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iagnostic imaging of the elbow has seen remarkable
advances in the last several years. The multiplanar

apabilities and increasing availability of magnetic reso-
ance (MR) and volumetric multislice computed tomo-
raphic (CT) imaging allow exquisitely detailed imaging of
he osseous and articular components of the elbow. In
ddition, MR imaging, with its superior soft-tissue con-
rast, is optimally suited to evaluate the supporting soft-
issue structures and articular cartilage, without the use of
onizing radiation.1,2 Sonography has also shown promise
n the evaluation of soft tissues, articular surfaces, detec-
ion of loose bodies, and in the diagnosis and healing of
ractures.1,3 However, despite these advances in elbow im-
ging, conventional radiography remains the most appro-
riate initial imaging technique of the elbow and its dis-
rders.1,2 This review focuses on the typical radiographic
ndings associated with several clinical entities that one
ay expect to see in daily clinical practice. The indications

or and imaging features of more advanced complemen-
ary modalities are also briefly discussed.

natomy
he elbow articulation is made up of three highly congru-
us joint surfaces and is considered a trochoginglymoid
oint.4 The trochoid (pivoting) components consist of the
adiohumeral and proximal radioulnar joints, which allow
or axial rotation of the forearm. The ginglymus (hinge)
omponent is created by the ulnohumeral joint, allowing
or flexion and extension. Full hinge motion is assisted by
he deep invaginations of the distal humeral olecranon and
oronoid fossae. During elbow development, four separate
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istal humeral ossification centers form. Although the se-
uence of ossification may vary, the lateral epicondyle,
apitellum, and trochlea are united to form a single epiph-
sis in approximately the 13th year, which then fuses to
he humeral shaft around age 16.5 The medial epicondylar
piphysis is extraarticular and remains open into the late
eens.5 The capitellum ossification center will appear ear-
iest, always by 2 years of age, followed closely by that of
he radial head. Dual or multiple ossification centers are
ommonly seen within the trochlea and olecranon epiph-
ses.5 The sequential order of appearance of the ossifica-
ion centers of the elbow can be remembered by the mne-
onic “CRITOE”: capitellum, radial head, internal or
edial epicondyle, trochlea, and external or lateral epi-

ondyle.
Static stabilizers of the elbow include the thin joint cap-

ule and supporting collateral ligaments. Extrasynovial
nterior and posterior fat pads are located deep to the
apsular margins.4 Bursae form over the olecranon process
superficial olecranon bursa) and between the distal bi-
eps tendon and the tuberosity of the radius (bicipitora-
ial bursa).

adiography
routine radiographic evaluation of the elbow includes an

nteroposterior (AP) and true lateral view.1,2 For the AP
iew the elbow should be fully extended with the forearm
upinated (Fig. 1A), allowing optimal visualization of the
edial and lateral epicondyles, radiocapitellar joint, and

stimation of the carrying angle (the angle formed between
he longitudinal axes of the humerus and the forearm on
P projection, normally between 11 and 13° of valgus).6,7

he lateral view should be obtained with the elbow in 90°
f flexion and the forearm in neutral (thumb up) position
Fig. 1B).7 A true lateral radiograph allows a “teardrop”
ppearance to be formed by the boundaries of the coro-
oid and olecranon fossae.8 The ulnotrochlear joint, coro-
oid process, and olecranon process are well seen in this
rojection. In the setting of trauma or arthrosis, additional
blique radiographs may be of benefit. The lateral oblique
iew is similar to the AP except that the hand and forearm
re fully externally rotated. The standard lateral view may

lso be optimized to evaluate the radial head by having the

223ictions on its use.
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224 D.E. Grayson
ube angled 45° cephalically along the humeral shaft.7 The
mportance of obtaining well-positioned diagnostic radio-
raphs cannot be overemphasized. This can be especially
ifficult when attempting to image an injured child.
Table 1 is a checklist of the important landmarks in the

adiographic evaluation of the elbow.

Figure 1 Standard views. Anteroposterior (A) and latera
obtained during full elbow extension with forearm supi
seen. Lateral view is obtained with elbow in 90° of flexio
coronoid (white line) and olecranon (black line) fossae

able 1 Radiographic Evaluation of the Elbow Joint

Anterior humeral line passes through middle third of
capitellum

Radiocapitellar line passes through capitellum on every
radiographic view

Coronoid line should be smooth and concave
Check for abnormal fat pads

Elevated anterior fat pad or sail sign
Visible posterior fat pad
Displaced supinator fat plane

Olecranon bursa
Ossification centers, “CRITOE”

Capitellum
Radial head
Internal or medial epicondyle
Trochlea
Olecranon
eExternal or lateral epicondyle
rauma
epending on the injury mechanism and degree of force,
haracteristic fracture and dislocation patterns occur in
nd around the elbow. Non-displaced or minimally dis-
laced fractures may not be readily visualized on initial
adiographs. However, a high index of suspicion and
nowledge of relevant radiographic anatomy and second-
ry signs of injury will prove useful.

