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      Imaging of the Elbow in Overhead 
Athletes                     

     R.  L.     van Steenkiste     ,     J.     Opperman     ,     L.    S.     Kox     , 
and     M.     Maas     

4.1          Imaging of the Elbow 
in General 

 When it comes to imaging of the injured athlete’s 
elbow, there is a vast array of image modalities to 
choose from, including conventional radiographs, 
ultrasound (US), computed tomography (CT), 
magnetic resonance imaging (MRI), and arthrog-
raphy (CTA, MRA). Choosing the appropriate 
imaging technique is of vital importance for 
quick diagnosis and adequate treatment. This 
chapter will discuss the role of each image 
modality in the diagnostic workup for pathology 
around the elbow commonly encountered in 
overhead athletes. Specifi c conditions of the 
elbow will be discussed in detail with a focus on 
image fi ndings. 

4.1.1     Conventional Radiography 

 Radiography is the fi rst choice in imaging of 
elbow injuries [ 1 ,  2 ]. It is common practice to 
depict at least two standard projections of the 
elbow: a lateral and an anteroposterior (AP) view. 

The lateral view is obtained with the elbow fl exed 
at 90° angle and the forearm in neutral position 
(thumb up). The anteroposterior view requires the 
elbow in full extension with the forearm supi-
nated. In this position, the medial and lateral epi-
condyles are optimally visualized and the carrying 
angle can be estimated (normally slightly in val-
gus) [ 1 ,  2 ]. A radiocapitellar view can addition-
ally be applied to optimally visualize the 
radiocapitellar joint. It resembles the lateral view 
with the elbow in 90° of fl exion, yet the X-ray 
tube is angulated 45° anteriorly toward the joint. 
This view is particularly useful in the evaluation 
of osteochondral fractures of the capitellum or 
injuries to the radial head and neck [ 3 ,  4 ]. When 
evaluating the elbow on radiographic images, the 
following aspects should be assessed [ 1 ,  5 ]:

 –    Radiocapitellar line 
 The radiocapitellar line is an imaginary line 
parallel to the long axis of the radial neck on a 
lateral view and should pass through the cen-
ter of the capitellum [ 6 ]. If not, dislocation of 
the radius is implied [ 1 ,  7 ,  8 ]. However, in a 
 Monteggia  injury (see below), the radiocapi-
tellar line may seem normal, even if the radial 
head is almost always dislocated. Careful 
evaluation of the total alignment of the elbow 
is therefore mandatory in all cases [ 5 ].  

 –   Cortex of radial head and neck (in adults) 
 The appearance of the cortex of the proximal 
radius is smooth on standard lateral and AP 
views in the normal situation. If injury is 
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 present, the outlines of the cortex can display 
crinkles, steps, or irregularities due to (subtle) 
fracture lines [ 5 ].  

 –   Anterior humeral line (in children) 
 On a lateral view, the anterior humeral line 
can be drawn along the anterior cortex of the 
distal humeral shaft and should bisect the mid-
dle third of the capitellum [ 6 ]. If less than one 
third of the capitellum lies anterior to this line, 
a supracondylar fracture with posterior dis-
placement is highly probable [ 5 ].  

 –   Ossifi cation centers 
 Secondary ossifi cation centers, also referred 
to as apophyses, serve as attachment sites for 
muscle-tendon units. Ossifi cation centers are 
primarily composed of maturing chondrocytes 
which are biomechanically less resistant than 
musculotendinous structures. As a result, trac-
tion forces on an ossifi cation center may result 
in an apophyseal avulsion injury [ 9 ]. During 
childhood, a total of six ossifi cation centers 
develop in a set order: capitellum, radial head, 
medial epicondyle, trochlea, olecranon, and 
lateral epicondyle [ 10 – 12 ]. Being familiar 
with the pattern and appearance of these 
 ossifi cation centers is essential in differentiat-
ing normal anatomy from pathology on stan-
dard radiographs of the pediatrics elbow. Note 
that the exact timing of ossifi cation shows 
great variability among young individuals 
[ 11 ,  12 ].  

 –   Fat pads 
 On a lateral view, the anterior fat pad is visible 
as a dark streak along the anterior side of the 
distal humerus. The posterior fat pad is never 
visible, unless intracapsular abnormalities are 
present. Joint effusion, for example, causes 
displacement of both the anterior and poste-
rior fat pads, resulting in a positive  fat pad 
sign . This makes the presence of a fracture 
more likely, but absence of a visible fat pad 
does not completely exclude a fracture [ 5 ]. 
The fat pad sign is specifi cally relevant in 
pediatric cases, as it can indicate fractures of 
the immature cartilaginous components of the 
elbow [ 1 ] (Table  4.1 ).

4.1.2           Magnetic Resonance Imaging 
and Magnetic Resonance 
Arthrography 

 Magnetic resonance imaging (MRI) is consid-
ered the next step in the imaging workup. 
Appropriate patient positioning, coil selection, 
and sequence technique are of vital importance in 
proper imaging of the elbow. The anatomical 
position with the patient lying supine, the elbow 
in full extension and the forearm in supination, is 
the most comfortable and a widely used position. 
Note that with this position, the elbow is located 
off-center of the scanner’s magnetic fi eld. This 
will reduce the signal-to-noise ratio and may 
introduce inhomogeneous fat suppression. For 
this reason, fat suppression by means of inversion 
recovery sequences is preferred over frequency- 
selective fat suppression techniques when the 
anatomical position is applied [ 13 ]. An alterna-
tive is the “superman position,” where the patient 
lies prone with the elbow over the head and the 
forearm in pronation. This will bring the elbow 
closer to the center of the magnet which will 
increase overall image quality at the cost of mark-
edly reduced patient comfort. In any case, a dedi-
cated surface coil should be used for optimal 
imaging of the elbow [ 14 ]. Obtaining cross- 
sectional images in all three orthogonal planes 
will allow for adequate assessment of all relevant 
structures around the elbow. 

 T1-weighted (T1W) images are useful for 
illustrating anatomical detail, whereas fat- saturated 
T2-weighted (T2W) images or short- tau  inversion 
recovery (STIR) images are suitable for detecting 
pathological changes manifesting as fl uid or 

   Table 4.1    Essential aspects of radiographic evaluation 
of the elbow joint   

 Children  Adults 

 1. Fat pads  1. Fat pads 
 2. Anterior humeral line  2. Cortex of radial head and 

neck 
 3. Radiocapitellar line  3. Radiocapitellar line 
 4. Ossifi cation centers 

R.L. van Steenkiste et al.



35

edema. Furthermore, proton density- weighted 
(PDW) images can provide additional anatomical 
detail. Gradient-echo sequences are not routinely 
indicated but may enhance the visibility of intra-
articular loose bodies [ 14 ,  15 ]. However, detect-
ing loose bodies without intra- articular contrast 
remains diffi cult. Gadolinium is a contrast agent 
used in MR imaging that can be injected intrave-
nously or directly into a joint, known as MR 
arthrography (MRA) (see below). Indirect MRA 
by means of  intravenous  administration of gado-
linium may aid in the detection of post-traumatic 
disorders affecting the synovium. Direct MRA 
by means of  intra - articular  injection of gadolin-
ium may provide superior visualization of disor-
ders commonly encountered in throwing athletes, 
including partial capsular and ligamentous (ulnar 
collateral ligament) tears, intra- articular loose 
bodies, instability, and osteochondritis dissecans 
[ 16 ,  17 ]. 

 For MRA, approximately 5–10 mL of gado-
linium diluted in sterile saline (1:250) is injected 
with a 20- or 23-gauge needle into the elbow 
joint. The elbow joint space can be accessed via 
the standard lateral or posteromedial approach 
under fl uoroscopy. For the lateral approach, the 
needle is inserted vertically at the superior third 
of the radiocapitellar joint line while the patient 
is lying prone with the elbow in 90° fl exion and 
the forearm in supination. A disadvantage of this 
lateral approach is the possible extravasation of 
contrast agent around the radial collateral 
 ligaments. For this reason, the alternative 
 posteromedial approach can be employed with 

the patient lying supine on the fl uoroscopic table, 
with the elbow over the head in 30° fl exion and 
the forearm in pronation. The needle is then 
inserted between the olecranon and the medial 
epicondyle, approximately 1 cm lateral to the 
medial epicondyle to avoid damaging the ulnar 
nerve. Subsequently, the needle is advanced in 
anterolateral fashion into the olecranon fossa. 
Fat- saturated T1W and T2W sequences should 
be obtained immediately after contrast injection 
[ 18 ] (Table  4.2 ).

4.1.3        Computed Tomography 
and Computed Tomographic 
Arthrography 

 CT scans of the elbow are mainly used in the 
acute setting for assessing osseous abnormalities 
such as occult fractures and loose bodies, for fur-
ther characterisation, and for support in preopera-
tive planning [ 19 ,  20 ]. Current multi- detector CT 
scans allow for high-resolution images, multi-
planar reconstruction, and fast scanning times. 
Typically, a section thickness of 1 mm is used 
with a matrix size of 512 × 512, and scanning is 
performed in the axial plane [ 21 ,  22 ]. The patient 
is scanned in the prone position with the elbow 
resting above the head at about 90° fl exion 
[ 23 – 25 ]. 

