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Introduction

The ulnar collateral ligament (UCL), also re-
ferred to as the medial collateral ligament (MCL) 
of the elbow, may be injured acutely in the set-
ting of a valgus load to the elbow or as a result 
of dislocation [1, 2]. In the athlete, the ligament 
may be chronically stressed by the high valgus 
loads that are repetitively imparted to the medial 
side of the elbow during the late cocking phase 
of throwing. Diagnosing UCL injury in the pa-
tient with medial elbow pain can be challenging 
both clinically and arthroscopically, highlighting 
the need for accurate diagnostic imaging [3, 4]. 
MRI offers unparalleled soft tissue contrast reso-
lution, direct multiplanar imaging capabilities, 
and high-spatial resolution, allowing for repro-
ducible, accurate, preoperative diagnosis of UCL 
abnormalities. MRI is also useful postoperatively 
to assess the integrity of ligament reconstruction 
and to diagnose potential re-injury.

Technique

Imaging of the elbow is best performed with the 
patient in the supine position with the elbow ex-
tended at the side and the forearm supinated. Im-

aging in this position tensions the anterior bundle 
of the MCL, allowing for more accurate assess-
ment of ligament integrity. If clinically indicated, 
the posterior bundle of the UCL can be assessed 
with the elbow in flexion. A quadrature or phased 
array surface coil is used to obtain the best pos-
sible signal to noise ratio [5, 6] in spite of the 
off center location of the elbow relative to the 
isocenter of the magnet bore. A circumferential 
coil is necessary to obtain sufficient signal from 
the posterior elbow structures. Cartilage and fluid 
sensitive pulse sequences are essential for ade-
quate evaluation of all patients.

The multiplanar capabilities of MRI are ex-
tremely valuable for obtaining true sagittal 
and true coronal images of the obliquely ori-
ented elbow joint [7]. A high-spatial resolution 
(512 × 224 matrix, 1.7 mm slice thickness) small 
field of view gradient recalled echo (GRE) pulse 
sequence in the coronal plane yields an in-plane 
resolution of 300 microns, thus diminishing par-
tial volume and signal averaging, which is es-
sential for accurate assessment of ligament and 
tendon morphology.

High-resolution  (512 × 320  matrix,  1.5–
2.5  mm slice thickness) intermediate echo time 
fast spin echo (FSE) imaging performed in the 
coronal plane is used to assess the signal inten-
sity of ligaments and tendons as well as regional 
cartilage status. Axial and sagittal high-resolution 
(sagittal 512 × 320 matrix) FSE images with in-
termediate echo time and slightly increased slice 
thickness (3.5  mm) are obtained as well to aid 
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in the assessment of the remainder of the elbow 
structures. A short tau inversion recovery (STIR) 
pulse sequence with lower resolution obtained in 
the coronal plane demonstrates fractures, bone 
marrow edema pattern, synovitis, and soft tissue 
edema (256 × 192 matrix, 3 mm slice thickness). 
Inversion recovery sequences are recommended 
over frequency-selective fat-suppressed sequenc-
es due to the magnetic field inhomogeneities 
encountered away from the isocenter of the bore. 
Fat-suppressed GRE sequences, which are sensi-
tive to the cartilage of unfused physes are added 
for the characterization of growth plates of skel-
etally immature patients.

Some authors advocate the use of magnetic 
resonance (MR) arthrography using an intra-
articular injection of a gadolinium-based con-
trast agent or intra-articular saline to aid in the 
detection of low-grade partial tears of the UCL 
[3]. At the author’s institution, elbow imaging 
is performed without the use of intra-articular 
contrast; preserving MRI as a noninvasive, pain-
less, time efficient, and cost effective examina-
tion. Close attention to high-spatial resolution, 
noncontrast MRI technique obviates the need 
for intra-articular contrast [7, 8]. We believe that 
noncontrast MRI is superior to arthrography for 
assessment of cartilage, taking advantage of the 
inherent magnetization transfer contrast provided 
by intermediate echo time FSE and that synovi-
tis and patterns of synovial proliferation are bet-
ter assessed without the confounding factor of a 
joint distended with contrast material.

Imaging Anatomy

The UCL is a cord-like structure, which averages 
27 mm in length and 4–5 mm in width [9]. The 
three components of the UCL are the anterior 
bundle, posterior bundle and transverse bundle 
[10]. The anterior bundle is further divided into 
biomechanically distinct anterior and posterior 
bands, which are taut at different degrees of flex-
ion and extension and serve as the primary re-
straint to valgus stress [11–13]. The anterior bun-
dle originates on the undersurface of the medial 

epicondyle and inserts on the ulna at or within 
1–2 mm of the anteromedial aspect of the coro-
noid process, the sublime tubercle [14]. The pos-
terior bundle forms the floor of the cubital tunnel 
and is more of a thickening of the posterior cap-
sule than a distinct ligament [10]. The transverse 
bundle runs between the tip of the olecranon and 
the coronoid process and does not contribute sig-
nificantly to elbow stability. Neither the posterior 
nor the transverse bundles are routinely assessed 
on standard MR imaging with the elbow in exten-
sion.

