Introductory Guide to Musculoskeletal Ultrasound for the Rheumatologist

Musculoskeletal_bw.indd 1

29-11-11 13:19

Musculoskeletal_bw.indd 2

29-11-11 13:19

Introductory Guide
to Musculoskeletal
Ultrasound for the
Rheumatologist
2nd Edition

G.A.W. Bruyn, MD, PhD*
and
W.A. Schmidt, MD**
* MC Groep, Lelystad, The Netherlands
** Immanuel Krankenhaus Berlin, Medical Center for Rheumatology Berlin-Buch,
Berlin, Germany

Houten 2011

Musculoskeletal_bw.indd 3

29-11-11 13:19

© 2011 Bohn Stafleu van Loghum, Houten, the Netherlands
All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, copied or transmitted, in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise without written permission from the publisher.
Any person who does any unauthorized act in relation to this publication may be liable
to criminal prosecution and civil claims for damages.

ISBN 978 90 313 8901 8 (the Netherlands and Belgium)
ISBN 978 90 313 9206 3 (the rest of the World)
NUR 870
Lay-out designer and typesetting: Pre Press Media Groep, Zeist
Drawings: 3D-Elements, Nieuwkoop and
Crest Premedia Solutions (P) Ltd, Pune, India

First edition, 2006
First edition, second impression, 2007
Second edition, 2011

Bohn Stafleu van Loghum
Het Spoor 2
PO Box 246
3990 GA Houten
The Netherlands
www.bsl.nl

Musculoskeletal_bw.indd 4

29-11-11 13:19

Table of contents

Foreword

9

Preface to the first edition

11

Preface to the second edition

12

1
1.1

Introduction
Historical Perspective

13
14

2
2.1
2.2
2.3
2.4
2.5

Fundamentals of musculoskeletal ultrasound
Frequency and wavelength
Generating ultrasound waves
Reflection and transmission
Attenuation
A glossary of ultrasound

17
17
17
17
18
18

3

Choosing an ultrasound system

21

4
4.1

General ultrasonographic anatomy
Distinguishing between the anatomical structures

25
27

5
5.1
5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7
5.1.8
5.1.9
5.1.10
5.1.11
5.1.12
5.1.13
5.2
5.2.1
5.2.2

Shoulder
Standard Scans of the shoulder
Transverse view of the biceps tendon (Standard Scan 5-1)
Longitudinal view of the biceps tendon (Standard Scan 5-2)
Anterior transverse view of the shoulder (Standard Scan 5-3)
Anterior transverse view of the shoulder (Standard Scan 5-4)
Lateral longitudinal view of the shoulder (Standard Scan 5-5)
Lateral longitudinal view of the shoulder (Standard Scan 5-6)
Posterior transverse view of the shoulder (Standard Scan 5-7)
Posterior longitudinal view of the shoulder (Standard Scan 5-8)
Acromioclavicular joint view of the shoulder (Standard Scan 5-9)
Axillary view of the shoulder (Standard Scan 5-10)
View of the sternoclavicular joint (Standard Scan 5-11)
Ultrasound-guided injection of the subacromial-subdeltoid bursa
Ultrasound-guided injection into the glenohumeral joint
Pathology of the shoulder
Pathology of the biceps tendon 1
Pathology of the biceps tendon 2

29
29
29
30
31
32
33
34
35
36
37
38
39
40
41
42
42
43

Musculoskeletal_bw.indd 5

29-11-11 13:19

6

TABLE OF CONTENTS

5.2.3
5.2.4
5.2.5
5.2.6
5.2.7

Subdeltoid bursitis and chondrocalcinosis
Tears of the rotator cuff
Other pathologies of the rotator cuff
Glenohumeral joint synovitis and effusion
Pathologies of the acromioclavicular and sternoclavicular joints

44
45
46
47
48

6
6.1.
6.1.1
6.1.2
6.1.3
6.1.4
6.1.5
6.1.6
6.1.7
6.1.8
6.1.9
6.1.10
6.2
6.2.1
6.2.2
6.2.3

Elbow
Standard Scans of the elbow
Anterior longitudinal view of the humeralulnar joint (Standard Scan 6-1)
Anterior longitudinal view of the humeroradial joint (Standard Scan 6-2)
Anterior transverse view of the elbow (Standard Scan 6-3)
Posterior longitudinal view of the elbow (Standard Scan 6-4)
Posterior transverse view of the elbow (Standard Scan 6-5)
Lateral longitudinal view of the elbow (Standard Scan 6-6)
Medial longitudinal view of the elbow (Standard Scan 6-7)
Transverse view of the ulnar nerve of the elbow (Standard Scan 6-8)
Longitudinal view of the ulnar nerve of the elbow (Standard Scan 6-9)
Ultrasound-guided injection of the elbow
Pathology of the elbow
Synovitis of the elbow
Enthesitis and bursitis of the elbow
Cubital tunnel syndrome and rheumatoid nodules

49
49
49
50
51
52
53
54
55
56
57
58
59
59
60
61

7
7.1
7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6
7.1.7
7.1.8
7.1.9
7.1.10
7.1.11
7.1.12
7.1.13
7.1.14
7.1.15
7.1.16
7.1.17
7.1.18
7.1.19
7.1.20
7.2
7.2.1

Wrist and fingers
Standard Scans of the wrist and the fingers
Dorsal radial longitudinal view of the wrist (Standard Scan 7-1)
Dorsal ulnar longitudinal view of the wrist (Standard Scan 7-2)
Longitudinal view of the extensor carpi ulnaris tendon (Standard Scan 7-3)
Dorsal transverse view of the wrist (Standard Scan 7-4)
Transverse view of the extensor carpi ulnaris tendon (Standard Scan 7-5)
Volar radial longitudinal view of the wrist (Standard Scan 7-6)
Volar ulnar longitudinal view of the wrist (Standard Scan 7-7)
Volar transverse view of the wrist (Standard Scan 7-8)
Volar longitudinal view of the MCP joints (Standard Scan 7-9)
Volar transverse view of the MCP joints (Standard Scan 7-10)
Dorsal longitudinal view of the MCP joints (Standard Scan 7-11)
Volar longitudinal view of the PIP joints (Standard Scan 7-12)
Volar transverse view of the PIP joints (Standard Scan 7-13)
Dorsal longitudinal view of the PIP joints (Standard Scan 7-14)
Volar longitudinal view of the DIP joints (Standard Scan 7-15)
Dorsal longitudinal view of the DIP joints (Standard Scan 7-16)
Ultrasound-guided injection of the wrist joint
Ultrasound-guided injection of the carpal tunnel
Ultrasound-guided injection of tendon sheaths
Ultrasound-guided injection of MCP joint
Pathology of the wrist and the fingers
Synovitis of the wrist I