 In order to perform CTA, iodinated contrast 
agent is injected into the elbow joint. As in mag-
netic resonance arthrography (MRA), 5–10 mL 
of contrast agent is injected under fl uoroscopic 

   Table 4.2    Characteristics of the elbow on MRI   

 Appearance on: 

 Tissue  T1-weighted images  T2-weighted images  T2-fat saturated images 

 Cortical bone  Hypointense  Hypointense  Hypointense 
 Medullary bone  Hyperintense  Hyperintense  Hypointense 
 Fibrous cartilage  Hypointense  Hypointense  Hypointense 
 Hyaline cartilage  Isointense  Isointense  Isointense 
 Bands and ligaments  Hypointense  Hypointense  Hypointense 
 Fluid  Hypointense  Hyperintense  Hyperintense 
 Fat  Hyperintense  Hyperintense  Hypointense 
 Muscle  Hypointense  Hyperintense  Hyperintense 
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guidance through the lateral and, in some cases, 
the posteromedial approach. In addition to iodin-
ated contrast agent, air can be injected into the 
elbow. This is defi ned as double-contrast arthrog-
raphy. CT scans should be obtained within 
30 min of contrast administration [ 26 ]. 

 CTA is particularly useful in the evaluation of 
osteochondritis dissecans, osteochondral lesions, 
and loose bodies [ 27 ]. However, in the diagnostic 
workup of the athlete’s injured elbow, MRA has 
essentially replaced the role of CTA. The main 
reasons for this are the absence of ionizing radia-
tion in MRA and the fact that MRA is superior in 
the detection of concomitant soft tissue injury 
[ 18 ]. Nonetheless, CTA can be used as an alterna-
tive in patients with contraindications for MRA 
such as pacemakers, implanted devices, or 
gadolinium- based contrast allergies [ 28 ].  

4.1.4     Ultrasound 

 The major advantage of ultrasound (US) is that it 
provides a low-cost, noninvasive, and dynamic 
evaluation of elbow structures, without ionizing 
radiation [ 29 – 31 ]. However, this imaging modal-
ity is highly operator-dependent and thus requires 
suffi cient experience of the assessor. US can 
assist clinicians in the assessment of a wide vari-
ety of elbow injuries, including overuse syn-
dromes, traumatic changes, infl ammatory 
diseases, and neuropathies [ 31 ]. Transverse and 
longitudinal images of all four aspects (posterior, 
anterior, medial, and lateral) of the elbow in both 
fl exion and extension are necessary for a com-
plete examination [ 31 ]. 

 Echogenicity is the characteristic ability of an 
elbow structure to return a signal in US examina-
tion; each tissue has its own characteristic appear-
ance. A practical order of echogenicity in 
musculoskeletal ultrasound can be depicted as 
bone, ligament, tendon, nerve, and muscle [ 29 ]. 
In general, bone and gas-like substances are 
hyperechoic and fully refl ect the sound waves, 
which is represented by a more intense appear-
ance on US images. Muscles and fl uids are less 
echogenic (hypoechoic) and are represented 
darker. 

 Ultrasound plays a major role in the examina-
tion of traumatic changes to ligaments and ten-
dons of the elbow [ 29 ,  32 ]. Although these 
structures have a similar appearance, they can be 
distinguished because ligaments are slightly 
more echogenic than tendons. Moreover, the 
echogenicity of the fi brillar tendinous pattern 
increases when the tendon is being held under 
tension. Pathologic degeneration and partial tear-
ing of a tendon are visualized as a structural 
hypoechoic gap. In case of a complete tear, the 
fi brillar pattern is completely absent. In addition, 
US may demonstrate intra-articular effusion due 
to a fracture even when the undisplaced fracture 
line is not detected on plain radiographs. 
Fractures can also be detected directly by US 
through depiction of irregularities or interruption 
of the hyperechoic bone cortex [ 31 ].   

4.2     Osseous and Osteochondral 
Injury of the Elbow 

4.2.1      Fractures of the Elbow 

 Elbow fractures in overhead athletes are most 
often caused by low energy trauma, such a fall 
onto an outstretched hand (FOOSH) and hyper-
extension or hyperfl exion injuries [ 33 ]. 
Nontraumatic upper extremity fractures related 
to throwing are rare [ 34 ,  35 ]. However, stress 
fractures arising from repetitive microtrauma are 
not uncommon. In the following section, a 
description of fractures of the distal humerus, 
proximal ulna, and proximal radius, with associ-
ated characteristics on imaging, will be given. 

4.2.1.1     Outline Pediatric Osseous 
Injury 

   In General 
 The immature skeleton contains growth plates, 
which appear as a radiolucency similar to cartilage 
on radiographs. Understanding of the develop-
mental anatomy of the pediatric elbow is essential 
to distinguish normal ossifi cation centers from a 
fracture fragment in radiography, since misinter-
pretation is not uncommon [ 36 ]. The mnemonic 
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CRITOE is a helpful tool in analyzing pediatric 
elbow injury. It represents the sequential order of 
appearance of the ossifi cation centers of the elbow: 
capitellum, radial head, internal (medial) epicon-
dyle, trochlea, olecranon, and external (lateral) 
epicondyle [ 1 ,  5 ]. This sequential order extends 
over the period from 1 year to 12 years of age [ 37 ]. 

 Pediatric osseous injury differs in many 
aspects from adult osseous injury due to the dif-
ferences in bone composition between children 
and adults [ 8 ,  38 ]. The thick periosteum of the 
immature skeleton, for example, inhibits dis-
placement of a fracture. However, supracondylar 
fractures with posterior displacement occur fre-
quently and are thus an exception to this rule. 
Finally, children’s bones tend to be more fl exible 
which can result in plastic bowing, torus, or 
greenstick fractures, mostly affecting the radius 
or ulna in FOOSH or hyperextension injury [ 5 ].  

   Physeal Injury 
 Since the cartilaginous physis is a more vulnerable 
structure than the surrounding ligaments and mus-
cle tendons, injuries affecting the physis are com-
mon in childhood [ 2 ]. Fractures of the epiphysis 
and/or metaphysis are classifi ed according to the 
Salter-Harris classifi cation, which relates the radio-
graphic appearance to the clinical importance of 
the fracture (see Table  4.3 ) [ 39 ]. Nevertheless, MRI 
is considered superior for evaluating fractures of 
the cartilaginous epiphysis in children [ 40 ].

4.2.1.2         Fractures of the Distal Humerus 
 Fractures of the distal humerus can broadly be 
categorized into supracondylar, transcondylar, or 

intercondylar fractures (above the olecranon 
fossa, through the olecranon fossa, or between 
the condyles, respectively) [ 41 ,  42 ]. More spe-
cifi c and commonly used is the AO classifi cation 
system, in which type A describes an extra- 
articular fracture, type B an intra-articular frac-
ture of a single column, and type C an 
intra-articular fracture of both columns with no 
portion of the joint contiguous with the shaft (see 
Table  4.4 ) [ 41 ]. Each type is subdivided into 
three subtypes to classify the degree of comminu-
tion, with subtype 3 being the highest degree of 
comminution. Anteroposterior, lateral, and 
oblique views in plain radiography can be used to 
confi rm the presence and location of distal 
humeral fractures [ 42 ].

   Supracondylar (type A) fractures are common 
and account for more than half of all elbow frac-
tures in children, but are relatively uncommon in 

   Table 4.3    Salter-Harris classifi cation for physeal frac-
tures [ 39 ]   

 Type  Mnemonic  Description of fracture 

 I  “Slipped”  Through the physis without 
involvement of bone, epiphysis, 
or metaphysis 

 II  “Above”  Involving part of the 
metaphysis and extending to 
the physis 

 III  “Lower”  Involving the epiphysis and 
extending to the physis 

 IV  “Through”  Involving epiphysis and 
metaphysis and extending to 
the physis 

 V  “Rammed”  Involving compression of the 
physis 

   Table 4.4    AO/OTA classifi cation of distal humerus fractures   

      
 Type A  Extra-articular  Supracondylar 
 Type B  Intra-articular, single column  Partial articular-isolated condylar, coronal shear, epicondyle 
 Type C  Intra-articular, both columns  Complete articular 
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adults [ 6 ]. Pediatric supracondylar fractures are 
classifi ed according to the classifi cation of 
Gartland [ 43 ]. Type I fractures are non-displaced, 
type II fractures are partially displaced (with 
intact posterior cortex) and type III fractures are 
completely displaced. The anterior humeral line 
in particular can be used to assess the direction of 
the displacement, which is commonly posterior 
[ 5 ]. A rare, but important complication of pediat-
ric supracondylar fractures is the  fi shtail defor-
mity  (see Sect.  4.2.2 ) [ 44 ,  45 ]. 

 Transcondylar (type B) fractures include frac-
tures of the lateral and medial humeral condyle. 
Fractures of the lateral condyle are the most com-
mon fractures in children under the age of 7 years 
[ 5 ]. When only the cartilaginous part of the distal 
humeral epiphysis is involved, this fracture 
equals a Salter-Harris type IV epiphyseal frac-
ture. A specifi c type of transcondylar fractures of 
the capitellum and trochlea are  coronal shear 
fractures . These fractures occur when the radial 
head impacts into the anterior articular cortex of 
the distal humerus and both the capitellum and 
the lateral ridge of the trochlea are sheared off. 
Indicative for this injury is the  double - arc sign  on 
lateral view radiographs [ 46 ,  47 ]. This sign repre-
sents an increased radiographic density due to 
overprojection of the subchondral bone of the 
displaced capitellum and the lateral trochlear 
ridge. Coronal shear fractures can also be visual-
ized with a radial head-capitellum view [ 48 ]. 

 Regarding other imaging modalities, two- and 
three-dimensional CT images have been shown to 
be of particular benefi t in preoperative decision 
making and planning of the operative treatment 
[ 49 ]. Nonoperative treatment (i.e., immobiliza-
tion and bracing) is only recommended in case of 
non-displaced fractures. Patients with displaced, 
comminuted, or highly unstable distal humeral 
fractures should be referred to an orthopedic sur-
geon, since surgical intervention is the standard 
treatment [ 41 ,  42 ].  