at Pad Sign
s noted previously, extra-synovial fatty collections are
resent within the capsular margins of the elbow joint.
he posterior fat pad normally lies deep within the olec-
anon fossa. Any process that distends the joint (hema-
oma in the setting of trauma) will push the radiolucent fat
ut beyond the borders of the posterior humeral cortex on
he lateral view (Fig. 2A).5,9,10 The anterior fat pad is nor-
ally visible as a thin lucent arc anterior to the distal
umeral cortex, but may become displaced anterosuperi-
rly and bulge convexly away from the joint, creating an
nterior sail sign (Fig. 2A).10 An occult fracture is likely to
e present in the setting of elbow effusion without a ra-
iographically visualized fracture (Fig. 2B).11,12 The pres-

lbow views are demonstrated. Anteroposterior view is
Radiocapitellar joint and epicondylar margins are well
forearm in neutral position. Note “teardrop” formed by
lbow is well positioned.
l (B) e
nated.
n and
nce of a fat pad sign is especially important in pediatric
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Figure 2 Fat pad sign. Lateral view (A) shows displacement of anterior (white arrows) and posterior (black arrow)
extra-synovial fat pads, indicating distension of the joint capsule. (B) Lateral view in different child demonstrates
anterior “sail” sign. Normally visible thin anterior fat pad has become elevated and displaced anteriorly like sail of a ship
(white arrows). Non-displaced fracture of distal humerus is suggested by subtle disruption of anterior cortical margin
(black arrow). Obliquely oriented supracondylar fracture is well seen and confirmed by MR imaging (C). Sagittal

T1-weighted MR image demonstrates low signal serpentine course of fracture (arrows).
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Figure 3 Anterior humeral and radio-capitellar lines. (A) Anterior humeral line (white line) is drawn along the anterior
humeral margin of well-positioned lateral elbow view. Anterior humeral line should normally intersect the middle
one-third of capitellum ossification center. Anterior or posterior displacement of capitellum suggests physeal injury or
humeral supracondylar fracture. Additional line drawn along central long-axis of radius (black line) should intersect
capitellum ossification center. This is the radio-capitellar line and can be reliably reproduced on any view, regardless
of obliquity. Any deviation represents dislocation or subluxation of radial head. (B) Lateral view shows posterior
displacement of capitellum ossification center (asterisk) relative to anterior humeral line (line) in setting of displaced
supracondylar fracture (arrow). (C) Lateral view in different patient reveals posterior dislocation of radial head.
Radio-capitellar line (line) passes well below expected location of capitellum ossification center (white ellipse). (D)
Lateral oblique view demonstrates antero-medial subluxation of radial head. Radio-capitellar line (line) passes medial

to capitellum ossification center (asterisk).
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Figure 4 Childhood fractures. (A) Anteroposterior view demonstrates minimally displaced fracture through lateral
condyle (arrow). This injury pattern is common in young children. (B) Lateral elbow view in different child shows
posterior displacement of capitellum relative to anterior humeral line. Joint effusion is indicated by presence of both
anterior (white arrow) and posterior (black arrow) fat pad signs. Incidentally noted is supracondylar process in distal

humerus. (C) Anteroposterior view in same patient as (B) reveals buckling of medial supracondylar margin (arrow).
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228 D.E. Grayson
ases where a fracture may involve only the immature
artilaginous components. In these cases, MR imaging
ith cartilage and marrow-sensitive sequences will best
epict the fracture site and degree of displacement (Fig.
C).2,8,11

nterior Humeral Line
line drawn along the anterior humeral cortex on the

ateral radiograph should normally intersect the middle
ne-third of the capitellum ossification center (Fig. 3A).
nterior or posterior positioning of the capitellum indi-
ates either physeal injury with capitellar displacement or

Figure 5 Radial head fractures. (A) Anteroposterior view r
in this patient with fracture of radial head. (B) Full intra
with lateral oblique view. (C) Focal buckling of norma
(black arrow) in different patient indicates fracture. Not
effusion and capsular distension. (D) Subtle cortical disr
to non-displaced fracture in this patient following fall o
ubtle fracture of the supracondylar portion of the distal
umerus (Fig. 3B).13 A true lateral projection is imperative
s oblique views may result in a false-negative sign.

adio-Capitellar Line
n any radiographic view, regardless of obliquity, a line
rawn along the long axis of the radius should intersect
ith the capitellum (Fig. 3A).13 Any deviation suggests

ubluxation or frank dislocation of the radial head (Fig. 3C
nd D). Care should be taken to orient the line along the
iaphysis of the radius rather than the proximal metaph-
sis, which normally has mild lateral angulation, to avoid
false-positive result.13

focal disruption of anterolateral cortical margin (arrow)
ar extent of fracture (arrow) is seen to better advantage
oth concave margin of radial head and neck junction
ced anterior fat pad (white arrow), resulting from joint
along lateral margin of radial neck (arrow) corresponds
retched hand.
eveals
articul
lly smo
e displa
uption
In children under 4 years of age, the weakest compo-
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Radiographic imaging of the elbow 229
ent of the distal humerus is along the distal humeral
piphyseal growth plate. Horizontal shear injuries often
esult in Salter–Harris type I or II fractures.5 The capitel-
um ossifies as early as 6 months and always by 2 years,
hich serves as a useful landmark in young children for
otentially displaced fractures through the distal humeral
artilage. Between the ages of 4 and 10 years, the physis is
tronger than the distal humeral metaphysis. In these chil-
ren 60% of elbow fractures are supracondylar followed
y lateral and then medial condylar injuries (Fig. 4).5,14,15

