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Preface


It is my pleasure to present the second edition of the textbook, Fundamentals of Musculoskeletal Ultrasound. While constructing this edition, I was amazed at how the field of musculoskeletal ultrasound has advanced in such a short time interval from the construction of the first edition. The goal of this edition is not simply to update the content but also to inform the reader about such advances in the field. The following is a short summary of the items that are new to this updated edition.


The organization of the textbook is similar to the prior version, focused on specific joints after a brief introduction and chapter on basic pathology concepts. Given the increased role of ultrasound in imaging-guided procedures, a new chapter has been added that reviews interventional musculoskeletal ultrasound. Because ultrasound has also emerged as an important tool in the evaluation of inflammatory arthritis and peripheral nerves, content related to these two topics was increased throughout all chapters. References have also been updated and about 40% of the images are new. In addition, color images are now integrated throughout the textbook.


An exciting addition to this textbook is the availability of online material via www.ExpertConsult.com. This has allowed an increase in the number of images and content for each chapter. Consequently, Chapters 1 (Introduction) and 2 (Basic Pathology Concepts) have become Web-only chapters to allow for the expansion of other chapters and the addition of the new interventional chapter in the hard-copy version of the textbook. The use of the Web for material has also allowed the addition of over 200 ultrasound imaging cine clips, which has significant educational benefit as they simulate real-time scanning. Lastly, a complete electronic version of this textbook will be available online at www.expertconsult.com.


It has been exciting to see the popularity and number of clinical applications of musculoskeletal ultrasound increase over such a short time period. With knowledge of anatomy and pathology as seen with ultrasound and proper scanning technique, musculoskeletal ultrasound can play a significant role in the evaluation of the musculoskeletal system.




Jon Jacobson, MD
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CINE CLIP VIDEO CONTENTS



1 INTRODUCTION







Video 1-1 Anterior thigh ultrasound: linear transducer


Video 1-2 Anterior thigh ultrasound: curvilinear transducer


Video 1-3 Anisotropy: supraspinatus


Video 1-4 Anisotropy: subscapularis


Video 1-5 Anisotropy: long head of biceps brachii tendon


Video 1-6 Anisotropy: long head of biceps brachii tendon












2 BASIC PATHOLOGY CONCEPTS







Video 2-1 Extensor pollicis longus: screw impingement


Video 2-2 Infection: isoechoic abscess


Video 2-3 Infection: isoechoic abscess


Video 2-4 Infection: soft tissue gas


Video 2-5 Rheumatoid arthritis: hyperemia and transducer pressure


Video 2-6 Soft tissue gas


Video 2-7 Lipoma: compressibility


Video 2-8 Lipoma: correlation with physical examination findings


Video 2-9 Schwannoma: hyperemia


Video 2-10 Lymph node: hyperplastic (groin)


Video 2-11 Osteochondroma and bursa


Video 2-12 Metastasis: acromion (renal cell carcinoma)












3 SHOULDER ULTRASOUND







Video 3-1 Biceps brachii tendon long head (short axis): normal


Video 3-2 Biceps brachii tendon long head (short axis): anisotropy


Video 3-3 Biceps brachii tendon long head (long axis): normal


Video 3-4 Biceps brachii tendon long head (long axis): anisotropy


Video 3-5 Biceps brachii tendon long head (long axis): normal


Video 3-6 Subscapularis (long axis): normal


Video 3-7 Subscapularis (short axis): normal


Video 3-8 Supraspinatus (long axis): normal


Video 3-9 Supraspinatus (long axis): anisotropy


Video 3-10 Supraspinatus-infraspinatus tendon junction


Video 3-11 Supraspinatus (short axis): normal


Video 3-12 Supraspinatus-infraspinatus tendon junction


Video 3-13 Infraspinatus (long axis): normal


Video 3-14 Suprascapular vein


Video 3-15 Supraspinatus tendon tear: partial, articular


Video 3-16 Supraspinatus tendon tear: partial, bursal


Video 3-17 Supraspinatus tendon tear: full-thickness


Video 3-18 Supraspinatus tear, rotator interval injury, and biceps subluxation


Video 3-19 Supraspinatus tendon tear: focal, full-thickness


Video 3-20 Joint effusion: posterior glenohumeral joint recess


Video 3-21 Joint effusion and subacromial-subdeltoid bursal fluid


Video 3-22 Subacromial-subdeltoid bursal distention


Video 3-23 Supraspinatus tendon tear: cartilage interface sign


Video 3-24 Subscapularis tendon: complete tear


Video 3-25 Calcific tendinosis: shadowing


Video 3-26 Calcific tendinosis: linear


Video 3-27 Calcific tendinosis: amorphous


Video 3-28 Calcific tendinosis: impingement


Video 3-29 Subacromial impingement (at acromion)


Video 3-30 Subacromial impingement (anterior to acromion)


Video 3-31 Subacromial-subdeltoid bursal tissue snapping


Video 3-32 Subacromial-subdeltoid impingement: bone


Video 3-33 Adhesive capsulitis


Video 3-34 Biceps brachii tenosynovitis


Video 3-35 Deltoid fascia shadowing simulating biceps brachii tendon pathology


Video 3-36 Transient biceps brachii tendon dislocation


Video 3-37 Biceps brachii tendon relocation


Video 3-38 Calcific bursitis


Video 3-39 Osteoarthritis


Video 3-40 Intra-articular hemorrhage


Video 3-41 Subscapularis recess


Video 3-42 Posterior labral tear


Video 3-43 Posterior labral tear and paralabral cyst


Video 3-44 Greater tuberosity fracture


Video 3-45 Acromioclavicular joint injury


Video 3-46 Elastofibroma


Video 3-47 Slipping rib syndrome












4 ELBOW ULTRASOUND







Video 4-1 Biceps brachii tendon (medial approach): normal


Video 4-2 Biceps brachii tendon (lateral approach): normal


Video 4-3 Olecranon bursal distention: trauma


Video 4-4 Olecranon bursitis: gout


Video 4-5 Biceps brachii tendon: nonretracted full-thickness tear


Video 4-6 Biceps brachii tendon: partial-thickness tear


Video 4-7 Biceps brachii tendon: post-repair


Video 4-8 Bicipitoradial bursal distention


Video 4-9 Triceps brachii tendon: partial tear


Video 4-10 Ulnar collateral ligament, anterior band: partial-thickness tear


Video 4-11 Ulnar collateral ligament, anterior band: full-thickness tear


Video 4-12 Radial collateral ligament full-thickness tear


Video 4-13 Radial head subluxation


Video 4-14 Snapping elbow


Video 4-15 Ulnar nerve dislocation


Video 4-16 Snapping triceps syndrome


Video 4-17 Snapping triceps syndrome


Video 4-18 Anconeus epitrochlearis: subluxation


Video 4-19 Radial nerve, deep branch: neurofibroma












5 WRIST AND HAND ULTRASOUND







Video 5-1 Median nerve


Video 5-2 Median nerve


Video 5-3 Median nerve


Video 5-4 Extensor pollicis longus


Video 5-5 Adductor pollicis aponeurosis of the thumb


Video 5-6 Radiocarpal joint recess distention: dorsal


Video 5-7 Dorsal wrist recess synovitis (rheumatoid arthritis)


Video 5-8 Distal radioulnar joint recess synovitis (lupus)


Video 5-9 Metacarpophalangeal joint synovitis (rheumatoid arthritis)


Video 5-10 Gouty tophus


Video 5-11 Tenosynovitis: second extensor wrist compartment


Video 5-12 Tenosynovitis: second extensor wrist compartment


Video 5-13 Tenosynovitis: flexor tendon (gout)


Video 5-14 De Quervain tenosynovitis


Video 5-15 De Quervain tenosynovitis


Video 5-16 Screw impingement: extensor pollicis longus


Video 5-17 Dislocation: extensor carpi ulnaris tendon


Video 5-18 Thumb pulley injury and trigger finger


Video 5-19 Extensor digitorum brevis manus


Video 5-20 Carpal tunnel syndrome


Video 5-21 Bifid median nerve and carpal tunnel syndrome


Video 5-22 Radial nerve entrapment in scar tissue


Video 5-23 Stener lesion


Video 5-24 Stener lesion


Video 5-25 Adductor pollicis aponeurosis tear


Video 5-26 Psoriatic arthritis


Video 5-27 Dorsal ganglion cyst


Video 5-28 Dorsal ganglion cyst


Video 5-29 Volar ganglion cyst


Video 5-30 Giant cell tumor of tendon sheath


Video 5-31 Glomus tumor












6 HIP AND THIGH ULTRASOUND







Video 6-1 Rectus femoris, direct head: normal


Video 6-2 Rectus femoris, indirect head: normal


Video 6-3 Lateral femoral cutaneous nerve (right): normal


Video 6-4 Sacroiliac joint: normal


Video 6-5 Piriformis (right): normal


Video 6-6 Piriformis (left): normal


Video 6-7 Anterior thigh: normal


Video 6-8 Anterior thigh: normal


Video 6-9 Septic hip aspiration


Video 6-10 Bulging hip capsule from internal rotation


Video 6-11 Femoroacetabular impingement


Video 6-12 Femoroacetabular impingement


Video 6-13 Trochanteric bursitis: systemic lupus erythematosus


Video 6-14 Abscess


Video 6-15 Hemophilia


Video 6-16 Snapping hip: iliopsoas


Video 6-17 Snapping hip: iliopsoas


Video 6-18 Snapping hip: gluteus maximus


Video 6-19 Snapping hip: iliotibial tract


Video 6-20 Common peroneal nerve: partial transection and neuroma formation


Video 6-21 Lymph node: hyperplasia


Video 6-22 Hernia: spigelian


Video 6-23 Hernia: indirect inguinal


Video 6-24 Hernia: indirect inguinal


Video 6-25 Hernia: indirect inguinal


Video 6-26 Hernia: indirect inguinal


Video 6-27 Hernia: direct inguinal


Video 6-28 Hernia: direct inguinal


Video 6-29 Hernia: femoral


Video 6-30 Hernia: femoral


Video 6-31 Mesh


Video 6-32 Hernia: recurrent


Video 6-33 Lipoma of spermatic cord












7 KNEE ULTRASOUND







Video 7-1 Baker cyst: anisotropy pitfall


Video 7-2 Joint effusion: lateral recess


Video 7-3 Patellar clunk syndrome


Video 7-4 Meniscal displacement


Video 7-5 Gout


Video 7-6 Quadriceps tendon tear: full-thickness


Video 7-7 Gout: patellar tendon


Video 7-8 Gout: popliteus tendon


Video 7-9 Common peroneal nerve entrapment


Video 7-10 Popliteal vein thrombosis












8 ANKLE, FOOT, AND LOWER LEG ULTRASOUND







Video 8-1 Anterior talofibular ligament: normal


Video 8-2 Synovial hypertrophy: rheumatoid arthritis


Video 8-3 Synovial hypertrophy and effusion: rheumatoid arthritis and infection


Video 8-4 Adventitious bursa: rheumatoid arthritis


Video 8-5 Gout: tophus and erosion


Video 8-6 Gout: tophus


Video 8-7 Sinus tarsi bursa of Gruberi


Video 8-8 Flexor hallucis longus impingement


Video 8-9 Longitudinal split tear: peroneus brevis


Video 8-10 Superior peroneal retinaculum injury (type 1) and peroneus longus tendon subluxation


Video 8-11 Peroneal tendon subluxation and tear


Video 8-12 Peroneal tendon subluxation and tear


Video 8-13 Intra-sheath peroneal tendon subluxation


Video 8-14 Intra-sheath peroneal tendon subluxation


Video 8-15 Intra-sheath peroneal tendon subluxation and tear


Video 8-16 Tendon impingement


Video 8-17 Muscle hernia: anterior tibialis


Video 8-18 Muscle hernia: anterior tibialis


Video 8-19 Muscle hernia: anterior tibialis


Video 8-20 Achilles: tendinosis


Video 8-21 Achilles: tendinosis


Video 8-22 Achilles: partial-thickness tear


Video 8-23 Achilles: full-thickness tear


Video 8-24 Achilles: full-thickness tear


Video 8-25 Achilles: full-thickness tear


Video 8-26 Achilles: healing full-thickness tear


Video 8-27 Achilles: repaired


Video 8-28 Plantar fibromatosis


Video 8-29 Morton neuroma


Video 8-30 Morton neuroma


Video 8-31 Morton neuroma: Mulder maneuver


Video 8-32 Tarsal tunnel syndrome from ganglion cyst


Video 8-33 Superficial peroneal nerve neuroma and muscle hernia












9 INTERVENTIONAL TECHNIQUES







Video 9-1 In-plane needle guidance approach


Video 9-2 Out-of-plane needle guidance approach


Video 9-3 Indirect localization of target using paperclip


Video 9-4 Needle visualization: jiggle technique


Video 9-5 Needle anisotropy


Video 9-6 Needle oblique to sound beam


Video 9-7 Glenohumeral joint: synovial biopsy


Video 9-8 Acromioclavicular joint: aspiration


Video 9-9 Elbow joint: aspiration (gout)


Video 9-10 Midcarpal joint: aspiration (pseudogout)