4.2.1.3     Fractures of the Proximal Ulna 
 Olecranon process fractures can be the result of a 
direct trauma to the elbow, for example a fall on 
the elbow with the arm fl exed. As a consequence, 
the olecranon collides with the distal humerus 

and is often comminuted [ 50 ]. These fractures 
occur more frequently in adults than in children, 
as the immature olecranon is relatively stronger 
than the distal humerus (which also explains the 
higher occurrence of supracondylar fractures in 
children). Indirect forces are mostly due to a 
FOOSH injury together with forceful contraction 
of the triceps which may show transverse or short 
oblique fractures on plain radiographs [ 50 ,  51 ]. 
Undisplaced, simple fractures are easily assessed 
on plain radiographs. Displaced or comminuted 
fractures require two- and three-dimensional CT 
imaging in support of surgery [ 52 ]. 

 In addition to traumatic injury, the olecranon 
process is the most common location for stress frac-
tures in throwers [ 2 ]. During throwing, repetitive 
forces in valgus load are applied through excessive 
pulling of the triceps on the olecranon, which may 
result in posteromedial osseous stress syndrome. 
This comprises trabecular collapse and transverse 
or short oblique stress fractures. Since plain radio-
graphs may not show signifi cant alterations in the 
appearance of the proximal ulna, accurate assess-
ment is justifi ed [ 53 ,  54 ]; progression of small stress 
fractures to a complete and displaced fracture is 
possible. Either a hairline fracture or a lucent region 
surrounded by a sclerotic margin (indicating non-
union and periosteal new bone formation) can be 
seen. These features can also be detected with CT 
[ 2 ]. However, MR imaging is the most sensitive 
method for identifying early changes consistent 
with osseous stress injury, like bone marrow edema 
and hyperemia [ 53 ]. These changes on T1-weighted 
images consist of poorly defi ned, patchy areas of 
low signal intensity in the affected bone. 

 Fractures of the coronoid process rarely occur 
isolated. Since the coronoid is responsible for 
resisting posterior displacement of the ulna, these 
fractures are often associated with other elbow 
injuries that increase joint instability. In the 
O’Driscoll classifi cation, three major traumatic 
injury patterns are linked to coronoid fractures 
[ 55 ]. This classifi cation can aid in predicting 
associated injuries of coronoid fractures [ 56 ]. 
Type I includes a small transverse fracture of the 
coronoid tip. This fracture accounts for one of the 
three distinct injuries in the  terrible triad , the 
others being a fracture of the radial head and a 
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posterior elbow dislocation [ 57 ]. If external rota-
tion forces and valgus stress are loaded axially in 
a FOOSH injury, the lateral collateral ligament 
(LCL) is typically torn as well. Type II fractures 
of the anteromedial facet are often seen with 
varus posteromedial rotatory instability pattern 
injuries, occurring after an elbow subluxation. 
Associated injury includes an LCL avulsion from 
the lateral epicondyle. Varus stress radiographs 
often reveal radiocapitellar widening and 
 ulnohumeral narrowing. Type III includes rela-
tively large fractures of the coronoid process, 
associated with transolecranon fracture-disloca-
tions (anterior or posterior).  

4.2.1.4     Fractures of the Proximal 
Radius 

 Radial head fractures are the most common type 
of elbow fracture in athletes and represent 50 % of 
all elbow fractures in adults [ 33 ]. In children, the 
radial neck is more commonly involved (leading 
to Salter-Harris II fracture). Based on results of 
100 cases of radial head fractures, Mason estab-
lished a classifi cation system to guide treatment 
based on the injury pattern [ 58 ]. Type I fractures 
include non-displaced or peripheral fractures of 
the rim, type II includes displaced fractures of the 
rim, and type III fractures are comminuted and 
displaced fractures of the entire radial head. 
Johnston added a fourth type to this classifi cation, 
which denotes a fracture of the radial head with 
associated dislocation [ 59 ]. Initially, type I frac-
tures are treated nonoperatively, type II may be 
treated either nonoperatively or operatively, while 
types III and IV require surgical management. 
However, although these guidelines of the Mason-
Johnston classifi cation are widely used, there is a 
paucity of data confi rming the outcomes of surgi-
cal management [ 60 ]. 

 Isolated radial head fractures resulting from a 
fall with the elbow extended and the forearm pro-
nated occur rarely. Investigation of radial head 
fractures with MR imaging showed that radial 
head fractures in three-quarters of cases are associ-
ated with soft tissue injuries [ 61 ,  62 ]. Common 
injuries occurring in association with these frac-
tures are posterior dislocation of the elbow, medial 
collateral ligament rupture, capitellar fracture, 

 terrible triad injuries, and Monteggia injuries [ 63 ]. 
If a radial head fracture is suspected, anteroposte-
rior and lateral radiographs of the elbow should be 
obtained. A radiocapitellar view may help delin-
eate the fracture. In addition, computed tomogra-
phy can identify fractures not visualized in plain 
radiographs. CT may help in identifying the frac-
ture pattern, the degree of comminution (if pres-
ent), possible associated injuries and in planning 
surgical treatment [ 63 ,  64 ].   

4.2.2       OCD and Avascular Necrosis 
Around the Elbow 

4.2.2.1     Osteochondritis Dissecans 
of the Capitellum 

 Osteochondritis dissecans (OCD) is an idiopathic 
disorder of the subchondral bone with dissection of 
the articular surface and underlying bone of the 
immature skeleton. OCD is commonly localized in 
the capitellum of the dominant elbow but can also 
occur in the trochlea, radial head, and olecranon 
[ 65 ]. It typically affects young, competitive ath-
letes in overhead sports such as baseball or weight-
bearing sports like gymnastics, in which repetitive 
valgus stress is placed on the elbow joint [ 66 ,  67 ]. 
Patients, most commonly adolescent boys, present 
with lateral elbow pain, swelling, tenderness, stiff-
ness, and locking of the joint. Although the etiol-
ogy remains unclear, it is believed that the 
underlying pathogenesis involves repetitive micro-
trauma due to compression and shear forces, lead-
ing to overuse injury of the vulnerable and relatively 
hypovascular epiphyseal cartilage [ 65 ]. 

 Although prevention is the best treatment for 
OCD, early detection and classifi cation of the 
lesion are necessary to protect athletes from 
developing irreversible damage [ 68 ,  69 ]. The 
International Cartilage Repair Society (ICRS) 
divides OCD lesions into four categories. To 
determine the best treatment option for capitellar 
OCD in young athletes, it is important to differ-
entiate between stable and unstable lesions: ICRS 
I and II are classifi ed as stable and ICRS III and 
IV as unstable [ 69 – 72 ]. However, the major 
drawback of this classifi cation is that it is based 
on intraoperative fi ndings. To assess the stability 
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of the OCD lesion in a noninvasive way, the use 
of ultrasound, radiographs, MRI, or CT is recom-
mended [ 72 ]. The characteristics of each imaging 
modality will be discussed in the following sec-
tion (Table  4.5 ).

   Ultrasound is useful in the initial examination 
of cartilaginous changes in capitellar OCD [ 74 ]. 
US can visualize the subchondral bone and over-
lying articular cartilage simultaneously in one 
dynamic image [ 75 ]. The image should be 
obtained in both an anterior and a posterior longi-
tudinal view to display the whole capitellum. The 
normal capitellum is shown as a highly echogenic 
band with the overlying cartilage as an overlying 
hypoechoic band. Subchondral bone fl attening 
causes the highly echogenic band to narrow. 
Moreover, non-displaced or (slightly) displaced 
bony fragments, marrow gap formation, or com-
plete osteochondral defects can be seen on ultra-
sound imaging [ 74 ]. It is advised to compare 
fi ndings on ultrasound with MRI and/or radio-
graphic assessment to identify both  cartilaginous 

and bone changes, so the lesion can be more accu-
rately classifi ed [ 74 ,  76 ]. 

 Routine AP radiographic examination of the 
elbow for detecting capitellar OCD and intra- 
articular loose bodies has limited sensitivity [ 77 ]. 
However, radiographic images of the capitellum 
on radiocapitellar view or AP view with the 
elbow 45° fl exed can show the following:

   Grade I. Localized fl attening or subchondral 
radiolucency  

  Grade II. Non-displaced bone fragment(s)  
  Grade III. Displaced or detached fragment(s)    

 Takahara et al. [ 71 ] proposed a guideline for 
treatment, based on fi ndings at initial presenta-
tion of the patient, supplemented with radio-
graphic fi ndings (Table  4.6 ) [ 71 ]. In stable OCD, 
an immature capitellum with open growth plate is 
present with fl attening or radiolucency of the 
subchondral bone (Grade I), but with normal 
elbow motion. The preferred treatment is conser-
vative; elbow rest and analgesics are recom-
mended. In unstable OCD, the capitellum is 
mature (the growth plates have closed) and frag-
ments (Grade II or III) may occur. The fragments 
or loose bodies can lead to restricted elbow 
motion due to narrowing of the articular space. In 
this case, surgical treatment is indispensable to 
prevent further damage. The advantage of this 
classifi cation system is that it directly links radio-
graphic fi ndings with the ICRS classifi cation and 
thus is useful in the choice for treatment [ 78 ].

