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Chapter 4
Elbow
Theodore T. Miller
INTRODUCTION
The elbow is commonly injured in sports and occupational activities. Elbow injuries account for approximately 20% of upper
extremity sports injuries1 and the elbow is the second most commonly dislocated joint after the shoulder.2 The elbow is well suited
to sonographic evaluation: it is small and easily manipulated by the examiner, enabling dynamic assessment; it is accessible around
its entire circumference, allowing long and short axis scanning of every segment of the joint; and the structures of interest are
superficial and linear and thus easily examined.
ANATOMY AND TECHNIQUE
Linear high-frequency transducers should be used since the ligaments, tendons, and nerves about the elbow are superficial and
linear. Unlike the shoulder, which has a standard scanning protocol, the elbow is scanned by placing the transducer over the site of
clinical concern. Nonetheless, for the purpose of the description of anatomy, the elbow can be divided into four quadrants: anterior,
lateral, posterior, and medial.3
Anterior Quadrant
The anterior quadrant contains the biceps muscle and tendon, the radial and median nerves, and the anterior aspects of the
radiocapitellar and humeroulnar joints. Scanning is performed with the elbow extended and supinated (Fig. 4.1). The transducer is
placed transversely across the distal arm. The pulsating brachial artery is midline and is a major landmark. Lateral to the brachial
artery is the distal biceps tendon, and medial to the brachial artery is the median nerve. The biceps aponeurosis (also called the
lacertus fibrosus) is a fascial layer that extends from the flexor pronator muscle group to the biceps tendon (Figs. 4.2 and 4.3).
Tip:
You may have to rock the transducer cranially to make the tendons and nerves echogenic.

Figure 4.1. Scanning of the anterior quadrant. The transducer is placed transversely across the antecubital fossa.
As the transducer slides distally, the anterior aspects of the radiocapitellar and humeroulnar joints come into view. The curvilinear
bony surfaces are covered by anechoic articular cartilage. The radial nerve is visible deep to the brachioradialis muscle at this level
(Fig. 4.3). As the transducer moves distally, the deep branch of the radial nerve can be identified as it enters the supinator muscle
between the superficial and deep muscle heads (Fig. 4.4). Rotating the transducer 90 degrees over either the radial or median
nerves demonstrates the hypoechoic fibrillar appearance of the nerve in long axis (Fig. 4.5).
The radial nerve is the terminal branch of the posterior cord of the brachial plexus (C5-8, T1). In the arm it courses posterior to the
humerus in the spiral groove, and pierces the intermuscular septum in the distal arm to lie anterior to the lateral condyle of the
humerus. The radial nerve supplies the triceps, anconeus, brachioradialis, and the lateral half of the brachialis.
At the level of the elbow joint, the radial nerve divides into a superficial sensory branch, which courses in the forearm along the
deep surface of the brachioradialis, and a deep motor branch, which enters the radial tunnel. The radial tunnel extends from the
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level of the radiocapitellar joint to the proximal aspect of the supinator,4 and is bounded by the joint capsule posteriorly, the
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brachialis muscle and biceps tendon medially, and the brachioradialis muscle and the extensor carpi radialis brevis and longus
muscles laterally.5

Figure 4.2. Anatomy of the anterior aspect of the elbow. In the distal arm, the biceps tendon is lateral to the brachial artery and the
median nerve is medial to the brachial artery. The lacertus fibrosus (the biceps aponeurosis) extends from the common flexor mass
to the distal biceps tendon. The median nerve and its anterior interosseous branch pass between the two heads of the pronator
muscle. The deep branch of the radial nerve courses between the superficial and deep heads of the supinator muscle.
At the distal aspect of the radial tunnel, the deep branch pierces the supinator muscle anteriorly between the superficial and deep
heads of the supinator (Figs. 4.2 and 4.5). The proximal edge of the superficial head of the supinator is called the Arcade of Frohse
and is the most common site of radial nerve entrapment (Fig. 4.2). The deep branch of the radial nerve exits the posterior aspect of
the supinator as the posterior interosseous nerve (PIN) and enters the posterior compartment of the forearm. At the elbow, the deep
branch supplies the extensor carpi radialis brevis and the supinator. In the posterior compartment of the forearm, the deep branch,
now called the PIN, supplies the extensor carpi ulnaris, the extensor digitorum communis, the extensor digiti minimi, the abductor
pollicis longus, the extensor pollicis longus and brevis, and the extensor indicis proprius.4
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Figure 4.3. Transverse sonographic image of the antecubital fossa. The biceps tendon (B) is lateral to the brachial artery (A), and
the median nerve (white arrow) is medial and deep to the brachial artery. The thin biceps aponeurosis (curved black arrow) extends
from the pronator muscle (P) to the biceps tendon. The brachialis (Br) is a large muscle directly anterior to the humerus. Deep to
the brachialis is the thin hypoechoic articular cartilage (straight block arrows) of the capitellum (C) and trochlea (T). The radial
nerve (straight black arrow) lies between the brachialis and brachioradialis (Brr) muscles.
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Figure 4.4. Short-axis image at the radial neck (RN) shows the superficial branch of the radial nerve (white arrow) and the deep
branch (black arrow) in the proximal plane between the superficial (Ss) and deeps heads (Sd) of the supinator.
The median nerve arises from the medial and lateral cords of the brachial plexus (C6-8, T1) and courses
P. 51
 
alongside the brachial artery in the anterior compartment of the arm and at the elbow, passing through the antecubital fossa deep to
the biceps aponeurosis (see below) and anterior to the brachialis muscle. The nerve lies between the humeral (superficial) and ulnar
(deep) heads of the pronator teres muscle at the level of the elbow joint (Fig. 4.2), and enters the anterior compartment of the
forearm by passing beneath the fibrous arch of the heads of the flexor digitorum superficialis (FDS)6 (Fig. 4.6). At the elbow and
proximal aspect of the forearm the median nerve supplies the pronator teres, flexor carpi radialis, palmaris longus, and FDS.7
Within the forearm, the nerve courses between the FDS and FDP.
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Figure 4.5. Long-axis image shows the echogenic fibrillar appearance of the deep branch of the radial nerve (white arrows) as it
enters between the superficial (Ss) and deep (Sd) heads of the supinator. The proximal edge of the superficial head is the Arcade of
Frohse (black arrow). RH, radial head; RN, radial neck.