Video 9-11 Hip joint: aspiration (infection)


Video 9-12 Knee joint: aspiration (pseudogout)


Video 9-13 Tibiofibular joint: injection


Video 9-14 Ankle joint: synovial biopsy (pigmented villonodular synovitis)


Video 9-15 Metatarsophalangeal joint: aspiration


Video 9-16 Subacromial-subdeltoid bursa: injection


Video 9-17 Subacromial-subdeltoid bursa: injection


Video 9-18 Subacromial-subdeltoid bursa: injection


Video 9-19 Subacromial-subdeltoid bursa: aspiration


Video 9-20 Baker cyst: aspiration


Video 9-21 Baker cyst: injection


Video 9-22 Biceps brachii long head tendon sheath: injection


Video 9-23 De Quervain tenosynovitis: injection


Video 9-24 Iliopsoas: peritendon injection


Video 9-25 Iliopsoas: peritendon injection


Video 9-26 Iliopsoas: peritendon injection


Video 9-27 Calcific tendinosis lavage and aspiration


Video 9-28 Calcific tendinosis lavage and aspiration


Video 9-29 Calcific tendinosis lavage and aspiration


Video 9-30 Calcific tendinosis lavage and aspiration


Video 9-31 Calcific tendinosis lavage and aspiration


Video 9-32 Fenestration: common extensor tendon of elbow


Video 9-33 Fenestration: gluteus medius tendon


Video 9-34 Fenestration: patellar tendon


Video 9-35 Fenestration: Achilles tendon


Video 9-36 Platelet-rich plasma injection: adductor longus


Video 9-37 Platelet-rich plasma injection: patellar tendon


Video 9-38 Ganglion aspiration: knee


Video 9-39 Paralabral cyst aspiration: shoulder


Video 9-40 Biopsy: thigh mass (high-grade sarcoma)


Video 9-41 Biopsy: lymph node (lymphoma)
















Chapter 1 Introduction




Chapter Outline




EQUIPMENT CONSIDERATIONS AND IMAGE FORMATION


SCANNING TECHNIQUE


IMAGE APPEARANCE


SONOGRAPHIC APPEARANCES OF NORMAL STRUCTURES


SONOGRAPHIC ARTIFACTS


MISCELLANEOUS ULTRASOUND TECHNIQUES


COLOR AND POWER DOPPLER


DYNAMIC IMAGING








[image: image]Additional videos for this topic are available online at www.expertconsult.com.


The full text of this chapter can be accessed online at www.expertconsult.com.






Equipment Considerations and Image Formation


One of the primary physical components of an ultrasound machine is the transducer, which is connected by a cable to the other components, including the image screen or monitor and the computer processing unit. The transducer is placed on the skin surface and determines the imaging plane and structures that are imaged. Ultrasound is a unique imaging method in that sound waves are used rather than ionizing radiation for image production. An essential principle of ultrasound imaging relates to the piezoelectric effect of the ultrasound transducer crystal, which allows electrical signal to be changed to ultrasonic energy and vice versa. An ultrasound machine sends the electrical signal to the transducer, which results in the production of sound waves. The transducer is coupled to the soft tissues with acoustic transmission gel, which allows transmission of the sound waves into the soft tissues. These sound waves interact with soft tissue interfaces, some of which reflect back toward the skin surface and the transducer, where they are converted to an electrical current used to produce the ultrasound image. At soft tissue interfaces between tissues that have significant differences in impedance, there is sound wave reflection, which produces a bright echo. A sound wave that is perpendicular to the surface of an object being imaged will be reflected more than if it is not perpendicular. In addition to reflection, sound waves can be absorbed and refracted by the soft tissue interfaces. The absorption of a sound wave is enhanced with increasing frequency of the transducer and greater tissue viscosity.1


An important consideration in ultrasound imaging is the frequency of the transducer because this determines image quality. A transducer is designated by the range of sound wave frequencies it can produce, described in megahertz (MHz). The higher the frequency, the higher the resolution of the image; however, this is at the expense of sound beam penetration as a result of sound wave absorption.1 In contrast, a low-frequency transducer optimally assesses deeper structures, but it has relatively lower resolution. Transducers may also be designated as linear or curvilinear (Fig. 1-1). With a linear transducer, the sound wave is propagated in a linear fashion parallel to the transducer surface (Video 1-1). [image: image] This is optimum in evaluation of the musculoskeletal system to assess linear structures, such as tendons, to avoid artifact. A curvilinear transducer may be used, although less commonly in evaluation of deeper structures because this increases the field of view (Video 1-2), [image: image]or it may provide guidance of a needle for biopsy or aspiration. A small footprint linear probe is very important for imaging the hand, ankle, and foot given the contours of these body parts that allow only limited contact with the probe surface (see Fig. 1-1C). A small footprint transducer with an offset is helpful when performing procedures on the distal extremities.








[image: image]

FIGURE 1-1  Transducers.


Photographs show linear 12-5 MHz (A), curvilinear 9-4 MHz (B), and compact linear 15-7 MHz (C) transducers.




The physical size, power, resolution, and cost of ultrasound units vary, and these factors are all related. For example, an ultrasound machine that is approximately 3 × 3 × 4 feet high will likely be very powerful, have many imaging applications, and be able to support multiple transducers, including high-frequency transducers that result in exquisite high-resolution images. Smaller, portable machines are also available, some of which are smaller than a notebook computer. Although these machines cost less than the larger units, there may be tradeoffs related to image resolution and applications. Ultrasound units as small as a handheld electronic device have been introduced, although transducer options remain limited at this time. As technology advances, these differences have been minimized as the portable ultrasound machines have become more powerful and the larger units have become smaller. It is therefore essential in the selection of a proper ultrasound unit to consider how an ultrasound machine will be used, the size of the structures that need to be imaged, the need for machine portability, and the capabilities of the ultrasound machine.









Scanning Technique


To produce an ultrasound image, the transducer is held on the surface of the skin to image the underlying structures. Ample acoustic transmission gel should be used to enable the sound beam to be transmitted from the transducer to the soft tissues and to allow the returning echoes to be converted to the ultrasound image. I prefer a layer of thick transmission gel over a more cumbersome gel standoff pad. Gel that is more like liquid consistency is also less ideal because the gel tends not to stay localized at the imaging site. The transducer should be held between the thumb and fingers of the examiner’s dominant hand, with the end of the transducer near the ulnar aspect of the hand (Fig. 1-2A). It is very important during imaging to stabilize or anchor the transducer on the patient with either the small finger or the heel of the imaging hand (see Fig. 1-2B). This technique is essential to maintain proper pressure of the transducer on the skin, to avoid involuntary movement of the transducer, and to allow fine adjustments in transducer positioning. Remember that the sound beam emitted from the transducer is focused relative to the short end of the transducer, and side-to-side movement of the transducer should only be a millimeter at a time.








[image: image]

FIGURE 1-2  Transducer positioning.


A and B, Photographs show that the transducer is stabilized with simultaneous contact of the transducer, the skin surface, and the examiner’s hand.




Various terms describe manual movements of the transducer during scanning. The term heel-toe is used when the transducer is rocked or angled along the long axis of the transducer (Fig. 1-3A). The term toggle is used when the transducer is angled from side to side (see Fig. 1-3B). With both the heel-toe and toggle maneuvers, the transducer is not moved from its location, but rather the transducer is angled. The term translate is used when the transducer is moved to a new location while maintaining a perpendicular angle with the skin surface. The term sweep is used when the transducer is slid from side to side while maintaining a stable hand position, similar to sweeping a broom.








[image: image]

FIGURE 1-3  Transducer movements.


A, Heel-toe maneuver. B, Toggle maneuver.


(Modified from an illustration by Carolyn Nowak, Ann Arbor, Mich; http://www.carolyncnowak.com/medtech.html.)





With regard to ergonomics, proper ultrasound scanning technique can help minimize fatigue and work-related injuries. Anchoring of the transducer to the patient by making contact between the scanning hand and the patient as described earlier decreases muscle fatigue of the examining arm. In addition, making sure that the scanning hand is lower than the ipsilateral shoulder with the elbow close to the body also decreases fatigue of the shoulder. If the examiner uses a chair, one at the appropriate height, preferably with wheels and with some type of back support, will improve comfort and maneuverability. Last, the ultrasound monitor should be near the patient’s area being scanned so that visualization of both the patient and the monitor can occur while minimizing turning of the head or spine.


There are three basic steps when performing musculoskeletal ultrasound, and these steps are also similar to obtaining an adequate image with magnetic resonance imaging (MRI). The first step is to image the structure of interest in long axis and short axis (if applicable), which depends on knowledge of anatomy. Identification of bone landmarks is important for orientation. The second step is to eliminate artifacts, more specifically anisotropy (see later discussion) when considering ultrasound. When imaging a structure over bone, the cortex will appear hyperechoic and well defined when the sound beam is perpendicular, which indicates that the tissues over that segment of bone are free of anisotropy. The last step is characterization of pathology. Note the use of bone in two of the previous steps to understand anatomy and the proper imaging plane and to indicate that the sound beam is directed correctly to eliminate anisotropy.









Image Appearance


Once the transducer is placed on the patient’s skin with intervening gel, a rectangular image (when using a linear transducer) appears on the monitor. The top of the image represents the superficial soft tissues that are in contact with the transducer, and the deeper structures appear toward the lower aspect of the image (Fig. 1-4). To understand the resulting ultrasound image, consider the sound beam as a plane or slice that extends down from the transducer along its long axis. It is this plane that is portrayed on the image. The left and right sides of the image can represent either end of the transducer, and this can usually be switched by using the left-to-right invert button on the ultrasound machine or by simply rotating the transducer 180 degrees. When imaging a structure in long axis, it is common to have the proximal aspect on the left side of the image and the distal aspect on the right.








[image: image]

FIGURE 1-4  Normal patellar tendon.


Ultrasound image of patellar tendon in long axis (arrowheads) shows hyperechoic fibrillar echotexture. P, patella; T, tibia.




Image optimization is essential to maximize resolution and clarity. The first step is to select the proper transducer and frequency. Higher-frequency transducers (10 MHz or greater) optimally evaluate superficial structures, whereas lower-frequency transducers are used for deep structures. Linear transducers are typically used, unless the area of interest is deep, such as the hip region, where a curvilinear transducer may be chosen. After the proper transducer is selected and placed on the patient, the next step is to adjust the depth of the sound beam; this is accomplished by a button or dial on the ultrasound machine. The depth of the sound beam is adjusted until the structure of interest is visible and centered in the image (Fig. 1-5A and B). The next step in optimization with many ultrasound machines is to adjust the focal zones of the ultrasound beam, if present on the ultrasound machine. This feature is typically displayed on the side of the image as a number of cursors or other symbols. It is optimum to reduce the number of focal zones to span the area of interest because increased focal zones will decrease the frame rate that produces a windshield-wiper effect. It is also important to move the depth of the focal zones to the depth where the structure is to be imaged to optimize resolution (see Fig. 1-5C). Some ultrasound machines have a broad focal zone that may not have to be moved. Finally, the overall gain can be adjusted by a knob on the ultrasound machine to increase or decrease the overall brightness of the echoes, which is in part determined by the ambient light in the examination room (see Fig. 1-5D). The gain should ideally be set where one can appreciate the ultrasound characteristics of normal soft tissues (as described later).








[image: image]

FIGURE 1-5  Optimizing the ultrasound image.


A, Ultrasound image of forearm musculature shows improper depth, focal zone, and gain. B, Depth is corrected as area of interest is centered in image. C, Focal zone width is decreased and centered at area of interest (arrows). D, Gain is increased.




The ultrasound image is produced when the sound beam interacts with the tissues beneath the transducer and this information returns to the transducer. At an interface between tissues where there is a large difference in impedance, the sound beam is strongly reflected, and this produces a very bright echo on the image, which is described as hyperechoic. Examples include interfaces between bone and soft tissues, where the area beneath the interface is completely black from shadowing because no echoes extend beyond the interface. An area on the image that has no echo and is black is termed anechoic, whereas an area with a weak or low echo is termed hypoechoic. If a structure is of equal echogenicity to the adjacent soft tissues, it may be described as isoechoic.









Sonographic Appearances of Normal Structures


Normal musculoskeletal structures have characteristic appearances on ultrasound imaging.2 Normal tendons appear hyperechoic with a fiber-like or fibrillar echotexture (see Fig. 1-4).3 At close inspection, the linear fibrillar echoes within a tendon represent the endotendineum septa, which contain connective tissue, elastic fibers, nerve endings, blood, and lymph vessels.3 Continuous tendon fibers are best appreciated when they are imaged long axis to the tendon. On such a long axis image, by convention the proximal aspect is on the left side of the image, with the distal aspect on the right. Normal muscle tissue appears relatively hypoechoic (Fig. 1-6). At closer inspection, the hypoechoic muscle tissue is separated by fine hyperechoic fibroadipose septa or perimysium, which surrounds the hypoechoic muscle bundles. The surface of bone or calcification is typically very hyperechoic, with posterior acoustic shadowing and possibly posterior reverberation if the surface of the bone is smooth and flat (see Fig. 1-6). The hyaline cartilage covering the articular surface of bone is hypoechoic and uniform (Fig. 1-7A and B), whereas the fibrocartilage, such as the labrum of the hip and shoulder, and the knee menisci are hyperechoic (see Fig. 1-7B). Ligaments have a hyperechoic, striated appearance that is more compact compared with tendons (Fig. 1-8). In addition, ligaments are also identified in that they connect two osseous structures. Often normal ligaments may appear relatively hypoechoic when surrounded by hyperechoic subcutaneous fat; however, a compact linear hyperechoic ligament can be appreciated when imaged in long axis perpendicular to the ultrasound beam.