t should be remembered that condyle fractures are often

Figure 6 Comminuted fracture. (A) Lateral oblique view
(arrow) with depressed anterior component. (B) Axial T
nuted components (arrows). Axial (C) and sagittal (D)
comminution, displacement, and intraarticular step-of
minimally displaced fracture of proximal ulna is also we
alter–Harris type IV injuries, with intraarticular exten- f
ion of the fracture across the physis, through the cartilag-
nous portions of trochlea or capitellum.14 Medial epicon-
ylar avulsion fractures, occurring most often between the
ges of 9 and 15 years, should be carefully sought follow-
ng partial or complete elbow dislocation, especially after

anual reduction.5 With regard to epicondylar physeal
njury in older children, comparison with the contralateral
lbow may be necessary to confirm subtle widening of the
ymptomatic physis.

In sharp contrast to the frequency of distal humeral
ractures in children, radial head fractures (Fig. 5) account

nstrates intraarticular comminuted radial head fracture
hted MR image with fat-saturation well shows commi-
atted CT images allow accurate evaluation of degree of
isk, white arrow) of fracture fragments. Unsuspected
onstrated (C, black arrow).
demo
2-weig
reform
f (aster
or approximately 50% of elbow fractures in adults, com-
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Figure 7 Fracture-dislocation. (A) Anteroposterior view extended over proximal forearm shows severely comminuted
fracture of ulnar midshaft (black arrows) with associated anterolateral dislocation of radial head (white arrow), first
described by Monteggia. (B) Anteroposterior view in different patient reveals angulated fracture of radial shaft associ-
ated with disruption of distal radioulnar joint, consistent with Galeazzi fracture dislocation. Image contributed by Liem
T. Bui-Mansfield, Brooke Army Medical Center, San Antonio, TX. (C) Anteroposterior view in different patient
demonstrates impacted and angulated fracture of radial neck (arrowheads). This appearance indicates high-energy
injury mechanism. Associated disruption of interosseous membrane and distal radioulnar joint (not shown) may occur,

representing the fracture-dislocation of Essex-Lopresti.
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Radiographic imaging of the elbow 231
only following a fall on an outstretched hand with the
orearm in pronation.16,17 This mechanism often impacts
he anterolateral quadrant of the radial head and is asso-
iated with other soft-tissue injuries in up to 30% of cases,
ncluding joint dislocation. Any subtle exaggeration of
ortical concavity along the radial head–neck junction
epresents a fracture (Fig. 5C and D), often seen on only
ne view. Lateral oblique or radial head views may be
ecessary to identify subtle non-displaced radial head
ractures.16,18 Intraarticular step-off of greater than 2 mm
r involvement of more than one-third of the radial head
urface (Fig. 6) is strong indication for open reduction and
nternal fixation.19

The forearm is considered to be a ring structure similar
o the pelvis. Consequently, when one of the forearm
ones is fractured, it is common to have an associated
islocation or fracture of the other bone. There are three
ell-recognized fracture dislocation patterns involving the

lbow and forearm. These are summarized in Table 2

onteggia Fracture/Dislocation (Fig. 7A)
irst described in 1814 by Giovanni Monteggia, this injury

nvolves fracture of the ulnar shaft with associated dislo-
ation of the radiocapitellar joint.20 The ulnar fracture will
how apex-medial angulation and the radial head often
islocates anteriorly.

aleazzi Fracture/Dislocation (Fig. 7B)
irst described in 1943 by Galeazzi, this injury involves an
bvious oblique and displaced, with angulation, fracture
f the radial shaft. However, the dislocation of the distal
adioulnar joint may be subtle.

ssex-Lopresti Fracture/Dislocation
Fig. 7C)

highly comminuted or impacted fracture of the radial
ead may be associated with dislocation of the distal ra-
ioulnar joint. The force of the injury is directed along the

nterosseous membrane of the forearm, which disrupts the
istal radioulnar joint,21 as described by Essex-Lopresti.
Careful radiographic evaluation of the wrist and fore-

rm should follow any elbow injury when patient’s symp-
oms warrant.

After radial head and complex fracture dislocations,
lecranon process fractures occur commonly in the adult
Fig. 8). The olecranon process is in a subcutaneous loca-
ion, lending itself vulnerable to trauma, frequently pre-
enting as a comminuted open fracture following high-
mpact injury while in the flexed position.16

able 2 Summary of Fracture-Dislocation Patterns of the Fore

Eponyms Mnemonic

aleazzi GRD
ssex–Lopresti ERD
onteggia MUP
RUJ � distal radioulnar joint; RCJ � radiocapitellar joint.
Complete posterior dislocation of the elbow (Fig. 9) is
lways associated with injury to the ulnar collateral liga-
ent19 and shearing fracture of the coronoid process is not
ncommon.16,22 Untreated coronoid fractures predispose
o recurrent dislocations and early secondary osteoarthri-
is.19