Figure 4.6. Composite long-axis image shows the median nerve (arrows) passing between the humeral head of the pronator teres (P)
and the brachialis (Br) at the level of the elbow joint (T is the trochlea), and entering the forearm between the flexor digitorum
superficialis (FDS) and flexor digitorum profundus (FDP). The ulnar head of the pronator teres is not visualized well in this image.
The anterior interosseous nerve (AIN) arises from the median nerve at the level of the humeral head of the pronator teres, and
travels along the anterior aspect of the interosseous membrane of the forearm between the flexor pollicis longus and the flexor
digitorum profundus (Fig. 4.7). The AIN is purely motor and supplies the pronator quadratus muscle, the flexor pollicis longus
muscle, and the FDP muscle for the index and the middle fingers.4,8
Longitudinal scanning over the radiocapitellar joint shows the joint space and the thin stripe of anechoic articular cartilage of the
capitellum (Fig. 4.8). Sliding the transducer medially demonstrates the coronoid fossa of the distal humerus. This is a good place to
look for joint fluid and intra-articular loose bodies.
The distal biceps tendon can be challenging to image because it dives deep in the antecubital fossa to insert on the radial tuberosity
and because it does not have a straight sagittal orientation. There are several techniques for scanning the distal biceps:

Anterior approach3,9—With the arm extended and maximally supinated, find the tendon in short axis in the distal arm, just
proximal to the elbow crease, and then rotate the transducer 90 degrees (Fig. 4.9). Alternatively, place the transducer
longitudinally on the antecubital fossa, find the brachial artery, and then slide the transducer just lateral to the artery (Fig.
4.10).
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Figure 4.7. Transverse image of the proximal forearm shows the hypoechoic anterior interosseous nerve (black arrow) along
the anterior surface of the echogenic interosseous membrane (round tail white arrow). The median nerve (straight white
arrow) lies between the flexor digitorum superficialis (FDS) muscle and the flexor digitorum profundus (FDP) muscle. R,
radius; U, ulna.
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Figure 4.8. Long-axis image shows the capitellum (C), thin hypoechoic cartilage (arrow), and the radial head (R).
P. 52
 

Figure 4.9. Anterior approach to the biceps tendon. The transducer is long axis and pressed into the interosseous space. The
forearm is maximally supinated.
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Figure 4.10. Anterior approach to the distal biceps tendon (arrows) is straight and inserts on the radial tuberosity (T). The
tendon has a hypoechoic appearance because it is coursing away from the transducer. C, capitellum; R, radial head.

Figure 4.11. Anterior approach by pressing the distal aspect of the transducer into the forearm, the biceps tendon and
transducer become more parallel, and the tendon (arrows) demonstrates a more echogenic fibrillar appearance. Radial
tuberosity (T).
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Figure 4.12. Lateral approach to the biceps tendon. The elbow is bent 90 degrees, the forearm is supinated, and the
transducer is placed obliquely along the course of the biceps tendon.
Lateral approach10—With the elbow bent 90 degrees and the forearm supinated, place the transducer longitudinally over the
lateral aspect of the forearm, using the brachioradialis muscle as an acoustic window (Figs. 4.12 and 4.13).
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Figure 4.13. Diagram shows the course of the distal biceps tendon with the elbow bent 90 degrees. The transducer (black
rectangle) is placed in the same plane as the tendon. This principle underlies both the lateral and medial approaches, and
accounts for the long-axis appearance of the tendon and the short-axis appearance of the radius.
P. 53
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Figure 4.14. Lateral approach to the biceps tendon is seen in long axis (arrows), while the radial tuberosity (T) is seen in
short axis. Brr, brachioradialis; S, supinator.
Medial approach11—With the elbow bent 90 degrees and the forearm supinated, place the transducer longitudinally over the
distal aspect of the arm from the medial side (Fig. 4.15). Slide the transducer anteriorly until the tendon is identified, and
then slide distally, using the flexor-pronator mass as an acoustic window. The radius will be seen in short axis in this method,
similar to the lateral approach (Fig. 4.16).
Posterior approach12—With the elbow maximally flexed and the forearm pointing toward the ceiling, place the transducer
transversely against the dorsal aspect of the proximal forearm at the level of the radial tuberosity (Fig. 4.17). As the patient
supinates and pronates the forearm, the distal aspect of the biceps tendon is identified (Fig. 4.18).

Tip:
To optimally visualize the distal biceps tendon, “heel-toe” the transducer by pressing the distal aspect of the transducer footprint
into the forearm and rotate the transducer toward the radius using the radial head, neck, and tuberosity as bony landmarks (Fig.
4.11).
Tip:
The radial tuberosity is visualized in short axis in this position (Fig. 4.14).
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Figure 4.15. Medial approach to the biceps tendon. The elbow is bent 90 degrees and the transducer is placed parallel to the arm.
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Figure 4.16. Medial approach to the biceps tendon is seen in long axis (arrows), while the radial tuberosity (T) is seen in short axis.
Flexor pronator mass (FP).
In long-axis the biceps tendon is of uniform caliber and has the typical echogenic, fibrillar appearance of a tendon. It appears round
and well-defined in short-axis scans. Long head and short head components of the distal biceps tendon have been described, with
the long tendon being deeper and inserting on the more proximal aspect of the radial tuberosity and the short tendon being more
superficial and inserting more distally,13 but these two components are usually difficult to separate. The bicipitoradial bursa sits
saddle-shaped around the
P. 54
 
distal biceps tendon to protect it from osseous friction during pronation of the forearm.14 It is not normally distended.
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Figure 4.17. Posterior approach to the biceps tendon. The transducer is placed transversely along the dorsal aspect of the forearm
with the forearm maximally pronated to bring the biceps tendon insertion into view.

Figure 4.18. Short-axis biceps tendon insertion. A: Using the short-axis posterior approach, the distal biceps tendon (arrows) is well
seen between the radial tuberosity (T) and the ulna (U). B: Using the short-axis conventional anterior approach, the distal biceps
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tendon (arrows) is not as well seen attaching to the radial tuberosity (T) due to anisotropy. Ulna (U).
Lateral Quadrant
The lateral quadrant contains the lateral aspect of the radiocapitellar joint, the common extensor tendon, and the lateral collateral
ligament complex that consists of the radial collateral ligament, lateral ulnar collateral ligament, and the annular ligament.15,16,17

With the patient’s elbow flexed 80 to 90 degrees and the forearm on the examination table, the transducer is placed longitudinally
on the lateral elbow at the level of the radiocapitellar joint using the bony landmarks of the radial head and lateral epicondyle (Fig.
4.19). The common extensor tendon originates from the lateral epicondyle of the humerus and is comprised of the extensor carpi
radialis brevis, extensor carpi ulnaris, extensor digitorum communis, and extensor digiti minimi (Fig. 4.20). The common tendon
has a long thin echogenic fibrillar appearance (Fig. 4.21).