63
63
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
83

Musculoskeletal_bw.indd 6

29-11-11 13:19

TABLE OF CONTENTS

7

7.2.2
7.2.3
7.2.4
7.2.5
7.2.6
7.2.7
7.2.8

Synovitis of the wrist II
Tenosynovitis of the wrist I
Tenosynovitis of the wrist II
Carpal tunnel syndrome
Erosions and osteophytes of finger joints
Synovitis/effusion of finger joints
Tenosynovitis of the finger flexor tendons

8
8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.1.6
8.2
8.2.1
8.2.2
8.2.3
8.2.4
8.2.5

Hip
Standard Scans of the hip
Anterior longitudinal view of the hip (Standard Scan 8-1)
Anterior transverse view of the hip (Standard Scan 8-2)
Lateral longitudinal view of the hip (Standard Scan 8-3)
Longitudinal view of the greater trochanter (Standard Scan 8-4)
Transverse view of the greater trochanter (Standard Scan 8-5)
Ultrasound-guided injection of the hip
Pathology of the hip
Synovitis/effusion of the hip I
Iliopsoas bursitis
Osteoarthritis/osteonecrosis of the hip
Crystal arthropathy and arthroplasty of the hip
Greater trochanter abnormalities

91
91
91
92
93
94
95
96
97
97
98
99
100
101

9
9.1
9.1.1
9.1.2
9.1.3
9.1.4
9.1.5
9.1.6
9.1.7
9.1.8
9.1.9
9.2
9.2.1
9.2.2
9.2.3
9.2.4
9.2.5
9.2.6
9.2.7
9.2.8

Knee
Standard Scans of the knee
Suprapatellar longitudinal view of the knee (Standard Scan 9-1)
Suprapatellar transverse view of the knee (Standard Scan 9-2)
Lateral longitudinal view of the knee (Standard Scan 9-3)
Medial longitudinal view of the knee (Standard Scan 9-4)
Infrapatellar longitudinal view of the knee (Standard Scan 9-5)
Infrapatellar transverse view of the knee (Standard Scan 9-6)
Posterior transverse view of the knee (Standard Scan 9-7)
Posterior longitudinal view of the knee (Standard Scan 9-8)
Ultrasound-guided injection of the knee
Pathology of the knee
Synovitis/effusion of the knee I
Synovitis/effusion of the knee II
Tendon abnormalities of the knee I
Tendon abnormalities of the knee II
Osteophytes, erosions and loose bodies of the knee
Prepatellar and infrapatellar bursitis
Baker`s cyst
Cartilage and crystal disease

103
103
103
104
105
106
107
108
109
110
111
112
112
113
114
115
116
117
118
119

10
10.1
10.1.1

Ankle, foot and toes
Standard Scans of the ankle, foot and toes
Anterior longitudinal view of the ankle (Standard Scan 10-1)

121
121
121

Musculoskeletal_bw.indd 7

84
85
86
87
88
89
90

29-11-11 13:19

8

TABLE OF CONTENTS

10.1.2
10.1.3
10.1.4
10.1.5
10.1.6
10.1.7
10.1.8
10.1.9
10.1.10
10.1.11
10.1.12
10.1.13
10.1.14
10.2
10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6
10.2.7

Anterior transverse view of the ankle (Standard Scan 10-2)
Medial transverse view of the ankle (Standard Scan 10-3)
Medial longitudinal scan of the ankle (Standard Scan 10-4)
Lateral transverse view of the ankle (Standard Scan 10-5)
Lateral longitudinal view of the ankle (Standard Scan 10-6)
Posterior longitudinal view of the ankle (Standard Scan 10-7)
Posterior transverse view of the ankle (Standard Scan 10-8)
Plantar proximal longitudinal view of the foot (Standard Scan 10-9)
Anterior longitudinal view of the midfoot (Standard Scan 10-10)
Anterior longitudinal view of the toes (Standard Scan 10-11)
Ultrasound-guided injections of the ankle
Injection of peronei tendon sheath
Injection of MTP joints
Pathology of the ankle, foot and toes
Synovitis/effusion of the ankle and talonavicular joint
Tenosynovitis of the foot and ankle
Pathology of the Achilles tendon I
Pathology of the Achilles tendon II
Heel pain: enthesopathy, calcaneal spurs and effusion
Plantar fasciitis and pathologies of the midfoot
Pathology of the MTP joints

122
123
124
125
126
127
128
129
130
131
132
133
134
135
135
136
137
138
139
140
141

11
11.1
11.1.1
11.1.2
11.2

Arterial Ultrasound (Vasculitis, Connective Tissue Disease)
Vasculitis
Temporal (giant cell) arteritis
Large-vessel giant cell arteritis and Takayasu arteritis
Digital Arteries

143
143
143
146
146

12

Ultrasound of the salivary glands

149

References

153

About the authors

157

Index

159

Musculoskeletal_bw.indd 8

29-11-11 13:19

FOREWORD

9

Foreword

Musculoskeletal sonography is making constant progress and its applications within the
field of rheumatology have progressively expanded thanks to the many contributions to
research that have recently been published. Research has developed alongside activities
focused on education and training, which are no less demanding. The request for training in sonography is in exponential growth. As the learning curve in sonography is
virtually endless, there is an urgent need for teaching material that can be of support for
those taking their first steps in sonographic training. George Bruyn and Wolfgang
Schmidt are the authors of this excellent, very readable and well-organized book that
provides a rigorous yet accessible introduction to the rapidly growing field of sonography in rheumatology. Compared with other work in this field, this book stands out for
its clear explanations of all the basic steps in performing rheumatological sonography,
thus providing a very efficient tool for self-teaching. For anatomical areas of interest,
the novice investigator will be able to evaluate the correct positioning of the probe,
anatomical landmarks and the representative image that can be obtained.
The quality of the images is very good, bearing witness to the level of excellence reached
by the authors, who are renowned pioneers of musculoskeletal sonography. The authors
have also succeeded in outlining a panorama that represents the main sonographic expressions within rheumatic disease and this helps the reader to understand the added
benefit of sonography in daily practice and its relevant potential in depicting soft tissue
involvement in rheumatic diseases.
This book will be extremely useful for all those who are taking their first steps into the
fascinating world of rheumatological sonography, but it will also be useful for those
who, having already started their experience, would like to compare the quality of their
images with that of authoritative experts.
The authors should be congratulated on their excellent work that will surely contribute
to the dissemination of sonography in rheumatology.
Professor Walter Grassi
Department of Rheumatology
Università Politecnica delle Marche, Ancona - Italy
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Preface to the first edition

