Society

¢ 1967 — Commander of the British Empire

* 1979 — Nobel Prize for CT scanner (shared with Cormack)

® 1979 — Dec 8 — Nobel Lecture entitled “Computed Medical Imaging”

¢ 1981 — Knighted by HM Queen Elizabeth Il

® 1996 — Retires

® 2004 - Hounsfield passed away at age 84

Godfrey
Hounsfield

® 1924 — Born in South Africa

® 1944 — Received BSc in Physics (University of Cape Town)

¢ 1945 — MSc in Crystallography

* 1958 — Tufts University

¢ 1962 — Developed solutions to the mathematical problem in CT

> © 1979 - Shared Nobel Prize with Hounsfield for CT

* 1979 — Dec 8 — Nobel Lecture entitled “Early Two-Dimensional
Reconstruction and Recent Topics Stemming from It”

* 1963-1964 — Published papers in Journal of Applied Physics

® 1998 — Passed away at age 74, on May 7th in Massachusetts

® 2002 - Received the Order of Mapungubwe in South Africa

Alan
Cormack

Figure 1.6 A brief note sent to the author, Dr Euclid Seeram, from Dr Hounsfield in response to several questions

relating to his early work.
Source: Copyright 2009 by Saunders, an imprint of Elsevier Inc.

B LW AL GODFREY NEWBOLD HOUNSFIELD
24 9 fave of Land i Ha label Lokine

Gy ot

I was born and brought up near a village in Noutinghamshirc and in my
childhood enjoyed the freedom of the rather isolated country life. After
the first world war, my father had boughe a small farm, which became a
marvellous playground for his five children. My wo brothers and 1o
sisters were all oldcr than I and, as they naturally pursued their own more
adult intcrests, this gave me the advantage of not being expected t join in,
so I could go off and follow my own inclinations.




The technical evolution of CT

CT has experienced a number of significant technical inno-
vations through the years as illustrated in Figure 1.7. In brief CT
has evolved from a scanner dedicated to imaging the brain only
to single-slice whole-body scanners and multislice scanners, and
subsequently to scanners with two X-ray tubes coupled to two sets
of detectors. These latter scanners are known as Dual Source CT

(DSCT) scanners. Other notable technical innovations include
the development of multislice detectors, iterative reconstruction
algorithms, virtual reality imaging methods, dose optimization
methods, and important quality control test tools and procedures.

These innovations are intended not only to improve image
quality and reduce radiation dose, but also to play a role in the
care and management of the patient, during CT imaging.

Figure 1.7 Significant technical developments of the CT scanner from
Hounsfield’s prototype to potential future innovations.
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2006-2007: 320-slice CT scanner
(320 slices per revolution)

2006: Dual-source CT
(two X-ray tubes/two detector arrays)

Hounsfield’s CT Prototype
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