


Musculoskeletal Ultrasonography in Rheumatic 
Diseases



Yasser El Miedany
Editor

Musculoskeletal 
Ultrasonography in  
Rheumatic Diseases

1  3



ISBN 978-3-319-15722-1    ISBN 978-3-319-15723-8 (eBook)
DOI 10.1007/978-3-319-15723-8

Library of Congress Control Number: 2015933642

Springer Cham Heidelberg New York Dordrecht London
© Springer International Publishing Switzerland 2015
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part 
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, 
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or 
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)

Editor
Yasser El Miedany, MD, FRCP
Department of Rheumatology  
Darent Valley Hospital
Dartford, UK 



To my inspiring mom and dad for passing 
on the love of reading and the eagerness for 
learning

To my family for their love, care, and 
encouragement



vii

Foreword

There are many challenges to providing a high quality musculoskeletal diagnostic 
and treatment service. Much of our diagnostic approach has relied traditionally on 
the skills of history and examination. These remain important, but are open to sub-
jective interpretation. The same is true of assessing response to interventions, some 
of which are extremely expensive, and we need to justify their use with reliable 
methods of demonstrating improvement in the patient. We are working in health 
care systems where value (better outcomes at lower costs) is an increasingly impor-
tant consideration.

Against this background, ultrasound has increasingly become a part of the ar-
mory of the musculoskeletal practitioner. It helps us

•	 in	diagnosis,	treatment,	and	assessing	response	to	interventions;
•	 to	make	musculoskeletal	disease	management	more	selective	and	objective,	and	

improves the chances of the patient getting the right treatment from the right 
person	and	at	the	right	time;

•	 to	enhance	our	expertise	and	differentiate	ourselves	from	other	musculoskeletal	
practitioners.

In summary, ultrasound helps musculoskeletal practitioners to improve value in 
health care, and possessing the skill of using this modality places the practitioner in 
a stronger position when it comes to the commissioning of high quality musculo-
skeletal services. All musculoskeletal practitioners should have the opportunity to 
train in developing expertise in this area.

Some people in musculoskeletal practice talk well about their service, but do not 
always deliver. Yasser El Miedany does not fit into this category. I have always been 
impressed by his ability to take great ideas and translate them into living practice in 
high quality services that we can all learn from. It comes as no surprise, therefore, 
that he has managed to assemble an international collection of ultrasound experts, 
encyclopedically covering all areas of musculoskeletal disease and practice. There 
is much we can all learn from the contents of these chapters. I commend this book 
to all musculoskeletal practitioners.

Chris Deighton BMedSci (Hons) MB BS (Hons) MD FRCP
President of the British Society for Rheumatology 2012–2014

Clinical Advisor National Institute of Health and Care Excellence Rheumatoid 
Arthritis Management Guidelines

Consultant Rheumatologist, Derby, UK
Associate Professor, Nottingham Medical School, UK
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Preface

The use of musculoskeletal ultrasonography in rheumatology clinical practice has 
expanded swiftly over the past decade as an outcome of the technological develop-
ments and implementation of the window of opportunity concept in most of the 
inflammatory musculoskeletal conditions. Ultrasound booked its place as the “rheu-
matologist’s stethoscope” as it enabled the treating health care professional to di-
agnose, prognosticate, monitor disease activity as well as response to management. 
In contrast with other imaging modalities such as X-ray and magnetic resonance, 
ultrasound has clear advantages, namely good tolerability, no radioactivity, abil-
ity to scan both joints and soft tissue at one sitting and its dynamic facility, which 
enables direct correlation between clinical and imaging outcomes. In spite of some 
concerns regarding standardization, the use of ultrasound in rheumatology is ex-
pected to grow further as prices of the machine fall and the opportunity to practice 
improves.  This book will go beyond the traditional specific joint ultrasonography, 
which has already been discussed thoroughly in previous publications, to focus on 
ultrasonographic changes in different musculoskeletal disorders. The main purpose 
of this book is to serve as a guide for any physician who wishes to perform clinical 
musculoskeletal ultrasound regardless of experience. The aim is provide a practi-
cal approach to dealing with patients suffering from different rheumatic diseases 
in standard practice. It is therefore suitable to a wide range of audience from the 
novice embarking on providing a musculoskeletal ultrasonography service, to the 
experienced who wishes to develop their sonographic scanning skills.

The main theme of this book is to deliver a very practical and reader-friendly 
guide. On one hand it describes a “how to do it” approach, whereas in the meantime 
it delivers the evidence and advanced knowledge base of the relevant pathological 
sonographic appearances of the various musculoskeletal tissues. The illustrations 
and figures were meticulously selected to give the reader a clear guide towards 
implementation in real life practice. Focusing on the major values of ultrasound in 
rheumatologic diseases, this book with its 14 chapters is expected to fill an impor-
tant void in the current literature. It represents what can be considered to be the best 
current thinking on role of ultrasonography in the assessment of pathology, diagno-
sis, and treatment of different rheumatic diseases. Therefore, this book can serve as 
both excellent introductory and a very good reference resource for future reading.



x Preface

This work has been the outcome of cooperative effort of a large international 
group of leaders in musculoskeletal ultrasonography. They have done a superb job 
to produce authoritative chapters including vast amounts of scientific and clinical 
data to create state-of-the-art descriptions of sonographic changes encompassed by 
different rheumatic diseases. Special thanks to Dr. Chris Deighton who wrote the 
book’s foreword and Dr. Adham Khalil for his support throughout the whole project 
which helped to make this book complete.

Personally, I feel privileged to have compiled this work and am enthusiastic 
about all that it offers our readers. I hope you too will find this edition a uniquely 
valuable educational resource.

Kent, England, UK  Yasser El Miedany, MD FRCP
Professor of Rheumatology and Rehabilitation (Egypt)/

Consultant Rheumatologist, UK



xi

Contents

1  Fundamentals of Musculoskeletal Ultrasound ......................................   1
Hatem El-Azizi MD, PhD and Carolina Botar Jid MD

2  Pitfalls in Musculoskeletal Ultrasound ..................................................   21
Violeta Maria Vlad MD, PhD

3  Rheumatoid Arthritis...............................................................................   57
Esperanza	Naredo	MD,	María	Montoro	MD	and	Iustina	Janţă	MD

4  Ankylosing Spondylitis ............................................................................   89
Marina Backhaus MD and Yasser El Miedany MD, FRCP

5  Psoriatic Arthritis .....................................................................................  107
Carlos Acebes PhD and John P. Harvie MD

6  Osteoarthritis ............................................................................................  123
Annamaria Iagnocco MD and Vasilia Iorgoveanu MD

7  Crystal-Induced Arthritis ........................................................................  137
Rodina Nestorova MD and Daniela Fodor MD, PhD

8  Skin, Nail, and Hair in Rheumatology ...................................................  169
Ximena Wortsman MD

9  Pediatric Musculoskeletal Disorders ......................................................  187
Paz Collado Ramos MD, PhD and Eva Álvarez Andrés MD

10  Carpal Tunnel Syndrome ........................................................................  207
Yasser El Miedany MD, FRCP



xii Contents

11  Soft Tissue Rheumatism ..........................................................................  239
Adham Aboul Fotouh Khalil MD, MSc and  
Cristina Hernández-Díaz MD, MS

12  Inflammatory Allied Conditions .............................................................  271
Margarida Alexandre Oliveira MD and Anna Ciechomska MD, PhD

13  Sports Medicine ........................................................................................  315
Zbigniew Czyrny MD

14  Ultrasound-Guided Interventional Maneuvers .....................................  339
Mihaela C. Micu MD and Daniela Fodor MD, PhD

Index ................................................................................................................  387



xiii

Contributors

Carlos Acebes, PhD Department of Rheumatology, Raigmore Hospital, Inverness, 
Scotland

Eva Álvarez Andrés, MD Department of Rheumatology, Paediatric Rheumatology 
Unit, Hospital Universitario Severo Ochoa, Madrid, Spain

Marina Backhaus, MD Department of Internal Medicine, Rheumatology and 
Clinical Immunology, Park-Klinik Weissensee Berlin, Academic Teaching Hospital 
of Charité, Berlin, Germany

Anna Ciechomska, MD, PhD Department of Rheumatology, Wishaw General 
Hospital, Wishaw, UK

Paz Collado Ramos, MD, PhD Department of Rheumatology, Paediatric 
Rheumatology Unit, Hospital Universitario Severo Ochoa, Madrid, Spain

Zbigniew Czyrny, MD Private Practice, Diagnostic Imaging, Warsaw, Poland

Hatem El-Azizi, MD Department of Radiodiagnosis, Cairo University Hospitals, 
Cairo, Egypt

Yasser El Miedany, MD, FRCP Department of Rheumatology, Darent Valley 
Hospital, Dartford, UK

Rheumatology and Rehabilitation Department, Ain Shams University, Cairo, Egypt

Daniela Fodor, MD, PhD Department of Internal Medicine, “Iuliu Hatieganu” 
University of Medicine and Pharmacy, Cluj-Napoca, Romania

John P. Harvie, MD Department of Rheumatology, Raigmore Hospital, 
Inverness, Scotland

Cristina Hernández-Díaz, MD, MS Laboratorio de Ultrasonido 
Musculoesquelético y Articular, Instituto Nacional de Rehabilitación, Mexico City, 
Mexico

Annamaria Iagnocco, MD Ultrasound Unit, Department of Rheumatology, 
Sapienza Università di Roma, Rome, Italy



xiv

Vasilia Iorgoveanu, MD Department of Internal Medicine and Rheumatology, 
University of Medicine and Pharmacy Carol Davila, Bucharest, Romania

Iustina Janţă, MD Department of Rheumatology, Hospital General Universitario 
Gregorio Marañon, Madrid, Spain

Carolina Botar Jid, MD, PhD Department of Radiology, Emergency Clinical 
County Hospital Cluj, “Iuliu Hatieganu” University of Medicine and Pharmacy, 
Cluj-Napoca, Romania

Adham Aboul Fotouh Khalil, MD, MSc New Kasr El Aini Teaching Hospital, 
Cairo University, Cairo, Egypt

Mihaela C. Micu, MD Department of Rehabilitation II, Rheumatology Division, 
Rehabilitation Clinical Hospital Cluj-Napoca, Cluj-Napoca, Romania

María Montoro, MD Department of Rheumatology, Hospital General 
Universitario Gregorio Marañon, Madrid, Spain

Esperanza Naredo, MD Department of Rheumatology, Hospital General 
Universitario Gregorio Marañon, Madrid, Spain

Rodina Nestorova, MD Department of Musculoskeletal Ultrasound, 
Rheumatology Centre “St. Irina”, Sofia, Bulgaria 

Margarida Alexandre Oliveira, MD Department of Rheumatology, Centro 
Hospitalar Cova da Beira, Covilhã, Portugal

Violeta Maria Vlad, MD, PhD Department of Rheumatology, Sf. Maria Hospital, 
Bucharest, Romania

Ximena Wortsman, MD Departments of Radiology and Dermatology, IDIEP-
Institute for Diagnostic and Reasearch of the Skin and Soft Tissue, Clinica Servet, 
Faculty of Medicine, University of Chile, Santiago, Chile

Contributors



1

Chapter 1
Fundamentals of Musculoskeletal Ultrasound

Hatem El-Azizi MD, PhD and Carolina Botar Jid MD 

© Springer International Publishing Switzerland 2015
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Cairo, Egypt
e-mail: hatemazizi@hotmail.com

C. Botar Jid
Department of Radiology, Emergency Clinical County Hospital Cluj, “Iuliu Hatieganu” 
University of Medicine and Pharmacy, Cluj-Napoca, Romania
e-mail: inabotar@yahoo.com

Introduction

Ultrasonography is a safe, well-tolerated, low-cost imaging technique with no ion-
izing radiation and few technical limitations. High-frequency ultrasound has better 
spatial resolution than magnetic resonance imaging (MRI), and ultrasonography 
really excels in its ability to perform real-time dynamic studies and interventions. 
Sonography also allows easy comparison with the contralateral side, which can help 
in identifying subtle abnormalities [1].

Basic Physics

Wavelength	 is	 the	 length	of	one	 complete	 cycle;	 it	 is	 the	distance	between	 two	
identical adjacent points in consecutive waves. Wavelength is typically measured 
between two similar points, such as two adjacent crests or troughs in a waveform. 
Wavelengths are most accurately measured in sinusoidal waves, which have a 
smooth and repetitive oscillation. It is normally given the symbol λ (lambda) and 
has units of meters or millimeters (Fig. 1.1).

Frequency is the number of waves per second. It is measured in hertz (Hz), 
with 1 Hz being one complete cycle per second. The audible sound for human has 
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the	frequency	of	20–20,000	Hz;	any	frequencies	above	 this	range	are	referred	 to	
as ultrasound. The frequencies used in diagnostic ultrasound typically ranges from 
2 to 20 MHz (1 MHz = 1 million Hz). The frequency is inversely proportional to 
the	wavelength;	 the	higher	 the	 frequency,	 the	shorter	 the	wave	 length	 (Fig.	1.2). 
Higher frequency leads to a better resolution, while lower frequency provides better  

Fig. 1.2  Frequency inversely proportion to wavelength. a Low frequency and long wavelength. b 
High frequency and shorter wavelength

 

Fig. 1.1  Wavelength is the distance between two crests or any similar points in consecutive waves
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penetration. To examine the musculoskeletal system, electronic high-frequency lin-
ear transducers are used, which provide uniform anatomical information on all im-
ages, have good resolution in both near and distance fields, and are easy to apply 
and maintain (Fig. 1.3). For overview and guidance, transducers with frequencies 
between 7.5 and 10 MHz are recommended, while for deeper-located structures, 
such as hip or shoulder joints, transducers with lower frequencies (2–6 MHz) are 
recommended. Detailed study of musculoskeletal structures requires the use of 
high-frequency transducers, 15–18 or 20 MHz [4, 10].

Acoustic Impedance is resistance at the interface between the two media or tis-
sues. If the acoustic impedance between the two tissues is high, most of the sound 
beam will not be transmitted to the deeper tissues and it will be reflected back to 
the probe (air/soft tissue interface and soft tissue/bone interface). Minimal acoustic 
impedance between the tissues (subcutaneous/muscle interface) will lead to some 
of the sound beams being transmitted to the deeper tissue and some being reflected 
back. If the acoustic impedance between tissues is very low, almost all of the sound 
beam will be transmitted to the deeper tissue and minimal will be reflected back 
(soft tissue/fluid interface).

Reflection: Ultrasound images are created by the reflected ultrasound beam at 
the interface between tissues or media. The higher the reflection of sound beam 
at tissue interface, the higher the echogenicity in the image at the soft tissue/bone 

Fig. 1.3  Influence of different frequency on the resolution of flexor tendon at the level of MCP 
joint. a Very poor resolution at frequency 3.5 MHz. b Good resolution at frequency at 8 MHz. c 
High resolution at frequency 18 MHz. MCP metacarpophalangeal
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interface	where	 the	bone	cortex	appears	highly	echogenic	 ( white)	 (Fig.	1.4). On 
the other hand, fluid in a bursa or blood vessels has a very low acoustic impedance 
resulting in a low reflection at fluid, so it appears black (Fig. 1.5).

Resolution refers to an ultrasound machine’s ability to discriminate between 
two closely spaced objects. The resolution of an ultrasound image includes the axial 
(along the beam) and lateral (across the image). Axial resolution refers to the abil-
ity of the ultrasound system to differentiate two closely spaced points that lie in the 
plain parallel to the sound beam (Fig. 1.6). Each sound pulse is composed of 2–3 
wavelengths emitted in longitudinal (axial) direction. The system can resolve two 
separate points in the image when the distance between the two points is equal to 
a single wavelength. Increase in the frequency will decrease the wavelength which 
will result in increase in the axial resolution of the ultrasound image (Fig. 1.3). 
Lateral resolution is the ability of the system to display small structures side by side 
(same depth) as separate from each other (Fig. 1.7). The ultrasound beam initially 
converges with increasing depth, and then widens out again with decreasing inten-
sity and resolution. The focal zone of the beam is 3–4 wavelengths wide and is the 
area where lateral resolution is the highest. The ultrasound beam can be focused to 
improve image quality.

Fig. 1.5  Low reflection of 
sound beam at soft tissue/
fluid interface with low echo-
genicity	( black) of backer 
cyst fluid content

 

Fig. 1.4  High reflection of 
sound beam at soft tissue/
bone interface with high 
echogenicity	( white) of corti-
cal outline

 



51 Fundamentals of Musculoskeletal Ultrasound

Fig. 1.6  Axial resolution. 
a & c Poor resolution at the 
near and far fields with both 
structures seen on the screen 
as single structure. b The best 
image seen at the level of the 
focus where both structures 
are seen as separate points on 
the image

 

Fig. 1.7  Lateral resolution. a & c Poor resolution at the near and far fields with both structures 
seen on the screen as single structure. b The best image seen at the level of the focus where both 
structures are seen as separate points on the image
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Color Doppler

Color Flow Imaging (CFI) is the ability to show blood flow in a selected area 
within B-mode image. It represents both direction and velocity of blood flow in 
this area. The color in the image represents color coding of Doppler frequency shift 
detected within each pixel of the returning echoes, and the detected color is super-
imposed on the corresponding B-mode image. The flow towards the transducer is 
usually coded in red while the flow away from the transducer is usually coded blue. 
Color Doppler has disadvantage of aliasing affected by the steering angle and its 
low sensitivity to slow flow.

Power Doppler Imaging (PDI) is based on the integrated power (or amplitude) 
of the Doppler signal, instead of the mean Doppler frequency shift as in color Dop-
pler sonography. The color map in power Doppler (PD) sonography displays the 
integrated power of the Doppler signal, which is related to the number of red blood 
cells that produce the Doppler shift [3, 8]. PDI has three times the sensitivity of 
conventional color Doppler for the detection of flow and is particularly useful for 
small vessels and those with low-velocity flow [2].

Color Gain: The Doppler gain is different from the B-mode gain. Setting the 
color gain is crucial for accurate diagnosis of tissue hypervascularity which indi-
cates the degree of disease activity. Increased gain causes noise and overestimation 
of the tissue vascularity. On the other hand, lowering the color gain decreases the 
color sensitivity resulting in underestimation of the activity. To adjust the color 
gain, first the gain must be increased until noise appears in the image then gradually 
decreased until noise disappears (Fig. 1.8).

Scale and Pulse Repetition Frequency: Pulse repetition frequency (PRF) is the 
Doppler sampling frequency of the transducer and is reported in hertz. The maxi-
mum Doppler shift frequency that can be sampled without aliasing is PRF/2, which 
is called the Nyquist limit. The Nyquist limit may be presented on-screen as a blood 
velocity (the maximum measurable velocity of blood moving directly towards or 
away from the transducer) or in Hertz (maximum measurable Doppler shift). If the 
blood velocity is above the Nyquist limit, the machine will misinterpret the velocity 
and aliasing will occur. This is not an issue with PD [11].

The	sensitivity	of	CFI	and	PDI	is	directly	affected	by	the	PRF;	lowering	the	PRF	
will increase the colur sensitivity to low flow which is highly preferable in rheuma-
tology to detect the lowest activity in inflammatory diseases. Using high PRF will 
decrease the sensitivity of the machine to lower velocities.

Image Control

Gain: Gain correction is crucial to obtain an interpretable image as it affects the 
gray scale of the whole image. Decreased gain will give a black image, and de-
tails will be masked. Increased gain will give a white image, and details will be 
saturated (Fig. 1.9).
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Time gain compensation	( TGC): Echoes returning from deeper tissues within the 
body are weaker than those arising from structures closer to the transducer. Since 
the distance they have to travel is longer, they experience greater attenuation. With-
out TGC, the far field (bottom of the screen, deeper tissue) would always appear 
darker	than	the	near	field	(top	of	the	screen,	tissue	closest	to	probe);	TGC	correct	
the gain on the echoes returning from the far fields. Most of machines have multiple 
slider levers that allow you to control the gain throughout the entire scanning depth 
(Fig. 1.10).

Focus The focus of the image is usually marked on the side of the screen by a 
small arrowhead (Fig. 1.11). The ultrasound beam is narrowed at that depth reveal-
ing the best lateral resolution which improves the image quality and ensures high 
definition of tissue at that depth. The focus is usually adjusted by means of a knob 
or	an	up/down	button	on	the	control	panel;	the	focus	pointer	should	move	to	region	
of interest.

Depth adjustment increases or decreases the depth of the examined region on 
the image. It is best to have the structure that is being examined in the center of the 
screen.

Dynamic range (DR) at the receptor level has also modeled the relationship be-
tween the strongest and the weakest echoes by establishing a DR of echoes values. 

Fig. 1.8  Color gain adjustment. a High gain: color noise with overestimated hypervascularity. b 
Proper gain: with no color noise. c Poor color gain with false poor hypervascularity. d An example 
of color gain button
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The range of difference between echoes is 100 dB, which means ten billion times. 
The TGC can compensate 60 dB due to attenuation. It is necessary to compress the 
amplification	elective	of	echoes;	thus,	weak	echoes	will	be	amplified,	while	strong	
echoes will not be amplified. Elective amplification is performed using a logarith-
mic curve. Another function of the receiver is the primary filtering of the electrical 
signal to eliminate very weak electrical signals corresponding to noise and multiple 
reflections.

Ultrasound Equipment

An ultrasound device consists of a console, comprising a computer, a monitor, a 
keyboard, and transducers.

The transducer or probe is the centerpiece of the equipment, with built-in piezo-
electric crystals that emit and receive ultrasound. It contains a linear array of very 
thin crystals, characterized by a piezoelectric property. This property can be de-
scribed as: the appearance of a difference in the electric potential between two sur-
faces of a piezoelectric crystal, when it is subjected to mechanical deformation. 
The phenomenon occurs inversely as well: A piezoelectric crystal subjected to a 
potential difference suffers a mechanical deformation, which generates ultrasound. 

Fig. 1.9  B-mode gain adjustment. a High gain: bright image with poor details. b Proper gain: with 
no color noise. c Low gain: dark image with poor details. d B-mode gain button
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The generated ultrasounds are characterized by frequency, amplitude, period, wave-
length, and propagation speed [5, 6, 10]. Ultrasound frequency that can be gener-
ated and received by a transducer is determined by the resonance frequency and the 
thickness of the piezoelectric crystals. The nominal frequency of the transducer is 
predetermined by the construction unit.

Depending on the ultrasound transducers’ emission and sequencing beam, they 
are classified into: linear, sectorial, and combined, with functions and/ or multiple 
frequencies (Fig. 1.12) [10].

Fig. 1.10  TGC adjustment. a Too low gain in superficial part of the image. b Too low gain in the 
middle of the ultrasound image. c Too low gain in the deeper part of the image. d Proper gain in 
the entire image. e The TGC buttons. TGC time gain compensation

 

Fig. 1.11  Focus position is indicated by arrow head. a Positioning too low. b Proper positioning
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Linear transducers are able to cover almost all musculoskeletal ultrasound ex-
aminations. On this type of transducers, the ultrasound beam emerges parallel to 
each other and perpendicular to the surface of the transducer and the image pro-
duced is a rectangular one. These may have a contact surface length, with the skin, 
between 2 and 6 cm. Larger transducers provide a better overview and are used 
particularly for large joints, such as the hip joint, or for knee or shoulder joint sta-
bility tests. Smaller transducers, also known as “the hockey stick” or “fingerprint” 
because of their shape, were originally developed for intraoperative use, but are 
excellent for small and superficial structures and for the evaluation of inaccessible 
areas such as metacarpophalangeal (MCP), metatarsophalangeal (MTP), proximal 
interphalangeal (PIP), or distal interphalangeal (DIP) joints [4, 10].

Sectorial transducers have a small area of contact, providing a greater angle with 
good visualization of regions located deeper. They produce a triangular image on 
the screen (the area of a circle), the apex of the surface corresponding to the emis-
sion of ultrasound beam, because this emerges divergent from a common point on 
the transducer surface. These transducers are used to explore the musculoskeletal 
system for examination of meniscus, but they have a low resolution due to the low 
frequency.

Convex transducers have a curved, convex ultrasound emission, with electronic 
activation of the piezoelectric crystals and obtain a trapezoidal image. They are 
mainly used for abdominal ultrasound, whereas in musculoskeletal ultrasonography 
they are used to explore the hip joint, especially in overweight patients.

Combined transducers combine the several possibilities presented before. These 
include multifrequency transducers known as “broadband” (wide-band transducer), 
which include in a one-piece the necessary elements for an examination with a 
wide range of frequencies. Another type of combined transducers is transducers 
with multiple functions, which allow examination in several ways: bidimensional 
(2D) mode, M-mode, Doppler (continuous and pulsed), harmonic, three-dimension-
al elastography, etc.

Fig. 1.12  Types of 
transducers
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Electronic memory is a fundamental component of any ultrasound machine. 
The electrical signal from the receiver is converted into binary data by an analog–
digital converter. The information is stored and processed in the internal memory 
layers. Digital–analog convertor turns the processed information into an electrical 
signal. This electrical signal is demodulated and subjected to rectification and filter-
ing processes to become video signal, which is send to the TV monitor.

The TV monitor consists of a cathode tube, whose electron beam is activated as 
horizontal lines. Each line corresponds to a row in digital memory. The ultrasound 
information is obtained and stored in columns, but is displayed in rows. An image 
displayed on the monitor is made up of 525 lines. In order to reduce the oscillation 
(“blinking”) of image, each image is divided in two fields: field even-numbered 
lines and field odd-numbered lines, displayed alternately. During examination in 
real time, the monitor screen displays 30 images (60 fields) per second [10].

Probe Orientation and Handling

Probe Markers: Every probe has a mark on one of its sides (Fig. 1.13);	it	could	be	
a raised marker or indentation or some other identifier that is correlated to a dot or 
the manufacturer’s logo on the display screen. Structures on the same side of the 
probe marker will appear on the side of the screen mark on the display screen while 
structures on the opposite side of the probe marker will appear on the other side of 
the screen marker (Fig. 1.14). Most machines have a button that lets you flip the 
screen marker from right to left (Fig. 1.15).

Probe Handling When Scanning: To scan a structure in the longitudinal or 
sagittal view, the transducer is oriented along the long access of the body with the 
probe marker directed towards the patient head (Fig. 1.16), so the cephalad struc-
tures will appear on the side of the display screen with the marker. The transverse 
or	axial	is	obtained	by	rotating	the	probe	90	°	from	the	long	axis	of	the	patient;	the	
probe marker should be directed to the right side of the patient so that the right-side 
structures of the body will appear on the side of the display screen with the marker 
(Fig. 1.17).

Fig. 1.13  a Probe side with 
marker. b Probe side with no 
marker
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Fig. 1.16  Longitudinal 
( sagittal) examination of the 
elbow with the probe marker 
directed	to	the	head	( red 
arrow)	and	the	hummers	( H) 
seen on the same side of the 
screen	marker	( blue arrow)

 

Fig. 1.15  Button for flipping the screen marker from right to left

 

Fig. 1.14  Different screen marker showing either companies logo or initials’ letter
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Scanning Technique and Image Optimization

There are several notions of ultrasound techniques which are necessary to be known 
for achieving optimal ultrasound images. First of all, the examiner must choose the 
transducer (probe button) according to the region of interest. The capacity of pen-
etration of the ultrasound beam is inversely proportional to the nominal frequency 
of	the	transducer.	The	frequency	of	the	transducer	is	higher;	the	image	resolution	
is better, but associated with the reduction of the penetration due to attenuation 
(which is proportional to the frequency of ultrasound). As a practical application, to 
obtain a detailed ultrasound image of superficial structures, transducers with high 
frequency and resolution are used, whereas for deeper structures, it is necessary to 
reduce the frequency and the resolution by default (Fig. 1.18).

Following transducer selection, ultrasound gel is placed on the transducer and 
the transducer is applied to the skin of the region of interest. Next step is to ad-
just the image depth (depth control on the console) so that the displayed image 
includes the region of interest without losing information and with no unused space 
(Fig. 1.19) [10].

The examiner must change the position (Fig. 1.11) and number of focuses so that 
the focal zone is located at the same position and depth as the targeted structure, in 
order to obtain an optimal lateral resolution [10].

Fig. 1.18  Influence of fre-
quency on the image with the 
same transducer. a Resolu-
tion frequency. b Penetration 
frequency

 

Fig. 1.17  Transverse exami-
nation of the elbow with the 
probe	marker	( red arrow) 
directed to the right side of 
the patient. The probe marker 
directed to the side of the 
display screen with the screen 
marker	( blue arrow). Hum-
mers	( H)
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After changing the focal zone, it is necessary to adjust the overall gain which 
controls the amplification of echoes from the entire region scanned, in order to pro-
vide an optimal viewing of the target region. Too high gain will cause the display 
of	an	image	“too	white,”	while	a	too	low	gain	will	make	the	image	too	dark	(black;	
Fig. 1.20). Although the optimal gain is subjective, it is adjusted properly when the 
sonographic picture of blood vessels/ pure fluid collections or the region located 
posterior to bone structures appears black or almost black on the ultrasound image.

Fig. 1.20  Gain adjustment. a High gain: “too white image.” b Too low gain: “too black image.” c 
Proper gain. d An example of gain button

 

Fig. 1.19  Depth adjustment. 
a Reduced depth. b Increased 
depth
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Subsequently, the examiner will adjust depth gain compensation (DGC) or TGC 
curve, which consists of multiple buttons, each representing the gain at a different 
depth in the image. TGC refers to ultrasound attenuation in the human body, at-
tenuation being electronic compensated so that deep structures will produce similar 
echoes compared with the superficial ones. This compensation occurs exponen-
tially, as well as attenuation: An echo coming from a structure located at a double 
distance from the transducer is four times amplified. DGC control can be adjusted 
by the examiner according to the structures of interest by manually sliding the but-
tons (Fig. 1.10) [10].

Ultrasound image can be freezed on the monitor using “freeze” button. The last 
image displayed on the TV monitor is still preserved indefinitely, until the cancel-
lation of the order. Whereas with the picture freezing disappears the necessity of 
acquiring new information, in most applications the freezing transition is associated 
with the transducer at rest.

Magnification scale (scale, zoom) allows enlarging a particular region of in-
terest image multiple times. Image magnification may occur on acquisition (write 
zoom) leading to increased resolution or on reading information from memory (read 
zoom), without increasing the resolution. Zoom image on acquisition can be applied 
only in real-time examination, while reading zoom can be applied to frozen images 
(Fig. 1.21).

All ultrasound machines are equipped with microprocessors that allow various 
facilities:	measurement	of	distances,	perimeters,	areas,	angles,	and	volumes;	mark-
ing	areas	of	interest;	schematic	display	of	the	transducer	position;	enrolment	of	gen-

Fig. 1.21  Image magnification. a	Non-enlarged	image	( arrow shows the region which is enlarged 
in B). b Magnified image. c Zoom button
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eral information (date and time of the examination, transducer frequency and other 
data on the operating mode of the device, the institution where the examination is 
performed,	etc.);	and	simultaneous	display	of	multiple	images	in	2D	ultrasound	or	
in other different modes. Images are stored on sensitive papers or on devices with 
large capacity of digital memory. The technical features of the devices depend on 
the manufacturing company and are different from one machine to another [9, 10].

Terminology

Ultrasound, like other imaging methods, uses specific terminology due to ultra-
sound propagation and behavior in human body. The terms most frequently used 
are:

Anechoic or transonic is the term used for any structure that is entirely crossed 
by the ultrasound beam without any reflection on their route, resulting in a “lack of 
echoes,” displayed as a black image on the monitor. This shows the fluid content of 
a structure, in most cases (Fig. 1.22).

Echoic or echogenic is the term used for the appearance of a structure that 
strongly reflects ultrasound, appearing white on the image. This can be produced in 
musculoskeletal ultrasound by connective structures (bone, calcifications) as well 
as	other	high-density	structures	(air,	metal	crystals,	etc.;	Fig.	1.23).

Hyper-, iso- , or hypoechoic are terms used when making comparisons be-
tween the intensities of echoes produced by the examined structure and the refer-
ence	structure	(hyperechoic—appears	whiter,	brighter	than	the	reference	structure;	
isoechoic—appears with the same echogenicity compared with the reference struc-
ture;	hypoechoic—appears	darker	than	the	reference	structure).

Impure liquid defines the aspect of a structure almost anechoic, containing in-
side scattered, fine echoes, often mobile under the pressure of the ultrasound beam 
(Fig. 1.24).

Fig. 1.22  Transonic image—
a superficial vein
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Echo structure defines all the echoes produced by solid-tissue elements consti-
tuted in a systematic structure that allows the identification and characterization of 
the examined elements (Fig. 1.25).

Sound attenuation defines the reduced intensity of echoes from the structures 
located deep, away from the transducer (Fig. 1.26).

Fig. 1.24  Impure fluid—
hemarthrosis on the suprapa-
tellar recess

 

Fig. 1.23  Echoic struc-
tures—arrows. a Fascia. b 
Bone surface
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Artifacts

Anisotropy: Anisotropy is an artifact produced by the linear configuration of ten-
dons whereby hypoechoic change is seen if the transducer is slightly angulated. 
This artifact can mimic hypoechoic tendinopathy, but careful minor changes to 
transducer angulation make anisotropy disappear whereas true pathologic findings 
do not (Fig. 1.27). Anisotropy can be beneficial for confirming tendon position as 
the artifact can be produced in the linear tendon while the surrounding nonlinear 
echogenic	 fat	 is	 not	 affected;	 increasing	 contrast	 between	 the	 two	 structures	 [7] 
(Fig. 1.28).

Acoustic shadow defines important focal attenuation of ultrasound due to com-
plete reflection. Distal to such structures ultrasound are no longer propagated, the 
appearance being of anechoic area “nonimage” (Fig. 1.29) that extends deep from 

Fig. 1.26  Sound attenuation 
behind the bone surface—
longitudinal view

 

Fig. 1.25  Echo structure of 
the normal muscle—longitu-
dinal view
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the involved interface. Examples of structures that produce shadowing include in-
terfaces with bone or calcification and some foreign bodies

Acoustic enhancement (amplification) Apparent and selective increasing in the 
intensity of echoes beyond an anechoic structure [5, 6, 10]. (Commonly a cystic 
structure	or	blood	vessel;	Fig.	1.30) in these situations, the sound beam is less at-

Fig. 1.29  Acoustic shadow 
extends posterior to intramus-
cular	calcification	( arrow)

 

Fig. 1.28  Anisotropy of the triceps tendon, it shows a hypoechoic area at its distal end (a) which 
disappeared on correcting the probe angulation (b)

 

Fig. 1.27  a Tendon shows normal hyperechoic echopattern when the sound beam is perpendicu-
lar. b Anisotropy of the same tendon on probe angulation
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tenuated	compared	with	the	adjacent	tissues;	therefore,	the	deeper	soft	tissues	will	
appear relatively hyperechoic compared with the adjacent soft tissues
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Introduction

Taking a good ultrasound (US) picture is an art. Interpreting it is a science. This is in 
fact everything US is about. Anatomic details should be carefully studied at the very 
beginning of US formation. However, good anatomy knowledge is not sufficient. 
The passage of US beam through human tissues, though so rewarding, is not without 
negative technical consequences. US images are the final result of multiple reflec-
tion processes combined with the machine technical capabilities and the knowledge 
of the performing physician. Any deviation of one of these three cornerstones leads 
to pitfalls—acknowledged as “difficulties/ traps”—and possible mistakes in images 
interpretation. Most of the pitfalls in US are represented by artifacts.

Oxford English dictionary [1] defines artifacts as “something observed in a sci-
entific investigation or experiment that is not naturally present but occurs as a result 
of preparative or investigative procedure.” Artifacts have been described since US 
was used for the first time as a diagnostic method in medical practice. The first mus-
culoskeletal US report, published by T. Dussik in 1958 [2], led to the first descrip-
tion of anisotropy. Since then, the technique has known an exponential development 
and, consequently, a lot of artifacts have been described in literature, being defined, 
illustrated, and classified according to various criteria [3–13].

The first step for understanding artifacts is the admittance of the basic assump-
tions regarding the way an US image is obtained [3]:

1. Sound travels in straight lines.
2. Reflections occur from structures along the central axis of the beam.
3. Intensity of reflection corresponds to the reflector scattering strength.
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4. Sound travels at exactly 1540 m/s.
5. Sound travels directly to the reflector and back.

If any of these conditions is impaired, artifacts are generated.
This chapter focuses on the detailed description of all pitfalls that could lead to 

wrong acquisition/ interpretation of US images. As artifacts are connected to techni-
cal issues, it could be emphasized that pitfalls include artifacts and other possible 
sources of misinterpretation connected to human mistakes or machine inaccuracy. 
Both grayscale (GS) and Doppler pitfalls could be due to the technique itself, the 
particular type of machine used in the exploration, or the insufficient anatomic/
technical knowledge of the physician performing it. The chapter covers separately 
GS and Doppler artifacts, and then covers together the pitfalls due to the machine 
and human errors.

The classification of US pitfalls is given in Table 2.1.

Table 2.1  Classification of US pitfalls
1. Pitfalls due to GS 
artifacts

Due to transducer 
position

Anisotropy
Bone pseudodefect

–

Due to interaction 
of US beam to the 
tissues

Attenuation Shadowing
Reverberation
Mirror
Side lobe/grating lobe

Cartilage interface
Enhancement through 
transmission

–

Associated with 
velocity errors

2. Pitfalls due to Dop-
pler artifacts

Mirror –
Reverberation

3. Pitfalls due to 
human error (GS and 
Doppler)

Drop out
Machine incorrect 
adjustment
Transducer incorrect 
handling
Insufficient anatomy 
knowledge

4. Pitfalls due to 
machine error (GS 
and Doppler)

Piezoelectric crystals 
damage
Transducer’s fibers 
damage

US ultrasound, GS grayscale
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Pitfalls Due to GS Artifacts

Artifacts Due to Transducer Position

Anisotropy, according to Wikipedia [14], is the property of being directionally de-
pendent, as opposed to isotropy, which implies identical properties in all directions. 
US, especially musculoskeletal, is an anisotropic technique—in abdominal US the 
only tissue exhibiting anisotropy is the renal tissue [7]. Anisotropy is an artifact 
that appears in all the situations where the US beam is not strictly perpendicular to 
the examined tissue for ensuring maximal reflectivity. Anisotropy appears mostly 
in	tendons;	muscles	and	ligaments	can	exhibit	it	at	a	lesser	extent.	Nerves	do	not	
show anisotropic properties [9]. Any tissue containing parallel linear fibers can ex-
hibit anisotropy. Due to highly organized structure of collagen fibers inside tendons, 
these are highly anisotropic structures. A tendon becomes anisotropic mainly at the 
point of its insertion where it follows the round shape of the bone epiphysis. Any 
angle deviation from 90° decreases the tendon echogenicity, making it resembling 
the	muscle	in	appearance	and	obscures	structural	details;	at	higher	deviation	angles,	
the echogenicity will decrease even more [9, 11]. The presence of a hypo-echoic 
area near a tendon’s insertion must lead to anisotropy considering before making 
a tendon tear diagnosis. The most important places to encounter anisotropy are: 
bicipital tendon inside the groove, quadriceps, and Achilles tendons at their inser-
tion. Patellar tendon (also known as patellar ligament) has a straight direction, so it 
is usually visualized without anisotropy at both insertions (Figs. 2.1, 2.2, 2.3, 2.4, 
and 2.5).

Tips to Overcome Gently tilting the transducer until it becomes perpendicular to 
the structure makes anisotropy disappear, and the tendon’s fibers appear intact. 
Sometimes it is enough to slightly move the patient’s joint, like in hand flexors 

Fig. 2.1  Transverse view 
of	bicipital	tendon	( arrows) 
inside the groove. The trans-
ducer is perpendicular to the 
tendon. SubS subscapularis 
tendon

 



24 V. M. Vlad

evaluation. Knee flexion also makes anisotropy of quadriceps insertion disappear. 
Tendon tears should always be visualized in two perpendicular planes and they 
remain unchanged when tilting the probe. Dynamic evaluation of the tendon’s 
movements can also help ruling out tears.

Bone pseudodefect is another artifact linked to the position of the probe in rela-
tion to the bone contour. When the beam touches the bone in a semi tangential way, 
the reflected echoes will have a different direction compared to the normal return 
and will not be detected on the screen. There will be no captured image in that area, 
so it will falsely look like a break in the bone contour. This artifact must be care-
fully differentiated from various pathologic cortical defects, which appear on two 

Fig. 2.3  Longitudinal view of quadriceps insertion on patella. The transducer is not parallel to the 
fibers at the insertion. QT quadricipital tendon. Arrow: anisotropy at insertion

 

Fig. 2.2  Transverse view 
of “empty” bicipital groove 
( arrows). The transducer 
is not perpendicular to the 
tendon. SubS subscapularis 
tendon
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perpendicular planes and usually have a floor that may be visualized on the US 
 image. Bone pseudodefect is frequently visible in the elbow area, at the coronoid 
fossa evaluation (Fig. 2.6).

Tips to Overcome Same as for anisotropy—gently tilting the probe for changing the 
angle of the beam toward the bone will make the defect disappear.

Artifacts Due to Interaction of Beam with Tissues

US beam interacts with tissues according to their specific characteristics. Generally, 
the waves are attenuated inside tissues because of reflection, scattering, refraction, 
or absorption processes, but sometimes their transmission might be enhanced. US 

Fig. 2.4  Longitudinal view of quadriceps insertion on patella. When angulating the transducer 
it becomes parallel to the fibers at insertion and anisotropy disappears. QT quadricipital tendon

 

Fig. 2.5  Longitudinal view 
of patellar tendon. Due to its 
straight trajectory, no anisot-
ropy appears at insertions. 
P patella, TT tibial tuberosity, 
PT patellar tendon
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attenuation is 80 % due to absorption, a small reminder of the beam being reduced 
by reflection, refraction, diffraction, and dispersion [15]. Different tissues have 
different attenuation coefficients (calculated at 1 MHz). The values are listed in 
Table 2.2 [4, 16].

Attenuation Artifacts

A brief description of the physical phenomena leading to beam attenuation would 
increase their understanding.

Reflection of the beam appears at the boundary between two types of tissues with 
different	densities;	as	a	consequence,	the	propagation	speed	of	waves	will	be	differ-
ent too. The property of tissues that involves density and speed of waves is called 
acoustic impedance, marked as Z	( Z = speed × density of the tissue). The final US 
image is the result of multiple reflection processes. At the boundary between two 

Table 2.2  Attenuation coefficients and US speed for selected tissues at 1 MHz
Material Attenuation coefficient US speed (c)m/s
Water 0.0002 –
Air 40 330
Fat 0.5–1.8 1450
Soft tissue 0.3–0.8 1540
Bone 13–26 4080

US ultrasound

Fig. 2.6  Longitudinal view of the anterior elbow. Bone pseudodefect artifact is seen because of 
the	transducer	position,	semitangential	to	the	bone	( arrows). CF coronoid fossa
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tissues with highly different acoustic impedance, the reflection of the waves will be 
strong, so a strong echo will be generated. This situation is particularly encountered 
at the interface between air/bone and soft tissues. At the interface between soft tis-
sue and air, 99 % of the waves are reflected, so no image will appear behind this. A 
particular situation illustrating this is the presence of an air gap between the trans-
ducer and the skin. To avoid that, a thick, uniform layer of gel must be applied on 
the transducer. Air is, though, a strong attenuator of the beam. Other strong attenu-
ators are bone and calcifications. Behind these structures the attenuation will be so 
high that a shadow will appear, suggesting US waves do not penetrate that structure 
because they are all reflected. If the adjacent tissues have similar acoustic imped-
ance, no echoes are generated. Most of the soft tissues have close values of acoustic 
impedance, so very few waves are reflected, most of the beam passing further to 
deeper structures [10].

Refraction is a change of US beam direction at interfaces between media with 
small differences in acoustic impedance (fat/muscle). Because of this phenomenon, 
real structures may appear in false locations. The degree of direction changing is 
influenced by the difference of impedance and also by the angle of the beam, which 
may easily be adjusted by tilting the transducer.

Scattering of the beam occurs when the reflecting surface is very small com-
pared to the wavelength of US, and echoes are reflected through a wide range of 
angles, consequently reducing their detected intensity. When the beam encounters 
a number of small interfaces, comparable to the wavelength, a particular type of 
scattering appears, called diffusion. This is the situation of the fat or fibrous tissue 
(Fig. 2.7). Scattering and diffusion of the waves must be considered for correctly 
interpreting the echogenicity of small parts nodules.

Fig. 2.7  Longitudinal view of the medial fat pad of the knee in an obese patient. Scattering and 
diffusion	of	US	create	shadows	( asterisks) and allow a fair visualization of the structures below 
(femoral condyle). US ultrasound
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Shadowing

Shadowing is the lack of US image behind structures like air or bone. Because of 
this artifact, bones and organs containing air like digestive tube cannot be visual-
ized with US. Different types of shadows are produced by air and by bone—while 
shadow behind the bony structures and calcifications is uniform and homogeneous, 
called “clean,” shadow behind the air is called “dirty.” Dirty shadow has a hetero-
geneous aspect, with mixed areas of hypo- and anechogenicity. Sometimes dirty 
shadow may appear behind bony structures with a large radius of curvature, like 
humeral head [5]. A particular example of shadowing is represented by skin cal-
cifications in dermatomyositis or scleroderma patients—the continuity of calcium 
deposits forms a continuous line immediately under the skin with no echoes behind 
it (Figs. 2.8 and 2.9). When the shadow is generated by a superficial structure, it 
may run over a deeper structure in the image and mimic pathology like tendon tear. 
A shadow may appear behind wood fragments as foreign bodies in subcutaneous 
tissue or deeper [5].

When a strong reflecting structure like a calcification is very small compared 
to the width of the main US beam, the posterior acoustic shadowing will be elimi-
nated. This situation may occur in case of small calcifications inside a fluid col-
lection. Awareness of this artifact, called beam width, will ensure proper diagnosis 
of calcium deposits, even without shadow (Figs. 2.10 and 2.11). Sometimes focus 
adjustment strictly in the area of interest will remove the artifact [5].

At the margins of a structure with different acoustic impedance compared to the 
tissue around it and with a highly curved surface (tendons’ margins, cyst, etc.), an 
artifact called lateral shadowing (or refraction shadowing) appears. After reflec-
tion of the beam, marginal waves get also refracted at the edges of the structure, 
therefore	no	sound	beam	is	returning	to	the	probe;	as	a	consequence,	a	shadow	near	

Fig. 2.8  Longitudinal view 
of the thigh of a young 
patient with juvenile derma-
tomyositis. A compact layer 
of calcifications are seen just 
under the skin. A “clean” 
shadow is covering all struc-
tures behind. The inflamma-
tory aspect of calcifications, 
which were painful, is shown 
by the incomplete mirror 
Doppler artifact—the only 
two parts seen in the image 
are the bone and the mirror 
( arrow). C calcium deposits
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each lateral border of the structure may appear (Fig. 2.12). A particular case of re-
fraction at the edges is represented by superficial varicosities (Fig. 2.13). Refractile 
shadowing also appears in case of tendon full-thickness tears, and sometimes it 
might be the only US sign of the tear.

Tips to Overcome Shadowing cannot be overcome, but it is of great help in inter-
preting US pathology. However, this type of artifact may look like another pitfall, 
caused by machine damage, presented below, so careful distinction is needed.

Fig. 2.9  Transverse view 
of the gluteal region in a 
scleroderma patient. A big 
calcification	( C) is seen in 
the subcutaneous tissue. 
A “clean” shadow appears 
behind	( arrow)

 

Fig. 2.10  Transverse view of 
the medial part of popliteal 
fossa. A Baker cyst is seen 
with small white deposits 
inside without shadow—cal-
cifications exhibiting beam 
width	artifact	( small arrows). 
Also, a lateral shadowing 
phenomenon appears at the 
cyst	margin	( large arrows). 
Gcn gastrocnemius muscle 
and tendon, Sm semimembra-
nosus tendon
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Reverberation

Reverberation is an attenuation artifact generated by structures with two parallel 
surfaces, both highly reflective. Examples may be the prostheses used by orthope-
dists (shoulder, knee, hip) or a needle/biopsy device (Figs. 2.14 and 2.15). In such 
structures, US echoes will experience repeated reflections between the two surfaces 

Fig. 2.12  Subcutaneous cyst, 
showing lateral shadows due 
to	refraction	( arrows)

 

Fig. 2.11  Calcifications	( C) 
in a small Baker’s cyst with 
mixed echogenicity. Each 
calcification, though very 
small, has its own separate 
shadow, covering tissues 
behind
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of the prosthesis and the bone or between the two facets of the needle before go-
ing back to the transducer. Because of this mechanism, only the first echo will 
be	properly	located	on	the	screen;	the	others	will	be	displayed	far	away,	and	will	
appear deep in the image. Finally, the image on the screen will consist of multiple 
linear echoes spaced at equal distance, posterior to the first echo. Each echo will 
be weaker than the precedent one, due to attenuation. Bone exhibits reverberation 
artifact	too;	very	often,	bone	contour	appears	again	on	the	screen	below	the	real	one.	
Reverberation is also encountered in gynecologic US [17].

The dirty shadowing behind air bubbles is a particular type of reverberation. An 
example is the image representing a corticoid injection inside a cyst. Together with 
the corticoid, air from the syringe is injected, and it immediately rises in the upper 
part of the cyst, leaving a dirty shadow/reverberation artifact behind it.

Fig. 2.13  Superficial 
varicosities	( v) in subcutane-
ous tissue showing lateral 
shadowing	( arrows)

 

Fig. 2.14  Longitudinal view 
of the suprapatellar recess 
of a knee with prosthesis. 
Between patella and femoral 
cortical lines, another hyper-
echoic line is depicted—the 
prosthesis	image	( arrows). 
All three lines have rever-
beration artifacts behind them 
( asterisks). QT quadricipital 
tendon
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A particular type of reverberation is the comet tail artifact, which accompanies 
the intrusion of a foreign object with very different acoustic impedance compared 
to the tissue around it. Comet tail artifact can appear behind a metallic prosthesis or 
behind glass. It has a characteristic shape, widening distally or proximally. Comet 
tail artifact is useful when marking the place of an injection by placing a needle 
between the skin and the transducer (Fig. 2.16). The artifact will indicate the precise 
location for the injection.

In the same category, the ring-down artifact appears when a very thin layer of 
fluid is trapped between air bubbles. In some publications, these last two types of 
artifacts are considered totally different [4], while in others they are considered the 
same [16].

Reverberation artifact may appear on the screen before even starting US ex-
amination because of the intense reflection of waves at the interface between the 
transducer and air. This artifact disappears when the transducer is in direct contact 
with the skin through a layer of gel (Fig. 2.17).

Tips to Overcome The last type is the only reverberation artifact that can be over-
come. The others cannot be eliminated, as they are caused by the type of tissue 
involved. Sometimes this type of artifacts can be helpful, like in case of the charac-
teristic appearance of air/gas present together. If not intraluminal, the aspect com-
bining air and gas might be a characteristic US sign of an abscess collection [5]. 
Based only on reverberation artifacts, a whole new US area has developed—pulmo-
nary US (details are given below). New type of machines with harmonic imaging 
can reduce a little reverberation artifacts [9].

Fig. 2.15  Transverse view on the anterior shoulder. An anechoic image (subdeltoid bursitis) is 
shown under deltoid muscle with a needle inserted in it. Reverberation artifact of the needle is 
shown	behind	it	( arrows)
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Mirror Effect

A mirror-like image appears when the US beam is coming across a highly reflective 
and curved shape (curved margins of the long bones in longitudinal view). The main 

Fig. 2.16  Transverse	view	of	the	median	nerve	at	the	wrist.	A	needle	( asterisk) is placed on the 
skin	under	the	transducer.	A	comet	tail	artifact	( arrows) is seen below the needle, indicating the 
injection place

 

Fig. 2.17  Reverberation artifact before starting US examination. Many hyperechoic parallel lines 
equally spaced are seen. There is no gel on the transducer, except for a very small part, in the 
middle,	which	leaves	a	trace	on	the	whole	image	( arrows). US ultrasound
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beam passes toward a deep reflecting interface, but after reflection, echoes from the 
deep structure first hit a more superficial interface, which is the other side of the 
same structure, then return to the profound one and then back to the transducer. As 
a result, they will be recorded later in time and will be misplaced on the screen [4]. 
In the final US image, the same structures will appear on both sides of the interface. 
The extra line appearing below bone contour could be interpreted as mirror or rever-
beration (Fig. 2.18). The mirror artifact is encountered in abdominal US too, where 
sometimes a tumor appears on both sides of a hepatic lobe, creating confusion.

Tips to Overcome It cannot be overcome, but it is essential to keep in mind that no 
structure should be interpreted below the bone hyperechoic sharp line.

Side-Lobe Artifact

Apart from the main beam, at the edges of the transducer, adjacent beams are gener-
ated from a radial expansion of the piezoelectric crystals inside its structure. These 
will have different directions for tissues penetration. Although they are usually weak, 
some of them manage to actually come back to the transducer (mainly if they en-
counter an enough reflecting interface), and furthermore can generate echoes. This 
is the artifact called side lobe. The structures appearing on the screen will then have 
a false position. Side-lobe artifact appears only with the use of linear transducers. 

Fig. 2.18  Longitudinal	view	of	a	metacarpophalangeal	joint	volar	side.	A	mirror	image	( asterisks) 
of the flexor tendon is seen below the bone contour. A mirror image of the bone contour is seen, 
too	( arrows). MC metacarpal bone, P proximal phalanx, S synovial hypertrophy inside the joint
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Apart from that, some waves might have a much different direction than the main 
beam and still meet a reflective interface, this is called grating-lobes artifact. The 
falsely depicted structure may overlap an expected anechoic surface [6, 8].

Tips to Overcome The new US machines benefit from apodization, a technical 
characteristic that decreases the excitability of the crystals near the edge of the 
transducer, therefore reducing side-lobes and grating-lobes artifacts [8].

Cartilage Interface Sign

Also a consequence of multiple reflections at the interface between two distinct 
tissues with different acoustic impedances, the cartilage interface sign appears al-
ways accompanied by intra-articular fluid. Normally, the cartilage has an anechoic 
appearance without an upper hyperechoic limit. In contact with the fluid, a hyper-
echoic line can become visible at the interface. The “double contour” line must be 
differentiated from the urate deposition in gout, also a double contour appearance 
(Figs. 2.19 and 2.20). Interface cartilage sign is useful in differentiating calcifica-
tions	inside	fluid	from	osteophytes;	these	can	appear	like	double	lines	due	to	the	
fact that they are covered by cartilage, like the rest of the bone (Figs. 2.21 and 2.22).

Tips to Overcome The artifact disappears when fluid is compressed with the probe, 
while the urate line remains unchanged during all kinds of joint movements. Gout 
also has other US-specific signs like the presence of tophi inside/outside of joint 
space.

Fig. 2.19  Longitudinal	view	of	a	metatarsophalangeal	joint.	A	double	contour	sign	( arrows) sug-
gesting urate deposit appears. A poorly delineated structure of mixed echogenicity is seen under 
the	 extensor	 tendon	 ( ET),	 in	 the	 distal	 part	 of	 the	 joint,	 above	 the	 phalanx	 ( P), interpreted as 
tophus.	Synovitis	is	situated	in	the	proximal	part	of	joint	( S).
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Fig. 2.21  Longitudinal view 
of the anterior knee. A syno-
vial	hypertrophy	image	( S) 
is seen in the suprapatellar 
recess with a big calcifica-
tion	inside	( C) with posterior 
shadow, covering the bone 
contour behind. QT quadri-
ceps tendon, Pat patella

 

Fig. 2.20  Lateral view of tibiotalar joint with a little anechoic structure inside (possible fluid). A 
cartilage	interface	sign	( arrows)	is	shown	at	the	interface	between	the	cartilage	( asterisks) and the 
fluid. T talus bone, LM lateral malleola
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Enhanced Through Transmission Artifact

Posterior enhancement appears when the beam is passing through a tissue with 
a low rate of attenuation, like the fluid. The echographic appearance of the fluid 
is black (anechoic), because fluid exhibits no reflection of the beam—as a result, 
the beam passes entirely through it. Behind the fluid collection, an area of higher 
brightness compared to the rest of the tissue is clearly depicted. Behind cystic le-
sions, this phenomenon is very clear (Fig. 2.23). The enhancement appears even in 
case of small fluid collections (Fig. 2.24). This artifact is actually a consequence 
of “time gain compensation (TGC),” a technical facility of US machines, which 
is meant to enhance the echoes coming from deeper structures based on a curve 
that increases exponentially with time [7]. This technical adjustment was necessary 
because the assumption that all tissues have the same degree of US attenuation is 
actually not true in real life.

Tips to Overcome Adjust the knobs from TGC panel as indicated in the drawing on 
the machine and in Fig. 2.25.

Artifacts Associated with Velocity Errors

Processing of an US image is based on the assumption that the sound travels inside 
the tissues of human body with a constant speed of 1540 m/s. In reality, the veloc-
ity of sound waves in different tissues is not the same [4, 15]. In tissues containing 
air or fat, the velocity of US is lower than the assumed one. As a consequence, the 
echoes’ way back to the transducer will take longer and furthermore they will be 
displayed deeper on the image than they actually are. A fatty nodule or a cyst may 
have this effect. The different velocities inside human tissues are in Table 2.2.

Fig. 2.22  Transverse view of 
the peripatellar recess of the 
knee. Inside knee collection 
(fluid), a hyperechoic line 
is seen with another line 
above it, representing the 
interface cartilage sign in 
an	osteophyte	( O). Dif-
ferential diagnosis with a 
calcification—osteophytes 
are covered with cartilage 
( asterisks). A shadow is 
noticeable	behind	it	( arrows)
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Fig. 2.24  Small cyst with posterior enhancement (between arrows). Gcn gastrocnemius muscle 
and tendon

 

Fig. 2.23  Transverse view of a Baker cyst. Posterior enhancement artifact as brighter area behind 
it is shown (between arrows). Gcn gastrocnemius muscle and tendon
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Tips to Overcome It cannot be overcome, but awareness of this phenomenon is of 
major importance in case of a targeted local injection of a deep structure.

Pitfalls Due to Doppler Artifacts

In musculoskeletal US, Doppler investigation accompanies and completes GS 
evaluation, providing a “real-time” image of the blood flow inside the tissues. The 
choice of a Doppler mode evaluation depends mainly on the equipment used [12]. 
Power Doppler (PD) was initially described as the most sensitive type of evaluation 
for	detection	of	slow	flow	inside	tissues;	however,	new	high-end	machines	provide	
color Doppler more sensitive than PD. A function of modern US equipment is the 
ability to prioritize the use of Doppler versus the use of GS—the machine is able to 
pick one of them and focus mainly upon it.

Even with all evidences for Doppler correlations to disease activity and C-reac-
tive protein value, there are very few studies establishing the direct link to histologi-
cal aspects obtained by direct biopsy of the same region examined with US [18, 19]. 
Anderson et al. [19] not only found color Doppler activity correlated with the extent 
of inflammation present in the synovial biopsies from rheumatoid arthritis (RA) 
patients but also found synovial pathology in biopsies taken from Doppler-negative 
sites. The absence of US Doppler signal in histologically affected areas could be in 
fact linked to pitfalls that hide colors. There is still a lot to be learned in that area, 
but separating artifacts from true Doppler signals on the screen is mandatory for an 
accurate examination [20]. US practitioners have to be aware of the fact that some-
times the two entities can overlap in the same picture. The signals appearance also 
depend on external factors—diurnal variation [21], the position of the joint, flexion 

Fig. 2.25  Aspect of the 
TGC component of an US 
machine. Lateral to the 
knobs, an image is showing 
the modality to adjust it for 
accurate	imaging	( arrow). US 
ultrasound, TGC time gain 
compensation

 



40 V. M. Vlad

and extension [8]. The accuracy of establishing the true presence or absence of Dop-
pler signals is mandatory for disease monitoring and treatment.

Standardization of Doppler use for rheumatologic US has been published [12]. 
However, although the authors recommend settings for the use of color Doppler and 
PD in rheumatology, they also conclude that the recommendations are in fact only 
suggestions. Perfect standardization for Doppler examination is not feasible due to 
the huge degree of variability implied in the exam. Most of Doppler artifacts are 
due to machine settings/misuse or human errors. The ones due to the technique are 
mirror and reverberation artifacts.

Mirror Doppler Artifact

This artifact has the same explanation with GS mirror effect—it is visible when 
the beam comes against a very highly reflective surface. In Doppler examination, 
the mirror effect is more frequently encountered. The mirror surface is usually the 
bone margin. A vessel localized near the bone may have a false mirror image on 
the other side in US image. Like in a real mirror, the symmetry of the real and fake 
images is maintained. The artifact is easily recognized when all three parts of the 
description above are present: the object, the mirror, and the false object. It must be 
distinguished from blood penetrating a bone erosion (Fig. 2.26). Sometimes only 
the mirror signal is exhibited on the image (Fig. 2.8).

Fig. 2.26  Longitudinal	view	of	 an	MCP	 joint	dorsal	 side.	A	vessel	 ( red arrow) and its mirror 
( blue arrow) are depicted symmetrically on both sides of metacarpal bone. MC metacarpal bone, 
P Phalanx, S synovitis inside the joint, MCP metacarpophalangeal
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Tips to Overcome It is important to remember not to interpret images and “hot 
spots” below a bone with intact contour.

Reverberation Doppler Artifact

It is based on the same mechanism as its GS correspondent, with the distinction 
that in Doppler evaluation the two closely spaced interfaces conducting to repeated 
wave reflections are the vessel walls. As a consequence of reverberation, false ves-
sels can appear on the screen. A superficial vessel can appear again deeper on the 
screen image either once (simple reverberation) or more times, with a showering of 
color behind it (complex reverberation) [8]. This can alter US image interpretation, 
as color seen on the screen is usually automatically connected to disease activity. 
However, it should be emphasized that Doppler reverberation artifacts are placed 
behind the superficial vessel (Fig. 2.27).

Tips to Overcome Standardization of the color box position in US Doppler evalu-
ation helps overcome this pitfall. Always put the Doppler box up to the top of the 
image to capture any small superficial vessel that could cause reverberation and 
false vascularization below.

Fig. 2.27  Longitudinal view of the anterior recess of the tibiotalar joint with the Doppler box on. 
A hypoechoic joint collection is seen inside the joint. Above it, the dorsalis pedis artery crosses the 
image.	Below	the	vessel	reverberation	Doppler	artifacts	( arrows) seem like Doppler signal inside 
the collection. The top of the Doppler box is at the top of the image
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Pitfalls Due to Human Errors (GS and Doppler)

Drop-Out Pitfall

US implies multiple wave transmissions back and forth between the transducer and 
structures inside the human body. As already shown above, intense sound reflec-
tions may appear at the interface between air and any structure nearby. In order to 
avoid that, ultrasonic media represented by US gels are the perfect solution. The gel 
is in fact a liquid enriched with a thickening agent which is designed to improve 
its spreadability on the skin [22]. Hydrogels are in current use for US purposes, as 
opposed to lipogels, which have the disadvantage of fattening the skin and being 
hard to remove. Hydrogels contain mainly water, so they can be wiped off without 
any residues and, as a practical issue, they do not stain the clothes. US gel is highly 
important;	in	fact,	it	is	mandatory	for	the	examination.	It	provides	optimal	contact	
between the crystals of the transducer and the patient’s skin. In fact, without the 
layer of gel, all the waves from the transducer would reflect and there would be 
no image on the screen because of the huge difference in acoustic impedance at 
the interface transducer/air. Gel should be completely free of air bubbles which are 
known to impair transmission. If present, these appear on the screen as white spots 
inside the layer of gel (Fig. 2.28).

The “drop-out” pitfall is due to the lack of conducting gel on a part/on the whole 
transducer surface. It is an air artifact appearing at the contact between the trans-
ducer and the skin. The part of the transducer not covered with gel will only show 
reverberation artifacts and no echoes (Fig. 2.29).

Fig. 2.28  Image on the screen before the exploration starts, with a huge layer of gel on the trans-
ducer.	Gas	bubbles	are	seen	inside	( arrows), with “dirty” shadows behind them
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Tips to Overcome Make sure a generous and uniform layer of gel is correctly 
applied on the probe at the beginning of the procedure and during it.

Insufficient Knowledge of the Machine Settings:  
Gain–Focus–Depth Adjustment

In the matter of properly using the machine, US performing is very much similar 
to driving a car. At the first driving lesson, one has to learn about the classic triad, 
chair–mirror–seatbelt, before attempting to actually move the car. Any driving skills 
are useless if the elements from the triad are not accurately adjusted. The things are 
about the same when learning how to perform US. The classic triad here is gain–
focus–depth. Any mistakes in correctly adjusting these settings will lead to pitfalls. 
The science of making perfect machine adjustments is known as “knobology” [20].

Gain is the artificial increase of signal strength and it is responsible for the im-
age brightness [8]. A proper gain adjustment is essential for depicting the correct 
echogenicity of a structure and it should be reviewed at each examination. The “too 
low” or “too high” gain can lead to missing or, respectively, obscuring a structure 
(Figs. 2.30, 20.31 and 2.32). No standard values are available for GS gain, but ac-
cording to the usual experience it is set at about 50–60 %. Modern US equipment 
has an automatic gain adjustment knob, which is very useful especially for begin-
ners, until they learn to know the normal echogenicity of tissues.

A separate gain adjustment for Doppler evaluation is necessary. It is very impor-
tant to keep in mind that Doppler gain is not the same as GS gain. Doppler gain is 
responsible for the machine’s sensitivity to flow [8, 12]. Like in GS, no standard 
values are available—the adjustment has to be done for every examination. The best 
method to set the gain is to increase it till pitfalls appear—colored signals behind 
the bone contour on the screen, known as random noise (Fig. 2.33). After that, it is 

Fig. 2.29  Image on the 
screen before the explora-
tion starts, with a part of 
the transducer missing gel 
( asterisks), and the other part 
exhibiting gas bubbles inside 
gel	( arrows)
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Fig. 2.31  Transverse view of 
the peripatellar lateral recess 
of a knee with fluid collection 
inside. Gain is set at 50 %

 

Fig. 2.30  Transverse view of 
the peripatellar lateral recess 
of a knee with fluid collec-
tion inside. Gain is too low 
(28 %), the image is too dark

 

Fig. 2.32  Transverse view 
of the peripatellar lateral 
recess of a knee with fluid 
collection inside. Gain is too 
high (100 %), the image is 
too bright
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indicated to lower the Doppler gain until these completely disappear below the bone 
contour. A “too low” gain might lead to missing flow.

Another artifact due to gain incorrect adjustment is blooming artifact. In case of 
too high gain, the colors give the impression of reaching beyond the vessel walls, 
making these look much larger than they really are (Figs. 2.34 and 2.35). Lowering 

Fig. 2.33  Longitudinal view 
of the dorsal side of carpal 
joints. The Doppler gain is set 
“too high,” so a lot of signal 
noise appears below the bone 
contour and below the vessel. 
To adjust the image, the Dop-
pler gain should be lowered 
until all signals below the 
bone disappear

 

Fig. 2.34  Longitudinal view of the dorsal side of carpal joints in a rheumatoid arthritis patient. 
The signal is so high that the vessels seem a lot larger than they really are—blooming artifact. MC 
metacarpal bone
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the gain would correct that impression, but might lead to missing vessels. As it indi-
cates real blood flow, blooming artifact must not always be corrected.

An interesting concept regarding this issue has been postulated [23] by the Amer-
ican Institute of Ultrasound in Medicine (AIUM): as low as reasonably achievable 
(ALARA). The perfect balance in obtaining the most accurate images is of course a 
matter of personal experience of the practitioner.

In Doppler evaluation, other machine-important parameters to be considered and 
adjusted for pitfall elimination are the pulse repetition frequency (PRF) and the 
wall filters. Suggestions for accurately handling most US machines regarding these 
characteristics are available in literature [12].