This book provides a comprehensive compilation of standard rheumatology ultrasound
scans. The more important normal and pathological sonography findings of various
structures and disorders have been systematically incorporated into the text. During the
preparation of this guide, much of the literature relating to sonographic imaging of
synovitis and erosions of joints was reviewed and abstracted. The bibliography is, of
course, not complete; this guide is not meant to be a textbook on musculoskeletal ultrasound.
The format of this book is to present so-called Standard Scans that cover a whole range
of anatomical sites: shoulder, elbow, wrist, fingers, hip, knee, ankle, forefoot and toes.
Each Standard Scan is accompanied by a picture of the position of the probe, an anatomical drawing, an ultrasound picture and an explanation of the ultrasound scan. In
addition, new indications for ultrasound in rheumatology such as vasculitis and connective tissue disease are discussed.
We both contributed an equal amount of experience and work to this book. Since 1999,
we have been conducting workshops together at the American College of Rheumatology’s annual meetings and have been involved in many international courses on musculoskeletal ultrasound. This book summarizes our experience in the form of a short systematic review.
The preparation of the first edition of this book was made possible by the support of
Wyeth Pharmaceuticals Netherlands. The collaboration with Christopher Haydon of the
British Medical Society of Ultrasound is gratefully acknowledged. Nathalie Bruyn expertly prepared many photographs and was responsible for the drawings in Chapters 5
to 10. We are also grateful to Caroline ter Meulen and Lydia Nieuwendijk, editors at
Bohn Stafleu van Loghum.
We would like to express our special gratitude to Professor Walter Grassi from the University of Ancona, Italy. His wisdom, enthusiasm and clear vision of the future of musculoskeletal ultrasonography in the area of rheumatology planted the seeds for this
work.
George A.W. Bruyn and Wolfgang A. Schmidt
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Preface to the second edition

This Guide’s first edition was only five years ago, yet it seems as if light years have
passed. We have received feedback from many colleagues, ranging from trainees to experienced rheumatologists. All comments were taken very seriously. We quickly realized
that as so many projects have been initiated and have moved on since then, it was about
time to think about significantly modifying the first print and adding novel features to
a second edition of the Guide. In a field where knowledge and expertise matter, skills
have become increasingly important. We realized that insufficient use is made of ultrasound in guiding aspiration procedures and injections, and possibly also biopsies. Therefore we decided to add a new topic to each of the Chapters 5 to 10, i.e. how to carry out
ultrasound-guided injections into various joints and tendinous structures. For this, we
wish to thank Nathalie Bruyn who is responsible for the expert photographs and Charlotte Bruyn who served as a model. We also wish to thank Lydia Nieuwendijk, who relentlessly inspired us to work on the second edition. Needless to say, we welcome the
continuing dialogue with the readers of this guide and hope you will enjoy this new
edition. What else? Well, the authors still have lots of fun while on their collaborative
teaching on courses abroad, particularly in the Americas and at the EULAR courses, and
they will continue to do so.
George A.W. Bruyn and Wolfgang A. Schmidt
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Introduction

In rheumatology, history taking and physical
examination are the fundamentals of the diagnostic process in which a variety of signs
and symptoms are evaluated and have to be
weighted in terms of positive and negative
predictive values. Although exact figures are
lacking, it is estimated that by means of history and physical examination, the correct
tentative diagnosis is made in 80-90% of patients at the first doctor’s visit. In the other
10 to 20%, further diagnostic steps, i.e. laboratory tests and imaging investigations are
required to establish a diagnosis. Ultrasound
has proven to be more sensitive than clinical
examination for detecting synovitis in patients with early rheumatoid arthritis (RA);
furthermore, it has been shown to be twice
to sevenfold as sensitive as conventional radiographs for picking up small erosions in
finger joints. In some studies the sensitivity
of ultrasound for detecting synovitis and
erosions is reported to be comparable with
that of MRI while in others it was reported to
be inferior, depending on the site and the accessibility of the joint. Ultrasound is also
able to detect minute fluid collections in
joints, entheseal abnormalities such as calcifications and enthesophytes, tendon sheath
edema and thickening of finger pulleys and
tendons. By means of its power Doppler feature, ultrasound is able to encode signals of
dilated small blood vessels at various anatomical sites including entheses, tendon sheaths and joint synovium. Color Doppler
combined with grayscale ultrasound may
detect edema of arterial walls, e.g. in temporal arteritis. Grayscale ultrasound may give a
preliminary impression of joint synovitis,
but positive power Doppler signals will definitely confirm active inflammation of the

Musculoskeletal_bw.indd 13

joint. The abnormal structure of the salivary
glands that occurs in Sjogren syndrome can
be detected as well as the abnormal muscle
anatomy encountered in myositis.
However, for the clinical rheumatologist, the
proof of the pudding is in the eating. Hence,
the key question is, does ultrasound make a
difference in daily patient care? And if so,
can we measure its impact on patient management? Can it really assist in the diagnosis of early undifferentiated arthritis? Can it
help predicting the development into RA or
non-RA? Although the jury is still out, studies are now appearing that show ultrasound
assessment may have a significant impact on
clinical decision making. It is significantly
more sensitive than clinical examination for
synovitis and enthesitis and it may also
serve as a guide to aspirating difficult joints
and administering injections at specific sites.
Ultrasound is the imaging technique of
choice for diagnosing tendon disease and
comparative studies between ultrasound and
gold standard procedures such as MRI have
confirmed its reliability and validity. An additional advantage of ultrasound is that the
patient does not need extensive preparation,
which makes the procedure time efficient.
The only clinical requirements are good
equipment and about 15 minutes of time.
Care must be taken to avoid errors in interpreting images. Among these, knowledge of
the pitfalls of the technique is an essential
part of the clinician’s training. One of the
pitfalls is artifacts due to incorrect positioning of the probe. Insight into ultrasound
findings in rheumatic disease requires familiarity with the anatomy and pathology of
the structures involved. Armed with a sound
knowledge of rheumatic diseases, it is key

29-11-11 13:19
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that the rheumatologist masters the crosssectional anatomy of the musculoskeletal
system. Rheumatologist-ultrasonographers
have to bear in mind that cross-sectional
anatomy is quite different from the classical
anatomy lessons they had back at medical
school. Getting used to cross-sectional thinking is a slow process and requires considerable investment of time for training and
practice. Other limitations are the need for
an acoustic window, the inability of ultrasound waves to travel through bone, and the
small field of view.
Despite these limitations, which include the
long but steep learning curve for the operator, musculoskeletal ultrasound obviously
bears the potential to significantly improve
patient care in daily rheumatology practice
and may rightly be called the “stethoscope”
of the rheumatologist.

