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ix

From the initial discovery of X-rays and their application to medical imaging by Wilhelm Röntgen, 
imaging has been an increasingly vital part of medical practice. The modern doctor needs a strong 
understanding of the different modalities and their application in the diagnosis and management 
of a wide range of medical conditions. While in many situations images are reported by expert 
radiologists, the ability to understand and interpret radiological images is essential and the vast 
majority of medical schools will require students to demonstrate fundamental skills in this area.

More importantly, diagnostic and therapeutic imaging opens a window to the internal struc-
ture and function of the human body and links the fundamental sciences of anatomy, physiol-
ogy, and pathology to the patient as a whole presenting with symptoms and signs of disease. 
The clues gleaned from a careful history and thorough examination lead us to select the most 
appropriate investigations to expedite a diagnosis, allowing us to inform the patient about their 
condition and commence appropriate treatment. It is the distinction between normal and abnor-
mal structure and function, which is at the core of radiological diagnosis, that provides an illus-
trative basis for learning and a truly patient-orientated understanding of medical disorders. As 
such, the use of radiology in teaching and learning facilitates and enhances the understanding 
of medicine and is of enormous benefit in preparing for examinations such as medical school 
Finals. This textbook edited by Edward Sellon and David Howlett provides an invaluable learn-
ing resource not just for students preparing for medical school Finals but any doctor preparing 
for subsequent professional assessments. In addition to the well-illustrated cases and a use-
ful introduction to OSCE-style exams, the real value in this text is in the clearly structured 
cases based on high-quality radiological imaging, which span the whole spectrum of medicine. 
The book takes a regional anatomy approach with additional chapters on the normal chest and 
abdominal X-rays and paediatric cases. 

The contributors and editors are to be commended for producing a high-quality, com-
prehensive compilation of cases with clear and concise questions, answers, and explanatory 
notes. I would commend this text book to its target audience of final year medical students but 
also to doctors in training in a wide range of clinical disciplines as well as those in established 
practice.

Professor Malcolm Reed BMedSci, MBChB, FRCS 
Dean, Brighton and Sussex Medical School

Brighton, UK

Foreword by 
Professor Malcolm Reed
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Radiology is an unusual medical discipline in being able to trace its origin precisely to a specific 
event – the discovery of X-rays by Wilhelm Röntgen in 1895. The practice of medicine was trans-
formed almost overnight by the use of X-rays in diagnosis. The development of further imaging 
techniques such as ultrasound, computed tomography (CT) and magnetic resonance imaging 
(MRI) followed in the second half of the twentieth century and has led to medical imaging occu-
pying a central place in the management of patients with a very wide range of conditions. 

Whatever branch of medicine you pursue as a career, at some stage you will find that an under-
standing of medical images – X-rays and scans – will be essential to your work. You will need to 
understand not only the principles of interpretation of tests such as the chest X-ray but also their 
strengths and limitations and how to make the best use of these tests to benefit your patients.

Although imaging findings can occasionally be so characteristic that they could almost be 
called “pathognomonic”, one of the most important lessons that you will learn is that the inter-
pretation of an imaging test depends critically on the clinical context. The classic diagnostic 
sequence – history, examination, tests – is as valid today as it ever has been, despite the increas-
ing sophistication of the imaging tests. The doctor who makes a diagnosis based only on imaging 
findings without due regard to the clinical context is more than likely to be tripped up.

Radiology is not a discipline that can be learned in isolation from clinical medicine. In this 
book, David Howlett, Edward Sellon, and their colleagues, renowned educators in this field, have 
therefore embedded the teaching of radiology in a series of clinical cases, which illustrate not only 
the specific imaging findings in certain conditions but, importantly, the principles that underpin 
the effective use of imaging tests in clinical practice.

Although there are encouraging signs with the establishment of undergraduate radiology 
societies in many medical schools, the teaching of radiology to undergraduates has not always 
kept up with the progress in medical imaging. I believe that this book will prove invaluable, not 
only in preparing students for medical Finals, but also in giving them a better understanding of 
the central role of imaging in modern clinical management, which will serve them well in the 
early years of their careers as doctors. Maybe some will even be inspired to consider a future 
career in this most exciting and rapidly developing discipline. 

Dr Giles Maskell MA, FRCP, FRCR, FRCPE
President, Royal College of Radiologists (2013–2016)

Consultant Radiologist
Royal Cornwall Hospitals NHS Trust

Truro, UK

Foreword by 
Dr Giles Maskell
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This book has been a long time in the making and is the product of many years of both teaching 
and examining undergraduate medical students. Over this time there has been an exponential 
increase in the use of all forms of imaging in both acute and elective patient care and this has been 
reflected in undergraduate medical school curricula and also examinations. Radiology images 
feature prominently in both Finals written papers and Objective Structured Clinical Examination 
(OSCE), and whole OSCE stations may be based upon a chest X-ray for example. Various imag-
ing modalities tend to feature, in particular X-rays of the chest, abdomen, and common fractures, 
but increasingly CT and MR images. The incorporation of radiology/imaging into Finals reflects 
the increasing exposure of both medical students and junior doctors to all forms of radiology and 
the requirement for trainees to be able to provide provisional interpretation of many forms of 
imaging.