[image: image]

FIGURE 1-6  Muscle.


Ultrasound image of brachialis and biceps brachii muscles in long axis shows hypoechoic muscle and hyperechoic fibroadipose septa (arrows). H, humerus.
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FIGURE 1-7  Cartilage.


A, Ultrasound image transverse over the distal anterior femur shows hypoechoic hyaline cartilage (arrowheads). F, femur. B, Ultrasound image of infraspinatus in long axis (I) shows a hyperechoic fibrocartilage glenoid labrum (arrowheads) and hypoechoic hyaline cartilage (curved arrow). Note hyperechoic epidermis and dermis (E/D), and adjacent deeper hypoechoic hypodermis with hyperechoic septa G, glenoid; H, humerus.
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FIGURE 1-8  Tibial collateral ligament.


Ultrasound image of tibial collateral ligament of the knee in long axis shows compact fibrillar echotexture (arrowheads). F, femur; m, meniscus; T, tibia.




Normal peripheral nerves have a fascicular appearance in which the individual nerve fascicles are hypoechoic, surrounded by hyperechoic connective tissue epineurium (Fig. 1-9).4 Hyperechoic fat is typically seen around larger peripheral nerves. In short axis, peripheral nerves display a honeycomb or speckled appearance, which allows their identification. Because peripheral nerves have a relatively mixed hyperechoic and hypoechoic echotexture, their appearance changes relative to the adjacent tissues. For example, the median nerve in the forearm, when surrounded by hypoechoic muscle, appears relatively hyperechoic; in contrast, more distally in the carpal tunnel, when it is surrounded by hyperechoic tendon, the median nerve appears relatively hypoechoic (see Fig. 5-3B in Chapter 5). The epidermis and dermis collectively appear hyperechoic, whereas the hypodermis shows hypoechoic fat and hyperechoic fibrous septa (see Fig. 1-7).
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FIGURE 1-9  Median nerve.


A, Ultrasound image of median nerve in short axis (arrowheads) shows individual hypoechoic nerve fascicles (arrow) and the adjacent hyperechoic flexor carpi radialis tendon (open arrows). B, Ultrasound image of median nerve in long axis (arrowheads) shows hypoechoic nerve fascicles (arrow). Note the adjacent fibrillar flexor digitorum (F) and palmaris longus (P) tendons. C, capitate; L, lunate; R, radius.











Sonographic Artifacts


One must be familiar with several artifacts common to musculoskeletal ultrasound. One such artifact is anisotropy.5 When a tendon is imaged perpendicular to the ultrasound beam, the characteristic hyperechoic fibrillar appearance is displayed. However, when the ultrasound beam is angled as little as 5 degrees relative to the long axis of such a structure, the normal hyperechoic appearance is lost; the tendon becomes more hypoechoic with increased angle (Figs. 1-10 to 1-13). This variation of ultrasound interaction with fibrillar tissues is called anisotropy, and it involves tendons and ligaments and, to a lesser extent, muscle. Because abnormal tendons and ligaments may also appear hypoechoic, it is important to focus on that segment of tendon or ligament that is perpendicular to the ultrasound beam, to exclude anisotropy. With a curved structure, such as the distal aspect of the supraspinatus tendon, the transducer is continually moved or angled to exclude anisotropy as the cause of a hypoechoic tendon segment (see Fig. 1-11) (Video 1-3). [image: image]Anisotropy is noted both in long axis and short axis of ligaments and tendons (Video 1-4), [image: image]but it occurs when the sound beam is angled relative to the long axis of a structure (see Fig. 1-12). Therefore, to correct for anisotropy, the transducer is angled along the long axis of the imaged tendon or ligament; when imaging a tendon in long axis, the transducer is angled as a heel-toe maneuver (see Fig. 1-3A and Video 1-5), [image: image] whereas in short axis, the transducer is toggled (see Fig. 1-3B and Video 1-6). [image: image]Anisotropy can be used to one’s advantage in identification of a hyperechoic tendon or ligament in close proximity to hyperechoic soft tissues, such as in the ankle and wrist. When imaging a tendon in short axis, toggling the transducer will cause the tendon to become hypoechoic, thus allowing its distinction from the adjacent hyperechoic fat that does not demonstrate anisotropy (see Fig. 1-12). Once the tendon is identified, it is important to eliminate anisotropy to exclude pathology. Anisotropy is also helpful in identification of some ligaments, such as in the ankle, because they are often adjacent to hyperechoic fat (see Fig. 1-13). In addition, hyperechoic tendon calcifications can be made more conspicuous when they are surrounded by hypoechoic tendon from anisotropy with angulation of the transducer (see Fig. 3-62 in Chapter 3). When performing an interventional procedure, it is anisotropy that causes the needle to become less conspicuous when the needle is not perpendicular to the sound beam (see Fig. 9-7 in Chapter 9).
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FIGURE 1-10  Anisotropy.


Ultrasound image of flexor tendons of the finger in long axis shows normal tendon hyperechogenicity (arrowheads) becoming more hypoechoic as the tendon becomes oblique relative to the sound beam (open arrows). P, proximal phalanx.
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FIGURE 1-11  Anisotropy.


Ultrasound images of distal supraspinatus tendon in long axis (S) shows an area of hypoechoic anisotropy (curved arrow) (A), where the tendon fibers become oblique to the sound beam, which is eliminated (B) when the transducer is repositioned so that the tendon fibers are perpendicular to the sound beam. H, humerus.
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FIGURE 1-12  Anisotropy.


Ultrasound images of tibialis posterior (P) and flexor digitorum longus (F) tendons in short axis at the ankle show normal tendon hyperechogenicity (A) and hypoechoic anisotropy (open arrows) (B), when angling or toggling the transducer along the long axis of the tendons, thus aiding in identification of tendons relative to surrounding hyperechoic fat.
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FIGURE 1-13  Anisotropy.


Ultrasound images of anterior talofibular ligament in long axis (arrowheads) in the ankle show normal ligament hyperechogenicity (A) and hypoechoic anisotropy (open arrows) (B), when angling the transducer along the long axis of the ligament, thus aiding in identification of ligament relative to surrounding hyperechoic fat. F, fibula; T, talus.




Another important artifact is shadowing. This occurs when the ultrasound beam is reflected, absorbed, or refracted.6 The resulting image shows an anechoic area that extends deep from the involved interface. Examples of structures that produce shadowing include interfaces with bone or calcification (Fig. 1-14), some foreign bodies (see Chapter 2), and gas. An object with a small radius of curvature or a rough surface will display a clean shadow, whereas an object with a large radius of curvature and a smooth surface will display a dirty shadow (resulting from superimposed reverberation echoes).7 Refractile shadowing may also occur at the edge of some structures, such as a foreign body or the end of a torn Achilles or patellar tendon (Fig. 1-15).8
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FIGURE 1-14  Shadowing.


Ultrasound image of Achilles tendon in long axis (arrowheads) shows hyperechoic ossification (arrows) with posterior acoustic shadowing (open arrows).
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FIGURE 1-15  Refractile shadowing.


Ultrasound image of Achilles tendon in long axis (arrowheads) shows shadowing (open arrows) at the site of a full-thickness tear (curved arrow).




Another type of artifact is posterior acoustic enhancement or increased through-transmission. This occurs during imaging of fluid (Figs. 1-16 and 1-17) and solid soft tissue tumors, such as peripheral nerve sheath tumors (see Fig. 2-59 in Chapter 2) and giant cell tumors of tendon sheath (Fig. 1-18).9 In these situations, the sound beam is relatively less attenuated compared with the adjacent tissues; therefore, the deeper soft tissues will appear relatively hyperechoic compared with the adjacent soft tissues.6
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FIGURE 1-16  Increased through-transmission.


Ultrasound image of a ganglion cyst (arrows) in the ankle shows increased through-transmission (open arrows). t, Flexor hallucis longus tendon.
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FIGURE 1-17  Increased through-transmission.


Ultrasound image of a soft tissue abscess (arrows) in the shoulder shows increased through-transmission (open arrows).
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FIGURE 1-18  Increased through-transmission.


Ultrasound image of a giant cell tumor of the tendon sheath (between × and + cursors) shows increased through-transmission (open arrows).




Another artifact with musculoskeletal implications is posterior reverberation. This occurs when the surface of an object is smooth and flat, such as a metal object or the surface of bone. In this situation, the sound beam reflects back and forth between the smooth surface and the transducer and produces a series of linear reflective echoes that extend deep to the structure.6 If the series of reflective echoes is more continuous deep to the structure, the term ring-down artifact is used, as may be seen with metal surfaces (Fig. 1-19). Ultrasound is ideal in evaluation of structures immediately overlying metal hardware because this reverberation artifact occurs deep to the hardware without obscuring the superficial soft tissues. Related to posterior reverberation is the comet-tail artifact, such as that seen with soft tissue gas (Fig. 1-20), which appears as a short segment of posterior bright echoes that narrows further from the source of the artifact.
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FIGURE 1-19  Ring-down artifact.


Ultrasound image in long axis to the femoral component of a total hip arthroplasty shows the hyperechoic metal surface of the arthroplasty (arrows) and posterior ring-down artifact (open arrows). Note the overlying joint fluid (f) and adjacent native femur (F).







[image: image]

FIGURE 1-20  Comet-tail artifact.


Ultrasound over an infected subacromial-subdeltoid bursa (arrows) shows hyperechoic foci of gas with comet-tail artifact (arrowheads). H, greater tuberosity of the humerus.




One additional artifact to consider is beam-width artifact. This is essentially analogous to volume averaging and occurs if the ultrasound beam is too wide relative to the object being imaged. An example is imaging of a small calcification in which the relatively large beam width may eliminate shadowing. This effect can be reduced by adjusting the focal zone to the level of the object of interest.6









Miscellaneous Ultrasound Techniques


Several ultrasound techniques or applications available with some ultrasound machines can enhance scanning and diagnostic capabilities. One such method is spatial compound sonography.10 Unlike conventional ultrasound, sound beams with spatial compound sonography are produced at several different angles, with information combined to form a single ultrasound image. This improves tissue plane definition, but it has a smoothing effect, and motion blur is more likely because frames are compounded (Fig. 1-21). One must be aware that the use of spatial compounding may reduce the artifact produced by a foreign body, which may decrease its conspicuity (see Fig. 2-52 in Chapter 2).
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FIGURE 1-21  Spatial compounding.


Ultrasound images of the supraspinatus tendon (arrowheads) without (A) and with (B) spatial compounding shows softening of the image in B.




Another ultrasound technique is tissue harmonic imaging. Unlike conventional ultrasound, which receives only the fundamental or transmitted frequency to produce the image, with tissue harmonic imaging, harmonic frequencies produced during ultrasound beam propagation through tissues are used to produce the image. This technique assists in evaluation of deep structures and also improves joint and tendon surface visibility.11 The technique may more clearly delineate the edge of a soft tissue mass (Fig. 1-22) or a fluid-filled tendon tear (Fig. 1-23).
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FIGURE 1-22  Tissue harmonic imaging.


Ultrasound images of a recurrent giant cell tumor (arrowheads) without (A) and with (B) tissue harmonic imaging shows increased definition of the mass borders in B. Note posterior increased through-transmission.
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FIGURE 1-23  Tissue harmonic imaging.


Ultrasound images of full-thickness supraspinatus tendon tear in long axis (arrows) without (A) and with (B) tissue harmonic imaging shows clearer distinction of retracted tendon stump (left arrow) because intervening fluid is more hypoechoic.




One helpful technique available on some ultrasound machines is extended field of view. With this technique, an ultrasound image is produced by combining image information obtained during real-time scanning. This allows imaging of an entire muscle from origin to insertion; it is helpful in measuring large abnormalities (e.g., tumor or tendon tear) and in displaying and communicating ultrasound findings (Figs. 1-24 and 1-25).12 An alternative to extended field of view imaging that is available on some ultrasound equipment is the split-screen function, which essentially joins two images on the display screen that doubles the field of view.
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FIGURE 1-24  Extended field of view.


Ultrasound image of the Achilles tendon in long axis shows hypoechoic and swollen tendinosis (open arrows) and retro-Achilles bursitis (curved arrow). Note the normal Achilles thickness proximally (arrowheads). C, calcaneus.
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FIGURE 1-25  Extended field of view.


Ultrasound image shows full extent of a lipoma (between arrows).