1.1

Historical Perspective

A number of pioneers, including scientists,
engineers and clinicians, have contributed to
the development of diagnostic ultrasonography.

During the early 1940s, the Austrian neurologist-psychiatrist Karl Theodore Dussik was
probably the first physician to use ultrasound for diagnostic purposes. Although
John Wild published a landmark study of
breast nodules reporting a diagnostic accuracy of 90%, the Glasgow obstetrician Ian
Donald was responsible for the ultrasound
boom in medical diagnosis (Figure 1-1). In
1956, in partnership with a young engineer,
Tom Brown, Donald developed the first twodimensional, direct contact scanner in 1956,
which he first demonstrated at a clinical
meeting of obstetricians at the University
Department of Midwifery in Glasgow. Many
physicians in the audience were totally opposed to the idea of relying on a machine
instead of their hands when examining an
unborn baby until, there and then, a Glasgow professor of Internal Medicine happened to make a diagnosis of malignant ascites
in a female patient. On examining the patient himself with the ultrasound machine,
Professor Donald informed the audience that
the finding looked more like an ovarian cyst.
Definite clinical interest was aroused when
this diagnosis was confirmed in operating
theatre.
At the same time, another milestone was set
at the University of Lund in Sweden. Inge
Edler, one of the most prominent cardiologists of his time, together with the scientist
Carl Hertz, introduced M-mode (M for motion) registration. M-mode is a method that
uses a single ultrasound beam aimed in a
fixed direction through the heart. It was a
breakthrough in the understanding of cardiac disease.

Figure 1-1 The Glasgow obstetrician Ian Donald with
the first automatic ultrasound scanner designed by Tom
Brown (1960)

Musculoskeletal_bw.indd 14

Edler and Hertz applied a transducer to the
left sternal edge of the 3rd and 4th intercostal
spaces of the human chest and reported echo
motion synchronous with the heartbeat.
Many years later in Rotterdam, in 1969,
Dutch-born engineer Nicolaas Bom improved on the early concept of Edler and Hertz
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with the introduction of the first linear array
transducer (Figure 1-2). The device caused a
sensation in the cardiology world, showing
real-time cardiac images for the first time in
history. During the mid-seventies, following
its successful use in imaging horse tendons
in veterinary practice, ultrasound imaging of
the musculoskeletal system began to interest
radiologists and orthopedic surgeons. Seltzer
published the first study on the rotator cuff
in rhesus monkeys before and after fluid instillation and Graf reported on the acetabular rim of infants in order to detect congenital hip dysplasia. However, visualization of
smaller joints was still a hazardous endeavor
as resolution of images remained poor.
Of note, three important technological advances have enhanced the use of ultrasound
in rheumatology.
· Firstly, the advent of high-resolution
probes permitted the evaluation of
smaller and superficial structures, such
as finger tendons, small joints, nerves
and pulleys. These “ small part probes’’
have a frequency of 10 - 20 MHz and a
lateral and axial resolution of 0.1 mm.
These probes made it relatively easy to
assess the articular capsule or the hyaline cartilage of small joints such as the
MCP, PIP or MTP joints. Broadband
probes with a range of frequencies (e.g.
5-10 MHz, 8-14 MHz) are becoming increasingly popular due to the ease of
examining superficial and deep structures at the same time.
· Secondly, progress in computer data
processing has enormously advanced
the science of ultrasound. An example
of this is the spatial compounding techniques in which the transducer beam is
electronically steered to acquire overlapping scans from different angles and
produce images with superior spatial
resolution. A relatively new development is the acquisition of volume data
sets and the rendering technology for
reconstructing three-dimensional im-
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Figure 1-2 Dutch scientist Nicolaas Bom and the
prototype of the linear array ultrasound probe

·

ages from three planes. Three-dimensional ultrasonography is potentially
able to reduce the operator dependency
of the technique.
Thirdly, the development of the color
and power Doppler technique has enabled assessment of soft tissue hyperemia. Power Doppler mode detects lowvelocity blood flow at microvascular
level, for instance of synovium or malignant masses. Since inflammation coincides with increased perfusion, power
Doppler ultrasound helps to differentiate inflammatory synovitis from degenerative destruction, active from inactive
synovitis, and assists in monitoring the
response to therapy. Color Doppler ultrasonography is used to examine larger
vessels for the detection of stenoses. In
rheumatology, the technique is used
particularly for the study of vasculitides,
including temporal arteritis.

The development of ultrasound in rheumatology will not halt at this point. The research
agenda prompts grayscale ultrasonography
and power Doppler to be validated, particularly for synovitis of small joints, but also
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for pathology of other joints, tenosynovitis,
entheseal disorders and degenerative disease
such as osteoarthritis. Comparisons with
gold standard procedures, including MRI
and arthroscopy, as well as reliability studies
testing the intra- and interobserver reliabi-
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lity of inflammation in various joints, continue to be carried out. Known pitfalls of the
technique are being tackled and thus strengthening and corroborating the role of ultrasound in rheumatology.
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Fundamentals of musculoskeletal ultrasound

Frequency and
wavelength

Ultrasound refers to any sound that is above
audible sound in the acoustic spectrum. The
human ear is capable of hearing sounds in a
frequency range between 20 to 20,000 Hertz
(Hz), so 20 to 20,000 cycles per second (1000
cycles per second= 1 kiloHertz=1 KHz). Only
young children hear the high range. With
aging the upper limit drops to about 12,000
cycles per second. Some animals are able to
hear frequencies as high as 100,000 cycles
per second. Thus, the ultrasonic range of
frequencies runs from 20 kHz to 1 GHz.
Medical applied ultrasound frequencies
range from 2,000,000 Hz (2 MHz) to
50,000,000 Hz (50 MHz). These sound waves
travel through the human body at a velocity
of 1540 meters per second, so after 0.0000649
seconds, a distance of 10 cm has been
traveled. Most anatomical structures relevant
to rheumatology are much closer, often
situated under the skin no deeper than 5 cm
from the surface.
Frequency (f) and wavelength (λ) are inversely proportional, i.e. f~1/λ, so the higher
the frequency, the shorter the wavelength.
There is also a relationship between frequency, beam penetration and resolution.
Sound wave beams with a higher frequency
penetrate less than lower frequency waves.
However, resolution increases with higher
frequency. Conversely, a transducer producing a lower frequency (longer wavelengths)
will produce greater depth of penetration but
less well-defined images. As already mentioned, in rheumatology diagnostics most
structures are located relatively superficially,
so high-frequency ultrasound should be
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used. To be able to distinguish between two
interfaces lying closely together, a distance
of at least half a wavelength is needed
between the two interfaces.