This book is not intended to be an all-encompassing textbook of radiology, and the bibliog-
raphy provides supplementary reading for those who wish to dig deeper. A case-based approach 
has been adopted and radiology images in questions have been selected in two broad categories – 
those that students could expect to encounter in Finals or, alternatively, to cover key learning 
points/educational aspects of radiology. This structure should allow students and also foundation 
doctors to approach both Finals and the foundation years with more confidence.

Inevitably within the book there is a strong emphasis on plain film interpretation, as these 
investigations are the most common form of imaging that students and junior doctors will 
encounter and they will also often be expected to provide a provisional interpretation. Extensive 
additional examples are used in case answer sections to explain and reinforce learning points 
throughout the book. There is widespread use also of common/important CT/MR images, again 
because these modalities are increasingly frontline; for example, CT head interpretation in stroke 
care. There is less emphasis on ultrasound and nuclear medicine, as these modalities occur less 
frequently in Finals, although an understanding of their use is necessary. Ultrasound does feature 
in some cases reflecting more widespread use of this modality on the wards and in the emergency 
department.

We hope you will enjoy this book and that it will stimulate and enhance your knowledge and 
understanding of radiology, and improve your confidence in image interpretation.

Edward Sellon
David C Howlett

Preface
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ureters and bladder
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1

THOMAS KURKA AND DAVID C HOWLETT

Overview of imaging 
modalities

It is helpful for finals to have an understanding of the core imaging modalities you are likely 
to encounter and to have an idea of the relative strengths/weaknesses and indications/

contraindications for each.

PLAIN FILMS: CHEST X-RAY, ABDOMINAL X-RAY, AND 
ORTHOPAEDIC BONE/JOINT X-RAYS

Conventional X-ray remains an important diagnostic tool in medicine and remains the most com-
monly used imaging modality. Plain films are commonly the chest X-ray (CXR), abdominal X-ray 
(AXR), and orthopaedic bone/joint X-rays (XRs). An XR is relatively inexpensive, time effective, 
and does not require any special preparation of the patient. There is a degree of ionising radiation 
associated with X-ray exposure and this radiation dose varies with body part; a lumbar spine XR 
entails a far higher radiation dose than a wrist XR for example owing to radiation of pelvic organs. 
However, generally X-ray doses are far lower than those associated with computed tomography 
(CT). Dose information is included in Chapters 3 and 4. As always ’justify‘ the exposure: does the 
benefit to the patient outweigh the potential risk of irradiation?

When a radiograph is taken, the X-ray beam passes through the body part onto an X-ray sen-
sitive screen. Bones, owing to their high calcium content, absorb most of the X-rays whereas 
soft tissues absorb a smaller amount, depending on composition and density. As a result, X-rays 
from the bones do not reach the screen and appear white on the radiograph, with the soft tis-
sue appearing darker. X-rays pass through the air without being absorbed at all, which is then 
detected by the screen and appears black on the radiograph.

ADVANTAGES

•	 Inexpensive.
•	 Usually quick to perform.

1

Plain films: chest X-ray, abdominal 
X-ray, and orthopaedic bone/joint X-rays	 1

Ultrasound	 2

Computed tomography	 3

Magnetic resonance imaging 	 4

Nuclear medicine	 5

Fluoroscopy techniques	 6
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1  Overview of imaging modalities

•	 Painless, noninvasive.
•	 Good diagnostic tool for many pathologies.

DISADVANTAGES

•	 Soft tissue, lung, bone resolution much reduced compared with CT/magnetic resonance 
imaging (MRI).

•	 Provides a two-dimensional (2D), single image only.
•	 Radiation exposure.

INDICATIONS – ARE BROAD

CXR

•	 Respiratory – infection, septic screen, pneumothorax, chest trauma, inhaled foreign body, 
pleural effusion, suspected malignancy.

•	 Cardiac – clinical heart failure, clinical cardiomegaly, heart murmurs.

AXR

•	 Abdomen – bowel obstruction, perforated viscus (erect CXR more sensitive), ingested 
foreign body, abdominal pain in the emergency setting.

•	 Pelvic – pelvic fracture, neck of femur fracture.

Soft tissue XR neck

•	 Inhaled foreign body.
•	 Retropharyngeal abscess.

Bone XR

•	 Limbs – trauma, fractures, skeletal survey, acutely swollen joint, osteomyelitis, septic 
arthritis, bone pain, tumour/metastasis.

•	 Skulls – skeletal survey, myeloma, dental imaging.
•	 Spine – trauma, scoliosis.

ULTRASOUND

Ultrasound (US) uses sound waves of high frequencies, which are emitted towards the studied 
tissues and are reflected/echoed back to the probe depending on the tissue density and composi-
tion. This signal is then translated into an US image. US is a ‘live’ imaging modality and requires 
interpretation while the investigation is being carried out. US colour Doppler techniques are used 
to assess moving blood and are used in vascular assessment, e.g. carotid stenosis.