Postprocessing of volumetrically acquired CT images
llows for three-dimensional rendering or multiplanar re-
ormatting of complex fractures, thus aiding surgical plan-
ing for optimal reduction and fixation (Fig. 10A and B).1

outine CT imaging can also prove useful when adequate
adiographic views cannot be obtained.23 The judicious
se of MR imaging will aid in confirming and characteriz-

ng complex or radiographically occult fractures with a
igh degree of sensitivity (Fig. 10C and D).24 In addition,
his technique allows evaluation of the integrity of the
ollateral ligaments, articular cartilaginous surfaces, and
oint capsule.1

igure 8 Olecranon fracture. Lateral radiograph demonstrates trans-
erse fracture of olecranon process with proximal retraction of ma-
or fragment (white arrow). Contraction of intact triceps brachii

uscle-tendon unit greatly increases chance of nonunion if surgical
xation is not performed. Displaced coronoid process fracture
black arrow) and intraarticular radial head fracture (black arrow-
ead) are also present. Note displaced anterior fat pad (white arrow-
ead), indicating joint effusion.

Fracture Dislocation

Radial shaft Distal [DRUJ]
Radial head Distal [DRUJ]
Ulna Proximal [RCJ]
arm
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232 D.E. Grayson
he Young Athlete
he number of pediatric and adolescent throwing athletes
eing treated for elbow injuries is increasing as participa-
ion and competitive levels rise in the general popula-
ion.25 The mechanical forces of valgus extension overload
uring late cocking and early acceleration phases of
hrowing induce distractive forces on the medial joint and
ompressive forces on the lateral joint.6,26 Additional shear
orces affect the radiocapitellar joint and olecranon pro-
ess during late acceleration and deceleration phases.

ith overuse, age-dependent injury patterns may occur.
hyseal injury and apophysitis occur in childhood, while
picondylar avulsion and osteochondritis dissecans tend

o involve the adolescent athlete.6 The term “little league t
lbow” was coined in 1960 by Brogden to describe a me-
ial epicondyle fracture in an adolescent pitcher.27 Since
hat time the term has been associated with several addi-
ional injuries to the elbow and is now best avoided alto-
ether.
The medial epicondyle is the weakest structure of the

mmature elbow. Children may present with apophysitis,
ften shown radiographically by increased density or even
ragmentation of the ossification center.28 Comparison
ith the contralateral elbow may be helpful to assess sub-

le changes in size, appearance, or displacement from the
umeral condyle.28 This is the last ossification center to
use with the distal humerus,29 usually in the mid to late

ure 9 Complete elbow dislocation. (A) Anteropos-
rior and (B) lateral views demonstrate complete pos-
rior and lateral dislocation of elbow. Several small
ulsion fragments (arrows) are present. Coronoid
ocess should be carefully evaluated following reduc-
n, as untreated shear-type fracture will predispose
additional instability, recurrent dislocation, and

rly osteoarthritic change. (C) Sagittal T2-weighted
R image with fat-saturation in different patient dem-
strates laxity and focal disruption of joint capsule

rrows) following complete dislocation. MR imaging
also useful in evaluation of collateral ligaments and
ticular surfaces.
Fig
te
te
av
pr
tio
to
ea
M
on
(a
is
ar
eens. Avulsion injury then becomes more common as
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Figure 10 Evaluation of articular injury. (A) Lateral radiograph reveals intraarticular ossified fragment (white arrow) and
suspected articular defect along anterior margin of radial head (black arrow). (B) Reformatted sagittal CT image
confirms and more fully defines fractured radial articular donor site (black arrow). Free fragment is also partially
imaged on this selected image slice (white arrow). (C) Anteroposterior view in a different patient reveals articular defect
of medial radial head (black arrowhead) and faint triangular loose body in lateral joint recess (white arrowhead).
Radiographic visibility of such osteochondral fractures depends on presence of subcartilaginous bone. (D) Coronal
T2-weighted MR image with fat-saturation best shows extent of injury. Both cartilaginous and osseous components of
displaced and rotated osteochondral fragment are well seen (arrow). Donor site and remaining radial articular surface

is also nicely characterized for presurgical planning.
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234 D.E. Grayson
uscle strength also increases (Fig. 11). Importantly, the
vulsed fragment may become significantly displaced and
ncarcerated within the joint, an absolute indication for
pen reduction and internal fixation of the fracture. This
njury pattern may be missed in younger children if the
isplaced medial epicondyle is mistaken for the trochlear
piphysis, which does not ossify until the ninth or tenth
ear.30

The compressive and shear forces across the radiocapi-
ellar joint may lead to osteochondral injury. Osteochon-
ritis dissecans (OCD) of the capitellum presents most
ommonly, followed by OCD of the radial head. Chronic
epetitive microtrauma is felt to lead to a focal ischemic
ecrosis within the subchondral bone, which goes on to
ollapse.2 Unstable lesions may fragment or become dis-
laced and are a significant cause of permanent elbow
isability in young athletes.8 Early imaging with radio-
raphs will show subtle focal flattening or subarticular
adiolucency along the anterior capitellar margin (Fig.
2).2,31 MR imaging with cartilage-sensitive sequences or
R arthrography can help determine the size and stability

f the lesion, condition of overlying cartilage, presence of
oose bodies, and the condition of the radial head (Fig.
2B).1,8,32 This disease entity should be differentiated from
anner’s disease (Fig. 12D), osteochondrosis of the capi-
ellum, which typically presents in a younger popula-
ion.33,34 Although a common cause of chronic lateral el-
ow pain in athletes under the age of 10, this process is
elf-limited and usually resolves with rest. Global, rather
han focal, involvement of the capitellum is characteristic