Inappropriate focus adjustment can also lead to false brightness information re-
garding a structure in GS, and might under-evaluate the blood flow. The focus area 
is common for GS and PD, and the echoes in the focal area are higher in amplitude 
[12].

The depth should be adjusted according to the position of the target structure—
if more profound, the depth should be increased and consequently the image will 
 become smaller (as for hip evaluation). In case of inappropriate depth setting, a 
pitfall could be the omission of a deep structure from the screen. Decreasing the 
depth can perfectly depict a superficial structure, making all its details available 
for evaluation: tendon fibers, small bone erosions, etc. (Figs. 2.36, 2.37 and 2.38).

Apart from the three mentioned cornerstones, frequency of the transducer may 
be responsible for pitfalls, if inaccurately chosen. It is very important to be aware 
of the frequency recommended for GS in every joint according to its depth [24, 25]. 

Fig. 2.35  Longitudinal view of the dorsal side of carpal joints in a rheumatoid arthritis patient. 
Normal size of Doppler vessels in a rheumatoid arthritis patient. ET extensor tendon
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Details	regarding	the	frequency	are	not	a	matter	of	 this	chapter;	however,	a	high	
frequency transducer is known to increase resolution, so that tiny details of local 
anatomy can be perfectly visualized as separate entities on the US screen.

Tips to Overcome Random noise signals have random appearances on the screen, 
as opposed to real flow signals, which appear in the same location. Remember to 
adjust gain, focus, depth, frequency at every examination. Remember Doppler fre-
quency is different from GS frequency.

Inaccurate Handling of the Transducer

The pressure applied with the transducer on the skin should be kept under control in 
US examination. For superficial structures, ideally the transducer should not come 
in direct contact with the skin and a generous, uniform layer of gel should interme-
diate the contact. An easy method to accomplish that objective is defining a correct 
position of holding the probe: from its base (not from its top near the fiber) with 
the examiner’s little finger resting on the patient’s skin (Fig. 2.39). This position is 
meant to allow as much applied pressure as desired. Compressing on the skin may 

Fig. 2.36  Longitudinal view of posterior ankle compartment at various depth adjustment, the 
same transducer frequency (12 MHz). Lowering the depth will make tiny details of the superficial 
tissues	visible:	subcutaneous	 tissue,	Achilles	 tendon	parallel	 fibers	( AT), the sharp hyperechoic 
line	of	calcaneus	( C), and a hypoechoic area below the tendon with Doppler signal inside (retro-
calcaneal bursitis). The focus is also set for superficial structures
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lead to structures’ disappearance (as fluid). On the contrary, when deep structures 
like hip are involved, the pressure applied should be higher. The same pressure is 
needed to help visualizing other profound structures, like the distal insertion of 
bicipital tendon. In vascular US, compression is useful for veins’ patency check. If 
the vein is patent, its walls will collapse at compression and return to normal when 
the pressure is released. Compression is also useful in the differential diagnosis 
between fluid and synovial hypertrophy in rheumatic pathology.

For Doppler evaluation, a pitfall related to handling the probe is motion arti-
fact. Regardless if it is connected to the probe, to the examiner, or to the patient 
(as in Parkinson’s disease), motion can significantly alter the image on the screen 
(Fig. 2.40). A lot of colored pixels appear connected with movements, making the 
image difficult to evaluate. Highly like random noise artifact in appearance, mo-
tion artificial pixels are found in the part of the screen connected to the movement. 
When stopping the motion the colors disappear, and only real flow persists. Motion 
signals have a random distribution pattern. An interesting and, somehow, funny ob-
servation is that a motion pitfall can appear on the screen even when the examined 
patient starts speaking.

Fig. 2.37  Longitudinal view of posterior ankle compartment at various depth adjustment, the 
same transducer frequency (12 MHz). (Same patient as in Fig. 2.36.) Increasing the depth will 
allow visualization of the posterior recess of the tibiotalar joint, which in this case is filled with 
anechoic material, possible fluid. Setting the depth too small would lead to missing the collection. 
Achilles	tendon	( AT) is seen with little detail. K Kager fat pad, C calcaneus
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Tips to Overcome Remember to keep control over the pressure applied to the probe. 
Never move the hand and/or the transducer while the Doppler box is put. Remind 
the patients to keep relaxed and quiet during musculoskeletal US examination. Be 
relaxed yourself.

Insufficient Knowledge of Local Anatomy

This kind of pitfalls is mainly linked to image interpretation and not to its acquisi-
tion. Apart from solid knowledge of anatomic details of the region examined by US, 
the practitioner has to keep in mind some very frequent anatomic pitfalls that might 
alter the image.

Physiologic vessels near the bone contour can easily be interpreted as Dop-
pler signals entering the cortical area, which could be an early erosion alarm sign. 
Knowing the normal sites of feeding bone vessels would increase the probability of 
an	accurate	diagnosis;	however,	nutrient	vessels	are	not	always	found	in	the	same	
areas. No article in the literature describes the normal position of all feeding vessels. 

Fig. 2.38  Longitudinal view of posterior ankle compartment at various depth adjustment, the 
same transducer frequency (12 MHz). (Other patient, same area as in Fig. 2.36.) Increasing depth 
(3 cm) and adjusting focus will show the normal aspect of the posterior recess of the tibiotalar 
joint and the structures nearby. FHL flexor hallucis longus muscle, AT Achilles tendon, K Kager’s 
fat pad
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Fig. 2.39  Correct position 
of the hand when holding the 
probe. The little finger of the 
examiner is resting on the 
patient’s skin

Fig. 2.40  Longitudinal view of the dorsal side third MCP joint. A hypoechoic area with Doppler 
signal	inside	is	seen	inside	the	joint—synovitis	( S). A huge color mixture is seen in the middle of 
the image—motion Doppler artifact, caused by slight movements of the examiner or of the patient. 
MCP metacarpophalangeal
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Sometimes a radiologic confirmation of the vessel is possible [9]. According to 
personal experience, feeding vessels are usually unique, not accompanied by bone 
cortical visible lesions, and not accompanied by Doppler signal inside the joint. 
Nutritive vessels appear frequently in pediatric US as small vessels entering the 
ossification centers inside the hyaline growing cartilage (Fig. 2.41). Other normal 
vessels that could become pitfalls are the circumflex artery inside bicipital groove 
(Fig. 2.42)—prone for misinterpretation as bicipital inflammatory tenosynovitis, 
and the anatomic variant of the median artery of the forearm, visible right near 
median nerve.

Sesamoid bones may appear randomly inside the structures visible on the US 
screen. Very frequently, they can be seen as calcifications inside the tendons running 
above the bone, being falsely interpreted as calcific tendonitis. Their acoustic shad-
ow may project over structures below and create a pitfall in image interpretation.

Tips to Overcome For avoiding this phenomenon, simple calcifications inside oth-
erwise normal tendons should better not be interpreted as pathologic, especially if 
the patients are asymptomatic.

Other anatomic variants can cause interpretation pitfalls and sometimes they 
can even cause pathology. As an example, the presence of a supracondylar process 
on the anteromedial aspect of the distal humerus may become connected to the 
medial epicondyle by the ligament of Struthers. In case of muscular hypertrophy, 
the arteries/nerves of the region may become affected (median nerve entrapment or 
brachial artery compression) with clinical consequences.

Tips to Overcome Become aware, if possible, of most anatomic variants before 
becoming an US practitioner.

Pediatric US performance could be a huge source of pitfalls in images inter-
pretation if not aware of the differences from adult sonoanatomy. As a result of 

Fig. 2.41  Longitudinal view 
of the tibiotalar joint anterior 
recess in a 3-year-old healthy 
boy. Feeding vessels inside 
growing	cartilage	( GC) of the 
talus—arrows. DPA dorsalis 
pedis artery
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incomplete ossification, the cartilage with its anechoic appearance will seem very 
large, resembling fluid inside the joint. Inside the cartilage, ossification centers ap-
pear later in the growing process, as hyperechoic foci with/without shadowing be-
hind them (Fig. 2.43). Growing cartilage is particularly well vascularized— many 
feeding vessels can be seen inside it, with no pathologic significance.

Tips to Overcome Become aware of pediatric peculiar US aspect of joints before 
starting children evaluation with US on your own.

Fig. 2.42  Transverse view of 
bicipital groove. Circumflex 
artery	( A) inside the groove, 
near	the	biceps	tendon	( BT)

Fig. 2.43  Longitudinal view 
of the posterior ankle of a 
3-year-old girl. Calcaneus 
bone	( C) is covered by a 
hypoechoic layer of growing 
cartilage	( GC). Ossification 
center	( arrow) is seen inside 
the cartilage. AT Achilles 
tendon. K Kager’s fat pad
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Pitfalls Due to Machine Properties and Errors

The quality of US images depends on the machine image resolution. Resolution 
is the capacity of the beam to make a distinction between two structures [8] on 
a vertical line (axial resolution) or on a horizontal line (lateral resolution). Less 
performant machines lack accurate resolution, so close tiny structures can appear 
together on the screen as one structure. Adjusting the frequency of the probe to 
the examined area is mandatory for improving the resolution. Increasing the fre-
quency will increase resolution. If that is impossible, a stand pad of gel interposed 
between the transducer and the skin may also contribute to resolution improvement, 
by increasing the depth. An important issue in ultrasonography is the purchase of a 
machine perfectly adjusted to the needs of the practitioner and the regular upgrade 
of its functions.

The early signs of US machine deterioration are always an alarm sign. A sign of 
piezoelectric crystals and/or transducer’s fibers damage is the appearance of verti-
cal black lines on the screen. Even if it is easily recognizable, this might be difficult 
to resolve, as it may have many causes, including the beginning of the machine end.

Tips to Overcome In this case, consultancy from the manufacturer of the machine 
is needed. Also, regular service and upgrades are mandatory.

Artifacts Useful for Medical Practice

Artifacts were classified as “good” and “bad” a long time ago [7]. Recently, they 
have helped toward the use of US in a field where it was never used before—in 
lung evaluation. Echography of the lungs was considered not possible for many 
years, given the fact that the beam would only encounter air in its path. With no 
mismatch in acoustic impedance no image will appear. But when the air is replaced 
for example by fluid, as in pulmonary edema from heart failure, a mismatch ap-
pears and creates some lines visible on the screen and called “B lines.” These are 
vertical hyperechoic lines from the pleural line to the bottom of the screen, moving 
with respiration [26]. These are in fact reverberation artifacts with the origin in 
pulmonary septa filled with water. Their discovery opened a whole new perspective 
as they were proven correlated to CT findings. They are now included in the bedside 
differential diagnosis of dyspnea: the one of pulmonary origin (chronic obstructive 
pulmonary disease, COPD) does not exhibit B lines on the US screen as the cardiac 
one does.

Last but not least important, interventional sonography benefits a lot from arti-
facts. Reverberation artifact of the needle is helpful for following its entire trajec-
tory during the procedure. Apart from that, even before the procedure artifacts can 
help “marking” the spot of a needle insertion, using the comet tail shape appearance 
behind a metallic object (a needle) placed between the probe and patient’s skin. 
Same artifact can be used in the teaching process of interventional US, as students’ 
direct approach on patients would be totally unethical and also dangerous.
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Concluding Remarks

Good or bad, pitfalls appear on the screen at every US examination. Increasing their 
awareness among echographists is imperative for accurate evaluation and diagno-
sis of various rheumatology conditions. Echography development as a “friendly” 
technique, easily repeatable, not harming for the patient, allowing multi-planar and 
dynamic evaluation, has brought to attention two other fields medical practitioner is 
used to forget about: physics and anatomy. A good ultrasonographer is a combina-
tion between solid clinical background, detailed anatomy and physical principles 
knowledge, and technical skills in handling the machine [24]. The very fact that US 
is widely known as an “operator-dependent” technique is prone to create pitfalls. 
As a result, the images obtained by a less-skilled practitioner can be a lot different 
from expert images. Less performant (and less expensive) equipment is also prone 
to create pitfalls.

In the end, teaching the main pitfalls has some important purposes: an alert sign 
toward their existence, toward the possibilities of their overcoming, and to the 
modalities of making them useful in medical practice. Referring to the “operator 
dependency” of US, in fact this attribute charges the operator with a huge respon-
sibility and gives them an opportunity to use theoretical knowledge combined with 
imagination and ability to discern between them.
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Abbreviations

ACPA Anti-citrullinated protein antibodies
ACR American College of Rheumatology
ADA Adalimumab
b Biologic
BM B-mode
BME Bone marrow edema
CD Color Doppler
CR Conventional radiography
CRP C-reactive protein
cs Conventional synthetic
CT Computed tomography
DAS Disease activity index
DMARDs Disease-modifying antirheumatic drugs
ECU Extensor carpi ulnaris
ESR Erythrocyte sedimentation rate
EULAR European League Against Rheumatism
GH Glenohumeral
IFX infliximab
IgM-RF immunoglobulin M-rheumatoid factor
MCP Metacarpophalangeal
MMP Matrix metalloprotease
MRI Magnetic resonance imaging
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MS Musculoskeletal
MTP Metatarsophalangeal
MTX Methotrexate
NSAIDs Nonsteroidal anti-inflammatory drugs
OA Osteoarthritis
OMERACT Outcome measures in Rheumatology
OR Odds ratio
PD Power Doppler
PIP Proximal interphalangeal
PsA Psoriatic arthritis
RA Rheumatoid arthritis
SASD Subacromial subdeltoid
SDAI Simplified disease activity index
SE Synovial fluid/effusion
SH Synovial hypertrophy
SOLAR Sonography of large joints in rheumatology
SpA Spondyloarthropathy
TA Tibialis anterior
TIMP Metallopeptidase inhibitor
TNF Tumor necrosis factor
TP Tibialis posterior
US Ultrasound
VEGF Vascular endothelial growth factor

Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, autoimmune disease affecting 
from 0.5 to 1 % of population. It is characterized primarily by joint inflammation 
that affects both large and small joints. Besides intra-articular structures, inflam-
mation can also involve periarticular structures. The natural course of the disease 
can lead to progressive joint destruction and physical disability [1, 2]. Over the past 
years, the approach to RA management has changed considerably. Early diagnosis 
and rapid achievement of remission became the main goals with “treat-to-target” 
strategy in focus. In 2010, new classification criteria which excluded radiographic 
evidence of joint erosion meant that the patient could be diagnosed more quickly 
and easily [3]. Therapies such as conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) and newer therapies, such as biologic DMARDs 
(bDMARDs), have proven to be effective in inducing and maintaining remission in 
RA patients. Therefore, disease prognosis became brighter as such therapies have 
proven efficacy in the reduction of structural damage, physical disability as well as 
many other comorbidities, particularly cardiovascular [4].

Over the last decade, an increased attention has been paid to the development of 
standardized clinical measurements of disease activity. The development of com-
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posite indexes and the “treat-to-target” strategy represent an important step forward 
in a tight control of the disease [5, 6]. Despite this, disease progression has been 
observed in some patients who achieved clinical remission status. The development 
of imaging modalities such as magnetic resonance imaging (MRI) and musculo-
skeletal ultrasound (MSUS) have enabled more accurate assessment of RA patients 
compared to clinical assessment [7–16]. In particular, MSUS has proven to be a 
reliable, noninvasive, practical, and accessible tool for assessing all peripheral joint 
and periarticular structures involved in RA patients in clinical practice.

In recent years, an increasing number of publications dealing with MSUS have 
shown that this technique can be an accurate, reliable, and sensitive-to-change tool 
in clinical practice. In RA, it has been used for both diagnosis purposes—including 
differential diagnosis—and for monitoring disease activity. B-mode (BM) exami-
nation provides important information regarding morphological aspects of intra- 
and periarticular structures and Doppler mode, either color Doppler (CD) or power 
Doppler (PD) examination, enables detection of low-speed blood flow, as it can be 
found in newly formed vessels in inflamed synovial tissue. Both BM and Doppler 
techniques are valid tools in assessing joint inflammatory diseases.

An important issue regarding MSUS is its reliability, as ultrasound (US) is con-
sidered a highly operator-depending technique. Its accuracy depends on both acqui-
sition and interpretation of US images. This operator-dependent nature of MSUS 
has promoted the need for a uniform evaluation of US-detected pathologies. There-
fore, to optimize MSUS as a diagnostic and monitoring tool, universal guidelines 
would be needed for pathology evaluation. However, progress has been made to 
address this point. In 2005, the Outcome Measures in Rheumatology (OMERACT) 
MSUS group defined the main US findings in inflammatory arthritis, i.e., synovitis, 
including synovial fluid/effusion (SE) and synovial hypertrophy (SH), tenosynovi-
tis, bone erosions, and enthesopathy [17].Various scoring systems have also been 
developed and validated for these pathologies. Several studies that have investigat-
ed the intra- and interobserver reliability for US RA pathologies have shown good 
to excellent results [7, 10, 13, 18–22].

The importance of MSUS in RA has recently been recognized by the European 
League against Rheumatism (EULAR), including this tool in its recommendations 
on the use of imaging in RA [23].

Ultrasound Findings

This section describes the most important US findings in RA patients. The evi-
dence-based validation process of MSUS of these abnormalities is reviewed in this 
section.

Synovitis is one of the most important features in RA. The term “synovitis” is 
used to indicate the presence of SE and/or SH (Fig. 3.1a). According to the OMER-
ACT definitions published in 2005, SE was defined as an abnormal hypoechoic 
or anechoic (relative to subdermal fat, but sometimes may be isoechoic or hyper-
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echoic) intra-articular material that is displaceable and compressible, but does not 
exhibit Doppler signal, and SH as an abnormal hypoechoic (relative to subdermal 
fat, but sometimes may be isoechoic or hyperechoic) intra-articular tissue that is 
non-displaceable and poorly compressible and which may exhibit Doppler sig-
nal [17]. PD and CD are used to visualize vascularization of inflamed synovium 
(Figs. 3.1b and 3.2). Choosing a Doppler modality for rheumatologic practice de-
pends on the equipment sensitivity. Differences between CD and PD are signifi-
cantly reduced with newer US equipment.

While knee arthroscopy, a frequent procedure in clinical practice, has permitted 
a relatively easier histopathological assessment of inflamed joints, MSUS, both BM 

Fig. 3.2  Longitudinal view of the dorsal aspect of the tibio-talar joint showing B-mode synovitis 
( asterix)	with	Doppler	signal	( arrows);	tib tibia, ta talus

 

Fig. 3.1  Longitudinal view over the midline dorsal aspect of the wrist showing B-mode synovitis 
(a) with Doppler signal (b)	in	radio-carpal	( asterix)	and	midcarpal	( star)	joints;	r radius, c capitate
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and Doppler, were reported to be accurate in detecting joint synovitis in comparison 
to arthroscopy and histology, respectively [7, 24]. Earlier studies reported good 
correlation between histological and B-mode ultrasound (BMUS) findings in knee 
joint synovitis. Furthermore, in patients with knee joint involvement in different 
diseases, BMUS has shown a high sensitivity, specificity, and accuracy (Fig. 3.3) 
for detecting synovitis [7, 24]. In RA inflamed joints, there was a similar good cor-
relation between histologic and Doppler inflammatory changes in different joints 
[25–27]. When comparing histopathology with BMUS, power Doppler ultrasound 
(PDUS), and MRI, the highest correlation was found for PDUS and histopathol-
ogy [28]. Although false-negative results were found for Doppler techniques when 
compared to histology [27, 29], the presence of a positive Doppler signal in the 
synovium was an indicator of active synovial inflammation.

When using others imaging techniques as comparator, MSUS, both BM and Dop-
pler, showed considerable sensitivity and specificity. In a number of studies, moder-
ate to good correlations were found between US-detected synovitis (either BM or 
Doppler) and MRI-detected synovitis in hand finger joints [12, 30]. Using MRI as 
reference, Szkudlarek et al. found a good to excellent sensitivity and specificity of 
US, both BM and PD, for the detection of synovitis at metatarsophalangeal (MTP) 
and metacarpophalangeal (MCP) joints [31, 32]. Similarly, Scheel et al. reported a 
good agreement between US and MRI in the detection of BM synovitis at MCP and 
proximal interphalangeal (PIP) joints [33]. In concordance with these data, Terslev 
et al. depicted a high significant association between Doppler US indices of inflam-
mation and post-contrast MRI scores at wrist and hand joints [34];	whereas	Fukae	
et al. found a good correlation between the measurements of Doppler synovitis and 
the enhancement rate of MRI in MCP and PIP joints [30]. Recently, Kawashiri et al. 
observed a moderate to good correlation between US-detected synovitis (in both 
BM and PD) and MRI-detected osteitis [35] (Fig. 3.4).

Good correlation was also reported in other studies investigating the link be-
tween MSUS-detected synovitis and inflammation identified through clinical ex-
amination and laboratory analysis. Naredo et al. found a moderate to good correla-
tion between swelling joints count and MSUS-detected synovitis for both BM and 
PD. MSUS-detected synovitis was also found to better correlate with erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) than clinically detected sy-
novitis [10]. In the study by Scire et al. on patients with early RA who started 
csDMARDs treatment, both clinical and MSUS-detected synovitis which were 
significantly correlated with CRP in patients with active disease, while, in patients 

Fig. 3.3  Transverse view over the parapatellar recess of the knee showing B-mode synovitis (a) 
with Doppler signal (b)	synovitis;	f femur, p patella
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who achieved the clinical remission status, only PD correlated with CRP [14]. Ka-
washiri et al. found a significant moderate to good correlation between PDUS as-
sessment of 12 joints with serum vascular endothelial growth factor (VEGF), matrix 
metalloprotease (MMP)-3, and metallopeptidase inhibitor (TIMP)-1 [36].

Studies that have investigated intra- and interobserver reliability in a variety of 
joints for MSUS-detected synovitis, for both BM and Doppler showed moderate to 
excellent results [7, 10, 13, 30, 37–39]. A systematic review assessing the reliability 
of MSUS-detected synovitis in RA showed that US, particularly PD mode, was reli-
able in still-image interpretation when assessed by experienced ultrasonographers, 
while image acquisition was less reliable. Among all joints, the knee was the most 
reliable joint even in terms of image acquisition [40]. Mandel et al. compared the re-
liability of 11 different US scoring systems for synovitis including different combi-
nations of joint counts [42, 28, 20, 16, 12, 10, 8, 7] and found that MSUS, both BM 
and PD, showed a better reliability than clinical assessment in evaluating synovitis. 
No differences in the reliability were observed between these scoring systems [41].

The sensitivity to change of US-detected synovitis has been investigated in sev-
eral published studies. Regardless of how many joints were evaluated, a decrease of 
BM and Doppler variables has been shown in patients treated with bDMARDs [15, 
42–46] or csDMARDs [47, 48]. In a randomized control trial, Taylor et al. studied 
patients with early RA treated with methotrexate (MTX) and infliximab (IFX) ver-
sus MTX and placebo using US and conventional radiography (CR) for the evalu-
ation of MCP joints. After 18 weeks of treatment, patients under IFX therapy pre-
sented significant reduction in synovial thickness and joint vascularity measured 
as the number of CD pixels in a defined region of interest [49]. Responsiveness 
of US-detected synovitis has also been shown after steroid treatment, either intra-
articular or systemic [50–54].

Several scoring systems have been developed to assess synovitis, namely SH, 
SE, and inflammatory activity by Doppler US. Among them, semiquantitative 
scores have been the most used scores in clinical practice [18, 46]. In most pub-
lished studies of MSUS in RA, the semiquantitative score for BM synovitis con-
sisted of the following: grade 0—absence of synovial thickening, grade 1—mild 
synovial thickening, grade 2—moderate synovial thickening, grade 3—marked sy-
novial thickening [18]. Similarly, in most published studies, the semiquantitative 
score for Doppler synovitis consisted of the following: grade 0—no flow in the 
synovium, grade 1—up to three single spots signals or up to two confluent spots or 
one confluent spot plus up to two single spots, grade 2—vessel signals in less than 
half of the area of the synovium, grade 3—vessel signals in more than half of the 

Fig. 3.4  Longitudinal view of the dorsal aspect of the metacarpophalangeal joint showing B-mode 
synovitis (a) with Doppler signal (b);	mc	metacarpal	head;	pp proximal phalanx
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area of the synovium [18, 46]. Quantitative measurements of Doppler signals are 
obtained using a color recognition function that counts the number of total and color 
pixels within a region of interest. The number of color pixels is then expressed in 
relation to the total number of pixels as a fraction [44, 51, 55]. Terslev et al. found 
a good agreement between quantitative and semiquantitative scores for Doppler 
synovitis [56].

While small joints can be more easily assessed by clinical examination, synovitis 
evaluation of larger joints mostly shoulders and hips, represents a challenge in daily 
clinical practice. In a recent study, Sakellariou et al. found inflammatory changes at 
glenohumeral (GH) joint in 14 % of RA studied patients [57]. Figure 3.5 shows an 
example of posterior GH recess showing BM synovitis with Doppler signal in an 
RA patient (Fig. 3.5). Even if it is not so frequently evaluated, hip involvement is 
not uncommon in RA patients. In an Italian cohort of RA patients, BMUS detected 
hip synovitis in 24 % of patients [58]. Figure 3.6 shows an example of the anterior 
recess of the hip showing BM synovitis. However, Doppler activity is not detected 
so frequently in these joints, due to the lower sensitivity of Doppler techniques for 
deep areas.

Tenosynovitis is another important feature in RA patients. US-detected teno-
synovitis is defined as hypoechoic or anechoic thickened tissue with or without 
fluid within the tendon sheath, which is seen in two perpendicular planes (Fig. 3.7) 
and which may exhibit Doppler signal [17]. Tenosynovitis on Doppler mode is de-
fined as the presence of peri-tendinous Doppler signal within the synovial sheath 
(Fig. 3.8), seen in two perpendicular planes, excluding normal nutrient vessels in 
mesotenon or vinculae, only if the tendon shows peri-tendinous synovial sheath 
widening on BM [37].

Fig. 3.5  Longitudinal view 
over the posterior gleno-
humeral recess showing 
B-mode	synovitis	( asterix) 
with	Doppler	signal	( arrow);	
hh humeral head, gl glenoid 
fossa
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Compared to MRI, MSUS has shown to be accurate in detection of tenosyno-
vitis. MSUS has also shown a high specificity, but a fair to moderate sensitivity 
for detecting tenosynovitis [21]. A number of studies have compared US and MRI 

Fig. 3.8  Longitudinal (a) and transversal (b) view over the extensor carpi ulnaris tendon showing 
B-mode and Doppler tenosynovitis

 

Fig. 3.7  Longitudinal (a) and transversal (b) view over the second compartment of the wrist 
extensor	tendons	showing	B-mode	tenosynovitis	( asterix);	et extensor tendons

 

Fig. 3.6  Longitudinal view 
to the femoral neck showing 
B-mode	synovitis	( asterix) in 
the	anterior	recess	of	the	hip;	
fh femoral head, fn femoral 
neck, jc joint capsule
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evaluation of tenosynovitis. In the study by Hoving et al., MSUS detected more 
tendon effusion than MRI at wrist and hand tendons [59]. Scheel et al. found a good 
agreement between US and MRI for tenosynovitis at ankle flexors and peroneus 
tendons while for ankle extensor tendons they reported a lower agreement [11].

Regarding the intra-observer consistency of US-assessed tenosynovitis, various 
studies have shown good to excellent reliability [19–21] and moderate to excellent 
interobserver reliability [19, 20, 22, 47]. Hammer et al. studied the sensitivity to 
change of US-detected tenosynovitis in RA patients initiating adalimumab (ADA) 
treatment. They assessed flexor and extensor tendons of bilateral wrist and ankle 
and observed a significant reduction of tenosynovitis after 12 months for all studied 
tendons. The MSUS assessment of a reduced number of tendons (i.e., extensor carpi 
ulnaris (ECU), tibialis posterior (TP), and flexor digitorum longus) was as sensitive 
to change as the assessment of all studied tendons [60].

For tenosynovitis, the most studied tendons have been the hand and ankle ten-
dons. However, in RA not all tendons are affected in the same way. At hand and fin-
ger level, the most frequently involved tendons are the ECU and the flexor tendons 
of the second, third, and fourth fingers [61]. In an MRI study of RA patients with 
hindfoot pain, the most frequently involved tendons were TP and peroneal tendons 
and the least common involved tendons were tibialis anterior (TA) and the extensor 
tendons [62]. Figure 3.9 shows an example of BM tenosynovitis of TP tendon in an 
RA patient.

Recently, the OMERACT MSUS group developed a four-grade semiquantita-
tive scoring system for BM and Doppler tenosynovitis which showed a good intra- 
and interobserver reliability [19]. This score is as follows: grade 0—normal, grade 
1—minimal, grade 2—moderate, and grade 3—severe. Doppler tenosynovitis was 
scored as following: grade 0—no Doppler signal, grade 1—minimal, grade 2—
moderate, and grade 3—severe pathological peri-tendinous Doppler signal within 
the synovial sheath [19].

Bone erosions are defined, according to OMERACT, as intra-articular disconti-
nuity of the bone surface that is visible in two perpendicular planes (Fig. 3.10) [17].

Over the past decades, CR has been the primary choice in assessing bone ero-
sions. However, early in the disease course, CR cannot always detect bone changes. 
MSUS was shown to be more sensitive than CR in detecting bone erosions at finger 
and toe joint level [12, 31, 63–65]. This was supported by various studies which 

Fig. 3.9  Longitudinal (a) and transversal (b) view over tibialis posterior tendon showing B-mode 
tenosynovitis	( asterix);	tp tibialis posterior, mm medial malleolus
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revealed a high agreement between US and MRI in detecting bone erosion at hand 
and foot finger joints [12, 31]. At the hand finger joint level, the agreement was 
higher in joints with good accessibility for US, like second and fifth MCP [12]. 
Finzel et al. reported a good correlation between the severity of erosions detected by 
US and by micro-computed tomography (micro-CT) [66]. Furthermore, using MRI 
and CT as reference, US has shown a high specificity with a moderate sensitivity in 
detecting bone erosions [12, 67]. However, sensitivity improved considerably, with-
out losing specificity, when only US-accessible areas, i.e., radial second MCP, ulnar 
fifth MCP, and all dorsal/palmar aspects, were included [67]. In another study, Døhn 
et al. compared US- and MRI-detected erosions with CT-detected erosions at MCP 
joints in RA patients without CR-detected erosions. With CT as reference, US and 
MRI resulted in high specificity in detecting bone erosions even in normal radio-
graphic MCP joints [68]. On the other hand, when compared to CT, false-positive 
results for US-detected erosions could be noted, especially in small joints. This is 
mostly due to the misinterpretation of normal vascular bone channels and normal 
grooves of the metacarpal heads that can mimic bone erosions [66].

On another front, MSUS has shown a good reliability for detecting bone ero-
sions. Several studies revealed good to excellent intra- and interobserver reliability 
for both small and large joints [18, 39, 63, 69]. For small joints, the highest agree-
ment was found at second MCP joint [18].

In published studies on RA patients, the most commonly used score for bone ero-
sions has been semiquantitative scores. There are a number of different semiquan-
titative scores for bone erosion used in these studies. Szkudlarek et al. proposed a 
semiquantitative scoring from 0 to 3 (0—regular bone surface, 1—irregularity of 
the bone surface without formation of a defect seen in two planes, 2—formation 
of a defect in the surface of the bone seen in two planes, 3—bone defect creat-
ing extensive bone destruction) system that demonstrated a good intra-observer 
agreement [18]. Another semiquantitative scoring system was proposed by Wake-
fiel	et	al.	based	on	 the	size	of	erosions	 (small	erosion	≤	2	mm,	moderate	erosion	
2–4	mm,	and	large	erosion	≥	4	mm),	that	also	showed	good	intra-	and	interobserver	
agreement [63].

Fig. 3.10  Longitudinal (a) and transversal (b) view of the dorsal aspect of the metacarpophalan-
geal	joint	showing	an	erosion	( arrow);	mc metacarpal head, pp proximal phalanx
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The most frequent site for MSUS-detected erosions in RA patients at hand level 
are the second MCP and fifth MCP joints, and at foot level are the first MTP and 
fifth MTP joints, while the fewest erosions are detected at fourth MCP joint [63, 
64, 70, 71]. An explanation for these findings could be the acoustic window for US 
beams at this level. The majority of erosions were detected at the metacarpal heads 
and on the radial or ulnar sites of the joints, while lesser erosions were detected at 
the phalangeal bases and on the dorsal and volar aspect of the joints [63]. In con-
trast, at wrist level, US evaluation of erosions is difficult due to the irregularities of 
the bone margins, the presence of several nutrition channels, and poor US-window 
for structure visualization [72]. Humeral head erosions can be seen in a significant 
number of healthy people [73]. Thus, clinical conclusion cannot be drawn from US-
detected erosion at this level, especially for small erosions.

Tendon damage is a common finding in long-standing RA patients as repeated 
or persistent tendon inflammation can lead to structural damage and tendon rupture. 
Compared to MRI, US is seemingly more sensitive in detecting partial finger exten-
sor tendon tear [74]. However, until recently, there was no commonly agreed defini-
tion or scoring system for tendon damage. In 2013, the OMERACT MSUS group 
defined tendon damage on BM as internal and/or peripheral focal tendon defect 
(i.e., absence of fibers) in the region enclosed by tendon sheath (Fig. 3.11), seen in 
two perpendicular planes [75]. For tendon damage, a three-grade semiquantitative 
scoring system has recently been developed (grade 0—normal, grade 1—partial, 
and grade 3—complete rupture). This scoring system resulted in good interobserver 
agreement and excellent intra-observer agreement [75]. Good to excellent intra- and 
interobserver agreement was found in various studies for tendon damage at hand 
and ankle tendons [20, 22].

Bursitis Inflammation of periarticular soft tissue, including synovial bursae, is 
a major cause of pain in RA patients. Accurate diagnosis of such pathologies is of 
utmost importance for adequate management of these patients. The most studied 
bursal sites are at the shoulder and foot level. Figure 3.12 shows an example of 
subacromial subdeltoid (SASD) bursitis in an RA patient. In a study carried out by 
Bruyn et al., they reported a good overall agreement between US and MRI in de-
tecting SASD bursitis. In the same study, intra- and interobserver reliability for BM 
and PD ranged from poor to moderate [76]. At forefoot bursitis, the most frequently 
involved site was the 4/5 inter-metatarsal space [77].

Fig. 3.11  Longitudinal (a) and transversal (b) view over tibialis posterior tendon showing tendon 
damage	( arrow);	tp tibialis posterior, mm medial malleolus
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An important cause of knee pain is the presence of Baker’s cyst. Figure 3.13 shows 
an example of Baker cyst showing SH with Doppler signal and SE in an RA patient. 
Diagnosis is essential as treatment is different from other knee pathologies. In a num-
ber of studies, almost a half of RA patients assessed had US-detected Baker’s cyst [8, 
78, 79] of which less than a half were detected by clinical examination [78].

Enthesopathy was defined as abnormal hypoechoic (loss of fibrillar architecture) 
and/or thickened tendon at its bony attachment seen in two perpendicular planes 
that may exhibit Doppler signal and/or bony changes including enthesophytes, 
erosions, or irregularity [17]. Although entheseal abnormalities in RA patients are 
insufficiently studied, it seems that these are more frequent than has been previ-
ously estimated. Genc et al. compared tendon and entheseal US abnormalities of 
lower and upper limb in RA patients with spondyloarthropathy (SpA) and healthy 
controls. They found that there were no significant differences between RA and 
SpA patients in terms of tendon and entheseal involvement, whereas RA patients 

Fig. 3.13  Longitudinal extended (a) and transversal (b) view over a Baker’s cyst showing syno-
vial	hypertrophy	( asterix)	with	Doppler	signal	and	synovial	effusion	( star)

 

Fig. 3.12  Transversal view over the bicipital grove showing subacromial subdeltoid bursitis 
( asterix);	Doppler	signal	 is	seen	outside	 the	bursa;	gt greater tuberosity, lt lesser tuberosity, bg 
bicipital groove
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presented more tendon and entheseal pathologies than healthy controls. The most 
affected entheseal sites in RA and SpA patients were the distal and proximal patellar 
tendon and Achilles tendon. No differences from the control group were found in 
the involvement of plantar aponeurosis [80].

Rheumatoid nodules are more frequently found at pressure sites, usually associated 
with more severe disease. At US examinations, they appear oval shaped, with well-
defined hypoechoic formation, generally homogenous, and in the majority of cases 
they are usually found close to the bone surface. They can present a central very hy-
poechoic, well-defined area. Compared to gout tophi, rheumatoid nodules show less 
frequent posterior acoustic shadowing and less erosion at adjacent bone level [81].

Clinical Applications

Besides demonstrating to be a valid, reliable, and sensitive-to-change tool in in-
flammatory arthritis, MSUS has also been shown to be more sensitive than clinical 
assessment in detecting joint inflammation in RA patients. Irrespective of the num-
ber of joints studied, disease activity, or duration, MSUS has detected inflammation 
in significantly more joints than clinical assessment [7–16, 39].

Currently, the main role of US assessment in RA includes diagnosis, monitoring 
disease activity and treatment response as well as guiding intra-articular procedures.

Diagnosis

Although several joint abnormalities can be detected by MSUS, none of them are 
pathognomonic for RA. However, a number of studies have shown that MSUS can 
be used for diagnostic purposes in addition to clinical evaluation [82, 83], especially 
in seronegative patients [84]. Noteworthy US findings were not interpreted out of 
clinical context. For the diagnostic purposes, the majority of studies have investi-
gated the added value of US-detected abnormalities at small joint level (i.e., MCP, 
PIP, MTP wrist and ankle joints). Early US-detected abnormalities at this level were 
mostly synovitis and tenosynovitis, although erosion detection was not uncommon. 
Results of these studies paved the way for EULAR recommendations regarding the 
use of US when diagnostic doubts arise, as this would improve the certainty of an 
RA diagnosis above clinical criteria alone [23].

For BM synovitis, there is no consensus regarding the relevance of grade 1 of 
synovitis, especially in small joints. BM synovitis grade 1 can be detected in a sig-
nificant percentage of healthy people, and at least for diagnosis purposes its use is 
debatable [85]. Figure 3.14 shows an example of grade 1 BM synovitis in healthy 
people. Although the presence of intra-articular Doppler signals is associated more 
frequently with pathology, it can be detected also in healthy people [86]. This is 
possible mainly due to the improvement of machines sensitivity which allows the 
detection of normal vessels. Thus, the sensitivity of the machine must be considered 
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and settings adjusted accordingly. The presence of grade 1 synovitis, especially in 
one isolated joint, without other inflammatory changes should be carefully con-
sidered as diagnosis value. Noteworthy, all the above remarks are valid when as-
sessing patients without any anti-inflammatory treatment, as this can mask the BM 
synovitis and Doppler activity. Also synovitis, erosions can also be seen in healthy 
people [31, 68, 87].

The minimal threshold enough to diagnose active inflammatory arthritis remains 
a matter of controversy. This may include the minimal degree of synovitis, number 
of joints with synovitis, degree of erosions, or a combination of any three that are 
necessary to make an RA diagnosis. Millet et al. suggested a minimum two joints 
showing grade 2 or 3 for BM-detected synovitis or two cases of bone erosion [87]. 
Other studies added tendon evaluation to US assessment of inflammatory arthritis 
to make an RA diagnosis. These US findings—together with clinical and laboratory 
findings—increase the probability of an inflammatory arthritis diagnosis. In the 
study by Freeston et al., US evaluation of wrists and MCP joints and flexor tendons 
was added to clinical examination in patients with very early inflammatory arthritis. 
In seronegative patients with positive CRP, swollen joints and erosion on CR, the 
presence of a grade 3 BM synovitis, at least a grade 1of PD synovitis, or at least one 
erosion increases the probability of inflammatory arthritis from 30 to 94 % [84]. In 
a study of early, untreated oligoarthritis, following US assessment, about one third 
of patients fulfilled polyarthritis classification criteria owing to the presence of sub-
clinical synovitis [9]. According to a study by Scire et al., a PD score of two or more 
was highly specific for the diagnosis of RA [88]. Thus, the tendon evaluation can 
add valuable information about inflammatory activity. Furthermore, it is important 
to remember that a number of the tendons’ synovial sheaths can communicate to the 
synovial joint (e.g., biceps tendon sheath, foot first finger flexor tendon).

In early, untreated RA patients, finger flexor tenosynovitis was observed more 
frequently than peri-extensor tenosynovitis (Fig. 3.15), and the most frequently in-
volved tendons were the tendons from second and third fingers [21]. In an MRI 
study, hand flexor tenosynovitis was a strong predictor for RA in early, unspecified 
arthritis or suspected RA [89].

The detection of erosions is also useful in RA diagnosis. Although erosions can 
be detected in several rheumatic diseases, some areas can be considered as target 

Fig. 3.14  Images	showing	B-mode	synovitis	grade	1	( asterix) at metacarpophalangeal joint (a) 
and tibiotalar joint (b)	in	healthy	people;	mc metacarpal head, pp proximal phalanx, tib tibia, ta 
talus
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for RA. US assessment of the styloid process of the ulnar, the radial part of second 
MCP joint, and the ulnar part of fifth MCP joint can provide important information 
for RA diagnosis. Zayat et al. investigated the specificity and sensitivity of US-de-
tected erosion in RA compared to different musculoskeletal diseases (i.e., psoriatic 
arthritis (PsA), osteoarthritis (OA), and gout) and healthy controls. Although RA 
patients presented more US-detected erosions than other groups, the differences 
were not significant. When RA-target sites only were included, i.e., second and 
third MCP, fifth MTP, and distal ulna, the sensitivity improved but was still not 
specific for RA. However, the presence of large erosions covering between one- to 
two-thirds of the surface of one quadrant in any of RA-target sites was highly spe-
cific for RA. Furthermore, the presence of any erosion at the level of fifth MTP was 
both specific and sensitive for RA [90].

New classification criteria for RA have been developed by American College 
of Rheumatology (ACR) and EULAR and published in 2010. A number of recent 
studies have shown the value of adding US in making the diagnosis of RA [82, 
91]. Furthermore, based on US finding, patients were more accurately classified as 
requiring MTX treatment [82].

In addition to its diagnostic role, the US-detected inflammation can also be used 
to predict the progression of undifferentiated inflammatory arthritis to RA. Salaffi 
et al. found that the strongest independent predictor factor for developing RA in 
early, undifferentiated arthritis was PD positivity. Moreover, the positivity of PD 
in more than three joints increased significantly the risk of progression to RA [92]. 
Furthermore, van de Stadt et al. found that the presence of both BM and PD syno-
vitis increases the risk for the development of arthritis in patients with arthralgia, 
without arthritis at clinical examination and positive anti-citrullinated protein an-
tibodies (ACPA) and/or immunoglobulin M-rheumatoid factor (IgM-RF) [93]. In 
another work, Navalho et al. studied the association between MRI-detected syno-
vitis and tenosynovitis at hand level with progression to RA. They found that ECU 
tenosynovitis, finger flexor tenosynovitis of the second finger, and radio-carpal sy-
novitis were significantly associated with progression to RA [94].

In other rheumatic diseases, joint inflammatory activity can also be detected. 
Synovitis, tenosynovitis, erosions, and Doppler signals were reported in a variety 
of inflammatory and noninflammatory diseases, e.g., PsA, OA. Some US findings 
can help differentiate RA from other inflammatory diseases. For example, peritenon 

Fig. 3.15  Longitudinal view of the palmar aspect of the proximal interphalangeal joint showing 
B-mode	flexor	tenosynovitis	( asterix) (a) with Doppler signal (b);	ft flexor tendon, pp proximal 
phalanx, dp distal phalanx
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inflammation of finger extensor tendons is highly characteristic of PsA [95], while 
Doppler activity at the enthesis level is characteristic in SpA patients [96].

However, it should be highlighted that RA patients may also experience other rheu-
matic diseases that have different treatments and prognosis. Joints included in clinical 
scores (e.g., shoulder, knee) are often affected by degenerative processes and clinical 
differentiation of these pathologies can be challenging. Figure 3.16 shows an example 
of degenerative changes of the knee joint in an RA patient with knee pain, whereas, 
Fig. 3.17 shows an example of full-thickness tear of the supraspinatus tendon in an 
RA patient with shoulder pain. MSUS is useful in identifying pathologic changes re-
lated to degenerative musculoskeletal disorders (e.g., OA) or regional pain syndromes 
in RA patients, thus helping in differentiating these pathologies from active disease. 
Figure 3.18 shows an example of BM synovitis with Doppler signal of a PIP joint in 
an OA patient.

Fig. 3.16  Longitudinal view 
of the medial aspect of the 
knee joint showing degen-
erative changes in a patient 
with rheumatoid arthritis and 
concomitant	osteoarthritis;	f 
medial femoral condyle, tib 
tibia, m medial meniscus, o 
osteophytes

 

Fig. 3.17  Longitudinal (a) and transversal (b) view over the supraspinatus tendon showing full-
thickness	 tear	 ( asterix);	gt greater tuberosity, hn anatomic humeral neck, hh humeral head, cp 
coracoid process
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Furthermore, in patients already diagnosed with RA, MSUS can help to differenti-
ate active disease from chronic structural damage. Although there is no consensus in 
the definition of US-active synovitis, the presence of Doppler signal is considered as a 
sign of active inflammation. At tendon level, MSUS can help in differentiating active 
tendon inflammation from chronic tendon damage. Although clinical examination can 
identify complete tendon tear, partial tear remains undiagnosed. Thus, tendon dam-
age although secondary to persistent tendon inflammation, does not represent active 
disease;	thereby	does	not	require	changes	in	DMARDs	treatment.

Monitoring Disease Activity

In several studies, MSUS has shown a good sensitivity to change [15, 42–48]. When 
compared to MRI, MSUS showed a high sensitivity in detecting both synovitis and 
tenosynovitis [21, 59, 64]. MSUS was also reported to be more sensitive than CR 
and as sensitive as MRI, in detecting bone erosion [69]. In addition, earlier stud-
ies revealed that MSUS was more sensitive than clinical assessment in detecting 
joint inflammation [31, 47, 79]. All the evidence coming from the studies points 
to MSUS as a useful and valuable tool in monitoring RA patients. Taking all of 
this into consideration, EULAR recommendations for the use of imaging in RA 
endorsed the use of US for more accurate assessment of inflammation [23].

As far as monitoring disease activity, a comprehensive US assessment of all ac-
cessible peripheral joints would be time-consuming and not necessarily practical in 
daily clinical practice. However, until now, there is no consensus on how many and 
which joints should be assessed. Several reduced joint counts that have been studied 
are discussed below. Scheel et al. suggested that US evaluation of second to fourth 
PIP and MCP joints with a semiquantitative score is sufficient for diagnosis and 

Fig. 3.18  Longitudinal view of the dorsal aspect of the proximal interphalangeal joint showing 
B-mode	synovitis	( asterix)	with	Doppler	signal	and	osteophytes	in	a	patient	with	osteoarthritis;	pp 
proximal phalanx, dp distal phalanx, o osteophytes
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follow-up in RA patients [33]. A study carried out by Naredo et al. depicted high 
correlation of a reduced 12-joint count, i.e., bilateral elbow, wrist, second and third 
MCP and PIP, knee and ankle, with a comprehensive 44-joint count. Moreover, this 
reduced 12-joint count was shown to represent accurately the response to biologic 
therapy in RA patients [46]. In another study, Backhaus et al. developed a reduced 
US joint count which included assessment of only seven small joints, i.e., wrist, sec-
ond and third MCP and PIP, second and fifth MTP of the clinically dominant side, 
combining soft tissue changes such as synovitis, tenosynovitis, paratenonitis with 
erosive bone lesions. This US seven-joint count showed to be a sensitive tool in 
monitoring patients with inflammatory arthritis (i.e., RA and PsA) in daily clinical 
practice [97]. This score was found to be sensitive to change in a cohort of patients 
with RA treated with csDMARDs or bDMARDs [98]. According to the study by 
Perricone et al., a reduced 6-joint count, i.e., bilateral wrist, second MCP, and knee, 
correlated excellently with the 12-joint count and was also shown to be sensitive to 
change in RA patients treated with etanercept (ETA) [99].

On the other hand, other studies focused on Doppler US as the cornerstone for 
monitoring the disease activity. In the study done by Ellegaard et al., Doppler US 
quantitative assessment of synovitis of the most symptomatic wrist showed fair 
to moderate correlation with disease activity index (DAS) for 28 joints (DAS28), 
swollen joint count, CRP, and ESR in RA patients starting anti-tumor necrosis fac-
tor (TNF) therapy. In conclusion, the authors suggested that CDUS examination 
of only one affected joint could be sufficient in assessing disease activity [100]. In 
another study, Damjanov et al. calculated the disease activity using US score (US 
DAS) by replacing tender joint count with PD semiquantitative score for synovitis 
for 22 joints, including wrists, MCP, and MTP joints, and swollen joint count with 
BM semiquantitative score for synovitis for 28 joints, i.e., MCP joints, PIP joints, 
wrists, elbows, shoulders, and knees. With MRI as reference, US DAS was more re-
liable than DAS28 in assessing both disease activity and further joint damage [101]. 
Another US score for large joints was developed by Hartung W et al. Sonography of 
large joints in rheumatology (SOLAR) score was used to assess the grade of inflam-
mation in the shoulder, elbow, hip, and knee joints in RA patients. They calculated 
a score for each joint by summing the BM/PD scores recorded for each joint’s re-
cesses. After 12 months of treatment, all parameters showed significant improve-
ment, except PDUS scores for shoulder and hip. They concluded that the SOLAR 
score is a feasible tool for evaluating large joints in patients with RA [102]. Lastly, 
Hammer BH and Kvien T compared previously described reduced joint counts (i.e., 
7, 12, 28, and 44 joints [14]) with comprehensive 78 joints, 36 tendons, and 2 bursae 
count in RA patients starting bDMARDs. They observed high correlations between 
the comprehensive 78-joint count and all of the reduced joint count, for both BM 
and PD variables [103].

However, a difficult question remains unanswered, which score to be used? In an 
attempt to address this question, Mandel et al. compared the reliability and discrimi-
nant capacity of 11 different US scoring systems, including different combinations 
of 42, 28, 20, 16, 12, 10, 8, 7 joints counts. They found no significant differences 
between these systems, suggesting that simplified joint counts may perform at least 
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as well as more comprehensive scores [41]. On another front, in standard daily 
clinical practice, the significance of BM synovitis grade 1, is another challenge 
which needs to be addressed especially in long-standing disease where fibrotic, irre-
versible changes can also be found. Witt et al. investigated the clinical relevance of 
grade 1 synovitis in the wrist, MCP, PIP, and MTP joints, comparing early onset and 
established RA patients with healthy controls. Considering the frequency of BMUS 
synovitis grade 1, at MCP joints there were no significant differences between the 
three	groups;	 neither	were	 significant	 differences	 found	between	 established	RA	
patients and healthy controls at PIP and MTP joint level. In contrast, at wrist level, 
they found significant more synovitis in patients with early onset and established 
RA disease compared to healthy controls. After 6 months of treatment, significant 
more joints with initial synovitis grade 1 remained unchanged compared to initial 
synovitis grade 2 and 3. On the other hand, as expected, the majority of joints with 
synovitis grade 1 were neither painful nor swollen on clinical examination nor ex-
hibited PD activity [104]. However, in this study, the issue of predictive value in 
relation to structural damage was not assessed.

Attempts to define US-active synovitis have been deliberated, taking into con-
sideration the evidence just mentioned. As structural damage has been associated 
mostly, in the majority of studies, with the presence of Doppler signal [105, 106], 
synovitis was considered as active if Doppler signal was detected [107, 108]. Other 
authors considered synovitis active if SH is greater than two together with the pres-
ence of Doppler activity [109]. At the patient level, a cumulative BM or PD score 
for defining active disease has not yet been developed. However, care must be taken 
with patients on anti-inflammatory medication such as nonsteroidal anti-inflam-
matory drugs (NSAIDs), steroidal anti-inflammatory drugs, as these may mask the 
BM and Doppler activity. Zayat et al. found a significant increase in BM and Dop-
pler parameters after stopping treatment with NSAIDs for five drug half-life times 
[110]. Yet, pharmacokinetics of subcutaneous anti-TNF drugs showed no effect on 
US findings [111].

With respect to bone erosions, an important issue to be addressed was whether 
US could be used to monitor the erosion course. In RA patients, US-detected in-
flammation has shown predictive value in relation to structural damage, measured 
either by CR or MRI. This was documented by the results of earlier studies which 
revealed an increase of US-detected erosions at hand finger lever in RA patients, 
both at short- and long-term follow-up [47, 59, 112]. In most of the studies, the de-
tection of vascularization in synovial proliferation by Doppler techniques has been 
shown to be the strongest predictor for further structural damage [48, 49, 105, 106, 
113, 114].

Taylor et al. evaluated the predictive value of US-detected synovitis in a random-
ized controlled trial of early RA patients treated with IFX versus placebo. After 54 
weeks, in the placebo group, there was a significant correlation between both base-
line synovial thickness and vascularity and progression in total radiographic score, 
whereas in the IFX group, the negative correlation was insignificant [49]. According 
to a study by Naredo et al., US assessment of joint inflammation in early RA patients 
found that time-integrated values of Doppler variables were the strongest predic-
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tors for disease activity during subsequent visits [48]. Dougados et al. found that in 
active RA patients, radiographic progression was observed more frequently if BM 
or PD-detected baseline synovitis was present and persistent following 4 months 
of treatment [115]. In another study, Bøyesen et al. compared the predictive value 
of clinical and laboratory variables, BMUS and MRI of dominant wrist and CR of 
wrists and hands in early RA. After a 1-year follow-up period, only BMUS and 
MRI bone marrow edema (BME) were found to be independent predictors for MRI 
erosive progression. Moreover, BMUS inflammation, MRI synovitis, and BME per-
formed slightly better than clinical and laboratory variables in identifying early RA 
patients at risk of developing MRI erosions [113]. This was in concordance with the 
results of another study carried out by Lillegraven et al. who investigated the pre-
dictive value of hand inflammatory US findings in patients with early RA. Baseline 
ECU tenosynovitis was found to be an independent factor for MRI progression at 
1-year follow-up and for radiographic progression at 3-year follow-up [114].

Another interesting issue that remains relatively unknown is the predictive value 
of baseline US-detected inflammatory activity in relation to treatment response. In 
the study by Ellegaard et al., the presence of Doppler activity at baseline showed 
to be predictive for treatment persistence at 1 year in patients staring anti-TNF 
treatment, while clinical and laboratory variables showed no significant association 
[116]. This has been endorsed by the EULAR recommendations for the use of imag-
ing in RA, as EULAR sanctioned the use of imaging techniques to predict response 
to treatment [23].

Furthermore, the role of US in identifying subclinical inflammation represents a 
further expansion of this tool’s use in standard clinical practice. Several studies have 
demonstrated the presence of MSUS-detected synovitis in patients in clinical remis-
sion. This subclinical synovitis has been detected in RA patients irrespective of the 
treatment received, whether synthetic or biologic DMARD [14, 16, 21, 38, 105, 106, 
117–121]. Figures 3.19 and 3.20 show examples of BM synovitis in an RA patient in 
clinical remission. Interestingly, earlier studies revealed that regardless of what remis-
sion criteria were used (DAS28 or ACR remission criteria) there were no significant 

Fig. 3.19  Longitudinal view 
of the dorsal aspect of the tib-
iotalar joint showing B-mode 
( asterix) synovitis in a patient 
in	clinical	remission;	tib tibia, 
ta talus
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differences in the prevalence of US-detected synovitis [38]. In the study carried out 
by Kawashiri et al., more than a half of RA patients in clinical remission according 
to simplified disease activity index (SDAI) and without any tender or swollen joint 
at clinical assessment, presented BM synovitis and/or Doppler activity [122]. How-
ever, patients were deemed to be in clinical remission by their attending rheumatolo-
gist. As expected, the patients who did not fulfill ACR or DAS28 remission criteria, 
were more likely to have a significant higher number of joints with US-detected SH. 
Moreover, even if clinical assessment did not detect tender and swollen joints, BMSH 
and PD synovitis were still detected in a high number of patients [38]. Adding the 
disease duration to the equation was assessed in the study performed by Peluso et al. 
The study revealed that the patients with early onset RA who achieved remission had 
lower PD synovitis score and were more likely to present no synovitis on imaging 
compared to patients with long-standing RA in remission [117]. Saleem et al. com-
pared RA patients in clinical remission who received bDMARD as first-line therapy 
with those with delayed treatment. They found a significantly lower BM synovitis 
scores in the first group, but similar PD scores [118]. The findings of these studies 
may have an important role in providing an explanation for radiologic progressive 
joint damage found in patients with prolonged clinical remission according to ACR 
criteria [123]. An MRI study in patients with early RA suggested a direct link between 
synovial inflammation and structural damage as no MRI-detected new erosions were 
seen in any joint without synovitis. The authors of this study concluded that synovitis 
appears to be the primary abnormality and the likelihood of bone erosions is related 
to the level of synovitis [124].

Predictive value of subclinical synovitis in relation to radiographic structural dam-
age and disease relapse/flare had been investigated in several studies. The great ma-
jority of studies found associations between Doppler variables, not BM synovitis or 
structural damage, and/or disease relapse/flare. An explanation of these results can 
be that BM SH may reflect active disease, especially in early RA, which is reversible 
with treatment, but also may represent a chronically thickened, fibrotic, and irre-
versible synovial tissue in later stages of disease. In contrast, Doppler signals reflect 

Fig. 3.20  Longitudinal view of the dorsal aspect of the metacarpophalangeal joint showing 
B-mode	synovitis	 ( asterix)	 in	a	patient	 in	clinical	 remission;	mc metacarpal head, pp proximal 
phalanx
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increased vascularity which is associated with active inflammation. The impact of 
the persistence of enhanced vascularity assessed by PD in RA patients who achieved 
clinical remission has been investigated in several other studies. Outcome of these 
studies revealed that PDUS predicts radiographic progression and disease relapse or 
flare in RA patients in clinical remission [14, 105, 106, 119]. In patients treated with 
either csDMARDs or bDMARDs, the baseline variables for Doppler activity were 
associated with radiographic progression [105] and disease relapse [106]. In the study 
carried out by Scire et al., the persistence of PD signal in a single joint had proved to 
be the main predictor for short-term relapse in RA patients in clinical remission with 
an odds ratio (OR) of 12.8 [14]. In concordance with these findings, the study carried 
out by Saleem et al. revealed that the presence of PD signal was found to be the stron-
gest independent predictor for disease flare with an OR of 4.08 [119].

Recently, Fukae et al. studied the association between quantitative measure-
ments of Doppler signal at hand finger level and radiographic progression at 52 
weeks in patients with long-term clinical low disease activity (DAS28 < 3.2). They 
found that structural damage occurred more frequent in joint with synovial hyper-
vascularity and progression of structural damage occurred irrespective to the level 
of cumulative synovial vascularity. These results show that joints can demonstrate 
radiographic progression in the presence of any Doppler activity, even if sustained 
low disease activity is achieved [125]. Considering that the presence of PDUS in 
RA patients in clinical remission may be predictive of radiographic progression and 
disease flare or relapse [14, 105, 118], EULAR recommended the use of US for as-
sessing persistent inflammation even in patients in clinical remission [23].

A reduced joint count for detecting subclinical synovitis in patients in clinical re-
mission was proposed by Naredo et al. Evaluation of bilateral wrist, second to fifth 
MCP joints, ankle, and second to fifth MTP joints showed a high correlation with 
a comprehensive 44-joint count for both BM and PD [16]. The same high correla-
tion was found also for previous described 12-joint counts [16]. However, further 
studies are needed to investigate the maximal acceptable synovitis at joint level that 
will not produce structural damage and therefore will not require more aggressive 
treatment. Besides, studies are needed to established cutoff values at patient level 
for which a BM synovitis can be considered relevant in relation to disease activity 
and progression. Ongoing studies try to find if using US as a target for remission in 
RA patients can improve outcomes.

Guided Intra-Articular Procedures

Joint puncture for fluid aspiration purposes or intra-articular injection of different 
drugs represents routine procedures for rheumatologists. US guidance has a num-
ber of advantages against blinded injections. Firstly, US allows for better diagnosis 
and better characterization of the pattern of joint inflammation, whether it be SH or 
SE. Secondly, US allows direct visualization of the needle within the joint structure 
facilitating fluid aspiration. Therefore US-guided procedures significantly improve 
the accuracy of intra-articular injections [126–129]. Moreover, US-guided punctures 
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significantly reduce patient discomforts and shorten procedure (Fig. 3.21). However, 
in a study by Cunnington et al., no differences were found regarding improvement 
in clinical outcomes between US-guided and blinded corticosteroid injection [129].

Conclusions

In conclusion, MSUS is a valid, reliable, and sensitive-to-change tool in RA. More-
over, MSUS has demonstrated to be more sensitive than clinical assessment in de-
tecting joint inflammation. The main clinical applications of MSUS in RA include 
diagnosis, monitoring disease activity and treatment response, and guiding intra-
articular procedures. For RA diagnosis, MSUS has been successfully used in addi-
tion to clinical evaluation. For monitoring disease activity, several scoring systems 
including a reduced number of joints have been developed, with similar perfor-
mances. US-detected joint inflammation has been observed in patients in clinical 
remission. Doppler-detected synovitis has showed predictive value in relation to 
radiographic damage and disease flare/relapse in both active and remission disease. 
The US guidance of procedures improves the accuracy of intra-articular injections.
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Introduction

Ankylosing spondylitis (AS) is a chronic rheumatic disease known for its limited 
spinal mobility secondary to the inflammatory changes in the spine, entheses, joints, 
as well as eye (uveitis). AS is one of a wider group of inflammatory conditions 
known as spondyloarthritis. The European Spondyloarthropathy Study Group [1] 
has recently published its new classification criteria for AS in which sacroiliitis, 
though a very common manifestation of the disease, is no more mandatory for the 
diagnosis. If not diagnosed early in the disease course or ineffectively treated, a 
progressive loss of spinal mobility and the ability to carry out activities of daily liv-
ing are the consequences which subsequently result in a reduction in the quality of 
life. However, in spite of all the progress made in terms of the disease diagnosis and 
management, a long delay between the onset of disease symptoms and the diagnosis 
time has been reported with an average period of 8–11 years [2].

The introduction of the new “nonradiographic spondyloarthritis” term highlight-
ed the role of imaging for the diagnosis of AS. Though plain radiography is tradi-
tionally the initial tool for evaluating the sacroiliac joints as well as spine, its ac-
curacy is limited by the lack of sensitivity in early inflammatory stages and by high 
intra- as well as inter-observer variability on interpretation [3]. While magnetic res-
onance imaging (MRI) has been suggested by many research studies as the best tool 
of detecting sacroiliitis as well as spondylitis, especially early in the course of the 
disease, US was reported a highly sensitive, noninvasive imaging method to evalu-
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ate all the enthesis sites as well as the peripheral joints in AS. In the past decade, a 
large number of research studies papers regarding the role of US in AS have been 
published. This chapter provides an overview of the available data and discusses the 
possible implementations of US in standard clinical care of AS patients.

Applied Anatomy

Enthesitis represent the main pathological feature for the spondyloarthritis group. 
Using advanced imaging and sono-anatomy, the tendon/ligament insertion points 
into bone (entheses) is considered a key pathological spot in spondyloarthritis. Ana-
tomically, this entheses form functionally integrated units with adjacent synovium, 
adjacent periosteal, and sesamoid fibrocartilages as well as the underlying bone in 
composite structures named “synovio-entheseal complexes.” These fibrocartilages 
in addition to the fibrocartilage present at the entheses, perform as a stress shield 
offering the underlying bone some protection. Other studies added the bursa to this 
fundamental entheseal complex [4, 5]. This led to the development of a new concept 
of “enthesis organ” where bursa is considered part of the synovio-entheseal com-
plex [6]. The role played by the underlying trabecular bone in normal enthesis has 
been studied in the work done by McGonagle et al. [7]. Bone marrow edema repre-
sents a hallmark of enthesitis, which is histologically equivalent to osteitis [8]. This 
osteitis response may not be perceived at all enthesitis sites, hence, its absence does 
not rule out enthesitis-associated pathology. Furthermore, it has been reported that 
some tissues that are not an enthesis perform as such due to shared anatomical, his-
tological, biomechanical, and pathological features [24]. These structures have been 
termed “functional entheses,” and include synovial joints lined by fibrocartilage. 
Examples are the sacroiliac and acromioclavicular joints [9, 10]. They also entail 
the wraparound tendons such as those present close to the ankle malleoli. Another 
observation is that the enthesis organ-associated fibrocartilages require lubrication 
and nutrition similar to normal articular cartilage [11]. To fulfill this physiological 
need, the immediately adjacent synovium provides this vascular supply. This infers 
that the enthesitis-associated pathology may be closely associated with synovitis 
without exhibiting pathological changes at the insertion proper.

In the early disease process, the enthesis as well as the adjacent tissues may show 
several morpho-structural variations such as entheseal thickening, fibrillar separa-
tion due to intra-tendinous edema, with or without associated bursitis, or enhanced 
vascularity [12]. At this stage, there are no relevant bony changes. However, dur-
ing the enthesitis process, new vessels and inflammatory cells penetrate the corti-
cal sub-entheseal bone communicating the bone marrow to the entheseal tissues, 
which in turn leads to thinning of cortical bone, focal loss of bone (erosions), and 
direct contact between fibrocartilage and underlying bone spaces (Fig. 4.1). The 
reparative process with reactive bone formation leads to ill-defined osteosclerosis 
and spur formation [13].Therefore, at later stages, bony cortex changes appear in 
the form of enthesophytes and/or bone erosions. In some cases, large enthesophytes 
may impair partially or completely the imagining of adjacent bone erosions [14].
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However, there is a difference between “enthesopathy” and “enthesitis.” The Out-
come Measures in Rheumatology (OMERACT) ultrasound group suggested a defini-
tion of enthesopathy: “An abnormal hypoechoic region with loss of normal fibrillar 
architecture and/or thickened tendon or ligament in its bony attachment, seen in 2 
perpendicular planes that may exhibit Doppler signal and/or bony changes includ-
ing enthesophytes, erosions or irregularity.” This definition merged both acute and 
chronic inflammatory manifestations with structural damage findings [15]. Therefore, 
the association of enthesis in any pathologic process whether traumatic, inflamma-
tory, metabolic, or degenerative is denoted “enthesopathy,” whereas “enthesitis” is 
confined to the occurrence of tendon/ligament or capsule inflammation at its insertion 
site into the bone [16]. The latter is the classical feature of spondyloarthritis (Fig. 4.2).

Generally, inflammation may occur at any enthesis site. Mechanical factors, to-
gether with physiological and anatomical characteristics of the enthesis, have been 
proposed as contributing factors which may impact the localization of enthesitis. 
This might explain the finding that most of the clinically relevant enthesitis sites 
are	present	in	the	lower	limbs;	particularly	heel	enthesis	(Achilles	enthesitis)	which	
is the main form of enthesitis included in the Assessment of SpondyloArthritis 
(ASAS) international society criteria [1]. Planter fasciitis is another frequently in-
volved site [17, 18].