A number of ultrasound techniques are relatively new, and their practical musculoskeletal applications are still being defined. One such technique is three-dimensional ultrasound, which acquires data as a volume (either mechanically or freehand) and thus enables reconstruction at any imaging plane (Fig. 1-26). This technique has been used to characterize rotator cuff tears and to quantify a volume of tissue such as tumor or synovial proliferation.13,14 An additional technique is fusion imaging, in which real-time ultrasound imaging can be superimposed on computed tomography (CT) or MRI; this has been used to assist with needle guidance for sacroiliac joint injections.15 One last technique is ultrasound elastography, which is used to assess the elastic properties of tissue. With this technique, compression of tissue produces strain or displacement within the tissue. Displacement is less when tissue is hard; it is displayed as blue on the ultrasound image, whereas soft tissue is displayed as red (Fig. 1-27). With regard to musculoskeletal applications, normal tendons appear as blue, whereas areas of tendinopathy, such as of the Achilles tendon or common extensor tendon of the elbow, appear as red.14,16-19 A future direction is the quantitative measurement of tissue elasticity using shear-wave ultrasound elastography.20
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FIGURE 1-26  Three-dimensional imaging.


Ultrasound image reconstructed in the coronal plane shows a heterogeneous thigh sarcoma (arrowheads).
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FIGURE 1-27  Ultrasound elastography: foreign body granuloma.


Ultrasound images of common extensor tendon elbow show suture granuloma (blue mass-like area below white arrow). Note that hard tissues are displayed in blue and soft tissues in red.


(Courtesy of Y. Morag, Ann Arbor, Mich.)












Color and Power Doppler


Most ultrasound machines have the option of color and power Doppler imaging, with possible spectral waveform analysis. Ultrasound uses the Doppler effect, in which the sound frequency of an object changes as the object travels toward or away from a point of reference, to obtain information about blood flow. Color flow imaging shows colored blood flow superimposed on a gray-scale image, in which two colors such as red and blue represent flow toward and away from the transducer, respectively (Fig. 1-28).21 Pulsed-wave or duplex Doppler ultrasound displays an ultrasound image and waveform (Fig. 1-29). There are important considerations to optimize the Doppler ultrasound. Reducing the width of the field of view and increasing the frame rate are helpful. To correct for aliasing (when the Doppler shift frequency of blood is greater than the detected frequency, which causes an error in frequency measurement), one can increase the pulse repetition frequency, lower the ultrasound frequency, or increase the angle between the sound beam and the flow direction toward perpendicular. Power Doppler is another method of color Doppler ultrasound that is more sensitive to blood flow (it shows small vessels and slow flow rates) compared with conventional color Doppler, and it assigns a color to blood flow regardless of direction (Fig. 1-30). Power Doppler is extremely sensitive to movement of the transducer, which produces a flash artifact. It is important to adjust the color gain optimally for Doppler imaging to avoid artifact if the setting is too sensitive and for false-negative flow if sensitivity is too low. To optimize power Doppler imaging, set the color background (without the gray-scale displayed) so that the lowest level of color nearly uniformly is present, with only minimal presence of the next highest color level.22
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FIGURE 1-28  Color Doppler: schwannoma.


Color Doppler ultrasound image shows increased blood flow in hypoechoic peripheral nerve sheath tumor.
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FIGURE 1-29  Color Doppler: Radial artery thrombosis.


A, Color Doppler ultrasound image in long axis to the radial artery (arrowheads) at the wrist shows hypoechoic thrombus and diminished blood flow. B, Pulsed-wave Doppler shows the loss of normal arterial flow at the site of thrombus (B) and distal reconstitution from the deep palmar arch (C).
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FIGURE 1-30  Power Doppler: schwannoma.


Power Doppler ultrasound image shows increased blood flow in hypoechoic peripheral nerve sheath tumor.




Increased blood flow on color or power Doppler imaging may occur with greater perfusion, inflammation, and neovascularity. In imaging soft tissues, color and power Doppler imaging are used to confirm that an anechoic tubular structure is a blood vessel and to confirm blood flow. When a mass is identified, increased blood flow may suggest neovascularity, possibly from malignancy (Fig. 1-31).23 Although the finding is nonspecific, a tumor without flow is more likely to be benign, and malignant tumors usually demonstrate increased flow and irregular vessels.24 With regard to superficial lymph nodes, either no flow or hilar flow is more common with benign lymph node enlargement, and spotted, peripheral, or mixed patterns of flow are more common with malignant lymph node enlargement (see Chapter 2).25 Color or power Doppler imaging is also helpful in the differentiation between complex fluid and a mass or synovitis; the former typically has no internal flow, and the latter may show increased flow.26 After treatment for inflammatory arthritis, color and power Doppler imaging can show interval decrease in flow, which would indicate a positive response.27 It is also important to use color Doppler imaging during a biopsy to ensure that major vessels are avoided.
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FIGURE 1-31  Power Doppler: B-cell lymphoma.


Power Doppler ultrasound image shows increased blood flow in hypoechoic lymphoma (arrowheads). Note posterior increased through-transmission.











Dynamic Imaging


One significant advantage of ultrasound over other static imaging methods, such as radiography, CT, and conventional MRI, is the dynamic capability. On a basic level, ultrasound evaluation can be directly guided by a patient’s history, symptoms, and findings at physical examination. In fact, regardless of the protocol followed for imaging a joint, it is essential that ultrasound is focused during one aspect of the examination over any area of point tenderness or focal symptoms.28 Once ultrasound examination is begun, the patient can directly give feedback with regard to pain or other symptoms with transducer pressure over an ultrasound abnormality. When a patient has a palpable abnormality, direct palpation under ultrasound visualization will ensure that the imaged abnormality corresponds to the palpable abnormality. Graded compression also provides additional information about soft tissue masses; lipomas are often soft and pliable (see Video 2-7).


In the setting of a rotator cuff tear, compression can help demonstrate the volume loss associated with a full-thickness tear (see Video 3-19). With regard to peripheral nerves, transducer pressure over a nerve at the site of entrapment can reproduce symptoms and help to guide the examination. Transducer pressure over a stump neuroma is also important to determine which neuroma is causing symptoms. If during examination there is question of a complex fluid collection, variable transducer pressure can demonstrate swirling of internal debris and displacement, which indicates a fluid component (see Videos 6-13 and 6-14). In contrast, synovial proliferation would show only minimal compression without internal movement of echoes, with possible additional findings of flow on color and power Doppler imaging (see Video 8-3).


Dynamic imaging is also important in evaluation of complete full-thickness muscle, tendon, or ligament tear. When a full-thickness muscle or tendon tear is suspected, the muscle-tendon unit may be actively contracted or passively moved during imaging in long axis (see Videos 7-6 and 8-23). Demonstration of muscle or tendon stumps that move away from each other during this dynamic maneuver at the site of the tear indicates full-thickness extent. With regard to ligament tear, a joint can be stressed while imaging in long axis to the ligament to evaluate for ligament disruption and abnormal joint space widening. One example of this is applying valgus stress to the elbow when evaluating for ulnar collateral ligament tear (see Videos 4-10 and 4-11).


One last application of dynamic imaging is in evaluation of an abnormality that is present only when an extremity is moved or positioned in a particular manner. Examples of this include evaluation of the long head of biceps brachii tendon for subluxation or dislocation with shoulder external rotation (see Video 3-36), the ulnar nerve (see Video 4-15) and snapping triceps syndrome with elbow flexion (see Video 4-16), the peroneal tendon with dorsiflexion and eversion of the ankle (see Videos 8-10 through 8-12), and snapping hip syndrome (see Videos 6-16 through 6-19). Muscle contraction is also important for the diagnosis of muscle hernia (see Videos 8-17 through 8-19). Dynamic imaging of a patient during Valsalva maneuver is an important component in evaluation for inguinal region hernia (see Videos 6-22 through 6-32). In addition to the foregoing examples, if the patient has any complaints that occur with a specific movement or position, the ultrasound transducer can be placed over the abnormal area, and the patient can be asked to recreate the symptom.
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The full text of this chapter can be accessed online at www.expertconsult.com.






Muscle and Tendon Injury


Muscle and tendon injuries may be categorized as acute and chronic. Acute injuries tend to take the form of direct impact injury, stretch injury during contraction (strain), or penetrating injury. Acute muscle injury can be clinically categorized as grade 1 (no appreciable fiber disruption), grade 2 (partial tear or moderate fiber disruption with compromised strength), and grade 3 (complete fiber disruption).1 At sonography, muscle contusion and hemorrhage acutely appear hyperechoic (Fig. 2-1).2,3 Excessive and intense muscle activity may produce diffuse muscle hyperechogenicity if imaged acutely from transient muscle edema (Fig. 2-2).4 Partial fiber disruption indicates partial-thickness tear, whereas complete fiber disruption indicates full-thickness tear. One hallmark of full-thickness tear is muscle or tendon retraction, which is made more obvious with passive movement or active muscle contraction. Hemorrhage will later appear more hypoechoic (Fig. 2-3), although a heterogeneous appearance with mixed echogenicity is common (Fig. 2-4). As soft tissue hemorrhage resorbs, a hematoma will become smaller and more echogenic, beginning at the periphery (Fig. 2-5). A residual anechoic fluid collection or seroma may remain (Fig. 2-6). Hemorrhage located between the subcutaneous fat and the adjacent hip musculature can occur with trauma as a degloving-type injury, called the Morel-Lavallée lesion (Fig. 2-7).5 Residual scar formation appears hyperechoic (Fig. 2-8). Heterotopic ossification may remain and is hyperechoic with posterior acoustic shadowing (Fig. 2-9). An area of damaged muscle may ossify, termed myositis ossificans (Fig. 2-10), and ultrasound can show early mineralization before visualization on radiography.6 Often, computed tomography (CT) is needed to demonstrate the peripheral rim of mineralization characteristic of myositis ossificans, given shadowing seen on ultrasound. Prior trauma to muscle or its nerve supply can result in muscle atrophy, which causes increased echogenicity and decreased size of the muscle (Fig. 2-11).
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FIGURE 2-1  Acute muscle injury.


Ultrasound images of (A) the thenar musculature and (B) the tibialis anterior muscle show areas of hyperechoic hemorrhage (open arrows). T, tendon.
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FIGURE 2-2  Acute muscle edema.


Ultrasound images of (A) brachioradialis and (B) brachialis muscle in short axis from two different patients show diffuse hyperechoic muscle edema (arrows) compared with normal muscle (M).
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FIGURE 2-3  Subacute muscle injury.


Ultrasound images of (A) the thenar musculature and (B) the tibialis anterior muscle show heterogeneous areas of hypoechoic hemorrhage (arrows).
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FIGURE 2-4  Hemorrhage.


Ultrasound images of (A) the pectoralis major, (B) medial head of gastrocnemius, and (C) soleus show heterogeneous mixed echogenicity hemorrhage (arrows). G, gastrocnemius.
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FIGURE 2-5  Organizing hematoma.


Ultrasound images (A and B) anterior to the tibia and (C and D) within the calf show interval decrease in size of hematoma (arrows) (A to B, C to D) with increased echogenicity at the periphery. T, tibia.
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FIGURE 2-6  Seroma.


Ultrasound images (A and B) from two different patients show anechoic fluid collection (arrows) at site of prior hemorrhage. R, ribs in A.
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FIGURE 2-7  Morel-Lavallée lesion.


Ultrasound image shows anechoic fluid (arrows) at the site of prior hemorrhage between subcutaneous fat (F) and musculature (M).
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FIGURE 2-8  Muscle scar.


Ultrasound images of (A) the symptomatic semimembranosus and (B) the contralateral asymptomatic side show hyperechoic scar formation (arrows) and decreased size of affected muscle. Ultrasound image of (C) rectus femoris in long axis shows focal increased echogenicity (arrows).
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FIGURE 2-9  Heterotopic ossification.


Ultrasound image shows hyperechoic surface of heterotopic ossification (arrows) with posterior acoustic shadowing (open arrows).
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FIGURE 2-10  Myositis ossificans.


Ultrasound image shows hypoechoic hemorrhage (arrows) with echogenic mineralization (curved arrows).
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FIGURE 2-11  Muscle atrophy.


Ultrasound images of (A) the symptomatic brachialis muscle and (B) the contralateral asymptomatic side show decreased size and increased echogenicity of the affected muscle (arrows). H, humerus; U, ulna.




With direct impact injury, the belly of a muscle is typically involved with hematoma and variable fiber disruption (Fig. 2-12). In contrast, stretching of a contracting muscle typically results in injury at the musculotendinous junction and is more common with muscles that span two joints, such as the hamstring muscles of the thigh (Fig. 2-13) and the medial head of the gastrocnemius (Fig. 2-14). It is important to consider the architecture of the muscle imaged in evaluation for myotendinous injury. For example, a muscle with a unipennate architecture (e.g., the medial head of the gastrocnemius) shows injury at the myotendinous junction located at its periphery (see Fig. 2-14).7 A muscle with circumpennate or bipennate architecture (e.g., the indirect head of the rectus femoris) may show injury at its distal musculotendinous junction or within the muscle belly as a central aponeurosis tear (see Fig. 6-59A in Chapter 6).8 Musculotendinous injury also demonstrates variable echogenicity from hemorrhage and fluid, depending on the age of the injury and the degree of fiber disruption. Passive joint movement or active muscle contraction can demonstrate retraction at the site of the injury that indicates full-thickness tear. Particularly in children, these types of acute tendon injuries may be associated with bone fragment avulsion at the tendon attachments, which appear hyperechoic with possible shadowing.
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FIGURE 2-12  Muscle contusion and hematoma.