Figure 4.19. Scanning the lateral quadrant. The elbow is flexed, the thumb is up, and the transducer is placed long axis over the
radial head.
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Figure 4.20. Diagram of the common extensor tendon. The extensor carpi radialis brevis component is the deep portion of the
tendon and is the most commonly involved component in lateral epicondylitis. The extensor carpi radialis longus inserts more
proximally, on the supracondylar ridge, and is not part of the common extensor tendon.
P. 55
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Figure 4.21. Long-axis image of the lateral quadrant shows the thin long common extensor tendon (black arrows) inserting on the
lateral epicondyle (LE). The echogenic fibrillar radial collateral ligament (white arrows) extends from the radial head (R) to the
LE, and is often difficult to distinguish from the overlying common extensor tendon.
The radial collateral ligament complex is composed of the radial collateral ligament, the lateral ulnar collateral ligament, and the
annular ligament15,16,17 (Fig. 4.22). The radial collateral ligament lies deep to the common extensor tendon, extending from the
undersurface of the lateral epicondyle to blend with the fibers of the annular ligament. It is often difficult to distinguish the radial
collateral ligament as a distinct structure from the overlying common extensor tendon (Fig. 4.21).
Short axis scanning over the radial head demonstrates the thin annular ligament. Oblique scanning is necessary to visualize the
lateral ulnar collateral ligament, which extends from the undersurface of the lateral epicondyle, passes posterior to the radial head
and neck, thus acting as a supporting sling, and inserts on the supinator crest of the ulna.15,16
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Figure 4.22. Diagram of the radial collateral ligament complex. The radial collateral ligament blends with the annular ligament.
The lateral ulnar collateral ligament passes from the posterior aspect of the lateral condyle to the supinator crest of ulna, and
supports the posterior aspect of the radial head.
Posterior Quadrant
The posterior quadrant contains the triceps tendon, olecranon fossa, and ulnar nerve, and it can be scanned in several ways:

The “crawling crab” position, in which the patient’s hand is placed on the examination table with the elbow up and rotated
toward the examiner (Fig. 4.23). The disadvantage of this position is that it is static.
The elbow is flexed 90 degrees with the forearm resting on the examination couch in front of the patient (Fig. 4.24). This
position is good for the triceps but is difficult for the ulnar nerve since the medial aspect of the elbow is lying against the
table.
The patient’s arm is elevated by the examiner who holds the patient’s forearm with one hand and places the transducer
against the posterior aspect of the elbow with the other hand. The patient’s elbow rests against the palm of the examiner (Fig.
4.25). The advantage of this technique is that it allows dynamic scanning as the examiner flexes and extends the elbow by
moving the patient’s forearm. This is particularly helpful for the evaluation of a clinically suspected
P. 56
 
snapping ulnar nerve. The disadvantage is that it requires a steady and experienced hand since both the patient’s elbow and
the examiner’s hand are freefloating in the air.
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Figure 4.23. Crawling crab position. The posterior quadrant is well accessible but the elbow is static.
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Figure 4.24. The elbow is flexed 90 degrees with the forearm resting on the examination table. The ulnar nerve is difficult to assess
in this position.
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Figure 4.25. Posterior approach for dynamic scanning. This technique is good for assessment of a snapping ulnar nerve or triceps
muscle.
The triceps tendon is a short broad structure with an echogenic fibrillar appearance composed of contributions of the long and
lateral heads,18 and inserts on the superficial aspect of the olecranon process The medial head of the triceps muscle has a separate
insertion on the olecranon process, deep to the tendon (Fig. 4.26). With the elbow flexed, the olecranon fossa of the humerus is
exposed and can be viewed both in short and long axis (Fig. 4.27).



1/22/2021

23/55

Figure 4.26. Long-axis view of the posterior quadrant. The triceps tendon (T) inserts on the olecranon process (O). The medial
head of the triceps (MT) has a separate, short insertion (asterisk) deep to the tendon. By flexing the elbow, the olecranon moves
distally, exposing the fossa (F).
Tip:
The olecranon fossa is a good place to look for synovitis, joint effusion, and loose bodies, and is a good target for elbow aspiration.
In short axis, slide the transducer medially, posterior to the medial epicondyle to visualize the ulnar nerve. The ulnar nerve arises
from the medial cord of the brachial plexus (C8, T1) and courses along the medial side of the brachial artery in the anterior
compartment of the proximal arm. It then passes posterior to the medial epicondyle of the humerus in the cubital tunnel, a fibro-
osseous channel formed by the olecranon process
P. 57
 
laterally, the posterior cortex of the medial epicondyle medially, the elbow joint capsule and posterior bundle of the medial
collateral ligament (MCL) anteriorly, and the Ligament of Osborne (the cubital retinaculum) posteriorly (Fig. 4.28). The nerve
exits the cubital tunnel to enter the medial aspect of the forearm between the superficial and deep heads of the flexor carpi ulnaris
muscle. At the elbow, the ulnar nerve supplies the flexor carpi ulnaris and the medial half of the FDP.
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Figure 4.27. Short axis of the posterior quadrant shows the olecranon fossa (F) between the medial (M) and lateral (L) condyles of
the humerus. The medial head of the triceps (MT) and the triceps tendon (T) overlie the fossa.
In the cubital tunnel, the ulnar nerve appears round and hypoechoic, surrounded by echogenic fat in transverse scans, and narrow,
linear, and hypoechoic in longitudinal scans. Nerve stability is assessed while scanning transversely during flexion and extension
of the elbow.
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Figure 4.28. Cubital tunnel and ulnar nerve. Axial proton density MR image (A), oriented to match the sonographic image (B). The
ulnar nerve (round tail arrow) is bounded by the posterior bundle of the medial collateral ligament (black arrow), the medial
condyle (M), the cubital retinaculum (white arrows), and the olecranon process (O).
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Figure 4.29. Scanning the medial quadrant. The elbow is extended, the forearm is supinated, and the patient may have to lean away
from the examiner.
Medial Quadrant
The medial quadrant contains the common flexor tendon and MCL and is scanned with the elbow extended and the forearm
supinated (Fig. 4.29). The common flexor tendon originates from the medial epicondyle of the humerus. It is composed of the
flexor-pronator group of muscles: pronator teres, flexor carpi radialis, palmaris longus, and flexor carpi ulnaris (Fig. 4.30).
P. 58
 