   Magnetic resonance imaging has been 
approved as the most sensitive and reliable means 

   Table 4.5    International cartilage repair society – OCD 
classifi cation for lesion stability [ 73 ]   

 Type  Description 

 I  Stable lesions with a continuous but softened 
area covered by intact cartilage 

 II  Lesions with partial discontinuity that are stable 
when probed 

 III  Lesions with a complete discontinuity that are 
not yet dislocated but are unstable when probed 
(dead in situ) 

 IV  Empty defects as well as defects with a 
dislocated fragment or a loose fragment within 
the bed 

   Table 4.6    Classifi cation and preferred treatment of OCD lesions [ 71 ]   

 Classifi cation of 
lesion 

 Capitellar 
growth plate 

 Radiographic 
grade 

 Range of 
motion 

 ICRS 
classifi cation  Preferred treatment 

 Stable  Open  I  Normal  I  Elbow rest 
 Unstable  Closed  II or III  Restricted  II  Fixation and bone-peg 

graft 
 III  Fixation and bone-peg 

or iliac bone graft 
 IV  Fragment removal and 

reconstruction for 
large defect 

   ICRS  International Cartilage Repair Society  
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for the assessment of osteochondritis dissecans 
[ 74 ,  79 ]. MRI provides information about size, 
location, presence of joint effusion, bone marrow 
change, and loss of continuity or cartilage over 
the OCD lesion [ 79 ]. Cartilage changes in early 
disease may not be obvious radiographically, but 
can be visualized with MRI [ 68 ]. These early 
changes of osteochondral defects are detectable 
on T1-weighted images and appear normal on T2 
images [ 67 ]. Advanced changes are detectable in 
both T1 and T2 images. T2-weighted images 
may show high-signal intensity interfaces 
between fragments and their beds or refl ect the 
interposition of synovial fl uid interposed through 
the articular cartilage. Focal articular defects may 
be seen as well [ 69 ,  72 ]. The MRI staging system 
developed by Itsubo et al. [ 79 ] provides evidence 
regarding the instability of the OCD and the cor-
responding stages of the ICRS classifi cation, but 
has not yet been validated in other studies [ 79 ]. 

 It should be noted that the literature on imag-
ing of capitellar OCD by computed tomography 
(CT) is limited. The general consensus on the 
advantages of CT over radiography or MRI is 
that CT can aid in defi ning the subchondral bone 
condition and that it is often used to determine 
the extent of the osseous lesion and the presence 
of ossifi ed loose bodies [ 80 ]. However, CT should 
not be used to detect cartilaginous change at the 
lesion; for this purpose, computed tomographic 
arthrography (CTA) is more suitable. CTA favors 
examination of the overlying cartilage and can 
confi rm the intra-articular position of calcifi ed 
loose bodies, yet this can also be achieved with 
MRI [ 73 ,  81 ].  

4.2.2.2     Panner’s Disease 
 It is important to distinguish Panner’s disease 
from OCD of the capitellum. Although the pre-
sentation and clinical features may be similar, 
Panner’s disease is a self-limiting condition of 
the epiphysis and will resolve with rest and con-
servative treatment [ 65 ]. In general, it affects a 
younger age group (mainly boys under the age of 
10 years) and it is not necessarily related to 
sports. The characteristic appearance of Panner’s 
disease on radiographs is the initially subchon-
dral rarefaction, which is in a later stage followed 

by translucency and fragmentation of the entire 
capitellum. Magnetic resonance imaging shows 
low T1 signal and high T2 signal of the entire 
capitellum. Loose bodies are seldom seen [ 65 ].  

4.2.2.3     Hegemann’s Disease 
 In the continuum of disorders of endochondral 
ossifi cation like OCD and Panner’s disease, in 
1951 Hegemann described a total of 15 cases of 
avascular osteonecrosis of the humeral trochlea 
[ 82 ]. Since then, reports on this disease have been 
limited. This condition seems to affect predomi-
nantly preadolescent boys and is seldom accom-
panied by pain. Swelling and decreased range of 
motion are more often described [ 83 ]. In contrast 
to OCD, there is no locking of the joint and radi-
ography shows rarefaction of the entire epiphy-
seal center of the trochlea (instead of the 
subchondral bone only) [ 84 ]. Another condition 
that strongly resembles Hegemann’s disease is the 
 fi shtail deformity  of the trochlea, a late complica-
tion of pediatric supracondylar fractures [ 45 ]. 
Claessen et al. [ 85 ] provided an overview of the 
most recent knowledge on the etiology, radio-
graphic fi ndings, and treatment options of both 
these rare conditions [ 85 ].   

4.2.3     Apophysitis 
and Apophysiolysis: Little 
Leaguer’s Elbow 

 The apophysis is a secondary ossifi cation center 
located outside the joint surface. Injury of the 
medial epicondylar apophysis occurs almost 
exclusively in young athletes performing over-
head sports and is referred to as the clinical diag-
nosis  Little Leaguer ’ s elbow  [ 86 – 88 ]. The medial 
epicondyle is relatively weak compared to the 
increasing muscle strength in adolescents. 
Therefore, apophysiolysis or apophyseal avul-
sion fractures are often the consequence of sus-
tained valgus stress forces with traction of the 
common origins of the fl exor muscles at the 
apophysis, due to repetitive overhead throwing 
[ 5 ,  89 ,  90 ]. Moreover, avulsion fractures can also 
be the consequence of an acute traumatic event 
such as a dislocation due to FOOSH injury [ 91 ]. 
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 AP and lateral radiographic images with com-
parative views of the unaffected side should be used 
in the initial evaluation [ 1 ]. Although these images 
appear normal in 85 % of cases, they may reveal a 
hypertrophic medial epicondyle with bony frag-
mentations and apophyseal widening or complete 
avulsion from the underlying humerus, with possi-
ble entrapment of the fragment in the joint [ 87 ,  89 ]. 

 MRI is not warranted in the initial imaging 
workup, but can be justifi ed to outline the sur-
rounding structures [ 92 ]. MR images in such 
cases may show bone marrow edema in the 
apophysis (or distal in the humerus) and tendi-
nopathy of the common fl exor tendon. Contrary 
to previous literature, there is a growing consen-
sus that the ulnar collateral ligament (UCL) is not 
involved in the pathology of the Little Leaguer’s 
elbow, but solely associated with valgus extension 
overload in adult patients (see Sect.  4.3.1 ) [ 92 ].  

4.2.4      Degeneration, Osteophytosis, 
and Loose Bodies 

 While traumatic injury may precipitate secondary 
degenerative arthritis in the elbow, primary degen-
eration is not associated with acute elbow trauma 
or rheumatologic disease. Primary degenerative 
arthritis of the elbow is a relatively rare condition, 
but occurs to a greater extent in overhead athletes 
at whom excessive stress on the elbow joint is 
placed [ 93 ,  94 ]. The pathologic changes that 
occur in both the radiohumeral and ulnohumeral 
compartments of the elbow can be divided in 
three stages [ 95 ]. The fi rst stage involves loss and 
fragmentation of the cartilage due to repetitive 
impaction of the coronoid process and the tip of 
the olecranon against the olecranon fossa mem-
brane. As a response to this erosion, hypertrophic 
bone and cartilage formation results in so-called 
osteophytes and loose bodies. Osteophytes or 
bone spurs reduce the amount of joint space 
needed for a full, pain-free range of motion, giv-
ing rise to symptoms as pain, locking, or reduced 
elbow motion. In the fi nal stage, the impingement 
caused by these small protuberances (particularly 
in the olecranon fossa) leads to distortion and in 
most severe cases to contracture of the elbow 

joint. Arthroscopic intervention with removal of 
the eroded bone and its fragments is the best treat-
ment option to prevent further degeneration of the 
elbow [ 96 ]. Plain radiography and computed 
tomography are the modalities of choice when 
assessing the condition of the elbow. 

 Two views in plain radiography are usually suf-
fi cient for the initial evaluation of primary osteoar-
thritis. Standard lateral radiographs allow 
identifi cation of the most frequent features of the 
osteoarthritic elbow (i.e., osteophytes of all 
involved bony structures, thickening of the olecra-
non fossa membrane, and joint space narrowing). 
The anteroposterior view in addition enables the 
assessment of the olecranon fossa membrane [ 97 ]. 

 In preoperative planning, computed tomogra-
phy (CT) is favorable when heterotopic ossifi ca-
tion or intra-articular loose bodies are suspected 
[ 93 ]. More advanced three-dimensional CT scans 
can specifi cally determine the size, location, and 
bony architecture of the hypertrophic bone spurs 
and loose bodies [ 97 ,  98 ].  

4.2.5     Goalkeeper’s Elbow 

 Shot blocking of a ball with the forearm fully 
extended induces repeated hyperextension trauma 
of the elbow, mostly seen in goalkeepers of hand-
ball and soccer [ 99 ]. The injury pattern resembles 
elbow lesions in overhead athletes: repeated 
impaction of the posteromedial olecranon leads to 
arthritic changes with cartilage damage, osteo-
phyte formation, and intra-articular loose bodies 
[ 100 ]. The presence of these pathological altera-
tions can be confi rmed by radiological evaluation. 
Soft tissue lesions can be visualized by US or 
MRI and may comprise bilateral thickening of the 
medial collateral ligament, fl exor-pronator ten-
don, triceps tendon, and ulnar nerve [ 100 ].   

4.3     Ligamentous Injury 
of the Elbow 

 Various osseous and soft tissue constraints pro-
vide static and dynamic stability to the elbow 
joint, respectively. Primary stabilization is 
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 provided by the ulnohumeral articulation as well 
as by the medial (ulnar) and lateral (radial) col-
lateral ligament complexes. The medial ulnar col-
lateral ligament (MCL/UCL) complex comprises 
anterior, posterior, and transverse bundles, of 
which the anterior bundle is the primary restraint 
against valgus stress. The lateral ligament com-
plex includes the radial collateral ligament, the 
lateral collateral ligament (LCL), and the annular 
ligament, of which the LCL provides both varus- 
and posterolateral stability [ 101 ]. The radiocapi-
tellar articulation, the common extensor tendon, 
the fl exor-pronator tendon, and the joint capsule 
all contribute to secondary stabilization [ 102 ]. 