2.2

Generating ultrasound
waves

Ultrasound waves are generated by a transducer consisting of a disc with crystals of
lead zirconate titanate. These crystals are
piezoelectric, in other words they transform
electrical potentials into mechanical vibrations and vice versa. Every time an electrical
current is passed through the crystals, the
disc generates an ultrasound pulse; conversely, when the disc receives a wave of ultrasound, it will deform and a voltage is generated on the transducer surface. To produce a
well-directed beam, the disc is mounted at
the end of a cylindrical tube, also called a
probe. At the other end of the tube, damping
material is mounted to damp down the ultrasonic waves generated at the back of the
disc.

2.3

Reflection and
transmission

The waves emitted are reflected at the interface of two different tissues. The greater the
difference in tissue density, the more reflective the boundary will be, while with similar
densities waves pass easily through the tissues.
The mathematical equation determining the
amount of reflection and transmission given
by the speed of sound c and the specific
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acoustic impedance Z of the tissue. The impedance of sound in air is low; in muscle it
is 10,000 times higher than in air and in
bone Z is so high – about 50,000 times higher to that of air – that the sound beam
does not penetrate bone at all.
The boundary between two different tissues
is called an acoustic interface. As there is an
interface between air and skin, we have to
apply a coupling medium to the transducer,
such as a gel with an impedance similar to
human tissue, otherwise only 0.1% of the incident energy would be transmitted into the
skin tissue and 99.9% would be reflected off
the skin surface. Similarly, almost 99% of
the sound beam is reflected at the interface
of air and muscle, while liquids - such as
blood or synovial fluid - do not reflect sound
waves.
If the surface of an object is flat and no air is
present between the source and the object,
almost all the ultrasound waves will be reflected from the object at right angles; the
returning echoes are then detected by the
transducer. The crystal reconverts the returning ultrasonic wave - which has the same
wavelength as the emitted wave - into an
electronic potential. Subsequently, the electronic potential is converted by a computer
into an ultrasound image. The transducer
acts as the receiver of ultrasound echoes
about 99.9% of the time, and it emits sound
waves in the very small amount of time
remaining.

2.4

Attenuation

Ultrasound loses its energy as it propagates
through a tissue. This loss of energy is called
attenuation. There are three causes of attenuation: diffraction, scattering, and absorption. Attenuation results in echoes from deep
body tissues being displayed less intensely
then those returning from superficial structures. A function of the ultrasound system
called time-gain control will correct the at-
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tenuation, and intensifies the echoes returning from deeper structures.