Sonographic Pattern of Enthesitis

A large number of research studies have applied US to the assessment of enthesi-
tis in spondyloarthritis. The commonest entheseal sites to be ultrasonographically 
examined in standard clinical practice include: Achilles tendon and plantar fascia 

Fig. 4.1  a Picture of ankle depicting the distinct areas of synovio-entheseal complex. b Enthesis 
organ, composed of the ligament insertion points into bone, the adjacent synovium and bursa 
as	well	as	 the	underlying	bone,	detected	by	ultrasound	( US) examination in b mode combined 
with power Doppler in ankylosing spondylitis patient. Abnormal vascularization associated with 
marked swelling and decreased echogenicity of the enthesis at the cortical junction can be seen, as 
well as erosion of the calcaneus bone. Tendon thickness at the level of the enthesis is 7.2 mm and 
is associated with a retro-calcaneal bursa with enhanced vascularity
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insertions to the calcaneus, tibialis anterior tendon insertion, greater trochanter, 
pubis, patella (at insertions of the quadriceps femoris and patellar tendons), me-
dial, and lateral epicondyles. Sonographically, enthesitis appear as loss of nor-
mal fibrillar pattern, increased fusiform thickness (Fig. 4.3), peri-tendinous fluid, 
a linear intra-substance tear, calcific deposits (Fig. 4.4), or intralesional focal 
changes at the tendon insertion. In addition, periosteal changes such as erosions 
or new bone formation may also be seen at the tendon insertion. Enlarged bursa is 
usually considered as a sonographic manifestation of bursitis. Enhanced vascular-
ity assessed by power Doppler (PD) at the involved entheses may also add further 
information about the activity status at the assessed site as reflected by its degree 
of vascularity (Fig. 4.5). Table 4.1 summarizes the different sonographic patterns 
of enthesitis.

Fig. 4.3  Sonographic B-mode image of Achilles tendinitis showing increased fusiform thickness 
of the tendon with enhanced vascularity

 

Fig. 4.2  a Picture of a flexor tendon clarifying the role synovio-entheseal complex in the patho-
genesis of enthesitis. Dots show sites of inflammation—enthesis. b Grayscale US of a finger show-
ing enhanced vascularity at the synovio-entheseal complex. US ultrasound
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Tips for US Assessment of Enthesitis

•	 Curvilinear	transducer	is	recommended	as	it	can	cover	a	wider	cross	section	of	
the scanned area as compared to linear transducers.

•	 Always	assess	in	two	perpendicular	planes.
•	 In	B	mode,	search	for	the	following	abnormal	findings	at	the	tendon	insertion,	

and any one of them is considered to be a feature of enthesitis: thickening or in-
tratendinous focal changes of the tendon, calcific deposits, or periosteal changes.

•	 An	enlarged	bursa	is	considered	to	be	an	evidence	of	bursitis
•	 Enhanced	vascularity	evaluated	by	PD	should	be	assessed	at	these	sites:	cortical	

bone insertion, body of tendon, bursa, and the junction between tendon and enthe-
sis. The detection of vascularization at one of these sites is considered abnormal,

•	 US	enthesitis	can	be	stratified	according	to	different	combinations	of	abnormal	
grayscale US and/or PD feature.

Fig. 4.4  a Sonographic B-mode image showing calcification of the patellar tendon. b Sonographic 
B-mode image showing calcification of the Achilles tendon

 

Fig. 4.5  Sonographic B-mode image with power Doppler of the elbow showing tenosynovitis of 
the common extensor origin with enhanced vascularity
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Enthesitis Scoring Tools

In a trial to standardize the quantitative assessment of enthesitis, numerous scoring 
tools have been developed. One of the most commonly used is the Glasgow Ultra-
sound Enthesitis Scoring System (GUESS) [19]. The GUESS was developed based 
on a study of 35 patients with spondyloarthritis (including seven psoriatic arthritis 
patients) who underwent independent clinical and ultrasonographic examination of 
both lower limbs at five entheseal sites: superior pole and inferior pole of patella, 
tibial tuberosity, Achilles tendon, and plantar aponeurosis. A total of 18 features, 
each given a score of 1, were scored on each lower limb, the maximum score being 
36. The intraobserver k value for analysis of all sites was 0.9.

In another work, D’Agostino et al. [20] implemented a five-stage classifica-
tion system of ultrasonography enthesitis according to B-mode and PD findings 
(Table 4.2) where stage 1: vascularization at the cortical junction without abnormal 
findings in B mode. This represents isolated vascular changes occurring during the 
initial	phase	of	enthesitis;	stage	2a:	vascularization	associated	with	swelling	and/or	
decreased	echogenicity	at	the	cortical	junction	in	B	mode;	stage	3a:	same	as	stage	
2a, plus erosions of cortical bone and/or calcification of enthesis, and optional sur-
rounding bursitis. Stages 2a and 3a reflect increased vascular alterations associated 
with graded signs of morphologic alterations. Stage 2b: abnormal findings in B 
mode as in stage 2a, but without vascularization and stage 3b: abnormal findings 
in B mode as in stage 3a, but without vascularization. Stages 2b and 3b, which are 
devoid of vascularization, are suggestive of inactive lesions.

Two other scoring systems developed at the patients’ level were published. The 
Spanish Enthesitis Index (SEI) [21] entails, after giving the patient information 
about variable enthesis sites, the evaluation of global patient inflammatory activity 

Lesion Sonographic pattern
Loss of the fibrillar pattern The tendon displays heteroge-

neous echogenicity
Tendon thickening The thickness of the affected 

tendon is greater than that of 
the contralateral tendon

Intrasubstance tears A hypoechoic band within 
the substance of the tendon 
associated with discontinuity 
of the tendon fibers

Intratendinous calcifications Internal foci of high-density 
echoes with posterior 
shadowing

Peritendinous fluid Anechoic fluid is observed 
along the superficial aspect of 
the tendon

Bursitis Enlarged bursa

Table 4.1  Sonographic pat-
terns of enthesitis
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or enthesis structural damage. The scoring system, however, used grayscale abnor-
malities only and did not differentiate between involvement of body of the tendon, 
enthesis, and bursa. The Madrid Sonographic Enthesitis Index (MASEI) [22] com-
bined abnormalities detected by grayscale US and enhanced vascularity as assessed 
by PD (including bursal involvement). This scoring system was the first to evaluate 
enthesis in both lower limbs and upper limbs (the attachment of the triceps tendon 
to the olecranon). Also, the MASEI included assessment of bone erosions, entheso-
phytes, as well as PD signal.

Critical analysis of the four systems revealed that, although they all included 
assessment of enthesitis sites for both inflammatory and structural manifestations 
using grayscale US with or without PD, sensitivity to change was low making none 
of them a sensitive tool for monitoring the patient’s enthsitis activity status. Fur-
thermore, there is inconsistency among the four scoring tools. While the GUESS 
and D’Agostino scoring systems were set up to grade enthesis affection (enthesitis 
level). The MASEI and the SEI were established as enthesitis indices at the patients’ 
level. Therefore, these scoring systems are uncomparable. Currently, there is an un-
met need to agree on a system for use in research trials as well as standard clinical 
practice [23, 24].

Subclinical Versus Clinical Enthesitis

The value of US in the diagnosis of enthesitis is that it has been reported to be more 
sensitive than clinical examination in identify enthesitis, raising the query whether 
the presence of enthesitis could be missed during standard clinical assessment. A 
study was carried out in 2002 [25] comparing the detection of enthesitis based on 
clinical examination versus US. A total of 35 patients (27 AS patients, 7 psoriatic 
arthritis patient, and 1 patient with reactive arthritis) had their enthesitis clinically 
assessed in the lower limbs as well as using US and scored according to the GUESS. 
The study reported significantly higher enthesitis score in the US-assessed group 
in comparison to clinical assessment. It concluded that US is a good method to as-
sess for enthesitis in spondyloarthritis patients. These findings were confirmed in 

Table 4.2  Enthesitis classification based on B-mode and power Doppler US outcomes [20]
Stage Description
1 Vascularization at the cortical junction without abnormal findings in B mode
2a Vascularization associated with swelling and/or decreased echogenicity at the 

cortical junction in B mode
3a Same as stage 2a, plus erosions of cortical bone and/or calcification of enthesis, 

and optional surrounding bursitis
2b Abnormal findings in B mode as in stage 2a, but without vascularization
3b Abnormal findings in B mode as in stage 3a, but without vascularization

US ultrasound
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another study carried out by by Spadaro et al. [23]. A total of 36 AS patients had 
both clinical and PD ultrasonography assessment of 432 enthesis sites, and 14.8 % 
were diagnosed to have clinical enthesitis in comparison to 44.4 % were considered 
abnormal on PD ultrasonography. A third study assessed enthesitis in the feet of 
44 subjects with spondyloarthritis (19 AS patients, 5 with psoriatic arthritis, 8 with 
reactive arthritis, and 12 with undifferentiated spondyloarthritis) [26]. Pathological 
findings were reported in 25 patients, most of who did not have any foot problem or 
a complaint. Similarly, upper limb enthesitis was assessed in another study [27]. US 
was used to assess for enthesitis at the proximal insertion of the deltoid, which mim-
ics clinically impingement syndrome, in 100 symptomatic consecutive spondyloar-
thritis outpatients, compared to 4 groups of control patients: 100 with rheumatoid 
arthritis, 100 with osteoarthritis, 100 with painful shoulder, and 50 with shoulders 
undamaged by local pathological processes. Results revealed the frequency of en-
thesitis in the course of spondyloarthritis was 9 %. The prognostic value of this 
subclinical enthesitis was assessed in a recent study [28] carried out to identify pre-
dictors of structural joint damage in patients with early spondyloarthritis. Results 
revealed an increased probability for structural progression in the presence of US 
verified enthesitis.

Differential Diagnosis of Enthesitis

US plays also an important role in the differential diagnosis of enthesitis, in par-
ticular differentiating mechanical or metabolic enthesopathy from inflammatory 
enthesitis. Beside spondyloarthritis patients, enthesitis have been reported among 
athletes as a consequence of traumatic injuries. Distinguishing fibromyalgia tender 
points from enthesitis is another important challenge to be considered. However, 
in such cases, enthesitis is not associated with intra-articular inflammation (i.e., 
synovitis). Furthermore, PD technology has allowed the visualization of abnormal 
vascularity and soft tissue hyperemia in inflammatory conditions [28]. Therefore, 
that abnormal enhanced vascularity, detected by PD US, at the insertion of tendons, 
ligaments, fascia, and capsules into the bone is considered as a primary lesion which 
is seen exclusively in spondyloarthritis patients and may underlie all spondyloar-
thritis skeletal manifestations [20]. On the other hand, enthesophytosis cannot be 
considered an explicit manifestation for spondylarthritis-related enthesitis, as it has 
also been reported in mechanical, osteoarthritic as well as in normal asymptomatic 
subjects [29]. Multiple and irregular enthesophytes and calcific deposits are pos-
sibly more specific for spondyloarthritis-related enthesitis, but the use of entheso-
phytosis alone as sign of arthritis-related enthesitis is an incorrect assumption [10]. 
Another diagnostic challenge is seen in spondyloarthritis patients presenting with 
associated arthritis which often has a similar clinical pattern to rheumatoid arthritis. 
US was reported to be able to differentiate between the two arthritic forms based on 
the entheseal findings [20]. This highlight the diagnostic utility of US for the clas-
sification of arthritis as primary synovial or entheseal based.
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US as an Outcome Measure

The use of US as an objective quantitative outcome measure has expanded over 
the past few years and started to book its place in standard clinical practice. US 
allow real time image acquisition of multiple joints to assess both bony changes 
(erosion) and soft tissue inflammation (enthesitis). Earlier studies revealed that US 
can be used as an outcome measure to monitor response to therapy in inflammatory 
arthritis [30]. US is sensitive to inflammatory and destructive changes than plain 
radiographs and clinical examination. Furthermore, US demonstrated a good inter-
observer agreement for bone changes (median 96 % absolute agreement) as well as 
inflammatory changes (median 92 % absolute agreement) [31]. US monitoring of 
enthesitis in AS patients showed significant sensitivity to change after treatment. 
This ability to show responsiveness to management was enhanced and appeared 
superior when PD evaluation was included in the examination [32]. Therefore, PD 
evaluation has been considered an important feature to consider when assessing 
for responsiveness to management. In a study carried out by Aydin et al. [33], 43 
AS patients with active disease, who were treated with tumor necrosis factor alpha 
(TNF)-α	antagonist	therapy,	were	monitored	for	outcome	measures	in	response	to	
treatment. Grayscale and PD ultrasonography as well as physical examination were 
carried out to assess for Achilles enthesitis and/or retro-calcaneal bursitis before and 
2 months after the initiation of therapy. While US detected subclinical Achilles en-
thesitis in a subset of AS patients, a significant improvement in the enthesitis score 
was	demonstrated	after	2	months	of	TNF-α	antagonist	therapy.

In addition, the use of US has been endorsed to guide positioning the needle in 
inflamed joints, tendon sheaths, and enthesis, for local steroid injections. Huang 
et al. [34] reported that AS patients diagnosed to have Achilles tendon enthesitis, 
and treated with US-guided local betamethasone or etanercept injection in the en-
thesis, experienced clinical improvement associated with a reduction in the blood 
flow signal.

In the research setting, US played even a role in understanding the enthesitis out-
comes. US revealed that the Achilles tendon enthesitis, new bone formation or spur 
tend	to	develop	distally;	erosions	of	calcanean	bone	occur	more	proximally	[7]. The 
underlying mechanism for this topographic variation was clarified by histology as 
well as sonoantomy studies. Histology of normal subjects revealed a greater density 
of bone trabeculae and new bone formation where there is greater tension, such as 
at the distal site of the todoachilles enthesitis. The inverse is also true, where bone 
trabeculae tend to be sparser at the proximal part of the enthesis, hence erosive 
changes are observed at this site [35].

Results of these studies, expands the scope for using US in AS management. In 
addition to its diagnostic role, US can play an important in the standard day-to-day 
practice to assess disease activity, differentiate variable forms of arthritis (Fig. 4.6) 
as well as monitor response to treatment. Being portable, with no irradiation haz-
ards and in the meantime highly accurate as well as sensitive, these advantages 
favored US in contrast with conventional radiography or MRI. US can be the tool 
of choice in the day-to-day rheumatology practice.
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Imaging of the Axial Skeleton

Chronic inflammatory back pain associated with progressive limitation of spinal 
movements secondary to syndesmophyte formation across the axial joints repre-
sent the characteristic features of AS. In addition, enthesitis and peripheral arthritis 
usually occur resulting in bone erosions or impairment of the tendons/ ligaments/
joints structure and function [36]. For decades, conventional radiography has been 
the main imaging modality in clinical practice for AS. The recent recognition of a 
preradiographic phase of axial skeleton inflammation and the window of opportu-
nity for early intervention with good outcomes, and the inability of the conventional 
radiography to show soft tissue inflammation, highlighted the need for more sensi-
tive tools for early diagnosis.

Both MRI and US were found able to identify sites of inflammation, however, 
while MRI is excellent at depicting this in both soft tissues and bones, US can 
only show inflammation in soft tissue structures, and only if they are superficial. 
As a result, to the relatively deep position of the axial skeleton in the body, US is 
incapable of showing these structures in full details. Therefore, MRI has been the 
preferred imaging modality to assess for spondylitis, in particular in its early nonra-
diographic stages. Ünlü et al. [37] carried out a study to investigate the role of color 
and duplex Doppler US in the detection of sacroiliac joint and spinal inflammation, 
as well as response to anti-TNF therapy in 39 AS patients. Color and duplex Dop-
pler US were presented as “resistive index” (a measure of pulsatile blood flow that 
reflects the resistance to blood flow caused by microvascular bed distal to the site 
of measurement). Results revealed that in AS patients, the resistive index values of 
the sacroiliac joints, lumbar as well as dorsal vertebral paraspinal areas were lower 
than in controls (all p	≤	0.01).	Furthermore,	in	AS	patients	with	active	disease	ac-
cording to Bath ankylosing spondylitis disease activity index (BASDAI), resistive 
index values of dorsal as well as lumbar vertebrae were significantly lower than in 
the inactive group. After anti-TNF therapy, there were significant increases in mean 
sacroiliac	joint	( p	=	0.028)	as	well	as	lumbar	vertebrae	resistive	index	( p = 0.039), 
whereas there was a nonsignificant increase in dorsal vertebrae resistive index 

Fig. 4.6  a Sonographic B-mode image with power Doppler of the knee joint showing effusion in 
the joint with synovial hypertrophy and enhanced vascularity. b Sonographic B-mode image with 
power Doppler of the acromioclavicular joint showing synovitis with enhanced vascularity
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( p > 0.05). In conclusion, the study revealed that color and duplex Doppler US may 
be an alternative, less expensive, and easier method for detecting inflammation sec-
ondary to increased sacroiliac joint and spinal vascularization. Also it was valuable 
in evaluating response to anti-TNF therapy in AS patients. Further studies are still 
needed to assess the utility of new US modalities, such as microbubble contrast and 
sonoelastography in axial assessment in AS patients.

US of the Sacroiliac Joint

The anatomical features of the sacroiliac joint make it difficult for grayscale US 
direct imaging of synovitis of this joint. However, in 2009, Spadaro et al. [38] car-
ried out a study to analyze the discriminative value of US-detected sacroiliac joint 
effusion compared to physical examination in 45 patients with spondyloarthropa-
thy with or without inflammatory back pain. US showed joint effusion in 38.9 % 
of sacroiliac joints of spondyloarthritis patients and in 1.7 % of sacroiliac joints 
of	controls	( p < 0.001). The presence of inflammatory back pain was significantly 
associated with sacroiliac joint effusion assessed by US alone or plus at least one 
sacroiliac joint test. Sacroiliac joint effusion assessed by US alone or plus at least 
one sacroiliac test had a positive likelihood ratio of (2.67 and 4.04, respectively) 
for the presence of inflammatory back pain higher than likelihood ratio of single 
clinical tests. In another study, Bandinelli and his colleagues [39] compared US 
and clinical examination to traditional radiography findings of sacroiliac joins in 
23 patients diagnosed with early spondyloarthritis patients. They reported that sac-
roiliac joint capsule distension and sacro-tuberosus ligament thickness were higher 
in early spondyloarthritis, but only sacro-tuberosus ligament thickness correlated 
significantly with clinical sacroiliac joint tenderness. As expected, that study re-
vealed that radiographic sacroiliac joint evaluation did not correlate with US re-
sults. In conclusion, the study reported that US was more sensitive than clinical as-
sessment as well as conventional radiography and that US is a promising technique 
for early sacroiliac joint assessment in standard clinical practice. In concordance 
with these findings, further recent studies [40, 41] revealed that color Doppler 
US is a valuable tool for the diagnosis, evaluation of disease activity as well as 
monitoring response to therapy of active sacroiliac joins. In another work, Jiang 
et al. [42] showed that assessment of the blood flow signals in the sacroiliac joint, 
assessed by PD, became weaker or disappeared and the resistive index values in-
creased after infliximab treatment. These data endorse PD ultrasonography as a 
useful tool in the follow up of sacroiliac joint inflammatory status in AS patients. 
The value of microbubble contrast agents for color Doppler US, in comparison to 
MRI imaging, for the detection of active sacroiliitis was assessed in a study carried 
out by Klauser et al. on 103 patients (206 sacroiliac joints) [43]. Results revealed 
that the microbubble contrast-enhanced color Doppler US is a sensitive technique 
with a high negative predictive value for the detection of active sacroiliitis com-
pared with MRI.
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US-Guided Injections in Sacroiliitis

Owing to the complex anatomical structure of the sacroiliac joint, injection into 
this joint using blind palpation technique often results in low accuracy [44]. As a 
result, to perform successful sacroiliac joint injection, it is important to use image 
guidance. US-guided sacroiliac joint injection has been demonstrated to have a high 
success rate of up to 90 % [45].

Curvilinear transducer is recommended in this injection technique as it can cover 
a wider cross section of the scanned area as compared to a linear transducer [46]. 
Similar to the caudal epidural injection technique, the patient is placed in prone posi-
tion to receive this injection treatment [47]. The transducer is placed in a transverse 
orientation, in the midline (1–2 cm above the beginning of the gluteal fold) to iden-
tify the spinous process of the sacral plate first. After identifying the spinous process, 
the transducer is moved in a lateral direction until the lateral edge of the sacrum is 
observed. With the transducer maintained in the transverse orientation, it is then 
moved slightly lateral until the bony contour of the ileum and posterior superior iliac 
spine is identified. The cleft between the bony contours of the sacrum and ileum rep-
resents the posterior aspect of the sacroiliac joint (Fig. 4.7). By tilting the transducer 
in a caudal direction, the lower one third of the sacroiliac joint is identified [45].

Because of its synovial component, the lower one third of the sacroiliac joint is 
the portion of the entire sacroiliac joint in which the injection should be performed 
[48].The medial to lateral approach (Fig. 4.8) is preferred for the US-guided sacro-
iliac joint injection [49]. It has been reported that even if the injection has not been 
administered accurately into the sacroiliac joint, US guidance can at least ensure 
periarticular deposition of the injection to the lower one third portion of the joint. 
Periarticular deposition of the steroid is believed to be effective as well in alleviat-
ing the pain induced by sacroiliitis [44].

In a study carried out by Migliore et al. [50], they reported that US-guided intra-
articular injections of the sacroiliac joint with acetonide triamcinolone results in 

Fig. 4.7  a anatomy of the sacroiliac joint. b sonographic B-mode image of a normal sacroiliac 
joint. The start point is to identify the midline by identifying the spinous process of the sacral plate 
(1–2 cm above the gluteal fold). The probe is then moved laterally till the posterior superior iliac 
spine comes in view in the top of the screen. The sacroiliac joint is located between the posterior 
superior iliac spine/the iliac crest shadow and the sacrum
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articular symptoms benefits which lasted for at least 6 months. In another study, car-
ried out by Harmon and O’Sullivan [51], they reported that intra-articular injections 
of etanercept into the sacroiliac joint might improve joint function and decrease the 
frequency of local enthesitis.

Sonoelastography and Ankylosing Spondylitis

Tendon injuries lead to alterations in the mechanical properties of the tendon. 
Axial-strain sonoelastography and shear-wave elastography are relatively new, 
real-time imaging techniques which evaluate the mechanical properties of ten-
dons in addition to the existing morphological and vascular information that is 
obtained with traditional imaging tools. Axial-strain sonoelastography displays 
the subjective distribution of strain data on an elastogram caused by tissue com-
pression, whereas shear-wave elastography provides a more objective, quantita-
tive measure of the intrinsic tissue elasticity using the acoustic push-pulse. Recent 
studies suggest that axial-strain sonoelastography is able to distinguish between 
asymptomatic and diseased tendons, and is potentially more sensitive than con-
ventional US in detecting early tendinopathy. Shear-wave elastography seems to 
be a feasible tool for depicting elasticity and functional recovery of tendons after 
surgical management [52].

Fig. 4.8  US-guided left 
sacroiliac joint injection tech-
nique adopting the medial to 
lateral approach
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Using sonoelastography, the normal tendon structure (Fig. 4.9) is depicted as red 
or green, whereas inflamed areas (considered pathological) are seen in blue color 
which reflects the tendon stiffness.

In two studies, sonoelastography showed that the distal area of the Achilles 
tendon was the most commonly affected area in AS patients when compared to 
healthy subjects [53, 54]. Moreover, it was reported that pathological sonoelas-
tography findings tended to correlate with enthesopathy findings and tendinous 
enlargement, thus demonstrating a moderate to good correlation with B-mode 
findings. In another study, Wu et al. [55], studied bilateral feet of 13 subjects with 
plantar fasciitis and 40 healthy controls. They reported that planter fascia softens 
with age and in subjects with plantar fasciitis (Fig. 4.10) Sonoelastography may be 
useful for the evaluation of tendon abnormalities in AS patients, but further stud-
ies are needed to standardize this technique and to assess its usefulness in clinical 
practice.

MRI Versus US in Ankylosing Spondylitis

Both MRI and US have shown their high sensitivity and accuracy, and therefore 
booked their place in AS assessment as well as management. However, while MRI 
is excellent at showing inflammatory changes in both soft tissues and bones, US can 
only show inflammation in soft tissue structures, and only if they are superficial.

In AS, and in view of the most recent guidelines [1], MRI has two major roles: 
as a diagnostic test and for monitoring of therapy. The latter of these, i.e., the use 
of MRI to monitor response to biological therapies, is well established in academic 

Fig. 4.9  Sonoelastography and B-mode US of a normal tendoachilles showing normal sono-
graphic	 pattern	 on	B-mode	 ( left).	The	 sonoelastogram	obtained	 ( right) is displayed as a color 
mask that was superimposed on the conventional B-mode image. (Photo copyright [Chueh-Hung 
Wu and Tyng-Guey Wang]. All rights reserved. Used with permission)
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groups for the assessment of anti-TNF therapy in the axial skeleton. In standard 
clinical practice, MRI is in widespread use for both the evaluation of suspected 
inflammatory back pain, as well as peripheral joints where the presence of diffuse 
osteitis/enthesitis is suspected.

On the other hand, US has various advantages in comparison to MRI. In addi-
tion to being able to identify inflammation and enthesitis, it is more comfortable for 
the patient, more easily accessible in clinical practice, and multiple joints can be 
imaged in one setting. The use of PD has also helped to increase its sensitivity in 
identifying enthesitis and synovitis.

Therefore, US has gained a wide variety of roles in spondyloarthritis, particu-
larly in the area of enthesitis. The disadvantage of US is its inability to image very 
deep structures well, such as the spine and the sacroiliac joints commonly involved 
in spondyloarthritis. Standardizing US outcome measures and scoring systems still 
require further work.

Fig. 4.10  B-mode	US	scan	( left)	and	sonoelastogram	( right) of a normal planter fascia (a), and a 
case of planter fasciitis (b). Blue rectangle depicts standardized area of qualitative and quantitative 
analysis of planter fascia. The color scheme is red (hard), green (medium stiffness) and blue (soft). 
Sonoelastography demonstrates that the plantar fascia of the healthy subjects is generally a hard 
structure that correspond to the red color coding. In plantar fasciitis (b), there is lesser red-coded 
area and a greater green coded area reflecting softening of the plantar fascia in plantar fasciitis 
patients. (Photo copyright [Chueh-Hung Wu and Tyng-Guey Wang]. All rights reserved. Used 
with permission)
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Psoriatic arthritis (PsA) is a clinical form of inflammatory arthritis associated with 
psoriasis. Worldwide prevalence of psoriasis estimated in adults varies from 0.9 to 
8.5 % [1] and, among these patients, up to one-third may suffer from an inflamma-
tory arthritis. Overall, the sex ratio in PsA is close to unity with slight variations 
among different subsets. PsA is a very heterogeneous disease affecting musculo-
skeletal structures including peripheral joints, entheses, tendons and their synovial 
sheaths, periarticular soft tissues, in addition to the axial skeleton and sacroiliac 
joints. In addition, PsA can also affect extra-articular tissues such as skin, nails, 
and eyes. In the majority of cases (85 %), psoriasis precedes joint disease but, in 
up to 10 % of patients, arthritis can precede the skin or nail lesions. In spite of PsA 
being considered a benign condition, prognosis-focused studies have revealed that 
progression of the arthritis is associated with a moderate increase in morbidity and 
disability, in some cases could be permanent, though not uncommon [2, 3]. Since 
effective treatment, including classical synthetic disease-modifying anti-rheumatic 
drugs (DMARDs) as well as the more recently introduced biologic therapy, is avail-
able, the importance of an early diagnosis of this condition has recently been ad-
dressed [4]. This chapter discusses in more detail how musculoskeletal ultrasound 
(MSUS) can play a decisive role in its early diagnosis.

To categorize which lesions ultrasound (US) can help to identify, PsA has been 
stratified, classically, into five clinical patterns [5]:

1. Arthritis of the distal interphalangeal joints (DIP), almost always associated with 
psoriatic changes in nails.

2. Destructive arthritis (mutilans) with severely deformed joints, specially affecting 
hands and feet.
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3. Symmetric polyarthritis which can be indistinguishable from rheumatoid 
arthritis.

4. Asymmetric oligoarthritis consisting of a large joint, such as a knee, together 
with one or two interphalangeal joints and a dactylitic digit or toe.

5. Spinal involvement, frequently asymmetrical sacroiliitis which may be associ-
ated with spondylitis, sometimes clinically indistinguishable from ankylosing 
spondylitis (AS).

Currently, there are no specific diagnostic laboratory tests for PsA. Therefore, in 
general, its diagnosis is based on clinical criteria (classification criteria for psoriatic 
arthritis: CASPAR) [6] supported by negative serologic test, such as rheumatoid 
factor, and by the valuable information provided by imaging tests such as X-ray, 
magnetic resonance image (MRI), and US.

Radiologically, plain X-ray has been classically endorsed as a valuable tool for 
the diagnosis of established PsA. Characteristic radiographic features of PsA distin-
guishing it from rheumatoid arthritis include: asymmetric and oligoarticular distri-
bution of joint space narrowing with erosive lesions, bony proliferation including 
periarticular and shaft periostitis, osteolysis including “pencil-in-cup” deformity 
and acro-osteolysis, ankyloses, spur formation, and spondylitis. MRI may offer 
some advantages over plain X-ray allowing not only tri-dimensional visualization 
of the tissue’s structural damage, but also, direct assessment of inflammation in the 
peripheral and axial joints, entheses as well as lesions affecting the periarticular soft 
tissues. In addition, MRI is the only imaging technique able to demonstrate changes 
in the subchondral bone suggesting bone edema which according to some studies 
may represent a strong predictor of bone erosions and enthesitis [7, 8].

Over the past decade, US has booked its place as a valuable imaging tool in the 
evaluation of PsA, in both its early and late stages. It has been propitiated for its 
ability to accurately assess structural damage in peripheral joints, entheses, and soft 
tissues, using B mode/grayscale, along with its capacity to assess and score inflam-
mation, through a sensitive measurement of blood flow with Doppler/color mode. 
Similar to its advantages in other rheumatic diseases, US in patients with PsA of-
fers real-time and dynamic high-resolution imaging of soft tissues, enabling rapid 
contralateral area’s assessment for comparison. In addition, it has the privilege of 
being portable and low expense, lack of ionizing radiation, and permitting interac-
tion with the patient while imaging. The target anatomical structures for US ex-
amination are those frequently affected according to the clinical pattern previously 
described: joint synovitis and effusions, enthesitis/enthesopathy, bony erosions and 
proliferation, cartilage lesions, tenosynovitis, and dactylitis [9]. In addition, more 
recently, there has been increasing interest on the usefulness of US in axial disease 
including sacroiliitis [10, 11], and in the assessment of lesions affecting the nails 
and skin [12].

Choosing the most appropriate US equipment for PsA has become, relatively, 
an easy task. The continuous technological advances in the field of US have al-
lowed the development of equipment provided with high and broadband frequency 
transducers (8–15 MHz for the musculoskeletal system and > 15 MHz for skin), 
together with a very sensitive color/Doppler mode. This ensures a detailed study 
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of morphostructural changes and a very sensitive detection of blood flow in small 
vessels of the target lesions affected, in particular joints, tendons, and entheses. To 
ensure achieving the targeted outcomes, for most of the articular and periarticu-
lar lesions, the US examination settings entail grayscale frequency at 8–15 MHz, 
whereas for skin and nails the frequency is commonly above 15 MHz. Gain depth 
and focus should be adapted for every single exam. Power Doppler (PD) settings for 
all the examinations can be standardized with a pulse-repetition frequency (PRF) 
of around 750 Hz (1000–500 Hz) and Doppler frequency between 7 and 14 MHz. 
Spectral imaging can be used to confirm that PD signal obtained represents real 
blood flow and not an artifact.

In order to review the role of US in PsA, a detailed description of the usefulness 
of US in the different pathological tissues affected in this condition is presented in 
this chapter.

Enthesitis in PsA

Enthesitis represents inflammation at the insertion of tendons, ligaments, or 
articular capsule into the bone. It is an important hallmark which appears in 25–
75 % of PsA patients [13] and represents a component of the classification cri-
teria	for	PsA	and	spondyloarthritis	(SpA);	therefore,	its	identification	is	crucial	
to establish an early diagnosis [14–17]. MSUS provides high-resolution images 
of the entheses and has demonstrated enough content validity and reliability for 
the evaluation of this anatomic structure [18]. The outcome measures in rheu-
matology clinical trials (OMERACT) have defined enthesopathy (pathology at 
entheses) as an abnormally hypoechoic and/or thickened tendon or ligament 
at its bone attachment seen in two perpendicular planes that may exhibit PD 
signal and/or bony changes including enthesophytes, erosions or irregularities 
[19]. Using this definition, MSUS provides high image resolution and function-
al assessment of abnormalities at the entheses. Using grayscale US mode, en-
these’s acute inflammatory patterns include thickening and hypoechogenicity of 
the	tendons	and	ligaments,	as	well	as	bursal	enlargement;	whereas	local	changes	
at the site of the entheses, such as enthesophytes, erosions, and calcifications 
represent more chronic changes (Fig. 5.1) [20–22]. Enhanced vascularity can be 
depicted by PD mode and appears as increased blood-flow signals, in particular 
when there are findings of acute enthesitis [23] (Fig. 5.2).

Clinically, enthesitis in PsA patients may be asymptomatic or can cause local 
pain which may vary in severity though tend to be more common and intense in the 
lower limbs. Common sites include enthesitis of the Achilles tendon and plantar fas-
cia at their insertion into the calcaneus bone, which is exacerbated by weight bear-
ing after a period of rest [13, 24] (Table 5.1). However, enthesitis may affect any of 
the body entheses as reported in the study carried out by Falsety et al. who detected 
enthesitis at the proximal insertion of the deltoid tendon in up to 17 % of PsA pa-
tients causing symptoms very similar to those of impingement syndrome [25].
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Fig. 5.2  a Achilles tendon enthesitis in a patient diagnosed of psoriatic arthritis. There are thick-
ening	 and	 hypoechogenicity	 of	 the	Achilles	 tendon	 ( black arrows). In power Doppler ultra-
sound	mode,	an	increased	blood	flow	can	be	observed	( long axis). b, c Retro-calcaneal bursitis 
in a patient diagnosed of psoriatic arthritis with Achilles tendon enthesitis. US image reveals 
hypoechoic	swelling	of	the	retro-calcaneal	bursa	deep	to	the	distal	Achilles	tendon	( white arrows). 
The peri-bursal area appears hyper-vascular at color Doppler imaging. b Long axis. c Short axis

 

Fig. 5.1  Distribution and frequency of the entheseal lesions detected by ultrasound in patients 
with spondyloarthritis. Total acute lesions and total chronic lesions are represented in black bars, 
and	each	of	the	categories	in	gray;	data	are	expressed	in	percentages	with	regard	to	all	pathological	
lesions observed. (From [22])
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MSUS has been demonstrated to be more sensitive in comparison to clini-
cal examination for the detection of enthesitis. Earlier studies revealed that US 
was able to identify subclinical enthesitis significantly higher than clinical as-
sessment [21, 26]. In a cohort of 162 patients diagnosed with psoriasis sine 
PsA compared to 60 age/sex-matched controls, another multicenter study group 
demonstrated a high prevalence of subclinical synovitis (3.2  vs. 1.3 %) and en-
thesitis (11.6 vs. 5.3 %) on US examination [27]. In another study of Gutierrez et 
al., enthesitis was observed in 32.9 % and 0.9 % of enthesitis sites on grayscale 
and PD modes, respectively, in patients with psoriasis compared to 8.4and 0 % 
in age-matched healthy controls [28].

Some other studies demonstrated that in patients with psoriasis, the early detec-
tion of enthesitis on US may have prognostic implications on the prediction of sub-
sequent development of PsA. In a 3.5-year follow-up, US assessment of a psoriatic 
patients cohort, up to 23 % of psoriatic patients with a higher baseline enthesitis 
score developed PsA [29]. In addition, the detection of hypervascularity at the en-
theses in patients with suspected early SpA and PsA was highly predictive of a 
future establishment of the diagnosis [30].

Several ultrasonographic enthesitis-scoring indices for SpA, including PsA, 
have been published in the past decade. The Glasgow ultrasound enthesitis scor-
ing system (GUESS) assesses lower-limb entheses including the superior and 
inferior pole of the patella, the distal insertion of the patellar tendon, the Achil-
les tendon, and the plantar fascia entheses [21]. The authors propose a scoring 
system of 0–36 based on the sum of the different US findings of enthesitis. 
Alcalde et al., based on the assessment of the same five enthesitis sites in the 
lower limbs, proposed a new score system of 0–36 based on US findings of 
acute injury and 0–40 based on findings considered to be chronic disease [22]. 
As these two previous studies only used grayscale US mode, de Miguel et al. 
added PD image information to the previous indices, with a further extension 
to 12 enthesitis sites, including upper-limb entheses, and published the Madrid 
Sonography Enthesitis Scoring Index (MASEI) [31].

Enthesitic sites Frequency of US findings 
(grayscale and Doppler) in %

Achilles tendon 76
Plantar fascia 57
Patellar tendon 60
Quadriceps tendon 26
Great trochanter 43
Lateral epicondyle 19
Medial epicondyle 17
US ultrasound

Table 5.1  Frequency of 
ultrasound and Doppler-
detected enthesitis at different 
sites in patients with psoriatic 
arthritis. (According to 
D’Agostino et al. [24])
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Dactylitis in PsA

Dactylitis or “sausage digit” has classically been recognized as another character-
istic feature of PsA [32] appearing in up to 30–48 % of patients according to differ-
ent studies [33, 34]. In addition to PsA, it may be found in other SpA particularly 
reactive arthritis, gout, local infections of digits, sarcoidosis, and sickle cell disease. 
Very occasionally, it has also been reported in rheumatoid arthritis. The relatively 
high specificity of dactylitis in PsA leads to its inclusion in the clinical criteria for 
the classification of SpA suggested by Amor et al. [35]. Furthermore, due to its high 
sensitivity and adequate specificity, dactylitis has been included in the recent clas-
sification criteria generated by the CASPAR study group [14].

The clinical presentation of dactylitis is a uniform diffuse swelling affecting fin-
gers in 24 %, toes in 65 % and both hands and feet in 12 % of PsA patients [34]. 
Dactylitis clinical manifestations may vary from significant local digital pain to an 
asymptomatic finding. It is accepted that dactylitis may present as an acute condi-
tion with painful inflammatory changes, or a chronic course, where the digit still 
remains swollen despite the disappearance of the pain [34].

Despite the incomplete agreement regarding the different tissue components in-
volved in dactylitis [36–38], a recent meta-analysis published by Bakewell et al. 
[39] revealed that with the use of MRI and US for the assessment of this condi-
tion, the most common features were flexor tendon tenosynovitis and joint synovitis 
which appeared equally in 90 % of the patients, and extratendinous soft tissue thick-
ening and extensor tendonitis which appeared in up to 50 % of patients. Other com-
ponents, only qualitatively described in this literature review, were bone, extra and 
intra-articular osteoproliferation, erosions, bone edema, and plantar/palmar plate 
abnormalities. According to tissue-specific vascularity using Doppler-mode US or 
post-gadolinium MRI studies, the elementary components (not quantified) of dac-
tylitis were joint synovitis, flexor tendon tenosynovitis, soft tissue edema, nail-bed 
abnormalities, bone extra and intra-articular osteoproliferation, and bone edema.

MSUS has demonstrated enough accuracy to identify the different tissue com-
partments involved in dactylitis, comparable to the findings obtained from MRI 
examination (Fig. 5.3):

•	 Joint	synovitis,	which	frequently	affects	metacarpophalangeal,	metatarsophalan-
geal as well as interphalangeal joints, has US pattern which is similar to and 
cannot be distinguished from other inflammatory conditions such as rheumatoid 
arthritis. It consists of a distension of the joint capsule with a hypoechoic content 
that can be displaced and compressed depending of the proportion of the effu-
sion compared to synovial proliferation. Eventually, it may also exhibit tissue 
vascularity in Doppler mode.

•	 Flexor	tendon	tenosynovitis	consists	of	a	thickening	of	the	diameter	of	the	flexor	
tendons and their sheaths, with loss of the normal tendon echotexture and dis-
tension of the tendon sheath with hypoechoic content, consistent with effusion 
and synovial proliferation, which eventually may exhibit vascularity in Doppler 
mode.
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•	 Extratendinous	soft	tissue	changes	are	commonly	seen	in	association	with	dacty-
litis and are consistent with thickening of the subcutaneous tissue, with increased 
distance from skin to tendon and changes in the echotexture pattern of the soft 
tissues around the tendon suggestive of subcutaneous tissue edema manifested 
clinically as local swelling.

•	 Other	features	less	commonly	described	include	extra	and	intra-articular	osteo-
proliferation, erosions, and plantar/palmar plate abnormalities. These are de-
scribed in more detail later in this review.

Peripheral Arthritis

Despite peripheral joint synovitis in PsA seemingly undistinguished from other 
chronic inflammatory arthritic conditions, such as rheumatoid arthritis, some studies 
have demonstrated differences in the pathology identified by MSUS. In a study pub-
lished by Fournie et al., they reported extra-synovial abnormalities which seemed to 

Fig. 5.3  Ultrasound image of the different tissue compartments involved in dactylitis. Comparison 
with	MRI	image	from	the	same	patient	with	psoriatic	arthritis	( long arrows). a Synovitis affecting 
the metatarsophalangeal joint: distension of the joint capsule with hypoechoic content. b Flexor 
tendon tenosynovitis consisting of a thickening of the diameter of the tendon, with loss of the nor-
mal tendon echotexture. c Extratendinous soft tissue changes which are consistent with thickening 
of the subcutaneous tissue, with an increase of distance from skin to tendon and changes to the 
echotexture pattern of the soft tissues around the tendon. MRI magnetic resonance imaging
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be specific to PsA such as enthesitis, thickening of soft tissues, and Doppler signal 
at the base of the nail suggestive of periungual psoriatic involvement [40].

US findings in peripheral joints with synovitis include distension of the joint 
capsule with an abnormal hypoechoic or anechoic intra-articular content—always 
relative to subdermal fat, but sometimes it may be isoechoic or hyperechoic. It 
potentially can be displaceable and compressible depending on the prevalence of 
synovial hypertrophy or effusion. When the predominant content is synovial hyper-
trophy, Doppler signal within the joint space can be identified (Fig. 5.4). An earlier 
study documented the higher sensitivity of US as a tool for the detection of syno-
vitis in comparison to physical exam in any of the peripheral joints involved [41].

As there is not any specific scoring system for peripheral synovitis in PsA, any of 
the semiquantitative US scoring systems published (0–3 where 0 = normal, 1 = mild, 
2 = moderate, 3 = severe) for grading synovitis in rheumatoid arthritis could be po-
tentially used also for grading the PsA-inflamed joints [42].

Bone erosions in PsA can be found in up to 60 % of patients [43]. They appear 
similar to those seen in rheumatoid arthritis and do not have any specific appearance 
on US exam. The typical image is a discontinuation in the bone surface (cortical 
defect) which should be visualized in longitudinal and transversal scans (Fig. 5.5). 
This cortical defect may be filled with inflammatory tissue and, eventually, may 
exhibit vascularity in Doppler mode (Fig. 5.6). Erosions also can be scored using a 
binary present/absent system or a 0–3 semiquantitative score [44]

Fig. 5.4  Ultrasound image of synovitis affecting the third metatarsophalangeal joint of a patient 
with psoriatic arthritis. There are findings of distension of the joint capsule with an abnormal 
hypoechoic	intra-articular	content	suggesting	synovial	hypertrophy	( white arrows) with Doppler 
signal within the joint space
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Axial Disease

Most of the information available about the use of MSUS in axial disease in SpA 
and PsA has been focused on the sacroiliac joints. Sacroiliitis is an early feature of 
SpA, including PsA, and frequently is associated with inflammatory back pain and 
stiffness. However, due to the deep location of the sacroiliac joint, classically there 
have been some technical issues in obtaining a high-quality image of its anatomy 
using US. Early in the disease course, when X-ray examination is negative, the 
inflammation of the sacroiliac joint can be detected in more than a half of patients 
using MRI, which allows the detection of bone edema adjacent to the sacroiliac 

Fig. 5.6  Ultrasound image of bone erosion in psoriatic arthritis filled with inflammatory tissue 
exhibiting	vascularity	in	Doppler	mode	( white arrows)

 

Fig. 5.5  Ultrasound image of bone erosion in psoriatic arthritis. There is a discontinuation in the 
bone surface (cortical defect) which is visualized in a Longitudinal and b	Transversal	scans	( white 
arrows)
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joints, as an early finding of sacroiliitis [45]. Therefore, bearing in mind the techni-
cal limitations, only a few articles on testing the US usefulness for evaluation of 
sacroiliac joints have been published.

In a recent study, Spadaro et al. analyzed the ability of US to detect joint effusion 
in sacroiliac joints in SpA patients. The prevalence of US-detected joint effusion 
was 38.9 % of sacroiliac joints among the SpA patients cohort compared to 1.7 % in 
the control group. In addition, the presence of inflammatory back pain was signifi-
cantly associated with the presence of sacroiliac joint effusion assessed by US [46].

In another study carried out by Bandinelli et al., they reported that US could be 
a reliable imaging method for assessing the sacroiliac joint space. They compared 
the sacroiliac joint width and the thickness of the sacrotuberosus as well as pos-
terior sacroiliac ligaments in patients with early SpA to those of healthy controls, 
revealing that early in the disease course the sacroiliac joint space width and the 
sacrotuberosus ligament thickness was significantly higher in patients compared 
with controls [47]

The US examination technique of the sacroiliac joint should be performed 
with the patient in a prone or knee–chest position. The bony landmarks to iden-
tify for guiding the examination are the midline of the sacrum and the iliac 
wings which can be easily identified as a hyperechogenic surface laterally to 
the spinous processes of the sacral bone. With the transducer in a transverse 
position, the sacroiliac joint space is identified as a hypoechoic gap between the 
hyperechoic margins of the joint, sacrum, and iliac bone. In this location of the 
transducer, the findings of synovitis with effusion appear as the presence of a 
hypoechoic area within and slightly over the joint space [48, 46]. At this posi-
tion, and switching to Doppler mode, eventually, an increased perfusion around 
or inside the sacroiliac joint can be detected in up to 48 % of patients with sac-
roiliitis [48] (Fig. 5.7).

Despite the lack of studies to support the real usefulness of the US in the assess-
ment of sacroiliac joints, the few of them previously discussed, would suggest that 
this imaging modality could be useful in providing real-time, less expensive, com-
parative, and repeated images of the sacroiliac joints in SpA and PsA.

There are a very limited number of published data on the use of US in the spine 
in patients with SpA and PsA. Unlu [49], using color and duplex Doppler US, re-
ported how the resistive index of blood vessels of sacroiliac joints and thoracic 
and lumbar vertebral paraspinal areas was significantly reduced in 39 patients di-
agnosed with SpA compared to controls. Interestingly, after a course of anti-TNF 
therapy in the same patients, the authors observed a significant increase in the resis-
tive index at the level of sacroiliac joints and lumbar vertebral paraspinal areas [10]. 
The sensitivity of US to detect sacroiliac inflammation in SpA may improve with 
the use of contrast-enhanced color Doppler, as was demonstrated by Klauser et al. 
in a comparative study with MRI [50].
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Skin and Nails

The diagnosis of skin psoriasis is routinely based on the clinical examination, and 
the extension of lesions is determined using clinical scores, such as the psoriasis 
area and severity index (PASI). In a limited number of cases, clinical suspicion 
needs to be confirmed with histologic examination to confirm the diagnosis. Up to 
50 % of patients with psoriasis may have nail involvement.

Over the past decade, US has been increasingly used in dermatology to assess 
the skin and nails in patients with psoriasis. US imaging of psoriasis using high-
frequency transducers (15–50 MHz) allows detailed morphologic information to 
be obtained about the cutaneous and ungular changes, along with the monitoring of 
disease activity and treatment response.

By using the enhanced detail provided by high-frequency grayscale US, it is 
possible to detect the typical changes of psoriasis affecting the skin consistent 
with thickening of the epidermis and dermis, compared to the normal surround-
ing skin, along with a hypoechoic band in the upper dermis. In those cases, with 
marked thickening of the epidermis, a posterior acoustic shadowing artifact may be 
observed, affecting the assessment of the underlying dermis. In psoriasis, the ap-
pearance of affected nails shows changes consistent with thickening and decreased 
echogenicity of the nail bed, focal hyperechoic deposits in the ventral plate, and, in 
more advanced lesions, thickening of both dorsal and ventral plates. The thicken-
ing of the nail bed can be measured as the distance between the ventral plate and 
the bone margin of the distal phalange. In the active phase of the disease, Doppler 
mode allows identification of an increased blood flow localized within the dermis 

Fig. 5.7  Ultrasound (US) image of right sacroiliitis in a patient with psoriatic spondyloarthropa-
thy	( short axis). The US findings of synovitis with effusion appear as the presence of a hypoechoic 
area	within	and	slightly	over	the	joint	space	( black arrows). Switching to Doppler mode, there is 
an increased perfusion inside the sacroiliac joint
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of the psoriatic plaques and in the nail beds [12]. Grayscale and Doppler US find-
ings allow monitoring of disease activity, severity of the psoriatic involvement, 
and assessment of treatment response, as has already been reported in the literature 
[51–53] (Fig. 5.8).

US-Guided Procedures in Psoriatic Arthritis

As in other rheumatic diseases, in PsA, US-guided procedures are a very reliable 
method to safely and accurately access the different anatomical structures involved 
in the pathogenic mechanisms of the lesion, such as peripheral arthritis, enthesitis, 
dactylitis, and, even the axial skeleton, especially the sacroiliac joints. In addition, 
there are advantages of the US examination, not only in establishing the diagnosis 
but also the ability to recognize active synovitis, providing valuable information re-
quired for decision making in terms of local therapy. Previous studies have demon-
strated therapeutic effectiveness of US-guided therapy directed to musculoskeletal 
structures—joints and soft tissues—by choosing and ensuring the correct placement 
for injection as compared to blinded procedures [54–57].

In inflammatory arthritis, with peripheral joints inflammation, US-guided in-
jection has demonstrated significantly more accuracy than those guided by the 
clinical examination. [57, 58]. With reference to PsA enthesitis, US may offer a 

Fig. 5.8  High-frequency ultrasound of a psoriatic plaque (b) compared with healthy skin (a). The 
epidermis	and	dermis	appear	 thicker	 ( black arrows). There are hypoechoic bands in the upper 
dermis, and there is an increased blood-flow signal within the dermis demonstrating it is an active 
psoriatic plaque
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very reliable anatomic image of the different entheses to differentiate pathological 
from normal anatomy. Despite this, there are no controlled studies assessing the 
effectiveness of US-guided entheseal injections specifically in PsA. Huang et al. 
demonstrated the efficacy and safety of US-guided local injections into entheses 
with steroids or Etanercept in Ankylosing Spondylitis (AS) patients [59]. In another 
controlled study, [60] involved over 65 patients with plantar fasciitis randomized to 
US-guided steroid injection/blinded steroid injection/US-guided placebo injection 
and demonstrated superiority of both steroids-treated groups but the difference was 
not significant between US guided versus blinded. Another study in a series of 24 
patients with recalcitrant plantar fasciitis also did not show differences between 
US-guided injections and conventional injections [61]. Therefore, data supporting 
the superiority of US-guided procedures compared to conventional injection pro-
cedures in PsA enthesitis are still relatively limited and more controlled studies are 
necessary.

The Role of US in Early Diagnosis, Monitoring of Disease 
Activity, and Therapeutic Response in PsA

There is an undoubted potential to incorporate the US findings, especially regard-
ing enthesitis and dactylitis, into PsA diagnostic criteria, which would allow early 
detection of the pathology and improve the sensitivity for the diagnosis. In addition, 
identification of quantitative US findings (erosions) in PsA may be helpful for the 
decision making of those patients who can benefit from early or more aggressive 
therapy.

A clear definition of the different US lesions such as enthesitis, dactylitis, periph-
eral arthritis, or sacroiliitis, along with an appropriate scoring system potentially 
would allow an objective monitoring of disease activity before and after the treat-
ment of PsA.
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Introduction

Osteoarthritis (OA) is the most common rheumatic disease affecting peripheral and 
axial synovial joints. It is frequently diagnosed in older adults, although it can occur 
relatively early in life, causing disability and work impairment. Mechanical pain, 
swelling, stiffness, deformity, and loss of joint motion are the most common clini-
cal findings that cause patients’ complaints and relevant public health issues [1–3].

The characteristic imaging abnormality in OA is reduced joint space, formation 
of osteophytes (protrusions of bone and cartilage) mostly at the joint’s margins as 
well as sclerosis of the subchondral bone. Those changes are the result of several 
histopathologic phases. Biomechanical and biochemical factors, such as the pro-
duction of several chemokines, cytokines, and growth factors, stimulate an aberrant 
chondrocyte activation that contributes to the disruption of articular homeostasis. 
The first recognizable change in OA is edema of the extracellular matrix, principal-
ly in the intermediate layer. The cartilage loses its smooth aspect, and microfissures 
start to appear. This results in a focal loss of chondrocytes, alternating with areas of 
chondrocyte proliferation. The imbalance between pro- and antiinflammatory mol-
ecules may influence the progression of cartilage damage. The progression of the 
cartilaginous fissures along the collagen fibrils produce vertical clefts that deepen 
into the subchondral bone cartilage. More fissures cause fragments of cartilage to 
detach creating osteocartilaginous loose bodies and uncovering the subchondral 
bone, where microcysts develop. These loose bodies also may initiate some de-
gree of synovitis, with an episodic course that can contribute to the worsening of 
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symptoms and further cartilage deterioration. Nondestructive synovial proliferation, 
joint  effusion, and bursitis are frequent findings in OA. Also, along with disease 
progression, subchondral sclerosis appears, as a result of accelerated bone turnover.

In the assessment and diagnosis of OA, conventional radiography (X-ray) remains 
the mainstay imaging investigation [4, 5]. X-ray is valuable for detecting structural 
joint changes. The radiographic features of OA include osteophytes, joint space nar-
rowing, subchondral sclerosis, subchondral cysts, bony remodeling, and possibly joint 
effusions visualized as soft tissue swelling and fat pad displacement. Other arthropa-
thies may coexist such as calcium pyrophosphate arthropathy. However, X-ray is not 
able to directly visualize the cartilage and employs a surrogate measure, that is joint 
space narrowing [6]. Moreover, as the radiographic changes occur mainly in later stag-
es after long disease duration, it is unclear whether changes demonstrated by X-ray are 
sufficient enough in early OA phases to consider the diagnosis. In a subset of the pa-
tients, the disease may be asymptomatic in spite of the relative radiographic changes.

Consequently, there is unanimous consensus about the necessity to have a valid and 
reliable tool to study and evaluate distinct changes occurring in OA. The availability 
of imaging tools which would enable the treating health-care professional to directly 
assess cartilage in osteoarthritic joints would be of great value, especially in the early 
stages of disease, where there may be paucity of symptoms and few clinical findings.

Ultrasound (US) is a routinely available, dynamic, noninvasive, and relatively in-
expensive bedside imaging technique which offers a multiplanar assessment of the 
musculoskeletal system, with high patient compliancy. The tool allows scanning of 
all peripheral joints as many times as required at the time of consultation. In addi-
tion, a multijoint assessment can be performed during the same scanning session. For 
many years, the interest of rheumatologists working in the field of musculoskeletal 
US has been focused mostly on the assessment of inflammatory arthritic conditions. 
However, lately, the interest expanded to include ultrasonographic evaluation of OA 
joints, endorsed by the recent advances in US technology which led to an extraordinary 
improvement in the quality of US equipments, and better visualization of the most su-
perficial and deep musculoskeletal structures involved in OA. The detection of OA ab-
normalities demands the use of the most appropriate probe frequency for the anatomic 
structures examined and the correct machine settings to produce optimal visualization 
of the target area. This paved the way for the high-quality US machines to become the 
standard in day-to-day clinical practice, as broadband, multifrequency US transduc-
ers are mandatory for superior imaging of anatomic structures and for demonstrating 
subtle changes. By using the appropriate equipment and by optimizing the machine’s 
settings, US can demonstrate and quantify a series of changes occurring in cartilage, in 
soft tissue of the joint, at the level of the bony cortex as well as in periarticular areas.

Clinical Applications

Sonography is a safe, accurate, and noninvasive imaging tool that can be used as 
many times as required without contraindications for evaluating the joints of osteo-
arthritic patients. In OA, US is able to assess a number of abnormalities at both the 
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level of joint and periarticular soft tissues as well as at the bony cortex. In addition 
to assessing for structural lesions, which involve the hyaline cartilage and the bone, 
US is able to show characteristic joint pathologies (e.g., effusion and synovitis) that 
may be related to the presence of pain and disability (Figs. 6.1–6.4). Moreover, in the 
subset of patients who may have asymptomatic osteoarthritic joint disease, US may 
show subclinical synovitis together with varying degree of joint affection. In OA, 
pain may also be due to periarticular involvement (such as trochanteric bursitis at the 
hip or anserine bursitis at the knee) which US is also able to depict. Psychological 
factors, such as anxiety and depression, as well as social problems, such as isolation 
and coping strategies, are all known determinants of pain in OA patients [7].

US complements the clinical evaluation of OA and can bridge the gap between 
the clinical and radiological findings [8–11]. It can be easily and swiftly per-
formed in the same room used for the physical examination, reducing the patients’ 

Fig. 6.1  Ultrasound of the 
knee in OA. Evidence of 
effusion at the level of the 
suprapatellar recess. OA 
osteoarthritis

 

Fig. 6.2  Ultrasound of the 
knee in OA. Evidence of 
osteophytes at the level of the 
lateral aspect of the joint. OA 
osteoarthritis

 

Fig. 6.3  Ultrasound of the 
knee in OA. Evidence of 
osteophytes at the level of the 
lateral aspect of the joint. OA 
osteoarthritis
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discomfort [12]. US facilitates monitoring of the disease progression and follow-
up assessment of the response to local and systemic therapy in OA. Moreover, it 
can be repeated as many times as necessary [13]. Sonography consists of direct 
and multiplanar evaluation of different areas of interest and most of the peripheral 
joints involved by disease can be examined. These features allow imaging of soft 
tissues,	such	as	hyaline	cartilage,	synovial	membrane,	and	joint	effusion;	tendons,	
ligaments, and bursae, as well as external area of the menisci [14]. In addition, US 
examination can detect alterations of the cortical bone and demonstrate some of the 
disease typical structural changes [15]. US provides guidance for local procedures 
which are performed safely and are well tolerated by patients when executed under 
the sonographic guidance [16–18] (Table 6.1).

Importantly, US can directly image certain components of articular cartilage. 
Normal hyaline cartilage is imaged by US as a homogeneously anechoic layer lin-
ing the bony cortex and having a superficial as well as deep margins which charac-
teristically appear thin, sharp, continuous, and regularly hyperechoic. In OA, a wide 
set of abnormalities are visualized, with evidence of loss of the anechoic texture, 

Fig. 6.4  Ultrasound of the 
knee in OA. Hyaline cartilage 
of the femoral condyles and 
trochlea. Abnormalities of 
the echotexture with loss of 
the anechoic structure and 
irregularities of the cartilage 
margins are visible. OA 
osteoarthritis

 

Indications
Detection of joint effusion
Detection of synovial thickening and hypertrophy
Differentiation between active and inactive 
synovitis
Assessment of cartilage lesions
Evaluation of osteophytes
Detection of erosions (erosive hand OA)
Evaluation of mucous cysts (hand OA)
Assessment of periarticular soft tissues abnormali-
ties in OA (bursitis)
Execution of US-guided procedures
Monitoring of disease progression from early to 
late	stages;	follow-up	of	the	response	to	local	and	
systemic therapies

OA osteoarthritis, US ultrasound

Table 6.1  Indications of ultra-
sonographic assessment in OA

A. Iagnocco and V. Iorgoveanu
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irregularities of the margins, and progressive thinning (Fig. 6.4). However, for the 
poor contrast between hyaline cartilage and synovial fluid that are both anechoic, 
it may be sometimes difficult to assess small focal defects of the articular cartilage 
on US examination.

Sonographic Findings

For the correct execution of US joint examination and consequent interpretation of 
the pathologic findings, the knowledge of the normal joint and periarticular struc-
tures in US is mandatory. The most common sonographic findings in OA are re-
ported in Table 6.2.

Pathology Findings
Cartilage lesions Blurring, loss of sharpness, and 

irregularities of the anterior and pos-
terior margins
Loss of homogeneity and loss of 
anechogenicity
Focal (asymmetric) or diffuse 
thickening

Joint effusion Abnormal hypoechoic or anechoic 
intra-articular tissue that is displace-
able and compressible, but without 
Doppler signal

Synovial 
hypertrophy

Abnormal hypoechoic, intra-articular 
tissue that is nondisplaceable, poorly 
compressible, and may exhibit Dop-
pler signal

Joint capsule 
hypertrophy

Joint capsule thickening

Osteophyte A step-up bony prominence at the 
end of the normal bone contour, or 
at the margin of the joint seen in two 
perpendicular planes, with or without 
acoustic shadow

Erosion (hand 
OA)

A cortical breakage with the step-
down contour defect seen in two 
perpendicular planes in the joint space

Mucoid cysts 
(hand OA)

Hypoechoic or anechoic cyst, similar 
area located over the distal interpha-
langeal joint

Bursitis Abnormal hypoechoic or anechoic 
intrabursal material that is displace-
able and compressible

OA osteoarthritis

Table 6.2  Sonographic findings 
in OA
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The normal joint is visualized as a typical regularity of the bony cortex, a small 
amount of hypo/anechoic fluid, and a homogeneously echoic joint capsule. In order 
to visualize the hyaline cartilage, specific acoustic windows for dedicated scans and 
correct patient positioning should be implemented (Table 6.3).

Cartilage Assessment

The normal cartilage appears as an anechoic, homogenous band lining the bony pro-
file with two sharp, continuous, and regular hypoechoic margins [19] (anterior and 
posterior). The anterior surface, sharper and thinner than the deeper one, represents 
the	interface	between	the	cartilage	and	the	soft	tissues;	the	correct,	perpendicular	
penetration of the US beam allows optimal visualization [20]. The posterior margin 
is more echoic and thicker than the anterior one, representing the interface between 
the cartilage and the bony profile. The cartilage has a prevalent water content, there-
fore appears as a clearly defined anechoic structure lacking internal echoes [21]. Its 
thickness varies from 0.1 to 0.5 mm in the hand joints and 3 mm in the knee joint.

 
Table 6.3  Ultrasound scan and patient position for cartilage assessment
Joint Patient position Scan
Metacarpo-
phalangeal, 
proximal interpha-
langeal, and distal 
interphalangeal

Sitting position, joint fully 
flexed

Dorsal longitudinal scan
Dorsal transverse scan

Elbow Sitting position, extension of 
the elbow and supination of 
the lower arm

Anterior humeroradial longitudinal scan
Anterior humeroulnar longitudinal scan
Anterior transverse scan

Shoulder Sitting position, hand in 
supination placed on the 
patient’s thigh, with elbow 
slightly flexed

Posterior transverse scan

Hip Supine position, leg 
extended and slightly exter-
nally rotated

Anterior longitudinal scan (parallel to 
femoral neck)

Knee Supine position, joint fully 
flexed

Anterior transverse scan in the suprapa-
tellar area
Anterior longitudinal scan in the supra-
patellar area (over the condyles and 
intercondylar notch)

Ankle (tibiotalar 
joint)

Supine position, flexed knee 
with foot on the examination 
table

Dorsal longitudinal scan
Dorsal transverse scan

Metatarsophalangeal Supine position, flexed knee 
with foot on the examination 
table

Dorsal longitudinal scan
Dorsal transverse scan

A. Iagnocco and V. Iorgoveanu
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Cartilage alterations are viewed in a wide spectrum of ultrasonographic out-
comes, such as those appearing in early disease showing initial blurring of the 
edges, which become irregular and lose their sharpness. As the disease progress-
es, the echogenicity varies with the typical loss of homogeneity and transparency 
(Fig. 6.4). At later stages, focal and asymmetric narrowing appears with the pro-
gression towards the thinning of the cartilaginous layer until disappearance and 
consecutive bony denudation. Care should be taken in the presence of joint effusion 
over the superficial cartilage edge, which may create a false thickening.

There are some limitations related to the use of US in the assessment of hyaline 
cartilage at different joint sites. Particularly those related to the limited width of the 
acoustic windows which may generate a partial visualization view of the cartilage.

Joint Effusion

The Outcome Measures in Rheumatoid Arthritis Clinical Trials (OMERACT) 
group’s definitions for synovial effusion and synovial hypertrophy in rheumatoid 
arthritis can be usefully applied in OA (Table 6.2) [22]. Joint effusion appears as an 
anechoic or inhomogeneously hypoechoic material within the joint cavity, depend-
ing on the presence of intra-articular debris or calcified material (Fig. 6.1). The 
execution of multiplanar and dynamic scans facilitates the evaluation of joint effu-
sion. To avoid misinterpretation in case of small amounts of fluid (which might be 
physiological) comparison to the contralateral side is recommended.

Synovial Hypertrophy

Synovial proliferation is defined as a poorly compressible hypoechoic tissue in the 
synovial joints. In the presence of active inflammation, Doppler signal, corresponding 
to the hyperemic phenomena within the synovial membrane, is demonstrated [23].

Osteophytes and Erosions

An osteophyte is defined as an abnormal step-up prominence of the bone at the end 
of the normal bone contour or at the margin of the joint, which can be seen in two 
perpendicular planes (Table 6.2). It usually has a posterior acoustic shadow. Osteo-
phytes are clearly depicted by US at different joint sites and multiplanar assessment 
facilitates their detection (Figs. 6.2 and 6.3).

In erosive hand OA, erosions may be visualized when a cortical breakdown has 
a step-down contour defect seen in two perpendicular planes within the joint space. 
The lesions can be detected with various degrees of clarity related to the interposi-
tion of osteophytes, which may determine narrowing of the acoustic window.

6 Osteoarthritis
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US is more sensitive than conventional radiography in showing osteophytes, and 
the detection of osteophytes as well as evaluation of their size by US imaging has 
been demonstrated to be reliable at different joint sites.

Other Articular and Periarticular Findings

In hand OA, mucoid cysts are seen as hypoechoic well-defined areas located over 
the superolateral aspect of the distal interphalangeal joints [24]. Occasionally, joint 
capsule hypertrophy and fibrosis can also be seen.

At the knee joint level, periarticular involvement may also be seen. A common 
local sonographic abnormality is inflammation and/or swelling of local bursae such 
as Baker’s cysts and anserine bursitis (Fig. 6.5). Similarly, when the foot is in-
volved, bursitis over the medial aspect of the metatarsophalangeal joint can be vi-
sualized. Bursitis appears as an abnormal hypoechoic or anechoic distention of the 
bursa, with intrabursal material that is displaceable and compressible.

On US, menisci can be visualized as homogeneously hypoechoic, triangular 
structures in the joint space between the bones. The ultrasonographic view of the 
menisci offers indirect signs of OA as meniscal protrusion secondary to joint space 
narrowing in the medial or lateral compartment with the displacement of the col-
lateral ligaments (Fig. 6.3).

Measurements/Subclinical Assessment

Currently, there is no generally accepted US grading system for cartilage changes 
in OA, even though the semiquantitative grading appears to be reliable and feasible 
in the clinical practice. Concordantly and similar to cartilage abnormalities, US 
assessment of other different osteoarthritic lesions such as joint effusion and syno-
vitis, osteophytes as well as periarticular soft tissue pathologies can be graded by 
using semiquantitative scales [25–27]. For assessing joint effusion and synovitis, 
the same semiquantitative scales used in rheumatoid arthritis can be applied [28].

Fig. 6.5  Ultrasound of the 
knee in OA. Baker cyst with 
local effusion and synovial 
thickening and proliferation, 
causing distension of the 
bursal wall
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Osteophytes are evaluated using both dichotomous and semiquantitative scales 
(the latter scored at each joints as absent, mild, moderate, or severe on a scale of 
0–3), whereas clinical bony enlargement was assessed as absent/present. An US 
atlas of osteophytes has been recently developed, and the intra as well as interreader 
reliability of osteophytes US scoring, on still images using the atlas as reference, 
has been examined [29].