The common flexor tendon is shorter and broader than the common extensor tendon, and has an echogenic fibrillar appearance as it
attaches on the medial epicondyle (Fig. 4.31). It is well demonstrated by placing the transducer longitudinally over the medial joint
line.
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Figure 4.30. Diagram of the flexor pronator group, forming the common flexor tendon. The pronator teres and flexor carpi radialis
components are most commonly involved in medial epicondylitis.
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Figure 4.31. Long-axis image of the medial side of the elbow shows the short common flexor tendon (black arrows) of the flexor-
pronator (FP) muscle group, with hypoechoic anisotropy at its attachment on the medial epicondyle (ME). The anterior bundle of
the MCL (white arrows) has a fan shape, with a broad origin on the medial condyle and a tapered insertion on the sublime tubercle
of the coronoid process (C) of the ulna. The ligament crosses the joint space between the coronoid process and trochlea (T) of the
humerus, and has echogenic fibrofatty material (asterisk) between it and the humerus.
Deep to the common flexor tendon is the anterior bundle of the MCL. The MCL is also composed of a posterior bundle and a
transverse bundle, but the anterior bundle is the primary restraint to valgus stress, is the bundle that is usually of clinical concern,
and is most visible at imaging (Fig. 4.32). The anterior bundle has a fan shape, with a broad origin on the undersurface of the
medial condyle and a thin insertion on the sublime tubercle of the coronoid process of the ulna (Fig. 4.31).
Tip:
The anterior bundle of the MCL may have a hypoechoic appearance because of its oblique course distally. Press the distal aspect of
the transducer into the forearm to make the ligament more echogenic.
TENDON PATHOLOGY
Epicondylitis
Lateral epicondylitis (“tennis elbow”) is the term used for pain over the lateral epicondyle and proximal lateral forearm during
wrist extension and supination. It is an overuse injury typically affecting the extensor carpi radialis brevis component of the
common extensor tendon,19 and got the name “tennis elbow” because of its association with poor backhand technique in amateur
players,20 but most cases are not due to tennis, and it may be encountered in the lead elbow of professional golfers21 and activities
that require repetitive extension and supination of the wrist.19 Lateral epicondylitis and radial nerve neuropathy may have similar
clinical presentations, and imaging plays an important role in distinguishing the two conditions.22
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Figure 4.32. Diagram of the medial collateral ligament, showing the anterior and posterior bundles and the transverse ligament
component.
Medial epicondylitis is the term used for pain over the medial epicondyle with wrist and finger flexion and wrist pronation. It is
less common than lateral epicondylitis. Medial epicondylitis is also called “golfer’s elbow”, affecting the trail arm as a result of
poor swing technique in amateur golfers,21 but most cases are not due to golf. Weight lifting, bowling, and throwing are all
associated with medial epicondylitis due to the valgus stress that accompanies these activities.23 The pronator teres and flexor carpi
radialis components are predominantly affected.24 Patients with medial epicondylitis may also have ulnar neuritis due to tensile
and valgus compressive loads that produce medial epicondylitis.
The term “epicondylitis” is a misnomer, since histologically there is no acute inflammatory process.25,26,27 Rather, it is a
degenerative process due to repetitive microtrauma of the common extensor or flexor tendons, with micro tearing of the fibers
leading to mucoid degeneration, angiofibroblastic proliferation, and eventual macro tearing if the offending activity continues.
Sonographically, the process looks similar regardless of the side affected. In the early stages the tendon may be hypoechoic and/or
thickened (Fig. 4.33).
P. 59
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Figure 4.33. Long-axis image shows a thickened and hypoechoic common extensor tendon (straight white arrows). The radial
collateral ligament, deep to the tendon, is also degenerated hypoechoic (round tail arrow). LC, lateral condyle; R, radial head.
Tip:
Rock the transducer to eliminate anisotropy as an artifactual cause of decreased echogenicity.
Occasionally, calcium hydroxyapatite is deposited in the degenerated tendon, giving a patchy echogenic appearance (Fig. 4.34).
More severe disease may show linear hypoechoic clefts in the tendon or partial tearing of the deep surface at its condylar
attachment, and scanning in the short axis helps to confirm a partial tear (Fig. 4.35). Hyperemia due to angiofibroblastic
proliferation may be demonstrated using color or power Doppler24,28,29 (Fig. 4.36) but is not always present. Enthesophytes may
be present at the apex of the epicondyle in long-standing cases. Sonoelastography may demonstrate softening of the tendon.30 The
underlying radial collateral and medial collateral ligaments may also be degenerated or torn as a result of the overlying tendon
abnormality and should be examined when scanning for epicondylitis.
Sonography has variable sensitivity and specificity for detecting epicondylitis. Miller et al. reported sensitivities ranging from 64%
to 82% and specificities of 67% to 100%,29 whereas Levin reported sensitivities of 80% to 92% but specificities of only 41% to
59%.31 Struijs reported positive predictive values of 78% to 82%.32 Lee et al. found that more than 4.2 mm of thickening of the
common extensor tendon had 78% sensitivity and 95% specificity for lateral epicondylitis,33 but their overall sensitivity and
specificity were only 76.5% and 76%, respectively. On the other hand, Park et al. reported 95% sensitivity and 92% specificity for
the sonographic diagnosis of medial epicondylitis.34

Figure 4.34. Long-axis image of common extensor origin shows focal areas of speckled echogenic calcification (arrows). LC,
lateral condyle; R, radial head.
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Figure 4.35. Short-axis image shows a tear (arrows) of the common extensor tendon. Note the thickening of the tendon (double-
headed arrow). LC, lateral condyle.
Epicondylitis may be treated with ultrasound-guided needle techniques such as fenestration,35 steroid injection,36 lavage of
hydroxyapatite, and platelet-rich plasma (PRP) or autologous blood injections.37 Regardless of the procedure, the needle technique
is the same, using a long- or short-axis approach, whichever gives better access to the abnormal tissue. As with other ultrasound-
guided techniques, success depends on keeping the transducer in plane with the needle. There is no scientific evidence regarding
the most effective needle size for fenestration, nor how many fenestrations are needed to stimulate healing. Typically, the needle
sizes range from 20G to 25G. Similarly, there is no evidence regarding efficacy of any particular corticosteroid. A typical injectate
consists of 0.5 mL of 1% lidocaine, 0.5 mL of 0.25% bupivacaine, and 1 mL of betamethasone (Celestone
P. 60
 
Soluspan 6 mg/mL). Betamethasone is less likely to cause skin depigmentation and atrophy of subcutaneous fat than long-acting
depot preparations, which is a particular issue in such a visible joint as the elbow. Fenestration is always performed as part of a
steroid injection. Fenestration of the tendon is performed first, followed by injection of the anesthetic-steroid mixture around the
tendon. Steroid is not directly injected into the tendon so as to minimize the risk of tendon rupture. On the other hand, autologous
blood or PRP are injected directly into the tendon after fenestration, and will occasionally demonstrate intrasubstance tears that
were not otherwise visible. Various commercially available kits are used to produce PRP from the patient’s autologous blood.
Typically, 3 mL of PRP are obtained after spinning 20 mL of the patient’s blood, and all 3 mL are injected into the degenerated or
torn tendon after fenestration.
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Figure 4.36. Power Doppler long-axis image shows hyperemia within a degenerated common flexor tendon. MC, medial condyle.
Distal Biceps Tendon
Degeneration of the distal biceps is the result of repetitive microtrauma from exercise or manual labor, but large partial tears or
complete rupture are usually the result of a single episode affecting a degenerated tendon. The mechanism of injury is an eccentric
contraction of the tendon (i.e., the elbow is forcibly extended during active flexion) such as grabbing a banister while falling down
steps, jerking an object that is too heavy to lift, or doing “negatives” as part of a biceps curl exercise. Weight lifting and anabolic
steroid abuse are risk factors.38