Ultrasound image of triceps brachii tendon in long axis shows heterogeneous but predominantly hypoechoic intramuscular hematoma (arrows) with partial muscle fiber disruption.







[image: image]

FIGURE 2-13  Proximal semimembranosus injury.


Ultrasound image of semimembranosus tendon origin in long axis shows abnormal heterogeneous hypoechoic swelling of the tendon (arrows) with anechoic interstitial tears (curved arrow). I, ischium.







[image: image]

FIGURE 2-14  Medial head of gastrocnemius tear.


Ultrasound image of distal medial head of gastrocnemius in long axis shows hypoechoic disruption at the musculotendinous junction (arrows). Note intact plantaris tendon (arrowheads). MG, medial head of gastrocnemius; S, soleus.




With penetrating injury or laceration, acute muscle and tendon injury may occur at any site (see Fig. 7-47 in Chapter 7). The obvious physical examination findings usually guide the ultrasound evaluation. Muscle and tendon injuries are again classified as partial-thickness or full-thickness tears. Dynamic imaging is helpful in this distinction because it makes retraction related to full-thickness tears more conspicuous. Gas introduced during the penetrating injury can make evaluation extremely difficult; air appears hyperechoic with heterogeneous posterior shadowing. It is also important to recognize adjacent soft tissue or osseous injuries outside the muscle because lacerations may cause peripheral nerve injury as well (see Fig. 6-80B in Chapter 6).


Chronic muscle and tendon injuries are usually the result of overuse, with tendon degeneration and possible tear. It has been shown that such involved tendons show eosinophilic, fibrillar, and mucoid degeneration but do not contain acute inflammatory cells; therefore, the term tendinosis is used rather than tendinitis.9-11 At sonography, tendinosis appears as hypoechoic swelling of the involved tendon, but without tendon fiber disruption (see later chapters). Several tendons may commonly show increased blood flow on color or power Doppler imaging in the setting of tendinosis, such as the patellar tendon, Achilles tendon, and common extensor tendon of the elbow. This increase in blood flow is not due to inflammation but rather represents neovascularity. Tendinosis may progress to partial-thickness and full-thickness tendon tear. Chronic muscle and tendon injuries that result in tear can be associated with atrophy of the muscle, which appears hyperechoic and decreased in size. After surgery, misplaced hardware or screw-tip penetration beyond the bone cortex may cause excessive wear of an adjacent tendon (Fig. 2-15). Ultrasound is helpful in this diagnosis because artifact from metal hardware does not obscure overlying soft tissues. In addition, dynamic imaging with joint movement or muscle contraction can determine whether a tendon is in contact with metal hardware with specific positions (Video 2-1).[image: image]
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FIGURE 2-15  Screw impingement of extensor carpi radialis tendon.


Ultrasound image of extensor carpi radialis tendon in long axis (arrowheads) shows a metal screw with reverberation artifact (open arrows), with the tip protruding into the tendon (curved arrow). Note associated tenosynovitis. R, radius.











Bone Injury


The normal osseous surfaces are smooth and echogenic with posterior shadowing and possibly reverberation when imaged perpendicular to the sound beam. The hallmark of an acute fracture is discontinuity of the bone cortex with possible step-off deformity (Fig. 2-16).12 Adjacent mixed echogenicity hemorrhage may also be present. A stress fracture, for example involving a metatarsal, may initially appear as a focal hypoechoic area adjacent to bone, which may progress to fracture step-off deformity or hyperechoic callus formation (see Fig. 8-146 in Chapter 8).13 This is typically associated with point tenderness induced by pressure from the transducer. A patient also commonly indicates focal pain in the area. It is important at the completion of any ultrasound examination to ask the patient about such focal symptoms because they are often clues to underlying pathology that may not be otherwise evaluated.
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FIGURE 2-16  Fractures.


Ultrasound images from four different patients show fractures as cortical discontinuity and step-off deformity (arrow) with variable hemorrhage (curved arrow) involving (A) ribs, (B) proximal phalanx, (C) humerus, and (D) coracoid process. MC, metacarpal head.




Other types of bone injuries involve avulsion at tendon and ligament attachments. In these situations, a small fragment of bone with variable shadowing is seen attached to the involved tendon or ligament (see Fig. 8-143 in Chapter 8). Asymmetrical widening and irregularity of an open growth plate with point tenderness can indicate a physeal injury (Fig. 2-17).14 It is important to differentiate the findings of bone injury at ultrasound from bone irregularity resulting from osteophytes. This differentiation is possible because osteophytes occur at margins of synovial joints usually without point tenderness, whereas a fracture shows a cortical step-off deformity. Correlation with radiography may also be considered to assist with this differentiation.
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FIGURE 2-17  Growth plate injury.


Ultrasound image of first metacarpophalangeal joint in long axis shows bone irregularity, widening, and offset at the physeal plate (arrows). E, epiphysis; M, metacarpal; P, proximal phalanx. Note the collateral ligament (arrowheads).




In many situations in which a fracture is identified at ultrasound, the fracture is unsuspected. The indication for the examination is often to evaluate a soft tissue or joint abnormality after a “negative” radiograph. This is not uncommon in the foot and ankle, where multiple overlapping osseous structures may make radiographic diagnosis of fracture difficult. The other situation is the greater tuberosity fracture of the proximal humerus, which can be overlooked at radiography because of suboptimal patient positioning or suboptimal radiographic technique (see Fig. 3-103 in Chapter 3).15 It has been shown that ultrasound is more effective than radiography in the diagnosis of rib fracture (see Fig. 2-16A).16,17 As a fracture begins to heal, early hypoechoic callus becomes hyperechoic hard callus, which can eventually bridge the fracture gap or step-off deformity.12 This can also be applied to limb-lengthening procedures, in which ultrasound can detect new bone before radiography. Ultrasound has also been shown to be effective in diagnosis of tibial fracture nonunion with static interlocked nail placement; ultrasound can detect healing before radiography, whereas visualization of the hyperechoic nail indicates no overlying callus formation (Fig. 2-18).12 Another advantage of ultrasound is in the evaluation of nonossified structures, such as the distal humeral epiphyses in children and the anterior costocartilage.18,19
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FIGURE 2-18  Fracture nonunion.


Ultrasound image shows hyperechoic intramedullary nail (arrowheads) with posterior reverberation artifact indicating incomplete healing of the tibial fracture (open arrows).











Infection


The imaging appearances of soft tissue infection are largely predicted by the route of infection spread. For example, in adults, infection commonly occurs through a puncture wound or skin ulcer. This produces infection of the soft tissues or cellulitis, which may have several appearances (Fig. 2-19). Acutely, cellulitis appears as hyperechoic and thickened subcutaneous tissue.20,21 Later, hypoechoic or anechoic branching channels are visualized, with distortion of the soft tissues and possibly increased flow on color or power Doppler imaging.20 Such branching channels can coalesce as purulent fluid and can progress to frank abscess, where ultrasound-guided aspiration may be of benefit.20 However, ultrasound-guided aspiration may be less effective in the setting of methicillin-resistant Staphylococcus aureus infection.22 When evaluating for cellulitis, the findings of anechoic perifascial fluid and gas (appearing as hyperechoic foci with comet-tail artifact or dirty shadowing) at the deep fascia can indicate necrotizing fasciitis.23 The differential diagnosis for ultrasound findings of hyperechoic subcutaneous fat, as seen with acute cellulitis, includes fat necrosis (Fig. 2-20); however, the latter condition is usually more focal, may be multiple, and is without physical examination findings of infection.24
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FIGURE 2-19  Cellulitis: progressive findings.


Ultrasound images from four different patients show (A) diffuse increased echogenicity (arrows) with sound beam attenuation, (B) increased echogenicity with intervening hypoechoic channels (arrows), (C) confluent hypoechoic fluid channels (arrows), and (D) hypoechoic infected fluid collection (arrows).
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FIGURE 2-20  Fat necrosis.


Ultrasound images from two different patients show (A) hyperechoic subcutaneous area (arrows) and (B) focal hyperechoic nodule (arrows) representing fat necrosis.


(From Walsh M, Jacobson JA, Kim SM, et al: Sonography of fat necrosis involving the extremity and torso with magnetic resonance imaging and histologic correlation. J Ultrasound Med 27:1751–1757, 2008. Reproduced with permission from the American Institute of Ultrasound in Medicine.)





The ultrasound appearance of abscess is variable but predominantly appears as well-defined hypoechoic heterogeneous fluid collection with posterior through-transmission and hyperemia on color or power Doppler imaging (Fig. 2-21).25 A thick hyperechoic and hyperemic wall may also be seen, as may soft tissue gas.26 Uncommonly, an abscess may be isoechoic or hyperechoic relative to the adjacent soft tissues (see Fig. 2-21D). In this situation, in which it may be difficult to identify an abscess, increased through-transmission and swirling of echoes within the abscess with transducer pressure are helpful features to indicate the presence of a fluid component (Videos 2-2 and 2-3).27 [image: image] Increasing the depth and field of view around a possible abscess often causes the increased through-transmission to become more conspicuous relative to the surrounding tissues.
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FIGURE 2-21  Abscess.


Ultrasound images from five different patients show (A) small hypoechoic abscess (arrows) (methicillin-resistant Staphylococcus aureus) with surrounding cellulitis, (B) predominantly hypoechoic but heterogeneous abscess (arrows), (C) heterogeneous abscess (arrows), and (D) isoechoic abscess (arrows). Note increased through-transmission (open arrows) in B and C and gas (arrowhead) in C. E, Ultrasound image shows isoechoic abscess (arrows) adjacent to metal side plate and screws (arrowheads).




Some infections occur after surgery and may be located immediately adjacent to metal hardware (see Fig. 2-21E). Ultrasound is ideal for evaluation in this situation because the reverberation artifact from the hardware occurs deep to the metal and does not obscure the overlying soft tissues.28 Soft tissue infection may also involve a bursa, which can produce complex fluid and synovitis, and possibly gas, which appears hyperechoic with comet-tail artifact (Fig. 2-22) (Video 2-4).[image: image] Unlike a nonspecific abscess, a bursal fluid collection tends to be more defined and, more importantly, occurs in an area of a known bursa. If an area of soft tissue infection is identified adjacent to bone, then osteomyelitis should be considered (Fig. 2-23). In the presence of cortical irregularity resulting from erosions or destruction, osteomyelitis is likely, although confirmation with magnetic resonance imaging (MRI) is often needed to assess the extent of infection fully.








[image: image]

FIGURE 2-22  Septic bursitis with gas.


Ultrasound image shows hyperechoic foci of gas (arrows) with comet-tail artifacts within a mixed hypoechoic and isoechoic septic subacromial-subdeltoid bursitis (open arrows).
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FIGURE 2-23  Osteomyelitis.


Ultrasound images from three different patients show (A) bone destruction (arrow) and hypoechoic abscess (arrowheads) of the femur (F), (B) cortical destruction (arrows) with adjacent hypoechoic infection (arrowheads) of the metatarsal head (MT), and (C) bone destruction (arrows) at tibial amputation site with adjacent inflammation (arrowheads). P, proximal phalanx.




Another route of infection is hematogenous, which may manifest as a muscle abscess, as septic arthritis, or as osteomyelitis. This mode of infection is more common in children, intravenous drug abusers, or patients with sepsis. In the correct clinical scenario, septic arthritis is suspected when there is fluid distention of a joint recess, which may range from anechoic to hyperechoic, with possible hypoechoic or isoechoic synovial hypertrophy (see later). The echogenicity of fluid or the presence of flow on color or power Doppler imaging cannot predict the presence of infection, and therefore ultrasound-guided percutaneous fluid aspiration should be considered. When distention of a joint recess is not anechoic, the possibility of complex fluid versus synovial hypertrophy must be considered. To help in this distinction, compressibility of the recess, redistribution of the contents with joint positions, and lack of internal flow on color Doppler imaging suggest complex fluid rather than synovial hypertrophy. When synovial hypertrophy related to a septic joint is present, discontinuity or irregularity of the adjacent bone cortex suggests erosions and possible osteomyelitis (Fig. 2-24). Joint inflammation and synovitis from infection are indistinguishable from other inflammatory conditions, such as rheumatoid arthritis. In children, hematogenous spread of infection may also directly infect the bone. In this situation, a subperiosteal abscess may be identified because the periosteum is loosely adherent in children when compared with adults (Fig. 2-25).
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FIGURE 2-24  Septic sternoclavicular joint.


Ultrasound image shows heterogeneous distention of the sternoclavicular joint capsule (arrows). Note erosions (arrowheads) of the sternum (S) and clavicle (C).


(From Johnson M, Jacobson JA, Fessell DP, et al: The sternoclavicular joint: can imaging differentiate infection from degenerative change? Skeletal Radiol 39:551–558, 2010.)
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FIGURE 2-25  Subperiosteal abscess.


Ultrasound image shows isoechoic subperiosteal abscess (arrowheads) (open arrow, physis).