2.5

A glossary of ultrasound

It is useful to be familiar with a number of
common ultrasound concepts or nomenclatures.
· B-mode or grayscale ultrasonography.
B (=brightness)-mode is the precursor of
grayscale ultrasound and is limited to
defining boundaries of structures and
differentiating fluid from solid. Grayscale ultrasound includes the whole
range of possible intensities of the gray,
black and white images. However, it
cannot differentiate between fibrous tissue and active synovitis.
· Doppler ultrasonography. Doppler ultrasound relies on the Doppler principle,
which states that sound waves increase
in frequency when they reflect from objects (e.g., red blood cells) moving towards the transducer and decrease when
they reflect from objects moving away.
This information is transferred into
sound. It is also possible to delineate
flow curves and to determine the direction of blood flow.
· Color Doppler ultrasonography. In
color Doppler ultrasound, the Doppler
effect is combined with real-time imaging. A real-time image is created by
rapid movement of the ultrasound beam.
The information from Doppler ultrasound is integrated into the grayscale
image as a color signal. This signal indicates the direction of blood flow. Red
signals indicate flow that is directed towards the ultrasound probe, while blue
signals indicate flow directed away from
the probe.
· Duplex ultrasonography. Duplex ultrasound combines the color Doppler image with Doppler ultrasound. It depicts
the anatomical image with color signals
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and Doppler curves and makes it possible to estimate the velocity of flow in
combination with the correction of the
beam angle.
Power Doppler. Power Doppler ultrasound displays the total integrated Doppler power in color. It increases the sensitivity of the machine, particularly for
small vessels and for slow blood flow.
Some ultrasound equipment provides
unidirectional information as in color
Doppler ultrasound. Power Doppler sonography shows hyperemia in inflamed
tissues. It also differentiates between
cysts, ganglia and blood vessels, and in
this way can help in ultrasound-guided
aspiration, by enabling blood vessels to
be avoided and the site of biopsy to be
chosen correctly.
Transducer or probe. The transducer is
the eye of the ultrasound machine. It
generates the sound waves in terms of
millions per second and receives the
echoes. The frequency of the sound
wave determines how deep it will penetrate the tissue. The frequency also determines the resolution, so the higher
the frequency, the greater the resolution, and the lesser the penetration.
Anisotropy. Anisotropy is a typical ultrasound artifact, usually occurring in
sonograms of tendons, and to a lesser
degree in those of nerves and muscles.
The tendon may appear hypoechoic,
thus simulating disease. However, this is
not due to pathology but due to scattering of the beam which is not perpendicular to the surface. Scattered sound
waves are not captured by the probe
and so the tendon appears dark.
Resolution. Resolution is the optical
ability to distinguish detail, such as the
separation of two closely adjacent objects. Axial resolution distinguishes two
objects lying in the same line of the
beam at different depths. Lateral or horizontal resolution refers to the ability to
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distinguish two objects when they lie
side by side. The modern transducers
used for musculoskeletal ultrasound
reach both a lateral and axial resolution
of 0.1 mm. 20 MHz transducers reach an
axial resolution power of 0.04 mm.
Steer. Steer is modality to obliquely direct the wave beam to a target. Particulary useful for colour Doppler flow to
get a better angle.
Time or B-mode gain. Time or B-mode
gain corrects the attenuation of the ultrasound beam due to scattering and tissue absorption. Time gain compensation
amplifies the echoes returning to the
transducer using an exponential function based on the time of flight. Examiners can modify the time gain by using
the control panel in order to increase
the brightness of ultrasound image.
Refraction. Refraction is an artifact depicting real structures in the wrong position caused by the bending of an ultrasound wave at the interface of two
materials, e.g. the position of the tip of
the needle; this phenomenon can be
minimized by keeping the incident beam
as close to 90° as possible.
Reverberation. Reverberation is the
phenomenon of the beam bouncing back
and forth between the transducer and
the object, giving rise to multiple echoes.
This can be seen for example when a
needle is introduced in the tissue.
Comet tail is an artifact caused by reverberation. It creates characteristic
bands of increased echogenicity distal
to the object.
Edge shadows. In ultrasound, edge
shadow refers to the shadows behind the
edge of spherical, fluid-filled structures.
Acoustic shadowing means that almost
all of the beam is reflected when it hits
highly reflective surfaces such as bone,
air, calcifications and calculi. It produces a dark shadow below the highly
reflective surface.
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Echogenicity (echotexture). A structure
may appear anechoic (black), hypoechoic (dark-gray), midechoic (gray,
akin to soft tissue), a mixture of hyperand hypoechoic, and hyperechoic
(white). Bone sharply reflects ultrasound
waves and the bony edge appears white.
Cartilage appears as an an- or hypoechoic band overlying the bone. Fluid
collections are hypo- or anechoic structures that may exhibit acoustic enhancement, demonstrated by brighter
echoes underneath the structure.
Enhancement is an artifact resulting
from the lack of impedance when sound
waves pass through fluid and increased
echoes from underlying structures.
Aliasing. Aliasing is a Doppler artifact
occurring when velocities of red blood
cells are higher than the pulse repetition
frequency (PRF). This occurs in areas of
stenosis for example, where the reduced
lumen of the vessel is seen with a red to
blue shift. Red represents flow towards
the transducer, within the range of the
PRF, and blue velocities beyond the
range of the PRF, not reversed flow.
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Harmonic imaging. Harmonic imaging
transmits signals at a low frequency and
uses the second harmonic signal at a
higher frequency, by filtering out the
first returning echoes from the received
signal to produce an image.
Three-dimensional (3D) ultrasound
has several advantages over conventional 2D ultrasound, because it is composed of multiple 2D images and unlike
2D ultrasound, it is not dependent on
the angle of scanning to the body.
Contrast enhanced ultrasound. Microbubble contrast agents remain in the
circulation for a few minutes and result
in a marked sensitivity of the ultrasound
image for synovial vascularisation and
thus an assessment of disease activity.
Thus it is possible to detect pathological
low-volume blood flow in very small
vessels, e.g. in the muscles of patients
with myositis. After being injected, intravascular microbubbles are destroyed
by an ultrasound beam thus exhibiting
increased ultrasound signals.
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Choosing an ultrasound system

Ultrasound offers the rheumatologist substantial support in diagnosing and monitoring a variety of musculoskeletal conditions.
Thus, when choosing the right system for the
office, take plenty of time to research what
equipment is available (Figure 3-1 and 3-2).
A list of requirements should take the following points into account.
First, images should be of high quality so that
the operators can be confident of their
diagnosis. During scanning, the machine
assigns grades of gray to the returning echo
signals. The number of shades of gray depends
on how many bits of information can be
stored for each horizontal and vertical point
of image memory. The quality of the images
depends on the features of the system’s
software and hardware. Some manufacturers
market upgraded models which are more
expensive than the older models, yet in

Figure 3-1 Modern ultrasound system showing
monitor, keyboard and probes.
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Figure 3-2 Modern portable ultrasound system
showing monitor, keyboard and probe.

essence they contain the same chips and
electronics. When considering which system
to purchase, a rule of thumb is to look at
images that appear on the screen when you
scan the palmar side of your own wrist.
Anatomical details such as the median nerve
and the various flexor tendons should be
outlined clearly on the system monitor and
should be distinct from one another. The
monitor should not be too small, but on the
other hand the device should also be easy to
use. The keyboard is used for entering the
patient’s data, such as name, date of birth, or
diagnosis. Additional information can be
typed on the image using the “Write” function
button. Scanned structures can be measured
on the monitor, using digital caliper cursors.
These calipers can also be used for measuring
the cross-sectional area, circumference or
volume of a structure, for instance the median
nerve. The buttons on the keyboard should be
positioned logically for easy navigation.
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Figure 3-3 Two examples of transducers. The left
transducer shows a 5 MHz curved array transducer, the
right transducer a 7-12 MHz linear array broadband
transducer.

Secondly, careful attention should be paid to
the choice of probes. A variety of transducers are available (Figure 3-3). An ultrasound machine designed for the rheumatologist’s office should come with a linear array
probe centered on 7 to 10 MHz with a bandwidth of 30%, so that all frequencies between
7 and 15 MHz will be covered. This means
that in the near field the scanner electronically filters out the low frequencies resulting
in higher resolution whereas in the far field
the device lets the lower frequencies pass
through, giving better penetration. A 10
MHz linear array probe can be applied to
practically all large joints except the hip. To
scan down the femoral head in an adult patient, either a curved array or a linear array
probe of lower frequency of about 5 MHz
can be used. Curved array probes which are
commonly employed for abdominal ultrasound may be used for hip joint sonography
in obese patients and fit better to the anatomy of the groin than linear array probes.
For larger joints, the width of the transducer,
also called a footprint, should be taken into
account; this is usually about 40-50 mm. For
scanning small finger joints, toe joints, and
tendons, a small foot print probe such as the
hockey stick (surface area of 26 mm x
10 mm), preferably with a high frequency of
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18 MHz, is valuable. In conclusion, it is a
comfortable feeling to have two or three
probes, but one ultra broadband linear array
probe with a frequency range of 4-14 MHz
may also adequately serve the rheumatologist.
Many modern machines have a unit capable
of visualizing the vascular system. The vascular imaging unit includes color and power
Doppler technology. Color Doppler examination is now the non-invasive method of
choice for the evaluation of patients with
suspected deep vein thrombosis. Another application of color Doppler is the assessment
of blood flow in arteries, for instance of the
temporal artery or carotid arteries. Standard
examination of arteries is done with a highresolution transducer of >8 MHz. Three modalities are required: grayscale imaging, color flow Doppler, both on transverse and
longitudinal planes, and spectral Doppler
velocities on longitudinal planes. The two
most commonly used imaging techniques to
evaluate flow in vessels are color flow mapping and 2D sector scanning. Flow mapping
produces a static image of the blood flow
within a vessel. Two-dimensional sector
scanning produces a sectional image of the
anatomy of a vessel which is updated many
times per second. True simultaneous duplex
scanners allow the 2D image to remain in
real time while the Doppler beam provides
flow information. Power Doppler is useful
for the detection of hyperemia in joints,