Figure 11 Medial injuries in the young athlete. (A) An
epicondyle ossification center. Displacement of at leas
surgical fixation. (B) Anteroposterior view in older child
epicondylar epiphysis and physis. Fracture fragment
proximal epiphyseal component (asterisk).
nd loose body formation is rare.35 Ossified components of i
he intact cartilage of the capitellum undergo fragmenta-
ion, resorption, and reossification, often with no residual
rticular deformity.2,25,31

In addition to medial tensile and lateral compressive
orces, a shearing stress is applied to the olecranon during
hrowing. This stress may lead to apophysitis or avulsion
f the olecranon ossification center in children. Adoles-
ent and young adult athletes may develop marginal os-
eophyte formation along the posteromedial olecranon,
tress fracture, or even complete fracture of the olecranon
rocess (Fig. 13).6,36 Nonunion and the formation of pos-
erior loose bodies are common complications in the ab-
ence of early surgical fixation.36

endon Ruptures
he most common tendon ruptures of the elbow involve

he biceps and triceps tendons. Biceps tendon tear may
ccur at the origin of the long head of the biceps tendon,
uperior glenoid tubercle, or at its attachment to the radial
uberosity. The former injury commonly occurs in the
lderly and is associated with rotator cuff tear. The latter
njury tends to occur in the dominant arm of active men as
result of sudden loading, such as in lifting or catching a
eavy object. On lateral radiograph of elbow, a complete
istal biceps rupture is manifested by proximal retraction
f the muscle belly, giving a “Popeye-the-sailor-man” (car-
oon character from the 1950s) appearance (Fig. 14A and
). A fleck of bone may be seen proximal to the radial
uberosity. On lateral radiograph, triceps tendon rupture

terior view in young child shows avulsion of medial
timeter or incarceration within joint is indication for
nstrates Salter–Harris-type III fracture through medial
) is displaced approximately 1.5 cm from the intact
teropos
t 1 cen

demo
(arrow
s diagnosed when there is an avulsion of the olecranon tip
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Figure 12 Lateral injuries in young athlete. (A) Anteroposterior view in adolescent pitcher with elbow pain demonstrates
subtle subarticular lucency involving capitellum (arrows). This finding represents early radiographic changes of
osteochondritis dissecans. (B) Sagittal T2-weighted MR image with fat-saturation shows changes of advanced osteo-
chondritis dissecans in different patient. Partially ossified free capitellar fragment is seen posteriorly displaced (arrow-
head) as well as irregular partial-thickness cartilage denudement of anterior articular surface (arrows). (C) Anteropos-
terior view in different patient demonstrates chronic changes of untreated osteochondritis dissecans. Note deformed
articular surfaces of both capitellum (arrows) and radial head. In addition, there is lateral subluxation of radial head and
widening of proximal radioulnar joint (asterisk) in this patient with clinical rotatory instability. Chronic instability is
common following loss of elbow joint congruency. (D) Anteroposterior view shows typical appearance of Panner’s
disease, osteochondrosis of capitellum, in a young gymnast. The entire capitellum ossification center appears mottled
(arrows). This entity, appearing in the younger age group, should be distinguished from osteochondritis dissecans.
Global, rather than focal, involvement of capitellum is usual; symptoms are self-limited, and complete clinical and

radiographic resolution are expected.
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Figure 13 Posterior injuries of the young athlete. (A) Lateral view shows focal linear area of sclerosis along posterior
border of olecranon process (arrows) in young throwing athlete with posterior pain. (B) Sagittal T1-weighted MR image
confirms stress fracture in this location. Small serpentine hypointense line (arrow) interrupts hyperintense bone
marrow in region of fracture. (C) Lateral radiograph in different young pitcher demonstrates displaced avulsion fracture
(white arrow) of olecranon process (black arrows). Complete fracture is not uncommon at site of chronic stress change

in young athletes.
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Figure 14 Tendon ruptures. (A) Lateral radiograph of elbow shows focal bulge of biceps muscle (white arrow). (B)
Sagittal T1-weighted MRI shows retracted biceps tendon (white arrow). (From Chew FS: The Core Curriculum:
Musculoskeletal Imaging. Philadelphia, PA: Lippincott Williams & Wilkins, 2003, with permission) (C) Lateral
radiograph of elbow reveals calcification and soft-tissue swelling (white arrow) within course of triceps muscle. (D)
Sagittal STIR MR image shows retracted triceps tendon (arrow) and bone marrow edema in olecranon process

(arrowhead). Images contributed by Liem T. Bui-Mansfield, Brooke Army Medical Center, San Antonio, TX.
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238 D.E. Grayson
t the attachment site of the triceps tendon, which is wavy
nd edematous (Fig. 14C and D). Both biceps and triceps
endon ruptures are best demonstrated on sagittal T2-
eighted sequence.