(Courtesy of P. Strouse, MD, Ann Arbor, Mich.)












Arthritis


The foregoing descriptions relate to infection of soft tissues and bone. However, inflammation may have noninfective causes. Other inflammatory conditions, such as rheumatoid arthritis, can produce joint findings (effusion, synovial hypertrophy, and erosions), which can resemble infection.29 Often, the distribution of the abnormalities and the clinical history assist with the differential diagnosis. Infection more commonly causes abnormalities at one site, and this diagnosis must be excluded before considering single-site involvement of a systemic inflammatory arthritis. The following represents general concepts of some inflammatory conditions with additional examples and text found in later chapters.






Rheumatoid Arthritis


The characteristic features of rheumatoid arthritis include synovial hypertrophy and erosions. Ultrasound can be used from early diagnosis to assessment of response to therapy and can guide injections or aspirations. Synovial hypertrophy appears as hypoechoic (Fig. 2-26) or, less commonly, isoechoic (Fig. 2-27) or hyperechoic relative to subdermal fat, poorly compressible tissue within a joint or a joint recess.30 Synovial hypertrophy may also involve other synovial spaces, such as a bursa or tendon sheath (Fig. 2-28). Flow may be seen on color or power Doppler imaging, depending on the inflammatory activity of the synovitis. When assessing for hyperemia of synovial hypertrophy, it is important to minimize transducer pressure to avoid occluding or dampening flow (Fig. 2-29) (Video 2-5).[image: image] Joint synovial hypertrophy may be seen in the dorsal recesses of the wrist, the volar and dorsal recesses of the metacarpophalangeal and interphalangeal joints of the hand, and the metatarsophalangeal joints of the feet. 31,32 Erosions appear as discontinuity of the bone cortex seen in two orthogonal planes (Fig. 2-30). Such erosions begin in the marginal regions of a joint, where the bone cortex is not covered with hyaline cartilage and is directly exposed to joint inflammation. Ultrasound is sensitive to bone cortex abnormalities but is not specific for erosions, with a reported false-positive rate of 29% for diagnosis of erosions.33 The finding of synovial hypertrophy directly over a cortical irregularity also increases the likelihood that an erosion is present. Correlation with radiographic and clinical findings remains important, in addition to the distribution of imaging findings. For example, rheumatoid arthritis commonly involves the metacarpophalangeal joints of the hands (especially the second), the metatarsophalangeal joints of the feet (usually at least the fifth), and the wrist joints. A rheumatoid nodule typically appears as a hypoechoic nodule at ultrasound (Fig. 2-31).34
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FIGURE 2-26  Rheumatoid arthritis: hypoechoic synovial hypertrophy.


Ultrasound images in the sagittal plane show hypoechoic synovial hypertrophy (arrows) and hyperemia distending the dorsal (A) second and (B) third metacarpophalangeal joint recesses, which extend from the metacarpophalangeal joint articulation (open arrow). MC, metacarpal head; P, proximal phalanx.
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FIGURE 2-27  Rheumatoid arthritis: isoechoic synovial hypertrophy.


Ultrasound image in the sagittal plane shows isoechoic synovial hypertrophy (arrows) distending the dorsal second metacarpophalangeal joint recess, which extends from the metacarpophalangeal joint articulation (open arrow). MC, metacarpal head; P, proximal phalanx.
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FIGURE 2-28  Rheumatoid arthritis: tenosynovitis.


Ultrasound images in short axis to the extensor tendons of the wrist in two different patients show (A) hypoechoic synovial hypertrophy (arrows) and (B) anechoic fluid (arrows) and hyperemia. t, tendons; R, radius; U, ulna.
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FIGURE 2-29  Hyperemia: effects of compression (rheumatoid arthritis).


Ultrasound images in the sagittal plane of the third metacarpophalangeal joint dorsal recess (A) without and (B) with minimal transducer pressure show hyperemia of isoechoic synovial hypertrophy that is obliterated with transducer pressure. Note intervening thick gel layer between the transducer and skin surface in A.
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FIGURE 2-30  Rheumatoid arthritis: erosions.


Ultrasound image over the lateral wrist in the coronal plane shows erosions (arrows) and extensor carpi ulnaris (ECU) tenosynovitis (arrowheads). T, triquetrum.
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FIGURE 2-31  Rheumatoid nodule.


Ultrasound image shows hypoechoic rheumatoid nodule (arrows). Note posterior increased through-transmission (open arrows).











Psoriatic Arthritis


Psoriatic arthritis also involves synovial articulations, which can cause joint effusion, synovial hypertrophy, and erosions (Fig. 2-32A). One distinguishing feature of psoriatic arthritis, similar to other seronegative spondyloarthropathies, is the presence of bone proliferation at tendon and ligament attachments (see Fig. 2-32B and C).35 It is therefore important to assess such sites during evaluation for psoriatic arthritis, such as the collateral ligaments of the digits. Because bone proliferation of psoriatic arthritis may at times appear similar to other forms of bone proliferation, such as osteophytes with osteoarthritis, it is critical to correlate with radiography to assist in this distinction. The presence of hyperemia, often seen in psoriatic arthritis, is another feature. Similarly, it is important to differentiate a degenerative enthesophyte from true inflammatory enthesopathy at a tendon attachment, the latter showing hyperemia and adjacent tendon abnormality with ultrasound and indistinct margins on radiography. The soft tissues over a joint or tendon may also show abnormal swelling and hyperemia.36
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FIGURE 2-32  Psoriatic arthritis.


Ultrasound image shows (A) metacarpal head (MC) erosion (arrowheads), (B) radial collateral ligament (r) of a proximal interphalangeal joint (open arrow) with areas of bone proliferation at the ligament attachments (arrows) and an erosion (arrowhead) with adjacent hypoechoic soft tissue swelling, and (C) dorsal wrist in the transverse plane with diffuse areas of bone proliferation (arrows), erosions (arrowheads), and overlying hypoechoic soft tissue swelling.











Gout


The ultrasound findings of gout include joint effusion (with possible visualization of crystals), erosions, and tophi.37 Joint distention may range from anechoic to heterogeneous, especially in the presence of crystals, tophi, and synovial hypertrophy (Fig. 2-33A). In addition, crystal deposition on the surface of the cartilage (urate icing) will appear hyperechoic, also called the double contour sign (see Fig. 2-32B). This finding is differentiated from the normal hyperechoic cartilage interface in that the latter is only seen when the sound beam is perpendicular to the cartilage surface and is uniform. The double contour sign is also different from chondrocalcinosis, in which reflective echoes are located within the cartilage rather than on the surface, as seen with calcium pyrophosphate deposition disease.38 Monosodium urate tophi characteristically appear as an amorphous but fairly well-defined echogenic area surrounded by a hypoechoic inflammatory halo (Fig. 2-34). A tophus may be associated with adjacent cortical erosion, especially at the medial aspect of the distal first metatarsal (Fig. 2-35). Tendon sheath involvement is also possible (Fig. 2-36). Other common sites for tophi include the olecranon region at the elbow (see Fig. 4-31 in Chapter 4), the patellar tendon (see Fig. 7-54 in Chapter 7), and the popliteus tendon (see Fig. 7-55 in Chapter 7) at the knee.
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FIGURE 2-33  Gout.


Ultrasound images show (A) hyperechoic joint effusion (arrows) distending dorsal recess of the first metatarsophalangeal joint (open arrow), (B) urate crystal deposition on the hyaline cartilage (arrowheads) (double contour sign). M, metatarsal head; P, proximal phalanx.


(B, Courtesy of Ralf Thiele, MD, Rochester, NY.)
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FIGURE 2-34  Gout: tophus.


Ultrasound image shows hyperechoic soft tissue tophus with hypoechoic rim (arrows).
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FIGURE 2-35  Gout: tophus and erosion.


Ultrasound images in axial plane over medial distal first metatarsal show (A and B) cortical erosion (arrowheads) and adjacent echogenic tophus (arrows) with increased flow on color Doppler imaging. M, metatarsal; P, proximal phalanx.
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FIGURE 2-36  Gout: tophus and tenosynovitis.


Ultrasound image shows hyperechoic tophus (arrows) surrounding ankle tendon (T) causing osseous erosion (curved arrows) and surrounding hypoechoic tenosynovitis (arrowheads).











Osteoarthritis


The hallmark of osteoarthritis is cartilage loss and osteophyte formation, typically in a predictable distribution related primarily to wear-and-tear of a joint. Synovial hypertrophy is often secondary and relatively mild without hyperemia compared with other conditions, such as rheumatoid arthritis.39 Ultrasound can detect change of osteoarthritis, especially in peripheral joints where image resolution is optimum.40 Osteophytes appear as a well-defined bone excrescence at a margin of an involved joint. Joint effusion may also be present. Common sites of involvement include the first metatarsophalangeal joint (Fig. 2-37), the interphalangeal and first carpometacarpal joints of the hand and wrist (Fig. 2-38), and the acromioclavicular joint.41 First metatarsophalangeal joint fluid and acromioclavicular joint involvement are commonly asymptomatic with preclinical osteoarthritis. Synovial hypertrophy may also be seen as hypoechoic, minimally compressible tissue distending a joint recess, although such minimal findings are also commonly seen in asymptomatic joints such as the interphalangeal joints of the hand.41 In addition, increased flow on color or power Doppler imaging is uncommon, and the presence of synovial hypertrophy does not necessarily correlate with patient symptoms.39








[image: image]

FIGURE 2-37  Osteoarthritis: first metatarsophalangeal joint.


Ultrasound image over first metatarsophalangeal joint shows nonspecific mild synovial hypertrophy (arrows) and osteophytes (open arrows). M, metatarsal; P, proximal phalanx.
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FIGURE 2-38  Osteoarthritis: trapezium.


Ultrasound image over thumb base shows trapezium (T) osteophytes (arrows) at articulations with scaphoid (S) and first metacarpal (M).














Myositis and Diabetic Muscle Infarction


Inflammatory myositis, such as polymyositis, appears hyperechoic with possible increased flow on color or power Doppler imaging (Fig. 2-39).4 In later stages, increased muscle echogenicity and diminished volume are characteristic of muscle atrophy. Sarcoidosis may also involve muscle, where the nodular type of sarcoidosis produces hypoechoic masses or nodules.42
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FIGURE 2-39  Myositis.


Ultrasound images show (A) increased echogenicity and size of the sartorius (arrows) representing inflammatory myositis and (B) increased echogenicity of the rectus femoris (arrows) representing postchemotherapy and radiation recall myositis.





In the evaluation of inflammation or infection around the thigh or calf, one condition in the differential diagnosis is diabetic muscle infarction. In this condition, the involved thigh musculature is hypoechoic and swollen, although the hyperechoic fibroadipose septum or epimysium are still identified throughout, a feature that helps to exclude soft tissue abscess (Fig. 2-40).43 Subfascial fluid may also be seen. Diabetic muscle infarction most commonly involves the thigh or calf musculature, it may be bilateral, and it occurs in patients with longstanding diabetes.








[image: image]

FIGURE 2-40  Diabetic muscle infarction.


Ultrasound images in (A) short axis and (B) long axis to the rectus femoris show hypoechoic swelling of the vastus intermedius muscle (arrows). Note visible hyperechoic fibroadipose septa or epimysium (arrowheads). F, femur.











Soft Tissue Foreign Bodies


Another cause of soft tissue infection is a soft tissue foreign body. At sonography, all foreign bodies are initially hyperechoic (Fig. 2-41), although organic or plant material may become less echogenic over time.44 The surface of the foreign body is more echogenic and conspicuous when the sound beam is perpendicular to the surface of the foreign body (Fig. 2-42). It is therefore important not only to image directly over the entry site, but also to interrogate the involved soft tissues from various angles in order to have the sound beam perpendicular to the surface of the foreign body. It is often helpful to use a thick layer of gel to float the transducer above the skin surface so as not to overlook any superficial foreign bodies and to optimize the sound beam angulation (see Fig. 2-42D).
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FIGURE 2-41  Wooden foreign body.


Ultrasound images in (A) long axis and (B) short axis to a hyperechoic wooden foreign body (arrows) show hypoechoic halo (arrowheads) with mild shadowing (open arrow) and posterior reverberation (curved arrow) artifact.
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FIGURE 2-42  Wooden foreign body.


A to C, Ultrasound images show hyperechoic wooden splinter (arrows), which becomes more echogenic and conspicuous when imaged perpendicular to the sound beam. D, Ultrasound image shows thick layer of gel (open arrows) used to allow the wooden foreign body (arrows) to be imaged perpendicular to the sound beam.




Conspicuity of a soft tissue foreign body is additionally enhanced by the soft tissue reaction around the foreign body and the foreign body artifact if present.45 A hypoechoic halo with possible hyperemia may be present, and it represents hemorrhage, granulation tissue, and abscess. This produces a halo appearance as the hypoechoic reaction surrounds the hyperechoic foreign body (Fig. 2-43). Some foreign bodies, such as metal, may have little if any foreign body response (Fig. 2-44).
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FIGURE 2-43  Wooden foreign body.