The patient may experience sudden pain in the antecubital fossa, and may demonstrate the “Popeye” sign of the retracted muscle
and tendon on physical examination. Retraction of the tendon is limited if the biceps aponeurosis (the lacertus fibrosus) remains
intact and this may make the diagnosis more difficult. The aponeurosis is a thin fascial layer that extends from the superficial
surface of the common flexor muscle mass of the medial side of the forearm to blend with the fibers of the distal biceps tendon. If
it remains intact, the biceps does not usually retract beyond the radiocapitellar joint. Clinically, the patient with a ruptured biceps
tendon has weak but not absent flexion and supination, since other supinators and flexors remain intact (e.g., the supinator and
brachialis muscles, respectively). The examiner may be able to palpate a defect in the antecubital fossa.
Sonographically, biceps tendinosis or low-grade partial tearing demonstrates thickening or thinning, irregular contour, and
hypoechogenicity of the tendon, and there may be distension of the adjacent bicipitoradial bursa9,39 (Fig. 4.37).
Tip:
Scanning from the extensor surface of the forearm while the patient supinates and pronates can be helpful.
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Figure 4.37. Long-axis image of distal biceps tendinosis and partial tearing shows a thickened tendon (arrows) with intrasubstance
hypoechoic clefts, and distension of the bicipitoradial bursa (asterisk). Radial tuberosity (T).
Complete rupture results in discontinuity and variable retraction of the tendon (Fig. 4.38). The extent of retraction is important as it
will assist the surgeon in planning the surgical repair and the level of incisions. It is also important to evaluate the torn tendon ends
to determine the tissue quality: A frayed end suggests poor tissue quality. Heterogeneous hypoechoic edema/hematoma may be
present in the tendon gap or in the bicipitoradial bursa.
Da Gama Lobo et al. reported 95% sensitivity, 71% specificity, and 91% accuracy for the diagnosis of complete versus partial tears
of the distal biceps tendon, and found that posterior acoustic shadowing emanating from the ruptured tendon edge had 98%
accuracy for distinguishing a ruptured tendon from normal, and 91%
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accuracy for distinguishing a ruptured tendon from a partially torn tendon.40
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Figure 4.38. Long-axis image shows a ruptured biceps tendon, with its torn edge (arrow) retracted several centimeters proximal to
the capitellum (C).
Distal Triceps Tendon
Distal triceps tendon injuries occur as a result of repetitive extension, such as in bench press exercises, or a fall on an outstretched
arm with resultant concentric contraction, but triceps tendon injuries in general are rare.18 Chronic systemic diseases, such as
rheumatoid arthritis, diabetes, renal failure, and steroid use may weaken the tendon and predispose to injury.18 The patient usually
complains of pain during resisted elbow extension, with or without weakness depending on the severity of tendon injury.
Degeneration results in a thickened hypoechoic tendon, and partial tears produce clefts or gaps in the tendon41,42 (Fig. 4.39).
Rupture of the tendon can occur but actually represents a delamination type of injury since the medial head insertion on the
olecranon remains intact41,42 (Fig. 4.40).
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Figure 4.39. Partial tear of triceps tendon. A: Sagittal fat-suppressed T2-weighted MR image shows a large high-signal intensity tear
(arrow) within a thickened distal triceps tendon. Olecranon (O). B: Long-axis sonographic image shows the hypoechoic tear (arrow)
in the thickened tendon, inserting on the olecranon (O). C: Short-axis sonographic image shows the intrasubstance tear (arrow).
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Figure 4.40. Long-axis image shows a torn and retracted triceps tendon (white arrow) with heterogeneous blood between it and the
olecranon (O). The attachment of the medial head of the triceps is degenerated but intact (asterisk). A large focus of dystrophic
ossification with posterior shadowing is present in the retracted tendon (black arrow), indicating chronic degeneration of the
tendon.
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Another triceps abnormality is the snapping medial head during elbow flexion, usually associated with a snapping ulnar nerve.
During elbow flexion, both the ulnar nerve and medial head of the triceps can be seen to dislocate anteriorly, snapping over the
medial epicondyle. Usually the nerve and triceps dislocate simultaneously, producing a single snapping sensation, but occasionally
they are temporally separated and the patient reports a double snap sensation.43

LIGAMENT PATHOLOGY
Medial Collateral Ligament
The anterior bundle of the MCL, the primary restraint against valgus stress, is composed of anterior and posterior bands that are
reciprocally taut as the elbow flexes.44,45 Consequently, the anterior bundle is usually injured by repetitive valgus loads in
throwing activities such as baseball, javelin, and volleyball spiking.46 In the late cocking-early acceleration phase of baseball
throwing, the tensile force across the flexed elbow is as much as 120 N-m,47 with an angular velocity of over 3,000
degrees/second.48 Less commonly, injury to the MCL is the result of a fall or posterior dislocation of the elbow. The posterior
bundle of the MCL, which forms the floor of the cubital tunnel, is a secondary restraint to valgus load of the flexed elbow, and the
transverse bundle has no known mechanical function.44,49

The normal MCL adapts to repetitive stress. Studies on asymptomatic baseball and handball players have shown that the MCL of
the dominant (throwing) arm is thicker than the nondominant arm (Fig. 4.41), and that the medial joint line may gap by 1 to 2 mm
more in the dominant than nondominant arm with valgus stress50,51,52 (Fig. 4.42). Valgus stress can be achieved in the sonography
suite by having the patient lie supine and hang the flexed elbow over the edge of the couch, or, with the patient sitting or standing
with the elbow flexed, by placing the supinated forearm against the examiner’s side while the examiner pushes against the lateral
side of the elbow (Fig. 4.43).
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Figure 4.41. Thick MCL. A: Long-axis image of the dominant elbow shows a thickened distal aspect of the MCL (arrows). B:
Long-axis image of the patient’s nondominant arm shows normal thickness of the MCL (arrows). C, coronoid process of the ulna;
MC, medial condyle.
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Figure 4.42. Widening of the medial joint line. A: Long-axis image at rest shows the joint line (double headed arrow) between the
coronoid process of the ulna (C) and the trochlea (T). B: Long-axis image with valgus stress shows widening of the joint line
(double headed arrow) between the coronoid process of the ulna (C) and the trochlea (T). MC, medial condyle.
Tip:
The elbow must be flexed at least 30 degrees when testing valgus stress so as to unlock the osseous stability provided by the
olecranon process within the olecranon fossa.
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Figure 4.43. Valgus stress testing. A: Side view shows the patient’s forearm supinated and tucked under the examiner’s arm. The
patient’s elbow is flexed at least 30 degrees. B: Frontal view shows the transducer against the medial side of the elbow while the
examiner pushes the elbow toward the transducer with his/her other hand.
In throwers, MCL injury may be an isolated event or part of the larger spectrum of the “valgus extension overload” syndrome. This
syndrome represents a constellation of findings that results from valgus stress on the medial side of the elbow and resultant
compressive forces on the radiocapitellar joint53,54,55:
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MCL injury.
Medial epicondylitis or strain of the common flexor mass.
Ulnar neuritis
Osteochondral injury of the capitellum.
Stress reactions or fracture of the olecranon process.
Osteophytes along the medial margins of the olecranon and olecranon fossa.