upracondylar Process
ir John Struthers in 1854 first described a bony projec-
ion extending off the anteromedial aspect of the humerus,
pproximately 5 to 6 cm proximal to the epicondyle. This
upracondylar process (or avian spur) may be seen in ap-
roximately 2% of the population and is usually clinically
ilent. Occasionally a ligamentous attachment between the
pur and the medial epicondyle (ligament of Struthers)
ay lead to symptomatic compression of the traversing
edian nerve or brachial artery.37,38 The anteroposterior

nd lateral radiographic views will best demonstrate the
ony spur (Fig. 15), which should not be confused with an
steochondroma. The latter often points away from its
djacent joint and will show contiguity with the underly-
ng humeral medullary bone. The humeral cortex remains
ntact beneath the supracondylar process.38

oose Bodies
he elbow is second only to the knee in incidence for the
evelopment of intraarticular loose bodies, which derive
rom the cartilage-covered articular surfaces and synovial

embranes of joints. These fragments may be chondral,
sseous, or osteochondral, and are a common cause of
ntermittent joint locking, pain, effusion, and secondary
steoarthritis (Fig. 16).39 The bodies may remain free-

Figure 15 Supracondylar process. (A) Lateral and (B) ante
extending off distal humeral anteromedial cortical su
bridging between process and humeral medial epicondy
oating or become adherent to the synovium.40 Occasion- b
lly, when sequestered within a joint recess or bursa, the
oose bodies may be asymptomatic. Most cases of single
oose body formation are secondary to acute or chronic
rauma with associated osteochondral injury. The pres-
nce of multiple fragmented bodies is more suggestive of
steoarthritis and osteonecrosis. A primary form of syno-
ial osteochondromatosis describes the creation of loose
odies within synovium that has undergone chondro-os-
eous metaplasia (Fig. 17).39,40 Multiple bodies of uniform
ize and variable ossification are characteristic of this en-
ity.

Loose bodies must be at least partially mineralized to
ecome radiographically apparent. Routine elbow films
ill underestimate the presence of chondral fragments or

econdary damage to the articular surfaces.39 In addition,
oose bodies tend to collect in the anterior and posterior
oint recesses of the elbow. The coronoid and olecranon
ossae may hide or obscure loose bodies on routine pro-
ections. MR imaging and MR arthrography are sensitive
echniques in detecting the type and number of intraartic-
lar bodies, as well as evaluating the articular surfaces and
ynovium. Axial and sagittal T2-weighted MR sequences
re most sensitive in the detection of intraarticular loose
odies. CT, especially with recent advances in volumetric
cquisition and multiplanar data reformation, allows con-
dent localization of partially or minimally ossified frag-
ents. The multiplanar and dynamic capability of ultra-

ound, though highly operator dependent, is becoming
ore widely utilized in the evaluation of intraarticular

erior views demonstrate ossified process (white arrows)
Entrapment syndromes may result from ligamentous
ropost
rface.
odies.2,23
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Figure 16 Loose bodies. (A) Lateral radiograph reveals calcified body in region of the coronoid recess (arrow). (B)
Sagittal T1-weighted MR arthrogram image with fat saturation confirms presence and location of intraarticular body
(arrow). This technique enjoys high sensitivity in detection of loose bodies and is helpful in distinguishing true loose
bodies from those sequestered within synovium or adjacent bursa. (C) Sagittal reformatted CT image in different
patient demonstrates ossified bodies within anterior (white arrows) and posterior (black arrow) joint recesses. Posterior

loose body was occult radiographically.
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nthesopathy and Calcific Tendinopathy
eactive bone changes may occur at tendinous insertion
ites about the elbow. These changes may be minimal,
uch as along the medial and lateral epicondyles at the
nsertions of the common flexor and extensor tendons

Figure 17 Synovial osteochondromatosis. (A) Anteropos
radioulnar joint. (B) Axial CT image through this level co
space and bicipitoradial bursa (arrows). This appearanc
vium and with synovectomy. (C) Lateral radiograph in d
within anterior and posterior joint recesses (arrows) and
seen in primary synovial disorders. (D) Sagittal T2-weig
intraarticular bodies. Some of these bodies demonstrate
is typical of synovial osteochondromatosis.
Fig. 18A), or may develop into discreet projections as are s
ften seen at the insertion of the triceps brachii on the
lecranon process (Fig. 18B).41

The deposition of calcium hydroxyapatite within peri-
rticular soft tissues, predominantly tendons, is com-
only referred to as calcific tendinopathy. This entity pre-

view shows ill-defined mineralization within proximal
s presence of multiple small ossified bodies within joint
lts from primary chondro-osseous metaplasia of syno-
patient demonstrates multiple irregular ossified bodies
sion of olecranon bursa (asterisk), which is commonly
R image reveals multiple, predominantly hypointense

ntense cartilaginous margins (arrows). This appearance
terior
nfirm
e resu

ifferent
disten

hted M
hyperi
ents radiographically as dense, amorphous, or cloud-like
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alcific foci and tends to occur in regions of necrosis and
ucoid degeneration.42 Patients who present with symp-

oms of epicondylitis often demonstrate faint calcification
long the epicondylar margins (Fig. 19A).43 Dystrophic
alcification within the relatively hypoxic distal triceps
rachii tendon is also commonly seen (Fig. 19B). Hy-
roxyapatite crystal deposition may persist, progress in
ize, or spontaneously resolve with or without recur-
ence.44 Serial examinations showing newly displaced foci
uggest rupture and retraction of the involved tendon. On
R imaging, there may be associated bone marrow edema