Ultrasound images in (A) long axis and (B) short axis to a hyperechoic rose thorn (arrow) show hypoechoic halo (arrowheads) with mild shadowing (open arrow) and posterior reverberation (curved arrow) artifact.
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FIGURE 2-44  Metal foreign bodies.


A to C, Ultrasound images show hyperechoic needles (calipers or arrows) and variable posterior reverberation artifact (arrowheads) and heterogeneous shadowing (open arrows). Note little foreign body response.




Foreign body artifact depends on the surface attributes of the foreign body more than on its internal composition.44 For example, a foreign body with a smooth and flat surface, such as glass, produces posterior reverberation artifact (Fig. 2-45). A foreign body with an irregular surface and small radius of curvature usually shows posterior shadowing (Fig. 2-46). Many foreign bodies show both shadowing and reverberation artifact (see Figs. 2-41 and 2-44). It is important that the field of view around the foreign body include soft tissues deep to the foreign body to help the viewer recognize any posterior artifact.
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FIGURE 2-45  Glass foreign body.


Ultrasound image shows hyperechoic glass foreign body (arrow), adjacent hypoechoic inflammation (arrowheads), and central posterior reverberation artifact and peripheral shadowing (open arrows).
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FIGURE 2-46  Wooden foreign body.


Ultrasound image shows a hyperechoic wooden splinter (arrow) with posterior acoustic shadowing (arrowheads) and a surrounding hypoechoic abscess (open arrows). Note increased through-transmission deep to the abscess.




Although ultrasound can accurately identify and localize all soft tissue foreign bodies, it is most important in evaluation of foreign bodies that are not radiopaque on radiography, such as those composed of wood or plastic (Fig. 2-47).44 All glass is opaque on radiographs if it is large enough to be resolved, if it is projected off any adjacent osseous structures, and if it is imaged with proper radiographic technique.44 One potential pitfall in sonography of soft tissue of foreign bodies is the presence of soft tissue gas, usually the result of prior attempted removal or, less likely, infection, which in itself may simulate a foreign body and alter the sonographic characteristics of a foreign body (Fig. 2-48) (Video 2-6).46 [image: image]
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FIGURE 2-47  Plastic catheter foreign body.


Ultrasound images in (A) long axis and (B) short axis to a superficial foot vein show the hyperechoic walls (arrows) of the plastic catheter within the collapsed vein (arrowheads).


(From Fessell DP, Jamadar DA, Jacobson JA, et al: Sonography of dorsal ankle and foot abnormalities. AJR Am J Roentgenol 181:1571–1573, 2003.)
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FIGURE 2-48  Soft tissue gas.


Ultrasound image shows hyperechoic gas foci (arrows) with comet-tail artifacts (arrowheads). No foreign body was present.




Ultrasound can also assess for related complications, such as adjacent tenosynovitis (Fig. 2-49), periostitis (Fig. 2-50), and abscess (Fig. 2-51).45 Ultrasound can aid removal by accurately marking the skin surface over the foreign body before removal, by guiding a localization wire, or by directly guiding percutaneous removal.47,48 A chronic foreign body reaction may simulate a soft tissue mass. The use of spatial compound sonography may smooth out the image and affects the appearance of the foreign body and associated artifacts (Fig. 2-52).
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FIGURE 2-49  Foreign body: septic tenosynovitis.


Ultrasound images (A and B) show a hyperechoic wooden splinter (arrows) with a hypoechoic halo (arrowheads) and more proximal septic tenosynovitis (open arrows). T, flexor digitorum profundus tendon.
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FIGURE 2-50  Foreign body: periostitis.


Ultrasound images (A and B) show a hyperechoic wooden splinter (calipers and arrow) with a hypoechoic halo (arrowheads) and hyperechoic periostitis (open arrows). R, radius.
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FIGURE 2-51  Foreign body: abscess.


Ultrasound images (A to C) show hyperechoic wooden foreign body (calipers and arrow) with surrounding hypoechoic abscess (curved arrows) and hyperemia. A, Achilles tendon.
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FIGURE 2-52  Spatial compound sonography.


Ultrasound images (A) without and (B) with spatial compounding show the hyperechoic wooden foreign body (arrows) and mild hypoechoic halo.











Peripheral Nerve Entrapment


There are specific anatomic sites where a peripheral nerve may be entrapped, typically when a nerve traverses a confined space as a result of osseous, ligamentous, or fibrous constraints.49-51 Examples in the upper extremity include the median nerve in the carpal tunnel (carpal tunnel syndrome) (see Fig. 5-61 in Chapter 5), the ulnar nerve in the Guyon canal (ulnar canal syndrome) (see Fig. 5-70 in Chapter 5), the ulnar nerve in the cubital tunnel of the elbow (cubital tunnel syndrome) (see Fig. 4-54 in Chapter 4), and the deep branch of the radial nerve at the level of the supinator muscle (posterior interosseous nerve or supinator syndrome) (see Fig. 4-66 in Chapter 4). Examples in the lower extremity include the tibial nerve at the ankle (tarsal tunnel syndrome) (see Fig. 8-153 in Chapter 8) and the common plantar digital nerve in the distal foot (Morton neuroma) (see Fig. 8-152 in Chapter 8). Common sonographic features of each of these conditions are hypoechoic swelling of the involved nerve at the entrapment site and possible compression distally. Many times, transducer pressure on the nerve elicits symptoms. Evaluation for denervation and muscle atrophy is also a clue to peripheral nerve entrapment and chronicity, where ultrasound shows increased echogenicity of the involved muscle. Knowledge of peripheral nerve anatomy and of sites prone to nerve compression is vital for an accurate diagnosis.









Soft Tissue Masses


Although the etiology of some soft tissue tumors may be suggested based on anatomic location, physical examination findings, and the patient’s history and age, many masses remain nonspecific by ultrasound. The primary roles of ultrasound in this situation are to differentiate cyst versus solid mass and to guide biopsy for definitive histologic diagnosis. Ultrasound does play an important role in the assessment of benign subcutaneous masses by improving diagnostic accuracy.52 In the following chapters, soft tissue masses that are specific or common to each anatomic region are discussed. Some masses occur throughout the body and have similar sonographic features regardless, and several of these are discussed here.






Lipoma


Soft tissue lipomas can occur anywhere in the body and may be multiple, although many lipomas involve the shoulder region, upper extremity, trunk, and back. Soft tissue lipomas may be located within the subcutaneous fat, within muscle, or within tissue planes. When present in the subcutaneous tissues, the findings of a homogeneous, oval, isoechoic to minimally hyperechoic mass, with little or no flow on color or power Doppler imaging, that is soft and pliable with transducer pressure are compatible with lipoma (Fig. 2-53) (Video 2-7).[image: image] When a lipoma is located in an intramuscular location, the appearance is somewhat nonspecific but often is relatively hyperechoic (Fig. 2-54).53 Because an intramuscular lipoma and its margins are more difficult to define and a lipomatous tumor is more likely to be malignant when in a deep compared with a superficial location, MRI is typically indicated to confirm a suspected intramuscular lipoma.
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FIGURE 2-53  Subcutaneous lipomas.


Ultrasound images from three different patients show well-defined oval isoechoic to minimally hyperechoic subcutaneous lipomas (arrows).
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FIGURE 2-54  Intramuscular lipomas.


Ultrasound images from three different patients show hyperechoic intramuscular lipomas (arrows). D, deltoid muscle.




The variable echogenicity of a lipoma is related to the amount of fat and connective tissue in the tumor as well as to the surrounding tissue echogenicity. For example, a homogeneous fatty mass is hypoechoic; as the amount of fibrous tissue within the lipoma increases, the lipoma will appear more hyperechoic owing to the reflective soft tissue interfaces (Fig. 2-55).53 In addition, a lipoma that is isoechoic to the surrounding subcutaneous fat appears relatively hyperechoic when it is located in muscle. Subcutaneous lipomas that are isoechoic to the surrounding tissues may not be immediately apparent on ultrasound. It is important to correlate directly with physical examination findings, with direct palpation of the mass under ultrasound visualization (Video 2-8),[image: image] or by placing an opened paperclip or other similar marker over the edge of the palpable mass and then scanning the region.47
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FIGURE 2-55  Lipomas: echogenic.


Ultrasound images from two different patients show hyperechoic subcutaneous lipomas (between cursors and arrows).




The sensitivity and specificity of ultrasound in the diagnosis of a subcutaneous lipoma are 88% and 99%, respectively.52 In the correct clinical setting, sonography may determine that a soft tissue mass is compatible with a lipoma; however, a mass that is enlarging or a painful mass requires MRI or histologic evaluation for confirmation. A low-grade well-differentiated liposarcoma has a variable appearance but is often hyperechoic, related to the amount of soft tissue stranding or nodules within the predominantly fatty tumor (Fig. 2-56). A high-grade or poorly differentiated liposarcoma is heterogeneous but predominantly hypoechoic, similar to other sarcomas (see later section in this chapter). Any fatty mass that is not isolated to the subcutaneous tissue should undergo MRI for confirmation.
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FIGURE 2-56  Liposarcoma (well differentiated, low grade).


Ultrasound image shows large hyperechoic mass (arrows).




If a small hyperechoic mass is seen in the subcutaneous tissues, additional diagnoses should be considered. With this appearance, one possibility would be an angiolipoma, which is considered a vascular variant of a lipoma or hamartoma; it is multiple and painful in about 50% of patients (Fig. 2-57). Subcutaneous fat necrosis (as part of panniculitis or after trauma) has a variable appearance but may look like a focal hyperechoic mass or nodule (see Fig. 2-20B).24 Dermatofibrosarcoma protuberans may appear as either a hypoechoic (discussed later in Malignant Soft Tissue Tumors) or hyperechoic subcutaneous mass; the latter appearance is different from a lipoma, given a wide base contact with the skin with possible ill-defined borders and hyperemia.54
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FIGURE 2-57  Angiolipoma.


Ultrasound image shows a hyperechoic angiolipoma (calipers).











Peripheral Nerve Sheath Tumors


A solid soft tissue mass that is in continuity with a peripheral nerve is diagnostic for a peripheral nerve sheath tumor. Ultrasound is often used to demonstrate peripheral nerve continuity given its high resolution. At ultrasound, a peripheral nerve sheath tumor is hypoechoic with a low level of homogeneous internal echoes, round or oval, and appears well defined (Fig. 2-58). Increased through-transmission is usually seen deep to the mass, which may cause the hypoechoic mass to be mistaken for a complex cyst; however, the presence of flow on color or power Doppler imaging confirms the solid nature of the mass (Fig. 2-59) (Video 2-9).55[image: image] Transducer pressure over a peripheral nerve sheath tumor usually elicits symptoms.
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FIGURE 2-58  Schwannoma.


Ultrasound images show (A and B) a hypoechoic schwannoma (arrows) with homogeneous diffuse internal echoes. Note flow on color Doppler imaging, continuity with a branch of the deep peroneal nerve (arrowheads), and increased through-transmission (open arrow). T, talus.
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FIGURE 2-59  Schwannoma: pseudocyst appearance.


A, Ultrasound image shows a hypoechoic schwannoma (arrows) with posterior increased through-transmission (open arrows) that may simulate a cyst. B, Note flow on color Doppler imaging that indicates that the abnormality is a solid mass and not a cyst.




A solitary peripheral nerve sheath tumor that is eccentric to the peripheral nerve is characteristic of a schwannoma (or neurilemmoma) (see Fig. 8-154 in Chapter 8), whereas neurofibromas tend to be central relative to the nerve, although differentiation between the two is often not possible with ultrasound.56 A target appearance has also been described in neurofibromas, which appears as an echogenic fibrous center surrounded by a hypoechoic myxoid periphery, reported as a possible indicator of a benign peripheral nerve sheath tumor (Fig. 2-60A).57 Neurofibromas may have three different forms: localized (see Fig. 2-60A), plexiform, and diffuse.58 Plexiform neurofibroma is described as a “bag of worms” appearance (see Fig. 2-60B), whereas the diffuse form appears as diffuse echogenic subcutaneous tissues with hypoechoic tubules (see Fig. 2-60C), most commonly involving the head and neck region. Peripheral nerve sheath tumors may have internal cystic areas (Fig. 2-61) and calcification (such as in a longstanding or ancient schwannoma). Ultrasound cannot accurately differentiate benign from malignant peripheral nerve sheath tumors; the latter often appear similar to other soft tissue malignancies (Fig. 2-62).
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FIGURE 2-60  Forms of neurofibromas.


Ultrasound images from three different patients show (A) solitary neurofibroma appearing hypoechoic (arrows) with hyperechoic center (curved arrow) creating a target appearance, (B) plexiform neurofibroma (arrows), and (C) diffuse subcutaneous neurofibroma (arrows).
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FIGURE 2-61  Schwannoma: cystic.


Ultrasound image shows peripheral nerve continuity (arrowheads) with a predominantly cystic schwannoma (arrows). Note increased through-transmission.
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FIGURE 2-62  Malignant peripheral nerve sheath tumor.


Ultrasound image shows heterogeneous but predominantly hypoechoic mass (arrows) with increased through-transmission.