When the MCL is injured, the patient complains of medial elbow pain during valgus loads. Throwers will also complain of
decreased velocity of the throw and inability to control the pitch. Mild sprains may be difficult to detect sonographically as the
only clue may be subtle hypoechoic edema around the ligament.56 High-grade partial tears demonstrate thickening, thinning, or
contour irregularity, and ruptures can be diagnosed by discontinuity or non-visualization of the ligament56 (Fig. 4.44).

Figure 4.44. Ruptured MCL. A: Coronal fat-suppressed T2-weighted image of the elbow in a collegiate baseball player shows a
ruptured MCL proximally (arrow). B: Corresponding long-axis sonographic image of the same patient shows the discontinuity of
the ruptured ligament (arrow).
P. 64
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A particular type of partial tear occurs at the deep surface of the distal aspect of the ligament due to focal stripping of the deep
fibers. On MR-arthrography and CT-arthrography, contrast insinuates into the space between the MCL and sublime tubercle of the
coronoid process, producing the “T-sign” on coronal images.57 Such a deep surface distal tear can also be visualized on
sonography, although the sensitivity and specificity of ultrasound is currently unknown.
In the skeletally immature thrower, the growth plate of the medial epicondylar apophysis is the weakest portion of the ligament-
bone and tendon-bone units, and the tensile load placed on the apophysis by the MCL and common flexor tendon can occasionally
avulse the apophysis (“little leaguer’s elbow”) instead of tearing the ligament or common flexor tendon.58,59 Thus, little leaguer’s
elbow is a Salter I injury, and is treated conservatively if the apophysis is displaced less than 5 mm. Sonographically, the
hypoechoic apophysis will be displaced (Fig. 4.45).

Figure 4.45. Little leaguer’s elbow. A: Long-axis image of the patient’s contralateral normal elbow shows the hypoechoic medial
epicondylar apophysis (arrow) with an early echogenic ossification center, located immediately adjacent to the medial condyle
(M). T, trochlea; C, coronoid process of ulna. B: Long-axis image of the injured elbow in the same patient shows the displaced
apophysis (straight arrow) and a separate fragment of growth plate (round tail arrow). M, medial condyle; T, trochlea; C, coronoid
process of ulna.
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Tip:
Comparison with the patient’s normal contralateral side can be helpful.
Radial Collateral Ligament Complex
The radial collateral ligament is the primary restraint to varus stress, and the lateral ulnar collateral ligament is the primary restraint
to posterolateral stress. The annular ligament maintains the proximal radioulnar joint by restraining the radial head against the
sigmoid notch of the proximal ulna.
The radial collateral and lateral ulnar collateral ligaments are usually injured as a result of a fall, either leading to a varus load or a
posterior dislocation. Ligament injury as a result of elbow dislocation occurs in a predictable fashion dependent on the force of
injury, beginning with the radial collateral and lateral ulnar collateral ligaments, followed by the joint capsule with continued
injury, and lastly by the MCL.60 The annular ligament remains intact. Rupture of the lateral ulnar collateral ligament leads to
posterolateral instability of the elbow.17,60,61 Although the lateral ulnar collateral ligament can be visualized sonographically,
patients with instability after dislocation are best assessed with MRI.
The radial collateral ligament and lateral ulnar collateral ligament may also be affected in cases of lateral epicondylitis, and it is
important to look at these ligaments when scanning for abnormalities of the common extensor tendon62 (Figs. 4.33 and 4.46). In
addition, the lateral ulnar collateral ligament may be iatrogenically injured during surgical debridement of lateral epicondylitis.
The annular ligament is not often injured. In young children, the radial head may be pulled out of the annular ligament by a
forceful yank on the forearm, usually by
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an aggravated adult (“nursemaid’s elbow”), and can be diagnosed sonographically by a widened radiocapitellar space compared to
the contralateral side63,64 (Fig. 4.47).

Figure 4.46. Long-axis image shows a high-grade partial tear of the radial collateral ligament (black arrows), associated with
lateral epicondylitis, seen as a thickened and hypoechoic common extensor tendon (round tail arrow) with an epicondylar
enthesophyte (straight white arrow). LC, lateral epicondyle; R, radial head.
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Figure 4.47. Nursemaid’s elbow. A: Long-axis image over the radiocapitellar joint shows interposition of the displaced annular
ligament (arrow) between the hypoechoic cartilaginous capitellum (C) and radial head (R). B: Long-axis image of the patient’s
contralateral elbow shows the capitellum (C) directly against the radial head (R).
Tip:
Scan the radiocapitellar joint longitudinally along the lateral joint line to detect widening of the radiocapitellar joint in
“nursemaid’s elbow”. Comparison with the contralateral elbow can be helpful.
The echogenic annular ligament can sometimes be seen interposed between the hypoechoic cartilaginous epiphyses of the
capitellum and radial head.
NERVES
The nerves of interest at the elbow are the ulnar nerve, the radial nerve and its deep branch that becomes the posterior interosseous
nerve, and the median nerve and its branch, the AIN.
Ulnar Nerve
Ulnar nerve compression at the elbow is the second most common nerve entrapment of the upper extremity after carpal tunnel
syndrome, with an estimated annual incidence of 21 to 25 cases per 100,000.65,66 There is no agreement on risk factors, although
physical labor is commonly reported.65,66 Flexion of the elbow causes increased tensile load on the ulnar nerve and increases the
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pressure in the cubital tunnel up to 20 times the pressure at rest.67,68 Populations at risk for flexion-induced ulnar neuropathy
include truck drivers who lean the flexed elbow against the open window of the truck69 and constant cell phone users.68 Baseball
pitchers are also at risk due to the valgus stress that is induced in the late cocking and early acceleration phases of throwing.70

Patients with ulnar neuropathy complain of pain, paresthesia, and weakness in the little finger and ulnar side of the ring finger, and
numbness in the dorsal ulnar aspect of the hand and fingers.67 Chronic compression may lead to claw deformities of the ring and
little fingers and loss of grip.68

Compression of the ulnar nerve may occur at four different locations at the elbow from proximal to distal67:

At the intermuscular septum in the medial aspect of the mid arm.
Posterior to the medial epicondyle at the entrance to the cubital tunnel.
Within the cubital tunnel.
At the flexor-pronator aponeurosis between the heads of the flexor carpi ulnaris as the nerve enters the forearm.

