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Preface

X-rays of bones and joints play a central role in musculoskeletal medicine and surgery, but the approach to
evaluation and interpretation of X-rays is not always well taught or easily understood. This book should provide
greater insight into the mysteries of the plain film X-ray and is ideal for medical students, doctors in training,
physiotherapists, nurse practitioners and radiographers.

The book covers radiological anatomy as well as the main areas of pathology in which plain film assessment
is clinically useful. The importance of correlation with relevant clinical findings and other imaging modalities
will be highlighted and discussed where appropriate.

To make the radiological signs clear, each illustration consists of a pair of images, the first a standard X-ray
and the second with coloured overlays added to precisely define each abnormality. By covering up the second
image, the reader can also use this format to practise X-ray interpretation.

Our approach is largely based on the authors’ combined experience of teaching medical students, trainees in
emergency medicine, orthopaedics and rheumatology, as well as professions allied to medicine, over many
years. By using this book, the reader will learn how the clues or signs found on an X-ray can be extracted and
put together to aid in making a diagnosis and informing disease management.

We hope this book will provide an interesting and enjoyable way to obtain a clearer understanding of X-rays
from the basics to more subtle findings across a broad range of musculoskeletal medicine.

Andrew K. Brown
David G. King
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1 Musculoskeletal X-rays

Introduction

Despite the availability of a wide range of imaging techniques to visualise musculoskeletal structures, plain
radiographs or X-rays remain an important and widely used first-line investigation. It is probably the most
readily available and least expensive imaging modality and is easily accessible to patients and healthcare
professionals. As such, all medical professionals require at least a basic level of knowledge and training in the
fundamental principles of requesting, interpreting and reporting plain radiographs of bones and joints.

Musculoskeletal X-rays for Medical Students and Trainees, First Edition. Andrew K. Brown and David G. King.
© 2017 John Wiley & Sons, Ltd. Published 2017 by John Wiley & Sons, Ltd.



4 Introduction

Basic principles of requesting plain radiographs of bones and joints

Which structures?

Before requesting an X-ray, the clinician should already have a good idea of the likely nature of the clinical
problem and which musculoskeletal structures may be affected and what may or may not be visualised on an
X-ray. For example, radiographs are best at detecting pathological changes in bones, joints and cartilage, such
as joint space narrowing, fracture, subluxation and dislocation. However, many soft tissue structures such as
ligaments, tendons and synovium are not well visualised, and alternative imaging may be more appropriate to
provide additional useful information to aid diagnosis and treatment.

Clinical assessment including the patient’s symptoms and a physical examination will usually determine the
site or region that is to be evaluated by X-ray. Exceptions may include a patient with rheumatoid arthritis where
X-rays of both hands and feet may be used to evaluate the extent of disease or structural damage which may
be repeated serially to compare any disease progression over time.

Which views?

It is important to consider which views are chosen to visualise a particular region of interest. This is because
the X-ray beam creates a two dimensional shadow of a structure so selecting the correct view will maximise
sensitivity. A basic principle is that two views should be requested, ideally 90° apart, which are usually obtained
in antero-posterior (AP) and lateral or oblique views. This is particularly important in a trauma context where
fracture or dislocation may be missed if only a single view is acquired but may be less important for the
assessment of arthritis. There are a number of established techniques and protocols for optimal image
acquisition using standardised views of most musculoskeletal sites. Specialist views may also be considered in
particular clinical situations, such as a ‘skyline view’ for the patello-femoral joint or ‘through-mouth view’ for
the cervical spine. As well as the particular plane used to acquire the radiographic image, the position of the
patient should also be considered. For example, weight-bearing views with the patient in a standing position
are often much more informative in evaluating cartilage loss in the knees of a patient with osteoarthritis or in
providing additional information concerning biomechanical changes in the feet.

Compare both sides and review previous images

Particularly in equivocal cases, it may be informative to compare findings in a symptomatic area with the
same region on the opposite side of the body or to look at the same region on a previous X-ray. For example,
in a patient with hip pain, an AP X-ray of the pelvis allows some comparison between both hip joints, or in a
patient with rheumatoid arthritis, comparison with a previous X-ray of the hands allows interpretation of any
progression of erosive joint damage.

Correlation with clinical and other imaging findings

Any X-ray findings always need to be interpreted in clinical context, with an individual’s symptomes, clinical
examination findings and any other investigation results in mind. It may be necessary to perform additional
imaging using alternative techniques such as ultrasound, computed tomography or magnetic resonance
imaging, which may offer important additional or confirmatory information. Discussion with a specialist
musculoskeletal radiologist is frequently helpful, and sharing and reviewing more challenging cases at a
musculoskeletal radiology meeting involving clinicians and radiologists are often productive.