Figure 3-4 Extended panorama view depicting a
subacromial-subdeltoid bursa filled with polypous
structures extending distally along the humeral shaft.
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tendon sheaths, and entheses, and is thus
potentially capable of assessing inflammation.
Other relevant aspects are data storage and
pricing. The frozen image or sequential realtime images can be recorded and stored in
the machine’s data storage system, a CDROM or DVD for example. Old machines can
be recognized by the transfer of data to a
floppy disk, modern machines have one or
several USB ports. Prints can be made using
a black and white thermal printer.
Other components include extras such as extended panorama view (Figure 3-4), a biopsy
guidance facility, patient records and registration, connection possibilities with the
hospital picture archiving and communication system (PACS) elastography, radiofre-
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quency based ultrasound, and ergonomic
design. An interface with hospital PACS allows images to be shared on a hospital network.
Prices for an average complete ultrasound
system vary between € 30,000 and € 70,000,
although lower and higher priced systems
are available. There are hand-held systems
which are less expensive. Hand-held, laptoplike devices improve the availability of ultrasound in the physician’s office and at the
bedside.
High-end, more expensive, equipment may
include modalities such as harmonic imaging, panorama view, 3D imaging, and microbubble contrast agent ultrasound imaging.
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General ultrasonographic anatomy

Ultrasound is a tomographical imaging method like CT and MRI. These imaging methods generate anatomical slices. In CT and
MRI, the distance between the slices is variable according to indication and anatomical
region. It may be 1 mm, 2 mm, or 4 mm, for
instance. For ultrasound, slices are produced
continuously, rather like a movie. An anatomical slice provides an overview of only a
limited anatomical region. This makes the
interpretation of ultrasound images more
difficult. Furthermore, ultrasound only depicts the anatomical area between probe and
bone surface.
In general, there are two types of scans, the
transverse (cross-sectional) scan and the
longitudinal scan. Before starting an ultrasound examination, it is essential to orientate and localize anatomical structures on an
ultrasound image.
The transverse view is similar to that of CT
and MRI. Normally, the patient lies on the
right-hand side of the sonographer (Figure
3-1). The sonographer looks at the patient
from the caudal aspect. The images can be
compared with a transverse cut of a cucumber (Figure 4-1). The upper part of the image
is the anatomical area close to the probe.
This is anterior (ventral) if the patient is supine. The lower part is the area distal to the
probe. This is posterior (dorsal) if the patient
is supine. The left side of the image is the left
side from the perspective of the sonographer.
This is the right side of the body if the patient is supine. Some sonographers prefer to
always localize the medial (ulnar, tibial) anatomical area on the left side of the image and
the lateral (radial, fibular) anatomical area
on the right side of the image in order to better compare findings of both extremities.
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Figure 4-1 Transverse slice of a cucumber. Upper part
of image: anterior (proximal to probe), lower part of
image: posterior (distal to probe), left side of image: left
side seen by the sonographer.

Figure 4-2 Longitudinal slice of a cucumber. Upper
part of image: anterior (proximal to probe), lower part of
image: posterior (distal to probe), left side of image: left
side seen from the sonographer. Thus, this side represents the proximal (cranial) anatomical structures.
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Figure 4-3 Transverse view of the region proximal to a
left MCP 2 joint that explains the localization of
anatomical structures in a standardized ultrasound
image.

Figure 4-5 Longitudinal view of a MCP 2 joint that
explains the localization of anatomical structures in a
standardized ultrasound image.

skin
subcutaneous fat

skin

tendons
flexor tendons

peritendineum

cartilage
joint capsule
bone
surface

metacarpal bone

connective
tissue

bone
surface

normal synovium

Figure 4-4 The volar anatomical structures proximal
to a MCP joint

Figure 4-6 The volar anatomical structures of a MCP
2 joint.

The longitudinal view generates an image
that is like that of a cucumber cut lengthways (Figure 4-2). Again, the upper part of
the image depicts the area that is close to the
probe, and the lower part of the image depicts the area that is distal to the probe. The
left side of the image displays the cranial
(proximal) anatomical structures, and the
right side the caudal (distal) anatomical
structures.

When starting to learn how to perform ultrasound, it is important to acquire this “cucumber view”. Translated to the image of a
tendon, Figures 4-3 and 4-4 show the view
in a transverse plane and Figures 4-5 and
4-6 the view in a longitudinal plane.
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Figure 4-5 also shows the sonographic appearance of the most important anatomical
structures. Figure 4-6 explains the anatomy.
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4.1