 Ligamentous injury of the elbow in athletes 
can be caused by repetitive overhead activities or 
by an acute traumatic event like an elbow dislo-
cation. Timely recognition of injuries to these 
structures is very important; disruption of the 
ligaments may threaten elbow stability and can 
possibly be career ending for an athlete [ 102 , 
 103 ]. MR imaging is indispensable in the assess-
ment of the ligaments, since it provides superior 
soft tissue contrast and allows for simultaneous 
evaluation of bony structures in a single examina-
tion [ 104 ]. In the following section, an overview 
of elbow ligament injuries and their appearance 
on various imaging methods are provided. 

4.3.1      Ulnar Collateral Ligament 
Injury and Valgus Extension 
Overload 

 Valgus extension overload is a spectrum of symp-
toms that are commonly seen in competitive 
overhead athletes [ 105 ]. Large valgus and exten-
sion forces in the acceleration phase of throwing 
lead to major tensile stress on medial structures, 
compressive forces on the lateral structures (see 
Sect.  4.2.2 ), and shear forces posteriorly (see 
Sect.  4.2.4 ). These chronic tensile forces lead to 
infl ammation, microtearing, and laxity of the 
ligament, which may progress into disruption of 
the UCL. Less commonly, the UCL may be 
injured after traumatic elbow dislocation [ 105 ]. 

 Plain radiographs may not provide any direct 
information on ligamentous injuries, but can be 

indirectly supportive if focal calcifi cations of the 
UCL are present [ 106 ,  107 ]. When compared to 
the normal appearance of the UCL on US, UCL 
sprains show thickening, decreased echogenicity, 
and hyperechoic areas demonstrating local calci-
fi cations [ 31 ,  107 ]. A completely ruptured UCL 
appears as a hypoechoic band surrounded by 
fl uid. 

 On normal axial MR images, the anterior band 
of the UCL has uniform low signal intensity on 
T1W and T2W images. However, a completely 
normal UCL on MRI in a competitive throwing 
athlete is rarely seen [ 108 ]. Adaptations in 
response to forces in throwing include thickening 
of the anterior band of the UCL and posterome-
dial subchondral sclerosis of the trochlea. 
Therefore, MRI ought to be used to differentiate 
between acute versus chronic injury and to 
observe the degree of remodeling of the chronic 
ligament deformity [ 109 ]. Ruptures, sprains, lax-
ity, or other irregularities manifest as a disconti-
nuity with hyperintense fl uid fi lling the hiatus on 
both T1W and T2W images [ 14 ,  104 ]. Avulsion 
fracture of the medial epicondyle may be 
present. 

 MR arthrography may be of particular benefi t 
when partial-thickness tearing is suspected, since 
it improves the sensitivity of detecting such tears 
[ 18 ]. In case of a partial-thickness tear, the so- 
called T-sign may demonstrate increased signal 
intensity at the distal insertion near the sublime 
tubercle [ 14 ,  110 ].  

4.3.2     Dislocation of the Elbow Joint 

 Dislocation of the elbow is the most common dis-
location in children and the second most common 
dislocation in adults (after dislocation of the 
 shoulder) [ 111 ]. The elbow owes its stability to the 
osseous architecture of the ulnohumeral joint, 
which provides the most stability in the anteropos-
terior direction. The surrounding capsuloligamen-
tous and musculotendinous aspects (including the 
collateral ligaments, joint capsule, and adjacent 
muscles) provide further stability. If these compo-
nents are disrupted by trauma, elbow dislocation 
may result. 
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 Dislocations of the elbow can either be simple 
or complex depending on the absence or presence 
of associated bony injury, respectively. Simple 
dislocations are described by the direction of the 
dislocated ulna relative to the humerus. Posterior 
displacement occurs in over 90 % of cases, with 
posterolateral dislocation as its most common 
subtype [ 112 ]. The injury mechanism is consid-
ered to be a combination of axial compression, 
supination, and valgus stress, often seen in 
FOOSH-type injuries [ 103 ]. Lateral and anterior 
displacements are rare and may result from a 
direct posterior blow to a fl exed elbow [ 113 ]. 
Bony injuries of the olecranon and avulsion of 
the medial and lateral condyles and epicondyles 
can be present. Complex dislocations with com-
bined fractures of the radial head or neck and the 
coronoid process are referred to as the  terrible 
triad  (see Sect.  4.2.1 ) [ 57 ,  102 ]. 

 Accompanying ligamentous and capsular dis-
ruption can be described according to the Horii 
circle [ 103 ]. Stage 1 involves disruption of the 
LUCL with posterolateral rotatory subluxation of 
the ulna. In stage 2, the coronoid places on the 
trochlea (i.e., incomplete dislocation) and the 
other adjacent lateral ligaments are torn, includ-
ing anterior and posterior aspects of the joint cap-
sule. Finally in stage 3, the elbow is completely 
dislocated with the coronoid located posteriorly 
to the humerus. The MCL may be disrupted only 
posteriorly (stage 3A) or completely (stage 3B). 
Thus, elbow dislocation is the result of a postero-
lateral rotatory subluxation followed by a total 
disruption of the surrounding soft tissue from the 
lateral to the medial side [ 102 ]. 

 Posterolateral dislocation can lead to perma-
nent valgus instability that correlates with a 
worse overall clinical and radiographic result. All 
treatment options are therefore primarily aimed 
at restoring functional elbow stability [ 102 ]. 
Simple dislocations may be treated nonopera-
tively after reduction under adequate muscular 
relaxation and appropriate analgesia. To prevent 
joint contractures, defi nitive management 
involves limited mobilization and early active 
range of motion [ 114 ]. Complex fracture- 
dislocations require operative management with 
fi xation of fractures and repair of damaged 

 surrounding soft tissues. Damage to the brachial 
artery or median and ulnar nerve must be ruled 
out, although neurovascular injury is uncommon 
in the setting of a FOOSH injury [ 103 ]. 

 Anteroposterior, lateral, and oblique radio-
graphs should be obtained to determine the direc-
tion of the dislocation and the potential presence 
of associated fractures. An intact radiocapitellar 
line should be evident on all views, since this is 
no longer aligned in posterior elbow dislocations 
[ 8 ]. Post-reduction radiographs are required to 
ensure correct positioning of the elbow. 

 Concerning preoperative planning after com-
plex elbow dislocation, CT can be used to delin-
eate fractures, and MR imaging is helpful to 
visualize the extent of the soft tissue disruption 
[ 57 ,  115 ,  116 ].  

4.3.3     Chronic Insuffi ciency 
of the LCL: Posterolateral 
Rotatory Instability 

 Elbow dislocation from a FOOSH trauma poses a 
substantial risk for recurrent elbow instability, 
since the stabilizing architecture of the surround-
ing ligaments, the radial head, and the coronoid 
process can be signifi cantly disrupted. This con-
dition has also been reported following coronoid 
insuffi ciency, radial head excision, or steroid 
injections for lateral epicondylitis [ 18 ]. 

 Several criteria are used to classify the degree 
of the instability: the articulation(s) involved, the 
direction of the displacement (valgus, varus, 
anterior or posterolateral), the degree of displace-
ment (subluxation or dislocation), the timing of 
displacement (acute, chronic or recurrent), and 
the presence or absence of associated fractures 
[ 103 ]. The most common type of chronic elbow 
instability is posterolateral rotatory instability 
(PLRI) [ 117 ]. PLRI implies a dislocation by 
which external rotation of the radius and the ulna 
relative to the distal humerus results in posterior 
displacement of the radial head relative to the 
capitellum. Contrary to isolated dislocation of 
the radial head, the radioulnar joint does not dis-
locate because the annular ligament is not 
affected [ 118 ]. 
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 The lateral ligament complex limits external 
rotation of the radius and ulna relative to the 
humerus and is therefore considered the weakest 
link in the pathogenesis of PLRI [ 102 ]. However, 
the medial collateral ligament may contribute as 
well [ 119 ,  120 ]. 

 The diagnosis is made clinically based on the 
patient’s history and physical examination. 
Patients with PLRI often have a history of ulno-
humeral dislocation; recurrent symptoms of lat-
eral pain, locking, clicking, snapping, or popping 
can be present. The feeling of instability mostly 
occurs when the elbow is actively brought from 
fl exion into extension with the forearm in supi-
nation. Several specifi c apprehension tests are 
available to provoke these symptoms [ 118 ,  121 ]. 
During the lateral pivot-shift maneuver, the 
elbow is in supine position and mild valgus 
stress is applied while the elbow is fl exed. The 
test is positive if apprehension or frank sublux-
ation of the radius and the ulna (rotating away 
from the humerus) occurs [ 122 ]. The posterolat-
eral rotatory drawer test involves overhead 
placement of the elbow in 40° of fl exion. 
Subsequent application of an anteroposterior 
force on the ulna and the radius (with the fore-
arm in external rotation) will subluxate the fore-
arm away from the humerus on the lateral side, 
pivoting on the intact medial ligaments [ 122 ]. A 
more adequate evaluation of instability by these 
tests may be performed with the patient under 
anesthesia. The radial head then visibly sublux-
ates posteriorly, whereas apprehension occurs 
when the patient is awake. 