djacent to the site of calcific tendonitis that may mimic
umor or infection.45

heumatoid Arthritis
heumatoid arthritis is an idiopathic inflammatory disease
f the synovium, which presents as a symmetric inflam-
atory arthropathy (Fig. 20). The elbow is affected in 50%

f patients with rheumatoid arthritis46 and follows a
lower course of cartilage destruction than the larger
eight-bearing joints of the hip and knee.47 Radiographic
allmarks of this disease include early marginal erosions
long the bare areas of the joint (Fig. 20C and D) and
ventual uniform narrowing of the joint space as articular
artilage is lost.47,48 Joint effusion with displacement of the
at pads, olecranon bursitis, and subcutaneous rheuma-
oid nodules may be evident during active disease. With
dvanced disease, large subarticular cysts may form and
ontinued articular destruction leads to mechanical insta-
ility (Fig. 20E). Characteristic thinning of the olecranon
rocess and proximal deepening of the trochlea in end-

Figure 18 Enthesopathy. (A) Anteroposterior view demon
and lateral (black arrow) epicondyles. These changes oc
respectively. (B) Lateral radiograph in different patient
margin of olecranon process, at site of insertion of trice
tage disease allow posterior migration of the proximal C
lna beneath the humerus (Fig. 20F).49 Table 3 is a sum-
ary of the radiologic features of rheumatoid arthritis.

lecranon Bursitis
he olecranon bursa forms between the olecranon process
nd the superficial subcutaneous tissues after early child-
ood.50 Fluid distension of this region represents the most
ommon site of superficial bursitis and is easily confirmed
adiographically with careful study of the soft tissues on
ateral radiographs (Fig. 21). Fusiform soft-tissue swelling
nd subtle increased radiodensity will be seen. Occasion-
lly, depending on the etiology of bursal inflammation,
oose bodies or calcium deposition will be evident. The
auses of olecranon bursitis are myriad and include trau-
atic, overuse (student’s elbow), inflammatory, and infec-

ious processes.51 Common inflammatory processes in-
lude rheumatoid arthritis, gout, calcium pyrophosphate
eposition, hydroxyapatite crystal deposition, and xan-
homa.52 When bilateral, this condition is highly sugges-
ive of gout.

emophilia
hronic hemarthrosis may occur in patients with bleeding
isorders and commonly involves the knees, ankles, and
lbow joint. Blood within the joint irritates the synovium,
hich then undergoes villous hypertrophy and becomes

riable.53 Thus, a vicious cycle ensues whereby additional
leeding may occur. In the young patient, the epiphyseal
rowth plates hypertrophy (Fig. 22A) and may ossify pre-
aturely, and angular deformities occasionally result.

enthesophyte development along medial (white arrow)
insertion sites of common flexor and extensor tendons,
s large enthesophyte (arrow) extending from posterior
hii tendon.
strates
cur at
reveal
ontinued bleeding into adulthood destroys articular car-
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Figure 19 Calcific tendinopathy. (A) Anteroposterior
view reveals densely calcified foci (white arrows) in
region of common flexor tendon just beyond its origin
from medial epicondyle. This radiographic appear-
ance is typical of calcium hydroxyapatite deposition
and often correlates with clinical epicondylitis. Osteo-
arthritic changes of ulnotrochlear joint are also
present, manifest by joint space loss and marginal os-
teophyte formation (black arrow). (B) Lateral and (C)
anteroposterior views in different patient show similar
calcific deposit within distal triceps brachii tendon
(arrows).
™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
Figure 20 Rheumatoid arthritis. (A) Lateral radiograph shows large dense effusion of elbow joint in patient with early
active rheumatoid arthritis. Posterior fat pad is visible (black arrow); anterior fat pad is displaced (white arrow) and
periradial recess is distended (arrowhead). Articular surfaces appear normal. (B) Axial T2-weighted MR image with fat
saturation through level of periradial recess in same patient as (A) is shown. There is distension of joint capsule (arrows)
with underlying isointense synovial pannus formation. (C) Anteroposterior view in different patient with more ad-
vanced disease demonstrates uniform loss of radiocapitellar joint (black arrows), marginal erosion of ulnotrochlear
joint (white arrows), and erosion of ulnar aspect of proximal radioulnar joint (arrowhead). (D) Axial T1-weighted MR
image through level of the proximal radioulnar joint in same patient as (C) shows location and degree of marginal
erosive changes (arrows) to better advantage than does radiography. (E) Lateral view in different patient with rheuma-
toid arthritis. Presence of joint effusion (white arrowhead), uniform loss of joint space, marginal erosive change (black
arrow), and subchondral cyst formation (white arrow) are all typical features of advanced disease. Secondary osteoar-
thritic changes may become superimposed, as in this case with marginal osteophyte formation along anterior ul-
notrochlear joint (black arrowhead), especially once the inflammatory component is no longer active. (F) Lateral
radiograph demonstrates end-stage changes of rheumatoid arthritis. Olecranon process is extremely thinned with
widening of trochlear groove (arrows). Ulna then translates posteriorly, due to inherent instability of hinge mechanism,

allowing radial head (asterisk) to subluxate anteriorly and proximally into humerus.
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244 D.E. Grayson
ilage. Radiographically this is shown by loss of joint
pace, subchondral cyst formation, and often the presence
f a dense joint effusion (Fig. 22B and C). Enlargement of
he radial notch of the ulna and of the olecranon fossa are
haracteristic late changes affecting the elbow.53 Table 4 is
summary of the radiologic features of hemophilic ar-

hropathy.