Safety considerations

Whilst undertaking a radiographic assessment is a well-requlated process and is generally considered safe, it is
important to remember that the procedure exposes a patient to ionising radiation and a number of important
safety precautions need to be considered. This is particularly important in children and young adults and when
the area includes any organ which is more sensitive to ionising radiation such as the thyroid, breasts or gonads.
In women of childbearing age if the area involves the abdomen, spine or pelvis, it is essential to ask the patient
about the possibility of pregnancy and an X-ray in these circumstances should only be performed if absolutely
necessary, such as a suspected pelvic fracture.
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The amount of radiation exposure varies depending on the structure being visualised. Radiographs of deeper
structures, such as the pelvis or lumbar spine, subject the patient to considerably greater radiation exposure
than that of more peripheral structures, such as an examination of a single limb joint. The number of views and
images obtained are proportional to the amount of radiation received. In all circumstances, it is important to be
able to justify any radiation exposure on the basis of potential risk and benefit. The Department of Health
Policy on lonising Radiation (Medical Exposure) Regulations 2000 [1] covers these aspects in detail.
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Basic principles of examining and reporting plain radiographs
of bones and joints

Everyone should have a straightforward strategy for reviewing and interpreting musculoskeletal X-rays,
including some basic principles and a systematic approach that can be routinely followed. It can often feel
intimidating to review, interpret and describe an X-ray, but this need not be complex or jargon-heavy and
confident use of simple descriptive language is all that is required. Undoubtedly, knowledge of musculoskeletal
anatomy and understanding of pathological processes affecting bone, cartilage, joints and soft tissues will
help, but a lot of information can be gained from describing any obvious abnormal or different appearances
using simple descriptions, words and phrases. Even if you see an abnormality, it is still important to continue to
evaluate the whole X-ray in case other findings are present. If an obvious change is not present or immediately
apparent, then it is useful to be able to fall back on a standard framework with which to organise your
thoughts and report your observations. An example of such an approach is outlined as follows:
1. Check patient identification details and labelling.
Do the patient and X-ray identification details correspond, is it the correct X-ray being viewed, date and
time, left or right?
2. Is the image quality satisfactory? Are imaging angles optimal?
Consider densities, penetration and blackening of film (see “X-ray densities” below) and any
inappropriate rotation and viewing angles. Also consider all additional views and patient position, has the
region of interest been included?

X-ray densities

To understand the appearance of different densities on an X-ray, it is useful to consider the basic concept of
how it has been produced. The image is essentially a shadow made by sending X-rays through an area of
the body onto a detector behind. For about 100 years, the detector used was film. More recently, film has
been swapped for electronic digital detectors but the concept remains the same. Where there is only air
between the X-ray source and the detector, such as in the area around a limb, the film will be very exposed,
that is blackened. Dense structures, such as bone, will stop most X-rays and the film will be less exposed,
that is more white. Soft tissues produce intermediate shades of grey.

Assuming there is no metallic foreign body or other man-made artefact, there are only four densities to
think about on an X-ray: calcium is white and gas is black. Of the soft tissues, fat is a darker shade of grey
because it is a little less dense to X-rays than other soft tissues. All other soft tissues are the same lighter
shade of grey, as is fluid (see Figure 1.1).

3. Describe any obvious abnormality using simple descriptive language.
Name the specific bone (e.g. right tibia) and describe the location of any abnormality (e.g. proximal,
middle or distal; head, neck or shaft; cortex or medulla). Basic terminology used for the paediatric and
adult skeleton is shown in Figure 1.2. A combination of these terms and specific anatomical names
should be used.
4. Use a systematic approach to consider specific musculoskeletal structures (bones, joints, cartilage and
soft tissues).
* Bone alignment — are there any changes in position which may suggest a fracture or dislocation?
® Bone cortices — follow the outline of each bone as any breach in the cortex may indicate a fracture or
an erosive arthritis.
® Bone texture — Altered density or disruption in the usual trabecular pattern within the substance of the
bone may indicate pathology.
¢ Joint and cartilage — a careful look at the joint space may demonstrate changes such as joint space
narrowing due to cartilage loss or calcification of the cartilage (chondrocalcinosis) or new bone
formation (e.g. osteophytes in osteoarthritis).




Musculoskeletal X-rays 7

¢ Soft tissues — remember to look at the soft tissues as well as the bones as they can hold helpful clues.
For example, it may be possible to see if joint swelling is present and, therefore, that there must be
something significant wrong with that joint. This will be discussed further in the chapter on trauma
but also applies to any cause of joint swelling.
5. Review all views and X-ray images, compare both sides and adjacent joints and re-examine any previous
imaging.
6. Always consider clinical findings and correlation with other imaging and test results.
7. If there is still uncertainty, review all the available information once more, discuss the case with a
musculoskeletal radiologist, and consider reviewing the case at a multidisciplinary radiology conference.

Figure 1.1 X-ray of the forearm illustrating the naturally occurring densities in a patient. White=calcium (in bone), dark
grey=fat, lighter grey=all other soft tissue structures. Surrounding air is black.
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Figure 1.2 Recommended terminology for describing bone anatomy in adults and children.
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Normal anatomy on musculoskeletal X-rays

This section features a series of paired standard X-ray images of each region, annotated with important
anatomical structures. It will be useful to refer back to these as you read through the remaining chapters.

R

Proximal int@rphalangeal joint

—

Metacarporphalangeal joint

-

Metacarpal

Figure 1.3 Normal hand.
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Figure 1.4 Normal wrist, PA view.

Remember trapezium is adjacent to the thumb.
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Metacarpals

Capitate

Pisiform

Figure 1.5 Normal wrist, lateral view (see the 4 Cs in Chapter 2).