 The primary treatment goal in patients with 
PLRI is to restore elbow stability. Nonoperative 
measures are applied in the fi rst days after 
reduction. These measures include both splint-
ing of the arm as well as rehabilitation to 
strengthen the surrounding musculature [ 123 ]. 
If unsatisfactory results are yielded by conser-
vative management, surgical treatment may be 
considered. The majority of surgically treated 
patients encounter satisfactory outcomes regard-
ing elbow stability [ 118 ]. Surgical management 
aimed at the reconstruction of ligaments can be 
performed either open or arthroscopically [ 123 ]. 
Defi ciency of the radial head or coronoid may 

require bony reconstructions. In that case, com-
puted tomography is of particular use to delin-
eate complex fracture  patterns and to assist in 
surgical planning [ 115 ]. 

 Plain radiographs are used to demonstrate 
changes in the alignment of the elbow by review-
ing the integrity of the radial head, coronoid pro-
cess, and capitellum. The  drop sign , indicative 
for PRLI, represents ulnohumeral separation on 
lateral radiographs [ 124 ]. Posterior displacement 
of the radial head in relation to the capitellum 
may be visible as well. 

 Although MRI has been well established as an 
effective method for the assessment of ligamen-
tous injury to the LCL, the role of MRI in the diag-
nosis of PLRI remains questionable [ 121 ,  125 ]. 
However, examination through MR arthrography 
is advantageous if uncertainty about the diagnosis 
remains even though PLRI is suspected [ 123 ]. 
Arthrography reveals laxity of the LCL, widening 
of the lateral joint space, and osteochondral lesions 
at the radiocapitellar joint [ 18 ,  118 ].  

4.3.4     Monteggia Injury 
of the Forearm 

 The ulna and the radius act as a single functional 
unit through binding via the interosseous mem-
brane and ligaments in the forearm. As a conse-
quence, hyper-pronation injury with fracture of 
the ulna is often accompanied by a dislocation of 
the proximal radioulnar joint. This combination 
of injuries was fi rst described by Monteggia in 
1814 and further classifi ed by Bado [ 126 ]. 
Depending on the location of displacement of the 
radial head, four types can be distinguished 
(see Table  4.7 ).

   Since the long-term range of motion of the 
elbow is seriously threatened in Monteggia 
injury, early recognition is important [ 127 ]. 
Pediatric patients may sustain injuries slightly 
different to Monteggia injury, including plastic 
deformation, incomplete or greenstick fractures, 
and ulnar metaphyseal fractures [ 127 ]. Although 
conservative management can be successful in 
the younger population, operative treatment is 
warranted for the majority of adults [ 127 ,  128 ]. 
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The treatment goal is to restore the cooperative 
functioning of the radius, ulna, and their associ-
ated articulations. 

 Radiographic examination should comprise 
AP, lateral, and oblique views of both the forearm 
and the wrist. The distal forearm should be evalu-
ated for displacement of the ulna relative to the 
radius. The radiocapitellar line must accurately 
be assessed in the proximal forearm, since it may 
seem normal due to concurrent displacement of 
the ulnar shaft [ 5 ].  

4.3.5     Isolated Dislocation 
of the Radial Head 

 Isolated dislocation of the proximal radius, also 
termed  nursemaid ’ s elbow  or  pulled elbow , is 
the result of a sudden pull on the arm. This lon-
gitudinal traction force with the forearm in pro-
nation and extension pulls the radial head trough 
the annular ligament. Due to relative laxity of the 
annular ligament, this injury is common in chil-
dren aged 0–5 years [ 129 ]. After the age of 
5 years, the annular ligament is stronger and less 
likely to tear or be displaced. Generally, the 
diagnosis is based on the clinical presentation. 
The injured child is likely to not use the affected 
arm and holds it in pronation, mild fl exion, and 
abduction against the body. Radiography (AP 
view) should be considered if the diagnosis is 
equivocal, if the mechanism of injury other than 
a pull is suspected, or if reduction attempts are 
unsuccessful [ 130 ].   

4.4     Musculotendinous Injury 
of the Elbow 

4.4.1     Epicondylitis 

4.4.1.1     Lateral Epicondylitis 
 Lateral epicondylitis, also known as tennis elbow, 
is the most common cause of lateral elbow pain 
[ 131 ]. Any sport or occupation that demands 
repetitive wrist extension can result in this type of 
injury. Lateral epicondylitis most commonly 
occurs in the fourth and fi fth decades of life, with 
both sexes affected equally [ 132 ]. The common 
extensor tendon (CET) originates from the ante-
rior aspect of the lateral epicondyle of the elbow 
and consists of the three conjoining tendons of 
the extensor carpi radialis brevis (ECRB), the 
extensor digitorum communis (EDC), and the 
extensor carpi ulnaris (ECU) muscles [ 133 ]. 
Lateral epicondylitis represents a condition 
where repetitive contractions of the ECRB, and 
to a lesser extent the EDC and ECU, lead to 
microtearing with subsequent degeneration, 
immature repair, and tendinosis [ 131 ,  134 ]. 
Tendinopathy or tearing of the ECRB tendon is 
invariably seen in lateral epicondylitis [ 132 ]. 
Physical examination typically reveals tender-
ness at the origin of the ECRB tendon and pain 
exacerbating with active wrist extension [ 135 , 
 136 ]. The clinical picture is often suffi cient for 
making the diagnosis. However, when symptoms 
are atypical or patients do not respond to therapy, 
imaging may be performed. 

 In case of suspected lateral epicondylitis, 
elbow radiographs may show some calcifi cation 
along the lateral epicondyle. Nevertheless, radio-
graphs are often false-negative and the routine 
use of plain fi lms does not seem justifi ed in the 
diagnostic process [ 137 ]. Both magnetic reso-
nance imaging (MRI) and ultrasound (US) are 
useful tools in diagnosing lateral epicondylitis. 
US provides an inexpensive and fast imaging 
method, whereas MRI is more expensive and 
time-consuming. Presently, MRI is considered 
the golden standard with a diagnostic sensitivity 
ranging between 90 % and 100 %. The sensitivity 

   Table 4.7    Bado classifi cation of Monteggia injury [ 126 ]   

 Type  Description 

 I  Anterior dislocation of the radial head and 
fracture of the ulnar shaft with anterior 
angulation 

 II  Posterior dislocation of the radial head and 
fracture of the ulnar shaft with posterior 
angulation 

 III  Lateral dislocation of the radial head and 
fracture of the ulnar metaphysis 

 IV  Anterior dislocation of the radial head, fracture 
of the proximal third of the radius and ulna 
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for US ranges between 60 % and 80 % [ 138 ]. 
Additional US techniques have no extra benefi t 
over standard gray-scale ultrasonography in 
detecting abnormal musculoskeletal fi ndings in 
painful elbows [ 138 ]. 

 The CET origin in individuals with lateral epi-
condylitis shows increased signal intensity on 
T2-weighted fat-suppressed MR images within the 
substance of the tendon, most commonly the ECRB, 
with or without tendon thickening [ 138 – 140 ]. 
However, CET thickening and increased signal 
intensity on T2-weighted images have also been 
observed in asymptomatic high- performance 
 athletes [ 140 ]. MRI can be used to categorize 
 epicondylitis into several grades of severity. In mild 
epicondylitis, the CET is thickened with increased 
internal signal intensity. In moderate epicondylitis, 
there is a partial-thickness tear with thinning and 
focal disruption that does not extend across the full 
thickness of the tendon. Severe epicondylitis 
 consists of a near-complete or complete tear, char-
acterized as a fl uid-fi lled gap separating the tendon 
from its origin at the lateral epicondyle [ 132 ]. This 
grading system has a signifi cant role in surgical 
planning [ 139 ].  

4.4.1.2     Medial Epicondylitis 
 Medial epicondylitis, also known as golfer’s 
elbow, is another common cause of elbow pain 
among athletes and workers in occupations that 
demand repetitive fl exion of the wrist. In throw-
ing athletes, medial epicondylitis may result from 
repetitive stress to the fl exor-pronator mass, con-
sisting of the pronator teres and fl exor carpi radi-
alis muscles [ 141 ]. The tendon origin of the 
fl exor-pronator mass attaches to the anterior 
aspect of the medial epicondyle of the humerus 
and is most commonly affected in medial epicon-
dylitis [ 133 ,  142 ]. This condition has the same 
pathogenesis as lateral epicondylitis, repetitive 
microtrauma at the tendinous insertion of the 
fl exor-pronator mass leading to degeneration, 
tendinosis, and ultimately tearing [ 143 – 145 ]. 
Patients most often report a history of activities 
involving wrist fl exion and forearm pronation, as 
is the case in golf, racket sports, and overhead 

throwing [ 142 ,  146 ]. Examination typically 
reveals painful fl exion and pronation against 
resistance, decreased grip strength, and tender-
ness over the origin of the fl exor-pronator mass at 
the medial epicondyle [ 147 ]. 

 When clinical signs are confounding, the 
diagnosis of medial epicondylitis can be further 
explored using both US and MRI. Plain radio-
graphs may show calcifi cation or traction osteo-
phytes at the fl exor-pronator mass origin, but 
these fi ndings have overall low sensitivity [ 148 ]. 
US may demonstrate focal hypoechoic or 
anechoic areas in the tendon, cortical irregularity 
at the tendinous insertion, tendon thickening, and 
calcifi cation. Most abnormalities occur in the 
tendons of the fl exor carpi radialis and pronator 
teres but changes may also be seen inside the ten-
don of the palmaris longus and fl exor digitorum 
superfi cialis [ 30 ]. MRI is considered more sensi-
tive than US and may demonstrate fi ndings simi-
lar to those described in lateral epicondylitis: 
focal thickening and increased signal intensity 
within the fl exor-pronator tendons accompanied 
by surrounding soft tissue edema best seen on 
T2-weighted fat-suppressed MR image series. In 
both lateral and medial epicondylitis however, 
clinical evaluation remains the mainstay of the 
diagnosis and the role of imaging is primarily to 
confi rm the presence of suspected tendon pathol-
ogy [ 135 ].   