Distinguishing between
the anatomical structures

Bright structures such as bone are referred to
as hyperechoic, dark structures such as synovium as hypoechoic, and black structures
including fluid and cartilage as anechoic.
Subcutaneous fat is referred to as midechoic.
· Bone surface. Bone surface is hyperechoic with posterior acoustic shadowing. Ultrasound does not provide any
information on anatomical structures
that are localized below an intact bone
surface.
· Cartilage. Hyaline cartilage is anechoic.
It is localized directly adjacently to the
bone surface. Its surface is regular. Degenerated cartilage may become hypoechoic or midechoic with an irregular
surface. Fibrocartilage, e.g. meniscal or
labrum cartilage, is slightly hyperechoic.
· Synovium. Synovium is hypoechoic to
midechoic tissue within a joint. In the
joints of healthy persons, it does not
usually exhibit Doppler signals. Nevertheless, ultrasound equipment with a
high sensitivity to flow signals may also
show minor flow in the joints of healthy
individuals.
· Synovial fluid. Synovial fluid is anechoic material within a joint. It is displaceable and compressible but does not
exhibit Doppler signals.
· Joint capsule. The joint capsule is the
area that forms the frontier between the
hypoechoic synovium, anechoic synovial fluid, or anechoic cartilage and periarticular structures, this last-mentioned
often consisting of midechoic connective tissue
· Connective tissue. Connective tissue is
midechoic and slightly irregular.
· Subcutaneous fat. Subcutaneous fat is
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also midechoic and slightly irregular. It
usually appears slightly less echoic, i.e.
hypoechoic, than the underlying connective tissue.
Tendons. Tendons are characterized by
a fine internal fibrillar pattern. They are
hyperechoic if localized parallel to the
probe. If the tendon is not parallel to the
probe, the tendon becomes hypoechoic
or anechoic as the ultrasound waves are
not reflected to the probe (anisotropy).
Nerves. Nerves are similar to tendons
but they are slightly hypoechoic, and
their structure is more dotted and less
fibrillar (see Wrist, Standard Scans 7-6
and 7-8).
Muscles. Muscles are usually hypoechoic but sometimes mid- or hyperechoic according to the transducer orientation. Fine intramuscular hyperechoic
lines represent the epi- and paramysium, thicker hyperechoic lines represent septae and investing fascia.
Bursae. Bursae are hypoechoic or anechoic depending on the structures that
prevail in the bursae.
Ligaments. Ligaments are similar to
tendons. However, if they consist of
several layers, the fibrillar pattern may
run in different directions.

In Chapters 5 to 10, scans relevant for musculoskeletal ultrasound are presented; they
are organized into different anatomical locations. In each chapter Standard Scans show
the normal anatomy, and scanning techniques are described in detail. These are followed by pathologies. Chapters 11 and 12
give detailed information on the use of ultrasound in vasculitis and in connective tissue diseases.
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Shoulder

5.1

Standard Scans of the
shoulder

5.1.1

Transverse view of the biceps
tendon (Standard Scan 5-1)

The patient is seated upright on a low revolving stool. A right-handed ultrasonographer
should sit directly in front of the machine
with the patient slightly to the right. When
examining the right shoulder, the patient is
facing the examiner and the patient’s back is
directed towards the ultrasound machine.
For the left shoulder, the patient is facing the
machine. Alternatively, the examiner may sit
or stand behind the seated patient while the
patient is facing the ultrasound machine.
The patient’s arms rest on the thigh with the
palm of the hand facing upward (supination)
and the elbow flexed at 90°. The probe is
placed transversely and anteriorly over the
shoulder. The shoulders are usually examined bilaterally.
The long head of the biceps tendon is the
landmark of anterior shoulder scans. The
transverse or axial sonogram locates the biceps tendon within the bony bicipital groove
of the humerus. On normal ultrasound, the
tendon has a bright appearance. The transverse humeral ligament is located anterior to
the tendon and straps the tendon down. Medially to the proximal parts of the biceps
tendon, the subscapularis tendon is present
whereas the supraspinatus tendon is lateral.

greater tuberosity
deltoid muscle

lesser tuberosity
humerus

biceps tendon

What is normal?
The mean transverse diameter of the biceps
tendon is 5.0 ± 2.1 mm (2.1-8.8 mm). Physiologically, a minimal amount of fluid may
be present around the tendon. It is not circumferential.
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5.1.2

Longitudinal view of the
biceps tendon (Standard Scan
5-2)

The longitudinal or sagittal view of the biceps tendon is obtained by rotating the probe
90°. The position of the patient and the examiner remains the same as in the first
Standard Scan of the transverse bicipital
view, Standard Scan 5-1. The tendon should
be depicted parallel to the probe because of
anisotropy. This is achieved by applying
more pressure on the distal end of the probe.
Then, the probe should be moved slowly
downwards towards the musculotendinous
junction. The parallel arrangement of the fibrillar pattern of the biceps tendon, located
within the bony bicipital groove, is easily
visualized.
What is normal?
The mean sagittal diameter of the long biceps tendon measured at the end of the rotator cuff is 2.6 mm (1.2-4.0).
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Anterior transverse view of
the shoulder (Standard Scan
5-3)

This scan is performed with the shoulder in a
neutral position and the lower arm supinated, with the elbow flexed. The probe is positioned obliquely and transversely with respect to the axis of the body and longitudinally
to the tendons of the rotator cuff.
This scan is intended for examining the subscapularis and the medial anterior part of the
supraspinatus tendon. Firstly, the biceps
tendon is identified within the bicipital
groove; then, the subscapularis tendon is
seen medially. For examining the full length
of the subscapularis tendon the arm should
be rotated externally. The examination is
then continued while rotating the arm internally. Thus, lateral of the biceps tendon, the
supraspinatus tendon is identified. Overlying
the rotator cuff, a thin hypoechoic line
between two hyperechoic lines represents
the subacromio-subdeltoid bursa. The examination is continued by moving the probe
slowly upwards and downwards in order to
view the entire supraspinatus tendon. Anteflexion of the shoulder results in a smaller
window for delineating the rotator cuff within the anterior scans. Anteflexion or scanning below the rotator cuff may lead to a
false diagnosis of a rotator cuff tear or a
thinned rotator cuff.

deltoid muscle
bursa
subscapularis tendon

humerus
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5.1.4

Anterior transverse view of
the shoulder (Standard Scan
5-4)

The probe is placed longitudinally to the axis
of the body and transversely to the tendons
of the rotator cuff. Both the subscapularis
and the supraspinatus tendons should be
examined in the longitudinal and in transverse planes, as depicted here. This is important for identifying all abnormalities such as
rotator cuff tears and calcifications. Tears or
calcifications need to be visualized in both
planes.
At the start of the examination the arm is
held in a neutral position, with the elbow
flexed and palm directed upwards. Medially
to the biceps tendon the subscapularis
tendon is found. It inserts at the lesser tubercle. In order to have a complete view of the
subscapularis tendon, the arm of the patient
is then rotated externally.
What is normal?
The subscapularis tendon appears as bright
fiber bundles. The dark areas correspond to
muscle tissue. They must not be confused
with rotator cuff lesions.
The insertion at the lesser tuberosity on the
longitudinal scan is beak-shaped. Some fibers run across the bicipital groove. Together
with fibers of the supraspinatus tendon,
these form the transverse humeral ligament.
The tendon moves smoothly with the surrounding structures when examined dynamically.

subscapularis fiber bundles

deltoid muscle

humerus
subscapularis fiber
bundles
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