The cubital tunnel is the most common location of ulnar nerve compression, and the most common structural abnormality in the
cubital tunnel is the anconeus epitrochlearis muscle. This is an anomalous muscle reported in 23% of asymptomatic elbows on MR
imaging and in up to 34% of the population in anatomic dissections.71 Located along the posterior aspect of the cubital tunnel, the
anconeus epitrochlearis muscle may compress the ulnar nerve against the medial epicondyle or olecranon. Osteophytes may also
compress the ulnar nerve in the cubital tunnel.72

Ulnar neuritis is demonstrated sonographically by nerve enlargement73,74 (Fig. 4.48). Comparison of the nerve with the
contralateral asymptomatic nerve73 or comparison of the cross-sectional area at the site of maximal nerve swelling with the cross-
sectional area at a nonswollen location74 can be helpful.
Tip:
When scanning the contralateral elbow or other locations in the ipsilateral elbow, make sure that images are obtained in same
degree of elbow flexion as the cross-sectional area of the nerve decreases with increased flexion.67
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Figure 4.48. Long-axis image of the ulnar nerve shows proximal enlargement (white arrows) compared to more distal fibers (black
arrows). MC, medial condyle; C, coronoid process.
If the nerve is bifid or trifid, the separate moieties must be evaluated additively75 (Fig. 4.49).
Another group at risk for ulnar neuropathy are people with recurrent anterior dislocation of the ulnar nerve that occurs
asymptomatically in 16% to 20% of the population.76,77 Risk factors for ulnar nerve dislocation include cubitus varus deformity,
absent or lax ligament of Osborne (the fascia that forms the roof of the cubital tunnel), hypertrophic medial head of triceps, or an
accessory head of triceps.43,78,79,80 The dislocation may be associated with activities that involve resisted elbow extension such as
the early acceleration phase of throwing and bench press.78 The abnormal movement of the nerve may be felt as a snap by the
patient during elbow flexion, but the snapping may also include the medial head of the triceps or an accessory triceps muscle; in
these instances the patient may report a double-snap sensation.78,79 The repetitive translation of the nerve over the bony
prominence of the epicondyle as it dislocates in flexion and reduces in extension can cause frictional neuritis,76 and patients can
present with a spectrum of clinical abnormalities such as medial elbow pain, snapping, ulnar neuropathy, or combinations
thereof.78,79
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Figure 4.49. Short-axis image through the cubital tunnel shows enlargement of both portions of a bifid ulnar nerve (arrows). MC,
medial condyle; O, olecranon process.
Sonographic imaging during flexion and extension is a real-time method of evaluating ulnar nerve dislocation. Transverse scans
over the cubital tunnel demonstrate both the nerve and medial head of the triceps43 (Fig. 4.50). Scanning during resisted extension
and flexion may be needed to demonstrate the abnormal movement.79 Recognition of concomitant triceps dislocation is crucial to
correct treatment, since surgical anterior transposition of the nerve without correction of the snapping triceps will lead to persistent
symptoms.78,79,81

Radial Nerve
Compression of the deep branch of the radial nerve may occur at five different locations at the elbow from proximal to distal4:

At the level of the radial head by fibrous bands between the brachioradialis muscle and joint capsule.
Distal to the radial head by the “Leash of Henry,” an arcade of anastomosing branches of the radial recurrent artery.
At the level of the tendinous edge of the overlying extensor carpi radialis brevis muscle.
At the “arcade of Frohse” along the proximal aspect of the supinator muscle.
At the distal aspect of the supinator muscle.
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Figure 4.50. Snapping ulnar nerve. A: Short-axis image through the cubital tunnel in elbow extension shows normal location of the
nerve (arrow), posterior to the medial condyle (MC). T, medial head of triceps. B: Short-axis image in elbow flexion shows
dislocation of the nerve (arrow) anterior to the medial condyle (MC), with the medial head of the triceps muscle (T) now filling the
cubital tunnel.
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The arcade of Frohse is the most common site of compression and represents a thickened tendinous proximal edge of the
superficial head of the supinator. The normal edge is thin and membranous. The tendinous thickening is most likely due to
repetitive pronation/supination.82 Deep branch radial nerve compression can lead to either “radial tunnel syndrome” or “posterior
interosseous nerve syndrome” (also called “supinator syndrome”), although it is not known why in any individual one syndrome
occurs and not the other.4 Radial tunnel syndrome leads to a burning sensation along the lateral aspect of the forearm mimicking
lateral epicondylitis, whereas posterior interosseous nerve syndrome presents with weakness of the extensor muscles of the
forearm.
Lateral epicondylitis and deep branch radial nerve compression may coexist, often due to irritation or compression of the nerve by
the degenerated or torn extensor carpi radialis brevis tendon. The two clinical entities are also difficult to distinguish on physical
examination,4 and electrodiagnostic tests are usually normal in radial tunnel syndrome.82 Compression of the lateral antebrachial
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cutaneous nerve can also cause burning pain in the lateral aspect of the forearm, mimicking both lateral epicondylitis and radial
tunnel syndrome, but compression of this nerve is rare.4
Caution must be exercised in interpreting structural changes in patients without symptoms of nerve compression; for example, a
hypertrophic leash of Henry, arbitrarily defined as more than six vessels, was present in 9 of 60 asymptomatic elbows.71

Patients with PIN syndrome may have a hypoechoic swollen deep branch, with a mean diameter of 4.2 mm, as well as hyperemia
of the nerve on color Doppler imaging.83

The sonographic appearances of radial nerve abnormalities include compression within the radial tunnel, as described above (Fig.
4.51), compression by masses such as ganglion cysts, or intrinsic abnormalities of the nerve such as a nerve sheath tumor (Fig.
4.52).
Tip:
The deep branch of the radial nerve may normally have an angulated course at the arcade of Frohse if scanned with the forearm
pronated,84 and this should not be misinterpreted as entrapment.
Median Nerve
The median nerve can be trapped at four locations around the elbow:

In the distal humerus by the ligament of Struthers, a fibrous vestigial remnant, present in up to 2.7% of the population that
extends from the anteromedial aspect of the distal humerus to the medial epicondyle.6,7,85 It is the rarest cause of median
nerve compression.6 The ligament takes its origin from a supracondylar spur on the distal humerus that is present in
approximately 1% of the population.86

Figure 4.51. Long-axis image shows focal deviation (round tail arrow) of the radial nerve (white arrows) by a prominent
vessel (black arrow) at the Leash of Henry. R, radial head.
At the proximal elbow by a thickened biceps aponeurosis.
At the elbow joint between the superficial and deep heads of the pronator teres, which is the most common cause of median
nerve compression.
At the proximal forearm by a thickened proximal edge of the FDS.4,6,7,87