4.4.2     Tendon Pathology 

4.4.2.1     Distal Biceps Tendon 
 Distal biceps tendon (DBT) pathology is a rela-
tively rare cause of anterior elbow pain and 
ranges from tendinopathy to partial tearing and 
complete tears of the DBT. A complete tear of the 
DBT is the most common entity, followed by par-
tial tearing, with isolated tendinopathy being 
exceedingly rare [ 135 ]. Complete ruptures of the 
DBT typically occur in male weightlifters and 
athletes between 40 and 60 years of age [ 149 ,  150 ]. 
Risk factors include smoking, anabolic  steroid 
use, and a history of previous DBT rupture [ 151 ]. 
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Rupture of the DBT is classically an acute injury 
occurring when a strong eccentric force is applied 
on the contracted biceps with the elbow in 90° 
fl exion, leading to tear at the insertion site of the 
DBT into the radial tuberosity [ 135 ]. In the case 
of a full DBT rupture, physical examination often 
shows a palpable defect within the antecubital 
fossa and proximal bulging of the biceps muscle 
due to retraction of the ruptured tendon. Pain 
over the antecubital fossa and weakness of fore-
arm supination and elbow fl exion can be observed 
in both partial and complete tears [ 135 ]. 

 Imaging has an important role in distinguish-
ing partial from complete tears [ 152 – 154 ]. Plain 
radiographs are not indicated unless concomitant 
injury of the elbow is suspected [ 148 ]. A com-
plete tear can be diagnosed on US as a complete 
absence of the DBT that is retracted proximally, 
often more than 10 cm from the insertion at the 
radial tuberosity [ 155 ]. In addition to diagnosing 
complete tears, MRI is useful for visualizing par-
tial tears of the DBT. A partial rupture of the dis-
tal biceps tendon is characterized by the presence 
of increased signal intensity within the tendon 
[ 156 ,  157 ]. Secondary MRI fi ndings of partial 
tears may include the presence of bone marrow 
edema within the radial tuberosity, indicative of a 
micro-avulsion at the DBT’s insertion site. 
Differentiating partial tears from tendinopathy 
proves to be challenging both clinically and 
radiologically [ 158 ]. As such, MRI is indicated 
when the presence of a complete versus a partial 
rupture is uncertain. This distinction is clinically 
important as complete tears need to be repaired 
surgically. This is in contrast with partial tears 
and tendinopathy of the DBT, where conservative 
treatment is often adequate [ 148 ].  

4.4.2.2     Distal Triceps Tendon 
 Tendinosis and rupture of the distal triceps ten-
don constitute the least common type of elbow 
tendinopathy [ 159 ]. Males are affected twice as 
often as females and triceps injuries have been 
reported in professional football players, soccer 
players, softball players, skiers, and weightlifters 
[ 160 – 162 ]. In contrast to biceps tendon injuries, 
triceps injuries are exclusively seen at the distal 

insertion of the triceps tendon onto the olecranon. 
Presently, no proximal tendon avulsion of the tri-
ceps has been described in the English literature 
[ 163 ]. Several risk factors for triceps tendon 
pathology have been explored, including chronic 
renal failure, endocrine disorders, metabolic 
bone disease, and steroid use [ 164 – 166 ]. The 
most common mechanism of injury is a fall on an 
outstretched hand in which a deceleration load is 
applied to the triceps while it is actively contract-
ing [ 167 ]. In case of a complete triceps rupture, 
the most universal fi nding on physical examina-
tion is the inability to extend the elbow against 
gravity [ 168 ]. 

 Tendinosis and partial tears of the triceps can 
be more diffi cult to diagnose on physical exami-
nation and this is where imaging comes into play. 
Plain radiographs often show osseous fl akes, also 
termed the  fl ake sign , which is considered pathog-
nomonic for avulsion injuries of the triceps [ 169 ]. 
Radiographs are indicated in traumatic settings to 
rule out concomitant injuries of the elbow. Both 
US and MRI can differentiate between either a 
partial or full tear of the distal triceps tendon. 
Moreover, the degree of tearing is of major value 
in deciding whether surgical repair or conserva-
tive treatment is indicated [ 167 ]. US may diag-
nose all types of triceps tendon injury ranging 
from tendinosis to complete tears along with 
retraction of the tendon. However, data on sensi-
tivity and specifi city have not been documented 
[ 170 ]. MRI is an acknowledged imaging modal-
ity for confi rming the presence of complete ten-
don tears and staging partial tears. The triceps 
tendon is best visualized on sagittal images. 
Partial ruptures of the triceps tendon are charac-
terized by a small fl uid-fi lled defect within the 
distal triceps tendon with edema in the surround-
ing subcutaneous tissue of the posterior elbow. 
Complete rupture of the triceps tendon is charac-
terized by a large fl uid-fi lled gap between the dis-
tal triceps tendon and the olecranon process with 
a large amount of edema in the adjacent subcuta-
neous tissue. The distal edges of the torn triceps 
tendon are frayed and show heterogeneous signal 
intensity. A variable amount of retraction of the 
distal triceps tendon is usually present [ 135 ,  171 ].  
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4.4.2.3     Snapping Medial Head 
of the Triceps with Subluxating 
Ulnar Nerve 

 The medial head of the triceps originates just 
inferior to the radial sulcus of the humerus, tra-
verses posterior to the medial epicondyle, and 
inserts into the olecranon process of the ulna. 
During fl exion of the elbow, a portion of the 
medial head of the triceps may dislocate or 
“snap” anteriorly over the medial epicondyle 
[ 172 ]. The ulnar nerve is in close relationship 
with the medial head of the triceps and may 
also dislocate during fl exion. This condition 
often presents as a combination of medial 
elbow pain, a single- or double-snapping sensa-
tion during fl exion of the elbow, and additional 
symptoms of ulnar nerve irritation [ 172 ]. A 
symptomatic dislocating medial head of the tri-
ceps muscle is frequently associated with over-
head activities in throwing athletes and with 
weightlifting in bodybuilders. Predisposing 
factors include hypertrophy of the triceps mus-
culature, post-traumatic alteration of bone 
alignment, and congenital predisposition owing 
to anatomical variations of the triceps [ 173 ]. 
Snapping of the medial head of the triceps is 
relatively easily observable during physical 
examination compared to snapping of the ulnar 
nerve [ 172 ]. 

 Because the snapping syndrome is a dynamic 
and intermittent condition, MRI and CT are 
unfavorable for confi rming the diagnosis. 
Nonetheless, axial imaging with CT or MRI may 
demonstrate the structures that dislocate with the 
elbow positioned in different degrees of fl exion 
[ 174 ]. US is the modality of choice and can pro-
vide a dynamic assessment of the structures 
involved during a snapping sensation. With an 
isolated dislocating ulnar nerve, the nerve and 
medial triceps will often appear to separate dur-
ing fl exion of the elbow, whereas with a dislocat-
ing medial triceps, the ulnar nerve and triceps 
appear to travel as one unit over the medial epi-
condyle in the anterior direction [ 175 ]. 
Differentiating between these two entities is of 
clinical importance as it aids in deciding which 
type of surgery is indicated [ 176 ].  

4.4.2.4     Bursitis of the Elbow 
 Two main bursae can be found in the elbow joint. 
Anteriorly, the bicipitoradial bursa fi lls the ante-
cubital fossa. Posteriorly, the olecranon bursa is 
located just below the skin. The bicipitoradial 
bursa encases the distal biceps tendon and 
reduces friction between this tendon and the 
radial tuberosity during joint movement [ 177 ]. 
Repeated supination and pronation of the fore-
arm is believed to be a possible cause of chronic 
bicipitoradial bursitis [ 178 ]. Due to its close rela-
tionship with the distal biceps tendon, bicipitora-
dial bursitis may be accompanied by tendinopathy 
of the biceps [ 179 ]. In contrast with the bicipito-
radial bursa, the olecranon bursa is located more 
superfi cially and therefore prone to direct trauma 
leading to acute, post-traumatic bursitis. 
Traumatic olecranon bursitis has been reported in 
athletes who train and play on hard surfaces 
[ 180 ]. In general, bursitis of the elbow in athletes 
is an aseptic condition [ 181 ]. 

 Although the diagnosis of bursitis is mainly 
clinical, the affected bursa can be excellently 
visualized on US. Imaging signs include bursal 
wall distension with presence of local hypoechoic 
or anechoic intra-bursal material [ 182 ]. Power 
Doppler is able to demonstrate the presence of 
pathological signal enhancement in case of 
active infl ammation [ 170 ]. An added benefi t of 
US is the possibility to guide the needle into the 
bursa for direct aspiration and injection of corti-
costeroids. In case of bicipitoradial bursitis, US 
can provide information about concomitant 
radial nerve injury [ 183 ]. Both bicipitoradial and 
olecranon bursitis can be further evaluated on 
MRI, especially in more severe cases where 
extensive damage of surrounding structures is 
suspected and preoperative planning. MRI 
aspects of olecranon bursitis include hypo- 
intensity on T1-weighted images and variable 
signal intensity in T2-weighted sequences over 
the olecranon, with adjacent soft tissue edema 
and contrast enhancement of the bursal margins 
[ 184 ]. MRI aspects of bicipitoradial bursitis 
include increased signal intensity within the 
lesion on T2-weighted images suggestive of a 
fl uid collection. Furthermore, hypointense septal 
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structures may be observed. A biceps tendon 
with low signal intensity on both T1- and 
T2-weighted images can be detected at the ante-
rior edge of the bursa [ 185 ].    