ADVANTAGES

•	 No radiation, noninvasive (some US is performed using endocavity probes, e.g. transrectal, 
transvaginal, transoesophageal).

•	 Real-time assessment and interpretation of results.
•	 Relatively inexpensive.
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Computed tomography

•	 Useful for imaging of soft tissue and muscles, extremities, testes, breast, and eye, plus 
abdomen, pelvis, chest, and vascular colour Doppler applications.

DISADVANTAGES

•	 Requires a skilled practitioner with US interpretation skills, operator dependent.
•	 No use for bone imaging as sound is attenuated/absorbed by bone.
•	 Images are degraded by gas and fat, and this restricts US use in the abdomen/pelvis in 

some patients.

INDICATIONS

•	 Abdomen – trauma, malignancy, abdominal aortic aneurysm (AAA) surveillance, 
gallstones, suspected hydronephrosis.

•	 Chest – assessment of pleural spaces.
•	 Musculoskeletal – assessment of muscles, ligaments, and tendons.
•	 Scrotal – assessment of testicles, epididymis, and scrotum.
•	 Obstetrics – growth scans, placental sighting, anomaly scans.
•	 Gynaecology – transabdominal and transvaginal imaging of ovaries, uterus, and Fallopian tubes.
•	 Baby hips.
•	 Breast, eye assessment.
•	 Vascular applications – suspected upper/lower limb deep vein thrombosis (DVT), carotid/

peripheral vascular assessment.

COMPUTED TOMOGRAPHY

CT uses X-rays, which are emitted from a rotating X-ray source around the patient with mul-
tiple detectors to produce a series of 2D axial images of the studied body part. This can then be 
computer-reconstructed to obtain axial, coronal, sagittal 2D, and three-dimensional (3D) images 
of the studied body parts. There are other imaging modalities that make use of CT imaging such 
as positron emission tomography (PET scan).

ADVANTAGES

•	 Provides 2D cross-sectional images of the body, which are rapidly acquired with the 
potential to reformat in multiple planes; 3D reformatting is also possible.

•	 Provides a detailed image of the studied body part and the surrounding tissue.
•	 High sensitivity and specificity in particular for assessment of the lungs, mediastinum, 

bones, abdomen/pelvis structures, the brain – especially acute blood.

DISADVANTAGES

•	 CT scanners are expensive.
•	 Moderate to high dose of radiation, depending on areas scanned.
•	 May require intravenous (IV) iodinated contrast use – risk of contrast reaction (allergy, 

anaphylaxis) and nephrotoxicity in those at risk.
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1  Overview of imaging modalities

INDICATIONS

•	 Head – trauma, brain imaging (ischaemic/haemorrhagic strokes, calcifications, 
haemorrhage, malignancy).

•	 Chest – detailed imaging of the lungs to detect abnormalities not seen on CXR, used 
in diagnosis and surveillance of malignancy, pulmonary embolism (CT pulmonary 
angiogram: CTPA), emphysema, fibrosis. Cardiac – CT to image coronary arteries.

•	 Abdomen and pelvis – diagnosis, staging, and surveillance of malignancies, bowel 
obstruction, AAA, pancreatitis, renal calculi (CT kidneys ureters and bladder [CT KUB] and 
CT IV urogram [CT IVU]).

•	 CT angiography and venography – for example, suspected limb or mesenteric vascular 
occlusion, sagittal sinus thrombosis.

•	 Orthopaedic – complex fractures.
•	 CT-guided biopsy, surgery, and radiosurgery. 

MAGNETIC RESONANCE IMAGING 

MRI does not use any X-rays, thus does not expose the patient to ionising radiation. It is superior 
to CT in obtaining detailed images of the soft tissues and also the brain. MRI uses strong mag-
netic fields, radio waves, and field gradients to generate the image. 

In structural MRI, the images are obtained by proton alignment by an external magnet and 
a subsequent radiofrequency pulse disrupts the equilibrium, which gives an MRI signal. Details 
of MRI protocols and sequences are not needed for finals – T1- and T2-weighted are common 
sequences (in the brain cerebrospinal fluid [CSF] appears bright/white on T2), and IV contrast can 
also be used (gadolinium).

ADVANTAGES

•	 No ionising radiation exposure.
•	 Provides 2D and 3D cross-sectional images of the body.
•	 Superior to other imaging modalities in obtaining high-resolution images of the brain and 

musculoskeletal system.
•	 Ideal for soft tissue structures, cartilage, and ligament imaging.
•	 Vascular and cardiac applications.

DISADVANTAGES

•	 Expensive equipment – the most expensive imaging modality.
•	 Time consuming, requiring patient cooperation, ability to lie still, often for 30–60 minutes.
•	 Contraindicated in patients with ferrous metal implants – pacemakers, cochlear implants, 

metallic foreign bodies in the eyes.
•	 MRI is undertaken in a relatively enclosed space – unsuitable for patients with 

claustrophobia and young children (may need general anaesthesia).
•	 Relatively contraindicated in pregnancy, particularly first trimester.
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