Vascular Anomalies


Based on clinical and histologic findings, soft tissue vascular anomalies can be categorized into vascular tumors and vascular malformations.59,60 A common childhood vascular tumor is an infantile hemangioma, which undergoes spontaneous involution in most cases. Vascular malformations are subcategorized as low flow (capillary, venous, lymphatic, or a combination of each) and high flow (arteriovenous fistula and arteriovenous malformation).59 Although this is one described classification system, focal and well-defined intramuscular vascular lesions commonly presenting in an adult may also be called hemangiomas, subdivided by their dominant vascularity.61


At ultrasound, an infantile hemangioma is characterized by a mixed hyperechoic and hypoechoic mass with few or no visible vessels but with increased flow on color or power Doppler imaging.59 Intramuscular vascular malformations have a heterogeneous appearance, with a variable echogenicity, ranging from hypoechoic to isoechoic to hyperechoic, which often infiltrates the involved soft tissue (Figs. 2-63 and 2-64).59,62 Anechoic or hypoechoic channels that demonstrate flow on color or power Doppler imaging are typical, although flow may be very slow and difficult to identify without augmenting flow with manual compression. The hyperechoic areas represent the interfaces with the vascular structures, associated fatty tissue, and adjacent soft tissues. Focal hyperechoic and shadowing phleboliths, which represent dystrophic calcification in an organizing thrombus, may also be seen. When evaluating a vascular anomaly with ultrasound, the presence of an area of abnormal vascular channels without an associated soft tissue mass suggests the diagnosis of a vascular malformation, such as an arteriovenous malformation having the appearance of a tangle of vessels (Fig. 2-65).59,63 Both infantile hemangiomas and arteriovenous malformations tend to have a greater vessel density than other vascular malformations.63 It is important to distinguish the foregoing features of vascular anomalies from more nonspecific neovascularity and possible dystrophic calcification of a malignant soft tissue neoplasm. Demonstration of the characteristic features of phleboliths on radiography is helpful; however, percutaneous biopsy may be required.








[image: image]

FIGURE 2-63  Vascular malformation (intramuscular).


A and B, Ultrasound images show a heterogeneous hypoechoic and isoechoic vascular malformation (open arrows) with hyperemia and hyperechoic and shadowing calcifications (arrow).
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FIGURE 2-64  Vascular malformation (intramuscular).


A and B, Ultrasound images show a heterogeneous hypoechoic and isoechoic vascular malformation (arrows) with hyperemia.
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FIGURE 2-65  Arteriovenous malformations.


A and B, Ultrasound images show compressible anechoic channels (arrows) without a soft tissue mass representing an arteriovenous vascular malformation.











Ganglion Cysts


Ganglion cysts have several appearances at ultrasound. The most common appearance is that of a hypoechoic or anechoic, multilocular or multilobular, noncompressible cyst that may look complex.64,65 Smaller ganglion cysts are more likely hypoechoic and may show only limited increased through-transmission.65 The multilocular appearance of a cyst is specific to both ganglion cysts and fibrocartilage cysts (parameniscal and paralabral); the location of the multilocular cyst assists in this diagnosis. If in contact with fibrocartilage, then parameniscal or paralabral cyst is likely. If located superficial to the scapholunate ligament (Fig. 2-66), near the radial artery at the wrist (a very common site) (Fig. 2-67), at the sinus tarsi of the ankle (see Fig. 8-159 in Chapter 8), or within the Hoffa infrapatellar fat pad or at the gastrocnemius tendon origin at the knee (see Figs. 7-73 and 7-74 in Chapter 7), ganglion cyst is likely. The other appearance of a ganglion cyst is one of a more unilocular fluid collection, which can be associated with wrist, hand, ankle, and foot tendons.64 Unlike a bursal fluid collection, such unilocular ganglion cysts are usually not compressible and not in a location of an expected bursa. Aspiration should only be attempted with a larger diameter needle (such as a 16- or 18-gauge needle), given the high viscosity of the gel-like fluid.
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FIGURE 2-66  Ganglion cyst: dorsal wrist.


Ultrasound image shows ganglion cyst (arrowheads) as hypoechoic and multilobular. L, lunate.
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FIGURE 2-67  Ganglion cyst: volar wrist.


Ultrasound image in short axis to the radial artery (A) shows an anechoic septated ganglion cyst (arrowheads). F, flexor carpi radialis tendon.











Lymph Nodes


A normal lymph node will appear oval, with a central hyperechoic hilum and a variable-thickness hypoechoic peripheral cortex rim (Fig. 2-68A).66 The central echogenicity is not from fat but rather interfaces with sinuses and lymphatic cords.66 The peripheral hypoechoic cortex will be of variable thickness but should be uniform. Flow on color or power Doppler imaging, if present, should have a hilar pattern. With age and after repeated inflammation, the outer cortex of the node will thin, whereas the central aspect becomes more hyperechoic but may decrease or increase in size. A hyperplastic lymph node will be enlarged but maintain the essential sonographic features of a lymph node as described earlier (see Fig. 2-68B) (Video 2-10).[image: image] When a lymph node is malignant (primary or metastatic), the echogenic hilum will narrow and could disappear, whereas the outer hypoechoic cortex will enlarge, and the lymph node will lose its oval shape and become round (see Fig. 2-68C). Flow on color or power Doppler imaging will become heterogeneous, mixed, and peripheral (see Fig. 2-68D) Although size criteria are used throughout the body to determine when a lymph node has enlarged, it is critical not to rely solely on size criteria but rather to evaluate the sonographic characteristics for early malignancy, taking into account patient history (see Fig. 2-68E). Increased posterior through-transmission is usually present with abnormal lymph nodes.








[image: image]

FIGURE 2-68  Ultrasound images show (A) normal lymph node (arrowheads) (groin), (B) hyperplastic lymph node (arrowheads) (groin), (C and D) malignant lymph node (arrowheads) (lymphoma), and (E) focal lymph node metastasis (arrowheads) (angiosarcoma) (cursors denote lymph node borders). Note increased through-transmission with abnormal lymph nodes.











Malignant Soft Tissue Tumors


The precise diagnosis of a malignant soft tissue tumor typically cannot be made with ultrasound; however, a large soft tissue mass that does not originate from a joint or synovial space (bursa or tendon sheath) and that is hypoechoic with hypervascularity suggests a possible malignant origin, although biopsy is required for confirmation. Soft tissue sarcomas are predominantly hypoechoic (Fig. 2-69), with possible heterogeneous hyperechoic and hypervascular regions and anechoic necrotic regions as they enlarge, especially when high grade. Increased posterior through-transmission is usually present, as with most solid soft tissue masses. An important teaching point is that a mass that originates within a joint or synovial space is related to a synovial process (proliferation or inflammation) and rarely malignancy; synovial sarcoma is similar to other sarcomas and appears as a hypoechoic mass near but outside of a joint (see Fig. 2-69C). Granulocytic or myeloid sarcoma (also called chloroma), as a complication of myelogenous leukemia, may also appear as a hypoechoic mass (Fig. 2-70).67 Lymphoma also presents as a hypoechoic mass with increased through-transmission or an infiltrating hypoechoic mass (Fig. 2-71).68 A soft tissue tumor that is calcified or ossified will require further evaluation with MRI or CT because shadowing may obscure much of the mass (Fig. 2-72).
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FIGURE 2-69  Soft tissue sarcoma.


Ultrasound images show (arrowheads) (A) undifferentiated pleomorphic sarcoma, (B) high-grade leiomyosarcoma, (C) synovial sarcoma, (D) Ewing sarcoma, and (E and F) dermatofibrosarcoma protuberans. Note increased through-transmission.







[image: image]

FIGURE 2-70  Granulocytic or myeloid sarcoma (chloroma).


Ultrasound images from two different patients show (A) soft tissue chloroma (arrows) and (B and C) chloroma (cursors and arrowheads) surrounding median nerve (arrows) proximal to the elbow.
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FIGURE 2-71  Lymphoma.


Ultrasound images from four different patients show (A and B) hypoechoic lymphoma (arrowheads) with increased through-transmission, (C) irregular hypervascularity with power Doppler within hypoechoic lymphoma, and (D) infiltrating intramuscular lymphoma (arrows).
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FIGURE 2-72  Soft tissue chondroma.


A and B, Ultrasound images show hyperechoic surface of the mineralized chondromas (arrowheads) with significant shadowing, which obscures the soft tissue mass. Note hyperemia in B.




Common diagnoses can be suggested based on the patient’s age and the location of the tumor, but percutaneous biopsy with use of ultrasound guidance is usually needed.69 With ultrasound guidance, a needle can be accurately placed into the soft tissue component of the tumor, while avoiding the necrotic center and adjacent neurovascular structures and thus increasing diagnostic yield. Soft tissue metastases are commonly hypoechoic with possible hypervascularity (Fig. 2-73).70 Ultrasound is also effective in evaluation for recurrence of soft tissue malignancy after treatment (Fig. 2-74).71 With melanoma, ultrasound can detect soft tissue recurrence or metastasis before findings at clinical examination (see Fig. 2-74A).72 It has been shown that ultrasound is as effective as MRI in evaluation for soft tissue sarcoma recurrence after treatment (see Fig. 2-74B and C).73
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FIGURE 2-73  Soft tissue metastases.


Ultrasound images show (arrows) (A) hypoechoic metastatic lung cancer and (B) epithelioid sarcoma. Note increased through-transmission (open arrows).
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FIGURE 2-74  Soft tissue recurrence.


Ultrasound images show (arrows) predominantly hypoechoic recurrent (A) melanoma, (B) sarcoma, (C) lymphoma, and (D) sarcoma. Note increased heterogeneity with larger tumor size. F, femur.














Bone Masses


In evaluation for bone involvement from a soft tissue tumor, or a primary benign or malignant osseous tumor, radiography is an important initial imaging method. Ultrasound is limited with regard to osseous abnormalities when compared with MRI; however, a bone process that creates cortical irregularity, destruction, or periosteal reaction may be identified at ultrasound. When using ultrasound to evaluate soft tissue, it is always important to consider the osseous structures as the primary pathologic process. Ultrasound evaluation of an extremity should include the deeper structures such as the underlying osseous structures. Correlation with radiography is always essential, and further evaluation with MRI should always be a consideration.


One primary benign bone abnormality that may be visible at ultrasound is an osteochondroma (or exostosis) (Fig. 2-75) (Video 2-11), [image: image] which appears as a well-demarcated osseous excrescence that typically points away from the adjacent joint. Correlation with radiography is essential to identify both cortical and medullary continuity with the underlying bone to ensure the correct diagnosis. Ultrasound can also identify complications related to an enchondroma, such as fracture, bursa formation (Fig. 2-76), pseudoaneurysm, and malignant degeneration to chondrosarcoma. Other benign bone lesions that may be visible at ultrasound include aneurysmal bone cysts (Fig. 2-77).
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FIGURE 2-75  Osteochondroma (exostosis).


Ultrasound image shows a hyperechoic ossified surface (open arrows) and an overlying hypoechoic cartilage cap (arrowheads) of osteochondroma.
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FIGURE 2-76  Osteochondroma (exostosis): bursa formation.


Ultrasound images in (A) short axis and (B) long axis to humerus (H) show osteochondroma (arrowheads) and overlying complex hypoechoic bursa (arrows).
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FIGURE 2-77  Aneurysmal bone cyst.


Ultrasound images show expansile nature of aneurysmal bone cyst (arrowheads). H, humerus.




When there is destruction of the bone cortex, an aggressive process is present, and considerations include both primary and secondary bone malignancy. Correlation with patient age, history, radiography, and distribution of pathology can suggest primary versus secondary processes. Considerations for primary bone tumor include osteosarcoma (Fig. 2-78), malignant fibrous histiocytoma (Fig. 2-79), chondrosarcoma, lymphoma, and Ewing sarcoma (Fig. 2-80). Osseous metastasis may also produce bone destruction (Fig. 2-81) (Video 2-12).74[image: image] A cortically based destructive process suggests lung cancer metastasis (see Fig. 2-81B), whereas an expansile hyperemic process could indicate a vascular metastasis, such as from renal cell or thyroid carcinoma.
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FIGURE 2-78  Osteosarcoma.


Ultrasound images in (A) long axis and (B) short axis to femur show soft tissue mass (arrows) extending from femur (F). Note significant cortical irregularity of the femur (arrowheads).







[image: image]

[image: image]

FIGURE 2-79  Malignant fibrous histiocytoma of bone.


Ultrasound images show (A and B) a mixed-echogenicity malignant fibrous histiocytoma (arrows) of the tibia (T) that destroys bone.
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FIGURE 2-80  Ewing sarcoma.


Ultrasound image shows hypoechoic soft tissue Ewing sarcoma (arrows) originating from the fibula (F). Note absence of gross cortical destruction.
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FIGURE 2-81  Osseous metastases.


Ultrasound images show (A) bone destruction (open arrows) with hyperemic soft tissue mass (arrowheads) representing a renal cell carcinoma metastasis, (B) bone destruction (open arrows) centered at the humeral cortex with a soft tissue mass (arrowheads) characteristic of a lung cancer metastasis (termed a cookie-bite lesion), and (C) a lung cancer metastasis (arrows) to the distal phalanx of the first toe. A, acromion; C, clavicle; D, distal phalanx; P, proximal phalanx.
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