Being the most common primary pathology in OA, cartilage thickness has been 
thoroughly investigated in OA patients. However, it was reported that the thick-
ness of the cartilage layer varies in normal subjects and even in the same person. 
Thus, sonographers cannot use common cartilage thickness measures as a reference 
standard. The reliability of sonographic cartilage assessment has been tested in OA 
hands. The diagnostic sonographic pattern was loss of anechoic structure and/or 
thinning of the cartilage layer, as well as irregularities and/or loss of sharpness of at 
least one cartilage margin [30]. Furthermore, US can be reliably used for assessing 
cartilage abnormalities in the metacarpophalangeal (MCP) joints of patients who 
have MCP joint cartilage pathology. The variable results obtained by the sonograph-
ic analysis of single basic components may be improved by the application of strict 
definitions and the standardization of US scanning technique. These data represent 
a good basis for further sonographic studies on structural damage in hand pathol-
ogy. Validation of cartilage degenerative pathology in OA knee joints using US 
was demonstrated in another study. The correlation of severity of cartilage changes 
(grades) between US and arthroscopy is highest at the sulcus area, also significant 
at the medial condyle and nonsignificant at the lateral condyle. A positive finding 
on US is a strong indicator of arthroscopic degenerative changes of cartilage, but a 
negative finding does not rule out degenerative changes. A semiquantitative scale 
has been recently proposed in knee arthroscopy and can be implemented in US [31]. 
This consists of five separate domains assessing (1) predominant morphological 
changes in the medial compartment, (2) predominant inflammation in the medial 
compartment, (3) predominant morphological changes in the lateral compartment, 
(4) predominant inflammation in the lateral compartment, and (5) effusion proved 
recently to be reliable and valid in comparison to the radiography [32].

US may also be suitable to investigate the differentiation between erosive and 
nonerosive OA. Even in this case, OMERACT definitions for erosions in rheuma-
toid arthritis can also be applied in OA. However, they can be detected with varying 
degrees of clarity that can be attributed to the interposition of osteophytes, which 
in turn may narrow the acoustic window [33]. Studies revealed high variability not 
only in the pathology assessed but also in clear definition and grading of the pathol-
ogy. The lack of data on construct and criterion validity for US in OA as well as de-
ficiency of demonstrations on reliability and sensitivity to change remains a matter 
of investigation [34]. Future development of this tool may also require revisiting the 
issue of erosions quantification in OA [35]. The growing number of centers imple-
menting musculoskeletal US in their standard daily practice, would certainly have a 
positive impact on early diagnosis of OA patients. This earlier patient identification 
may offer a window of opportunity for early treatment, monitoring of response to 
therapy as well prevention of joint deformity.

6 Osteoarthritis
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Response to Therapy

While treatment recommendations in OA focus on a holistic approach, the pharma-
ceutical options are currently largely limited to analgesics. However, the spectrum 
of drug therapies is expanding, with a recent increase in interest in potential disease-
modifying therapies in OA [36].

Local treatment is also possible and easily performed with the aid of US. Aspira-
tion of the swollen joint may be indicated for various differential diagnostic purpos-
es. Puncture of the joints and aspiration of fluid may be difficult without imaging 
guidance especially in obese persons or those with small fluid collections. Detection 
and aspiration of Baker’s cyst is one of the traditional procedures performed under 
ultrasonographic guidance in knee OA. Similarly, US-guided local steroid injec-
tion has proven to be accurate and achieved best outcomes in comparison to blind 
injections.

Intra-articular injections of platelet-rich plasma (PRP) and hyaluronic acid (HA) 
represent promising medical treatments for OA, although no comparative study on 
long-term efficacy exists. Most of the current treatments for OA are palliative and 
aim at relieving the symptoms rather than influencing the physiopathology of the 
joint [37]. A recent study compared the clinical efficacy of PRP versus HA at 12 
months of follow-up in 100 patients with hip OA and evaluated the influence of the 
type of injection under ultrasonographic guidance on clinical evolution. An over-
all improvement was detected in both groups between 1- and 3-month follow-up. 
Despite a slightly progressive worsening between 6- and 12-month follow-up, the 
final clinical scores remained higher compared with baseline, with no significant 
differences between PRP and HA. Intra-articular injections of PRP proved effica-
cious in terms of functional improvement and pain reduction but not superior to HA 
in patients with symptomatic hip OA at 12-month follow-up [38].

In hand OA, US assessment proved to be efficient in monitoring the potential 
role of high molecular weight HA in decreasing local inflammation and pain of 
hand OA. The joint capsule distension and local vascularization, significantly cor-
related with the decrease of pain [39].

Conclusion

US has demonstrated to be a valuable imaging tool for assessing osteoarthritic 
joints. In early and late disease stages, it depicts different changes varying from 
inflammation to structural damage. Sonographic findings include joint effusion and 
synovial hypertrophy in inflammatory arthritic joint disease, whereas cartilage le-
sions and osteophytes are seen in the case of structural damage. The detection of 
Doppler signal within synovial tissue represents the mark of local inflammatory 
activity. Further but inconstant findings include: bursitis, joint capsule thickening, 
meniscal protrusions, erosions, and mucous cysts. US permits the location and ex-
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amination of the extent of tissue involvement in single and multiple joints during 
the same scanning session. It also enables the treating health-care professional to 
perform a wide and thorough evaluation of the severity of different osteoarthritic le-
sions. Monitoring of disease progression and response to local/systemic treatments 
represent significant advantages of this imaging modality, which make it particular-
ly appropriate for use in clinical practice. The execution of US-guided procedures 
with safety and reliability has a relevant value in patient management.

Open questions about future applications of US in OA are mainly represented 
by the widespread use of new machines. Future developments in US research on 
OA encompass studies investigating new aspects of the disease and using novel US 
tools such as 3D-US, fusion imaging, and elastography. This will hopefully amplify 
the diagnostic abilities of sonography, analyzing early and late disease with accu-
racy and in minute details.
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Introduction

One of the most frequent situations that a rheumatologist confronts within the 
standard daily practice is the crystal-deposition-induced pathology. The types of 
crystals associated with joint disease include monosodium urate (MSU), calcium 
pyrophosphate (CPP), basic calcium phosphate (BCP), including hydroxyapatite 
(HA) and calcium oxalate. These microcrystals are found not only in the articular 
structures but also in the periarticular tissues.

The crystal-induced inflammatory musculoskeletal (MS) changes are frequently 
encountered in general population. The prevalence of gout, for example, was found 
to be 1.4 % in the UK and Germany [1]. The prevalence of chondrocalcinosis of the 
lower limbs in the elderly Italian population was reported in the range of 10 % of 
the studied population [2]. The prevalence of the crystal-induced arthritis may even 
be higher if the medical inpatients whose intercurrent illness and dehydration may 
trigger acute arthritic attacks were included in the statistical analysis [3].

The attacks of acute arthritis are the characteristic clinical manifestation. These 
attacks of articular inflammation are considered one of the most painful conditions 
in rheumatology [4]. Over time, repetitive episodes may produce chronic arthropa-
thy with subsequent damage in the articular or juxta-articular spaces [3, 5].

In addition to clinical examination and synovial fluid analysis which forms the 
cornerstone for the crystal-related arthropathies diagnosis, recently, imaging tech-
niques booked its place for both the diagnosis and follow-up of the these patients. 
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Ultrasonography (US) is now considered to be one of the most useful tools for di-
agnosis, monitoring, as well as guided interventional procedures, with results com-
parable to magnetic resonance imaging (MRI) or computed tomography (CT) [6, 
7] and better than conventional X-rays [8]. The recent progress in US technology 
(high-resolution machines, high-frequency transducers, new techniques), led to a 
surge of its use by the treating clinicians to confirm the diagnosis or manage the 
acute as well as chronic forms of the disease (Table 7.1).

Gout

Gout, one of the oldest recognized diseases, is a complex form of inflammatory 
arthritis, first identified by the Egyptians in 2640 BC and later recognized by Hip-
pocrates in the fifth century BC. Six centuries later, Galen was the first to describe 
tophi, whereas Antonie van Leeuwenhoek was the first to describe the appearance 
of the crystals from a gouty tophus in 1679, although their chemical composition 
was unknown at that time [9, 10].

Gout is the consequence of deposition of MSU crystals in joints and other tis-
sues, affecting up to 1–2 % of men and occurs as a result of persistent hyperurice-
mia [11]. This is associated with excess morbidity, disability, and poorer quality of 
life [9]. More than 80 % of gout patients have a positive family history of gout or 
hyperuricemia. Four phases are described in the disease evolution: asymptomatic 
hyperuricemia, acute, intercritical, and chronic gout [12].

Diagnosis of suspected gout is based on typical clinical and laboratory (i.e., hy-
peruricemia) findings, while definitive diagnosis requires identification of MSU 
crystals in aspirated synovial fluid or tophi [11].

Review of the literature revealed that the management of gout is often subop-
timal. At the early stage of gout, radiography may not be useful for the disease 

Detection of the joint effusion (quantity, aspect)
Detection of the synovitis (with clinically manifestation or 
asymptomatic)
Differentiation between active or inactive synovitis
Hyaline cartilage and fibrocartilage study (deposits)
Bone contour (erosions, osteophytes)
Tendons evaluations (deposits, tears, inflammation)
Crystal depositions evaluation (articular and/or juxta-articular 
spaces)
Execution of US-guided procedures (for diagnosis and/or 
therapeutic purposes)
Monitoring the disease evolution and progression
Differential diagnosis with other inflammatory arthritis
US ultrasonography

Table 7.1  Main indica-
tions for using US in crystal 
induced arthritis
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diagnosis, as abnormal findings may take several years to develop a radiologic pat-
tern (apart from nonspecific soft tissue swelling overlying the inflamed joint) [13].

Nonspecific Features in Gout

Synovial Fluid

A joint effusion is an early but nonspecific finding in gout patients [12, 13, 15, 16]. 
During acute gout, synovial fluid may vary from complete anechogenicity (usually 
in an early phase of the disease) to aggregates of variable echogenicity (more often 
after multiple acute attacks) [15, 17–19].

Multiple aggregates of MSU microcrystals are visualized as hyperechoic spots 
or bright stippled foci and gentle pressure on the skin surface makes them float 
in the joint cavity, creating a “snowstorm” appearance in some cases [12, 13, 15, 
18–22] (Fig. 7.1).

Decrease of the gain could improve the ability to detect hyperechoic structures 
[13, 14, 18].

Gout has a predilection for the first metatarsophalangeal (MTP I) joint, with as 
many as 50–70 % of first gout attacks occurring there [16, 18]. Ultrasound detects 
more joint effusion than clinical examination especially on dorsal view of the MTP 
joints [23, 24].

In a recent study, the MTP I as well as the radiocarpal joints were the most fre-
quently involved joints for hyperechoic aggregates in gouty arthritis patients (57.1 % 
and 38.5 % of patients, respectively). The midcarpal and the knee joints were also 
frequently involved in patients with gout (28.6 % and 25.3 %, respectively) [16].

Synovial Proliferation and Hypervascularization

Similar to joint effusion, synovial hypertrophy is not specific to gout, but their as-
sociation with hyperechoic spots (bright dotted foci) in the synovium is strongly 
evocative of gout [13, 23].

Fig. 7.1  Gout. The “snow-
storm” aspect of the synovial 
fluid in a popliteal cyst
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Doppler	mode	(power	Doppler,	PD;	color	Doppler,	CD)	is	able	to	differentiate	
active, inflamed, from inactive, noninflamed/fibrotic synovial tissue, by estimating 
the vascular pattern (Fig. 7.2).

While US features of synovial effusion, synovial proliferation, or synovial Dop-
pler signal are not specific for gout, as these US findings are frequently found in 
any type of inflammatory arthritis, all of them are crucial for the diagnosis of gout 
and in the monitoring of the patient and therapy. In addition, PD could be a way to 
monitor acute gouty attacks [25, 26].

Recent reports have shown that the PD signal disappears with treatment, which 
suggests that PD could be a useful method to monitor gouty synovitis response to 
therapy.

Interestingly, other studies reported that the PD signal was even present in as-
ymptomatic joints from gout patients and in asymptomatic hyperuricemia [15, 25, 
26], suggesting that subclinical chronic inflammation may be at work [25]. With 
colchicine therapy, PD signal has decreased and finally disappeared [15].

Fig. 7.2  Dorsal longitudinal 
scans of the first metatarso-
phalangeal joint in patients 
with gout: a acute gout—
large hypoechoic content of 
the joint cavity, with discrete 
vascularization;	b intercriti-
cal gout—small quantity of 
transonic fluid, double 
contour of the hyaline carti-
lage;	c acute flare of chronic 
gout;	d tophaceous gout—a 
large	hard	tophus	( arrows) 
situated intra-articular. The 
posterior acoustic shadow 
makes the interosseous space 
non-examinable
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Bone Erosions

Bone erosions on US have been defined as breaks in the hyperechoic outline of the 
bony cortex (step-down lesions), seen in two perpendicular planes, following the 
Outcome Measure in Rheumatology (OMERACT) criteria [27].

The OMERACT MSUS group has produced a definition of erosion specific for 
gout as follows: intra- and/or extra-articular discontinuity of the bone surface (vis-
ible in two perpendicular planes) [28].

In gout, bone erosions are due to tophus [12–14, 18, 20, 21, 25, 29]. The to-
phus eroding the underlying bone is pivotal for the development of bone erosions 
in gouty arthritis [29], therefore the specificity of an US diagnosis of erosions is 
increased when there are adjacent tophi [12, 29]. Erosions have been found more 
commonly in patients with frequent acute gouty attacks, long disease duration, and 
tophi proven by US [23, 30].

The MTP I joint (medial surface), and metacarpophalangeal (MCP) joints are 
the main targets for erosions in gout [14, 23, 30, 31], but they were also found 
commonly in MTP joints that have never been clinically affected by gout [23, 26]. 
Unlike erosions in rheumatoid arthritis, gouty erosions are usually deeper and more 
destructive [18, 30].

US has proven to be three times more sensitive than plain films in the detection 
of bone erosions <	2	mm	( P < 0.001) [26, 30]. So far, there is no standardized US 
scoring system for erosions in gout. In contrast, in rheumatoid arthritis erosions have 
been classified according to the bones involved (metatarsal or phalangeal), the posi-
tion of the erosions (dorsal or medial) and whether they were unifocal or multifocal. 
They have been categorized into a semiquantitative scale as small erosion < 2 mm, 
moderate erosion 2–4 mm, and large erosion > 4 mm) [21, 30] (Fig. 7.3).

Specific US Features in Gout

Articular Cartilage—“Double Contour Sign”

The double contour sign (DCS) is a highly specific US feature for gout. This DCS 
is a result of uric acid (UA) predilection to crystallize forming deposits of MSU 
microcrystals on the hyaline cartilage surface, which increases the cartilage sur-
face interface giving it a thickness similar to that of subchondral bone [18, 20, 26]. 
OMERACT MSUS group has given the following definition of the DCS: abnormal 
hyperechoic band over the superficial margin of the articular hyaline cartilage, in-
dependent of the angle of insonation and which may be either irregular or regular, 
continuous or intermittent and can be distinguished from the cartilage interface sign 
[28].

Thus, DCS is seen as an echogenic band with an irregular surface detected par-
alleling the bony contour with an anechoic region between. This anechoic region 
represents hyaline cartilage [12–14, 16, 23, 32] (Fig. 7.4).
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DCS adheres to the cartilage, moving together with bone and cartilage layer in 
dynamic moves [13–15].

There is a correlation between the presence of DCS, serum UA level, and the oc-
currence of UA arthropathy, which suggests that DCS could be a marker of severity 
[13].

DCS is most frequently detected in the dorsal aspect of the first MT head (61.5 %) 
and the femoral articular cartilage (41.8 %) and is seen in the majority of joints with 
intra-articular tophi [16, 23].

DCS should be searched in the trochleal cartilage of knees (suprapatellar plane 
in maximal flexion [12, 13, 16, 23, 31] (Fig. 7.5).

It has been reported that the frequency of the “double contour” sign in the knee 
is higher in clinically affected versus unaffected knees of gout patients, although 

Fig. 7.4  Dorsal longitudinal 
scan of the metacarpophalan-
geal joint: a normal aspect 
of	the	hyaline	cartilage;	
b gout— the double contour 
sign. Slight irregularities 
of the superficial margin of 
the hyaline cartilage can be 
observed

 

Fig. 7.3  Chronic gout. Dif-
ferent aspects of the erosions 
at the first metatarsal head: 
a small erosions covered with 
a hyperechoic and inhomoge-
neous	material	( medial scan);	
b	large	erosion	( arrow) 
filled with hyperechoic 
material	(tophus;	dorsal 
scan);	c very large and deep 
erosion	( arrow) realized by 
an intraosseous tophus, quite 
similar with the radiological 
aspect of erosions with over-
hanging	edges	( dorsal scan). 
Note the posterior “dirty 
shadow” artifact
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the difference does not achieve statistical significance [21]. DCS has been noted in 
patients with an acute gout flare-up, with a history of prior gout attacks, in clini-
cally unaffected joints, and also in patients with asymptomatic hyperuricemia. The 
sensitivity of this finding ranges from 25 to 95 % in patients with gout [12–18, 20, 
21, 23, 25, 26, 30, 33]. False-positive results for DCS are possible in the following 
circumstances [13, 15, 19, 20, 23, 30, 31]:

1. The hyperechoic aspect of the normal synovium is a regular hyperechoic band, 
as if written with a pen. DCS is irregular and adheres to the cartilage in dynamic 
moves.

2. The joint effusion induces a posterior-wall echo reinforcement (improvement of 
propagation of ultrasound) and can accentuate the normal hyperechoic aspect of 
the synovium.

3. A thin cartilage in small joints.
4.	 Damaged	 cartilage	 associated	 to	 osteoarthritis	 (OA;	 the	 presence	 of	 synovial	

effusion in the MTP I joint, which is a quite common finding even in OA, can 
enhance the visualization of the superficial margin of the metatarsal hyaline 
cartilage).

5. Hyper-echoic spots located in the middle layer of the cartilage and the presence 
of meniscal calcification are associated with calcium pyrophosphate deposition 
(CPPD) disease. MSU deposition in gout occurs on the surface of the hyaline 
cartilage producing the DCS, whereas CPPD deposition appears as a central 
hyperechoic focus or line within the cartilage.

Responsiveness of US to cartilage changes in gout has been demonstrated by the 
disappearance of the DCS in response to urate-lowering therapy (ULT) in gouty 
patients whose serum UA levels were lowered to 6 mg/dl for 7 months or more, but 
not in patients whose levels remained above 6 mg/dl [34].

A wide range of sensitivity (e.g., 21–92 %) with very high specificity (98–100 %) 
for US-detected DCS in gouty arthritis patients have been reported in the literature 

Fig. 7.5  Longitudinal scan 
of the femoral condyle: 
a	normal	aspect;	b gout—the 
double contour sign
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[12–14, 16, 23, 30–32]. The DCS was found to be present in subjects with gout 
significantly more often than in healthy subjects [14, 20, 23]. Inter-reader reliability 
assessing DCS was found to be excellent [13, 14, 21, 23, 31].

MSU Deposits (Tophi and Aggregates)

Tophi have unique diagnostic importance to gout. They represent deposits com-
posed of MSU crystals core, encased by dense connective tissue [35]. Earlier stud-
ies comparing US to MRI in the detection of gouty tophi revealed that MRI con-
firmed 81 % of the tophi reported by US and US detected 90 % of the reported tophi 
on MRI [7, 36].

The OMERACT MSUS group defined tophus and aggregations as follows [28]:
Tophus is a circumscribed, inhomogeneous, hyperechoic, and/or hypoechoic ag-

gregation (that may or may not generate posterior acoustic shadow) which may be 
surrounded by a small anechoic rim. Aggregates are heterogeneous hyperechoic 
foci that maintain their high degree of reflectivity even when the gain setting is 
minimized or the insonation angle is changed and which occasionally may gener-
ate posterior acoustic shadow. Most commonly, tophi are hyperechoic and always 
heterogeneous [12–14, 16, 19, 23].

Tophi have been also described by US as “wet sugar clumps” with an oval or 
irregular shape [14].

Intra-articular and intrabursal tophi have been defined as heterogeneous hyper-
echoic (relative to subdermal fat) aggregates with poorly defined margins with or 
without areas with acoustic shadowing within the synovial recesses or bursae, re-
spectively [16].

Tophi are walled off and their contour is poorly defined [14, 37]. They could be 
surrounded by a thin anechoic rim. The histopathological equivalent of the anechoic 
rim is formed by macrophages, lymphocytes, and large foreign body giant cells 
[37]. This rim allows distinction of tophaceous material from proliferative synovial 
tissue and hyperechoic joint capsule. At the same time, this halo would be in close 
contact with subchondral bone in the case of pannus invasion of an erosion [14].

According to the degree of compaction of the deposits, tophi could be divided 
into soft/inhomogeneous echogenicity and soft to palpation/ hard/ hyperechoic ag-
gregate generating a posterior acoustic shadow and hard to palpation/and mixed/ 
features of both soft and hard tophus. Tophi that are sonolucent have been termed 
as “soft tophi.” Hard tophi occur in longstanding tophaceous gout, and generation 
of posterior acoustic shadow is due to calcification within the tophus/calcified tophi 
[15, 17, 18, 20] (Fig. 7.6).

The Doppler US can make the difference between active/”hot” tophi and 
inactive/”cold” tophi by the presence or absence of the Doppler signal.

Nevertheless, there is a frequent presence of persistent low-grade inflammation 
in asymptomatic chronic tophaceous gouty arthritis on US [29]. Main sonographic 
features of tophi are presented in Table 7.2.
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US is able to detect tophi both inside and around the erosions [19]. Naredo et al. 
found that the assessment of one joint (i.e., radiocarpal joint), two tendons (i.e., pa-
tellar tendon and triceps tendon), and three articular cartilages (i.e., first metatarsal 
dorsal and plantar cartilage, talar cartilage, and either second metacarpal cartilage 
(dorsal aspect) or femoral condyle cartilage) showed the best balance between sen-
sitivity and specificity (84.6 and 83.3 %, respectively), positive predictive value and 
negative predictive value (91.7 and 71.4 %, respectively) [16].

Intra-articular Tophi

Preferred locations for the disposal of tophi are symptomatic joints and their peri-
articular tissue. Tophi may occur at any site but their frequent locations are toes, 
especially MTP I, wrist, fingers, knee, and ankle [16].

Table 7.2  US features of Tophi
Echogenicity Hyperechoic, hypoechoic, anechoic, and 

heterogeneous
Mostly hyperechoic and heterogeneous

Contour Poorly defined, could be surrounded by a 
small anechoic rim

Shape Oval (spherical or ellipsoid) or irregular
Types according to the degree of compaction Soft

Hard
Mixed

Types according to the degree of inflammation Hot
Cold

Dynamic assessment Tophi do not move with bone and cartilage

Fig. 7.6  SieScape imagine of the first toe in patient with chronic gout. Metatarsophalangeal (1) 
and interphalangeal (2) joints are affected. Note the soft tophi in and around the interphalangeal 
joint	( small arrows),	the	hard	tophus	in	the	nail	bed	( large arrow), and a hyperechoic cloudy areas 
( horizontal arrow). Irregularities of the bone contour of the phalangeal head represent erosions
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In small joints, intra-articular tophi are often associated with bone erosions.
Nearly half of the patients with gout have US-proved tophi in at least one of the 

examined joints, predominantly in subjects with a higher level of UA and subjects 
who do not receive ULT [13, 21, 23].

Main US features of tophi in the MTP I are presented in Table 7.3 [14, 25].

Tophi in Periarticular Tissue

Bursae

The prepatellar and olecranon bursae are the most commonly involved sites [37].
The bursitis has chronic features of inflammation from the beginning. The walls 

are thick, poorly delimited from the surrounding tissues, and the cavity is always 
filled with proliferated synovia. There is not a good correlation with the adjacent 
joint involvement. Peritendinous bursae (infrapatellar, preachillian) are inflamed 
only in cases of concomitant tendon pathology [17] (Fig. 7.7).

The most frequent characteristics of tophi in the olecranon bursa were: hyper-
echogenicity (91.7 %), poorly defined contours (88.6 %), multiple grouped nodules 
(85.6 %), and heterogeneity (68.6 %) [38].

Tendons and Ligaments

Tophi in tendon and ligaments were defined as heterogeneous hyperechoic (relative 
to tendon/ligament fibers) aggregates with poorly defined margins with or without 
areas with acoustic shadowing within and/or around the tendon or ligament, respec-
tively. MSU crystal deposition in tendons was also defined as hyperechoic (relative 
to tendon fibers) linear bands within the tendon substance [13–20, 25, 31] (Fig. 7.8).

Place of the tophi or 
aggregates

In the dorsal proximal recess 
of the synovial membrane
Medial to the metatarsal head
In the central area of the joint 
space

Echogenicity In inflamed joints, intra-artic-
ular tophi are more echogenic 
on the background of the 
hypoechoic or anechoic fluid

Tophi and erosions Formed, oval-shaped tophi 
riding on the hyaline cartilage 
of the metatarsal head, 
impinging on the proximal 
phalanx, and eroding into the 
bone

MTP metatarsophalangeal, US ultrasound

Table 7.3  The main US 
features of tophi in the MTP I
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Fig. 7.8  Gout. Transversal (a) and longitudinal (b) scan of the peroneal tendons. The tendon 
sheath is filled with hypoechoic inhomogeneous material with hyperechoic spot

 

Fig. 7.7  Different aspects 
of the tophi gout: a soft 
tophus in the olecranon 
bursa;	b pseudotumoral 
aspect of a soft tophus in 
the	olecranian	region;	c soft 
tophi in the dorsal aspect 
of the distal interphalageal 
region. Note the extension of 
the deposits in the nail bed 
( arrow);	d mixed tophi in the 
olecranian	region;	e mixed 
tophus over the calcaneus. 
The calcaneus bone contour 
is	still	visible;	f hard tophus 
in the Achilles tendon. The 
posterior acoustic shadow 
covers the calcaneus bone 
contour
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The literature reveals that the most frequently affected tendons and ligaments by 
tophi are the patellar ligament, the triceps tendon, the quadricipital tendon, under 
the lateral collateral ligament, the Achilles tendon and the anterior tibialis tendon, 
and plantar fascia [13, 15, 17, 20, 29, 30, 39, 40] (Fig. 7.9).

Naredo et al. found tendon abnormalities most frequently in the patellar ten-
don (60.4 %) and the triceps tendon (47.3 %), followed by the quadriceps tendon 
(38.5 %) and the Achilles tendon (34.1 %) [16].

Aggregation of MSU crystals at the insertion of the tendons or ligaments (enthe-
sis) leading to gouty enthesopathy [17, 20].

MSU microdeposits, with a small hypoechoic halo due to local inflammation, 
may be seen in tendons even in asymptomatic subjects [15–18, 20, 33].

Subcutaneous Aggregates

In contrast to rheumatoid nodules, 80 % of the gouty nodules appeared as heteroge-
neous masses with generally more of the nodule being hyperechoic [22, 41].

Tophus Measurement and Assessment of Treatment Response by US

Eight methods of tophus measurement have been described in the literature: count-
ing the total number of tophi, physical measurement using tape measure, physical 
measurement using Vernier calipers, digital photography, US, MRI, CT, and dual 
energy CT (DECT). US has an important role in monitoring tophus measurement 

Fig 7.9  Microdeposits of 
monosodium urate crystals 
and intra-tendinous tophi in 
the patellar tendon, associ-
ated with hypervasculariza-
tion: a	transversal	scan;	b 
longitudinal	scan;	c power 
Doppler examination
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in patients receiving ULT. The literature reports good sensitivity to change, associ-
ated with ULT [40] and good intra-observer correlation at follow-up [22], so tophi 
measurement could become an outcome measure for ULT in chronic gout [15, 25].

Tophus size can be directly measured using US calipers and can be reported 
as longest diameter and total volume. Diameters can range from less than 1 mm 
(microtophi) to centimeters. Decrease of tophus volume objectifies a treatment re-
sponse. Ultrasound probes with three-dimensional capabilities may be used for an 
operator-independent measurement of volume [13, 14].

The measurements of tophus size by MRI have correlated well with US measure-
ments [7, 36].

In a study by Perez et al., 68 % of tophi detected and measured with US showed 
significant reduction in tophus size in patients with an average serum urate  < 6 mg/
dl after 1 year of ULT (allopurinol and benzbromarone), compared with tophi where 
the urate remained  > 6 mg/dl [7].

After treatment with pegloticase for 3 months, 22 % of subjects experienced 
complete resolution of the target tophus. After 6 months, 45 % experienced com-
plete resolution [36].

Responsiveness of US cartilage changes in gout has been demonstrated by disap-
pearance of the DCS and/or complete dissolution of tophi in response to ULT [7, 
13, 14, 23].

Asymptomatic Hyperuricemia

The US examination should not be limited to the painful joints. The search for 
deposits of MSU crystals in patients suspected of gout should also be extended to 
asymptomatic joints previously involved in acute attacks [19, 30].

There is a wide spectrum of subclinical structural damage in both intra- and ex-
tra-articular structures in asymptomatic individuals induced by hyperuricemia [33].

Urate deposits in tendons and the synovium and the prevalence of patellar and 
Achilles enthesopathy occur more frequently in subjects with asymptomatic hyper-
uricemia than in asymptomatic, normouricaemic individuals [29, 33, 40].

Some authors have observed that the PD signal was even present in asymptom-
atic joints from gout patients and in asymptomatic hyperuricemia [26, 37].

Tophi were found in tendons (distal patellar tendon), synovium (knees and an-
kles), and other soft tissues in 34 % of patients with asymptomatic hyperuricemia 
[37].

Another published US study found significant number of patients with asymp-
tomatic hyperuricemia and MSU crystals (joints with US-proved effusions were 
aspirated). DCS or “hyperechoic cloudy areas” were seen in 11/26 with 100 % sen-
sitivity and 88 % specificity. [42].

Some author have suggested the need for  use of the terms “subclinical gout” or 
“asymptomatic gout” instead of the old term “asymptomatic hyperuricemia” [21, 
36, 39].
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A study found DCS in 25 % of the MTP I and 17 % of the knees, erosions in 
12 % of the MTP I’s and tophi/intra- and extra-articularly/in 18 % of hyperuricemic 
patient but in none of the normouricemic controls [21]. Another study found small 
tophaceous deposits in 34 % of patients, and an increased power Doppler signal in 
23 % of them [26].

Urate deposition is present in more than half of gout or hyperuricemic patients 
who do not require ULT according to the European League Against Rheumatism 
(EULAR) recommendations [13].

These US findings open a new battlefront in the current debate about the need 
for treatment necessity of urate-lowering agents in asymptomatic patients with per-
sistent hyperuricemia and indisputable US features of MSU microcrystal tissue de-
position such as the DCS or the presence of tophi [33].

US-Guided Interventions

US is also the primary imaging modality used for needle guidance during diagnostic 
and therapeutic interventions.

US can help the clinician to localize synovial fluid in symptomatic or asymptom-
atic gout joints for aspiration [13, 25].

US can assist in the diagnosis of gout, allowing needle guidance for fluid aspira-
tion for microscopic assessment of microcrystals [12].

In addition, US can guide aspiration of accessible extra-articular tophi for micro-
scopic confirmation of the presence of microcrystals [16].

In conclusion, MSUS is a method of choice for diagnosis and management of 
gout and asymptomatic hyperuricemic patients.

Calcium Pyrophosphate Deposition Disease

CPPD is associated with significant morbidity due to the pain in acute attack of 
arthritis or to symptoms of chronic arthropathy. The risk of CPPD greatly increases 
with age, but it can occur in young people too. The prevalence of the disease is 
rather uncertain. In the Framingham Knee Osteoarthritis Study, the prevalence of 
radiological knee cartilage calcification was 8.1 % in a sample of 1425 subjects 
aged more than 63 years [43]. In the general adult population, the CPP-associated 
arthritis is the third most common inflammatory arthritis (0.42 %) after rheumatoid 
arthritis and gout [44]. There are some risk factors recognized for this pathology: 
previous joint injury, age (the major risk), familial predisposition, or metabolic dis-
eases (e.g., hemochromatosis, primary hyperparathyroidism, hypophosphatasia, 
hypomagnesemia) [8, 45]. The best evidence for previous joint injury that may pre-
dispose to CPPD comes from studies of postmeniscectomy knees in which the risk 
of cartilage calcification was five times greater comparing with the contralateral 
unoperated knees [46].
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Due to a large variety of terms concerning the CPP-crystals-related diseases, 
the terminology and classification of CPPD used today was established by expert 
consensus in 2011 [8]. Clinical presentations of the patients with CPPD can be as-
ymptomatic CPPD (incidentally identified be imaging techniques), OA with CPPD, 
acute CPP crystal arthritis (severe pain and swelling in one or more joints with 
self-limiting evolution, replacing the term “pseudogout”), and chronic CPP crystal 
inflammatory arthritis (the chronic oligo/polyarthritis is associated with CPPD and 
presented sometimes as destructive arthropathy).

CPPD is confined to hyaline cartilage, fibrocartilage, and areas of chondroid 
metaplasia (e.g., degenerated areas of tendons, ligaments, and joint capsule) within 
the joint. The formation of calcium crystals occurs within cartilage and other con-
nective tissue and the shedding of these crystals into the joint space may trigger an 
acute inflammatory arthritis [47].

The knee is the most common site followed by wrist, shoulder, ankle, hip, and 
elbow [4, 5, 48]. The deposition of CPP crystals frequently involves at least two 
sites with a mean of four sites involved [49] and it was reported that hip, wrist, 
and symphysis pubis cartilage calcification and synovial/capsular calcification in 
MCP joints commonly occur without knee involvement [50]. In conclusion, when 
a patient with CPPD is investigate scanning multiple sites for searching CPP ag-
gregates is necessary, even in asymptomatic patients.

Hyaline Cartilage

Typically, the CPP crystals are deposited within the hyaline cartilage. The high spa-
tial resolution of the high-frequency transducers (> 13 MHz) and the sparkling re-
flectivity of CPP crystals allow a clear depiction of even minimal aggregates within 
cartilage (< 1 mm). The CPP aggregates will create hyperechoic images inside the 
hypoechoic cartilage, in the middle layer (frequently observed in the femoral car-
tilage of the knee or in the metacarpal heads) [51]. The aspect of CPP deposits is 
related to the evolution phase of the disease (Fig. 7.10). Crystal depositions can be 
focal (isolated spots or extended deposits) or as a thin hyperechoic band, parallel to 
the surface of the hyaline cartilage, which is created by the permeability of the crys-
tal layer, allowing the ultrasounds to penetrate and depict the bone profile. No pos-
terior shadowing is observed [51–53]. A posterior shadowing can be observed only 
when the calcifications have dimensions more than 10 mm [15, 54]. The deposits 
create a “double contour” different from gout in which the crystals are situated in 
the superficial margin of the cartilage [15, 19, 20, 51]. The presence of CPPD in the 
hyaline cartilage may partially explain the damage of the cartilage in chronic CPP 
crystal inflammatory arthritis [20].

Due to the high sonographic reflectivity (similar to the bone) the CPP deposits 
(and also the MSU deposits) are poorly influenced by the ultrasound beam inci-
dence. That is why reducing the gain level or changing the angle of ultrasound 
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incidence are useful methods to differentiate between crystal deposits and other 
hyperechoic structures [19, 51] (Fig. 7.11).

Fibrocartilage

Calcific deposits in fibrocartilage have a punctuated pattern, composed of sever-
al thin hyperechoic spots [19, 54] but sometimes compact deposits can be seen. 
The aggregates create a “punctuate” pattern due to the hyperechoic rounded or 
amorphous-shaped areas [15, 20, 51]. The dynamic evaluation of the joint (real-
time examination) help to confirm their location [20, 51]. Other US findings of 

Fig. 7.10  Longitudinal or 
transversal scans of the femo-
ral condyles—progressive 
CPPD within the hyaline car-
tilage a hyperechoic isolated 
spot;	b	focal	linear	deposit;	c 
diffuse	but	slightly	deposit;	
d hyperechoic band, parallel 
to the surface of the hyaline 
cartilage. CPPD calcium 
pyrophosphate deposition
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fibrocartilage degeneration (mucoid cysts, fibrous tissue, or tears) can be concomi-
tantly found in patients with OA.

In the menisci, the CPP crystals may deposit on the surface, not only inside. In 
this situation, a hyperechoic line (sometimes very thin line) on the meniscus sur-
face can be identified (to be distinguished by the surrounding structure, especially 
hyaline cartilage or synovial fluid during the dynamic examination) [49]. Generally, 
any lesion detected by US must be confirmed by examination in a perpendicular 
section in order to avoid the false positive and negative results. For the menisci, 
the longitudinal scan is very difficult to be obtained so the CPP deposits may be 
misinterpreted.

In 1995, Brandes et al. [55] described three types of meniscal calcification: type 
1A disseminated calcification, which affected equally all four menisci and repre-
sented	primary	chondrocalcinosis;	type	1B	calcification	occurring	in	limited	areas,	
associated with meniscal degeneration and corresponding to secondary chondro-
calcinosis;	 type	 2	 cloud-like	 diffuse	 calcification,	with	 fine	 granular	 amorphous	
materials, interpreted as dystrophic and postnecrotic. The real composition of the 
meniscal calcification (CPP and/or BCP) is difficult to be established. Majority are 
probably mixed, depending probably of the etiology and the stage of the underlying 
disease [56–58]. There are no US studies concerning this problem, but if the poste-
rior acoustic shadow of a meniscal calcification is well defined, probably the BCP 
is the majority component of the calcification (Fig. 7.12).

Fig. 7.11  Longitudinal	scan	of	the	medial	knee.	The	CPPD	( arrows) in the medial meniscus (a) 
are well seen after the gain level is reduced (b). CPPD calcium pyrophosphate deposition
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The deposits are identified more frequently in menisci or in the triangular fibro-
cartilage of the wrist but the intra-articular disks from acromioclavicular, symphysis 
pubis, temporomandibular joints, the labrum from shoulder or hip, and even inter-
vertebral disks can be places for CPPD [48, 50] (Figs. 7.13 and 7.14).

Fig. 7.13  CPPD in a	glenoid	labrum	( arrow), posterior transversal scan and b acetabular labrum 
( arrow), anterior longitudinal scan. IS infraspinatus muscle, S scapula, H humerus, FH femoral 
head, CPPD calcium pyrophosphate deposition

 

Fig. 7.12  The	different	aspect	of	calcifications	( arrows) in medial meniscus: a	CPPD;	b basic 
calcium phosphate. CPPD calcium pyrophosphate deposition
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Synovial Fluid

The synovial fluid from acute arthritis may have an anechoic aspect or may contain 
debris and proteinaceous material. Sometimes typically aggregates of CPP can be 
detected. These are small hyperechoic structures, uniformly rounded, with defined 
margins, floating in the synovial fluid (by pressing the joint with the transducer the 
movement of the aggregates can be observed). Due to their reflectivity, by adjusting 
the gain settings, the differentiation from other hyperechoic and floating structure 
can be done. In bursa or in articular recesses, homogeneous hyperechoic nodular or 
oval-shaped deposits can be identified [15].

Soft Tissues

There are rare reports of extra-articular CPPD deposition or tophus-like deposits 
[59] and periarticular inflammations, like tendinitis, bursitis, or tophi, are uncom-
mon presentations.

The CPPD in tendons is rarer comparing with gout. The calcifications are vari-
able in aspect: hyperechoic spots or subtle hyperechoic linear deposits parallel to 
the tendon fascicles, with or without posterior acoustic shadow and not in continuity 
with the bone [15, 19, 20, 51, 52] (Figs. 7.15 and 7.16). Pathological vascularization 
of the tendon is rarely detected, only in case of significant inflammatory response 
induced by CPP [19].

Validity of US for detecting CPPD crystals in the hyaline cartilage is not well 
known as there are only few studies concerning this aspect. Filipou et al. [60] found 
a sensitivity of 86.7 % and a high specificity (96 %) of US in identifying CPPD 
calcifications in 47 patients with CPPD comparing with 29 patents in the control 
group. Filippucci et al. [31] found a specificity of 97.6 % in a blind evaluation of 

Fig. 7.14  CPPD	( arrows) in a acromioclavicular joint, b sternoclavicular joint, and c symphysis 
pubis. CPPD calcium pyrophosphate deposition
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264 knees in 132 patients comparing 48 CPPD subjects with 32 gouty patients and 
other 52 disease controls. In this study, the presence of hyperechoic spots in the 
hyaline cartilage showed a relatively low sensitivity, 68.7 %.

As concerning the fibrocartilage CPPD, Filipou et al. [61] demonstrated that 
there are important differences between in vivo and ex vivo examination of 11 

Fig. 7.16  Longitudinal	scan	at	the	lateral	epicondyle	( LE) of the elbow—lateral epicondylitis with 
calcification	( arrow)

 

Fig. 7.15  Longitudinal scan of the Achilles tendon (a) and plantar fascia (b). Hyperechoic linear 
deposits parallel to the tendon fascicles, without acoustic shadowing, not in continuity with the 
bone, indicative for CPPD. CPPD calcium pyrophosphate deposition
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menisci in 6 patients undergone knee replacement surgery. Higher sensitivity and 
specificity values were obtained with the ex vivo US examination comparing to the 
in vivo US (67 and 100 % vs. 44 and 50 %, respectively). The technical limitations 
(obese patients, late stage of knee OA with marked osteophytosis), the presence of 
small vessels generating posterior enhancement, and the difficulty of examining 
menisci using perpendicular scans are the explanation for these differences.

The CPPD in tendons was studied by Falsetti et al. [62]. They found in patients 
with CPPD the presence of the Achilles tendon calcifications in 57.9 % patient, 
plantar fascia calcifications in 15.8 % patients, deep retrocalcaneal bursitis in 10.5 % 
patients, and plantar fasciitis in 40.3 % patients. For the diagnosis of CPPD, the 
presence of Achilles tendon calcifications has 39 % sensitivity and 100 % specificity 
and the plantar fascia calcifications 15 % sensitivity, 98 % specificity. An excellent 
agreement was found between US and radiography in detecting Achilles tendon and 
plantar fascia calcifications. Quite similar results were found recently by Ellabban 
et al. They found a sensitivity of US for detection Achilles tendon and plantar fascia 
calcifications of 57.9 % and 15.8 %, respectively, and the specificity of 100 % for 
both. The authors concluded that US Achilles tendon and plantar fascia calcifica-
tions are in fact frequent findings in patients with CPPD [63].

The high specificity of US indicative for crystal deposits at hyaline cartilage 
level was found also in a recent study concerning the shoulder in patients with crys-
tal-related arthropathies [64]. The authors demonstrated that the most frequently 
affected structures of the shoulders in these patients are the supraspinatus tendon 
and the fibrocartilage of the acromioclavicular joint.

US demonstrated a sensitivity and specificity at least equal to that of radiography 
in identifying CPP deposits [54]. The explanation for the calcifications not seen on 
the radiological examination could be the presence of low-density calcifications. 
The small size of CPP deposits and the significant cartilage loss due to OA may be 
other explanations for radiological non-visualization [65]. Furthermore, the CPP 
deposits are not stable and according to the crystal-shedding theory these deposits 
decreasing after an acute attack of arthritis making their radiological detection more 
difficult [66].

Until now there is only one study in which US was compared with conventional 
radiology and CT [67]. In this study on 25 patients with CPP crystals detected in 
the synovial fluid from knees, the conventional radiology found CPPD in 52 %, CT 
in 72 % patients, and US in 100 % of patients. The study showed the advantages of 
US in revealing CPPD, especially for the patients without evidence of diseases at 
classic radiological examination.

No comparative studies between US and MRI in CPPD were published.

Basic Calcium Phosphate Crystals Deposition Disease

BCP crystals is a family of crystals in which the HA is the representative compo-
nent. These crystals have been found in and around the joints and have been associ-
ated with several forms of arthritis and periarthritis [68]. In the last years, there are 
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more and more discussions about the role of these crystals in the OA pathogenesis 
[69, 70]. The presence of HA was correlated with the degree of articular degenera-
tion (elicit the synovial inflammation and cartilage degradation) suggesting that HA 
have a direct pathogenic role in OA [57]. The technical difficulties for identifying 
these crystals is the most important problem of the diagnosis limitation. The factors 
responsible for HA accumulation in the intra-articular space are not fully clarified 
but the crystals were found in higher quantity in the femoral cartilage of osteoar-
thritic patients [71]. Local trauma, surgical procedures, injections, acute illness, or 
hemodialysis favor the HA aggregation in the conjunctive tissue.

Virtually, any joint can be involved, but the most common involved areas include 
the shoulder, great trochanter of the hip, lateral epicondyle of the elbow, or wrist 
tendons;	the	shoulder	is	by	far	most	commonly	involved	[72].

Calcific Tendinopathy of the Rotator Cuff

One of the most frequent localization of HA deposits is the rotator cuff. There 
are three phases in the evolution of a calcification: the formative phase (in which 
calcium crystals are deposited into matrix vesicles that coalesce and form foci of 
calcification), the resting phase (fibrocollagenous tissue encircles and isolates the 
foci of calcification), and the resorptive phase (associated with acute inflammatory 
response). The first two are chronic, lasting for years, usually asymptomatic or with 
pain related to movements [73, 74].

The US morphology of calcifications had been divided into four types: arc shaped 
with	clear	shadowing;	fragmented or punctuated	with	or	without	shadowing;	nodu-
lar,	with	no	shadow;	and	cystic, a bold echogenic wall with an anechoic area, weak 
internal echoes or layering content [75] (Fig. 7.17). The first type of calcification is 
in formative phase and the last ones are in the resorptive stage. The resorptive phase 
is the painful phase of the calcific tendonitis, the pathology being a dynamic process 
[76]. In 10 % of adults on plain radiographs, the calcifications of the rotator cuff can 
be	observed;	only	in	half	of	these	cases,	the	patients	are	symptomatic.	Large	and	
fragmented calcifications were associated with symptomatic shoulder (especially 
with pain). The presence of the PD signal within the calcification and the widening 
of subacromial–subdeltoidian (SASD) bursa are the more powerful US findings 
associated with pain [77]. Sometimes the calcium deposits may drain within the 
SASD bursa and calcium-related bursitis will appear (Fig. 7.18). To mention that 
the HA deposits are less sparkling and the posterior acoustic shadowing can be de-
tected even at small dimensions (< 2–3 mm) [15].

US is important also for the conservative treatment of calcifications. By US 
guidance, the SASD bursa can be injected with corticosteroid or this maneuver can 
be associated with US-guided needling and lavage (barbotage) of the calcification 
(Fig. 7.19). There are two methods for needling and barbotage, using one or two 
needle [78], but the purpose is the same: to dissolve the calcium and to aspirate it. 
Clinical and radiological improvement is significant better when the two procedures 
are combined [79].
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Milwaukee Shoulder

Milwaukee shoulder or apatite-associated destructive arthropathy is an association 
between rotator cuff arthropathy and intra-articular presence of HA crystals. It af-
fects mainly the elderly women and is characterized by intra-articular or periar-
ticular deposition of HA crystals and rapid destruction of the rotator cuff and the 
glenohumeral joint [80, 81].

Great Trochanteric Pain Syndrome

The pathologic changes of the gluteus medius and minimus tendons are the main 
causes of the pain in the great trochanteric region. Apart from tendinopathy 

Fig. 7.17  Rotator cuff 
calcifications: a arc-shaped, 
with clear posterior acoustic 
shadow;	b fragmented, with-
out	shadowing;	c nodular, 
with	no	shadow;	d cystic, 
with echogenic wall and 
anechoic content
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(generally degenerative) or tears, calcification at the tendon insertion (hyperechoic 
spots) or intratendinous (one or more hyperechoic foci within the body of the ten-
don with a posterior acoustic shadow) may be the explanation of this syndrome 

Fig. 7.19  Supraspinatus 
tendon calcifications: a US-
guided needling followed by 
b corticosteroid injection of 
the	subdeltoid	bursa;	c aspira-
tion of a cystic calcification. 
US ultrasonography

 

Fig. 7.18  Calcification 
( arrow) inside the subdeltoid 
bursa	( B). D deltoid muscle, 
SS supraspinatus muscle, GT 
great tuberosity
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(Fig. 7.20). Sometimes fluid in the trochanteric bursa may accompany this situation 
[82, 83].

Oxalate Crystal Deposition Disease

Oxalate crystal deposition disease is rarely seen: in patients with primary hyperox-
aluria or in patients with end-stage renal disease managed with long-term dialysis. 
Oxalate crystal deposits are found mainly in the kidneys, bone, skin, and vessels, 
and less often inside the joints. Musculoskeletal and systemic manifestations of 
oxalate crystal deposition disease are not specific and may be confused to other 
crystal deposition diseases [84].

In Table 7.4 are summarized the main US findings in crystal-related arthropathies.

Conclusions

In conclusion, in the assessment of the patients with crystal-related arthropathies, 
US is an important and valuable tool. Solid US knowledge about normal and patho-
logical aspects of the musculoskeletal structures is needed for a good examination 
and a correct interpretation of the scans. Sonographers should be fully trained be-
fore applying the technique to clinical use, and should work with a qualified sonog-
rapher in the beginning so as to avoid misinterpretations. Combining the clinical 

Fig. 7.20  Calcification	( arrow)	in	the	gluteus	medius	( GM) tendon, longitudinal scan. GT great 
trochanter
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– Gout Calcium pyrophos-
phate deposition 
disease

Hydroxyapatite depo-
sition disease

Hyaline cartilage Double contour: 
enhancement (focal or 
diffuse) of the superfi-
cial articular cartilage 
layer

Double contour: thin 
hyperechoic band 
(focal or diffuse) 
within the cartilage

–

Slight irregularities 
of the superficial 
margin of the hyaline 
cartilage;
Independent of the 
insonation angle

Fibrocartilage – “Punctuate” pattern: 
hyperechoic rounded 
or amorphous-shaped 
areas

Hyperechoic deposits 
with well-defined 
posterior acoustic 
shadow

Hyperechoic thin 
line on the meniscus 
surface

Synovial fluid With hyperechoic 
spots ( < 1 mm) float-
ing within the joint 
cavity

With small hyper-
echoic aggregates, 
uniformly rounded and 
defined margins

“Snowstorm” 
appearance

Bone Intra-articular ero-
sions, profound, and 
destructive
Extra-articular breaks 
of the bony cortex due 
to intraosseous topha-
ceous deposits

Tendon Microdeposits: ovoid-
shaped hyperechoic 
densities
Intra-tendinous tophi
Small hypoechoic 
halo in inflammatory 
response

Hyperechoic spots or 
subtle hyperechoic 
linear deposits parallel 
to the tendon fascicles, 
±	acoustic	shadowing;	
not in continuity with 
the bone

Arc shaped with clear 
shadowing
Fragmented or punctu-
ated ± shadowing
Nodular, with no 
shadow
Cystic, a bold echo-
genic wall with an 
anechoic area

Table 7.4  The main ultrasonographic findings in crystal-related arthropathies
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examination with US scan in patients with suspicion of microcrystalline arthritis 
will offer a more complete picture about underlying pathology and will permit to 
take proper and rapid decisions for the patient management.
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Introduction

Ultrasound has been present in the medical arsenal for more than 70 years. However, 
in the past 30 years, US took a giant leap as the technique passed from a phase of 
purely experimental use to a widely available imaging procedure used in standard 
daily clinical practice. The usage of ultrasound for studying skin started in 1951 
with the work of Meyer et al. [1] but has continued its development through the 
years. In 1979, Alexander and Miller studied the skin using pulsed ultrasound [2]. 
Later on, during the 1980s and 1990s, several groups started to use compact high-
frequency ultrasound machines with fixed-frequency probes that currently can vary 
from 20 to 100 MHz [3–7]. Due to their high-frequency probes and configuration, 
these machines present high resolution but low penetration. Though this enables 
the examiner to detect the dermis and upper hypodermis, they lack color Doppler 
capabilities which means that they cannot detect blood flow. Nevertheless, they 
provide valuable information in a bitmap-type image about local skin changes. In 
the year 2004, the first experience in the use of high- and variable-frequency probes 
with multichanneled color Doppler machines in dermatologic lesions was reported 
[8]. Since then, dermatologic applications of ultrasound have been growing rap-
idly, covering a wide range of common lesions such as benign and malignant skin 
tumors, vascular anomalies, inflammatory diseases, nail lesions, scalp and hair pa-
thologies, and cosmetic applications, among others [9–11]. However, such imaging 
technique requires both an appropriate ultrasound machine and an operator trained 
in dermatologic pathologies. This combination is essential to attain the desired out-
comes, as it is the integration of the information generated by the visual inspection 
of the lesion as well as the anatomical data provided by sonography which would 
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enable achieving the assessment targets [12]. The limitations for this type of imag-
ing	study	are	lesions	that	measure	≤	0.1	mm,	epidermal	only	lesions	and	pigments	
such as melanin [10, 12, 13]. However, having all these settings, ultrasound presents 
an accuracy of diagnosis up to 97 % in common dermatologic entities [13].

Normal Ultrasound Anatomy of the Skin, Nail, and Hair

Skin

The epidermis is the most superficial layer of the skin and shows on ultrasound as a 
hyperechoic layer on non-glabrous skin (i.e., that not from the palms and soles) and 
as a bilaminar hyperechoic layer in glabrous skin (i.e., that from palms and soles). 
Its echogenicity is due to the keratin content. The dermis presents as a hyperechoic 
band, less bright than the epidermis, and its echogenicity is mainly due to the pres-
ence of collagen. With age, a hypoechoic band can be observed in the upper dermis. 
This is called subepidermal low-echogenicity band (SLEB) and corresponds to the 
deposit of glycosaminoglycans in the skin due to photoaging. The hypodermis ap-
pears as a hypoechoic layer due to its fatty lobules that are separated by hyperechoic 
septa. Slow flow arterial and venous vessels are commonly detected in the hypoder-
mis and occasionally in the dermis ([10, 12–15];	Fig.	8.1).

Nail

This is an enthesis organ that makes up a complex with the interphalangeal joint 
and the distal insertion of the extensor tendon. The nail unit can be divided in the 

Fig. 8.1  Sonographic 
anatomy of the normal skin 
(3D reconstruction dorsal 
forearm, transverse view)
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ungual and periungual regions. The ungual region is composed of a hypoechoic 
nail bed mainly made up of collagen that may turn to slightly hyperechoic in the 
proximal region where the matrix is located. Above the nail bed, there is a hyper-
echoic bilaminar structure that is called the nail plate which is composed of hard 
keratin and has two layers: the dorsal and ventral plates separated by a hypoecho-
ic interplate space. This virtual space turns to hyperechoic on higher frequencies 
(	≥	20	MHz).	Underlying	the	nail	bed,	there	is	a	hyperechoic	line	that	corresponds	
to the bony margin of the distal phalanx. The periungual region is mostly composed 
of skin without fatty lobules and is divided into the lateral and proximal nail folds. 
However, hypodermal fatty tissue is prominent in the pulp of the fingers or toes 
([16–20];	Fig.	8.2).

Hair

Scalp hair can be divided into two parts: the deep part which is the hair follicle 
located in the dermis, and the superficial (visible) part that makes up the hair tract. 
The hair follicle appears on ultrasound as an oblique hypoechoic dermal band and 
the	scalp	hair	tract	mostly	shows	as	a	trilaminar	hyperechoic	structure	and	≤	20	%	
may show a bilaminar hyperechoic pattern. The vellus hair present in the rest of 
the body appears as a hyperechoic monolaminar structure. The hair follicles can 
show different depth according to the cycle of the hair, also called the “hair clock 
hair.” Thus, immature hair follicles (telogen phase) are located in the upper dermis 
and mature hair follicles (anagen phase) are located in the deep dermis close to 
the upper hypodermis. In between these phases, there is a catagen phase. Also, the 
orientation of the hair follicles may present some differences according to ethnic 
parameters. Hence, hair follicles tend to be more oblique in Caucasians, almost 
parallel in individuals with African ancestry and more vertical in persons with 
Asian ancestry. The blood flow of the scalp shows a centripetal pattern and mainly 
originates from branches of the temporal and occipital arteries. ([21–24];	Figs.	8.3 
and 8.4).

Technical Considerations

Ultrasound examinations start with the visual inspection of the lesion and the regu-
lation of the lighting in the examination room in order to assess the presence of 
single or multiple lesions. A copious amount of gel is applied in the lesional and 
perilesional region. Comparisons with the contralateral side are also performed. 
The sonographic test begins with a gray scale sweep that is followed by a color or 
power Doppler sequence and then the distribution, thickness, type, and speed of the 
blood vessels is determined by spectral curve analysis. The ultrasound examinations 
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should include at least two sweeps in perpendicular axes (transverse and longitudi-
nal). Frequently, 3D reconstructions are performed in order to clearly demonstrate 
the	pathology	 to	 the	clinicians.	 In	children		≤	 	4	years	old,	sedation	 is	commonly	
used in order to avoid movements or crying of the child that can produce artifacts 
on the screen. Normally, chloral hydrate or melatonin is administered 30 min before 
the ultrasound examination. The chloral hydrate dosage used is 50 mg/kg and the 
melatonin dosage varies according to age. Chloral hydrate allows deeper sedation 
than	melatonin;	 therefore,	melatonin	 is	normally	not	used	 in	periorificial	 lesions	
such as around the eyes or mouth because the child can easily wake up. In these 

Fig. 8.2  Sonographic anatomy of the normal nail. a, b 3D reconstructions (a: gray scale and b: 
power	Doppler;	longitudinal	views,	index	finger;	color filter) show the parts of the nail unit (a) 
and the ungual vessels (b), in color)
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last cases, the preferred sedative is chloral hydrate. The child is monitored using the 
modified	Aldrete	scoring	and	only	discharged	when	the	score	is		≥		9	points	[9, 12, 
13, 25–27].

Pathologies

There are several dermatologic pathologies that can be scanned on ultrasound. 
However for academic purposes, we have divided the rheumatologic topics into the 
following parts:

Fig. 8.3  Sonographic	anatomy	of	the	normal	hair	follicles	( arrows) of the scalp

 

Fig. 8.4  Sonographic anatomy of a normal trilaminar hair tract of the scalp
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Inflammatory Diseases

Psoriasis: Skin and Nail Involvement

This is an autoimmune disease that affects the skin, nails, enthesis, and joints. The 
role of ultrasound is to support an early diagnosis and to assess activity and moni-
toring of the disease [28, 29]. Cutaneous psoriatic plaques appear on ultrasound 
as thickening and/or undulation of the epidermis with decreased echogenicity and 
thickening of the upper dermis. Increased blood flow is usually detected in the der-
mal region of the plaque during active phases. Psoriatic onychopathy presents from 
early to late phases with thickening (i.e., increased distance between the ventral 
plate and the bony margin of the distance phalanx) and decreased echogenicity of 
the nail bed, loss of definition of the ventral plate, hyperechoic deposits in the ven-
tral plate, loss of definition of both plates, wavy and thickened dorsal and ventral 
plates. Importantly, early changes in psoriatic onychopathy may be subclinical [20]. 
Commonly, hypervascularity can be detected in the proximal part of the nail bed 
during the active stages of the disease. Decreased or heterogeneous echogenicity of 
the tendons (due to enthesopathy), anechoic fluid or hypertrophic synovium in the 
joints as well as periarticular bony erosions can also be present ([29–35];	Figs.	8.5 
and 8.6).

Morphea

This is the cutaneous form of scleroderma, a connective tissue disease, and can 
show dermal, hypodermal, and fascial involvement. This latter fascial type is also 
called eosinophilic fasciitis. Morphea can go from inflammatory to atrophic stages 
and	generate	multiple	plaque-type	lesions;	affect	one	or	both	sides	of	the	body	or	
produce a linear type of involvement which is frequently seen in children and can 
present as “en coup de sabre” (ECDS), progressive hemifacial atrophy (Parry–
Romberg Syndrome, PRS), among other subtypes [34, 36–38]. The phases show 
different patterns on ultrasound which can be used for assessing the activity of the 
disease [38]. Usually during the inflammatory phase, there is thickening and de-
creased echogenicity of the dermis and increased echogenicity of the underlying 
hypodermis. In the atrophy phase, there is thinning of the dermis and hypodermis, 
sometimes with absence of fatty lobules, which can generate direct contact between 
the muscle and the dermis. In between these phases, there is an inactive phase. Fre-
quently, in patients with multiple morphea plaques, there are asynchronic activity 
between different plaques or parts of the same plaque. This subclinical data could 
be critical for the early management of these cases [34, 38].

Increased regional blood flow and hyperechogenicity of the hypodermis have 
been reported as the most sensitive sonographic signs for assessing activity in 
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morphea. Also, inflammatory signs of the ipsilateral parotid gland (i.e., decreased 
echogenicity and/or hypervascularity) have been reported in concomitance with 
Parry–Romberg Syndrome [34, 38]. Upward displacement of the nail plate, in-
creased thickness, and decreased echogenicity of the nail bed due to edema, have 
also been reported in scleroderma ([20];	Fig.	8.7).

Fig. 8.5  Cutaneous psoriasis plaque. a Power Doppler and b 3D reconstruction gray scale. Notice 
the thickening of the epidermis and the hypoechoic band in the upper dermis (*). Increased vascu-
larity (a, in color) is also shown in the dermal part of the plaque (a)
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Dermatomyositis

This is an autoimmune disease that affects skeletal muscle, skin, and lungs. On 
sonography, increased echogenicity of the muscle due to inflammation has been re-
ported. Calcinosis cutis is a common finding in this condition which can be detected 
on ultrasound as hyperechoic dermal or hypodermal deposits that show a posterior 
acoustic artifact. These calcinosis deposits may also be seen in the periungual re-
gions at the tip of the fingers. Increased echogenicity of the hypodermis due to pan-
niculitis may also be seen ([20, 34];	Fig.	8.8).

Cutaneous Lupus

This is the cutaneous manifestation of lupus erythematosus which may precede its 
systemic involvement. According to activity, cutaneous lupus has three phases: acute, 
subacute, and chronic, also called discoid lupus. On sonography, the acute phase shows 
as thickening and decreased echogenicity of the dermis with increased echogenicity 
of the underlying hypodermis and regional hypervascularity (Fig. 8.9). Occasionally, 
the dermal involvement may take a fusiform shape. In the discoid or chonic lupus, 
there is atrophy and hypoechogenicity of the dermis with hypovascularity. Isolated 
increased echogenicity of the hypodermis in the acute phase can also be observed 

Fig. 8.6  Common sono-
graphic alterations in psori-
atic onychopathy

 



177

which is called “lupus panniculitis” or “lupus profundus.” Additionally, thrombosis 
and vasculitis may complicate the disease. The thrombosis appears as hypoechoic 
material within the vessels that show lack of blood flow. The disease may also affect 
the nail matrix and bed and cause inflammatory and/or atrophic changes in the ungual 
region with dystrophy (i.e., irregularities) of the nail plate [20, 34].

Fig. 8.7  Morphea. a	Active	phase	( color	Doppler;	transverse	view;	right cheek) shows thicken-
ing and decreased echogenicity of the dermis (*) with increased echogenicity of the underlying 
hypodermis	( o).	A	vessel	is	observed	in	the	dermal	part	of	the	lesion	( arrow). b Atrophy phase 
( gray	scale;	frontal	region;	transverse view) demonstrates lack of fatty tissue in the hypodermis 
(*, between markers) in the lesional area
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Rheumatoid Arthritis

This is a systemic autoimmune inflammatory disease that affects the joints in 
concomitance with diverse organs which include the nails. Ultrasound may sup-
port the early assessment of anatomic changes within the joints such as synovitis, 
periarticular bony erosions, narrowing of the joint space, tendinopathy, tear or 
atrophy of the tendons, among other signs. In the nail unit, rheumatoid arthritis 
produces thickening and decreased echogenicity of the nail bed with regional 
hypervascularity during the active phases of the disease. Upward displacement of 
the ungual plaques can also be detected due to edema ([20];	Fig.	8.10). In contrast 
with psoriatic onychopathy, these patients do not show prominent involvement of 
the nail plate [35].

Fig. 8.9  Acute Lupus. a	Ultrasound	( gray scale, transverse view, right mandible region) demon-
strates thickening and decreased echogenicity of the dermis in the lesional area (*). b Color Dop-
pler ultrasound shows increased vascularity in the region (*)

 

Fig. 8.8  Dermatomyositis, 
calcinosis.	Ultrasound	( gray 
scale, transverse view, right 
gluteal region) shows hyper-
echoic calcified deposits 
(*, between markers) in the 
hypodermis with posterior 
acoustic shadowing artifact
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Immunosuppression Complications

Rheumatologic patients are commonly immunosuppressed, which could be related 
to their primary diseases and/or long-term immunosuppression treatment. Thus, 
common secondary dermatologic problems may be detected or monitored under 
sonography [39, 40]. Among these entities are:

Cellulitis or Panniculitis

These are inflammations of the hypodermal layer and could have several origins 
such as autoimmune issues, trauma, or infection. This inflammatory process usu-
ally	involves	both	the	lobules	and	septa;	however,	it	can	be	divided	in	lobular	or	
septal panniculitis according to the principal involved part. On sonography, there is 
increased echogenicity of the hypodermis, commonly with hypervascularity shown 
on color or power Doppler. However, in the mainly septal forms of panniculitis such 
as erythema nodosum, there is prominent thickening and hypoechogenicity of the 
septa. Anechoic fluid or hypoechoic inflammatory interlobular tissue may show a 
“cobblestone” appearance of the hypodermis ([34];	Fig.	8.11). In the presence of fat 
necrosis, anechoic pseudocystic structures may be seen due to liquefaction of the 
fatty tissue [41, 42].

Fig. 8.10  Rheumatoid arthritis. Color Doppler ultrasound of the nail demonstrated upward dis-
placement	of	the	ungual	plaques	due	to	thickening	of	the	nail	bed	( vertical white line)
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Abscesses

These are infectious anechoic or heterogeneous fluid collections normally with 
echoes due to detritus commonly found in the hypodermis (Fig. 8.12). Sometimes 
hyperechoic septa can be found within the collections, and with color or power 
Doppler increased blood flow may be detected in the periphery [34].

Fig. 8.12  Abscess.	 Ultrasound	 ( gray scale, transverse view, inframammary region) shows 
10.4	cm	transverse	×	2.5	cm	depth,	anechoic	fluid	hypodermal	collection	( between markers) with 
some hyperechoic echoes due to debris

 

Fig. 8.11  Septal panniculitis 
with “cobblestone appear-
ance.” 3D reconstruction 
ultrasound	( gray scale, 
transverse view, anterior 
aspect of the right leg) shows 
increased echogenicity and 
thickening of the hypodermal 
fatty lobules (*). Thickening 
and decreased echogenicity 
of the hypodermal septa (*) is 
also noted

 



181

Odontogenic Fistula

This is a dental inflammatory and infectious process that produces a fistulous con-
necting tract that goes from the bony margin of the maxilla or mandible to the skin. 
Clinically, these lesions can mimic other dermatologic diseases including malignant 
tumors such as basal cell carcinoma. On sonography, there is a hypoechoic or het-
erogeneous band connecting the bony margin of the upper maxilla or mandible with 
the skin. Usually an erosion of the bony margin is detected (Fig. 8.13). Hypervascu-
larity may also be seen in the periphery of the tract [40, 43].

Warts

These are caused by infection with the human papillomavirus and commonly affect 
the plantar regions, although they can also be seen in the hands or other corporal 
locations. Clinically, they may mimic Morton’s neuromas or foreign bodies. So-
nographically, they appear as hypoechoic oval fusiform-shaped structures in the 
dermis with thickening of the epidermis. Frequently, there is hypervascularity with 
slow flow vessels in the dermal part of the wart which usually correlates well with 

Fig. 8.13  Odontogenic	 fistula.	Ultrasound	( gray scale, longitudinal view, chin region) demon-
strates hypoechoic fistulous tract (*) that connects the subepidermal region with the bony margin 
of	the	mandible.	Notice	the	erosion	of	the	bone	( arrow) at the end of the fistula
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the level of pain (Fig. 8.14). Thus, hypervascular warts tend to be very painful. 
Additionally, when the wart is located in the plantar region, commonly there is 
inflammation with anechoic fluid in the underlying bursa which may contribute to 
the	patientʼs	pain	[44, 45].