eterotopic Ossification
eterotopic ossification refers to the formation of mature
one within nonosseous tissues. This may occur within

nflamed muscle (myositis ossificans) (Fig. 23A)54 or sup-
orting ligaments (Fig. 23B), but is most often seen within
he joint capsule following traumatic dislocation, surgery,

Figure 21 Olecranon bursitis. (A) Lateral view shows m
process in patient with clinical bursitis. (B) Lateral view in
inflamed bursa (arrows). This represents mineralization

able 3 Radiologic Features of Rheumatoid Arthritis

Periarticular osteoporosis progressing to generalized
osteoporosis

Fusiform periarticular soft tissue swelling
Uniform loss of joint space
Marginal erosions progressing to severe erosions of

subchondral bone
Synovial cyst formation
Subluxations
Lack of reactive bone formation [distinguish it from

seronegative spondyloarthropathy]
Bilateral symmetric distribution
Distribution: hands (MCPJ, PIPJ), feet, knees, hips, upper

cervical spine, shoulder, and elbows, in decreasing
order of frequency

CPJ � metacarpophalangeal joint; PIPJ � proximal interphalan-
geal joint.

dapted from Brower AC. Arthritis in Black and White (ed 2). Phil-
adelphia, PA, WB Saunders, 1997.
crystal deposition disorders.
urn, or neural axis trauma (Fig. 23C-E).55,56 Interest-
ngly, up to 50% of elbow dislocations will form bone in
he periarticular tissues.57 Ossification of the soft tissues
ay eventually lead to complete ankylosis of the elbow

nd usually appears within 3 to 4 weeks of injury.58 Rarely
his process can engulf the distal biceps tendon or present
s compression syndromes with involvement of the me-
ian or ulnar nerves.55 The radiographic appearance of
ature ossified bone should be distinguished from amor-
hous cloud-like features of calcium hydroxyapatite crys-
al deposition. Although initially having indistinct mar-
ins, heterotopic ossification develops into well-defined
rabeculated bone.55

onclusion
onventional radiography remains an essential initial test

n the evaluation of the elbow and its disorders. One must
e familiar with the pertinent anatomy, early developmen-

soft-tissue prominence (arrows) overlying olecranon
ent patient reveals reticulated increased densities within
ium salts, often seen in association with gout and other

able 4 Radiologic Features of Hemophilia

Radiodense soft tissue swelling
Osteoporosis — juxtaarticular or diffuse
Overgrown or ballooned epiphyses
Subchondral cysts
Pseudotumor
Late uniform joint space loss
Late secondary osteoarthritic changes
Asymmetrical sporadic distribution
Distribution in knee, elbow, ankle, hip, and shoulder, in

decreasing order; changes distal to the elbow or ankle
are rare

dapted from Brower AC. Arthritis in Black and White (ed 2). Phil-
adelphia, PA, WB Saunders, 1997.
arked
differ

by calc
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Figure 22 Hemophilia. (A) Anteroposterior view in young person demonstrates overgrowth of radial head (arrows) and
early irregularity of ulnotrochlear and radiocapitellar joint surfaces. (B) Lateral radiograph in same patient, 2 years later,
reveals more advanced destruction of articular surfaces and formation of subarticular cysts. There is a positive posterior
fat pad sign (black arrow) and dense joint effusion with distension of periradial recess (white arrows), suggesting
hemarthrosis. (C) Sagittal T1-weighted MR image shows complete loss of cartilage along radiocapitellar joint with

irregular sclerosis of subarticular trabecular bone (arrows).
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Figure 23 Heterotopic ossification. (A) Anteroposterior view demon-
strates characteristic appearance of myositis ossificans. Mass adjacent
to distal medial humerus has undergone mature ossification with
well-developed peripherally calcified margin (arrows). This appear-
anceshouldnotbeconfusedwithcentralor ill-definedmineralization
often associated with primary osseous sarcomas. (B) Anteroposterior
view reveals multiple foci of heterotopic ossification at the site of
previous surgical repair of radial collateral ligament. (C) Lateral view
in different patient 4 weeks following traumatic dislocation of elbow.
Ill-defined mineralization is seen along capsular margin (arrows). (D)
Lateral view in same patient as (C) several months later shows exten-
sive, matured, ossification of joint capsule. (E) Lateral radiograph in
different patient with remote history of elbow dislocation shows near
complete bony ankylosis of elbow joint and osseous encapsulation of

distal biceps brachii tendon (asterisk).
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al changes, and the biomechanics of this complex joint to
ppreciate subtle injury patterns and articular disorders.
n some cases, radiographic imaging will point to the need
or further evaluation with CT, MR, or sonographic imag-
ng.
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