4.5     Neurological Injury 
of the Elbow 

4.5.1     Cubital Tunnel Syndrome 

 Next to dislocation of the ulnar nerve, as 
described in a snapping medial head of the tri-
ceps, the ulnar nerve may also become com-
pressed at the cubital tunnel of the elbow. 
Compression of the ulnar nerve, also known as 
cubital tunnel syndrome, is the second most com-
mon compression neuropathy in the upper limp, 
following carpal tunnel syndrome [ 186 ]. In most 
instances, the ulnar nerve can become entrapped 
at the entrance of the cubital tunnel due to a 
thickened aponeurosis connecting the two heads 
of the fl exor carpi ulnaris muscle [ 187 ]. This may 
lead to ulnar neuropathy with clinical symptoms 
of paresthesia and weakness of the intrinsic mus-
culature around the fourth and fi fth digits and the 
hypothenar region of the hand [ 188 ]. The diagno-
sis is confi rmed with electromyography (EMG), 
showing a decrease in compound muscle action 
potential amplitude (CMAP) and slowing of 
focal conduction along the elbow segment [ 189 ]. 
EMG however is a rather uncomfortable proce-
dure and several other diagnostic approaches 
have therefore been investigated, including high- 
resolution ultrasound (HRU) and magnetic reso-
nance imaging (MRI) [ 190 – 192 ]. 

 Qualitatively, US fi ndings suggestive of ulnar 
neuropathy include abnormal enlargement of the 
nerve with an abrupt caliber change or loss of the 
normal fascicular pattern [ 193 ]. Numerous quan-
titative US fi ndings have been investigated, 
including the ulnar nerve cross-sectional area 
(UNCSA), nerve diameter, and swelling ratio. 
The UNCSA measured at the site of greatest 
enlargement is a useful parameter for diagnosing 
cubital tunnel syndrome [ 194 ]. With the elbow in 
full extension and supination, the UNCSA mea-
sured at the cubital tunnel is signifi cantly elevated 
in case of suspected cubital tunnel syndrome 

[ 195 ]. HRU may also demonstrate signs of ulnar 
nerve dedifferentiation consisting of edematous 
infi ltration with a homogeneous hypoechoic 
aspect of the nerve. These HRU fi ndings corre-
spond well with cubital tunnel syndrome as diag-
nosed on EMG [ 195 ]. In addition, HRU can 
assess ulnar nerve instability during active fl ex-
ion and extension of the elbow, one of the causes 
for ulnar neuropathy [ 193 ]. 

 A universal MRI fi nding of neuropathy 
involves a hyperintense signal on short-tau inver-
sion recovery (STIR) sequences. However, this 
fi nding has low specifi city and is occasionally 
seen in healthy nerves [ 196 ]. Diffusion weighted 
imaging (DWI) is useful for imaging tissues with 
an organized microstructure such as the periph-
eral nerves, and the diagnostic value of DWI in 
median nerve entrapment neuropathy proves to 
be high [ 197 ]. When the ulnar nerve is entrapped, 
DWI is able to highlight diffusion restriction 
appreciable as an increase in signal intensity. 
Contrary to STIR sequences, an increased signal 
intensity of the ulnar nerve on DWI images is 
only visible in case of cubital tunnel syndrome as 
diagnosed with EMG [ 198 ].  

4.5.2     Median Nerve Entrapment 
Syndromes 

 Pronator syndrome (PS) is a rare and controver-
sial diagnosis that was originally coined to 
describe a compression syndrome of the median 
nerve between the humeral and ulnar heads of the 
pronator teres (PT) muscle [ 199 ]. Despite its 
name, compression of the median nerve can 
occur at several other, less common sites as it 
travels through the antecubital region into the 
forearm. Proximally, the median nerve may 
become entrapped as it dives under the ligament 
of Struthers, a ligament present in 2–3 % of the 
population connecting a residual supracondylar 
process with the medial epicondyle of the 
humerus [ 200 – 202 ]. 

 The nerve then runs across the antecubital 
fossa and enters the forearm deep to the bicipital 
aponeurosis, another potential site of median 
nerve compression around the elbow. Distal to 
the elbow, the nerve travels between the two 
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heads of PT muscle and passes beneath the proxi-
mal arch of the fl exor digitorum superfi cialis 
(FDS) muscle [ 203 ]. PS is characterized by prox-
imal, volar forearm pain with paresthesias of the 
fi rst three digits and radial half of the fourth digit 
but has varying clinical manifestations due to the 
multiple potential sites of nerve entrapment 
[ 204 ]. Furthermore, the median nerve gives off a 
branch deep to the FDS muscle which may also 
become entrapped, resulting in another compres-
sion syndrome called the anterior interosseous 
nerve (AIN) syndrome [ 203 ]. 

 Diagnosing median nerve entrapment around 
the elbow may be challenging and EMG studies 
are often inconclusive [ 205 ]. Conventional elbow 
radiographs are considered an initial step in the 
imaging workup and can show a residual supra-
condylar process of the distal humerus indicative 
of a Struthers’ ligament [ 206 ]. To date, no studies 
concerning the diagnostic effi cacy of MRI and 
US have been published. However, both MRI and 
US are useful for ruling out secondary causes of 
median nerve compression such as ganglion cysts 
of nerve (sheath) tumors. Moreover, MRI can 
demonstrate the presence of denervation edema 
resulting from compression neuropathy when 
AIN syndrome is suspected. Denervation edema 
is visible in the muscles enervated by the AIN, 
mostly the pronator quadratus (PQ) muscle, and 
presents as a hyperintense signal within the 
affected muscles on fat-saturated T2-weighted 
images [ 207 ,  208 ]. 

 Fatty atrophy of the affected muscles, present-
ing as hyperechogenicity on US, is another char-
acteristic of chronic median nerve entrapment 
syndromes. However, US and MRI fi ndings of 
fatty atrophy correlate poorly [ 209 ].  

4.5.3     Radial Nerve Compression 
Syndromes 

 Next to ulnar and median nerve compression 
neuropathies in the elbow, the radial nerve is the 
least involved in compression injury with an 
annual incidence of 0.003 % for radial nerve 
compression syndromes [ 210 ]. As the radial 
nerve continues along the antecubital fossa, it 
branches into the motor posterior interosseous 

nerve (PIN) and sensory superfi cial radial nerve 
(SRN). The SRN is a subcutaneous sensory 
branch of the radial nerve and compression of 
this nerve is exceedingly rare [ 211 ]. More com-
mon is entrapment of the PIN as it courses 
through the radial tunnel and gives rise to either 
PIN syndrome or radial tunnel syndrome (RTS). 
Remarkably, RTS and PIN syndrome are both the 
result of entrapment of the same deep branch of 
the radial nerve, or PIN, but symptoms of both 
compression neuropathies show considerable 
diversity among patients. PIN syndrome is domi-
nated by loss of motor function of the innervated 
musculature, whereas RTS is dominated by pos-
terolateral forearm pain. This discrepancy in 
symptoms may be explained by the degree and 
duration of nerve compression [ 203 ]. 

 There are at least fi ve anatomical landmarks 
responsible for entrapment of the deep branch of 
the radial nerve along the radial tunnel: fi brous 
bands between the brachialis and brachioradialis 
muscles at the level of the radiocapitellar joint; 
the anastomosing vessels of the radial recurrent 
artery at the level of the radial neck, also referred 
to as the  leash of Henry ; the proximal edge of the 
extensor carpi radialis brevis (ECRB) muscle; the 
proximal edge of the supinator muscle, also 
referred to as the  arcade of Fröhse ; and the distal 
edge of the supinator muscle [ 203 ]. The arcade of 
Fröhse or proximal edge of the supinator muscle 
may undergo tendinous thickening due to repeti-
tive pronosupination and is the most common site 
for PIN compression, hence its alternative name 
 supinator syndrome  [ 212 ,  213 ]. 

 Because motor function is commonly affected 
in PIN syndrome, nerve conduction studies often 
reveal abnormal fi ndings and are thus a useful tool 
for the diagnosis in addition to physical examina-
tion. Imaging studies are not routinely indicated in 
PIN syndrome, but MRI may reveal soft tissue 
masses responsible for nerve compression. 
Moreover, reported MRI fi ndings in patients with 
suspected PIN syndrome include denervation 
edema of the supinator muscle, marked by an 
increased signal intensity of the muscle as seen on 
fl uid-sensitive sequences with fat suppression 
[ 214 ]. Ultrasound may show hypoechogenicity, 
increased diameter of the radial deep branches, 
and hyperemia of the nerve on power Doppler in 
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PIN syndrome as compared to healthy individuals 
[ 215 ]. However,  standardized cutoff values have 
yet to be developed and sensitivity is relatively 
poor. Consequently, the role of imaging studies is 
limited and may be used to further strengthen the 
diagnosis of suspected PIN syndrome or rule out 
other pathology. In contrast with PIN syndrome, 
electrodiagnostic studies are often normal in RTS, 
which add to the diffi culty and controversy of this 
diagnosis [ 203 ]. Symptoms of RTS may mimic 
those of lateral epicondylitis and this is where 
ultrasound can be used to rule out epicondylitis 
[ 211 ]. This distinction can usually be made during 
physical examination, where lateral epicondylitis 
presents with focal tenderness at the insertion of 
the ECRB, whereas RTS presents with pain start-
ing a few centimeters more distally from the lat-
eral epicondyle radiating into the forearm [ 216 ].
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