Skin Cancer

This is the most frequent cancer in human beings and can be divided into nonmela-
noma skin cancer (NMSC) and melanoma. NMSC can be separated into basal cell 
(BCC) and squamous cell carcinoma (SCC). BCC is the most frequent type and 
accounts for 75–80 % of NMSC [46]. The use of immunosuppressive therapies for 
example in the recipients of renal transplants seems to be related to the increase in 
the prevalence of skin cancer, usually nonmelanoma type [47]. This type of cancer 
affects areas of the body highly exposed to the sun such as the face. Even though 
skin cancer shows low mortality, it can cause significant disfigurement which can 
be an important cosmetic problem and may decrease the quality of life of patients. 
Ultrasound allows the detection and measurement of the tumor in all axes. It com-
monly shows as a hypoechoic oval shaped lesion with hyperechoic spots. Slow 
flow vessels may be seen within the lesion. In tumors with a facial location, the 
involvement of muscle or cartilage may be detected [48, 49]. Ultrasound can also 
support the detection of histologic subtypes of BCC with a high risk of recurrence, 
such as the morpheiform, sclerosing, or micronodular forms. The latter types of 
BCC show a higher number of hyperechoic spots within the lesions. Thus, a cut-off 
point	of		≥		7	hyperechoic	spots	within	the	BBC	tumor	is	suggestive	of	a	high	risk	of	
recurrence histologic subtype showing a sensitivity of 79 % and specificity of 53 % 
([50];	Fig.	8.15).

Fig. 8.14  Plantar	wart	( W). a	Ultrasound	( gray scale, transverse view) shows hypoechoic fusi-
form structure in the epidermal and dermal region. b Power Doppler demonstrates increased blood 
flow to the lesion (in color) in the dermis and the underlying hypodermis

 



183

Conclusion

Ultrasound is a powerful and first-line imaging tool for studying common dermato-
logic manifestations of rheumatologic disorders. It can provide subclinical detailed 
anatomical information that can be relevant for management.
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Introduction

The use of musculoskeletal ultrasound (US) in pediatric rheumatology is quickly 
evolving, having gained significant interest long after its application in adult rheu-
matology [1]. US is well suited for the examination of the pediatric musculoskeletal 
system due to the high amount of cartilaginous skeleton which let evaluate deeper 
structures. Moreover, US is a friendly technique, easily acceptable bedside tool 
without exposure to radiation or the need of sedation [2, 3]. Although US has been 
widely used in the diagnosis of the infant hip disorders, the current aim for using it 
is to reach an early diagnosis and to improve routine care for children [4]. US helps 
to distinguish intra-articular from periarticular disorders. Nevertheless, due to the 
unique features of the growing skeleton, it should pay special attention in the in-
terpretation of pediatric US findings. Some of the challenges in such interpretation 
arise from lack of available data about ultrasonographic normality for child’s anato-
my and standardization of US scanning. In addition, US enables the treating doctor 
to examine several joints at the same session lending to early and more accurate 
classification of patients with arthritis [5]. However, the role of US for monitoring 
disease and therapeutic response has not been fully defined. This chapter evaluates 
the spectrum of joint diseases and other unique disorders in childhood concentrating 
on the aspects that are unique to the immature skeleton (Table 9.1).
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Musculoskeletal Ultrasound Imaging in Children: 
Indications and Techniques

Screening for developmental hip dysplasia [6] was the first indication of muscu-
loskeletal US in children. Gradually, the role of musculoskeletal US in standard 
clinical practice has expanded aiming at improving the care of children with mus-
culoskeletal disorders, particularly juvenile idiopathic arthritis (JIA) [1, 7]. Both 
US and magnetic resonance (MR) imaging are the two most suitable tools used for 
the examination of pediatric patients’ immature joints. However, it is important 
to keep in mind that these methods are complementary rather than exclusive, as 
they should not replace or precede clinical evaluation. From a pediatric rheuma-
tology perspective, the principal indication of US is direct visualization of joint 
and tendon sheath inflammatory changes which can be assessed in few minutes, 
even in the absence of abnormalities on clinical examination [8, 9]. The particular 
advantage of US over MRI is its ability to scan multiple joints in a single session, 
which is of paramount importance for the current JIA classification criteria [10]. 
However, in contrast to its ability to assess peripheral joints, it is not applicable 
for axial involvement, including the temporomandibular joint [11–13]. In addition 
to its diagnostic role, US seems to have a promising role in monitoring disease 
activity and therapeutic response [14], though prognostic evaluation has not been 
defined yet.

Regarding technical considerations, high-resolution equipment is essential for 
pediatric musculoskeletal work. As in adults, the choice of transducer (high/low-
frequency transducer) will depend on the type of examinations likely to be under-
taken. Nevertheless, for pediatric musculoskeletal examination, high-frequency 
(7.5–20 MHz) linear transducers are generally equally suited in demonstrating 
superficial structures such as tendons, ligaments, and small joints, as well as larger 
or deeper joints (Fig. 9.1). Color and Power Doppler techniques provide infor-
mation on the vascularization of the synovial and soft tissues reflecting vascular 
abnormalities and active inflammation. However, Doppler setting should be care-
fully considered due to the finding of some Doppler signals that can be detected at 
cartilaginous epiphyses as a physiological finding [15]. The size of the footprint 
(i.e., the surface area of the transducer in contact with the skin) is also an important 

Juvenile idiopathic arthritis
Septic arthritis
Other unique disorders in childhood
Transient synovitis
Legg–Perthes–Calvé disease
Slipped upper femoral epiphysis
Acute and chronic recurrent multifocal osteomyelitis
Enthesopathy and apophysitis in sport activities

Table 9.1  Main applications 
of pediatric musculoskeletal 
ultrasound in routine practice
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factor in examination technique. In children, transducers with a large footprint 
are often inadequate for child’s joint as they cannot be maneuvered adequately. 
A transducer with a smaller footprint, such as the hockey stick transducer, allows 
better angulations between the small joints of the hand and the foot, reducing the 
risk of artifacts.

Despite US standardization has been shown in adults being essential for good 
inter-reader reliability [16], there is a paucity of data on the standardized use of US 
in pediatric rheumatology [14].

US Imaging: Appearance of the Growing Skeleton

Children differ significantly from adults with respect to skeletal anatomy and 
physiology. In children, the end of each long bone is composed of the metaphysis, 
physis (growth plate), and epiphysis. Whereas the skeleton of an adult person is 
completely ossified except for the articular cartilage, a varying degree of epiphy-
seal hyaline cartilage is present in addition to the articular cartilage in children. 
Since	the	growth	cartilage	contains	a	high	amount	of	water;	it	usually	appears	as	
anechoic structure (Fig. 9.2). The US appearance of the joint cartilage in children 
seems thicker than in adults because the individual components of the joint carti-
lage (articular and growth cartilages) are initially continuous with each other. They 
are usually displayed as the only anechoic structure, particularly in early ages. De-
pending on the age of the child, the sonographer will encounter a variable view of 
the joint with regard to hyperechoic (cortical bone) and hypo or anechoic portions 
(epiphyseal cartilage) [17]. However, this also depends on skeletal maturity. Some-
times, the outline of the epiphyseal cartilage can be visualized as hyperechoic line 
depending on the angle of insonation. A particular feature of the growing skeleton 
that can also be seen on US is the presence of one or more secondary ossification 
centers in the epiphyses of the long bones and within the short bones. At birth, 
cortical bone is present in most long bone diaphyses representing the primary os-
sification center while many ossification centers in short bones, for example in the 

Fig. 9.1  Healthy feet in a 3-year-old child. Longitudinal US scan over the cuboid fifth metatarsal 
joint showing cuboid and metatarsal bones partially ossified. US depicts this small joint well-
defined,	epiphyseal	hyaline	cartilage	of	those	bones	appears	as	anechoic	structure	( star)
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wrist, are not present and hardly any epiphyseal bone is present on imaging with 
radiographs. Since imaging appearance of multiple secondary ossification centers 
may cause confusion with fragmentation observed in traction apophysitis, it is im-
portant to have a deep knowledge of the childhood anatomy. However, there is a 
paucity of data on the joints-specific imaging features present during growth and 
development in healthy children [18].

Currently, the pediatric subgroup of the Outcome Measures in Rheumatology 
Clinical Trials (OMERACT) Special Interest Group for musculoskeletal US has 
published definitions for the individual components of the healthy joint on B-mode 
US (or gray-scale US) that will support the interpretation of US findings in chil-
dren having arthritis. The definition for the growing hyaline cartilage on B-mode 
describes it as a well-defined hypo/anechoic structure that is noncompressible and 
in which surface can (but does not have to) be detected as a hyperechoic line with 
evenly spread brighter echoes reflecting vascular channels.

Juvenile Idiopathic Arthritis

JIA, the most common chronic rheumatologic disease of childhood, includes a 
group of clinically heterogeneous arthritis of unknown etiology presenting be-
fore the age of 16 years and lasting for at least 6 weeks [10]. It relies heavily 
on physical examination to determine the disease activity per current validated 
definitions [19], although the detection of joint swelling and limited range of 
motion in pediatric patients varies significantly among experienced clinicians, 
especially in the small joints of the hand [20, 21]. US has demonstrated higher 
sensitivity for detecting joint involvement compared to clinical examination 

Fig. 9.2  Healthy knee in an 
8-month-old child. Longitudi-
nal US scan over the anterior 
surface of the patella shows 
the	patella	( p) as an unossi-
fied structure located anterior 
to the distal epiphysis of the 
femoral	condyle	( F). The 
immature skeleton usually 
appears as anechoic structure 
because the growth cartilage 
contains a high amount of 
water
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[8, 22–25]. The presence of joint involvement in JIA may be expressed by ultra-
sonographic findings on B-mode such as synovial hypertrophy, effusion, bone 
erosions, and enthesitis.

Definitions of JIA pathology have varied in different US studies as a recent 
systematic review showed [14]. The current tendency is to apply the definitions 
of pathological US findings provided for adult rheumatoid arthritis (RA) by the 
OMERACT US Group [26]. Effusion and synovial hypertrophy can easily be im-
aged in peripheral joints. In children, the real-time (or dynamic) examination is the 
most reliable method of scanning for distinguishing synovitis from epiphyseal car-
tilage. Effusion is defined as compressible and displaceable, synovial hypertrophy 
as poorly compressible whereas the epiphyseal cartilage is not (Fig. 9.3). Although 
joint effusion is an early indicator of active joint disease [27], it is nonspecific. Ad-
ditionally, effusion, as small as 1 mL, can be detected with US and may represent 
only a physiological finding in some joints [28]. It is important to keep in mind that 
there is no effusion-specific imaging features for different diseases or supporting 
a specific diagnosis. US cannot accurately differentiate whether a fluid collection 
is inflammatory, infectious, or hemophilic arthropaty. Aspiration of fluid, which is 
more successful with US guidance, remains the key for the diagnosis of joint disor-
der. The thin synovial membrane is undetectable under normal circumstances but it 
can be detected as a hypoechoic structure (relative to adjacent hypoechoic tissues) 
in case of synovial hypertrophy. US can be useful in monitoring disease activity and 
evaluating any response to therapy based on the assessment of volume and distribu-
tion of the pannus as well as synovial vasculature [29–31].

Fig. 9.3  Knee	joint	in	an	8-month-old	child.	Longitudinal	( left side)	and	transversal	( right side) 
US	images	of	the	knee	joint.	Besides	effusion	( Eff) within suprapatellar bursa, effusion is visible 
under	the	unossified	patella	( p). Surfaces of the growth cartilage of patella and femur are detected 
as	hyperechoic	lines	( interface sign) allowing to detect fluid. Dynamic examination would prove 
that	effusion	is	compressible	and	displaceable	tissue,	whereas	the	epiphyseal	cartilage	( e) is not
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Tendon sheath widening is the hallmark of tenosynovitis that can be detected by 
US in JIA patients, particularly in the ankle and wrist joints [32–35]. The US ap-
pearance of tenosynovitis is the same in patients of all ages [26]. Studies focusing 
on healthy children depicted the presence of small amount of fluid within tendon 
sheath as a physiological finding [28]. Color and Power Doppler techniques provide 
information on the vascularization of the synovial and soft tissues reflecting active 
inflammation and vascular abnormalities (Fig. 9.4;[31]).

Entheses inflammation is a distinctive feature of enthesitis-related arthritis 
(ERA), which is associated with human leukocyte antigen (HLA) B-27 and repre-
sents nearly 20 % of JIA categories [36]. Typically, involvement of the lower limb 
enthesitis (i.e., the plantar aponeurosis, calcaneal entheses, and distal and proximal 
insertions of the patellar tendon), the tarsal joints, and the small toe joints is com-
mon in ERA. Definition of enthesitis includes abnormal hypoechoic (loss of normal 
fibrillar architecture) and/or thickened tendon or ligament as its bone attachment 
(may contain hyperechoic foci consistent with calcification) seen in two perpen-
dicular planes that may exhibit a Doppler signal and/or bony changes such as en-
thesophytes, erosions, or irregularities [26]. Although enthesitis may be associated 
with bursitis, it must be noted that a minimal amount of bursal fluid can be detected 
with US in healthy children (Fig. 9.5). The examiner should be aware that enthesitis 
ultrasonographic image in children differs from adults mainly in the appearance of 
bony structure on which the tendon attaches. Depending on the child’s age, tendons 
and ligaments attach to layers of fibrocartilage and hypoechoic cartilage covering 
the secondary ossification center of the bone to which they insert. It is important to 
recognize the real tendon insertion site. For example, the distal portion of the patel-
lar tendon lies in close apposition with the tibial epiphysis before inserting on the 
tuberosity. Additionally, when a growing child is examined by Doppler US, some 
vessels within the nonossified apophysis and epiphyseal cartilage can be detected 
indicating physiologic blood flow (Fig. 9.6;	[37]).

US is able to show the ossification nuclei in the epiphyseal cartilage much earlier 
than when it becomes visible radiographically. However, US assessment of struc-
tural damage in children with JIA remains a challenge because of the peculiari-
ties of the growing skeleton. Physis (or growth plate) showed as a discontinuity of 

Fig. 9.4  Tenosynovitis of the posterior tibialis tendon. a B-mode US image: Longitudinal US 
image shows tenosynovitis as the presence of anechoic synovial fluid surrounding the tendon and 
loss	of	the	homogeneous	fibrillar	pattern	of	the	tendon	( t). C: cartilage of the distal end of tibia. e: 
secondary ossification center in tibial epiphysis. b Power Doppler US images: Longitudinal and 
transversal US images showing active inflammation
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cortical bone in the oldest children and physiological irregularities visualized by 
US in some ossification centers may be misinterpreted as erosions. Nevertheless, 
bony erosions can be detected by US with even higher sensitivity than that of con-
ventional radiography [38]. As joint space narrowing is secondary to erosion and 
loss of articular cartilage, early US assessment showing decrease in joint cartilage 
thickness seems crucial in JIA [39]. On the other hand, epiphyseal vasculariza-
tion can become conspicuous in inflammatory states of chronic disease (Fig. 9.7;	
[40, 41, 34]). Nevertheless, Doppler sensitivity to inflammatory flow (low-velocity 
flow) could depend partly on the settings and partly on the equipment.

US is the best available imaging technique for guiding needle position within 
inflamed joints and tendon sheaths in local procedures [34, 35]. Fluid aspiration 
for analyzing is important to exclude septic arthritis [42] or hemarthrosis in routine 
practice [43].

Fig. 9.5  Distal patellar tendinopathy. a Longitudinal B-mode US image shows distal insertion 
of	the	patellar	tendon	( Pt). Transducer should be positioned parallel to tendon insertion in order 
to assume a homogeneously hyperechoic appearance (avoiding anisotropy). Deep to the patellar 
tendon,	a	minimal	amount	of	bursal	anechoic	fluid	can	be	observed	( star). Note that under the deep 
infrapatellar bursa, a layer of hypoechoic fibrocartilage is covering the secondary ossification cen-
ter	of	the	tibial	tuberosity	( Tt)	to	which	the	patellar	tendon	inserts.	Apophyseal	cartilage	( cross) of 
the tibial tuberosity remains between tibial diaphysis and secondary ossification center. b Longitu-
dinal	( left side)	and	transversal	( right side) US images reveal a focal thickened and heterogeneous 
hypoechoic patellar tendon insertion with Power-Doppler signal reflecting active tendinopathy

 

Fig. 9.6  Healthy	knee	in	a	6-year-old	child.	Longitudinal	( left side)	and	transversal	( right side) 
US images of the knee joint. Power Doppler US scan over the anterior-lateral surface of distal 
femur	shows	normal	vascularization	in	epiphyseal	cartilage	( eC) of the femoral condyle. As the 
ossification process of the distal end of the femur has not been ended, the physis appears as cortical 
discontinuity in both images
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One of the most amazing issues for future searches is to identify the potential US 
role in the detection of subclinical disease in the pediatric population. US has re-
cently been used to confirm the disease activity status and detect patients in disease 
remission. Earlier studies demonstrated that a significant number of JIA patients in 
clinical remission, have abnormal US findings, particularly in the wrist and ankle 
joints [44, 7]. A recent paper showed the superiority of US for detecting subclini-
cal activity through the presence of positive PD signal in patients having inactive 
disease on and off medication [45]. The clinical relevance of those observations 
detected by US remains a critical issue that need to be addressed.

Septic Arthritis

Septic arthritis is infection of a joint which can occur either by direct spread of 
contiguous osteomyelitis, hematogenous dissemination from a remote site, or di-
rect inoculation due to penetrating trauma. The most common presentation pattern 
of septic arthritis is monoarticular. In children younger than 3 years old, the hip is 
commonly affected, though the knee and ankle joints are also often involved. On 
the other hand, in neonates, due to the metaphyseal vascularization the association 
of osteomyelitis and septic arthritis is particularly more frequent. Clinical findings 
along with erythrocyte sedimentation rate greater than 40 mm/h, and white blood 
cell (WBC) count greater than 12,000/mm3 are strong predictors of an infected 
joint. Irritability and refusing to be breast fed are more common symptoms in 
neonates.

The main role of US in septic arthritis is the detection of joint effusion in a child 
with suspicion of infection. US is a handy tool for guiding pus joint aspiration [42];	
It relieves intracapsular pressure, decreases damage to the articular surfaces, and 
helps to guide antibiotic treatment [46]. Although septic effusion often contains 

Fig. 9.7  Juvenile idiopathic arthritis in the knee joint. a Longitudinal B-mode US image shows 
the	presence	of	suprapatellar	bursitis	( sp), erosion and decreased homogeneous hypoechogenicity 
of	the	femoral	epiphyseal	cartilage	( stars). b Longitudinal Power Doppler US image pathologic 
vascularization involving the synovial tissue and epiphyseal cartilage close to the erosion. e sec-
ondary ossification center in epiphysis
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bright echoes and debris [47], US cannot be reliably used to differentiate septic 
arthritis from noninfectious arthritis based on the size and echogenicity of the effu-
sion. On the other hand, an anechoic collection resulting from infected joint fluid 
is quite rare. Usually Doppler signal may be detected surrounding the joint at early 
disease (Fig. 9.8), although the absence of US features does not exclude it [48, 49].

Transient Synovitis

In the field of pediatric rheumatology, US has been used in the initial workup of the 
hip disease in children having limited or no weight-bearing capability [50]. Tran-
sient synovitis (TS or toxic synovitis) represents the most common cause of acute 
nontraumatic painful hip in children between 5 and 10 years of age [51]. US allows 
early detection of effusion as the plausible cause. Managed with only supportive 
measures, such as avoidance of weight bearing and anti-inflammatory medication, 
it usually resolves in 3–10 days with no long-term consequences. US is also used 
for monitoring and follow-up of children with longer or repeated episodes of TS in 
order to rule out early Perthes disease.

The differential diagnosis of TS includes infection (septic arthritis, osteomyelitis 
[52], Legg–Calvé–Perthes disease, slipped capital femoral epiphysis (SCFE), JIA, 
or tumors [53]).

Fig. 9.8  Septic arthritis. Longitudinal color Doppler US image of the knee shows suprapatellar 
bursitis with synovial thickness and hyperemia reflecting acute arthritis
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In TS, effusion is identified as the only cause of distention of the anterior joint 
recess;	no	significant	thickening	of	both	layers	of	the	capsule	exists	(Fig.	9.9). The 
anterior-sagittal approach clearly demonstrates joint effusion within the anterior 
recess of the hip capsule. The joint capsule is normally concave anteriorly and 
close to the femoral neck. A minimum of about 1 mm3 of fluid may be detected in-
tracapsular, allowing differentiation of both layers of the capsule [54]. On B-mode 
ultrasonographic image, an effusion is diagnosed when the joint capsule bows an-
teriorly in addition to: (1) distension more than 5.2 mm with fluid measured from 
the middle of the femoral neck to the capsular outer margin [28];	or	(2)	when	the	
distension of the capsule is 2 mm or more than the contralateral asymptomatic side. 
Often the asymptomatic contralateral joint offers the best standard for comparison. 
Hip aspiration should be recommended to patients who pose a diagnostic problem, 
such as a high level of suspicion for septic arthritis or a chronic rheumatologic dis-
order [42, 55]. Unlike JIA and infectious diseases, Doppler signal is not visualized 
in the hip capsule.

Legg–Perthes–Calvé Disease

Legg–Perthes–Calvé disease (LPCD) is an idiopathic osteonecrosis of the immature 
capital femoral epiphysis. It occurs in children between 2 and 14 years of age, with a 
peak incidence at 5–6 years old, male predominance, and mostly unilateral involve-
ment. Although the causes of LPCD disease are unknown, there is considerable 
evidence that the disease might have an underlying vascular mechanism [56, 57]. 
LPCD may also occur as a result of recurrent TS in patients who have long-lasting 
effusion and symptoms [58]. Clinical symptoms include limp and pain in the hip, 
thigh, or knee.

Fig. 9.9  Transient synovitis. 
Transverse and longitudinal 
B-mode US images of the hip 
joint show distended anterior 
recess due to the presence 
of	anechoic	effusion	( Eff) 
without thickening of the 
hip capsule layers associ-
ated	( stars). The surface of 
the hypoechoic cartilage of 
the femoral head is clearly 
visible as a strong reflection 
( interference sign) between 
the effusion and the epiphy-
seal	cartilage	( eC)
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In early LPCD, the radiography may be normal or show collapse of the femoral 
head [59]. Though there are no specific US features, hip effusion can be visualized in 
early disease. The permanence of effusion or irregular echogenicity may help to sus-
pect the disease. After the ischemic phase, US can show irregularities in femoral head 
contour because of fragmentation of epiphysis, and deformity ([60];	Fig.	9.10). Using 
Doppler technique, Doria [57] has described some changes in the intraosseous/deep 
transphyseal vascularity of the proximal femur in children with LPCD.

Slipped Capital Femoral Epiphysis

SCFE is a well-described cause of adolescent hip pathology. SCFE is an idiopathic 
disorder—even though a trauma was reported in 50 % of cases—characterized by a 
displacement of the capital femoral epiphysis from the femoral neck before fusion 
of the physis. It should be sought in obese adolescents [61], mainly boys, present-
ing with unilateral limp and pain. Contralateral hip may be affected later, turning it 
to bilateral involvement. Overall, the prognosis with conservative treatment is very 
good and surgery procedures are indicated for high-risk patients to avoid permanent 
deformity and avascular necrosis.

Though the initial concept was that US may not be the tool of choice for the 
diagnosis of SCFE, this was challenged by the results of several small studies [61–
63] published earlier. These data were supported by the results of a recent study 
[64] reporting that US may be more sensitive than radiography for the diagnosis of 

Fig. 9.10  Legg–Perthes–Calvé disease. Longitudinal US scan of the hip joint shows hypoechoic 
effusion	( Eff). The hyperechoic surface of the epiphyseal cartilage of the femoral head is not 
visible due to the disease. Note irregularities in femoral head contour because of fragmentation 
of epiphysis and deformity. Doppler was applied towards the anterior and posterior layers of cap-
sule in order to identify active synovial membrane but only a vessel is detected outside of capsule
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SCFE. Joint effusion, which often accompanies SCFE, was readily recognized and 
quantified by US. US also permitted recognition of the initial SCFE and assess-
ment of the slip degree by measuring the height of the physeal step [65]. In addi-
tion to its role in diagnosis, US proved to play an important role in the follow-up of 
SCFE patients. In a prospective study of patients with SCFE, serial US evaluation 
seems to be more sensitive than radiography in showing epiphyseal displacement 
and reduction [66];	while	joint	effusion	represented	physeal	instability,	recent	pro-
gression suggests that SCFEs should be operatively fixed. On the other hand, re-
modeling was reported as a sign of chronicity. In contrast, MRI easily allows the 
detection of early widening of the physis, which represents a high risk of displace-
ment of the epiphysis.

Acute and Chronic Recurrent Multifocal Osteomyelitis

Osteomyelitis is defined as an infection of the bone, bone marrow, and surround-
ing soft tissue. In childhood, the most common route of infection is hematogenous 
spread of a microorganism. In growing bone, the diaphysis and metaphysis share 
the same nutrient arteries and veins that lead to the formation of so-called sinusoidal 
lakes in the metaphysis [67]. These sinusoidal lakes make favorable the implanta-
tion of microorganism, thus leading to a focus of osteomyelitis.

In contrast to neonates, who are more prone to acute osteomyelitis and where 
acute hematogenous osteomyelitis primarily arises in the metaphysis, in children 
younger than 18 months of age, transphyseal vessels allow vertical spread of infec-
tion from the metaphysis through the physis into the epiphysis. On the other hand, 
after 18 months of age, these transphyseal vessels disappear and the physis acts 
as a natural border preventing the spread of osteomyelitis towards the epiphysis. 
Secondary spread by contiguity and direct spread of infection or after a trauma are 
seen less often in children. The most common site of infection is the long bones, 
especially the femur and tibia. Most infections are mono-ostotic, but polyostotic 
involvement is reported in up to 6.8 % infants, whereas its prevalence was 22 % in 
neonates [68]. Clinical presentation can be diverse and therefore confusing (pain, 
fever, swelling, tenderness, and reluctance to move limbs). Acute hematogenous 
osteomyelitis (AHOM) is defined as the presence of complaints for fewer than 
14 days, whereas the subacute form persists longer than 14 days. The most com-
mon organism causing AHOM is Staphylococcus aureus but other pathogens were 
identified [69]. Ideally, antibiotic treatment is based on the isolation of the pathogen 
from the focus of infection or blood.

In osteomyelitis, conventional radiography is the initial modality of choice to 
evaluate osseous changes and is valuable to rule out other disease conditions [70]. 
US can provide useful information for an early diagnosis and it allows comparing 
the affected side with the opposite side even though it has limitations in evaluating 
bone structures (Fig. 9.11;	[71]). In acute osteomyelitis, US has a high sensitivity for 
the detection of early abnormalities in the soft tissues overlying the bone and fluid 
collections just 1–2 days after the onset of symptoms and before any radiographic 
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sign is manifest. [72]. As infection progresses, US can also identify subperiostal 
abscesses (Fig. 9.12), fistulas, and sinus track formation [72, 73]. Furthermore, it 
is possible to perform US-guided direct intervention, such as aspiration or drainage 
of an abscess, or joint effusion. During the course of the disease, color and power 
Doppler imaging can reveal a hypervascular pattern within and around the infected 
periosteum: this finding can be used as a parameter for monitoring the progression 
or regression of inflammation and to assess the response to antibiotic therapy [73]. 
Although MR imaging is the most sensitive and specific imaging modality for eval-
uating bone and extraosseous changes in osteomyelitis, scanning more than once to 
improve the detection rate is restricted by the need for sedation.

Chronic recurrent multifocal osteomyelitis, a disease that primarily occurs in 
childhood, is associated with the so-called SAPHO syndrome (Synovitis, Acne, 
Pustolosis, Hyperostosis, Osteitis). It is characterized by a variety of subacute and 
chronic foci of osteomyelitis with the absence of causative microorganism detect-
able from specimens, septic features, and abscesses [74]. Besides guiding aspira-
tion, US can be used to identify polyarticular involvement.

Enthesopathy and Apophysitis in Sport Activities

The fibrillar appearance of tendons and ligaments is similar in all ages, but dif-
fers in its attachment to bone. Apophyses are secondary growth centers that serve 
as tendinous attachment sites. Pediatric athletes involved in sport activities suffer 
from increasing forces acting on the “muscle–tendon–bone” unit. Unlike adults, the 

Fig. 9.11  Acute osteomyelitis at the distal end of tibia. Longitudinal power Doppler US of the 
symptomatic and asymptomatic ankles. The power Doppler signal was asymmetrically increased 
over	the	metaphysis	and	epiphysis	of	the	distal	left	tibia	( symptomatic). In children younger than 
18 months of age, transphyseal vessels allow vertical spread of infection from the metaphysis, 
through the physis into the epiphysis and joint space. m metaphysis, e epiphysis, asympt asymp-
tomatic, sympt symptomatic
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weakest point of this unit in children is the attachment of the tendon to the immature 
bone (i.e., fibrocartilage and hypoechoic cartilage covering the secondary ossifica-
tion center of bone). Unossified apophyses are prone to both chronic traction injury 
(apophysitis) and acute avulsion fractures.

Chronic repetitive microtrauma secondary to overload could lead to osseous or 
cartilage fragmentation, as well as local inflammation (e.g., Osgood–Schlatter dis-
ease that results from repetitive traumatic traction on the tibial apophysis by the 
patellar tendon). Not only US is able to detect the disease pathologic feature but 
it also enables the treating doctor to monitor the Osgood–Schlatter disease course. 
This varies from focal hypoechoic swelling of the physeal cartilage, fragmentation 
of the ossification center (i.e., small calcified fragments and irregularities in the 
bony outlines), patellar tendon lesions (i.e., hypoechoic appearance), and reactive 
bursitis of the deep or superficial tibial patellar bursae (Fig. 9.13;	[75, 76]). In the 
acute phases, local hyperemia can be demonstrated with color and power Doppler 
imaging [76]. In Sinding-Larsen–Johansson syndrome, US findings are the same as 
those in Osgood–Schlatter disease but located at proximal insertion of the patellar 
tendon.

Fig. 9.12  Abscess in osteomyelitis. Longitudinal B-mode US image of distal leg over the anterior 
surface	of	the	metaphysis	of	femur	( F) shows swelling of the soft tissues with nonhomogeneous 
echogenicity overlying the affected bone (between stars). Note small fluid collections into the 
abscess	and	a	thin	layer	of	subperiosteal	fluid	causing	elevation	of	the	periosteum	( arrow). US 
allows to perform guided aspiration or drainage of abscess lending to accuracy in antibiotic therapy

 

P. Collado Ramos and E. Álvarez Andrés



201

In avulsion injuries (apophyseal separation), the insertion of the tendon is torn 
away from its origin. It usually results from violent muscle contraction. US image 
shows a thickened tendon associated with elevation and fragmentation of the in-
volved bone cortex forming two hyperechoic layers instead of one. This appearance 
(the “double cortical sign”) indicates minimally displaced cortical avulsion. On ra-
diographs, acute apophyseal avulsion is diagnosed when there is displacement of 
the apophysis from its expected position. US comparison with the opposite side will 
be useful at early disease if no abnormalities are observed. MRI has the advantage 
to show marrow edema within the apophysis [77].
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Introduction

The use of ultrasonography (US) has changed the traditional concept of idiopathic 
carpal tunnel syndrome (CTS), caused by median nerve entrapment in the carpal 
tunnel (CT), to a miniature closed compartment syndrome with its own causes 
and pathophysiology. The ability of US to depict normal and pathologic median 
nerve morphology, abnormalities of the tunnel wall, as well as its contents has had 
a positive impact not only on using US as a diagnostic tool but also as a manage-
ment guide and outcome predictor. US has been compared to nerve conduction 
study testing, and was recommended as a new alternative diagnostic modality for 
the evaluation of CTS [1, 2]. Furthermore, the development of high-resolution 
US transducers gave US several advantages over MRI, including being relatively 
fast, inexpensive, dynamic, and allowing blood flow imaging with relatively little 
additional time [3, 4]. To explain the findings seen on US scanning of the CT, it 
is important to start with a brief review of the applied anatomy and pathophysiol-
ogy. This chapter then discusses US of the CT, tips to enhance it reproducibility, 
its use for diagnosis as well as management including an algorithm for patient 
diagnosis and the use of US as a biomarker for tailoring a treatment approach for 
CTS patients.
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Applied Anatomy of the Carpal Tunnel

The Carpal Tunnel

Although the CT appears as an open passageway communicating the flexor com-
partment of the forearm proximally and the mid-palmar space of the hand distally, 
it functions as a closed compartment and maintains its own tissue fluid pressure 
levels [3]. Anatomically, the CT is an inelastic fibro-osseous tunnel on the palmar 
aspect of wrist extending from distal volar wrist crease to the mid-palm (Fig. 10.1). 
The osseous component (carpal bones) together with the palmar radio-carpal liga-
ment and palmar ligament complex between the carpal bones forms its floor and 
sides. The arch formed by the carpal bones is defined by four bony prominences: 
the tubercle of scaphoid and trapezium radially as well as the pisiform and hook of 
hamate medially. The tunnel roof is formed broadly by the flexor retinaculum or 
transverse carpal ligament (1–3 mm thick and 3–4 cm wide). However, the flexor 
retinaculum is formed by three contiguous distinct components. The proximal por-
tion is a direct continuation of the deep investing fascia of the forearm (antebrachial 
fascia). Distally, the transverse carpal ligament represents the central portion of the 
flexor retinaculum. Most distally is an aponeurosis between the thenar and hypo-
thenar muscles [4]. The anatomic zone of the flexor retinaculum extends from the 
distal radius to the proximal metaphysis of the third metacarpal. The distal volar 
flexion crease crosses proximal end of scaphoid and pisiform and marks proximal 
edge of transverse carpal ligament. Longitudinally, the CT is widest at its proximal 
and distal margins (25 mm), whereas it gets narrower midway approximately at the 
hook of the hamate (about 2–2.5 cm distal to its most proximal margin) with a mean 
width of 20 mm. The transverse carpal ligament is thickest at the level of its attach-
ment to the hook of the hamate and the tubercle of the trapezium, which is also the 
narrowest region of the CT.

Fig. 10.1  Anatomy of the carpal tunnel: the proximal level of the carpal tunnel, delineated by the 
pisiform and the scaphoid carpal bones. The transverse carpal ligament forms the carpal tunnel 
roof. The median nerve and flexor tendons (surrounded by their tendon sheaths) pass through the 
tunnel, with the median nerve lying palmar and radial, TLC  Transverse carpal ligament
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The principle contents of the CT include: (1) the median nerve, typically accom-
panied by the highly variable arteria mediana and (2) nine extrinsic flexor tendons 
(four tendons of flexor digitorum superficialis and four tendons of flexor digitorum 
profundus in common flexor sheath as well as one tendon and sheath of flexor pol-
licis longus). The muscles of the nine extrinsic flexor tendons which traverse the 
CT originate from the medial epicondyle of the humerus and the anterior aspect 
of the radius, ulna, and interosseous membrane. The musculotendinous junctions 
are found proximal to the proximal edge of the CT. In the tunnel flexor digitorum 
superficialis, tendons of middle and ring finger are superficial than that of index 
and little fingers, whereas the median nerve lies most superficially, just beneath the 
flexor retinaculum passing between the tendons of flexor digitorum superficialis ul-
narly and flexor carpi radialis radially, dorsal or dorso-radial to the palmaris longus 
tendon. The tendons are surrounded by mesodermal tissue, which provides vincular 
blood supply to the tendons as well as extratendinous lubrication and nutrition. The 
mesodermal tissue is composed of a continuous layer of mesoderm, forming invagi-
nated loops around the individual tendons. The source of the blood supply to the 
tendinous vincula is the anterior interosseous artery [5]. Just above this layer of me-
sodermal tissue is the fibrous layer of the anterior wrist joint capsule which is con-
tinuous with the periosteum of the carpal bones and the transverse carpal ligament.

Recently, lumbrical muscle incursion into the CT has also been implicated as a 
possible cause for CTS. Besides the margins and the anterior surface, the origin of 
the lumbricals also extends on the posterior surface of flexor digitorum profundus 
tendons. In a study carried out by Joshi et al. [6], they found that the proximal at-
tachment of the second lumbrical was extending into the CT compared to the rest 
of the lumbrical muscles whereas in some cases the first lumbrical was found in 
continuation with the fleshy fibers of flexor digitorum profundus. Siegel et al. [7] 
have described the origin of lumbricals being significantly proximal in patients with 
CTS, whereas, Cobb et al. [8] have described that lumbrical muscle incursion into 
the CT during finger flexion is a normal occurrence. The incursion of the lubmrical 
muscles into the CT varies according to the hand position. All the lumbricals extend 
proximally into the CT when passive finger flexion was performed whereas they 
extend only up to the intermediate/distal parts of the CT in extended position of fin-
gers. Siegel et al. [7] have stated that in those performing repetitive hand motions, 
lumbricals had significantly larger and proximal origins in the CT which can be a 
contributory factor in the causation of CTS. Cobb et al. [9] described “first test” to 
ascertain the CTS due to lumbricals muscle incursion in the CT. According to this 
test, if a person is asked to keep the hand in a sustained fist position for 45 s it would 
result in numbness in the area of distribution of median nerve.

Median Nerve

The median nerve is composed of branches from the C5 through T1 spinal cord 
nerve roots. It enters the anterior compartment of the forearm via the cubital fossa. 
It travels between the flexor digitorum superficialis and profundus muscle bellies, 
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often within the deep epimysium of the flexor digitorum superficialis. Further distal 
in the forearm, the median nerve becomes more superficial, passing between the 
tendons of flexor digitorum superficialis ulnarly and flexor carpi radialis radially, 
dorsal or dorsoradial to the palmaris longus tendon. The palmar cutaneous branch of 
the median nerve arises proximal (approximately 5 cm proximal to the wrist crease) 
to,	and	does	not	pass	through,	the	CT;	thus,	sensation	in	the	central	palm	remains	
unaffected in CTS patients. It parallels the median nerve for 1.6–2.5 cm and then 
courses separately under the antebrachial fascia between the tendons of palmaris 
longus and flexor carpi radialis [10]. After exiting the CT, the median nerve di-
vides into six terminal branches. The recurrent motor branch supplies innervation 
to the thenar muscles (flexor pollicis brevis, abductor pollicis brevis, and oppo-
nens	pollicis,	in	addition	to	the	first	and	second	lumbrical	muscles);	three	proper	
digital nerves, including the radial and ulnar proper digital nerves to the thumb and 
the	radial	proper	digital	nerve	to	the	index	finger;	as	well	as	two	common	digital	
nerves emerge from the median nerve. The point of departure of the recurrent motor 
branch from the median nerve may vary in its relation with the distal edge of the 
transverse carpal ligament. Frequently (46 %), the recurrent motor branch passes in 
a retrograde fashion into the thenar musculature, whereas in 31 %, the recurrent mo-
tor branch diverges from the median nerve deep to the transverse carpal ligament, 
within the confines of the CT, and passes around the distal edge of the transverse 
carpal ligament to enter the thenar musculature. Less frequently (23 %), the recur-
rent motor branch diverges from the median nerve within the limits of the CT and 
appears to perforate the ligament in its course to the thenar musculatures [11]. The 
fascicles ultimately destined for the recurrent motor branch have been found in 
60 % of dissections to arise from the extreme radial aspect of the median nerve, 
in 22 % from the central–anterior aspect, and in the remaining 18 % between the 
extreme radial-anterior and the central aspect of the median nerve. The variation in 
the location of the motor branch of the median nerve with respect to the other fas-
cicles may predispose to thenar muscle wasting in CTSs with unequal distribution 
of demyelination and degeneration between fascicles.

Vascular Anatomy

The vascular anatomy of the median nerve shows that the median artery of the 
forearm is an accessory artery arising from the ulnar artery at the proximal forearm, 
which courses alongside the median nerve to the CT. Along with the interosseous 
artery, the median artery is the main route of blood supply to the hand in embryos. 
After the eighth week of gestation, it regresses and is replaced by the ulnar and the 
radial arteries. Pecket et al. [12] described three different variations of median nerve 
vascularization. The first one (70 %) entails radial and ulnar arteries converging 
into the superficial and deep palmar arches, with the median nerve supplied by the 
superficial palmar arch and an anastomosis between the two arteries as well as by 
the forearm muscular branches. The second type (10 %) originates from the radial 
and ulnar arteries and a median artery that branches out directly from the brachial 
artery or from the bifurcation of the latter into radial and ulnar arteries. The median 
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artery runs superficial to the median nerve, and at the palm it separates into the fin-
ger	branches	which	supply	the	second,	third,	and	fourth	fingers;	with	no	evidence	
of either the superficial or deep palmar arches. The third type (20 %) shows the 
median artery associated with the superficial palmar arch. In case the median artery 
persisted into adult life, it runs on its ulnar side in normal median nerve, whereas, 
when associated with a bifid median nerve, the artery courses between the two 
nerve trunks.

Studying the intrinsic vascular anatomical pattern of the median nerve [13] re-
vealed that the rich surface epineurial capillary plexus is distinct from the peri-fas-
cicular capillary plexus, and is fed and drained, both by the arteries and veins of the 
surface epineurium and by the underlying interfascicular vessels. This arrangement 
is not peculiar to the median nerve, for it has been demonstrated also in the ante-
brachial ulnar nerve. The deep venous drainage of the surface “epineurium” may 
serve to prevent the venous engorgement resulting from a relatively minor degree 
of external compression of a segment of the nerve trunk. The characteristic finding 
of relatively large arteries in the interfascicular connective tissue at the distal end 
of the median nerve appears of interest since Denny-Brown and Brenner [14] have 
shown that the “compartmented structure” of a peripheral nerve trunk may serve to 
protect intraneural vessels from the effects of external compression. The architec-
ture of the median nerve in approximately its distal 3 in. is extremely fascicular, and 
expectedly these large interfascicular vessels would be highly resistant to the effects 
of external compression. This would explain the US power Doppler (PD) findings 
which are discussed later in this chapter.

High division of the median nerve proximal to the CT (known as a bifid median 
nerve) is a median nerve anomaly with an incidence rate of 2.8 % [15]. This rare 
anomaly is often associated with various clinically relevant abnormalities, such as 
vascular malformations (persistent median artery), [16] aberrant muscles [17], and 
CTS. The two parts of the nerve may be equal in size [18], or predominance may 
exist of either the radial or ulnar part [19]. Larger radial trunks approximately equal 
in size to a normal median nerve [16], however, and larger ulnar trunks were also 
reported [19]. When pathology of the median vessels exists, the bifidity may be 
missed if the small ulnar trunk is surrounded by the abnormal median vessels. Ac-
cessory lumbrical muscles passing through the bifid nerve, and bifid median nerves 
in which the radial part passes through a separate compartment of the CT [20, 21] 
were also reported.

Pathophysiology

In many cases, the onset of CTS is insidious and progressive. In these instances, 
the etiology is usually illusive and consequently labeled as “idiopathic.” A growing 
body of evidence indicates that the common pathway for the CTS development is 
increased pressure within the carpal canal. Experimental studies suggested that the 
changes in the CTS are linked to the amount and duration of the interstitial fluid 
pressure and may be reversible up to a point with management [22]. Therefore, 
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understanding the pathophysiological changes in the CT and median nerve would 
have a positive impact not only on the diagnosis but also on the management of the 
condition (Fig. 10.2). Earlier reports revealed that CTS pathophysiology is multi-
factorial including anatomic, physiologic, biochemical, mechanical, histologic as 
well as pathological components which integrate to explain and characterize this 
syndrome.

Anatomic (Mechanical Pressure)

While the CT cross-sectional area (CSA) diminishes with progressive wrist flexion 
or extension, its interstitial pressure increases. Normal pressure in the tunnel has 
been recorded in the range of 2–10 mm Hg [23]. Extension increases the pressure 

Fig. 10.2  Pathophysiologic changes in carpal tunnel syndrome and their impact on the median 
nerve sonography
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tenfold whereas wrist flexion increases it eightfold [24]. Therefore, repetitive hand 
movements have been implicated as one of the many risk factors for CTS. Experi-
mental studies have suggested a dose-response curve—the greater the duration and 
amount of pressure, the more significant is the neural dysfunction [22].

Physiologic (Stasis-Ischemic Injury)

Earlier reports revealed that exposure of the nerve to repetitive mechanical forces 
leads to a consequent demyelination [25]. Nerve demyelination starts at the com-
pression site, and can then spread to the entire internodal segment, leaving the axons 
intact. This leads to a block of the nervous transmission (neuroapraxia). Persistence 
of the nerve compression leads to interruption of the blood flow to the endoneural 
capillary system which in turn would lead to venous stasis followed by ischemia 
at the capillary level. This in turn leads to alterations in the blood–nerve barrier 
and development of endoneural edema. This starts a vicious cycle consisting of 
venous congestion, ischemia, and local metabolic alterations [25, 26], resulting in 
axonal degeneration, macrophage attraction and activation, release of inflammatory 
cytokines, nitric oxide, and development of “chemical neuritis” if it continues for 
a substantial amount of time. This ends in further decrease in the intraneural blood 
flow followed by fibroblastic activity and scar formation, resulting in destruction 
and replacement of the normal epineurium with scar tissue and later intraneural 
damage [26]. Morphological changes in the form of nerve deformity (flattening and 
hourglass deformity) may also occur at this stage.

Biochemical

Intermittent local ischemia and reperfusion during periods of recovery lead to local 
biochemical changes in the loose connective tissue in the CT. Under normal condi-
tions, the tendency of loose connective tissue to expand is usually countered by 
collagen and microfibrillar networks. During periods of ischemia and reperfusion, 
there is a negative interstitial fluid pressure, suggesting that the tensile forces ex-
erted on the tenosynovium are reduced due to altered gylocosamine and hyaluronan 
content, augmenting the diffusion of fluid into the tenosynovium. In a study carried 
out by Sud et al. [27], the authors reported that fluid diffusion occurs at a faster 
rate and in higher volume in tenosynovium harvested from CTS patients than those 
from normal tenosynovium. Progressive tenosynovial edema tends to compress the 
structures in the CT. Furthermore, the altered proteoglycan ratios may reduce the 
ability of the synovium to bear the compression forces, thus increasing the force in-
cident on the median nerve inside the carpal canal [28]. In contrast with the tendons 
which are firm and resistant to ischemia, the median nerve is pliable and vulnerable 
to pressure.
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Biomechanical

Nerve fibers have layers of connective tissue: the mesoneurium, epineurium, peri-
neurium,	and	endoneurium;	which	is	the	most	intimate	layer.	The	extensibility	of	
these layers is critical to nerve gliding, which is necessary to accommodate joint 
motion;	otherwise	nerves	are	stretched	and	become	injured	[29]. The median nerve 
is expected to move up to 9.6 mm with wrist flexion and slightly less with exten-
sion [30]. Chronic compression resulting in fibrosis would inhibit nerve gliding, 
leading to injury and therefore scarring of the epineurium as well as mesoneurium. 
This causes the nerve to adhere to the surrounding tissue, or at least cause variable 
degrees of excursion between the flexor tendons and the median nerve, resulting 
in traction of the nerve during movement as the nerve attempts to glide from this 
fixed position [31]. Consequently, this would cause strain and microdamage to the 
median nerve.

Histological

The inner cells of the perineurium and the endothelial cells of endoneurial capil-
laries form the blood–nerve barrier which accompanies the median nerve through 
the CT. These microvessels are formed from nutrient branches that arise from the 
radial and ulnar arteries, proximal to the flexor retinaculum. An increase in pressure 
within the tunnel can cause a breakdown of vasculature within this barrier, leading 
to accumulation of proteins and inflammatory cells [31]. This may induce a minia-
ture closed compartment syndrome by increasing the permeability, contributing to 
increased endoneurial fluid pressure and development of an intrafascicular edema 
[32], hence the nerve appears swollen. Similarly, repetitive exposure of the tendons 
to compression or tensile strength can lead to micro-damage of the synovial tissue 
lining the tendons within the CT. This leads to thickening of the synovial tissue, and 
hypertrophy of the tendon, increasing its CSA which in turn increases the pressure 
within the CT [33].

Pathological

Tenosynovitis, inflammation of the synovial tissue of the flexor tendons, is one of 
the most common pathological predisposing factors to CTS [34]. This was support-
ed by the presence of increased levels of prostaglandin E2 and vascular endothelial 
growth factor in synovial biopsy tissue from patients with symptomatic CTS [35]. 
This leads to an increase in fibroblast density, collagen fiber size, vascular prolifera-
tion, and type III collagen in the synovial connective tissue [36]. The outcome is 
constrictive scar tissue formation around the median nerve [37], which in turn can 
result in the nerve tethering.
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Causes of Carpal Tunnel Syndrome

Though median nerve entrapment symptoms are the primary manifestation of CTS, 
the encroachment on the median nerve is usually secondary to another focal pathol-
ogy. This can be either a decrease in the tunnel size (mainly osseous causes) or 
increase in the volume within the tunnel-confined space. Table 10.1 shows the most 
common causes in each category. However, the most recently found common cause 
of CTS is repetitive stress injury, such as in computer keyboard operators, tablets, 
or mobile phones.

US Scanning of the Carpal Tunnel

Anatomic Landmarks and Imaging Technique

One of the most important factors which are essential for the routine median nerve 
US is patient positioning and identifying landmarks with high diagnostic accuracy 
and reliability for median nerve assessment. It is advisable that the patient sits with 
the forearm resting comfortably on a flat surface, with the elbow in mid-flexion 
and the wrist in supination while the fingers are semi-extended. In most studies, 
US assessment of median nerve was performed at the proximal CT (at the level of 
the pisiform bone or distal forearm crease) [38–40]. Furthermore, the US outcome 
measures recorded at this level demonstrated the highest sensitivity and specificity 
[41, 42]. In addition, the measurement at this level was found easier to perform and 
achieved high reproducibility factors.

Imaging should be carried out with the transducer in a plane perpendicular to the 
tendon surface to eliminate the anisotropic effect. The weight of the probe should be 
applied without additional pressure. The tunnel contains the flexor digitorum ten-
dons which are hyperechoic as well as the median nerve (anterior to the tendons). 
The nerve appears as hypoechoic with multiple bright reflectors and a hyperechoic 
border (Fig. 10.5). At the proximal wrist, the normal median nerve appears elliptical 
(Fig. 10.6) and flattens progressively as it courses distally. However, while its shape 
may get quite variable, its size remains constant and within the tunnel, the nerve 
remains in intimate contact with the flexor retinaculum. In the longitudinal imaging 

Table 10.1  Causes of carpal tunnel syndrome
Osseous causes of tunnel narrowing Increased volume causes of tunnel narrowing
Malalignment of carpal bones Tendon sheath enlargement (tenosynovitis) 

(Fig. 10.3)
Displaced fractures Synovial proliferation (rheumatoid arthritis)
Callus formation Hypertrophied muscles (occupational)
Hypertrophic bone changes Increased fat (obesity)

Focal swelling, e.g., ganglion (Fig. 10.4)
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Fig. 10.3   	 a A diagram showing the compression of the median nerve by inflamed tendons’ 
sheath. b Gray scale US using Esaote Mylab 25 system: transverse. c longitudinal view showing 
tenosynovitis flexors of the hand. TLC transverse carpal ligament. Flex. Dig. Sup. flexor digitorum 
superficialis, Flex. Dig. Prof. flexor digitorum profundus
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plane, the nerve enters the tunnel parallel and superficial to the flexor digitorum 
tendons. Similar to the transverse view, the nerve in this plane demonstrates hy-
perechoic continuous anterior and posterior borders (the nerve sheath) and is easily 
distinguished from the distinctive fibrillar tendons sonographic pattern which lies 
posteriorly. To minimize errors due to differential loads, a gel pad (Sonar Aid) of 

Fig. 10.4   	 Gray	scale	US	using	Esaote	Mylab	25	system:	palmar	longitudinal	view	showing	a	
space occupying lesion (ganglion) compressing the median nerve at the carpal tunnel proximal 
entrance

Fig. 10.5  Gray scale US using Esaote Mylab 25 system: Palmar longitudinal view at the proximal 
carpal tunnel inlet showing the normal sonographic median nerve fascicular pattern which appears 
as multiple bright reflectors with a hyperechoic border
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thickness about 3 mm can be used. Images can be magnified also in order to reduce 
measurement error.

Scanning Tips

As the median nerve changes in both shape and size as the probe is moved along 
the nerve from the forearm to the hand, the nerve can be assessed at different levels. 
To ensure the reliability of the scanning, most studies have chosen to standardize 
their “level” by reference to anatomical landmarks such as the pisiform bone or the 
hook of the hamate bone, or the distal wrist crease (which closely approximates to 
the pisiform bone). This is important not only to a new ultrasonographer but is also 
confounded by the fact that the median nerve is not actually longitudinally fixed in 
place. With the movement of the wrist and fingers, the normal median nerve slides 
up and down through the CT and also across the tunnel. On transverse scanning of 
the median nerve, at the wrist crease, the nerve may change in appearance as the 
wrist and fingers move or the tendons may push the nerve around and deform its 
outline. Therefore, standardizing the hand and finger position is essential for accu-
rate reproducible measures.

Another challenge that the sonographer may face appears when the median 
nerve starts to divide early. While in most subjects the median nerve at the CT ap-
pears as a single structure, in some patients, it starts to divide into branches above 
the CT and a transverse image may show two or even three nerves, providing yet a 
challenge regarding how to measure them. Options include: either to measure them 
all individually and add them together, draw a boundary which goes round them 
all (which may be what the nerve sheath does in some cases), or just conclude that 
these cannot be measured and compared with subjects who only have a single nerve 
trunk at the CT.

Fig. 10.6  Gray scale US using Esaote Mylab 25 system: Palmar transverse view at the proximal 
inlet of the carpal tunnel showing normal elliptical median nerve
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US Findings in Carpal Tunnel Syndrome

An early diagnosis based on clinical and electrodiagnostic findings has been the 
standard for assessment of CTS patients aiming at preventing permanent nerve dam-
age and functional sequelae [43]. The development of high-resolution US transduc-
ers (7–15 MHz) has allowed noninvasive evaluation of normal and abnormal ap-
pearances of the median nerve as well as the other contents of the CT. Over the past 
years, several studies [44–48] were published showing the value of US as a tool for 
the diagnosis of the condition. US enables the treating physician to detect changes 
in nerve shape and exclude anatomic variants and space-occupying alterations such 
as ganglion cysts and tenosynovitis [49, 50]. It has several advantages over mag-
netic resonance imaging (MRI), including being relatively fast and inexpensive and 
allowing additional dynamic as well as blood flow imaging with relatively little 
additional time. Table 10.2 depicts US findings seen on assessment of the CT which 
can be stratified into subjective and objective outcomes. The next section focuses 
on the objective US outcomes and methods of their assessment/measurement.

US Measures of the Median Nerve

Median nerve compression is revealed on US by the classic triad of nerve swelling, 
nerve flattening, and palmar bowing of the flexor retinaculum.

Cross-Sectional Area

Considering the underlying pathophysiological changes, compression of median 
nerve leads to congestion of epineural and endoneural veins, subsequently causing 
nerve edema which manifests as increase in the median nerve CSA (Fig. 10.7). Usu-

Table 10.2  Sonographic carpal tunnel changes stratified into subjective and objective outcomes
Subjective criteria Objective criteria
Flattening of the nerve, especially at the 
level of the hamate bone

The mean cross-sectional area of the median nerve 
is greater than 10 mm2 at the pisiform bone level

Volar bulging of the flexor retinaculum The flattening ratio of the nerve (transverse diam-
eter divided by Antero-posterior (AP) diameter) is 
greater than 4:1 at the level of the hamate bone

Enlargement of the median nerve as it 
enters the carpal tunnel

Volar bulging of the flexor retinaculum is greater 
than 3.1 mm

Large fluid or fat layer surrounding the 
tendons

Power doppler assessment of the median nerve 
vasculature

Decreased mobility of the median nerve 
on flexion and extension of the fingers, 
hand, or wrist
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ally, the CSA of the median nerve (recorded in mm2) is measured at the proximal 
CT (at the level of the pisiform bone). Duncan et al. [46] endorsed a direct method 
for measurement, which is calculated automatically by tracing the inner margin of 
the median nerve epineurium.

The diagnostic accuracy of this method has been reported high [51–57] although 
the concluded cutoff values vary because of differences in the gold standards or 
devices used for diagnosis, as well as the severity of the disease or other factors. 
The diagnostic sensitivity and specificity of this approach (CSA measurement at 
the tunnel inlet/the distal wrist crease) was found to be 67 and 97 %, respectively 
[56]. When this criterion was combined with the results of nerve conduction studies 
(NCSs), the sensitivity and specificity were 84 and 94 %, respectively [57]. CSAs 

Fig. 10.7  Gray scale US using Esaote Mylab 25 system: Palmar view at the proximal inlet of the 
carpal tunnel showing: a Transverse view of the median nerve swelling manifested by increased 
median nerve cross-section area in a subject with carpal tunnel syndrome. b Longitudinal view 
showing compression of the median nerve at the proximal inlet of the carpal tunnel whereas there 
is increased nerve width at both tunnel inlet and outlet. MN median nerve, Fl. Tendons flexor 
tendons, CT Carpal Tunnel
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larger than 9 mm2 [58, 59] and 10 mm2 [60, 61] recorded at the tunnel inlet in pa-
tients with CTS were reported the most appropriate median nerve cutoff values to 
identify abnormal median nerve CSA in comparison to control patients.

Median Nerve Flattening

Flattening of the median nerve (Fig. 10.8) reflects the morpho-pathologic changes 
in response to persistent pressure on the nerve. To calibrate the degree of flatten-
ing, flattening ratio (FR) was suggested to quantify the change of the median nerve 
shape by measuring the ratio of the major axis to the minor axis at the tunnel proxi-
mal inlet (at the level of pisiform bone) [62–64]. This is the ratio of the mediolateral 
diameter to the anteroposterior diameter on cross sections. A ratio of one would 
indicate a round structure. Earlier studies [36, 56–61] showed a trend of increase 
in the FR measure with increase in the severity of CTS (as evident from other US 
measures and electromyography findings). A recent study [65] discussed the value 
of median nerve flattening for the prediction of management outcome, which is 
discussed later in this chapter.

Bowing of the Transverse Carpal Ligament

The palmar bowing of the flexor retinaculum is a measure used to quantify the 
internal pressure exerted on the retinaculum from the contents within the CT. Exag-
gerated palmar bowing of the flexor retinaculum has been reported to predict the 
CTS diagnosis [66]. The palmar bowing of the flexor retinaculum is displacement 

Fig. 10.8  Gray scale US using Esaote Mylab 25 system: Palmar transverse view at the proximal 
inlet	 of	 the	 carpal	 tunnel	 showing	 flattening	of	 the	median	nerve	 (The	 flattening	 ratio	 ( FR) is 
defined as the ratio of the nerve’s transverse axis to the anteroposterior axis)
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(measured in mm) of the retinaculum of a line connecting the pisiform bone with 
the scaphoid bone (Fig. 10.9). Earlier studies [67–70] showed that, in addition to 
CSA and FR, palmar bowing was significantly increased in the CTS group than the 
control group. Among these US outcome measures, CSA and palmar bowing were 
reported to have a relatively higher accuracy than FR according to the receiver op-
erating characteristic (ROC) curve. Therefore, measurement of CSA and/or palmar 
bowing can be considered as an alternative modality to distinguish CTS patients 
from asymptomatic controls [70, 71]. Palmar bowing showed also significant cor-
relation with both patients symptoms and nerve conduction testing [71].

Other Less Common Measures

Multiple Median Nerve Measures

The median nerve CSA can be measured at variable sites in the forearm, CT, and 
hand. Studied sites include: (a) CSA at the proximal border of the pronator quadratus 
muscle, (b) area of the proximal third of the pronator quadratus muscle, (c) level of 
largest CSA of the median nerve observed between the area proximal to the CT inlet 
and the tunnel outlet, (d) CT inlet defined as the proximal margin of the flexor reti-
naculum, and (e) in the carpal canal, level of the scaphoid tubercle and pisiform bone 
[72]. One study has calculated that a 2 mm2 difference in nerve cross section between 

Fig. 10.9  Gray scale US using Esaote Mylab 25 system-Palmar transverse view at the proximal 
inlet of the carpal tunnel showing the palmar bowing of the transverse carpal ligament (displace-
ment of the flexor retinaculum from its attachments to both pisiform and scaphoid bones). Volar 
bulging of the flexor retinaculum > 3.1 mm is suggestive of increase intra-tunnel pressure. Pisif. 
Pisiform bone, Scaph. Scaphoid bone, Flex. Retincaculum Flexor retinaculum
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the level of the pronator quadratus and the CT has 99 % sensitivity and 100 % speci-
ficity for CTS [73]. Another challenge is when the median nerve is bifid or split into 
branches (Fig. 10.10) above the CT (transverse scanning may show two nerves). In 
such case, it is advisable to measure them all individually and add them together, or 
to draw a boundary round them all (which the nerve sheath may do in some cases).

Median Nerve Indices

As the shape of the nerve varies while passing through the tunnel, indices have been 
introduced to better quantify abnormal findings. Relations between measures of the 

Fig. 10.10  Gray scale US using Esaote Mylab 25 system: Palmar transverse view at the proximal 
inlet of the carpal tunnel showing bifid median nerve in two separate sheaths (a), and contained in 
one sheath (b).	( MN median nerve)
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median nerve at different sites have been suggested. Calculating the ratio between 
the median nerve CSA at the proximal forearm and the CT was reported to improve 
diagnostic accuracy [74–76]. However, in those studies reliability testing and ad-
equate control groups were lacking. The swelling ratio is another index obtained 
by dividing the CSA of the median nerve proximal to the flexor retinaculum by the 
CSA of the same nerve at the distal end of the flexor retinaculum [77, 78]. A third 
index, the nerve/tunnel index, was suggested by calculating the ratio between the 
proximal or distalCSA of the median nerve to that of the CT and multiplying the 
value by 100 (proximal nerve/tunnel index = (proximal median nerve CSA)/proxi-
mal CT CSA) × 100 [79]. However, there is no definite consensus on the normal 
values and ranges of these sonographic indices [80].

Nerve Mobility

The median nerve slides up and down through the tunnel with wrist and finger 
movement. Also it moves in the transverse plane in relation to the flexor tendons. 
Chronic compression results in fibrosis, which prohibits nerve gliding and leads to 
adherence to the surrounding tissues resulting in traction of the nerve during move-
ment as the nerve attempts to glide from this fixed position [81, 82]. This is the 
basis of the tethered median nerve stress test which can be used to diagnose chronic 
low-grade CTS [83].

Nerve Texture

Nerve ischemia and subsequent damage render the affected nerve more hypoecho-
ic on ultrasound images in both the transverse and longitudinal views. This is in 
contrast with the normal proximal median nerve which shows much more internal 
structure seen within the nerve sheath giving the characteristic speckled appear-
ance in transverse section and linear streaks in longitudinal images [80]. However, 
quantifying this as a number for measurement purposes is difficult. Furthermore, 
the absolute brightness of a pixel in an ultrasound image is not only determined 
by the imaged tissue but also by the ultrasound beam angle on the tissue as well as 
the machine setting (the nerve may appear brighter or darker simply by tilting the 
transducer or twiddling the knobs on the scanner).

Subsynovial Connective Tissue Thickness

A major pathologic finding in patients with idiopathic CTS is noninflammatory 
fibrosis and thickening of the subsynovial connective tissue. Earlier, a study [84] 
was carried out to determine the ability of sonography to depict this thickening 
and compare the subsynovial connective tissue thickness in patients with CTS and 



22510 Carpal Tunnel Syndrome

healthy control participants. The subsynovial connective tissue is defined as the 
thin echogenic layer at the border of the tendon, between the median nerve and the 
flexor digitorum superficialis tendon (Fig. 10.11). To compensate for differences in 
hand size, especially between men and women, the subsynovial connective tissue 
thickness was normalized to the flexor digitorum superficialis tendon diameter at 
the same level, using the thickness ratio, calculated as subsynovial connective tissue 
thickness/tendon thickness = thickness ratio. Results revealed that the subsynovial 
tissue was significantly thicker in patients with CTS than in healthy controls [85].

Power Doppler of the Median Nerve

Although compression of the median nerve beneath the flexor retinaculum is the 
primary basis of CTS, many of the early symptoms are thought to be due to al-
tered intraneural hemodynamics. The pathophysiological findings of prominent 
median nerve intraneural microvasculature due to inflammation and compression 
led to the hypothesis that the evaluation of intraneural vasculature may be useful 
for detecting CTS. In turn, this would also augment the diagnostic efficiency of US 
in CTS patients. Earlier studies revealed that, comparing the sonography findings 
and electrodiagnostic test results, nerve hypervascularization and nerve swelling 
yielded the best detectability of CTS with nerve hypervascularization showing 
higher accuracy of 91–94 % [86, 87] and positive predictive value of 96 % [88]. 
Comparing the state of median nerve hypervasularity to the severity of CTS based 
on nerve conduction results depicted an inverse relationship between intraneural 
vascular flow in the median nerve and an increasing severity of the median nerve 
compression [89].

Fig. 10.11  Gray scale US using Esaote Mylab 25 system: Palmar longitudinal view at the proxi-
mal inlet of the carpal tunnel showing subsynovial connective tissue thickening. The subsynovial 
connective tissue is defined as the thin echogenic layer at the border of the tendon, between the 
median nerve and the flexor digitorum superficialis tendon. Flexor Dig. Sup. flexor digitorum 
superficialis
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US Versus NCS

The	 definition	 of	CTS	 in	 study	 populations	 has	 varied;	 some	 studies	 used	 posi-
tive NCS as an inclusion criteria [90–95], while others enrolled patients diagnosed 
based on clinical criteria [96–103]. Though in most cases, where the complaints and 
findings are typical, the diagnosis of CTS is relatively easy, this is not always the 
case. CTS is often accompanied by other entrapment neuropathies or tenosynovi-
tis of the flexor tendons. The patient may complain of pain rather than numbness. 
Moreover, the presence of a cervical lesion may further complicate the symptoms. 
Clinical studies revealed that the traditional provocative tests are not even valid 
tests for the CTS diagnosis [104, 105]. Therefore, in such cases, CTS cannot be con-
firmed	merely	by	physical	examination;	and	objective	examinations	are	necessary.

NCSs are the most common tests used to assess the function of the median nerve. 
A plethora of research has been published providing sensitivity and specificity data 
for the testing and supporting the utility of electrodiagnostic studies for the diag-
nosis of CTS [106–108]. However, abnormal electrodiagnostic test results do not 
necessarily equate to CTS and are not necessarily predictive of future disorders 
[106]. Furthermore, in some cases presenting with typical CTS picture, their NCS 
may be normal. This discordance between NCS and clinical presentation was attrib-
uted to variability in protocols, diagnostic threshold values, and overall diagnostic 
accuracy of neurophysiologic testing [109–113]. In addition to these limitations, 
electrodiagnostic testing evaluates nerve dysfunction status that only appears in 
more chronic stages of the disorder. The limitations of electrodiagnostic testing, 
with relatively low diagnostic accuracy (sensitivity and specificity reported to be 
around 70 and 82 %, respectively) failing to diagnose approximately 20–30 % of 
CTS cases [114], highlighted the lack of a reliable step in the diagnostic guidelines 
and provided a ground for continued investigation for complementary or alternative 
diagnostic methods.