The AIN may be compressed by the pronator teres and by the proximal edge of the FDS,4,7 and can be dynamically compressed by
repetitive elbow flexion or forearm pronation.4,88
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Figure 4.52. Long-axis image of the radial nerve (white arrows) at the level of the radio (R)-capitellar (C) joint shows a focal
neurofibroma (black arrows).
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Similar to radial nerve compression, compression of the median nerve has two presentations: “pronator syndrome” and “AIN
syndrome”.
Patients with pronator syndrome have pain and paresthesia in the volar aspects of the elbow and forearm and in the hand affecting
the thumb, the index and long fingers, and the lateral half of the ring finger.4,7 The hand symptoms are similar to those of carpal
tunnel syndrome. Both syndromes may be aggravated by overuse, but pronator syndrome may also have associated numbness of
the palm due to compression of the palmar cutaneous nerve, whereas symptoms that wake the patient at night are more common
with carpal tunnel syndrome.4,88 Tinel’s sign should be positive over the wrist in patients with carpal tunnel syndrome and is
positive over the elbow and proximal forearm in pronator syndrome.4,88 Symptom reproduction during resisted forearm pronation
suggests median nerve compression by the pronator teres, and symptom reproduction during resisted elbow flexion and supination
suggests the biceps aponeurosis as the cause of compression.4

Patients with AIN syndrome, also called the “Kiloh-Nevin syndrome”,89 have motor weakness typically manifested by weakened
ability to pinch the thumb and index finger together, tested by asking the patient to make an “ok” sign, reflecting the palsy of the
flexor pollicis longus muscle and FDP muscle to the index finger.4,7,88 A non-mechanical cause of AIN syndrome is Parsonage-
Turner syndrome (acute brachial neuritis), which can affect the AIN and cause symptoms of AIN syndrome following a transient
period of shoulder pain.4,90

MR imaging of patients with AIN syndrome shows denervation edema in the muscles supplied by the nerve, or fatty atrophy in
chronic cases. The pronator quadratus muscle is always involved, followed by the FDP muscle, and flexor pollicis longus.8,91

Ultrasound shows increased echogenicity and decreased bulk of the three muscles, suggesting atrophy.92

Perineural injection of the ulnar, radial, or median nerves or their branches can be performed as either diagnostic (anesthetic only)
or therapeutic (anesthetic and cortisone) procedures. The technique is the same regardless of which nerve is injected: The nerve is
identified sonographically in short axis, and a 25G hypodermic needle is placed in-plane with the transducer adjacent to the nerve
(Fig. 4.53). For a diagnostic injection, use 0.5 mL of 1% lidocaine and 0.5 mL of 0.25% marcaine, and for therapeutic injections
add 1 mL of either triamcinolone (40 mg/mL) or betamethasone (6 mg/mL) to the anesthetics.
BURSAE
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The two bursae of clinical concern are the olecranon bursa posteriorly, and the bicipitoradial bursa in the antecubital fossa. The
olecranon bursa is subcutaneous and overlies the posterior aspect of the olecranon. It is usually distended as a result of systemic
diseases such as rheumatoid arthritis and gout, but can be inflamed due to mechanical irritation. Sonography shows a distended
bursa with irregular synovial thickening and hypoechoic or anechoic fluid (Fig. 4.54). Power Doppler may demonstrate
hyperemia.93

Figure 4.53. Short-axis image during a sonographically guided ulnar nerve injection shows the needle (black arrow), with
reverberation artifact, adjacent to the ulnar nerve, which has a fascicular appearance (white arrow). The hypoechoic injectate
(asterisks) surrounds the nerve. MC, medial condyle.
The bicipitoradial bursa is adjacent to the distal biceps tendon insertion, and acts to cushion the tendon during forearm pronation as
the tendon is pulled into the interosseous space.14 It can be inflamed due to mechanical irritation or inflammatory arthritis and is
often distended
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when the distal biceps tendon is torn. The distended bursa is usually wrapped around the distal biceps tendon simulating
tenosynovitis, but the distal biceps tendon does not have a sheath. The appearance of the distended bursa is variable; it can have a
thin or thick and irregular wall (Fig. 4.37), may be complex, and may be hyperemic on Doppler.94,95
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Figure 4.54. Long-axis sonographic image shows a distended olecranon bursa (asterisk) with irregular walls adjacent to the
olecranon process (O).
JOINT SPACE
Joint fluid tends to pool in the recesses of the joint, and the most useful places to look for an effusion are the olecranon fossa, the
coronoid fossa, and the annular recess of the radiocapitellar joint.
Tip:
Flex the elbow to move the olecranon process out of the olecranon fossa to show joint fluid (Fig. 4.55).
Effusions are usually hypoechoic or anechoic. In infection or active inflammatory arthritis, the synovium is thickened and
irregular, and power Doppler may show hyperemia (Fig. 4.55). In chronic cases, the synovium may be thickened without
hyperemia. Aspiration of joint fluid may be required in suspected infection or to look for crystals, and is easily accomplished under
ultrasound guidance using a short-axis approach to the olecranon fossa with an 18G or 20G hypodermic needle and the elbow
flexed 90 degrees. Alternatively, the needle can be placed short axis to the radiocapitellar joint if fluid is visualized in this location
with the elbow bent. Both the olecranon fossa and radiocapitellar joint are also easily accessible sites for injecting anesthetics and
steroids into the joint, using a 25G hypodermic needle.
Loose bodies can be detected sonographically as hypoechoic or echogenic, depending on their mineralization, and they tend to
collect in areas of capsular laxity, such as the olecranon and coronoid fossae and the annular recess, but the donor site of the loose
body is not always visible sonographically.96,97 The presence of an effusion may make intra-articular bodies more conspicuous.98

Purely cartilaginous bodies are hypoechoic and visualized only if they cause a contour deformity of the adjacent joint capsule. In
the presence of an effusion they may be masked by the low echogenicity of the surrounding fluid. Calcified or ossified bodies have
an echogenic surface and posterior shadowing (Fig. 4.56).
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Figure 4.55. Power Doppler long-axis image shows a large effusion (E) in the olecranon fossa with marked surrounding
hyperemia. The elbow has been flexed to move the olecranon process out of the way.
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Figure 4.56. Loose body. A: Sagittal fat-suppressed T2-weighted MR image shows a low signal intensity loose body (arrow) in the
olecranon fossa with a large effusion. B: Corresponding long-axis sonographic image in the same patient shows the echogenic
body (arrow) in the large hypoechoic effusion. O, olecranon.
P. 70
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Figure 4.57. Osteochondral injury. A: Sagittal gradient-echo MR image shows an in situ osteochondral fracture (arrow) of the
capitellum (C). B: Corresponding long-axis sonographic image in the same patient shows the in situ fragment (arrow) of the
capitellum (C).
Osteochondral injuries of the elbow usually occur at the anterior aspect of the capitellum, due to radiocapitellar impaction of the
flexed elbow, often caused by throwing or gymnastics. Longitudinal sonography over the radiocapitellar joint of the extended
elbow may demonstrate irregularity of the subchondral plate, fragmentation of the subchondral plate and overlying cartilage, or an
osteochondral defect99,100 (Fig. 4.57).
CONCLUSION
Sonography is excellent for the focused assessment of abnormalities of ligaments, tendons, nerves, and bursae around the elbow,
and for assessing the joint itself. Additional advantages are its ability to perform dynamic scanning and guide percutaneous
treatments.
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