The use of US for the diagnosis has been receiving increasing attention. In con-
trast with electrodiagnostic tests which are based on physiologic malfunctions of 
the median nerve, US enables morphologic assessment including nerve swelling, 
edema, bowing of the flexor retinaculum, focal swelling in the tunnel as well as 
evaluation of functional disturbance manifested by nerve hypervascularization. The 
role of US is augmented, in particular, in those patients presenting with CTS mani-
festations, yet, have normal nerve conduction studies. Paresthesia has been shown 
to occur before conduction failure in myelinated sensory fibers, as measured with 
nerve conduction tests. A study by Koyuncuoglu et al. [115] reported positive US 
findings in patients who had CTS positive clinical results, with negative electro-
diagnostic findings in 30.5 % of these patients. Such data provide an advantage to 
using US, especially during the early stages of CTS, when the median nerve shows 
no functional impairment on electrodiagnostic examination. Therefore, in view of 
its relatively painless nature, high specificity, some have suggested that US be used 
as a screening test for CTS before performing NCS [116].
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US As a Diagnostic Tool for CTS

Despite some limitations, high-resolution sonography may be an appropriate alter-
native diagnostic tool for CTS. Its ability to visualize the median nerve morpho-
logic changes as well as the intraneural vascularity throughout various stages of 
CTS gives the treating doctor the privilege of not only assessing the median nerve 
compression status but also the cause of this entrapment. Attempts to calculate the 
diagnostic accuracy of measurements with sonography have been challenging be-
cause of the variability in methods and equipment parameters [117]. A systematic 
review [118] revealed that when a combination of sonographic measures of the 
median nerve CSA, FR, hypoechogenicity, and hypervascularity, resulted in 90 % 
agreement with the clinical presentation of CTS [119–121] which could provide the 
necessary evidence for combining complementary methods to improve accuracy.

An algorithm for diagnosing CTS (Fig. 10.12) was suggested by El Miedany 
et al. [39] which relies mainly on US measures. It begins with a baseline of history 
and clinical examination followed by gray scale evaluation of the wrist to screen 
patients with abnormalities from those without. Based on combined measurement 
approach and identifying the cutoff points, it is possible to stratify the patients 
according to their CTS severity. The next tier of evaluation should be the use of 
electrodiagnostic testing for assessing the physiologic dysfunction of the nerve and 
grading the severity of the median nerve compression. In concordance with this 
combined approach, Doppler examinations could provide diagnostic information 
about the severity of the nerve compression and perhaps the stage of the entrapment 
as well as the location of the injury [122].

Fig. 10.12  Algorithm for carpal tunnel syndrome diagnosis using ultrasonography. CSA Cross 
sectional area, CT Carpal tunnel, PD Power Doppler, MN Median nerve, J joint, Flex. Ret. flexor 
retinaculum, NSC nerve conduction study
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US As a Biomarker for CTS Progression and Management

There are various CTS treatment options which can be stratified into conservative 
approach and surgical decompression. As research studies revealed comparative re-
sults of both treatment modalities [123], the question every treating physician would 
face, would be “what is the most appropriate treatment modality advised for the pa-
tient?” Another challenge is to assess changes in the median nerve and CT following 
treatment. A valid biomarker should be objectively measured, indicatory of normal 
biology as well as the pathologic process, good indicator of response to therapy and 
prognosis. It should also be a valid indicator of modification of the pathology pro-
cess and should help to identify (in early cases) the patients who are going to respond 
quickly to therapy with a vision to tailor management approach to the patient status 
[124]. A recent research studied the use of a combination of US outcome measure 
in setting up a treatment approach tailored to the patient’s condition [65]. According 
to the study results, the sonographic changes of the median nerve in CTS can be di-
vided into three phases according to disease duration: (1) stage of hypervascularity, 
(2) nerve edema, and (3) nerve flattening. In CTS patients presenting early in the 
disease course, median nerve-enhanced vascularity tends to be perineural. Later in 
the disease course, enhanced vascularity extends to be intraneural (Fig. 10.13). Us-
ing a combination of US outcome measures, it was possible to stratify the patients 
presenting with CTS manifestations based on the severity of the nerve compression. 
The risk of a poor outcome was significantly higher in the patients with high me-
dian nerve flattening ratio at the CT inlet (relative risk 3.3, 95 % confidence interval 
(CI) 1.73–6.43, P = 0.0004). This risk was most marked in the cohort with nerve 
flattening associated with longer duration of illness (relative risk 4.3, 95 % CI 1.82–
10.29, P = 0.006) and low PD signal (relative risk 4.1, 95 % CI 1.71–9.47, P = 0.005). 
There	was	also	significant	inverse	relation	( r	=−	0.372,	P < 0.03) between PD and 
disease duration. Assessing response to treatment, whether conservative or surgical 
(Fig. 10.14), PD was the first US outcome measure to show significant change in 
response to treatment as early as 1 week. This improvement continued till 1 month 
of management, then the process became slower/plateaued. On the other hand, while 
the CSA and FR improved significantly (back to normal range in patients with mild 
or mild-moderate nerve compression), they remained unchanged, or showed slight 
improvement, in the severe median nerve compression cases. In contrast with NCS 
which did not show any significant correlation with the treatment response at 6 
months,	there	was	significant	correlation	( P < 0.01) between baseline US variables, 
namely CSA, FR, and PD, and the percentage of improvement at first week, first 
month, and 6 months of management. These data represent a major transformation in 
the assessment and management of CTS patients. In addition to the diagnostic value 
of sonography in CTS, US can help in tailoring a treatment approach to individual 
patients and was reported to be a fit radiologic biomarker for CTS.



Fig. 10.13  Gray scale US using Esaote Mylab 25 system — a. Palmar transverse view at the proxi-
mal inlet of the carpal tunnel showing perineurial enhanced vascularity of the median nerve secondary 
to	tenosynovitis;	b. Palmar longitudinal view at the proximal inlet of the carpal tunnel showing peri-
neurial	enhanced	vascularity	of	the	median	nerve;	c. Palmar transverse view at the proximal inlet of 
the carpal tunnel showing endoneurial enhanced vascularity of the median nerve. MN Median nerve 
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US-Guided Carpal Tunnel Injection

When nonsurgical treatment is agreed, clinicians may elect to inject steroids into the 
CT to reduce symptoms of pain and paresthesias [125]. On the basis of visible and 
palpable anatomic landmarks, multiple approaches to CT injections have been de-
scribed [126, 127]. Although each approach targets minimum patient discomfort and 
to avoid median nerve injury, while achieving the desired clinical outcomes, insuf-
ficient evidence exists to document the superiority of one technique over the others 
[128, 129]. Regardless of the chosen technique, a therapeutic response may not be 
achieved if the injection is not successfully placed in the CT [130]. Furthermore, even 
an accurately placed needle within the CT following one of the previously described 
techniques may injure the median nerve because of well-described anatomic varia-
tions (e.g., a bifid median nerve or a median nerve in an abnormal location) [131].

In view of the encouraging outcomes of earlier studies showing the value of 
ultrasound-guided intra-articular injections, clinicians have begun to explore the 
potential therapeutic role of sonography in patients with CTS. However, in con-
trast to the increased emphasis on the use of US in CTS patients, few published 
studies pertaining to its use in guiding therapeutic CT injections in appropriate-
ly selected patients [132, 133]. Although the optimal therapeutic location for a 
CT injection has not been determined, the aim of any local injection is to infuse 
the steroid around the edematous median nerve, producing what is called “tar-
get sign” as well as to infiltrate the subsynovial connective tissue [134]. In con-
cordance with the standard US-guided injection techniques, a proximal-to-distal 
needle approach, similar to the non-guided techniques previously described, has 
been suggested [132]. Using this approach, some authors prefer to visualize the 

Fig. 10.14  Gray scale US using Esaote Mylab 25 system: Palmar transverse view of the carpal 
tunnel showing postoperative decompression of the carpal tunnel with excision of the middle sec-
tion of the transverse carpal ligament. Flex. Retinac. flexor retinaculum, CT carpal tunnel, F.R. 
Flexor retinaculum
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needle in a short-axis view relative to the transducer, [22] whereas others prefer 
the long-axis (in-plane) view [133], while Doppler imaging can be used to con-
firm the position of blood vessels if necessary. In either scenario, US allows the 
treating doctor to visualize the needle shaft/tip throughout the procedure, and 
provides the flexibility to precisely target any desired location within the CT. The 
standard injection consists of 1 mL of 40 mg/mL methylprednisolone and 1 mL 
of 1 % lidocaine. US-guided ulnar approach to the tunnel has been studied with 
good outcomes [129].

Conclusion

US as a tool for CTS diagnosis can be universally employed when a standardized 
protocol is adopted. Several studies documented that the obtained measurements 
are reproducible and reliable. The use of a combination of US outcome measures 
and provocative testing may assist the clinician in sorting out symptomatic patients 
who either currently have negative findings or are already at a severe stage. In 
addition, it would help in setting up a treatment approach tailored to the patient’s 
condition.
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The term “soft tissue rheumatism” refers to a wide range of musculoskeletal dis-
orders or syndromes characterized by non-joint-related pain and limited motion, 
and is usually classified as diffuse or local. Local soft tissue rheumatism includes 
tendon, tendon sheath, muscle, ligament, bursa, fascia, and subcutaneous tissue pa-
thology. Its etiology is usually unknown [1]. Ultrasound is an excellent imaging 
technique to assess these pathologies, especially because it confers the additional 
advantage of being dynamic, a very important advantage in assessing periarticular 
structures in real time. It also provides high structural detail in axial resolution in 
gray scale, and when needed with color/power Doppler.

Knowledge of basic anatomy and pathology of joints and soft tissues are essen-
tial for the evaluation of soft tissue lesions [2].

Classification of these entities involves articular regions, structures, or mecha-
nisms of damage [3]. For the purpose of this chapter, ultrasound evaluation of soft 
tissue rheumatism is divided into specific structures, sonographic changes, and as-
sessment key points of the main pathology.

Normal sonoanatomy knowledge is a must. Tendon pathology is an area where 
ultrasound excels.

Tendon

Tendons are highly specialized structures that attach muscle to bone, allowing joint 
movement and providing for stabilization of motion. Its histological composition 
of collagen fibers provides high tensile strength. Consequently, the mechanism of 
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lesion is complex. Noninflammatory damage includes impingement, hypoxia, and 
rupture [4]. Tendons are divided into two types: type I is surrounded by paratenon 
and type II is surrounded by a tendon sheath with a cell lining identical to synovium. 
Based on the angle and mobility, enthesis (tendon attachment to bone) can be fi-
brous or fibrocartilaginous [5]. All these characteristics define pathology.

Tendon Instability

Tendon instability normally occurs in tendons with synovial sheaths due to injury 
of the surrounding structures, such as ligaments, retinacula, or annular pulleys—
mechanisms are vast and regionally dependent.

Instability could lead to subluxation (permanent or intermittent) or luxation (dis-
location). Ultrasound may reveal the degree of damage and associated findings, 
such as effusion and tears. We see that a dynamic examination is a must to enhance 
lesions when possible. Short-axis scanning is preferred, but both planes should be 
assessed especially for beginners [6, 7].

The main locations of instability are the shoulder, hand, and ankle (Table 11.1).
In the shoulder, the long head of the biceps tendon is the most representative 

lesion in association with a supraspinatus tear and coracohumeral ligament tear or 

Table 11.1  Tendon instability
Location Structure Main findings Gamuts
Shoulder Long head 

bicipital 
tendon

Empty groove
Intraarticular portion of the long 
head of the biceps tendon is the 
most frequent location
Coracohumeral ligament could 
be torn alone or in association 
with supraspinatus tear

Two biceps tendons that really 
represent a longitudinal tear
The absence due to complete 
tendon tear
Tendinopathy

Hand Flexor 
tendons

Empty anatomical site
Snapping sensation
Flexor contracture

Partial distal tears
Painful flexion with dynamic 
scanning due to associated 
 trigger finger

Extensor 
carpi ulnaris 
tendon

Dislocation is normally volar side
There is no empty groove sign
Dynamic scan should include 
supination, ulnar deviation, and 
flexion movements

Dorsal subluxation directs to 
think about distal radius fracture

Ankle Peroneal 
tendons

Always dislocate anteriorly
Partial or complete retinaculum 
tear
Intra-sheath peroneal tendon 
luxation

Longus and brevis peroneal ten-
dons can reverse their anatomical 
position during dynamic scan
Peroneus quartus is a frequent 
accessory muscle in the ankle 
(22 %)
Look for avulsion near the 
 retinaculum or malleolus
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lesion. The most frequent location is the intra-articular portion due to its curvilin-
ear course and reflection over the humeral head. The sonographer should look for 
hypoechoic triangle that lies between the tendon and the medial border of the upper 
portion of the groove that in the case of disappearance, indirectly means subluxation 
[8], the demonstration of which requires dynamic external rotation (Fig. 11.1).

In the hand, damage of the A2 and A4 annular pulleys in the flexor tendons are 
the most common sites. The ring and middle fingers are commonly involved. Ex-
cessive traction on the flexor tendons when the tendons are flexed causes anterior 
bowstringing	which	no	 longer	 lines	against	 the	bone	plane;	 if	 this	 rupture	 is	not	
diagnosed, flexion contractures can be present alongside other tendon lesions [9].

Other sites of lesions are the dorsal carpal bones between the carpometacarpal 
interline and the extensor tendons at the level of the radius or fingers [10]. Extensor 
compartments	contribute	widely	to	subluxation	and	wrist	instability;	sixth	compart-
ment is the most commonly involved due to its particular anatomy. The extensor 
carpi ulnaris tendon is normally held between a fibro-osseous sheath and instabil-
ity may result in either subluxation or intermittent dislocation. Dynamic maneuver 
should be performed doing progressive supination of the forearm with ulnar devia-
tion and flexion while the probe is in the short axis at the ulnar styloid [11, 12].

Ankle pathology involves peroneal tendons in patients with chronic ankle sprains 
and sport injuries. Normally, laxity of the superior peroneal retinaculum, valgus, 
and	accessory	tendons	are	involved	in	the	etiology;	although	it	can	be	voluntary	or	
could secondarily involve disruption of the superior peroneal retinaculum in various 
grades. Clinically, it is revealed with forced dorsiflexion and eversion of the foot, 
showing a palpable snapping or discomfort with pain. Ultrasound examination in 
the short axis should be dynamic to look for abnormal tendon movement over the 
malleolus or intra-sheath luxation [13].

Tendinopathy: Tears

The damage produced in the collagen fibers of the tendon is usually referred to as 
tendinopathy. This term refers to specific changes in the appearance of the tendon, 

Fig. 11.1  Shallow bicipital 
groove and tendency of 
biceps tendon subluxation. 
Note the disappearance of the 
hypoechoic triangle that lies 
between the tendon and the 
medial	border	( left side of the 
figure) of the upper portion 
of the groove
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histological changes in the collagen and tendon disruption that makes collagen fi-
bers thinner with the loss of the hierarchical structure with consequent wound and 
subsequent healing. With ultrasound, the primary findings are tendon thickening, 
heterogeneous hypoechogenicity, and the loss of parallel superficial and deep ten-
don borders. These first changes, referred to as tendinosis, can persist for months or 
even years, but if damage continues, it will lead to hypoxia and myxoid degenera-
tion that cause ischemia and focal zones of hypovascularization, resulting in tendon 
rupture [14, 15].

Normally tears are not produced unless external and severe trauma or excessive 
loading forces involve the musculotendinous system. When a tendon tear appears, 
it typically does so at the insertion near the bone or at the myotendinous junction. 
Tears can be partial, complete, or intrasubstance, depending on the particular region 
or the mechanism that caused it [16–18] (Table 11.2.).

Table 11.2  Tendon tears
Mechanism Tendon Main findings Gamuts
Overuse 
damage

Supraspinatus 
tendon
Long head 
of the biceps 
tendon
Extensor and 
flexor tendons 
of the elbow
Patellar tendon
Achilles 
tendon

Tendinosis is focal or dif-
fuse, poorly demarcated
Double cortex appearance 
and cortical irregularities
Spur formation in epicon-
dyle, patella, tibia, and 
calcaneus
Non-insertional parateno-
nitis with partial tears in 
Achilles tendon injury could 
be associated
Bursal fluid often present

Compression with the probe 
to obliterate space when 
there is fluid with the tear
Intrasubstance tears are 
hypoechoic areas within the 
tendon not related to articu-
lar or bursal surfaces
Biceps tendon, complete 
tears, tracing the muscle 
belly in the arm differenti-
ates from dislocation
Tendon calcification could 
be present
Ultrasound scanning in the 
knee with slight flexion 
might be necessary
In Achilles tendon distal 
tears, plantaris tendon inser-
tional portion could be intact

Excessive fric-
tional forces
Steroid 
treatment

All regions Tendinosis
Paratenonitis
Tears

Avoid anisotrophy
Initial stages only focal 
regions of low echogenicity
Steroids can be seen as 
intrasubstance hyperechoic 
spots depending on the time 
of injection

Inflammatory 
and metabolic 
systemic 
diseases

Quadriceps 
tendon
Patellar tendon
Extensor and 
flexor digito-
rum tendons
Posterior tibial 
tendon

Bursitis could be present
Enlargement or thickening 
of the tendons
Loss of definition of tendon 
margins
Anechoic ring at the exten-
sor retinaculum or the 
malleolus

Doppler signal could be 
present in active diseases
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Partial tears appear as a region devoid of tendon fibers while complete tears 
cause tendon disruption with visible tendon stumps. Dynamic imaging shows ap-
proximation (Fig. 11.2).

Paratendinitis

Paratendinitis refers to an inflammatory process that involves the vascular paraten-
on which surrounds the patellar and Achilles tendons mainly. It represents a contin-
uous inflammatory process that causes high-grade hypoxic tendinosis. Ultrasound 
features include thickening of the paratenon, irregular tendon margin, and fluid, 
with or without color/power Doppler. Bursitis is frequently associated and reflects 
irritation or local overload and work stress. Soleus and gastrocnemius muscle inju-
ries could be present in association with Achilles paratendinitis (Fig. 11.3).

Tenosynovitis

In tendons with a synovial sheath, inflammation is secondary to mechanical factors 
(repetitive microtrauma, overuse, or osseous friction), foreign bodies, infection, tu-
mors, or inflammatory entities (e.g., rheumatoid arthritis). Acutely, inflammation 

Fig. 11.2  Supraspinatus ten-
don tears. The drawing shows 
different examples of partial 
and complete tears. The 
ultrasonography image shows 
complete tear with tendon 
edges (T1 and T2) retraction. 
C = coracoid process. Note 
the anechoic fluid replacing 
the tendon. Also of relevance 
is the double cortex sign 
(cartilage interface sign)
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is	 characterized	by	 fluid	 encircling	 the	 tendon	 forming	 a	 ring	or	 halo	 around	 it;	
chronic disease causes tendon sheath thickening that may cause tendon entrapment 
and/or thicker retinacula or pulley (e.g., de Quervain’s disease, trigger finger of 
flexor and extensor tendons, peroneal entrapment) [9, 19] (Figs. 11.4, 11.5).

In the hand, effusion is easy to identify when it is proximal to the metacarpal 
head. In the fingers, effusion assumes a lobulated appearance and creates a discon-
tinuous array of the pulleys. In infection processes, there is no characteristic image 
but tenosynovitis seems to be more hyperechoic and the subcutaneous tissue ap-
pears hyperechoic with thickening.

Special Conditions: Trigger Finger

Trigger finger is the common term for stenosing tenosynovitis, usually affecting 
the flexor tendons in the thumb and index finger and involves A1 pulley pathology, 
although it can affect other fingers and other pulleys as well. It is a painful condition 
in which the tendon locks when flexed and is difficult to extend due to inflammation 
of its tendon sheath, provoking a click sound when the tendon passes through it. The 
normal pulley, visualized by ultrasound, appears as a hypoechoic band superficial 

Fig. 11.3  Achilles tendinitis and paratendinitis. (a) Normal Achilles tendon in long axis. (b) Short 
axis. (c) Long-axis gray scale with increased thickness, hypoechoic changes, fibril separation, 
edema, and loss of normal tendon boundary. (d) Short axis. (e) Long-axis power Doppler for the 
same findings with positive signal in and around the tendon
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Fig. 11.4  Tenosynovitis of 
the biceps tendon. (a) Short- 
and (b) in long-axis views 
demonstrate	effusion	( arrow)

 

Fig. 11.5  Tenosynovitis in 
different ultrasonographic 
modalities. (a) In gray scale 
showing anechoic effusion 
together with echogenic 
synovial hypertrophy. (b) 
With power Doppler confirm-
ing synovial hypertrophy as 
well as activity. (c) With elas-
tography in which synovial 
effusion appears softer than 
the tendon
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to the flexor tendon sheath. In the short axis, lateral expansion looks hypoechoic 
causing an anisotropic artifact that could be reduced by tilting the probe. In trigger 
finger, the pulley looks like a diffuse hypoechoic thickened band at the level of the 
metacarpophalangeal (MCP) joint which might exhibit Doppler signal. Dynamic 
scanning allows for the detection of changes in the shape of the synovial sheath and 
tendon pathology such as peritendinous effusion, tendinosis, or tenosynovitis. Ad-
ditionally, ultrasound allows for the guidance of local infiltration therapy [19, 20].

Enthesopathy (Noninflammatory)

According to the Outcome Measures in Rheumatoid Arthritis Clinical Trials’ 
(OMERACT) definition, enthesopathy is an “abnormally hypoechoic (loss of nor-
mal fibrillar architecture) and/or thickened tendon or ligament at its bony attach-
ment (may occasionally contain hyperechoic foci consistent with calcification), 
seen in 2 perpendicular planes that may exhibit Doppler signal and/or bony changes 
including enthesophytes, erosions, or irregularity” [21].

In non inflammatory lesions, the most common injury mechanism is sport related 
or direct trauma. Affected regions are the elbow, hand, knee, and ankle (Fig. 11.6).

Fig. 11.6  Enthesopathy of 
the distal patellar tendon 
in long axis. (a) Gray 
scale shows increased 
thickness and hypoechoic 
changes	( arrow). (b) Power 
 Doppler signal in the same 
hypoechoic area
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Surgical Changes in Tendon

Surgical treatment in any tendon has the main objective of restoring function—indi-
cations vary but the appearance depends on the various processes tendons undergo 
to heal. These conditions are related to histological healing, complete tendon fiber 
restitution, and clinical and functional evolution [22]. Histological changes are re-
lated to cell infiltration and neovascularization that could be visualized with color 
Doppler signal present at the site of healing or at the most painful site when clinical 
exam is performed. With the use of novel techniques such as contrast-enhanced 
ultrasound, it is possible to visualize the increased vascular flow in the areas of 
interest, where Doppler might fail [23].

Depending on the history of the tendon injury, its location, time between injury 
and surgery, surgical technique performed, postoperative complications and course 
are the findings we have to look for in the tendon. It is important to note that sutures, 
surgical wires, or intratendinous surgical material could be found during the ultra-
sound exam. We also have to remember that, depending on the time after surgery, 
the tendon can present with different lesions as shown in Table 11.3 (Fig. 11.7).

It is important to note that in tendons with tendon sheaths, the main lesion is 
tenosynovitis;	in	tendons	without	it,	 lesions	such	as	tendinopathy,	tendonitis,	and	
paratendinitis could be present. Tendon tears after surgery deserve a special men-
tion—these lesions can appear in the repaired tendon or within the substance around 
the lesion of importance and needs to be confirmed in longitudinal and transverse 
views because anechoic spots do not necessarily mean rupture and could be part 
of the healing process. In the operated tendon, complete tears can occur in the first 
month and it is mandatory to look at the other areas, probably away from the injury 
site and hematoma. Structures such as retinaculum, muscle, and ligaments at the 
peripheral surface surrounding the affected tendon can be damaged [24, 25].

In general, when a tendon is damaged, it loses its mechanical properties—ul-
trasound gives information of the lesion in many aspects, both in gray scale and 
Doppler, but new techniques such as elastography improves the diagnostic capa-
bility of conventional ultrasound. This technique involves manual compression of 
the tendon to generate tissue deformations. The strain distribution of the involved 
region could be compared before and after this tissue deformation (axial elastogra-
phy). While this technique could be highly operator dependent and erratic regarding 
reproducibility, the most recent shear elastography, which depends on the intrinsic 
tissue elasticity shown, seems promising (Fig. 11.8).

The most studied tendon with elastography has been the Achilles followed 
by the common extensor tendon in the elbow. In the Achilles, the normal tendon 
is harder and more homogeneous when compared with surgically repaired ten-
dons which appear softer and more heterogeneous. Although elastography is still 
in the process of being validated for use in rheumatology and musculoskeletal 
specialties, the technique has proven useful in demonstrating changes in tendon 
architecture and is a good method to improve the assessment of other structures 
as well [26].
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Muscle

Skeletal muscle is the largest tissue in the human body, composed of parallel fi-
bers surrounded by connective tissue that is organized into group of bundles called 
fascicles which are in turn surrounded by tissue called the perimysium and finally 
enclosed in the epimysium. Due to its function and anatomic position, these fibers 

Characteristics Ultrasound 
features

Description

Morphology Thickness and 
width

Loss of the normal pattern
Thicker the first 3 months, irreversible
Tendon stumps cause focal thickness or callus
Re-rupture:
Thinner when re-ruptured
Loss of tendon pattern and/or continuity of the tendon
Anechoic image between the opposite parts of the tear and/
or hematoma

Contour Circumferential, hypoechoic, peritendinous area after surgi-
cal repair up to 3 months
Hypoechoic–anechoic halo surrounding the repaired tendon

Continuity Anechoic images in the repaired zone
A re-rupture could appear in the repair zone

Structure Internal Loss of fibrillar pattern
Heterogeneous structure
Hypoechoic areas surrounding the stitches and metal devices 
if present

Vasculariza-
tion

Intratendinous
Peritendinous

No vascularization immediate to surgeryIntrasubstance the 
first month, small or few Doppler spotsHypervascularization 
next 3 months
No Doppler after 6 months
In peritendinous areas could be no Doppler signal at any time

Dynamic scan Active
Passive

Immediate after surgery, there is no movement at all
The first 6 months, reduction of movement is observed and 
depends on the type of surgery performed and the repaired 
surface

Other Associated 
lesion

Synovitis
Enthesitis
Cortical irregularities
Intratendinous ossification or calcification
Surgical artifacts: sutures, surgical wires, or intratendinous 
surgical material
Adhesions

Elastography Soft
Heterogeneous

Contrast-
enhanced 
ultrasound

Displayed the maximum intensity of vascularization in 
suture anchor and/or the tendon peripheral structures (bursae, 
muscle, peripheral bursal fat stripe) after surgery

Table 11.3  Characteristics of operated tendons
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Fig. 11.7  Postoperative	tendon	( T ).	The	flexor	tendon	is	thickened	and	surrounded	by	thick	echo-
genic tissue that exhibits Doppler signal, representing adhesions

 

Fig. 11.8  (a) Supraspinatus tendon 2 years postsurgical repairing, the image is in longitudinal 
view and gray scale exhibit as hypoechoic blurred structure. (b) Doppler signal is located in the 
muscle. (c)	Elastography	shows	a	marked	red	area	in	the	zone	of	the	repair	( soft);	an	anchor	is	
located	distally	( arrow).
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are susceptible to lesions. Ultrasound appearance of the muscle is affected by many 
factors including angulation of the ultrasound beam. Sport is the most common 
cause of injury [27].

Classification of muscle lesions is acute and chronic. Acute lesions are tears, 
contusions, and lacerations, whereas chronic lesions are scars, fibrosis, and myositis 
ossificans:

1.	 Strain,	 tears,	and	lacerations	commonly	result	from	over	elongation;	signs	are	
localized and cause tender points that increase with active movements [28].

a) The main objective of ultrasound in acute lesions is to determine the 
severity and extent of the lesion. There are several systems for classifying 
lesions though none of them are accurate or globally accepted. Ultrasound 
features can however be graded into:

•	 Grade	 0:	 minimal	 muscle	 changes	 that	 could	 be	 seen	 as	 normal	 in	
ultrasound.

•	 Grade	I:	focal	or	generalized	hyperechoic	areas	located	within	a	bundle,	
represents		≤	5	%	of	the	total	muscular	area	affected.

•	 Grade	II:	loss	of	muscle	or	perimysial	striation	or	discontinuity	of	the	
fibers	with	vascularization;	loss	of	echogenicity	and	a	hyperechoic	halo	
surrounding the myotendinous junction or hematoma. Lesion involves 
more than 5 % of the muscle area. Dynamic ultrasound could reveal the 
bell clap sign (Fig. 11.9).

•	 Grade	III:	complete	disruption	of	the	muscle	and	loss	of	longitudinal	
fiber	 integrity;	 associated	 with	 hematoma	 and/or	 muscle	 retraction	
(Fig. 11.10).

b) Hematoma healing starts immediately after the lesion: firstly, the hema-
toma undergoes a process of liquefaction, with subsequent resorption 
during which showing a very heterogeneous appearance with areas of 

Fig. 11.9  Muscle	showing	the	central	aspect	of	the	muscle	tear	( arrow head) in short axis, and B 
grade	II	tear	( arrow) in long axis
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reflective material or fibrous septae. Over time, these areas disappear and 
muscle fibers reorganize and appear normal—complete recovery can take 
weeks or months. With repeated trauma, granulomatous tissue forms and a 
scar appears. If the hematoma fails to resolve, a cyst forms and a discrete 
area devoid of reflectivity with acoustic shadowing is seen [29].

c) Contusion is the lesion that results from direct blunt impact and is most 
frequently associated with sport. Muscle contusion represents a capillary 
and muscle fiber disruption with microhemorrhage, dissecting fibers and 
leading to inflammation—ultrasound shows mild or focal muscle swell-
ing against the background of the undamaged muscle tissue, secondary to 
hematoma in the first 24–48 h that normally resolves leaving no permanent 
damage. Over the next 2–3 days, collections become hypo- or anechoic 
increasing in echogenicity as time passes. After few weeks, the hematoma 
organizes and focal scar tissue develops if the contusion is large [30].

d) Acute compartmental syndrome arises following the trauma due to hema-
toma formation and muscle swelling—ultrasound can be helpful in identi-
fying focal collections which, if drained, can decompress the compartment.

2. Chronic muscle injury is the result of abnormal healing or extended lesions as a 
consequence of untreated acute lesions. The main chronic lesions are:

a) Scars that appear as linear or irregular echogenic structures surrounded by 
hypoechoic zones that are usually found at the fascial interface or myoten-
dinous junction.

Fig. 11.10  (a) Medial gastrocnemius muscle long axis, in gray scale with muscle grade II tear. 
(b)	double	screen	view	in	long	axis	of	the	medial	soleus	muscle	with	a	hematoma	( arrow), and (c) 
panoramic view of the Achilles tendon and soleus muscle in which tendon rupture is shown and 
muscle tear is depicted
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b) Muscle herniation results from fascial defects that allow extra compartmen-
tal herniation, commonly in the lower limb, which become prominent with 
muscle contraction. Ultrasonographically, there is normal muscle through 
the	focal	epimysial	defect;	longitudinal	images	show	perimysium	bowed	into	
the defect. If the defect is large, bell clap sign is observed with active motion.

c) Atrophy	is	related	to	chronic	inflammation;	fatty	infiltration	and	decreased	
muscle fibers result with an increased echogenicity of the muscle involved.

d) Myositis ossificans is a benign non-neoplastic condition, often seen in 
young people, following muscle trauma and is defined as heterotopic bone 
or cartilage formation in or adjacent to muscle. There are four types of the 
condition but the most common is post-traumatic. Phase changes can be 
detected	by	ultrasound;	during	early	phase	(precalcified),	ultrasound	can	
show a vascular solid mass with Doppler signal present at the periphery, 
but caution and vigilance are required because this image can also be seen 
in sarcoma. Late phase (calcified) appears as a hypoechoic or heteroge-
neous mass with calcification, with a vascular rim in the central zone dem-
onstrating enhanced Doppler signal. Progressively, Doppler disappears 
and an acoustic shadowing appears due to peripheral ossification [31].

3. Inflammatory entities can injure muscle with infection and autoimmune disease 
being the most common causative factors:

a) In infectious myositis, mix echogenicity is seen because of the different 
types which include purulent, tubercular, and viral. The muscle is edema-
tous, thickened, and tender with swelling of surrounding tissues. Anechoic 
or	hypoechoic	fluid	can	be	present	but	it	is	not	specific;	septations	may	be	
present between the collections and Doppler signal secondary to vascu-
larization may be increased in the periphery. In chronic infections, loss of 
muscular pattern due to atrophy is visualized [32].

b) Inflammatory myopathy show consistent but nonspecific patterns. Inflam-
matory changes include hyperechogenic muscle fibers, hypoechogenic 
fibradipose septae with increased muscle diameter. While atrophic criteria 
include increased echogenicity of the muscle with reduced diameter of the 
fibers. Polymyositis hyperechogenicity was more prominent than in der-
matomyositis and other conditions. Elastography results correlated well 
with decreased elasticity, probably due to fibrosis and atrophy. While in 
few cases, increased elasticity with soft look might be due to fatty infiltra-
tion [33] (Fig. 11.11).

Ligament

Ultrasound is a good technique to visualize ligaments. Ligaments are fibrous struc-
tures that attach bone to bone and that could be intrinsic or extrinsic, intra or ex-
tracapsular. On ultrasound examination, ligaments appear as band-like structures, 
usually trilaminar and hyperechoic, being slightly more compact when compared to 



25311 Soft Tissue Rheumatism

tendons. All regions have ligaments but not all can be seen by ultrasound and most 
of their lesions are related to sports injuries. Ligaments that are usually involved in 
noninflammatory or sport pathology are the collateral lateral ligament in the knee, 
collateral ligament in the elbow, collateral ulnar ligament in the first MCP joint, and 
the ligaments in the ankle. We summarize the most important lesions not related to 
sports for each region in Table 11.4 [34–44].

When ligaments rupture, lesions present in three stages all of which can be seen 
by ultrasound. At the beginning, the ligament looks hypoechoic and thickened but 
continuous. If second stage is present, discontinuity is seen with hypoechoic and 
thickened appearance. In the final stage, full discontinuity is present and signs of 
hemorrhage could be observed. In acute lesions, Doppler signal can be present. 
Dynamic examination is recommended [7] (Fig. 11.12).

Bursae

Bursae are normally seen as hypoechoic bands between two layers of hyperechoic 
fat. Bursitis refers to a distention of the band, usually beyond 2 mm, seen as a hy-
perechoic thickening of the walls. In noninflammatory conditions, it is related to 
trauma, hemorrhage, infection, or metabolic diseases. The most affected bursae are 
the communicating ones. Bursae are classified as deep or superficial according to 
its location, and ultrasound can visualize most of them in pathologic conditions. The 
main pathologies depicted are summarized in Table 11.5 [45–47].

Ultrasound shows distension, thickening and/or synovial hypertrophy with/with-
out septae, and can exhibit Doppler signal but it is not frequent unless an inflamma-
tory process is associated.

Fig. 11.11  Myositis in gray scale, Doppler, and elastography. (a) Hyperechoic gastrocnemius 
muscle fibers with hypoechoic fibroadipose septae, reduced diameter of the fibers, and reduced 
muscle elasticity. (b) Deltoid muscle with loss of muscle pattern and increased elasticity due to 
fatty infiltration
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Region Ligament Normal US view Pathology, US aspect
Shoulder Coracoacro-

mial ligament
Thin ligament is divided into two major 
bands (Y shape): is part of the reflection 
pulley and can visualize in the interval 
scanning

Lesion makes the 
ligament to look like the 
surrounding fat (slightly 
hyperechoic)
Thickening suggests 
adhesive capsulitis
Its lesion is related to 
impingement or bursitis

Gleno-
humeral 
ligament: 
superior, 
medial, 
inferior

Scanning position: maximal abduction, 
neutral rotation
Superior glenohumeral lesion is part of 
the reflection pulley
The two bands of the inferior glenohu-
meral ligament are bit thicker than the 
axillary pouch

Superior glenohumeral 
ligament lesion causes 
glenohumeral joints 
instability

Coraco-
humeral 
ligament

Linear hypoechoic band surrounded by 
hyperechoic fat

Shortened and 
thickened in adhesive 
capsulitis

Elbow Medial 
collateral 
ligament

Triangular shape: anterior, posterior 
transverse bundles
Hyperechoic compared to the common 
flexor tendon

Luxation
Tear
Instability

Lateral 
collateral 
ligament

“Y”-shaped structure composed by the 
lateral ulnar collateral ligament (nor-
mally hyperechoic), radial collateral liga-
ment and the annular ligament (normally 
hypoechopic band indistinguishable from 
the humeral cartilage
Triangular shape in ligament insertion 
and radial head

Luxation
Tears
Snapping elbow

Hand Pisotriqu-
etral joint 
ligaments

Pisohamate ligament looks slighthly con-
cave,	hyperechoic,	and	fibrillar;	insertion	
is hypoechoic
Pisometacarpal ligament is a fibrous 
band, slightly hypoechoic
Pisotriquetral ligament is seen as a 
hypoechoic fibrillar thickening of the 
capsule, below the extensor retinaculum 
that becomes hyperechoic with passive 
deviation

TearInstability 
(in osteoarthritis)

Intrinsic 
ligaments

Scapholunate and lunotriquetral 
ligaments are C-shaped ligaments with 
palmar, intermediate, and dorsal portions 
that look fibrillar and echoic. The scaph-
olunate appears as triangular
Capsular ligaments are six ligaments in 
the palmar side and three dorsally, not 
always visible by US

Lesion of the scapholu-
nate ligament appears as 
widening and loss of the 
regular echoic aspect 
with partial thickness 
tear
Instability
Loss of the radio–ulno-
carpal congruence

Table 11.4  Ligament lesions
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Region Ligament Normal US view Pathology, US aspect
Extrinsic 
ligaments

Radiocarpal/ulnocarpal collateral liga-
ments are part of the capsular ligaments 
and not completely visible on US
Triangle fibrocartilaginous complex 
includes the triangular ligament, that 
looks hyperechoic, formed by the articu-
lar disk, that look less echoic but more 
homogeneous, and the radio–ulnar liga-
ments surrounding the disk and attaching 
to the ulna

Knee Medial 
collateral 
ligament

The layers are well identified along 
the medial part (deep fascia, ligament, 
deep meniscofemoral and menisco-
tibial bands) that looks homogeneous 
parallel hyperechoic bands with loose 
hypoechoic tissue imposed between them

Thickened, hetero-
geneous, hypoechoic 
can be associated with 
edema, hemorrhage, and 
fluid collection
Isolated injuries result 
from valgus stress with-
out rotation, with knee 
in flexion
Tear that could present 
into three grades

Fibular 
collateral 
ligament

Cord-like structure, fibrillar pattern Distension due to 
related bursitis

Ankle 
and foot

Anterior 
tibiofibular 
ligament

Several band-like structures that 
looks fibrillar hyperechoic and exhibit 
anisotropy

In acute injuries, 
ligament is replaced by 
amorphous hypoechoic 
mass	with	evident	tears;	
chronic lesions show 
absence or thickend 
ligament
Severe lesion could 
exhibit avulsion fracture 
of the lateral malleolus
Overuse disorders
Trauma
Sport lesions

Anterior 
talofibular 
ligament

Band-like structure extending from the 
distal fibula to the talar bone, fibrillar 
hyperechoic and exhibit anisotropy

Involved in 95 % of 
sprains

Posterior 
talofibular 
ligament

Fibrillar hyperechoic and exhibit 
anisotropy

Normally, it is not usu-
ally injured unless there 
is a frank dislocation or 
fracture of the ankle

Calcaneofib-
ular ligament

Fibrillar hyperechoic Tears
Overuse disorders
Trauma
Sport lesions

Table 11.4 (continued)
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In acute bursitis, bursae distension causes pain and limited range of motion, 
normally related to friction and repetitive trauma. Fluid is anechoic or slightly hy-
poechoic and compressible. Sometimes a posterior acoustic shadow can be seen and 
shows little or no change with compression (Fig. 11.13).

Region Ligament Normal US view Pathology, US aspect
Posterior del-
toid ligament

It can be seen only partially, both 
the superficial and deep bands are 
hypoechoic structures

Anterior del-
toid ligament

A long part of the tibiocalcaneal liga-
ment is seen, but not always

Spring 
ligament

Superomedial, inferoplantar, and medio-
plantar calcaneonavicular ligaments
Superomedial looks like a fibrillar hyper-
echoic structure

Increasing in the 
thickening and loss of 
normal fibrillar pattern 
in the distal portion 
visualized in chronic 
lesion confine to the 
superomedial portion 
along with chronic 
dysfunction of peroneal 
tendons;	could	exhibit	
Doppler signal

US ultrasound

Table 11.4 (continued)

11.12  (a)	Collateral	ulnar	ligament	in	the	first	MCP	joint	in	neutral	position	( arrow). (b) Strained 
ligament in extension in which a hypoechoic appearance and loss of normal pattern are seen 
( arrow head)
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Chronic bursitis presents with an irregular thickening of the bursae walls, fluid 
becomes echoic and is less or not compressible. Sometimes, calcifications and sep-
tae	can	be	visualized;	hyperechoic	spots	with	or	without	acoustic	shadow	are	seen.

Metabolic diseases, infections, bone fragments, and steroids can be seen as spots 
and a detailed history is needed, especially in chronic cases. Septic bursitis can be 

Table 11.5  Bursae location and main pathology mechanism
Bursae location Pathology mechanism
Shoulder Subacromial–subdel-

toid (SA-SD) bursae
Coracoid bursae
Subscapular bursae

Acute, occasionally it is related to rotator cuff injury. 
When it turns chronic, ultrasound can detect the loss of 
cortical regularity associated with bursal changes
Chronic or inflammatory
Chronic or inflammatory

Elbow Olecranon bursae Acute due to repetitive trauma
Chronic, related to inflammatory or infectious diseases
Can be recurrent
Sometimes the bursae can exhibit septae

Hip Iliopsoas bursae
Trochanteric Bursae

Acute or chronic, related to inflammatory disease, avas-
cular necrosis, osteoarthritis, trauma, pigmented villon-
odular synovitis, crystal deposition diseases, and tumor. 
Differential diagnosis includes inguinal hernia, tumors, 
ganglia;	it	is	important	to	consider	that	this	bursae	can	
reach abdomen
Superficial bursae, related to obesity, trauma, and inflam-
matory diseases. It is the largest bursae in the greater 
trochanter

Knee Prepatellar bursae
Suprapatellar bursae
Superficial infrapatel-
lar bursae
Deep infrapatellar 
bursae
Anserine bursae
Gastrocnemius–semi-
membranosus bursae

Acute or chronic, it is distended over the patellar superfi-
cial margin and can reach the anterior region in the knee. It 
is tricompartmental bursae. Main cause is repetitive trauma 
from kneeling
It is communicating bursae, when distended is related to 
joint effusion and its main cause is inflammatory diseases 
(e.g., rheumatoid arthritis) and osteoarthritis
Chronic, related to overuse and repetitive trauma (occupa-
tional kneeling and repetitive trauma)
Acute, usually is related to overuse and sports injuries due 
to repetitive trauma
Chronic, related to repetitive trauma, stress, or anatomic 
knee structural changes. It can be related to medial col-
lateral ligament injury
Acute or chronic, communicating bursae also known as 
Baker's cyst, it the most affected bursae in the knee joint

Ankle Superficial calcaneal 
bursae (subcutaneous 
Achilles bursae)
Precachilles bursae 
(deep retrocalcaneal 
bursae)

Acute or chronic, usually related to poorly fitting shoes, 
overtraining, or Haglund’s disease
Acute, chronic, and frequently related to inflammatory 
diseases

Foot Metatarsal bursae Acute, chronic, and related to inflammatory diseases and 
shoe fitting
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confused or misdiagnosed if an inflammatory disease is present—some differences 
can distinguish one from another. Septic bursitis gas can be visualized as posterior 
acoustic shadowing, walls are hyperechoic and bursae content is cloudy and hyo-
poechoic and could exhibit Doppler signal (Fig. 11.14).

Fascia

Fascia is the most important tissue in the body in musculoskeletal anatomy and is 
composed of three layers (superficial, deep, and visceral). The deep layer is the 
most important because it is part of most tissues. Retinacula is the thickening of 
this deep fascia that prevents tendon migration in osseofibrous canals such as flexor 
retinaculum of the wrist, medial ankle flexor retinaculum, peroneal retinaculum, 
and the annular pulleys in the fingers. The main pathology related to aponeurosis 
and pulleys was previously described.

Palmar fascia is a connective tissue located superficially in the hand, also known 
as palmar aponeurosis—its inflammation is known as palmar fibromatosis or 

Fig. 11.13  (a) Subscapular bursae, (b) suprapatellar bursa in gray scale and with power Doppler 
signal, and (c) deep retrocalcaneal bursae 
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Dupuytren’s disease and is characterized by hypoechoic nodular thickening and 
variable retraction of the palmar aponeurosis that might exhibit Doppler signal, 
and if severe can limit hand movement and cause flexion contraction of the fin-
gers. It is sometimes associated with neoplasia or metabolic diseases like diabetes 
(Figs. 11.15, 11.16).

Plantar fascia is a thickened fibrous sheet of connective tissue originating in the 
medial tubercle of calcaneus and attached to the plantar surface of the metatarso-
phalangeal joints. Its most common injury is plantar fasciitis which is easily visual-
ized by ultrasound—its appearance is thickened and hypoechoic with surrounding 
edema (usually thickness is more than 4 mm) [48] (Fig. 11.17).

Plantar fibromatosis or Ledderhose disease appears as a fusiform, hypoechoic, 
or mixed echogenic mass located in the middle or distal fascia, easily located by 
clinical examination.

Subcutaneous Tissue

Subcutaneous tissue appears as discrete hypoechoic layers with hypoechoic back-
ground fat and hyperechoic linear echoes of the connective tissue septae. Pathol-
ogy is vast and ultrasound technology, including Doppler and elastography, has 
improved the study of this tissue. Pathology is mostly related to dermatology, but 

Fig. 11.14  Chronic	subacromial–subdeltoid	bursitis	( b).	The	tendon	( T) is distinctly demarcated. 
C	=	coracoid	process.	The	bursal	wall	is	thickened	( arrow). The contents are echogenic. Findings 
denote chronicity
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Fig. 11.15  (a) Palmar fascia with hypoechoic nodular thickening. (b) Positive power Doppler 
signal

Fig. 11.16  Palmar fibromatosis. (a) Thickened palmar fascia superficial to the flexor tendon with 
nodular	formation	( arrow) causing skin corrugation above. (b) Post local injection, thickening is 
less, the skin is more flat, and changes are less marked
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rheumatologists and other specialists are not exempt from knowing of it. The most 
frequent are described below.

Subcutaneous edema can be caused by trauma or inflammatory diseases and is 
visualized as hyperechoic appearance of fat lobules. The early stages involve the 
deep layers that are seen as hypoanechoic due to fluid accumulation. Progression 
 relates to connective tissue septae enlargement and anechoic strands until fat lob-
ules are separated from one another due to the anechoic fluid. When the cutaneous 
layers thicken and anechoic fluid localizes between the fatty lobules of the hypoder-
mis, it is called lymphedema [49] (Fig. 11.18).

Cellulitis involves skin and subcutaneous tissue and is related to infectious dis-
eases—differentiation from abscesses is very important. Ultrasound appearance of 
cellulitis is not specific, but demonstrates skin thickening, subcutaneous edema, and 
an irregular hyperechoic appearance of fat with blurred tissue planes and associated 
edema of deep layers. Doppler shows hypervascularity, and echogenic foci with 
dirty shadowing that may be related to air or gas [50] (Fig. 11.19).

Fig. 11.17  Plantar fascia shows thickening, hypoechoic changes with heterogeneous pattern

Fig. 11.18  Grayscale image depicting connective septae enlargement and anechoic strands until 
fat lobules separated from one to another due to anechoic fluid representing subcutaneous edema
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Panniculitis involves adipose tissue of the subcutaneous layer and is associated 
with systemic diseases or local injuries such as trauma. On ultrasound  visualization, 
septal panniculitis shows thickening and hypoechoic septae with increased 
echogenicity of fatty tissue, while lobular panniculitis presents with  increased 
 echogenicity and blurred fatty tissue, and sometimes anechoic or hypoechoic 
 round-shaped pseudocyst structures can be seen from the resulting liquefaction.

Abscess is demonstrated as an irregular fluid-filled hypoechoic or isoechoic 
area with characteristic posterior acoustic enhancement containing echogenic spots 
(pus) that, very often, fluctuate with slight pressure with the probe. Doppler shows 
blood	flow	in	the	abscess	walls	and	surrounding	tissues;	deep	abscess	may	exhibit	
hypoechoic subperiostial fluid. When the abscess is well formed, it appears as a 
homogeneously	anechoic	or	hypoechoic	mass	containing	gas;	 the	ongoing	 lique-
faction visualized like an echogenic fluid without mass and focal changes. It is 
important to search for communicating tracts to the skin or deep layers (muscular/
articular) [51] (Fig. 11.20).

Fig. 11.19  (a) Zoom image of the skin with thickening, subcutaneous edema and irregular hyper-
echoic appearance of fat with blurred tissue planes with associated edema of deep layers. (b) 
Power Doppler signal shows hypervascularity

Fig. 11.20  Hypoechoic area 
in the hip in short axis with 
characteristic posterior acous-
tic enhancement contain-
ing echogenic spots and an 
homogeneously hypoechoic 
mass that illustrates an 
abscess
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Tumors

Soft tissue tumors present in a wide spectrum from benign to malignant mostly 
located in the subcutaneous tissue and varying in shapes and sizes. Ultrasound is 
useful to determine the presence of the tumor, its anatomical location, extent, con-
sistency, relation to other structures, vascular involvement, and for the follow-up of 
diagnostic and treatment procedures [52]. The ultrasound appearance of most of the 
soft tissue tumors is known and allows for an accurate diagnosis.

In general, benign tumors are present for a long time, without a change of size, 
(demonstrating a slow growth), superficial in location, and do not necessarily ex-
hibit a Doppler signal, whereas malignant tumors present in a short time, with rapid 
growth, deep location are vascularized. Other characteristics shown in Table 11.6 
[53] must be considered in the ultrasound examination for tumors.

Lipomas are the most common soft tissue solid masses. They present as well-
defined oval/round-shaped structures that follow the axis of the skin layers and 
exhibit hypovascularity. When located in risky areas such as near the temporal ar-
tery, carotid arteries, jugular veins, and brachial artery, a vascular view must also 
be performed. When located superficially its aspect is well defined with a thin wall, 
hypoechoic, and homogeneous (Fig. 11.21).

Fibrolipomas are hyperechoic and intramuscular lipomas that are usually located 
in lower limbs. They present as well-circumscribed or non-infiltrative types. They are 
seen as a well-defined ovoid, noncompressible mass contained inside a muscle usu-
ally without Doppler signal. Infiltrative type substitutes muscle with fat, and muscle 
fiber separation is seen with heterogeneous aspect and not very well-defined walls 
but this does not represent a sign of malignancy unless increased Doppler  signal is 

Table 11.6  Study appearance of soft tissue tumors
Characteristic Description
Location Superficial: skin, subcutaneous tissue, fascia

Deep: muscle, joint, cortical
Central/peripheral body location

Appearance Size, shape, capsule
Limits: well defined, blurred
Internal echogenicity: hypo/hyper/iso/anechoic
Internal architecture: linear echoes, septae, speckles, cysts, acoustic 
shadowing, calcifications, gas/air

Consistency Soft, firm, hard
Compressibility

Doppler signal Present or absent
Peripheral or central
Pattern: organized or chaotic

Surrounding tissues Related to skin, tendon, muscle, nerve, bone
Other lesions Edema

Swelling of surrounding soft tissues
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present, which might reveal liposarcomas or other type of lesions. In this case, mag-
netic resonance imaging or computed tomography should be done [5, 49, 54].

Another type of soft tissue masses is ganglion or synovial cysts. Its main charac-
teristics are depicted in Table 11.7.

There is no consensus about the differences between both lesions and in general 
literature refers indistinctly to them. The main distinction is related to whether they 
do or do not communicate with the joint space [55–57] (Fig. 11.22, 11.23).

Table 11.7  Ganglion and synovial cyst
Characteristics Ganglion Synovial cyst
Shape Rounded

Unilocular or multilocular
Rounded or not defined
Simple, multiloculated, or septated

Walls Well defined, hyperechoic, and 
related to connective tissue lining
Can contain sharply defined septae

Defined, hypo- or hyperechoic 
related to synovial cells lining and 
communicate with joint space

Location Hand and feet
Juxta-articular, intra-articular, 
periosteal

Hand, hip, and knee

Appearance Mucinous collection
Variable echogenicity (anechoic, 
hypoechoic, or mixed)

Fluid collection
Heterogeneous, mostly hypo- or 
anechoic

Compressibility Hardly compressible Compressible
Doppler signal Absent May be present

Fig. 11.21  Well-defined subcutaneous tissue with a thin wall, hypoechoic, and homogeneous soft 
tissue	mass	representing	a	lipoma	( arrow)
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Foreign Bodies

Ultrasound is a good imaging technique to identify foreign bodies in subcutaneous 
tissue. There are several types of foreign bodies and each can be characterized by 
this method. Its characteristics are depicted in Table 11.8.

In the case of a suspected foreign body, it is important to take into account the 
size, material, location, related symptoms (infection, mass, granuloma), duration 
of symptoms, migration, and associated therapeutic decisions [58–61] (Fig. 11.24).

Fig. 11.22  (a) Semimembranosus bursae in short axis with a central septae and hypoechoic areas. 
(b) Same bursae in long axis

Fig. 11.23  Large Baker’s cyst with hypoechoic content
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Conclusion

Musculoskeletal ultrasonography is a quickly achieving major advancement and 
enhancement. This, consequently, is clearly helping in an area like soft tissue rheu-
matism, where not only anatomy shows wide variety but also pathology is vast 
and sometimes difficult to distinguish. Musculoskeletal ultrasonographist must fa-
miliarize himself/herself with normal sonoanatomy, get an in-depth reading and/or 
hands on experience, and learn how to precisely and objectively describe and dif-
ferentiate different findings. The use of new techniques such as elastography should 
be mastered. The result will highly pinpoint the issue of concern. Proper history, 
clinical aspects, and other imaging modalities are always of necessity.
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Abbreviations

ACPA Anti-citrullinated protein antibodies
ACR American College of Rheumatology
CD color Doppler
CDUS color Doppler ultrasonography
CRP C-reactive protein
CT computed tomography
CTA computed tomography—angiography
ESR erythrocyte sedimentation rate
EULAR European league against rheumatism
FM fibromyalgia
GCA giant-cell arteritis
HIV human immunodeficiency virus
LV-GCA large-vessel giant-cell arteritis
MRA magnetic resonance angiography
MRI magnetic resonance imaging
PET positron emission tomography
PIH parenchymal inhomogeneity
PMR polymyalgia rheumatica
PSV peak systolic velocity
RA rheumatoid arthritis
RF rheumatoid factor
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RI resistive index
SAPHO synovitis–acne–pustulosis–hyperostosis–osteomyelitis/osteitis
SCJ sternoclavicular joint
SLE systemic lupus erythematosus
SM sono-myography
SME sonomyoelastography
SOV single-organ vasculitis
SS Sjögren’s syndrome
SVV small-vessel vasculitis
TMJ temporomandibular joint
TP tender points
US ultrasound

Introduction

Inflammatory nonarthritic musculoskeletal conditions encompass a wide spectrum 
of disorders affecting various anatomical structures. In spite of the fact that the term 
musculoskeletal “inflammatory allied conditions” may sound less popular than in-
flammatory arthritic diseases, they rank as one of the leading causes of morbidity 
and/or disability. However, there are still gaps in our knowledge of the different 
diseases included under the title of inflammatory allied musculoskeletal conditions. 
This chapter discusses the value of US in the diagnosis as well as management 
of this inhomogeneous group of diseases, including vasculitis, fibromyalgia (FM), 
polymyalgia rheumatica (PMR), inflammatory myopathies, parasternal joint dis-
ease, Sjögren’s syndrome (SS) as well as the temporomandibular joint (TMJ).

Vasculitis

Large-Vessel Vasculitis: Clinical Features and Sonographic 
Pattern

Systemic vasculitis are a group of disorders characterized by inflammation of ves-
sel walls, that may affect large, medium, or small vessels, often leading to serious 
organ damage. They may appear as a primary process or secondary to another un-
derlying disease. In vasculitis, the inflammatory process is initiated in the blood 
vessel itself as inflammatory leucocytes accumulate in the vessel walls, leading 
to swelling and damage of the mural structures, subsequently narrowing of the 
vessels’ lumen which can cause ischemia and necrosis [1]. An updated nomencla-
ture categorizes vasculitis as: large-vessel vasculitis, medium-vessels vasculitis, 
small-vessels vasculitis (SVV), vasculitis of variable size, single-organ vasculitis 
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(SOV), vasculitis secondary to a systemic disease, and vasculitis with suspected  
etiology [2].

Large-vessel vasculitis refers to the vasculitis affecting the aorta and its major 
branches: giant-cell arteritis (GCA) and Takayasu’s arteritis [2]. It includes clas-
sic temporal arteritis (cranial GCA), large-vessel giant-cell arteritis (LV-GCA), 
describing patients with extracranial artery involvement, Takayasu’s arteritis, and 
isolated aortitis [2–4].

The incidence of GCA increases with age and peaks during the eighth decade, 
been the mean age of diagnosis of about 75 years. GCA is 2–3 times more frequent 
in women than in men and is more common in populations from Northern European 
countries than in Mediterranean countries. A cyclic variation in disease incidence 
has been observed in several studies, supporting the hypothesis that the disease is 
triggered by an infectious agent [5].

In these pathologies, color Doppler (CD) ultrasonography (CDUS) was reported 
as a sensitive, noninvasive technique, of value to diagnose vasculitis of the large-
vessels vasculitis [6]. Temporal arteritis is a good example of how US can be of 
help, not only for the disease diagnosis but also for monitoring response to therapy 
as well as identifying flare up of the inflammatory process. In temporal arteritis, 
there is a characteristic circumferential wall thickening, “halo sign” (a hypoechoic, 
dark area around the lumen), in the affected arteries which seems to disappear with-
in 2 days to 6 months after starting treatment with corticosteroids [7–9]. However, 
the halo sign reappears in GCA patients suffering a flare [7].

Giant Cell Arteritis/Temporal Arteritis

Temporal arteritis is an important cause of secondary headache in older adults. Ac-
cording to the 1990 American College of Rheumatology criteria, GCA is diagnosed 
if the patient fulfills three of a core of five features. These include age of 50 or 
older,	 at	onset;	 a	new-onset	headache	or	changed	pattern	of	headache;	a	clinical	
temporal	artery	abnormality;	elevated	erythrocyte	sedimentation	rate	(ESR)	of	at	
least	50	ml/h;	and	abnormal	temporal	artery	biopsy.	GCA	is	generally	regarded	as	a	
cranial arteritis, although 20–30 % of the patients will also have involvement of the 
aortic trunk and branches [10].

Clinically, temporal arteritis patients tend to complain of localized headache 
(72–74 % of the cases), usually accompanied by swollen and tender temporal ar-
teries, with reduced pulse (64 % of the cases). In addition, jaw claudications are 
usually reported in 37 % of the cases. The headache is typically acute or subacute 
in onset and is also associated with scalp tenderness, in either temporal or occipital 
artery branches [11]. It is classically persistent, but intermittent headaches have 
also been reported [12]. About 32 % of the patients may have ophthalmological 
complications, such as double vision or anterior ischemic optic neuropathy. Blind-
ness is the most feared complication of GCA, occurring in approximately 15–20 % 
of patients [11]. Systemically, patients usually lose weight and feel ill, with possible 
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night sweats. ESR is higher than 50 mm/h in 85 % of the cases. C-reactive protein 
(CRP) is also commonly elevated. While about 50 % of the patients have concomi-
tant PMR [3], the pathophysiologic relationship between these conditions continues 
to be a matter of debate.

Ultrasound in Temporal Arteritis

US has the highest resolution of all the imaging techniques used for the diagnosis 
of vasculitis. High-frequency probes of more than 10 MHz provide axial and lateral 
resolution of 0.1 mm. The temporal arteries are localized about 4 mm below the 
skin surface. They are easily accessible with US, and this image technique allows 
the assessment of the whole length of the two branches of the temporal arteries. US 
depicts the artery wall and provides information about blood-flow characteristics 
within the artery.

In acute temporal arteritis, CDUS of temporal arteries shows hypoechoic edema-
tous wall swelling, “halo sign” (Fig. 12.1a, Fig. 12.1b). This tissue is not compress-
ible [13], and it disappears with glucocorticoid treatment after 2–3 weeks, in most 
patients. The dimensions of the halo sign seem to be very important with maximum 
widths	≥	1	mm	being	correlated	with	high	specificity	(93	%)	[14]. A meta-analysis 
concluded that a unilateral halo sign had sensitivity for diagnosis of 68 % and a 
specificity of 91 %. The specificity is even greater when bilateral halo sign is iden-
tified and the sensitivity is improved by assessing large vessels (common carotid 
and axillary arteries) in addition to the temporal arteries [6, 15]. In a specialized 
US clinic, US showed a sensitivity of 88 % and a specificity of 96 % with regard 
to clinical diagnosis and a sensitivity of 95 % as well as specificity of 99.5 % with 
regard to positive temporal artery biopsy [4]. When stenosis occurs, it is represented 
by	a	reduction	in	lumen	width	associated	with	an	increase	in	blood-flow	velocity;	in	
this case, CDUS would show a mixture of colors with persisting color signals in the 
diastolic phase. Occlusion is represented by a US image of the artery with absence 
of color Doppler (CD).

US Technique to Examine the Two Branches of the Temporal 
Arteries

To perform temporal US, the patient lies supine with the head towards the opposite 
side of the artery that the sonographer examines. The sonographer can sit in front or 
behind the patient. Place the probe longitudinally in front of the ear. After detecting 
the common superficial temporal artery, the probe is moved continuously forward 
to the parietal branch. Then the probe is placed transversely to examine the parietal 
branch and the common superficial temporal artery in short axis. From the bifurca-
tion, the frontal branch is followed longitudinally and transversely [4, 16].

The sonographer needs to avoid putting too much pressure, to avoid compress-
ing the temporal arteries, and more gel should be applied in areas with hair. The 
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frequency of the linear probe should be as high as possible, preferably 15 MHz or 
higher. Adjust the color gain, because if it is too low, only the center of the lumen 
will show color signals leaving an anechoic rim between the lumen and the wall, 
mimicking	the	pathological	halo	sign;	if	 the	color	gain	is	 too	high,	the	inflamed	
area may be covered and disease may be missed. The pulse repletion frequency 
should be set at about 2.5 kHz. The sonographer uses CD mode and angles the box 
so that the blood flow is not completely parallel to the probe. Color should cover 
the artery lumen completely, but should not continue over the artery wall. Both 
sides should be examined. Temporal arteries should be investigated as completely 
as possible [17].

Fig. 12.1  a	Longitudinal	scan	of	a	normal	temporal	artery;	12.1b Longitudinal scan of a temporal 
artery from a patient with temporal arteritis. Notice the halo sign
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The facial arteries are mainly involved in patients with jaw claudication. In pa-
tients presenting with retro-auricular pain, consider to examine the occipital arter-
ies, which are exclusively involved in some patients [18].

As mentioned before, in this pathological condition, stenosis of short segments 
tend to occur. The CD shows a blurring mixture of colors (aliasing) together with 
persistent blood flow in the diastole. Pulsed-wave Doppler then displays at least a 
twofold increase in maximum systolic blood-flow velocity in the stenosis, com-
pared with the blood-flow velocity in the area before or behind the stenosis [17].

Many studies have been performed comparing temporal artery US with histol-
ogy and clinical diagnosis of temporal arteritis. Three meta-analyses have been 
published [15, 19, 20]. The sensitivity of temporal artery duplex US was 87 % with 
regard to clinical diagnosis, and specificity was 96 % in one of the meta-analyses 
[20]. As the halo of the temporal arteries disappears quickly and recurs only in se-
vere flares, routine US examinations are not necessary. Despite this, biopsy of the 
temporal artery is still considered the gold standard in the diagnosis of GCA [21].

Large-Vessel Giant-Cell Arteritis

Patients with LV-GCA may present as the aforementioned classical cranial tempo-
ral arteritis, pure PMR, intermittent arm claudication, paresthesias and Raynaud’s 
phenomenon or pyrexia of unknown origin [3, 4]. Extracranial arterial involvement 
is much more common than previously assumed. US facilitated the examination of 
extracranial arteries, such as the femoral and popliteal arteries, the aorta as well as 
the proximal arm arteries. Clinically, in addition to auscultation of the axillary re-
gion,	peripheral	pulses	should	be	palpated	and	blood	pressure	measured	bilaterally;	
if the pulses are not palpable, the arteries of both arms and legs should be examined.

When comparing patients with classical cranial temporal arteritis with patients 
with proximal arm artery involvement in LV-GCA, the first patients’ cohort tend to 
be older (72 vs. 66 years), and there are lesser females (66  vs. 83 %). Time between 
onset of symptoms and diagnosis was longer in LV-GCA (7 vs. 2 months) [3]. Pa-
tients with LV-GCA less commonly develop anterior ischemic optic neuropathy 
[10, 22], more frequently complain of PMR, and often lack typical cranial symp-
toms [23]. Critical limb ischemia does not usually occur [22]. The axillary arteries 
are more commonly involved than the subclavian and brachial arteries [4]. Bilateral 
involvement is usually present [4, 24]. In contrast with GCA, in LV-GCA, the wall 
swelling remains much longer and the dark appearance of the wall becomes more 
echogenic because of less edema and increasing fibrosis [4] (Table 12.1).

US in LV-GCA

About 50 % of newly diagnosed GCA patients have axillary artery involvement [4, 
25]. Only 60 % of the patients with LV-GCA have temporal artery involvement.
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To examine the axillary arteries, place the probe longitudinally in the axilla along 
the humeral head and neck, like the scan for detecting glenohumeral joint effusions 
[16, 26]. The axillary artery is located at the level of the humerus or 1–2 cm medial 
to it, and proximal to the circumflexa humeri artery. The color box needs to be 
steered to avoid a blood flow perpendicular to the sound waves. Like evaluating 
the temporal artery wall, the grayscale image probe and vessel should be as parallel 
as possible. A normal vessel shows an intima–media complex of less than 1 mm. A 
bright line represents the interface between artery lumen and vessel wall, followed 
by a dark line representing wall tissue, and another bright line representing the in-
terface between media and adventitia (Fig. 12.2).

In the large-vessel vasculitis, the artery wall is thickened, usually more than 
1 mm. A homogeneous wall swelling, preferably circumferential, of 1.5 mm or 
more is pathognomonic for the diagnosis of axillary vasculitis [3]. The edematous 

Table 12.1  Comparison of patients with extracranial and cranial GCA. (Results from 110 patients 
with established diagnosis of GCA. Adapted from Czihal et al. 2012) [23]
Variable Extracranial GCA 

( n = 59)
Cranial	GCA	( n = 51)

Age (years) 65 ± 7.6 73.7 ± 7.0
Time to diagnosis 28.7 ± 25.1 6.5 ± 6.5
Cranial symptoms 32 (54.2) 51 (100)
Headache 19 (32.2) 40 (78.4)
Jaw claudication 12 (20.3) 35 (68.6)
Persistent visual impairment 3 (5.1) 27 (52.9)
Polymyalgia rheumatic 29 (49.2) 14 (27.5)
Constitutional symptoms 40 (67.8) 21(42)
Temporal artery abnormality 9 (15.3) 35 (68.6)

GCA giant-cell arteritis

Fig. 12.2  Color Doppler image of the axillary artery of a woman aged 66 years, with temporal 
arteritis and no palpable radial pulse in the right arm
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wall swelling, hypoechoic in untreated patients, frequently persists at follow-up and 
becomes brighter with treatment, because of fibrosis.

Other arteries like subclavian, common carotid and vertebral arteries can also be 
examined by US. However, these arteries are rarely affected in GCA, without the 
involvement of either the temporal or the axillary arteries.

Takayasu’s Arteritis

In contrast to LV-GCA patients in which the age of onset is usually more than 50 
years, Takayasu’s arteritis usually occurs before the age of 40 years. Arteries in-
volved include, the subclavian arteries which are the most commonly involved 
(93 %), followed by the aorta (65 %), and the common carotid arteries (58 %) [17]. 
Aortitis results in markedly increased risk for developing thoracic aortic aneu-
rysms and dissections [27]. Characteristically, temporal arteries are never affected 
in Takayasu’s arteritis. Though the arterial involvement pattern may be similar for 
both LV-GCA and Takayasu’s arteritis, in this last one, arteritis affection is usually 
less symmetrical, affecting more frequently left subclavian and common carotid 
arteries and less frequently the axillary arteries [24].

Ultrasound in Takayasu’s Arteritis

In Takayasu’s arteritis, US can be very useful in early diagnosis, to monitor disease 
progression and the effect of therapy. In general, the US findings in Takayasu’s ar-
teritis are similar to those in GCA. CD assessment reveals hypoechoic, concentric 
wall thickening, brighter than in temporal arteritis, sometimes termed “macaroni 
sign”. The reason for this difference in echogenic pattern lies, probably, in the more 
chronic course of Takayasu’s arteritis and less wall edema [14]. In suspected cases, 
it is advisable to examine the carotid, subclavian, vertebral arteries and abdominal 
aorta. The renal arteries should also be examined in case of arterial hypertension. 
Vasculitis can be easily differentiated from arteriosclerotic lesions, which are het-
erogeneous and irregular with calcifications.

However, US and angiography are considered complementary in the evaluation 
of Takayasu’s arteritis patients and, unfortunately, in most cases, the diagnosis of 
Takayasu’s arteritis is not established before stenosis occurs.

Isolated Aortitis

This vasculitis is listed as an SOV in the new Chapel Hill nomenclature [2]. Clini-
cally, many patients present with pyrexia of unknown origin. If US findings are 
not clear, other imaging techniques can be performed like MRI, MR angiography 
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(MRA), positron emission tomography (PET), computerized tomography angiogra-
phy (CTA), or thoracic and abdominal CT scan.

Polymyalgia Rheumatica

PMR is a common inflammatory condition involving the shoulders, neck and pelvic 
girdle, of elderly people. The etiology of PMR is currently unknown although ge-
netic and environmental factors are thought to be contributing factors [28]. Symp-
toms may also involve the proximal upper and lower extremities. Pain usually limits 
active and passive range of motion, and the stiffness is marked in the morning, caus-
ing patients difficulty in getting out of bed and performing activities of daily living, 
such as washing and dressing. Pain often interferes with sleep at night and results 
in significant daytime fatigue. The shoulders are more often involved than the hips, 
and symptoms may be unilateral early but tend to become bilateral and symmetri-
cal. Distal musculoskeletal manifestations, which are present in up to 50 % of PMR 
patients, may include carpal tunnel syndrome, swelling of hands and feet with pit-
ting edema and nonerosive peripheral arthritis. About 40 % of these patients can 
also experience weight loss, fatigue, and low-grade fever.

PMR shares the same pattern of age and sex distribution as GCA. The diagnosis 
is usually based in clinical and laboratory findings. Synovitis, vasculitis, and bur-
sitis have all been demonstrated in PMR [29], and some authors say that PMR and 
GCA are different facets of the same disease. About 40–60 % of patients with GCA 
have PMR symptoms, and about 9–20 % of patients with PMR also have GCA. 
However, patients with PMR associated with GCA often have more severe disease, 
with significant abnormalities in most laboratory variables, including higher ESR 
and platelet counts, and lower hemoglobin values, than patients with isolated PMR. 
Patients with PMR should be carefully interviewed and examined to detect features 
suggestive of GCA [5].

Radiographs of the affected joints in PMR are often normal and are only useful 
in excluding other conditions like degenerative or inflammatory joint diseases or 
crystal arthropathies. The presence of bony erosions on radiographs is more consis-
tent with rheumatoid arthritis (RA) [30].

US in Polymyalgia Rheumatica

Shoulder and hip US increase the specificity for diagnosing PMR;	therefore,	mus-
culoskeletal US has been incorporated into the new European League against Rheu-
matism/American College of Rheumatology (EULAR/ACR) classification criteria 
[31]. Based on US and MRI findings, PMR predominantly affects periarticular 
structures. The findings of bilateral subacromial/subdeltoid bursitis (Fig. 12.3), ten-
dinosis of the long head of the biceps (Fig. 12.4), and bilateral trochanteric bursitis 
are particularly consistent. Glenohumeral and hip joint effusions and synovitis can 
also be seen, but are less specific [32]. Entheseal involvement and effusions of the 
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knees, elbows, and radiocarpal joints also have been described [14]. An intra- and 
inter-reader exercise, performed as a basis for the ACR/EULAR PMR classification 
criteria study, showed 87 % overall agreement.

A score of 4 or more is categorized as PMR in the algorithm without US and a 
score of 5 or more is categorized as PMR in the algorithm with US (Table 12.2). 
In the EULAR/ACR classification study, US had high specificity in discriminating 
PMR from other shoulder conditions (89 %), but not in discriminating PMR from 
RA (70 %) [31].

The clinical manifestations of GCA and PMR respond usually within 12–48 h 
of starting corticosteroid treatment. The initial dose for GCA is oral prednisolone 
or equivalent of 40–60 mg/day, and for patients with PMR a dosage of 15–20 mg/
day is usually sufficient. A prolonged monitoring is necessary, and corticosteroids 
are gradually tapered, guided by regular clinical evaluation and ESR and/or CRP 
measurement. In PMR, the initial dose is usually maintained for 2–4 weeks. Sub-

Fig. 12.4  Transverse scan 
of the long head of the 
biceps tendon showing a 
tenosynovitis in a patient 
with PMR

 

Fig. 12.3  Longitudinal scan of the right shoulder showing a subacromial/subdeltoid bursitis 
(BSAD) in a patient with PMR. SE—supraspinatus tendon
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sequently, the dose is decreased by 2.5 mg every 2–4 weeks until the patient is at 
10	mg	daily;	following	this,	the	dose	is	tapered	by	1	mg	a	month	[33, 34]. Metho-
trexate may be useful as corticosteroid-sparing agent in GCA and PMR in patients 
with corticosteroid-related toxicity or patients with frequent disease relapses [32]. 
Retrospective studies favor aspirin (acetylsalicylic acid) as an effective adjuvant 
treatment for reducing the ischemic complications of GCA [5]. Recent anecdotal 
reports suggest interleukin (IL)-6 may be a helpful therapeutic target in PMR and 
large-vessel vasculitis, but additional studies are needed [32].

Inflammatory Myopathies

MRI and US are regarded as the tools of choice for imaging muscle trauma and 
disease, bearing in mind that each one has its own specific advantages. MRI is 
considered the gold standard for muscle diseases imaging. On the other hand, the 
morphology of normal muscles can be clearly depicted on US, a technique with a 
superior accessibility and ability to obtain real-time dynamic images.

Sono-anatomy studies revealed that individual muscle fibers are surrounded by 
a thin fascial layer called endomysium (which cannot be seen with US). The fibers 
are packed together in bundles (fascicles) which are surrounded by perimysium, 
and the fascicles are packed together to form muscles, which in turn are surrounded 
by a thicker epimysium. Muscle fascicles appear relatively hypoechoic compared 
to the hyperechoic encasing linear septations and sheath. In longitudinal scanning, 
these hypoechoic fascicles are separated by multiple hyperechoic long lines which 
represent perimysium or fibroadipose septa. This is called pennate appearance. On 
short-axis images, muscle septations appear as white dots on a hypoechoic back-

Table 12.2  PMR	classification	criteria	scoring	algorithm-required	criteria:	age	≥	50	years;	bilat-
eral	shoulder	aching;	abnormal	CRP	and/or	ESR.	(Adapted	from	2012	provisional	classification	
criteria for polymyalgia rheumatic: a EULAR/ACR collaborative initiative) [31]

Points without US 
(0–6)

Points with US 
(0–8)

Morning stiffness > 45 min 2 2
Hip pain or limited range of motion 1 1
Absence of RF or ACPA 2 2
Absence of other joint involvement 1 1
If at least one shoulder with subdeltoid bursitis 
and/or biceps tenosynovitis and/or glenohumeral 
synovitis (posterior or axillary) and at least one 
hip with synovitis or trochanteric synovitis

1

Both shoulders with subdeltoid bursitis, biceps 
tenosynovitis or glenohumeral synovitis

1

PMR polymyalgia rheumatica, CRP C-reactive protein, ESR erythrocyte sedimentation rate, 
EULAR European League Against Rheumatism, ACR American College of Rheumatology, RF 
rheumatoid factor, ACPA anti-citrullinated peptide antibody, US ultrasound
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ground (Figs. 12.5, 12.6). Within the muscle itself, the muscle fibres attach to a 
fibrous aponeurosis that eventually becomes a tendon [35].

Muscle tissue inflammation can arise secondary to infection, trauma, vascu-
litis or autoimmune diseases, including RA, lupus, syndromes, and scleroderma. 
Polymyositis, dermatomyositis, and inclusion-body myositis are the major entities 
of a group of skeletal muscle diseases called idiopathic inflammatory myopathies.

MRI permits the identification of muscle edema in fat-suppressed T2-weighted 
MRI, and allows a detailed examination of a large anatomic area, which is very 

Fig. 12.6  Transverse scan 
of the normal muscles of the 
thigh

 

Fig. 12.5  Longitudinal scan
of the muscles of the thigh
showing the normal pennate
appearance
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useful as symptoms are usually difficult to localize to one muscle group. In T1-
weighted MRI images, fatty atrophy of the musculature can be seen reflecting the 
chronic phase of the disease [36]. By using MRI, it is possible to identify the best 
area to do a muscle biopsy.

US in Inflammatory Myopathies

In rheumatology, US has been mainly used for inflammatory muscle conditions. 
Before performing a US muscle examination, a clinical history and physical ex-
amination are essential. Linear transducers or curved-array transducers (which are 
preferable especially for obese or very muscular patients, particularly to examine 
gluteal region or the proximal thigh) can be used. With this technique, it is possible 
and preferable to do a dynamic and real-time comparison of the contralateral region. 
To demonstrate a pathology, it is useful to use, if possible, a panoramic or extended 
view. In early acute stage of myositis, the muscle belly becomes edematous, result-
ing	in	diffuse	enlargement	and	relative	decrease	in	overall	echogenicity;	therefore,	
US features of acute myositis include normal or increased muscle size, lower echo-
genicity and enhanced perfusion of the affected muscles [37] (Fig. 12.7). In chronic 
disease stage, muscle size and perfusion are reduced (Fig. 12.8). The increased 
Doppler activity within the muscle may be more sensitive to change than gray-
scale and have a predictive potential [35]. A study based on contrast-enhanced US 
scanning showed significantly higher blood-flow velocity, blood flow, and blood 
volume in patients with acute myositis than in normal volunteers [38]. Calcifica-
tions can easily be detected because of high echo intensity and acoustic shadowing 
on US imaging. Being widely available and cheap, muscular US became a useful 
tool for studying and monitoring patients with myositis. Both MRI and US are also 
able to identify fluid collections, adipose infiltration, atrophy, and fibrosis.

Ultrasonic elastography (sonoelastography) measures tissue deformation as a re-
sponse to an external force, assuming that the deformation is lower in rigid  tissues, 

Fig. 12.7  Longitudinal scan 
of the muscles of the thigh in 
a patient with acute myositis, 
F femoral bone
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compared to elastic soft tissues. This method is based on comparing the radiofre-
quency of ultrasonic waves obtained before and after an easy made compression 
with a conventional transducer, using a free hand technique. As muscular elasticity 
is affected, hence modified in myopathies, sonoelastography became a useful method 
for its assessment. A study involving 24 patients with muscular pathology, namely 
polymyositis, dermatomyositis, mixed connective tissue disease, systemic lupus ery-
thematosus (SLE) and RA myopathy, analyzed the utility of US in the assessment of 
inflammatory myopathies, and of sonoelastography in the assessment of the elasticity 
of skeletal muscle in myositis. Despite all the limitations, the authors concluded that 
analysis of the color information from elastography could be a reliable method for the 
management of patients with idiopathic inflammatory myopathies [39].

Fibromyalgia

FM is a common form of noninflammatory rheumatism, with symptoms often mim-
icking those of arthritis or muscle disorders, and a widespread pain of idiopathic 
origin. Because of its very wide range of symptoms, including fatigue, headache, 
irritable bowel syndrome, paresthesias, Raynaud’s syndrome, muscle weakness, 
bladder dysfunction, sleep disorders, decreased cognitive functioning, depression, 
and anxiety, it can be confused with other rheumatic and non-rheumatic diseases.

Its prevalence increases with age and affects women more than men. According 
to the 1990 ACR diagnostic criteria, the diagnosis of FM requires the presence of 
chronic widespread pain and tenderness in at least 11 out of 18 tender points (TP) 
when applying a pressure of 5 kg. However, in 2010, a new set of criteria has been 
proposed by the ACR that does not require a TP examination but includes a subjective 
measure of the number of painful body regions and a somatic symptom severity scale.

Fig. 12.8  Transverse scan of the upper part of the shoulder from a patient with chronic evolution 
of an inflammatory myopathy. Notice the abnormal deltoid pattern and echogenicity, H humeral 
bone
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Ultrasound in Fibromyalgia

Arthralgic symptoms in the hip region are commonly mentioned by FM patients. A 
study about sonographic assessment of the hip in FM patients failed to demonstrate 
significant pathological US abnormalities in the majority of the patients [40].

A study used sono-myography (SM) and sonomyoelastography (SME) to anal-
yse morphology, stiffness and blood flow in the TP of a group of FM patients, 
in comparison to a healthy control group. There was no significant difference in 
stiffness, nor number of localized hypoechoic areas at TP. Similarly, there was no 
significant difference between FM women and healthy female controls using SME. 
Furthermore, local blood-flow assessment did not appear to reveal any differences 
between both the patients and control groups [41].

In another study, which included ten FM patients as well as ten control subjects, 
using contrast-enhanced US, results revealed reduced muscular vascularization in 
FM patients when compared with controls [42].

Regional Pain Syndrome

Regional pain is one of the most common complaints encountered in the rheuma-
tology clinic. Various conditions manifest as regional pain, including ligamentous 
and tendinous structure abnormalities, nerve entrapments, and tumors, muscles 
and	 bone	 pathologies.	 Clinical	 examination	may	 be	 sufficient	 for	 the	 diagnosis;	
however, imaging modalities are useful in unclear cases. Reproducing patient’s 
symptoms by movements or palpation while scanning (sonopalpation), make ultra-
sonography one of the most useful imaging modalities for differential diagnosis of 
regional pain [43].

Some of the conditions leading to regional pain were described in detail in other 
parts of this book. The aim of this section is to help understand the concept of scan-
ning in regional pain syndromes and present less common or less familiar condi-
tions which may manifest as regional pain.

In general, clinical examination should always precede US scanning. Differen-
tial diagnosis of potential causes of pain should then be systematically revised dur-
ing US examination, starting with most common pathologies and easy-to-assess 
structures, followed by less common causes of pain and more profound assessment. 
In the majority of cases, pathological changes result in decreased echogenicity, 
thickening of involved structures, and/or irregular outlines (enthesitis, tendinopa-
thy, stenosing tenosynovitis, nerve entrapment) (Figs. 12.9, 12.10).

Detection of focal lesions, compressible (i.e. bursae) or not (benign and malignant 
neoplasms, or ganglion cysts), usually does not present difficulties. In smaller lesions, 
a comparison to the contralateral side may be necessary. Sonopalpation helps to cor-
relate the ultrasound findings to the patient’s symptoms. This is confirmed on direct 
compression of the localized lesion which would elicit the anticipated type of pain. 
Dynamic examination may reveal abnormalities not apparent on static images, like 
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adhesions following previous inflammation, ligamentous laxity, tendon subluxation, 
entrapment, impingement, and snapping syndromes (Figs. 12.11, 12.12).

Unexpected findings may be occasionally seen, confirming the value of US as 
the rheumatology bedside procedure (Figs. 12.13, 12.14).

Fig. 12.10  Longitudinal scan of the peroneus tendons below the lateral malleolus. The patient 
was complaining of pain behind the lateral ankle exacerbated by activities. Ultrasound examina-
tion	shows	normal	structure	of	peroneus	longus	tendon	( PLT) and hypoechoic, blurred structure 
of	the	peroneus	brevis	tendon	( PBT). Diagnosis: peroneus brevis tendonitis. CFL calcaneofibular 
ligament, Cal calcaneus

 Fig. 12.9  Longitudinal scan 
of	the	iliac	crest	( IliCr) of 
the patient with spondy-
loarthopathy and left iliac 
crest pain. Thickening and 
decreased echogenicity of the 
fascia	insertion	( arrows), and 
irregular outline of the iliac 
crest reflect enthesitis. The 
lesion is clearly distinguish-
able by its low echogenicity 
in comparison with the 
normal isoechoic entheses in 
adjacent	areas	( inset)
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Retinacula

Normal tendon retinacula appear as fibrous bands surrounding the tendons and at-
tach to the underlying bone [44]. Normal thickness of retinacula of the ankle ranges 
between 0.9 and 1.5 mm [45]. Chronic overuse in the presence of additional intrin-
sic factors (i.e., diabetes) may lead to degeneration and thickening of the retinacu-
lum, restraining the tendons’ sliding (retinaculum impingement) [46]. Morphologi-
cally, thickening of the retinaculum was found to be the result of fibrosis, hyaline 

Fig. 12.11  Longitudinal	scan	of	Achilles	tendon	( AchT) of patient complaining of chronic Achil-
les tendon pain. Thickness and echostructure of Achilles do not showed abnormality. On plantar 
flexion,	apparent	folding	of	Achilles	( arrow) revealing adhesions within retrocalcaneal bursa as 
the result of previous bursitis, Cal calcaneus

 

Fig. 12.12  Longitudinal scan on the radial side of the wrist of patient with de Quervain’s disease. 
Thickening of the retinaculum (*) causing entrapment of the tendons. During passive abduction 
of	the	thumb,	ultrasound	revealed	crowding	of	the	tendons	before	the	retinaculum	( arrows). The 
patient was not able to actively abduct the thumb because of tight stenosis of the first extensor’s 
compartment. EPB–APL extensor pollicis brevis and abductor pollicis longus tendons, Rad radius
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degeneration and vascular proliferation [47]. Thickening of the tendon sheath and 
fibrosis of the tendon are commonly associated findings [48]. Stenosing tenosyno-

Fig. 12.14  Ultrasound scan 
of the patella of patient 
complaining of the knee pain 
on movements. Ultrasound 
showed the destruction of the 
patella by the pathological 
lesion (Les). Patient pre-
sented also with small subcu-
taneous nodules, hyperechoic 
on ultrasound scan. Biopsy 
confirmed the diagnosis of 
angiosarcoma

 

Fig. 12.13  Longitudinal scan of the lateral ankle of the patient with rheumatoid arthritis, who 
complained of ankle pain on weight bearing, ankle swelling, and restricted range of movements. 
The pain did not respond to blind steroid injection to tibiotalar joint. Ultrasound scan showed 
fractures of lateral (LatMal) and medial malleolus: cortical discontinuity, thickening of periosteum 
( arrows), swelling of subcuteneous tissue, and hypervascularity
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vitis of finger flexors and de Quervain’s disease are common examples of retinacu-
lum impingement (Figs. 12.12, 12.15) [49].

Muscle Anatomic Variants

Muscle anatomic variants may appear as swelling and cause pain or discomfort 
during activities. Accessory muscles can be easily mistaken with bursitis, tenosyno-
vitis, tendonitis or neoplasm, and may be a cause of nerve compression [50].

Selected muscular anomalies and their clinical implications are listed [50–53]:

•	 reversed,	digastric	or	duplicated	palmaris	longus	(prevalence	7	%)—may	be	con-
fused with flexor tenosynovitis and may cause median nerve compression

•	 Extensor	digitorum	brevis	manus	(2–3	%)—may	be	confused	with	extensor	te-
nosynovitis (Fig. 12.16)

•	 Anconeus	epitrochlearis	(11	%)—may	cause	ulnar	nerve	entrapment	in	cubital	
tunnel

•	 Accessory	abductor	digiti	minimi	(24	%)—may	cause	ulnar	nerve	compression	
in Guyon’s canal

•	 Accessory	soleus	muscle	(0.7–5.5	%)—may	cause	localized	compartment	syn-
drome and be confused with soft tissue tumor

•	 Flexor	 digitorum	 accessorius	 longus	 (6–8	%)—may	 cause	 tarsal	 tunnel	 syn-
drome

•	 Peroneus	quartus	(13–26	%)—may	cause	ankle	pain	and	instability

If not anticipated, additional muscles may cause confusion during US examination 
(Fig. 12.16.). Awareness of such anatomical variation type helps to avoid unneces-
sary therapeutic actions.

Fig. 12.15  Transverse scan of the radial side of the wrist. Patient presented with pain and swelling 
on the radial side of the wrist exacerbated by adduction of the thumb. Thickening of the retinacu-
lum	( arrows) over first extensors compartment (extensor pollicis brevis—EPB, abductor pollicis 
longus—APL) in keeping with the diagnosis of de Quervain’s disease. Rad radial bone
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Nerve Entrapments

Entrapment neuropathies typically occur within osteofibrous tunnels. Sonographi-
cally, swelling and decrease echogenicity of the nerve, blurring of internal structure, 
thickening and increased echogenicity of perineurium may be seen proximally and 
distally to the site of compression [54]. Simple principle may be accommodated 
while diagnosing entrapment neuropathies: swollen, easy to spot and homogenous-
ly hypoechoic nerve often indicate nerve pathology (Fig. 12.17).

Nerve Tumors

On US, nerve tumors usually present a fusiform shape with slightly tapered ends, 
oriented longitudinally in the nerve axis. Neurofibromas develop centrally, whereas 
schwannomas are located eccentrically in relation to the nerve (Fig. 12.18). Most 
lesions appear as hypoechoic masses and have well-defined margins. Schwannomas 
commonly are heterogeneous tumors, well vascularized, and may contain internal 
cystic changes [54].

Neuromas are commonly formed following nerve injury as the result of the re-
parative process and fibrosis (Fig. 12.19). Local swelling of the nerve with decreased 
echogenicity, disorganized fibrillar pattern and poorly defined borders may be the 
result of partial damage of the nerve fibres, while bulb shape of proximal ending of 
the nerve at the site of the injury is the effect of complete nerve disruption [54].

 

Fig. 12.16  Longitudinal scan of the wrist. Patient presented with swelling on the dorsum of the 
hand and pain on activities. Ultrasound scan shows hypoechoic, poorly compressible area adjacent 
to the extensor tendons. Extensor digitorum brevis manus (EDBM) may be easily confused with 
tenosynovitis of extensor digitorum longus (EDL). Lun lunate, Cap capitate, Met metacarpal bones
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 Fig. 12.18  Transverse scan 
of the calf in its distal third. 
Patient with anxiety and 
fibromyalgia presented with 
pain and paresthesia of the 
right lower leg. Ultrasound 
scan at the point of greatest 
tenderness showed ovoid 
mass adjacent to the tibial 
nerve (measure), located 
below the soleus muscle 
(Sol). MRI scan confirmed 
the diagnosis of schwan-
noma (Sch). MRI magnetic 
resonance imaging

 

Fig. 12.17  Oblique scan of upper lateral forearm. Patient complained of pain at and below the 
lateral epicondyle exacerbated by activity. Ultrasound scan shows swelling and decreased echo-
genicity	of	deep	branch	of	the	radial	nerve	( thick arrows) proximally to its compression within 
supinator (Sup) muscle. ECR extensor carpi radialis, BR brachoradialis muscle, Uln ulna
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Parasternal Joints

The pathologies involving parasternal joints are not uncommon in the rheumatic 
conditions. Both seropositive and seronegative arthropathies as well as degenerative 
conditions can affect sternoclavicular, manubriosternal and sternocostal joints. The 
diagnosis in the anterior chest pain syndrome is essentially clinical with imaging eval-
uation used optionally to increase diagnostic confidence. Plain radiography, CT, and 
magnetic resonance imaging (MRI) are commonly used. US was proposed as a useful 
method of assessment of the parasternal joints in the rheumatology practice [55, 56].

Anatomy

The sternoclavicular joint (SCJ) is a saddle-type diarthrodial joint between me-
dial end of the clavicle, sternal manubrium, and first costal cartilage (Fig. 12.20). 
The articular surface of the clavicle is disproportionally large in relation to the 
shallow socket with which it articulates. The articular disc made of fibrocarti-
lage separates the articular surfaces and divides the joint space into two synovial  
cavities [57].

The manubriosternal joint is a symphysis connecting the manubrium and sternal 
body. The bony surfaces are covered by hyaline cartilage and connected by a fibro-
cartilage. A fibrous membrane envelops the manubriosternal joint and the entire 
bone [58].

The sternocostal joints connect costal cartilages of the first to seventh rib with the 
sternum. Except for the first rib, the sternocostal articulations are arthrodial joints 
containing a small synovial cavity. The joint cavity eventually obliterates, and the 
costal cartilages become continuous with the sternum in older individuals [59]. The 
cartilage of first rib is directly united with the sternum, forming a synarthrodial joint.

 

Fig. 12.19  Neuroma (Neu) formed following complete ulnar nerve (Uln) disruption treated with 
reconstruction of the nerve: local nerve thickening and decreased echogenicity
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US Examination

US examination of parasternal joints is conducted with patient lying supine or in half-
lying position. High-frequency 7–13 MHz linear-array transducers are used [57].

For the examination of SCJ, the probe is placed parallel to the long axis of the 
medial clavicle, and medial pole of the probe is moved medially and inferiorly 
towards the manubrium (Fig. 12.21) [57]. The joint is identified as the hypoechoic 

Fig. 12.21  Position of the probe for scanning of the sternoclavicular joint

 

Fig. 12.20  Anatomy of the parasternal joints. BS body of sternum, ManSt manubriosternal sym-
physis, SCJ sternoclavicular joint, ICLig interclavicular ligament, SCsJ sternocostal joint, CsCLig 
costoclavicular ligament, 1CsC first costal cartilage
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gap in between the two bony structures. A generous amount of gel may be required 
to cover the prominence of medial clavicle.

Examination of manubriosternal joint requires scans in longitudinal and trans-
verse planes. The probe is placed on the sternal angle and moved from central to-
wards lateral aspects of the sternum in sagittal planes and from cranial to caudal in 
axial planes.

For the examination of sternocostal joints, the probe is placed along the costal 
cartilage over the sternocostal articulation. Examination of the costal cartilage in 
transverse planes may be easier and more informative as it allows comparison of the 
structure and size of the adjacent costal cartilages and surrounding tissues.

Normal Ultrasound Appearance

On US examination of the SCJ in oblique axial planes, the medial clavicle and 
sternal manubrium are seen as hyperechoic lines with posterior acoustic shadowing 
(Fig. 12.22). The medial part of the clavicle is positioned more anterior and supe-
rior with respect to the sternum and has a rounded configuration [55]. In between 
clavicle and sternum, the hypoechoic articular disc may be seen. The joint capsule 
overlies the medial clavicle and manubrium and stretches over the joint space. In 
transverse planes, the oval shape of hypoechoic disc is seen in the central part of 
the joint.

Fig. 12.22  Longitudinal scan of the normal sternoclavicular joint. Cla clavicle, disc articular disc, 
Man manubrium
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The sternocostal joint appears as a junction between the bony outline of the ster-
num and the homogenous, hypoechoic costal cartilage. The thin hyperechoic line 
of the joint capsule overlies the junction (Fig. 12.23). In sagittal planes, the costal 
cartilage appears as an oval-shaped hypoechoic structure [55, 60].

Manubriosternal symphysis appears as a gap between the smooth outlines of the 
manubrium and sternal body (Fig. 12.24). In individuals above the age of 30 years, 
the joint may appear fused [61].

Fig. 12.24  Longitudinal scan of normal manubriosternal joint. Man manubrium, St body of 
sternum

 

Fig. 12.23  Longitudinal scan of normal sternocostal joint. CsC costal cartilage, St body of sternum
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Pathologies of the Parasternal Joints

During the US examination of parasternal joint, the outlines of the bones, thick-
ness of the joint capsule, echogenicity of the joint content, thickness of the cos-
tal cartilage, and the cartilaginous echogenicity and presence of CD signal are 
evaluated.

Osteoarthritis of SCJ manifests by narrowing of the joint space, osteophytes for-
mation, and articular surface irregularities (Fig. 12.25) [57]. The articular disc may 
become hyperechoic and inhomogeneous. The joint capsule may be thickened and 
hypoechoic and, occasionally, the increased CD signal may be found. The capsule 
extends over the clavicle but not over the manubrium, and its distension usually 
does not exceed 5 mm [62].

Degenerative changes in the sternocostal joints are characterized by osteophytes 
extending from the sternal aspect of the joint [63]. Osteoarthritis of manubriosternal 
joint demonstrates by irregularity (erosions and osteophytes) of the outlines of the 
bones-forming symphysis [64].

Although classically involved in spondyloarthropathies, synovitis of SCJ can be 
found on US in around 40 % of patients with RA [56]. US is more sensitive than 
clinical examination in detecting SCJ involvement in RA. In one series of patients, 
US detected twofold times more SCJ with synovitis than clinical examination [56]. 
On US, synovitis of SCJ manifests by distension of the joint capsule by hypoechoic 
intra-articular tissue with or without CD signal (Fig. 12.26). In patients with RA, 
increased CD signal correlates with the activity of the disease [56].

On US, inflammation in the manubriosternal joint manifests by thickening of the 
joint capsule and irregular outlines of the bone. Liquefaction of the joint fibrocarti-
lage may mimic presence of the synovial fluid (Fig. 12.27).

In inflammatory arthropathies, synovitis and erosions may also be detected in 
sternocostal joints [65].

Fig. 12.25  Longitudinal	scan	of	sternoclavicular	joint	of	patient	with	osteoarthritis.	Effusion	( Ef), 
narrowing of the joint space, and irregular bone outline. Cla clavicle, Man manubrium

 



29712 Inflammatory Allied Conditions

US findings in septic arthritis of sternoclavicular joint include distension of the 
joint capsule of more than 10 mm, extending over both clavicle and sternum, and 
hyperemia on CD [62].

Fig. 12.27  Patient with rheumatoid arthritis presenting with swelling and tenderness of manubri-
osternal joint. Longitudinal scan of manubriosternal joint shows irregular outlines of the bones, 
thickening of joint capsule, and fibrous membrane. Liquefaction of fibrocartilage, strong echo of 
cartilage debris within the joint space. Man manubrium, St body of sternum

 Fig. 12.26  Patient with 
spondyloarthropathy and 
clinically silent inflamma-
tion in sternoclavicular joint. 
Irregular outline of medial 
end clavicle, hyperemia 
within joint space. Cla 
clavicle, Man manubrium
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Tietze syndrome is a benign and self-limiting disorder characterized by swelling 
and tenderness of one or more costal cartilages. Most commonly, unilateral second 
or third costal cartilage is affected.

Thickening of the costal cartilage in comparison to the opposite normal side, 
inhomogeneous, dotty-like increase of the echogenicity of the cartilage and in-
tense broad posterior acoustic shadow are typical US features of Tietze syndrome 
[60, 66]. Corticosteroid injection leads to decrease in size of the affected costal 
cartilage and resolution of the acoustic shadow within a week following the injec-
tion [60].

The diagnosis of Tietze syndrome is based on clinical examination. US can help 
to exclude other conditions mimicking Tietze syndrome as neoplasms, lipomas, 
muscular changes and chest wall deformities (Fig. 12.28).

Synovitis–acne–pustulosis–hyperostosis–osteomyelitis/osteitis (SAPHO) syn-
drome is a rare condition, which typically manifests by aseptic osteitis and hy-
perostosis of the anterior chest wall in association with neutrophilic dermatoses. 
The acronym SAPHO describes most common signs associated with this condition  
(synovitis–acne–pustulosis–hyperostosis–osteomyelitis/osteitis) [67]. Any compo-
nent of the sternocostoclavicular region can be involved. The early stage of the 
disease affects costoclavicular ligament and may manifest as enthesopathy. In the 
following stages, arthropathy of SCJ develops with osteolytic and osteosclerotic 
changes of the medial end of clavicle, sternum, first rib, and costal cartilage [68]. 
In the active phase of osteitis, periosteal reaction and new bone formation may 
manifest on ultrasonography as cortical irregularities, soft tissue swelling, and in-
creased CD signal surrounding the involved bone [69]. Calcifications/ossifications 
of pericartilage at the bone–cartilage border, and at the first rib, were also described 
in SAPHO syndrome [70]. Erosive arthritis of SCJ and manubriosternal joint may 
be present [70].

Fig. 12.28  Ultrasound 
scan of anterior chest wall 
of patient complaining of 
swelling and tenderness on 
the left side of sternum. In 
axial plane, accessory costal 
cartilage is visible (measure), 
located in third intercostal 
space, and attached to the 
sternum just below the third 
sternocostal joint. St body of 
sternum, Ple pleura
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Temporomandibular Joint

Anatomy

TMJ is formed by the mandibular condyle and articular eminence of the temporal 
bone (Fig. 12.29). Articular disc located between the condyle and articular emi-
nence splits the joint into two separate synovial cavities [71]. During the initial 
phase of mouth opening, the condyle rotates in the mandibular fossa. Past 15° of the 
rotation, the head of the mandible glides forward onto the articular tubercle [71].

Scanning Technique

For the US examination, linear, high-frequency probes are used (7.5–15 MHz). The 
most optimal images are obtained with 9 MHz [72].

The patient is positioned lying supine with the head turned a little to the opposite 
side. The probe is placed along longitudinal axis of ramus of mandible anteriorly 
to the tragus (Fig. 12.30) [73]. The scans are obtained both in the open-mouth and 
in the closed-mouth position. Transverse scans are obtained with the probe placed 
below and parallel to the zygomatic arch.

Despite superficial location of TMJ, acoustic shadow of the zygomatic arch 
limits the assessment of the joint, in particular, the evaluation of the articular disc 
[73–75]. Dynamic examination while opening the mouth, tilting or rotating of the 
probe can help with optimization of the US image [55, 72, 76–78].

Fig. 12.29  Anatomy of temporomandibular joint. Zyg zygomatic arc, Mand mandible condyle, 
Can auditory canal, Lat Pt lateral pterygoid muscle
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Normal Ultrasound Appearance

With the probe parallel to the ramus of mandible and mouth closed, top of zygomat-
ic arch and mandible condyle can be seen as hyperechoic lines (Fig. 12.31). The gap 
above the top of the condyle indicates the joint space. When visible, disc appears 
as a hypoechoic or isoechoic band with a subtle hypoechoic halo, positioned above 
the condyle [72, 78, 79]. The joint capsule forms a thin hyperechoic line overlying 
the mandibular condyle.

Fig. 12.31  Longitudinal scan of the temporomandibular joint. Tem temporalis muscle, Zyg zygo-
matic arc, Dsc articular disc, MnCd mandibular condyle

 

Fig. 12.30  Probe positions for scanning of temporomandibular joint. The joint is located 15 mm 
anteriorly to the tragus on the line connecting the external eye corner with the tragus
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Pathologies of the TMJ

Effusion and synovitis cause the distension of the joint capsule (Fig. 12.32). Two ways 
of measurement are proposed for the assessment of the joint capsule thickening and ef-
fusion: between the joint capsule and latero-superior surface of the condyle (normal up 
to 3 mm) and between the joint capsule and the most lateral point of the condyle (nor-
mal up to 2 mm) [72, 79, 80]. Effusion in TMJ is not disease specific and may be found 
in patients with inflammatory and noninflammatory arthropathies involving TMJ [81].

Erosions can be seen on the anterior and lateral aspect of the condyle. When 
compared with autopsy specimens, sensitivity of US in detecting condylar erosions 
was found to be 95 % and specificity 90 %, indicating high reliability of US in de-
tecting erosions [82].

The osteoarthritic changes are demonstrated by mandible condyle flattening, ir-
regular outline of the condyle and osteophyte formation (Fig. 12.33) [83, 84]. Piec-
es of osteophytes can appear as loose calcified bodies within the joint space [84].

The articular disc displacement is defined as lack of the disc echo above the 
postero-superior aspect of mandible condyle at the closed-mouth position [81, 85]. 
Because of inconstant visualization of the disc in all sonograms, lateral and anterior 
capsule–condyle distances have been proposed as indirect US signs to determine 
disc positions [72, 86, 87].

Ultrasound-Guided TMJ Injection

US guidance steroid injection to TMJ has been investigated in patients with juvenile 
idiopathic arthritis with good results [88]. For this purpose, the probe was placed 

Fig. 12.32  Rheumatoid arthritis, new onset of temporomandibular joint pain. Longitudinal scan 
of TMJ shows distension of the joint capsule (Syn). Zyg zygomatic arc, MnCd mandibular condyle
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in coronal plane, and a needle is inserted under sterile conditions from under the 
inferior pole of the transducer, targeting the joint space [88].

Salivary Glands and Sjögren’s Syndrome

US examination of the salivary glands is not a new concept. US has been used for 
diagnosing of various salivary glands’ conditions including benign and malignant 
tumors, ductal calculi, acute and chronic sialadenitis since the early 1980s [89–91]. 
Bradus et al. first described US examination of salivary glands in SS in 1988 [92].

SS is a chronic, inflammatory autoimmune disease characterized by lymphocytic 
infiltration of the exocrine glands leading to their destruction. The typical clinical 
presentation of SS is dryness of the eyes and mouth but as this feature is not spe-
cific, additional criteria have to be fulfilled to confirm the diagnosis [93, 94].

US examination of the salivary gland allows noninvasive and easy-to-perform 
assessment of the glands’ parenchyma and has been suggested as a promising re-
placement of sialography and minor salivary gland biopsy in the diagnostic criteria 
of the SS [95–99].

Anatomy

There are three pairs of the major salivary glands: parotid, submandibular and sub-
lingual (Fig. 12.34).

Fig. 12.33  Patient with spondyloarthropathy and complaints of TMJ pain. Longitudinal scan of 
TMJ shows erosions and osteophytes of mandibular condyle and distension of the joint capsule 
( Ef). TMJ temporomandibular joint, Zyg zygomatic arc, MnCd mandibular condyle
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The parotid gland is located along and behind the mandibular process, overlying 
the posterior part of the masseter muscle [90, 100, 101].

The parotid gland measures approximately 46 mm in its vertical and 37 mm in its 
horizontal dimension [102, 103]. The size of normal salivary glands is proportional 
to body weight, and thus may be large in obese patients [102, 103].

The submandibular gland is located in a posterior part of the triangle formed by 
the body of mandible and two bellies of the digastric muscle. The dimensions of the 
submandibular gland are in average 33 × 35 × 14 mm [102, 103].

Sublingual gland lies in direct relation to the body of the mandible, between the 
muscles of the oral cavity floor.

Scanning Technique

For the assessment of salivary glands, the patient is positioned supine with the head 
turned a little to the opposite side (parotid) and neck extended (submandibular).

The linear array probes of frequency 7.5–12 MHz are used.
The parotid and submandibular glands are examined in longitudinal and trans-

verse planes. Oblique planes are useful in examining the deep lobe of the parotid 
gland around the angle of the mandible [96] (Fig. 12.34).

Normal Ultrasound Appearance

Figure 12.35 presents normal US appearance of the submandibular gland.
The echostructure of major salivary glands is homogeneous, and the echogenici-

ty is comparable to that of the thyroid gland [100, 101]. It can vary from markedly 

Fig. 12.34  Location of major salivary glands and position of the probe for scanning of the parotid 
and submandibular glands. Par parotid, SubM submandibular, SubL sublingual
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hyperechoic to only slightly hyperechoic in comparison to adjacent muscles. This 
variation depends on the amount of the intraglandular adipose tissue [100].

Within the parotid gland, the lymph nodes can be found, localized most com-
monly in the area of upper and lower poles of the gland. Normal lymph nodes are 
hypoechoic and oval in shape with hyperechoic hilum. In the short axis, normal 
lymph node is not greater than 5–6 mm [104].

Sjögren’s Syndrome

The inflammatory and destructive process in SS affects all major salivary glands. 
In acute phase, swelling and decreased echogenicity can be found [105, 106] 
(Fig. 12.36). Irregular echostructure is the most common finding (Fig. 12.37). In 
long-lasting SS, the glands are usually small, hypoechoic, inhomogeneous and dif-
ficult to delineate (Fig. 12.38) [98, 101, 107].

The majority of studies indicate parenchymal inhomogeneity (PIH) of both pa-
rotid glands as the most specific and sensitive finding [105, 106, 108, 109]. Inhomo-
geneity refers to the presence of hypoechoic spots and echogenic lines. A direct cor-
relation between pathological changes and salivary gland images has not yet been 
established. Hypoechoic or anechoic areas are believed to represent lymphocytic 
infiltration, damaged salivary parenchyma and dilated ducts, while the echogenic 
lines represent fibrosis and the accumulation of adipose tissues [110, 111].

The degree of PIH varies depending on the degree of the gland damage. This led 
to the development of the descriptive and quantitative assessment of the salivary 
glands in SS [97, 106, 109, 112, 113].

Fig. 12.35  Longitudinal scan of normal submandibular gland (SubM). The gland is hyperechoic in 
comparison with the adjacent digastric muscle and has homogeneous echostructure. DigM digas-
tric muscle
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Fig. 12.36  Longitudinal 
scan of submandibular gland 
(SubM) in early Sjögren's 
syndrome shows decreased 
echogenicity and increased 
volume of the gland. 
Hyperechoic lines separate 
hypoechoic areas giving the 
gland patchy, inhomogeneous 
appearance

 

Fig. 12.37  Transverse	 scan	 of	 submandibular	 gland	 in	 Sjögren’s	 syndrome	 ( left) and normal 
salivary	gland	for	comparison	( right). Parenchymal inhomogeneity: multiple hypoechoic spots. 
Ramus of mandible (*), SCMM sternocleidomastoid muscle

 

Grade 0: Normal salivary gland.
Grade 1: Mild PIH. A diffuse microareolar structure, the borders of the hy-
poechoic areolae are blurred and the areolae are generally less than 2 mm in 
diameter.
Grade 2: Evident PIH. The diffuse hypoechoic areas are larger (2–6 mm), 
with sharp borders.
Grade 3: Gross PIH. Large, more than 6-mm circumscribed hypoechoic areas.
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Grade 1 in parotids can be regarded only as a warning sign of the possibility of SS. 
Grade 2 and 3 are considered to be of true diagnostic value and displayed a good 
correlation with the results of sialography, scintigraphy, MRI and histology of the 
minor salivary glands [96, 97, 106, 108]. Depending on the methodology and cohort 
of patients, sensitivity of ultrasonography has been reported between 59 and 90 % 
and specificity between 73 and 100 % [96, 97, 106, 109, 110, 113–117].

Color Doppler Assessment

Inflammatory process in salivary glands leads to hyperemia. CD sonograms show a 
higher number of flow signals in patients with higher grades PIH [118].

Peak systolic velocity (PSV) and resistive index (RI) can quantitatively assess blood 
flow to salivary glands in facial artery (principal branch tributary of submandibular 
gland) and external carotid artery (principal branch tributary of parotid gland) [119].

In healthy subjects, lemon juice stimulation leads to hyperemia accompanying 
the secretion of saliva. This process results in significant increase in PSV.

Patients with SS have significantly higher PSV at baseline (representing sali-
vary glands hyperemia) but there is no significant change in PSV after lemon juice 
stimulation [119]. No change was detected in RI in both SS and control groups 
before	and	after	lemon	juice	stimulation;	therefore,	RI	seems	to	be	of	limited	value	
in assessment of salivary glands in SS.

Differential Diagnosis

Various other conditions may lead to multiple cyst-like lesions of the salivary gland. 
Acute bacterial infection can cause inhomogeneity and reduced echogenicity of the 

Fig. 12.38  Small, hypoechoic and difficult-to-delineate submandibular gland (SubM) in Sjögren’s 
syndrome
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parenchyma, but changes are usually unilateral [100, 101]. In chronic sialadenitis, 
resulting from recurrent infections, the gland appears hypoechoic with irregular 
margins due to atrophy and replacement of normal gland parenchyma with fibrotic 
tissue [103].

Viral infections usually involve both parotids causing their enlargement and de-
creased echogenicity. Although clinical presentation is sufficient for diagnosis, it 
may be difficult or impossible to differentiate viral parotitis from SS basing on US 
examination alone [101]. Bilateral cystic changes in parotid glands have been de-
scribed as an early sign of HIV (human immunodeficiency virus) infection. Cysts 
are generally larger, and cervical adenopathy is more common than in SS [97]. Sar-
coidosis of parotid glands can mimic the clinical presentation of SS but the changes 
of parenchyma generally appear on ultrasonography as solid lesions [110].

Follow-up

Patients with primary SS have increased risk of developing lymphoma and need 
regular follow-ups with careful examination of salivary glands on palpation and, 
when required, also with imaging modality [96]. Change in the US appearance of 
salivary gland may be a sign of malignant transformation. In lymphoma, large, ill-
defined, hypoechoic area can be found within the parotid or submandibular glands 
(Fig. 12.39) [108]. MRI is regarded as the most reliable technique for detection of 
salivary gland tumors and should be considered in all suspected cases.

Fig. 12.39  Parotid gland 
in Sjögren’s syndrome and 
accidental finding of the 
hypoechoic, lobulated lesion 
with pathological ves-
sels, indicating malignant 
transformation
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Concluding Remarks

US offers noninvasive assessment in various inflammatory diseases including GCA, 
PMR, myositis and SS, and can be used as a first-line investigation supplementing 
clinical diagnosis, to determine the extent of the disease and in follow-up. Although 
many studies confirm the value of US in diagnosing the above diseases, US cannot 
replace histopathology examination, and the results of the US should be carefully 
interpreted in relation to clinical presentation and other diagnostic tests.

In regional pain, FM US is particularly useful in the differential diagnosis. So-
nopalpation, dynamic examination and comparison with contralateral side are ir-
replaceable techniques.

Clinical assessment of parasternal and TMJs is limited and US examination of 
these areas appears to be useful to rule out clinically silent synovitis, or to differenti-
ate causes of chest wall swelling.
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Introduction

Musculoskeletal injuries constitute the largest class of athletic injuries sustained 
in sports. By definition, any injury that occurs to a skeletal muscle, tendon, liga-
ment, joint, nerve, or a blood vessel that services the musculoskeletal system or 
any related tissues is a musculoskeletal injury. The majority of these injuries tend to 
resolve without significant long-term sequelae. The most common cause of muscu-
loskeletal injury is a combination of physical overloads created by overtraining/col-
lision while playing or by the repetitive use of a joint or a particular muscle group. 
The distribution of the frequency of the different types of musculoskeletal injuries 
is relatively equal between male and female athletes and approximately 25 % of all 
athletes will expect to sustain a musculoskeletal injury in a 12-month period.

In sports medicine, musculoskeletal ultrasound (US) has become a crucial im-
aging technique for the evaluation of soft tissue and joint-related damage. With 
multi-planar abilities, the feasibility of using movement as well as compression to 
dynamically assess structures and compare affected and unaffected sides can easily 
be achieved. Therefore, it became an indispensable imaging tool for the diagnosis 
and monitoring of athletes with joint/soft tissue pain or masses.

To achieve a more accurate diagnosis, it is integral first to get familiar with the 
tendon/muscle normal histology and anatomy. Bochenek and Reicher [1] described 
the tendon as: “a fibrous structure built of compact connective tissue of white-silver 
color and very strong.” When stretched, the tendon can elongate without injury to 
its fibers by 4 % of its length. Muscle’s tendon can be divided into its naked or bare 
part and the part that is distributing fibers at the muscle belly level (Fig. 13.1) [2]. 
Compact connective tissue tendinous fibers do not “switch” onto a muscle fiber 
but are being “unpacked” to the form of loose connective tissue (endomysium and 
perimysium—EP) at both ends of every myofiber (Figs. 13.2, 13.3, and 13.4). All 
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together—tendons and endomysium + perimysium form the tendinous system of a 
muscle which is a continuous structure. Some tendons do not have a bare part, that 
is, they distribute fibers which become endomysium and perimysium along all their 
length.

At the terminal myotendinous junction, tendinous collagen fibrils are inserted 
into deep recesses formed by myocyte processes, allowing the tension generated by 
centrally located myofibrils to be transmitted to the collagen fibrils of the terminal 
myotendinous junction (Fig. 13.2). Sarcomeres attach to endomysium (the tendi-
nous system) at every Z membrane level along the whole length of the myofiber—
forming parietal myotendinous junctions (PMTJ) (Fig. 13.2). Human muscles have 
500 PMTJ every 1 mm. It is the main force transmission device of the myofiber 
and of the muscle. At the beginning/end of a myofiber, its myofibrils are separated 
from	each	other	by	endomysium	and	form	terminal	myotendinous	junction	(TMTJ;	
Fig. 13.2). This is a very important proprioceptive zone as Golgi apparatus as well 
as Vatter-Paccini and Ruffini corpuscules are largely located here [3]. This complex 
architecture reduces the tensile stress exerted on the tendons during muscle con-
traction. It is wrongly understood that the terminal myotendinous junction is the 
weakest link of a muscle as a whole. In fact, it is supported by both superficial en-
domysium (Fig. 13.3) and, additionally, by tendinous fibers arising from the TMTJ 
(Fig. 13.4). What is thought to be a “myotendinous junction” tear is a tendinous 
tear with frequent involvement of endomysium and perimysium including the level 
of the TMTJ and PMTJ too. We must remember that 1 mm of the tendon myofiber 
has	already	attached	to	endomysium	at	500	levels;	close	but	quite	away	in	terms	of	
myofiber built. At the muscle belly level, tendons may distribute their fibers on one 
side—these are called semipennate (Fig. 13.1), or on all sides—pennate (Fig. 13.5). 
This means that semipennate tendon is located on the surface of the muscle and pen-
nate tendon is located within a muscle belly. Many muscles have tendons which run 

Fig. 13.1  A detailed scheme 
of a most simple muscle 
structure with both tendons—
semipennate/superficial. 
Based on a figure from [2]
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superficially (semipennate) and at some level become pennate—“dive” inside the 
muscle belly (Fig. 13.5). This may be wrongly interpreted as a tendon end when, in 
fact, the tendon disappears from the muscle surface [2].

Tendons respond to repetitive overload beyond the physiological threshold with 
either inflammation of their sheath or tearing with possible degeneration of scars 
of their body or both. Tendon or ligament tears are followed by a repair process 

Fig. 13.2  A scheme of the tendinous system of the myofiber. Based on a figure from [2]
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which may differ in quality and duration. However, tendon damage may even occur 
from stresses within the physiological limits as frequent cumulative microtrauma 
may not allow enough time for repair. Frank inflammatory lesions and granulation 
tissues are infrequent and are mostly associated with tendon ruptures or other as-
sociated chronic inflammatory conditions. The presence of inflamed synovial or 
fatty tissue (paratenon, bursas, sheaths, and their fatty tissues) may disturb the scar 
healing process.

Fig. 13.4  Longitudinal section of a rat soleus muscle, Gomori stain. Red—tendinous system, 
brown—myofiber. In this section, endo-/perimysial “coat” of the myofiber is very well depicted. 
Based on a figure from [2]

 

Fig. 13.3  Longitudinal section of a rat soleus muscle, Gomori stain. Red—tendinous system, 
brown—myofiber. In this section, the terminal myotendinous junction with its tendinous inserts 
between myofibrils are very well depicted. Based on a figure from [2]
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Tendon healing occurs in three overlapping phases. Initially, in the inflammatory 
phase, the erythrocytes and inflammatory cells (particularly neutrophils) enter the 
site in the first 24 h. This is followed by the proliferative phase which begins after 5 
days. Synthesis of type III collagen peaks during this stage and lasts for few weeks. 
After about 6 weeks, the remodeling phase starts with decreased cellularity as well 
as reduced collagen synthesis.

Classically, in many cases, tendons with intratendinous lesions detected on US 
or magnetic resonance imaging (MRI) are not painful. However, pain may be pres-
ent in patients with tendinopathy, which is usually attributed to inflammation. Pain 
may originate from a composite of both mechanical and biochemical factors. Anti-
inflammatory treatment is usually helpful in such cases and, clinically, it is justified 
by pain and edema.

Sonographic Findings

Tendons and Ligaments

Tendons and ligaments are those structures that tend to tear first in acute or chronic 
injuries. The normal fibrillar pattern of tendons and ligaments appears as several 
long bright echoes surrounded by hypoechoic/anechoic matter. Tendons and liga-
mentous tears can be stratified into three grades:

Grade I—deformation of a tendon without injury to the collagen fibers. Such 
deformation may elongate the tendon by 4–6 %. The only visible sonographic fea-
ture of the injury is mild edema which makes the fibrillar pattern look a bit darker 
compared to contralateral side which should be used for measurement reference.

Grade II—some fibers completely torn, some with grade I, whereas some other 
fibers remain normal. In its early stages (first week or two), a tear appears as hypo-/
anechoic focal lesion (reflecting fiber tear and blood metabolites) within the tendon/
ligament. At 2–3 weeks, the scar is forming and initially does not have much struc-
ture. At 4–6 weeks, the scar tissue is well structured and this scar is called microfi-
brillar as it is built of finer collagen fibers than the original.

Fig. 13.5  A scheme of a 
muscle with proximal semi-
pennate and then pennate 
tendon, distal semipennate 
tendon. Red—muscle belly, 
green—tendons and EP. By 
permission from [4]. EP 
endomysium and perimysium
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Grade III—a complete tear of the tendon or ligament. Depending on the tendon/
ligament and the site, the stumps and separating hematoma/fluid can be seen. Later 
stumps tend to form a scar between the two torn ends unless they are retracted.

In general, any injury of the tendon/ligament collagen fibers whether in its early 
stages, i.e., grade I (edematic) or in more severe conditions (grade II or III), is usu-
ally associated with unwinding of the torn sites and twisted structures, thus gaining 
volume. Therefore, it is expected that every tear is most likely associated with thick-
ening of the tendon/ligament structure. That is the least specific feature of a tear.

In the following section, the most common specific tendon injuries are discussed 
in further detail.

The Shoulder

Rotator cuff injury and inflammation of the subdeltoid bursa are one of the most 
common causes of shoulder pain. Rotator cuff consists of the tendons of subscap-
ularis, supraspinatus, infraspinatus as well as teres minor muscles in addition to 
the capsulo-ligamentous complex of the shoulder joint. The strongest part of the 
capsulo-ligamentous complex is a superior complex and antero-inferior complex. 
Superior complex [5, 6] is located under both supraspinatus and infraspinatus ten-
dons and consists of superior gleno-humeral ligament, coraco-humeral ligament, 
and superior–posterior gleno-humeral ligament. The thickness of the complex var-
ies and is of similar thickness to the tendinous part of the cuff [7, 8] (Figs. 13.6 and 
13.7). It must be stressed here that the supraspinatus and infraspinatus tendons do 
not form two layers. The two layers that we see in US (and MRI) are tendinous and 
capsulo-ligamentous ones [4].

Fig. 13.6  Longitudinal scan of the supraspinatus zone of the normal rotator cuff fresh specimen 
in	a	water	bath.	Tendinous	( green arrows) layer, previously bluntly, separated from capsulo-liga-
mentous	layer	( blue arrows) on the length of approx. 10 mm
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The antero-inferior complex consists of the medial and inferior gleno-humeral 
ligaments connected distally by a transversely oriented fasciculus obliquus [6]. This 
zone also features two layers comparable in thickness. The width of capsulo-liga-
mentous and tendinous insertion width varies from front to back and fits between 
3.5 and 9.1 mm for a capsulo-ligamentous layer, and 3.5–9.7 mm for a tendinous 
one [8].	When	there	is	diffuse	fibrosis,	layers	cannot	be	distinguished;	however,	it	
can be predicted which layer is damaged, particularly in view of the finding that 
superior and antero-inferior complex forms at least 1/3–1/2 of the rotator cuff thick-
ness and, in places, reaches 2/3.

Rotator Cuff

The most common type of the rotator cuff injury is tearing, whether full thickness 
or partial (Figs. 13.8, 13.9, 13.10, and 13.11). Common tear location is enthesis. Re-
gardless of the initial factor, which may be inflammatory or mechanical, it may lead 
to imbalance between the endurance of the enthesal cortex and the load on either 
tendon or ligament. Enthesis site is commonly known as “enthesis zone”. Enthesis 
zone is the enthesis ± 10 mm.

There are three main ways how the enthesis zone tears [7]:

1. Without injury to the bone
2. With erosive and cystic destruction of the bone
3. With mineralization or even ossification of the enthesis cartilage and tendinous/

ligamentous scar.

Fig. 13.7  Longitudinal scan of the infraspinatus zone of the normal rotator cuff. Tendinous 
layer—green arrows, capsulo-ligamentous layer—blue arrows
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There may also be a mixed type.
The primary sonographic finding of full thickness tears is volume loss and focal 

tendon nonvisualization. Most full thickness tears occur in the distal enthesis of the 
supraspinatus, but some may arise more proximally and leave a distal tendon stump 
attached to the greater tubersoity. In long-standing tears, fluid is usually absent and 
the gap is filled by fibrous tissue and proliferating synovium. Graded compression 
must be liberally used to depict full thickness tears of either layer of the rotator cuff 
because complex fluid, fibrous tissue, and proliferating synovium may all mimic 
a heterogenous but continuous tendon on static images. Dynamic compression in-
duces shift of these materials from the tear and allows for accurate diagnosis.

Fig. 13.9  Supraspinatus zone of the rotator cuff, longitudinal scans of two adjacent layers. Enthe-
sopathy	with	scar	mineralization	mainly	within	 tendinous	 layer	 ( left) and on the surface of the 
superior	 complex	 ( right). Such mineral cavities within a scar may become quite large, mainly 
those following tears right at the border of insertion of the tendinous and capsulo-ligamentous 
complex where shearing forces are generated

 

Fig. 13.8  Supraspinatus zone of the rotator cuff, longitudinal scan. Enthesopathy, a scar-filled 
erosion of the enthesis of the tendinous layer—a chronic tear with bone destruction. Note quite 
some fibrosis within the subdeltoid–subacromial bursa indicating chronic inflammation or fibrosis 
directly due to healing process within the tendon
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Elbow

Contrary to expectations, the elbow zone is relatively a common site for tendon 
damage. Several forms of tendon/ligamentous affection may occur in the elbow 

Fig. 13.11  Supraspinatus zone of the rotator cuff, longitudinal scan. A total tear of the supraspina-
tus tendon and superior complex. Arrow shows fluid separating the stumps. Little retraction of the 
torn structures indicates a small tear

 

Fig. 13.10  Supraspinatus zone of the rotator cuff, longitudinal scan. A total tear of the supraspina-
tus	tendon	( green arrow)	with	preserved	continuity	of	the	capsulo-ligamentous	layer	( blue arrow) 
allowing little retraction of the tendon. White line is the enthesis from which the tendon was torn 
off
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region including partial tears of the common extensor tendon or/and radial collat-
eral ligament [9]. Less frequent is the injury to the common flexor tendon and ulnar 
collateral ligament. Triceps brachii tears occur nearly always at the enthesis zone.

Common extensor tendon with radial collateral and anular ligaments is a classic 
example of fibrillar echo pattern (Fig. 13.12).

Common Extensor Tendon

The symptoms of common extensor tendon and radial collateral ligament tears are 
diagnosed clinically as “tennis elbow.” Unlike in the shoulder, enthesopathy at the 
common extensor origin is usually limited to the thickness of fibrocartilage of the 
enthesis—it becomes fibrotic and cannot be measured. It is unlikely to see an ero-
sion or a cyst at the affected site. Scar mineralization is relatively common at the en-
thesis injury site. Some most typical injury images are shown in Figs. 13.13, 13.14, 
and 13.15.

Fig. 13.12  Longitudinal	scan	of	the	common	extensor	tendon	( green arrows) and radial collateral 
and	anular	ligaments	( blue arrows)
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Fig. 13.14  Patient after three steroid injections to the tendon/ligament. Common extensor tendon 
and radial collateral and anular ligaments with multifocal tears, diffused fibrosis, areas with dis-
torted and amorphous material in both layers which are difficult to distinguish. Severe destruction 
of the enthesis zone—multiple erosions and mineralized scars. Hyperperfusion indicates healing 
and how difficult it is to destroy a living tissue

 

Fig. 13.13  Longitudinal	scan	of	the	common	extensor	tendon	( green arrow) and radial collateral 
and	anular	 ligaments	( blue arrow). A partial tear of the common extensor tendon—hypoechoic 
scar with blurred microfibrillar tissue pattern and hypervascularity indicating healing process, not 
inflammation. The scar may be around 3–4 weeks old, it can also be much older as it may be a 
chronic tear. Patient’s history is crucial
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Hand

Sport injuries of the hand and wrist are common and include a variety of diagno-
ses. This is attributed to the several tendons present in the hand region with their 
sheaths and retinacula. Repetitive stress injury causes inflammation in the tendons’ 
synovial sheath lining and its irritable chronic nature brings some inflammatory 
factor to the tendons region. Trigger fingers and de Quervain’s disease are good 
examples of inflammatory-related conditions. Although, in most of the cases, it 
starts  secondary to mechanical etiology, it is relatively prevalent in association with 
metabolic disorders such as diabetes mellitus. Inflammation of the tendinous sheath 
leads to retinacular fibrosis followed by contracture and stiffening (Fig. 13.16);	that	
leads to tendon compression, hypovascularity, and change of morphology. The pain 
is generated by ill tendon pressing against ill retinaculum during movements.

Apart from inflammatory-related diseases, hand diagnostics include some contu-
sions that are not related to inflammation or even irritation (Figs. 13.17, 13.18, and 
13.19).

Fig. 13.15  Longitudinal	 scan	 of	 common	 extensor	 tendon	 ( green arrow) and radial collateral 
and	anular	 ligaments	 ( blue arrow). A complete tear of the common extensor tendon and radial 
collateral ligament near humeral enthesis. When pressed, the scar is soft and sliding of layers near 
the enthesis is seen. Little retraction of stumps due to strong bond between the fascia and common 
extensor tendon
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Hip and Thigh

The area of the hip is covered with muscles and their tendons which makes the hip 
region able to absorb acute stresses, hence less likely to sustain acute injuries, but 

Fig. 13.17  Longitudinal	scan	of	the	flexors	( green arrow) at the level of the A2 pulley. Flexors 
of D2–D5 look the same. Image of A2 pulley tear/insufficiency—red arrow shows the distance 
between the phalanx and the tendon which appears when there is no pulley. The distance is larger 
during dynamic evaluation (flexion with resistance). This space normally does not exist, the ten-
don is compressed against the bone. When fresh tear, some more edema would be seen

 

Fig. 13.16  de	Quervain’s	disease.	First	extensors	( green) compartment at the level of its pulley 
( blue). Severe fibrosis of the pulley in the course of mechanically induced inflammation of the 
tendinous sheath combined with constriction and stiffening of the pulley causes in severe cases 
tendon blocking against the pulley
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more frequently chronic ones. Typical injury is within or close to enthesis with min-
eralized tendon scars at the enthesis zone. This is relatively common after chronic 
injuries of the rectus femoris and gluteal muscles. Rectus femoris proximal tendon 
tear away from enthesis is the most common in the anterior thigh, in particular, 

Fig. 13.19  Longitudinal	 scan	 of	 the	MCP	 joint	 ulnar	 collateral	 ligament	 of	 the	 thumb	 ( blue 
arrows). A complete tear with stumps separated by a zone of fluid and edematic torn tissue. MCP 
metacarpophalangeal

 

Fig. 13.18  Longitudinal scan over the flexors (flexors of D2–D5 look alike) at the level of distal 
metacarpal and proximal phalanx. S—retracted stumps of completely torn flexors tendons. The 
slit-like space between stumps is filled with anechoic fluid
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among footballers. The tendon is proximally bare, then semipennate and finally 
pennate. It can tear on all levels, most spectacular is the pennate stretch (Fig. 13.20).

In addition to tendons and ligaments, a new category can also be affected at the 
hip region—the cartilage, namely fibrocartilage and hyaline cartilage. Hyaline car-
tilage is well exposed to the US but only on the anterior surface of the femoral head. 
The labrum of the hip joint’s acetabulum tears most frequently in its anterior and 
superior parts where it is best visualized by the US (Fig. 13.21).

Fig. 13.21  Longitudinal scan over the anterior hip joint. Blue—anterior capsulo-ligamentous 
complex, yellow—labrum torn off from the acetabular rim. The tear level is indicated by blue 
arrow

 

Fig. 13.20  Longitudinal image made of three. Rectus femoris proximal pennate tendon complete 
tear.	The	tendon	( green arrows) is completely torn in the area of the zigzag. Both stumps sustained 
multilevel interstitial partial tears, the distal stump on the whole length, proximal on approx. 2 cm 
distance
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Knee

As the knee combines all possible structures, it is considered a universal model for 
sport soft tissue injury.

US turns out to be the method of choice for the diagnosis and follow-up of ado-
lescent patient injuries such as Sinding-Larsen-Johansson disease (SLJD) and Os-
good-Schlatter disease (OSD). US brings the most important elements to front—the 
cartilage, patellar ligament, and bone surface.

There are three types of OSDs [10, 11]:
Type I—pure delamination tear/fracture of the ossification center of the tibial 

tuberosity (Fig. 13.22).
Type II—delamination tear/fracture of the ossification center with fracture of 

the overlying cartilage situated outside (usually proximal) the patellar ligament’s 
footprint, but extending into the deep infrapatellar bursa (Fig. 13.23).

Type III—delamination/tear of the ossification center with the cartilage fracture 
line within the patellar ligament’s footprint, causing delamination injury to the pa-
tellar	ligament;	in	most	cases,	the	fracture	line	also	extended	into	the	deep	infrapa-
tellar bursa (Fig. 13.24).

In adults, the most frequent site of tear is the proximal stretch and insertion 
of the patellar ligament. Clinical symptoms are frequently called “jumper’s knee” 
(Fig. 13.25).

Among ligaments of the knee, medial or tibial collateral ligament is the most 
commonly torn (Fig. 13.26). This ligament heals very well, sometimes without any 
treatment.

Fig. 13.22  Longitudinal	scan	over	adolescent	patellar	ligament	( green) and tibial tuberosity. OSD 
type I—closed delamination fracture of the ossification center of the anterior tibial epiphysis. Blue 
arrow—cartilage around the ossification center, white arrow—the delamination fracture distance
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Similar to the hip joint, fibrocartilage and hyaline cartilage affection has been 
reported in knee joints’ painful conditions.

Menisci appear triangular in shape and produce bright echoes when healthy. 
Tears	and	different	quality	 scars	usually	cause	decreased	echogenicity;	however,	
it is difficult to say how many well-healed scars we regard as normal meniscus 
(Fig. 13.27). Many small asymptomatic tears can be seen occasionally in the 
 meniscus. Hyaline cartilages appear as hypoechoic or anechoic, with a smooth sur-
face where we look for defects (Fig. 13.28).

Fig. 13.24  Longitudinal	 scan	 over	 adolescent	 patellar	 ligament	 ( green) and tibial tuberosity. 
Left—normal, right—OSD type III—delamination fracture of the ossification center with cartilage 
fracture within the patellar ligament’s insertion to the anterior tibial epiphysis. Blue arrow—carti-
lage around the ossification center, white arrow—the delamination and fracture distance

 

Fig. 13.23  Longitudinal	 scan	 over	 adolescent	 patellar	 ligament	 ( green) and tibial tuberosity. 
Right—normal, left—OSD type II—delamination fracture of the ossification center with cartilage 
fracture proximally to the ligament’s insertion to the anterior tibial epiphysis. Blue arrow—carti-
lage around the ossification center, white arrow—the delamination and fracture distance
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Foot

The foot and the Achilles tendon are a good example of all kinds of tendinous and 
ligamentous structures. Here, like the hands, tendinous pathologies may be compli-
cated by an inflammatory process in the bursa or tendon sheath. However, micro-
tears	are	relatively	common	in	the	feet;	therefore,	an	equilibrium	between	healing 

Fig. 13.26  Longitudinal	scan	of	the	mid-proximal	medial	collateral	ligament	( blue). A interstitial 
multilevel partial tear of the anterior part of the ligament. Asterisk shows fluid separating stumps 
of the completely torn menisco-femoral ligament

 

Fig. 13.25  Longitudinal scan of the mid-proximal patellar ligament. A partial tear with enhanced 
vascularity within and around the hypoechoic scar indicating healing process
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and anti-inflammatory treatment should be obtained. Furthermore, it is particularly 
dangerous to treat tendinous pathologies of the foot as inflammatory without US 
diagnostics. Steroid anti-inflammatory treatment suppresses the healing processes. 
Tibialis anterior tendon (Fig. 13.29) is a good example of mechanical tendon pa-
thology. It is very well exposed and very thick. Sometimes, in chronic tears, there 
might not even be any inflammation in the tendon sheath.

Fig. 13.28  Femoral	cartilage	( white arrow) defect reaching half thickness of the cartilage

 

Fig. 13.27  Medial meniscus, posterior horn. A cleavage, horizontal tear reaching tibial surface of 
the meniscus
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By far, the most often torn ligament of the foot is anterior talo-fibular ligament 
(Fig. 13.30). It is important to early diagnose the tears of this ligament because it 
“likes” to heal.

Among ligamentous structures of the plantar side of the foot, we cannot miss the 
plantar aponeurosis (Fig. 13.31). Frequently, patients are told that the pain comes 
from a spur. It is not true. The spur is a form that builds up and ossifies for months 
and years following asymptomatic micro-tears of the proximal tendon of the flexor 
digitorum brevis. Most often, the pain on the plantar side of the calcaneus is a par-
tial tear of the aponeurosis. The spur is only this what an X-ray can show, not what 
hurts the patient.

Fig. 13.30  Longitudinal	scan	of	the	anterior	talo-fibular	ligament	( blue arrows), right—normal, 
left—a complete tear from the talar insertion with retracted interstitially partially torn stump lying 
deep in the talo-fibular joint

 

Fig. 13.29  Transverse	scan	of	the	tibialis	anterior	tendon	( green arrows) at the level of approx. 
Chopart joint. A fresh or chronic degenerated partial tear (anechoic zone marked by an asterisk) of 
the tendon. There is little synovial irritation within the tendinous sheath
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Achilles tendon tears similarly and differently depending on the level (Figs. 13.32, 
13.33, and 13.34). The differences are based on adjacent synovial (paratenon and 
Achilles tendon bursa) and bony structures [12]. Tears at the enthesis site may be 
calcified or ossified forming a structure called a spur which, in fact, is a moved en-
thesis. The level of the calcaneal upper-posterior margin and Achilles tendon bursa 
is a common site for tears which may be complicated with inflammation of the 
Achilles tendon bursa. That makes the treatment of a tear at this site more complex 
and difficult.

Above the Achilles tendon bursa is the mid-portion of the tendon which, in fact, 
is the proximal part of the bare tendon (Fig. 13.34). Tears at this area are  usually 
uncomplicated, with no inflammation, unless infection is involved.

A form of the Achilles tendon tear is a tear of the distal tendon of the medial gas-
trocnemius muscle (Fig. 13.35). This tendon forms the distal tendon of the triceps 
surae—the Achilles tendon.

Fig. 13.32  Transverse left and longitudinal right scans of the Achilles tendon. A scar after a partial 
tear of the tendon within and near the enthesis (hypoechoic zone with vessels). Hypervascularity 
is a good sign of healing process, not inflammation. Some of such scars mineralize or ossify and 
form structures called spurs. So a spur is actually a product of multiple, chronic tears mineralizing 
and/or ossifying in the end stage of healing

 

Fig. 13.31  Longitudinal	scan	of	the	proximal	plantar	aponeurosis	( blue), right—normal, left—
partial tear of the enthesis zone and proximal stretch. Hypoechoic, thick scar diffused within the 
whole volume of the aponeurosis indicating a chronic tear built from many micro-tears. An erosion 
of the enthesis shows destructive enthesopathy. It is an extreme rarity to see aponeurosis’ enthesal 
scars mineralize or ossify
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In conclusion, apart from joint cavities with cartilaginous surfaces, labra and 
menisci, it is nearly all tendinous systems of muscles and ligaments that are mainly 
diagnosed in sports-related musculoskeletal contusions. The key to understanding 
the sonographic pattern of variable regions is identifying their different (which at 

Fig. 13.34  Longitudinal	scan	over	the	midportion	of	the	Achilles	tendon	( green arrow). Diffused 
thickening and blurring of the fibrillar tendinous pattern with low-level of hyperemia—a typical 
example of the healing process induced by an interstitial partial tendon tear located within all 
three bundles of the Achilles tendon. Hypoechoic zone in the superficial layer represents the least 
advanced in healing/newest partial tear site

 

Fig. 13.33  A longitudinal scan of the Achilles tendon. Image of a partial interstitial tear (hypo-/
anechoic zone with vessels) at the level of the superior posterior calcaneal margin. Sharpened edge 
of the calcaneus indicates that there is high probability of mechanical conflict as a reason for this 
tear location. This pathology may be complicated by inflammatory process in the Achilles tendon 
bursa due to proximity and common vascularity
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times may appear similar) anatomy. By knowing basic principles of tendinous/liga-
mentous tears and their heal/repair mechanisms, one can easily apply this knowl-
edge to new anatomical regions individually.

It is also important to identify the pathological background, whether inflamma-
tion or a tear, or both. The key point is the difference in the management strat-
egy. Inflammation means rest and anti-inflammatory therapy including local and/
or systemic approach. Similarly, a tear and repair may give identical symptoms 
and	require	rest	too;	however,	nonsteroid	anti-inflammatory	drug	therapy	should	be	
limited in both quantity and time as it suppresses the healing performance of a torn 
structure. Steroids, especially locally administered, should be avoided at all costs as 
they are a very strong suppressor of the repair processes. If steroids are used, the ill 
area should be immobilized to protect the healing tissue.

The challenging scenario is when a lesion of a mixed nature occurs, e.g., a tear 
associated with inflammation of the surrounding tissues. The clue might be in thor-
ough assessment of the affected area bearing in mind its anatomical landmarks. In 
some cases, the inflammation may be induced by the mechanical trauma or even 
patient’s habit. If not, then special care, including immobilization, should be con-
sidered in particular while administering strong anti-inflammatory drug therapy.

Fig. 13.35  Longitudinal scan over the distal medial gastrocnemius and mid-soleus muscles, mus-
cles which tendons form the Achilles tendon. Green arrows are drawn in the location of the distal 
tendons of the muscles. Medial gastrocnemius distal tendon’s partial tear—thickening/edema of 
the torn tendon with nearly anechoic zones of the torn tendinous tissue. Just below it the bright line 
of the distal soleus tendon which runs on the posterior surface of the muscle
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Introduction

Interventional musculoskeletal ultrasound (MSUS)-guided maneuvers refer to a va-
riety of invasive procedures, performed percutaneously, covering both diagnostic 
and therapeutic indications. This include simple procedures such as joints, tendon 
sheaths, or other periarticular structures injection as well as more complex maneu-
vers such as biopsies, foreign bodies removal, or intratumoral therapeutic injections.

Intra-articular injections, with corticosteroid (CS) preparations, have been used 
for several decades in the management of different inflammatory or degenerative 
joint conditions when first-line conservative management approach fails to pro-
vide adequate pain relief. Despite the significant developments achieved in the last 
years, in the treatment of inflammatory/degenerative rheumatic diseases, intra- and 
periarticular injections remained an important tool in daily clinical practice.

The current European League Against Rheumatism (EULAR), the American 
College of Rheumatology (ACR), Assessment of SpondyloArthritis International 
Society (ASAS), and the Osteoarthritis Research Society International (OARSI) 
therapeutic guidelines include intra-articular CS injections in the recommended 
treatment protocols [1–8]. Indeed, more data, emerging from the recent literature, 
support the extension of intra- and periarticular injections with other different drugs, 
like viscoelastic and biologic agents, radioactive isotopes, etc. [9].

Aspiration and examination of the joint fluid, a routine maneuvers in clinical prac-
tice, still remains of paramount importance as it may rapidly differentiate septic or 
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crystal deposition arthritis from other inflammatory joint conditions such as rheuma-
toid arthritis (RA), spondyloarthropathies (SpA), osteoarthritis (OA), etc. [10–11].

When performing these kinds of interventional maneuvers, it is always desir-
able to adopt an imaging needle-guided technique. Considering efficacy, economic 
impact on health-care and safety profile, Ultrasonography comes first as the most 
feasible and practical imaging tool [9, 12–16].

The interest in minimally invasive guided maneuvers is rapidly mounting. In the 
past few years there has been an exponential growth of number of studies published 
in this field reflecting the growing interest to implement these techniques as part 
of the standard clinical practice and rheumatology curriculum in many countries. 
 Unfortunately, this procedure remains insufficiently exploited among rheumatolo-
gists and, according to a recent survey, only 10 % of the rheumatologists routinely 
perform MSUS-guided joint/ periarticular structures aspirations or injections in 
most European countries [17].

This chapter describes the basic techniques of the MSUS-guided joints and peri-
articular structures aspiration, injections, and biopsy. It will also provide an update 
to the therapeutic standards, indications and contraindications, efficacy and safety 
profile of the methods.

General Approach

Basics

The decision for performing a certain interventional maneuver is considered 
following an algorithm which incudes: the patient’s history (trigger conditions, 
disease onset, other comorbidities, current or chronic treatment), general/local 
clinical assessment in addition to systematic MSUS assessment of the target region 
(according to published guidelines and protocols) [18–20].

A complex set of information regarding anatomical structures, starting from skin 
to cortical bone, can be obtained by using MSUS grayscale and power Doppler 
assessment. Whenever indicated, multiplanar dynamic assessment may be also car-
ried out. Some of the pathological conditions may also require the complementary 
radiographic evaluation with focus on the bony structure and possible anatomical 
variants.

Initially, in clinical practice, preinterventional MSUS assessment is important to 
confirm the primary clinical decision. In some cases, the MSUS findings may alter 
the preliminary decision of whether to perform the planned interventional maneuver 
or change the targeted structure(s) [21–23].

The probe type and the operating frequencies are adapted according to different 
anatomical areas. Linear probes (5–18 MHz) are usually preferred, though convex 
probes are considered the best option for deep areas such as hip or shoulder, with 
lower frequency (2.5–5 MHz) and higher penetration. After the detection of the tar-
get lesion, the shortest and safest way (avoiding neurovascular proximity structures) 
from skin to target lesion is visualized using a multiplanar MSUS region evaluation. 
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Proper patient positioning is essential in order to obtain a relaxed posture during the 
procedure and to assure an easy approach for the performing physician. In general, 
needles should be kept outside the patient’s visual field and every effort should be 
made to minimize the possibility of the patient sustaining a vagal reaction. Specific 
details for each anatomical area will be discussed in more details later in the chapter.

MSUS Puncture Methods

Technically, there are two MSUS-guided interventional methods: (1) using a nee-
dle-guiding device attached to the probe and (2) the “free-hand” technique. The 
second one can be carried out in either of two ways: the indirect (semiguided, skin 
marking) and direct methods [16, 24].

In the indirect technique, the semiguided method, MSUS is used only for identi-
fication and evaluation of the lesion and to mark the skin and measure the lesion’s 
depth (calipers). The needle is then inserted blindly, perpendicular to the skin reach-
ing the previously measured depth. The method is easily performed but the needle 
progression cannot be tracked (Fig. 14.1).

The direct MSUS-guided technique is a superior approach as it offers a real 
time and continuous visual monitoring of the needle penetration and advancement, 
through every tissue layer, till the targeted area. Needle-guiding devices attached 
to the probe may help in achieving a maximum precision for hitting the target 

Fig. 14.1  After ultrasound 
lesion depiction, the skin is 
marked at the probe ends and 
center. The needle is penetrat-
ing perpendicular to the skin 
in the center of the target 
lesion skin projection
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 structure, but the predefined direction of the needle must be kept throughout the 
entire procedure. In contrast to this, “free-hand” technique, direct MSUS-guided 
technique is highly flexible, giving the facility of various needle insertion positions. 
Table 14.1 shows the main advantages and disadvantages of the two techniques.

Similar to any other conventional therapeutic procedure, MSUS-guided ap-
proach has its pros and cons (Table 14.2). Possible untoward side effects linked 
to local drug deposition or postinterventional complications are summarized in 
Table 14.3 [24, 25].

Table 14.1  MSUS needle-guiding methods. Advantages and disadvantages of direct “free-hand” 
and “device-guided” needle techniques
Method Advantages Disadvantages
Free hand Very good needle visualization Difficulties in keeping the needle and 

lesion in the same planeNeedle penetrates skin at distance 
from the probe (not necessary to 
sterilize the probe)
Flexibility in probe/ needle move-
ments (allows needle reorientation)

Needs more training and longer 
learning curve

Reduced cost
Guiding device Different types, reasonable cost Difficulties in needle manipulation

Needle direction preselection is 
possible

Needle	penetrates	close	to	the	probe;	
needs sterile probe cover and sterile 
gel

High precision in hitting the target Higher costs (probe, guiding device, 
sterile equipment, more personnel)Needs less training

MSUS musculoskeletal ultrasound

Table 14.2  Indications and contraindications in MSUS-guided interventional maneuvers
Indications
For diagnosis:
Arthrocentesis (extended to tendon sheaths, bursae) and biopsy
For therapy:
Decompression (effusion under pressure, hematoma, abscess)
Medication (corticosteroids, viscosupplementation, radioactive substance, etc.), lavage
Contraindications
Relative, temporary:
Infection, wounds, psoriasis, skin vasculitis (large areas)!! advantage in using nonconventional 
puncture areas under MSUS guidance
Anticoagulant	drugs:	INR		>		3.5	in	the	last	72	h;	attention	to	combination	with	NSAIDs
Hemophilia: when factor VIII, IX is  <  20  %
Diabetes mellitus, high blood pressure, glaucoma
Allergy to medication or drug composition

MSUS musculoskeletal ultrasound, NSAID nonsteroidal anti-inflammatory drugs, INR interna-
tional normalized ratio
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General rules must be constantly applied when any of these intervention tech-
niques is considered. Agreed protocols should be adopted. Table 14.4 entails some 
of the basic steps.

Table 14.3  Potential side effects, postinterventional course recommendations
Side effects/complications
Increase of local pain: secondary to traumatic act (needle insertion), microcrystalline synovitis 
induced by CS, irritation produced by viscosupplementation drugs
Facial, chest rash
Local skin depigmentation
Local skin atrophy
Severe infections: iatrogenic (antiseptic rules), sepsis in the layers the needle penetration takes 
place
Tendon rupture, necrotizing fasciitis (intra-tendon/ fascia injection)
High blood pressure, high glycemia
Postinterventional course
No need for bed rest
Current treatment with anticoagulant drugs—reduction of walking effort some days

CS corticosteroid

Table 14.4  General conditions for performing MSUS-guided invasive interventions
1. Re-examination of the region is mandatory for decision reconfirmation, optimizing 

patient and doctor position
2. The	patient	must	be	informed	regarding	the	necessity	of	the	chosen	invasive	method;	

the informed consent must be signed
3. The performing physician must collect information regarding coagulopathies, hemor-

rhagic accidents in the past, INR value, number of thrombocytes, allergies, intolerance 
to some drugs

4. Easy	access	to	emergency	equipment;	intravenous	branula	for	selected	cases
5. Disinfection of anatomic area/ probe—simple/ complex
6. Protection measures for the doctor—sterile/nonsterile gloves, mask/more complex 

equipment
7. Local anesthetic—lidocaine 1 %, bupivacaine, etc. are used in biopsies, percutaneous 

drainage, sedation
8. Avoid vagal reactions—manipulate needles outside the patients visual field
9. Needle type selection—length, caliber
10. Postinterventional—in outpatient clinic—patient must report the occurrence of fever/

persistence >	48–72	h;	hospital	surveillance	for	those	with	complex	interventional	
maneuvers, drainage catheter

MSUS musculoskeletal ultrasound
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Free-Hand Direct MSUS-Guided Interventional Maneuvers

Apart from its flexibility in choosing the site of needle penetration, distance in rela-
tion to the probe varies from minimum 0.5 cm for small areas up to 2–3 cm for big-
ger areas). Needle angulation to the ultrasound (US) beam (90–45°) can be adapted 
according to the anatomic region and targeted structure. If necessary, needle re-
direction can be considered at any moment and depth, subject to local factors.

The needle visualization inside a body tissue or fluid is possible due to its physi-
cal	 characteristics	 (metal,	 hyper-reflectogen,	 glittering	 hyperechogen	 structure);	
however, this is also subject to its positioning inside the US beam. Higher caliber 
needles are better visualized in comparison to thin ones. The use of needle-guiding 
systems attached to the probe allows a perfect needle penetration, perpendicular to 
the US beam and parallel to the transducers margins, with optimal needle visualiza-
tion. Though “free-hand” technique needle visualization may be less accurate, it is 
good enough for identifying the needle tip and the penetration of soft tissue layers 
(Figs. 14.2 and 14.3).

Skin and Probe Disinfection

Skin and probe preparation protocols may vary from simple protocols set accord-
ing to local rheumatology settings regulations and/or personal experience up to 

Fig. 14.2  When needle is 
placed at angulation of 90° 
and perpendicular to the 
ultrasound (US) beam, opti-
mal visualization is achieved 
(hyperechoic, continuous 
line). When needle is placed 
at angulation between 45° 
and 90°, visualization is pos-
sible (hyperechoic, discon-
tinuous line)
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 complex rules (use of sterile probe envelope, sterile gel, sterile cleaning solutions, 
alcoholic solutions, surgical drapes, etc.) [9, 26, 27].

In our experience, there is no need for using sterile probe envelope or sterile gel. 
Rigorous, dry cleaning of the probe prior to each interventional maneuvers accom-
panied by rigorous skin disinfection (similar to conventional blind injections) with 
bethadine should be enough if the security distance between the probe and puncture 
site is respected. This simplifies the entire technique and reduces substantially the 
costs. A recent study showed that adopting these simple rules ensured a very good 
safety profile and satisfactory outcomes [14].

Alcoholic cleaning solutions, if used for probe cleaning, must be applied strictly 
to the plastic cover and not on the footprint, in order to avoid its damage [28]. The 
use of bethadine solution for skin disinfection has some further advantages. In addi-
tion to the fact that bethadine is less irritating to the skin in comparison to alcoholic 
disinfection swaps, its brown color will highlight the disinfected area, hence it will 
be easier to trace the probe position.

Puncture Preparation

For puncture preparation, a small quantity of nonsterile gel will be applied on the 
footprint in order to avoid the overflow of excessive gel to the puncture site and 
compromise the sterile maneuvers status (Fig. 14.4).

Multiplanar scanning technique allows the optimal identification of the targeted 
lesion. Afterwards, the best scanning position for a lesion exposure will be memo-
rized. For beginners, it is helpful to mark the transducer’s footprint position by us-
ing a permanent marker. After final probe positioning, the needle will be inserted. 
There are two modalities for insertion: “in plane”—the needle will enter the tissues 
parallel to the long transducer axes and the whole needle length will be visualized 
or “out of plane”—the needle will enter perpendicular or oblique to the short axes 
and it will be visualized as a hyperechoic dot or it will be partially detected (only the 

Fig. 14.3  When needle is 
placed at angulation of 90° 
and oblique to the ultrasound 
(US) beam, visualization 
is possible (hyperechoic, 
discontinuous line)
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portion	inside	the	US	beam	will	be	identified;	Figs.	14.5 and 14.6). Once the needle 
insertion is finalized, minimal sliding or tilting maneuvers to adjust the probe posi-
tion is allowed for optimal image acquisition.

Though in MSUS, there are usually good ultrasonographic windows for almost 
all anatomic regions, there are still some limitations, in particular for accurate deep 
structures imaging, caused by artifacts such as osteophytes, bony fragments, calci-
fications, or due to the presence of air.

Basic Rules for Joint, Tendon Sheath, Cysts, and Bursa Puncture

In standard rheumatology practice, MSUS-guided procedures usually include 
joints, tendon sheaths, cysts, or bursae aspiration/injections. In general, for optimal 
needle and target visualization, “in-plane” insertion is usually the recommended 
approach, if possible.

The joint is a triangular cavity delineated by two bones and capsule. The needle 
penetration in a joint cavity can be made in a longitudinal or transversal approach 
(Fig. 14.7). On the other hand, the tendon sheath injection approach varies subject to 
the anatomical region as well as the operator preferences. The puncture can be carried 
out by using a transversal/longitudinal scanning view, with “in-plane” needle inser-
tion (Fig. 14.8). For cysts and bursae, it is left open for the performing physician to 

Fig. 14.4  a Dry cleaning 
of the transducer. b A small 
amount of gel is placed 
strictly on the footprint
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Fig. 14.5  a “In-plane” 
needle insertion. b “Out-of-
plane” needle insertion

 

Fig. 14.6  a “In-plane” 
and “out-of-plane” needle 
insertion. b “In-plane” 
technique—detection of the 
needle as a hyperechoic line 
generating reverberation 
artifact. c “Out-of-plane” 
technique—detection of the 
needle as hyperechoic dot 
generating acoustic shadow
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choose the most convenient scanning view, preferably adopting the “in-plane” needle 
insertion. Optimal needle angulation in relation to the US beam should be 90° for 
superficial structures and can vary between 90° and 45° for more profound structures. 
Beyond this angulation limit, there would be difficulty in detecting the needle. When 
using a 4–5-cm-long probe footprint for visualizing small structures, we recommend 
the target lesion to be displayed on the right side of the monitor for right-handed 
operators and on the left side of the screen for left-handed operators. In this way, we 
shorten the distance from the skin penetration area to the target lesion, offering the 
possibility for using shorter, thinner, and less traumatic needles (Fig. 14.9).

Fig. 14.7  Schematic joint 
representation (longitudinal, 
upper part of the figure)—tri-
angular space delineated by 
two	bones	( black thick lines) 
and	capsule	( thin black line). 
Arrow—needle penetration 
“in-plane” approach, dot—
needle visualization—“out-
of-plane” approach. Joint 
representation (transversal, 
lower part of the figure)—the 
joint space is delineated 
by one of the bones cortex 
( thick black line) and capsule 
( thin black line). Arrow—
needle penetration “in-plane” 
approach

 

Fig. 14.8  Schematic tendon 
representation (transver-
sal view, upper part of the 
figure)—“in-plane” needle 
( arrow) penetration inside the 
tendon sheath. Tendon repre-
sentation (longitudinal view, 
lower part of the figure)—
“In-plane”	needle	( arrow) 
penetration inside the tendon 
sheath and drug deposition 
( gray lines)
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Needles caliber must be adapted to the desired procedure. It is recommended 
to use 16–21 gauge needles for aspiration and viscoelastic drug injection and thin-
ner needles (22–24 gauge) for other medications like CS, anesthetic drug, etc. For 
profound areas like hip or glenohumeral joint, we recommend the spinal puncture 
needles.

Applications for Anatomic Regions

This section focuses on different types of interventional approaches, in different 
anatomic areas, using the most suitable and simple technique, designed for one 
performing doctor, and considering the most important pathologies encountered in 
clinical practice.

Shoulder Region

Several target areas are identified in the shoulder region: the glenohumeral and 
acromioclavicular joints, the subacromial–subdeltoid bursa, the long head of the 
biceps brachialis (BB) tendon, intratendinous calcifications.

Fig. 14.9  a Schematic cyst 
representation. “In-plane” 
needle approach—right 
side— a superficial structure 
and needle can penetrate 
with angulation of 90°, left 
side— a deeper structure and 
needle is penetrating with 
angulation < 90°. b Schematic 
representation of the target 
structure on the monitor for 
right-handed (structure is 
displaced at the right side of 
the screen) and left-handed 
(structure is displaced at 
the left side of the screen) 
performing physicians
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Glenohumeral Joint

MSUS-guided interventional maneuvers for the glenohumeral joint are a treatment 
option in case of synovitis (RA, SpA, septic arthritis, microcrystalline arthritis, 
trauma), OA (viscous lubricating drugs), adhesive capsulitis (repeated capsule dis-
tension procedures) and a method for contrast agent injection (magnetic resonance 
imaging (MRI) arthrography). With visual assistance, contrast agent and other drug 
deposition reaches an accuracy of 94–100 % in comparison to classic anatomic 
landmark injections where accuracy is estimated at about 50 % [14, 29–32].

There are three different joint approaches: posterior, anterior, and axillary. As 
far as the axillary recess, despite being a sensitive location for joint pathology de-
tection, it is less commonly used, as the reduction of the joint range of motion is 
considered a serious impediment for achieving a comfortable examination posi-
tion for the patient. Similarly, and despite its high accuracy, a major limitation for 
the anterior joint approach is the multiple neurovascular structures located in the 
joint proximity [24, 33]. Therefore, the posterior joint approach is considered the 
preferred option for several reasons including: sensitivity of pathology detection, 
comfortable patient’s and performing physician’s position, and preparations away 
from the patient’s visual field.

Pathologically, glenohumeral synovitis is best detectable with MSUS at the pos-
terior and axillary recess level. Also, the migration of intra-articular effusion can be 
identified around the long head of the BB tendon. During the shoulder external rota-
tion maneuvers, exposure of a small quantity of effusion/synovial hypertrophy (not 
visible in neutral arm position) can be seen inside the posterior joint recess [33].

Injection Technique and Positioning It is recommended to start the procedure 
by positioning the patient seated on a chair or supine on the contralateral side. The 
performing physician will approach the joint from the posterior aspect placing the 
probe parallel to the infraspinatus muscle fibers at the tendeno-muscular junction. 
The posterior recess is identified profound to infraspinatus muscle, in the labrum 
proximity. The needle will penetrate the skin at an approximately 2-cm distance, in 
plane, with an angulation of 45°, aiming at the superior margin of the labrum. In this 
way, the interaction with neurovascular structures (suprascapular nerve, circumflex 
artery) can be avoided and undesirable accidents eliminated. The penetration of the 
joint capsule is noticed as an obstacle and the puncture may be realized in particular 
in chronic inflammatory processes associated with higher capsule thickness and 
fibrotic changes. When final needle position is reached, arthrocentesis and/ or drug 
injection can be made. No resistance should be encountered while injecting, when 
the needle is properly positioned in the joint (Fig. 14.10).

Acromioclavicular Joint

The posterio-superior, “out-of-plane” approach is usually the preferred approach 
when injecting the acromioclavicular joint. The patient is sitting on a chair with the 
performing physician standing behind the patient (Fig. 14.11). After proper skin and 
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transducer disinfection, the probe will be positioned with one end on the clavicle 
and with the other on the acromion. The needle penetrates the skin approximately at 
a 1–2-cm distance from the probe having the angulation of 90°, entering below the 
acromioclavicular ligament [34].

The Subacromio-Subdeltoid Bursa

It is located deeper to the deltoid muscle and its approach can be easily made. Sub-
acromio-subdeltoid bursitis usually occurs in association with other inflammatory, 
degenerative, or traumatic rotator cuff pathologies. Alone or in combination with 
tendon pathology, it represents a frequent cause of shoulder pain. The aspiration of 

Fig. 14.10  a Patient and 
probe positioning for gleno-
humeral joint injection, “free-
hand technique.” b Needle 
( arrows) is penetrating with 
angulation of 45° inside the 
distended posterior gleno-
humeral recess. DM deltoid 
muscle, HH humeral head, 
ISM infraspinatus muscle. 
c Corticosteroid deposition 
( arrows, hyperechoic mass 
moving antigravitational 
generating acoustic shadow) 
inside the posterior glenohu-
meral recess
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the bursal content represents an important emergency maneuvers leading to rapid 
therapeutic decompression as well as a diagnostic procedure (inflammatory, septic, 
hemorrhagic content, laboratory analysis—cytology, crystals, etc.) and can be done 
immediately after clinical examination and MSUS evaluation. The bursal content 
can be effusion, synovial hypertrophy or both, blood, etc. The MSUS-guided punc-
ture accuracy is superior to the blind method in case of mixed or parenchymatous 
bursal content. Furthermore, the precise bursal CS injection can be carried safely 
avoiding rotator cuff tendon penetration or systemic intradeltoid CS administration 
[35–37] and subsequent better outcome is expected [38, 39]. In the last years, sev-
eral attempts injecting intra-articular viscoelastic drug therapy showed some prom-
ising results [40].

Injection Technique and Positioning Skin and probe disinfection is made accord-
ing to previous described technique. If possible, needle penetration will be “in 
plane” with angulation of 90°. In some cases of obese or very muscular subjects, 
it is necessary to angulate the needle more (60°–45°). After skin, subcutaneous tis-
sue and deltoid muscle penetration, the needle tip reaches the bursa ( Fig. 14.12). 
Real-time aspiration and/ or drug injection can be rapidly carried out and drug 
deposition and dispersion can be checked immediately after finalizing the invasive 
maneuver.

Fig. 14.11  a Patient and 
probe position for acromio-
clavicular joint injection, 
“free-hand technique,” 
longitudinal approach, “out 
of plane” needle penetra-
tion. b Needle is depicted as 
a	hyperechoic	dot	( arrow) 
inside the joint space, C clav-
icle, A acromion. c Hyper-
echoic mass (corticosteroid 
deposition, arrow) inside the 
acromioclavicular joint space 
distending the capsule
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BB Tenosynovitis

In case of true BB tenosynovitis or glenohumeral arthritis with BB tendon sheath 
effusion, anterior “in-plane” approach using a transversal scanning view is recom-
mended (Fig. 14.13).

The Elbow

Elbow Joint

Elbow synovitis (humero-radial and humero-ulnar joints) may occur in several pa-
thologies like RA, SpA, gout, septic, or traumatic circumstances. These joints can 
be approached either from the anterior or posterior aspect. In case of anterior ap-
proach, the patient can be seated or laid down on the bed with the elbow in maximal 
extension position. Preinterventional anterior joint aspect scanning will identify the 
neurovascular structures (median nerve and brachial artery, radial nerve and radial 
artery) and the distal BB tendon, structures that must be avoided while injecting.

Fig. 14.12  a Patient and 
probe position for subacro-
mio-subdeltoid bursitis, 
anterior approach. b Corti-
costeroid drug deposition 
( arrow) inside the subacro-
mio-subdeltoid bursa, C cora-
coid bone, HH humeral head, 
SUB T subscapularis muscle 
tendon, DM deltoid muscle. 
The needle is depicted as a 
hyperechoic line creating 
reverberation artifact
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Injection Technique and Positioning After skin and probe disinfection, the trans-
ducer will be placed in transversal scanning position and the needle will be inserted 
“in plane” at a 1–2.5-cm distance from the probe margin, with an angulation of 
45°. The needle will penetrate the skin, subcutaneous tissue, the brachioradial mus-
cle (located lateral and superficial to the brachial muscle) or the pronator muscle 
(located medial and superficial to the brachial muscle), depending on the puncture 
side, the brachial muscle, and lastly the joint capsule. The capsule penetration will 
generate a degree of resistance depending on its thickness and fibrotic changes. 
The needle tip will be visualized afterwards inside the articular space and aspira-
tion and/or drug administration can be carried out under continuous visual control. 
The drug will be identified as a hyperechoic mass with antigravitational movement 
accompanied by capsule distension (Fig. 14.14). There are some limitations of the 
technique in cases of the reduction of the elbow extension due to chronic inflam-
matory pathology.

The posterior approach is the preferred due to a more comfortable position for 
both patient and physician and because of the lack of important neurovascular struc-
tures in the proximity, except the ulnar nerve. Its position in the proximal cubital 
channel must be checked before invasive maneuver commencement. The patient 
is seated, positioned for posterior elbow compartment scanning (Fig. 14.15). After 
olecranon recess visualization (transversal view), needle insertion is made profound 
to the triceps muscle tendon, angulation of 90°.

Fig. 14.13  Biceps brachial tenosynovitis. “In-plane,” transversal scanning approach. Arrow 
biceps tendon, * mesotendon
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Olecranon Bursa

Pathological inflammatory/hemorrhagic affection of the olecranon bursa is a rela-
tively common finding in patients with gout, RA, spondylarthritis or septic/traumat-
ic conditions. The bursal puncture is easy to be performed because of its superficial 
location. The blind puncture is highly successful but in cases with synovial hyper-
trophy or blood clots, guided puncture is much more precise (Fig. 14.16). There is 
total freedom in needle insertion position “in and out of plane” which, in this case, 
depends more on the physician’s comfortable position. After bursal content aspira-
tion, in selected cases, CS deposition can be immediately made through the same 
needle [36, 41].

Lateral and Medial Enthesopathy

Lateral and medial enthesopathy is a common pathology, frequently seen in clinical 
practice. Several invasive techniques have been described tailored to the underlying 
pathology. The first treatment option is to deposit the CS outside the enthesis, at the 
level of the interface with the subcutaneous tissue. In this approach, enthesis needle 
injury and intratendinous drug injection are avoided (Fig. 14.17). The second option 
is the intralesional drug deposition. This technique is more specific for sport medi-

Fig. 14.14  a Patient and 
probe position for elbow 
joint puncture, “in-plane,” 
transversal scanning, anterior 
approach. b Transversal scan-
ning of the elbow joint—the 
needle tip is depicted inside 
the joint. HT humeral troch-
lea, BM brachial muscle, PM 
pronator muscle, BT biceps 
tendon, ** joint space, arrow 
needle
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cine injuries and uses viscoelastic drugs. A third option refers to the dry needling 
technique with repetitive intralesional needle insertion which helps in stimulation of 
neovascularization and acceleration of the reparative process [42–44].

Injection Technique and Positioning The patient is sitting with the forearms 
placed on a table or pillow, in pronation (for lateral common extensor tendons 
enthesis) or supination position (for medial common flexor tendons enthesis). The 
enthesis is identified in a longitudinal or transversal approach and a short needle 
is inserted at a 0.5–1-cm distance with an angulation of 45° close to the interface 
with the subcutaneous tissue or at intralesional level as previously described (when 
hockey stick probe is used, needle angulation can be kept at 90°). Drug injection is 
made under continuous real-time visual control.

Fig. 14.15  a Patient and 
probe position for elbow 
joint punction, “in-plane,” 
transversal scanning, poste-
rior approach. b Transversal 
scanning of the elbow joint, 
posterior recess—the needle 
is depicted inside the joint 
( arrow) below the triceps 
muscle tendon (TT), OR 
olecranon recess
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Wrist and Hand Region

Wrist and hand joints as well as periarticular structures may sustain inflammatory 
and/or degenerative lesions in several pathologic conditions as RA, SpA, micro-
crystalline arthropathies, OA or secondary to mechanical/ traumatic strain, etc.

Injection Technique and Positioning Interventional maneuvers in the wrist region 
require the following position: the patient sitting on a chair, facing the performing 
physician, with the hands on a table, in neutral position.

Radiocarpal, Intercarpal Joints

For radio-carpal joint interventions, the most convenient approach is in transversal 
dorsal scanning position, distal to Lister’s tubercle. After region and probe disinfec-
tion, the needle penetrates at a distance of 0.5–1 cm from the probe margin, with 
an angulation of 60–45°. After capsule puncture, aspiration and/or drug deposition 
can be safely made under continuous visual control. The accuracy rate in injecting 
this area is high (93.5 %). The intra-articular drug is further seen as a hyperechoic 
cloudy mass moving antigravitational in the capsule proximity (Fig. 14.18). For the 
intercarpal joints, we recommend the scafo-lunate approach. The technique is simi-
lar with that described earlier, with the position of the probe more distally [44–47].

Fig. 14.16  a Olecranon 
bursitis in a patient with 
gout. b Posterior aspect of 
the elbow, O olecranon. The 
needle is identified inside the 
distended olecranon bursa
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MCP, PIP, and DIP Joints

Metacarpophalangeal (MCP), proximal interphalangeal (PIP), and distal interpha-
langeal (DIP) joints are injected more easily in a longitudinal approach. In order 
to avoid tendon perforation, an “out-of-plane” needle insertion is recommended 
(Fig. 14.19).

Wrist and Hand Tendons

Tenosynovitis is another good example for MSUS-guided injections with high ac-
curacy of drug deposition in comparison to the blind technique [48–50]. Wrist and 

Fig. 14.17  a Patient and 
transducer position—lon-
gitudinal scanning of the 
common extensor tendons at 
the level of the lateral epicon-
dyle. b Longitudinal scanning 
of the common extensor 
tendons;	LE lateral epicon-
dyle, needle penetrating with 
angulation	of	45°	( arrow 
head), corticosteroid drug 
deposition at the interface 
between the common enthe-
sis and subcutaneous tissue 
( small arrows). c Hyaluronic 
acid drug deposition inside 
the	enthesis	lesion	( arrow 
head), LE lateral epicondyle
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hand tendons are superficial structures and therefore can be approached  easily. 
Medication deposition inside the tendons sheath follows the same technique. The 
tendons’ scanning and injecting position depends strictly on the performing physi-
cian’s choice and can be done in transversal or longitudinal view. The “in-plane” 
approach is usually advised as it offers continuous real-time visualization of the 
needle tip penetration. At wrist level, pathology can be encountered on either dorsal 
(extensor compartments I–VI) or volar aspects (carpal tunnel tendons—digit flex-
ors I–V, flexor carpi radialis, flexor carpi ulnaris). At the digits level, the inflam-
matory changes presents usually on the volar side (superficial and profound flexor 
tendons) [51]. For digits, needles are preferred to be shorter and thinner.

Fig. 14.18  a Patient and 
transducer position—trans-
versal scanning of the radio-
carpal joint. b Transversal 
scanning of the radio-carpal 
joint;	R radius, capsular dis-
tension	( arrow heads), needle 
( arrow). c Postprocedural 
longitudinal scanning of the 
radio-carpal	joint;	R radius, 
C carpal bone, corticosteroid 
drug deposition is identified 
intra-articular	( arrow)
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Injection Technique and Positioning The hands will be placed in a comfortable, 
neutral position, on a table according to the area of interest (Figs. 14.20 and 14.21). 
Immediately after drug deposition, it is possible to scan again the target region and 
check if the procedure was properly done. At carpal tunnel level, CS deposition will 
be made in the proximity of the median nerve or, in case of flexor tendons tenosy-
novitis, anywhere inside the carpal tunnel. The needle will penetrate the disinfected 
skin at a 0.5–1-cm distance, angulation of 60–45°, avoiding neurovascular or ten-
don structures, reaching the target area (Fig. 14.22), [52, 53].

The Hip Region

Hip joint and periarticular hip structures may be affected in chronic inflammatory 
(RA, SpA, microcrystalline arthropathies), degenerative, congenital, and traumatic 
conditions (primary, secondary OA).

The hip joint is a deep organ and clinical examination (CE)-delivered informa-
tion is limited. MSUS is useful not only for hip pathology evaluation but also for 

Fig. 14.19  a Patient and transducer position for MCP joint injection—longitudinal joint scan-
ning and “out-of-plane” needle penetration. b	Longitudinal	 scanning	of	 the	 second	MCP	 joint;	
the	needle	is	visualized	as	a	hyperechoic	dot	inside	the	joint	( arrow). MCP metacarpophalangeal
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guiding interventional maneuvers both for the hip joint itself and the surrounding 
bursae. Procedures can be carried out for diagnostic aspiration (microscopy—cul-
ture and Gram stain) or therapeutic injections [54–66]. The current OARSI and 
ASAS/ EULAR therapeutic guidelines include hip CS injection, which, unfortu-
nately, is a rare therapeutic approach as standardized criteria for patients selection 
are still missing and the number of performing physicians with experience in the 
technique remains small [70]. The use of intra-articular hip viscoelastic drugs is 
an encouraging option but still under study because of the current low trial num-
ber [67–70]. MSUS-guided technique allows a correct needle penetration (avoiding 
neurovascular structures injury), joint aspiration and a more precise drug deposition 
which assures a higher efficacy and better outcome [59, 62, 70–72].

Fig. 14.20  a Patient and 
transducer position for exten-
sors compartment I injection 
at the wrist level. b Transver-
sal scanning at the level of 
the first extensors compart-
ment	( APL abductor pollicis 
longus, EPB extensor pollicis 
brevis), hypoechoic material 
distending the tendons sheath 
( arrow), R	radius;	the	needle	
is identified as a hyperechoic 
line inside the tendons sheath. 
c Postprocedural corticoste-
roid drug deposition inside 
the tendons sheath (trans-
versal scanning, arrows). 
d Postprocedural corticoste-
roid drug deposition inside 
the tendons sheath (longitudi-
nal scanning, arrows)
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Hip Joint

Injection Technique and Positioning The first step for injection preparation is 
the positioning of the patient lying on the back, heels together, and leg in exter-
nal rotation—the same position as for anterior hip examination—or with the leg 
in internal rotation, maneuver which will increase the distance between the bony 
cortex and capsule offering a larger maneuver space. It is recommended to use low-
frequency probes—linear (3.5–7.5 MHz) or convex (2.5–5 MHz) for muscular or 
obese patients. After skin and probe disinfection, the probe is placed for the longi-
tudinal anterior approach and visualization of the anterior joint recess. The needle 
is inserted at a distance of 2 cm, “in plane,” in an inferior or superior approach, 45° 
angulation [55, 66]. It is recommended to use spinal puncture needles with differ-
ent calibers 18–20 gauge for aspiration and viscoelastic drugs and thinner (22–24 
gauge) for CS, anesthetic or saline injection. For better visualization, in order to 
increase the reflectivity, some performing physicians scratch the needle surface 
with a sterile scalpel and keep the mandrin inside it while inserting [55].

After skin penetration, needle advancement is followed penetrating the rectus 
femoris (superficial) and iliopsoas muscles (profound), the joint capsule, directing 
the tip to the head–neck junction. After bony cortex contact, needle retraction for 

Fig. 14.21  a Transversal scanning at the level of extensors compartment IV (wrist). The needle is 
penetrating	the	tendons	sheath,	aspiration	of	the	effusion	( arrow)	follows;	T extensor tendons. b 
Aspiration of the effusion almost finalized

 



36314 Ultrasound-Guided Interventional Maneuvers

2–3 mm is mandatory in order to avoid the engagement of the tip inside the poste-
rior synovial layer and facilitate its placement inside the anterior recess. Real-time 
visualization of the articular recess is possible during the aspiration process/ drug 
injection. Post-procedural drug distribution can be followed afterwards in multipla-
nar scanning sections (Fig. 14.23). Side effects due to intra-articular injection occur 
rarely if antiseptic rules are strictly respected [14, 69, 70, 73].

Iliopsoas Bursitis

Iliopsoas bursa is located deep to the iliopsoas muscle, in immediate contact with 
the capsule. It communicates with the hip joint and may be occupied by inflamma-
tory (septic/ aseptic) content in several pathological conditions. The MSUS-guided 
injection follows the same steps as for the hip joint puncture. The needle tip will 
penetrate the skin, subcutaneous tissue, rectus femoris, and iliopsoas muscles and 
will enter the distended bursa. Sometimes it is necessary to puncture both joint and 
bursa for efficient aspiration [24].

Fig. 14.22  a Patient and transducer position for carpal tunnel injection. b Transversal scanning 
at	the	level	of	the	carpal	tunnel;	the	needle	is	visualized	as	a	hyperechoic	line	( arrow) penetrating 
close to a tendon (T), hypoechoic material is depicted around the tendons (effusion, arrowheads), 
MN median nerve
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The Trochanteric Bursae

Trochanteric bursitis occurs in inflammatory conditions (SpA, microcrystalline ar-
thropathy), after trauma or friction, and is clinically highly symptomatic. Therefore, 
immediate therapeutic approach is needed. The patient is lying on the contralateral 
side and after trochanteric area scanning, a longitudinal “in-plane” injection ap-
proach is usually chosen. The bursae are superficial and the needle is inserted eas-
ily at a 1–2-cm distance from the proximal end of the transducer with angulation 
between 90° and 45° determined by the amount of subcutaneous tissue mass. After 
aspiration, in selected cases, CS deposition can be made immediately (Fig. 14.24), 
[74, 75].

The Ischiatic Bursa

Ischiatic bursitis occurs rare in clinical practice but usually it is highly symptomatic. 
The patient is in supine, flexed hip and knee joints. The optimal scanning plane is 
chosen and needle insertion is made with an angulation of 90–45°. After content 
aspiration, CS deposition may follow [75].

Fig. 14.23  a Patient and 
transductor position for “free-
hand” technique injection of 
the hip joint. b Longitudinal 
scanning of the hip joint. 
The	needle	( arrow heads) is 
penetrating in angulation of 
45° the rectus femoris (RFM) 
and iliopsoas (IPM) muscles, 
the	needle	tip	( arrow) is 
identified inside the anterior 
recess;	FH femoral head, SM 
sartorius muscle
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The Knee Region

The Femoro-Tibial Joint and Suprapatellar Bursa

Knee joint effusion is very frequently encountered in clinical practice in all kind of 
inflammatory or degenerative pathologies and there is a lot of experience in practic-
ing blind knee puncture for aspiration and/or drug deposition. Despite this, recent 
studies show low accuracy in case of blind joint needle penetration [9, 45, 76–79]. 
Indeed, viscoelastic or intra-articular drug administration in a “dry knee” may cre-
ate problems when blindly performed. Independently of the goal of the puncture, 
nowadays, MSUS-guided knee injection is preferred because it is more precise, the 
amount of aspirating fluid is superior to blind maneuvers and the procedures are 
less painful [9, 80].

Injection Technique and Positioning The patient is lying with the knee in full 
extension/slightly flexed or sitting with a knee flexion at 90°. After the probe and 
skin area disinfection, the probe can be placed in transversal view at the level of the 
suprapatellar bursa or parapatellar joint recesses for joint aspiration of moderate to 
big effusions and at the level of the parapatellar recesses for mild effusion or vis-
coelastic drug deposition. The needle penetrates the skin at a distance of 2–2.5 cm, 
angulation of 90°. The accuracy for the lateral approach is usually high [24, 81]. 
In the case of skin pathology a different, unconventional approach, can be chosen 
(Figs. 14.25 and 14.26).

Fig. 14.24  a Patient and 
transducer position for “free-
hand” technique injection 
of the trochanteric bursa. 
b Longitudinal scanning 
position at the level of the 
greater trochanter. The needle 
( arrow) is depicted inside the 
trochanteric bursa
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Knee Tendons

Quadricipital, patellar, femoral biceps or iliotibial band tendinopathy are rare events 
outside the world of sport medicine. The injection target area is represented by the 
peritendinous area, especially when peritendon pathology accompanies the tendon 
inflammation. The scanning section can be chosen in relation with the best target 
lesion visualization and the most comfortable procedure position [24, 82].

The Superficial Patellar Bursa

The superficial patellar bursitis (septic, mechanical, trauma) is recommended to be 
punctured rapidly. Being a superficial structure, the access to it is very easy and can 

Fig. 14.25  a Patient and 
probe position for knee 
injection (superior joint 
recess). b Free-hand injection 
technique— viscosupplemen-
tation drug deposition in a 
“dry	knee”;	needle	penetra-
tion	( arrow), QT quadriceps 
tendon, F femoral cortex. 
c Postprocedural image—
drug deposition (HA) identi-
fied as a hypoechoic mass 
profound to the quadriceps 
tendon
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be done in any scanning plane. Keeping the security distance between needle and 
probe, content aspiration/ drug deposition can be continuously monitored.

The Profound Infrapatellar Bursitis

The approach is made in transversal plane, deep to the transducers footprint in order 
to avoid the injection of the patellar tendon, which is relatively a thick structure. The 
needle is inserted “in plane,” with 90° angulation (Fig. 14.27).

Popliteal Cysts

Popliteal cysts (Baker’s cyst, other popliteal cysts) generate pain in the posterior 
compartment of the knee, limitation of knee flexion, or compression of the popli-
teal neurovascular structures. The cyst content can be represented by fluid and/or 
synovial hypertrophy and accumulation under pressure may lead to cysts rupture 
and calf musculature dissection. Therefore, aspiration of the cyst content is usually 
advised, both for local decompression and fluid microscopy analysis. CS deposition 
is useful in case of local synovial hypertrophy. It is a very simple interventional 
maneuver which helps to avoid the surgical intervention most of the times.

Fig. 14.26  a Free-hand 
technique—puncture of the 
suprapatellar bursa of the 
knee, transversal approach. 
Needle	( arrow head) is pen-
etrating the bursa profound to 
the	quadriceps	tendon	(QT);	
deposition of the cortico-
steroid	drug	( arrow) is seen 
inside the bursa. b Postpro-
cedural longitudinal scanning 
technique of the suprapatellar 
compartment	of	the	knee;	
corticosteroid	drug	( arrows) 
is depicted inside the bursa
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Injection Technique and Positioning The patient is in supine position, the trans-
ducer is placed at the level of the popliteal fossa and after cyst identification the 
needle is inserted with an angulation of 45°. It is recommended to puncture the 
skin at the distal level of the cyst in order to evacuate a maximal quantity of fluid. 
Needle repositioning is sometimes necessary in cases with multilocular cysts or in 
the case of fibrin or blood clots obliterating the needle tip. Occasionally, aspiration 
of small cystic spaces may be carried out, in particular when sepsis or crystal pres-
ence require confirmation (Fig. 14.28) [8, 24, 83].

Fig. 14.27  a Transversal 
scanning at the level of 
the infrapatellar distended 
( arrow)	bursa;	PT patel-
lar tendon. b Transversal 
scanning of the infrapatellar 
bursa	( arrow), “free-hand” 
puncture technique, needle 
( arrow) is penetrating inside 
the bursa—partial aspiration 
of	the	bursal	effusion;	PT 
patellar tendon. c Postproce-
dural longitudinal scanning 
of the patellar tendon (PT) 
and bursa filled up with cor-
ticosteroid drug, hypoechoic 
mass with crystal aggregates 
inside
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The Ankle and Foot Region

The ankle and foot regions are complex anatomical areas with multiple stratified 
layers such as joints, periarticular musculous, tendinous, ligamentar, and vasculo-
nervous structures. Inflammatory, degenerative, as well as traumatic pathology may 
spontaneously coexist which may lead to the affection of a single or more structures 
at the same time. Preinterventional evaluation include a rigorous, systematic scan-
ning protocol of the tibiotalar, subtalar, intertarsal, and MTP joints as well as of the 
anterior, medial, lateral, and posterior compartment.

Tibiotalar and Subtalar Joints

Injection Technique and Positioning The tibiotalar joint is the biggest joint 
in the ankle region and inflammatory or degenerative lesions may occur in RA, 
SpA, microcrystalline arthropathies, OA, and after traumatic events. The patient 
lies down with flexed knees, soles on the bed and with a slightly ankle extension. 
The joint puncture can be made in longitudinal or transversal approach, the choice 
depending more on the physician’s experience. In longitudinal view, it is important 
to avoid the injection of the tendons, neuro-vascular structures located superficially 
to the joint. Therefore, it is recommended to use “out of plane” injection technique. 
Still, there is a certain risk to inject the tendons belly because of their tight location 

Fig. 14.28  a Patient and 
probe position for punc-
turing a popliteal cyst, 
“in-plane,” longitudinal 
approach. b Longitudinal 
approach;	the	needle	( arrow) 
is depicted inside the cyst
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under the extensor retinaculum. The approach can be longitudinal- inferior or longi-
tudinal superior with an angulation of 45°. In transversal view, the needle penetrates 
deep to the anterior tendons compartment, angulation 90°, “in plane” approach. 
Adopting this approach will help to avoid the tendons and neuro-vascular structures 
injury (Fig. 14.29), [24, 84, 85]. Other subtalar, intertarsal joints can be injected in 
the same way by moving the transducer distally (Fig. 14.30). MSUS-guided inter-
ventional maneuvers at the tibiotalar and subtalar joints have high accuracy [45, 
86, 87].

Ankle Tendon Compartments

Injection Technique and Positioning Tenosynovitis at the anterior, medial, or lat-
eral compartments of the ankle joint is a very frequent pathology. The technique 
is the same for all compartments, transversal or longitudinal scanning view, just 
the patient position varies. For the anterior compartment (tibialis anterior,  extensor 
halucis longus, extensor digitorum longus tendons) we keep the same position as 
previously described for the tibiotalar joint. For the medial compartment (tibia-
lis posterior tendon, flexor digitorum longus, flexor halucis longus tendons), the 

Fig. 14.29  a Patient and 
probe position for tibiotalar 
joint puncture. b Transversal 
scanning of the tibiotalar 
joint, T-talus, the needle is 
identified as a hyperechoic 
line	( arrow head) and corti-
costeroid drug is depicted as 
a hyperechoic mass inside the 
joint	( arrow). c Postproce-
dural longitudinal scanning 
of the tibiotalar joint, Ti-tibia, 
Ta-talus, corticosteroid drug 
inside	the	joint	( arrow)
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patient will be placed in “frog leg” position, whereas for the lateral compartment 
the leg will be in pronation with slight ankle extension and the sole on the bed 
(Fig. 14.31), [88].

The posterior compartment contains the Achille’s tendon, the deep pre-Achillean 
and superficial retro-Achillean bursae, and the posterior aspect of the talo-calcaneal 
joint. The patient lies in supine position, with the feet hanging over the beds mar-
gin. For the tendon and bursae injection, it is recommended to use the transversal 
view. Pre-Achillian bursa is the main target for injections and needle insertion is 
made deep to the tendon, 90° angulation, “in plane” technique. Aspiration of the 
bursal content and/ or CS deposition is easily made without noticing any resistance 
(Fig. 14.32) [9, 15, 24, 88].

Talo-calcaneal joint can be visualized in the longitudinal view. After depth ad-
justment the needle is inserted “out of plane” at approximately 3 cm deep to the 
transducers footprint. The needle will be visualized as a hyperechoic dot inside the 
joint [89].

Intratendinous viscoelastic drug injection is used as an alternative therapeutic 
option mainly in sport medicine. Preinterventional MSUS tendon assessment iden-
tifies the degenerated tendon areas and needle is inserted in a longitudinal approach, 
45° angulation, directly inside the lesion. Drug deposition and distribution inside 
the tendon is followed in real time. Follow up control is recommended to be made 
in approximately 3 weeks. In case of tendonitis associated with peritenonitis (SpA), 
peritendinous CS or biologic therapy injection at the interface of the tendon with the 
subcutaneous tissue can be administrated [24, 88].

Fig. 14.30  a Talo-navicular 
joint puncture, transversal 
scanning	approach;	N navicu-
lar bone cortex. Hypoechoic 
material is distending the 
joint	capsule	( arrows);	the	
needle is identified as a 
hyperechoic	line;	cortico-
steroid drug is visible as 
a hyperechoic mass at the 
needle	type	( arrow head). 
b Postprocedural longitudinal 
scanning of the talo-navicular 
joint,	Ta-talus	bone;	corti-
costeroid drug is depicted 
inside	the	joint	( arrow) with 
antigravitational movement
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Plantar Fascia

Injection Technique and Positioning Plantar fasciitis is a very common pathol-
ogy seen in association with the SpA spectrum. However, it is also commonly 
reported by patients suffering from degenerative conditions. The therapeutic strat-
egy is based on local CS injections and physiotherapy procedures. The patient’s 
position is the same as for the posterior ankle compartment assessment but with 
the dorsal aspect of the foot on the bed in order to stabilize the foot when perform-
ing alone. When the injection is performed with feet hanging over the bed edge, a 
second person must stabilize the foot. The transducer is placed in a longitudinal or 
transversal	view	at	the	level	of	the	plantar	fascia	insertion;	the	needle	penetrates	at	
0.5–1 cm distance from the probe, angulation 90–45° up to the interface between 
the plantar fascia and subcutaneous tissue. Drug deposition is made and migration 
along the plantar fascia can be visualized in real time (Fig. 14.33), [90, 91]. Some 
authors recommend needle insertion up to the entheseal lesion followed by intral-
esional drug deposition [24], whereas others recommend CS deposition profound to 
the plantar fascia in order to avoid postprocedural fascia rupture [92].

Metatarsophalangeal Joints

Injection Technique and Positioning Inflammatory or degenerative changes in 
the metatarsophalangeal (MTP) joint may require local aspiration and/or drug depo-

Fig. 14.31  a Transversal 
scanning at the level at 
the lateral ankle tendons 
compartment, P peroneus 
brevis	and	longus	tendons;	
the	needle	( arrowhead) is 
penetrating inside the tendon 
sheath distended by effusion 
( arrow). b Postprocedural 
corticosteroid drug deposition 
( arrowhead) depicted as a 
hyperechoic mass inside the 
tendons sheath
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sition. The patient’s position is with the soles on the bed and flexed knees. A longi-
tudinal or transversal scanning section is used to guide the needle inside the joint. In 
order to avoid the extensor tendon injection, needle insertion is made “out of plane,” 
angulation of 45° until the penetration of the capsule is reached. Aspiration and/ or 
CS or viscoelastic drugs deposition can be made (Fig. 14.34, Fig. 14.35), [86, 87].

Temporomandibular Joint

Temporomandibular synovitis (RA, juvenile idiopathic arthritis (JIA), SpA) gener-
ates pain and functional distress with high impact on the patients’ quality of life. 
Injection of the joint is made with the patient lying supine on the contralateral side 

Fig. 14.32  a Patient and 
probe position for Achille’s 
profound bursa injection. b 
Transversal scanning of the 
Achillian tendon and pre-
Achillian	bursa;	the	needle	
( arrow head) is penetrating 
the	bursa;	corticosteroid	
drug	deposition	( arrow) 
can be visualized inside the 
bursa (B). c Postprocedural 
longitudinal scanning of the 
Achille’s tendon, pre-Achil-
lian	bursa;	corticosteroid	
deposition inside the bursa 
( arrow), C calcaneus bone
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Fig. 14.33  a Patient and 
probe position for injection at 
the level of the plantar fascia. 
b Longitudinal scanning 
of the plantar fascia (PF). 
c calcaneus bone, cortico-
steroid drug deposition at 
the interface between the PF 
and the subcutaneous tissue 
( arrows)

 

Fig. 14.34  a Patient and 
probe position for metatarso-
phalangeal I joint (MTP I). 
b Longitudinal approach, 
“in-plane” injection tech-
nique—intra-articular MTP 
I	joint;	* intra-articular 
effusion,	needle	( arrow). 
c Postprocedural corticoste-
roid drug detection inside the 
joint	( arrows)
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with preauricular area exposure (joint’s skin projection). After visualizing the joint 
in longitudinal view, the needle will penetrate the skin, subcutaneous tissue and 
capsule, 45° angulation and CS will be deposited (Fig. 14.36), [93, 94].

Fig. 14.35  a Patient and 
probe position for metatarso-
phalangeal II joint (MTPI I). 
b Longitudinal approach, “in-
plane” injection technique—
intra-articular	MTP	II	joint;	
needle tip is identified inside 
the	joint	( arrow head), corti-
costeroid drug moving anti-
gravitational inside the joint 
( arrow). c Postprocedural 
corticosteroid drug detection 
inside	the	joint	( arrow)—
transversal scanning view

 

Fig. 14.36  Longitudinal 
scanning of the temporoman-
dibular joint. M mandibular 
bone, T	temporal	bone;	
hypoechoic	material	( arrow) 
is distending the joint recess. 
Longitudinal scanning of the 
temporomandibular joint. M 
mandibular bone, T temporal 
bone;	corticosteroid	drug	
deposition inside the joint 
space—hyperechoic mass 
( arrows)
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Sacroiliac Joints

Though sacroiliac joints interventional maneuvers gained some popularity recently, 
yet they have not attracted too many supporters because of: (1) the difficult injec-
tion technique (complex bone curves, angulation > 45°, almost parallel to the US 
beam	and	subsequent	needle	visualization	limits);	(2)	the	contradictory	study	results	
regarding	the	success	rate	(22	%	after	computed	tomography	(CT)	verification)	and;	
(3) the long-term-post-injection outcome [95–100]. However, in cases where bio-
logic treatment is not recommended or cannot be used, there is still a practical need 
to look for treatment alternatives in cases of sacroiliitis.

Injection Technique and Positioning The patient lies in supine position, arms 
close to the trunk. It is recommended to use lower frequency probes (linear < 7 MHz 
or convex 2.5–5 MHz) adapted to the depth of the anatomical structures. Sacroiliac 
joint identification can be made at two levels—the superior one when placing the 
probe with one end on the iliac crest and the other on the L5 vertebra with subse-
quent caudal movement to the sacral region. The bony landmarks from medial to 
lateral are: the medial sacral crest, the lateral sacral crest, and the iliac bone. The 
first sacral hole is identified between the sacral crests. The sacroiliac joint is located 
between the lateral sacral crest and iliac bone. For the inferior level (at the level 
of the second sacral hole), the transducer is moved caudally. The joint orientation 
is vertical and anterior medial [95]. The superior compartment is predominantly 
fibrotic and the inferior one is synovial. Strong ligaments and capsule stabilize the 
joint.

The needle insertion technique is obligatory “free hand” and the sinusoidal, 
complex bony cortex may need frequent needle reorientation in order to penetrate 
the joint. The paraxial approach with angulation close to 0° creates difficulties in 
needle visualization. After skin penetration, needle advancement is made for ap-
proximately 1 cm to perforate the joint capsule. Drug deposition can be made under 
continuous visual control.

Anesthetic Nerve Blocks

Anesthetic troncular nerve blocks are used for regional anesthesia, especially in 
limbs for surgical purposes, and are accompanied by very low anesthetic risk and 
substantially low costs [14, 101, 102]. Other applications are the pain management 
in oncologic pathology with local neural invasion or in different nerve entrapment 
syndromes.

The identification of the nerve and proximity structures is possible by using 
MSUS, and guided perineural injection can be easily made with high precision and 
efficacy. It is recommended to use high-frequency probes and the same injection 
technique as for approaching the tendon sheaths. Depiction of the nerve structure 
will be made in transversal view and perineural drug deposition followed by the 
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formation of hypoechoic perineural hallo is visualized. Afterwards, the distribution 
along the nerve structure can be demonstrated. The method has a superior efficacy 
in comparison to the classic anatomic landmarks method or electroneurographic 
guiding method (Fig. 14.37), [101, 102].

Aspiration and Drainage of Different Fluid Collections, 
Abscesses

In the last years, aspiration and drainage of different cysts, collections, or abscesses 
were carried using ultrasonography as guiding tool. Apart from local decompres-
sion, it is important to collect biological material for different laboratory analy-
sis—cytologic, bacteriologic, and crystals examination. The target area is identified 
as an anechoic/hypoechoic mass, sometimes with inhomogeneous floating content, 
with posterior signal enhancement. Puncture can be rapidly and easily made, avoid-
ing the injury of neurovascular or tendinous structures. The needle (higher caliber, 
16–20 gauge) is inserted under continuous real-time visual control, redirected if 
necessary when fibrin or blood clots or hypertrophic synovial tissue obstruct the tip. 
Depending on the local situation, anesthesia may be required along with catheter or 
drainage tubes’ insertion, assuring supplementary drainage, in particular in case of 
big hematomas, where preventing relapses is highly recommended (Figs. 14.38 and 
14.39), [24, 103].

MSUS-Guided Biopsy

Biopsy plays an important diagnostic role in various pathologic conditions. Recent-
ly, percutaneous US-guided biopsies gained high popularity due to the reduction of 
the procedure complexity, maneuver as well as recovery time, risks as well as costs. 
Its use was extended, in the last years, from tumor soft tissue and bony pathologies 

Fig. 14.37  Transversal 
scanning of the peroneal 
nerve (PN) at the level of the 
fibular	head	(F);	needle	tip	is	
identified	perineural	( arrow)
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to synovial tissue analysis too. The primary purpose is to obtain sufficient tissue for 
laboratory analysis and to directly visualize the sampling process with a nonradi-
ant, less traumatizing, sensitive, high-resolution imaging technique [14, 104–106]. 
Apart from its diagnostic role in elucidating some cases with unprecise etiology, 
the analysis of the synovial tissue inside the joints, tendons sheaths, and bursae 
contributed to a better image of the pathogenetic processes, status, and prognosis in 
inflammatory arthritic conditions [14, 107–109].

Fig. 14.38  a Calf hematoma visualized as a hypoechoic mass profound to muscle fibers: longi-
tudinal scanning view. b transversal scanning view. c After hematoma aspiration. The needle is 
identified as a hyperechoic linear structure. c Aspect of the aspired fluid (blood)

 

Fig. 14.39  a Calf abscess 
identified as a hyperechoic, 
inhomogeneous mass 
profound to the muscle. 
b During aspiration, the 
needle is identified as a 
hyperechoic	linear	structure;	
the tip is inside the abscess. 
c Aspect of the aspired con-
tent (pus)
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The percutaneous synovial biopsy has major cost advantages as well as a better 
feasibility [24, 110]. In clinical practice, biopsies are recommended for synovial hy-
pertrophy of unknown etiology. It is possible to perform biopsies in outpatient set-
tings as well as hospitals in dedicated rooms without the need for patient’s sedation.

Technically there are several steps. The first one is a systematic assessment of 
the target region and identification of those areas with synovial proliferation and 
positive Doppler signal. The MSUS scanning identifies then the neurovascular 
structures in the vicinity which should be avoided while the procedure is performed. 
The most convenient approach from skin to the target tissue should be considered, 
bearing in mind a comfortable position for the patient as well as the physician car-
rying out the procedure [108–110].

The devices used are Tru-Cut or automatic Bard needles or flexible forceps 
with 14–16 gauge caliber for large joints and 18 gauge for small joints and tendon 
sheaths. However, the needle choice may vary subject to the condition and the ap-
proach. After proper skin disinfection with bethadine, an incision of 3–5 mm is 
made at puncture site and the needle follows an “in-plane” approach to the target 
area. In case of automatic needles, the device should be armed prior to the joint 
penetration and released just outside the capsule or inside the joint, depending on 
the experience of the performing physician. Release of the needle inside the joint is 
less painful [24].

After capsule penetration, redirecting the needle is mandatory in order to ob-
tain several samples followed by immediate proper preservation. The success rate 
in using automatic needles is 85–100 % for different anatomic areas (Fig. 14.40), 
[110–116].

Safety Profile

Safety profile analysis of MSUS-guided interventions highlights the two major ad-
vantages: the patients’ exposure to the US beam during the maneuver and the place-
ment of the transducer in the puncture area proximity. On the other hand, infection 
remains a possibility with all interventional maneuvers. Other potential drug-related 

Fig. 14.40  a Knee biopsy—
at the level of the lateral knee 
recess. The needle is placed 
in the optimal position for the 
biopsy. b Advancement of the 
needle after tissue sampling
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side effects may incidentally occur. However, these are unrelated to the procedure 
itself, therefore it will not be discussed in this chapter.

Ultrasound is a nonradiant imaging tool and repeated evaluation, of any patient’s 
category (children, pregnant patients, etc.) for diagnostic or interventional pur-
poses, is safe without any radiation risk. In addition, recent studies showed a low 
risk for infection after US/ MSUS-guided interventions when rigorous cleaning and 
disinfection protocols are applied and safe distance between needle and transducer 
is kept [13, 14]. A very good safety profile is supported also by the reduction of 
incidental damage to adjacent neurovascular structures as well as other procedure-
related complications in comparison to blind interventional maneuvers, especially 
in complex anatomical regions.

Conclusions

In conclusion, MSUS-guided maneuvers are ideal for clinical practice because they 
are not only highly efficient but also safe, rapid, and cheap. Introducing these ma-
neuvers as part of our routine clinical practice will lead to better patients’ outcome 
and procedure risk reduction and, at the end, will have a positive and important 
impact on the health-care resources.
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