Normal Appearance of the UCL

The UCL is best assessed on coronal images 
using the GRE and FSE sequences to assess mor-
phology, and the STIR and FSE sequences to as-
sess signal intensity.

Fig. 8.1   Coronal intermediate echo time FSE MR image 
of a normal thin, vertically oriented and hypointense UCL 
( white arrow). Note the normal infolding of synovium 
and fat deep to the ligament ( black arrow)
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The intact UCL is thin, vertically oriented, 
and uniformly low-signal intensity reflecting 
its composition of highly organized type I col-
lagen (Fig. 8.1). A normal infolding of synovium 
may be identified deep to the humeral origin of 
the posterior band of the anterior bundle, which 
should not be misinterpreted as a tear [1, 3, 4]. 
Interdigitation of fat can also be seen at the ori-
gin of the posterior band of the anterior bundle 
resulting in a slightly striated appearance to the 
ligament in some patients [14, 15]. The humeral 
origin of the anterior bundle is fairly broad, with 
convergence of the ligament as it approaches its 
insertion on the ulna, where the ligament is con-
tinuous with the ulnar periosteum [6, 14, 16]. The 
deep muscle fibers of the flexor digitorum super-
ficialis are closely apposed to the outer surface 
of the UCL.

MR Findings in UCL Injury

Acute Injury

Acute injuries to the UCL are seen as areas of 
altered signal intensity, altered morphology or 
indistinctness of the normally hypointense, ver-
tically oriented ligament [1, 4]. There may be a 
discontinuity of some or all of the fibers of the 
UCL with or without retraction (Fig.  8.2; [6]). 
Adjacent soft tissue edema as well as injury to 
the flexor pronator origin may serve as additional 
evidence of an acute injury (Fig. 8.3).

Tears of the UCL are most commonly at the 
humeral origin of the ligament, while midsub-
stance and distal tears are less common (Fig. 8.4; 
[5]). Avulsion fractures of the sublime tubercle 
or of traction osteophytes may also be seen 
(Fig. 8.5; [8]).

Fig. 8.2   Coronal FSE MR image demonstrating acute on 
chronic injury to the UCL. The long black arrow indicates 
a complete tear of the thickened posterior band of the an-
terior bundle. Adjacent soft tissue edema is noted within 
the flexor pronator muscles ( short arrow)

 

Fig. 8.3   Coronal FSE image shows an acute complete 
tear of the flexor pronator origin ( long black arrow) with 
retraction ( short black arrow). The UCL ligament appears 
high signal and slightly ill-defined reflecting concomitant 
low-grade injury to the UCL ( white arrow)
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Partial thickness tears of the UCL are further 
classified as high-grade partial or low-grade par-
tial, which are differentiated based on involve-
ment of more or less than 50 % of the ligament 
thickness, respectively (Fig.  8.6; [17]). A focal 
defect in the ligament may be seen but more 
commonly partial thickness tears are diagnosed 
on the basis of ligament indistinctness and hyper-
intensity. Fluid imbibition can help to delineate 
an acute tear but the absence of this sign does not 
exclude injury to the ligament (Fig. 8.7).

The so-called “T-sign” describes the appear-
ance of fluid extending distally between the ulna 
and the UCL due to stripping of deep fibers of 
the ligament off the sublime tubercle (Fig.  8.8; 
[3]). While originally described with computed 
tomography (CT) and MR arthrography, a T-sign 
can be observed in nonarthrographic MRI provid-
ed that close attention is paid to MR technique. 
It is commonly held that non arthrographic MRI 
has a relatively low sensitivity for the detection 
of partial thickness tears, somewhere in the order 

Fig. 8.4   Coronal FSE MR image shows a complete tear 
of the anterior band of the anterior bundle of the UCL off 
its ulnar insertion ( arrow)

 

Fig. 8.6   Coronal FSE MR image demonstrating intrasu-
bstance high signal ( arrow) indicative of a low-grade in-
terstitial partial tear at the humeral origin of the posterior 
band of the anterior bundle of the UCL

 

Fig. 8.5   Coronal STIR image shows an avulsion fracture 
of an osteophyte arising off the ulna ( long arrow). Adja-
cent soft tissue edema is indicated by the short arrow
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of 57 % [3]. The use of high-resolution, fluid sen-
sitive intermediate echo time FSE sequences al-
lows for the diagnosis of partial tears with much 
higher sensitivity than is typically quoted in the 
literature for non arthrographic studies [6, 8].

The term interstitial load can be applied to lig-
aments that appear stretched, mildly attenuated 
and diffusely hyperintense reflecting the pres-
ence of interstitial microtears caused by an acute 
distracting force, without a well-defined partial 
thickness tear (Fig. 8.9).

Chronic Injury

Ligaments subject to chronic repetitive stress 
may remodel resulting in asymmetric ligament 
thickening and altered signal intensity, even in 
the asymptomatic patient (Fig.  8.10; [5, 18]). 

Fig. 8.7   Coronal STIR image shows a high-grade par-
tial tear of the posterior band of the anterior bundle of the 
UCL ( long arrow). A reactive marrow edema pattern is 
seen within the medial epicondyle reflecting a stress reac-
tion ( short arrow)

 

Fig. 8.8   Coronal STIR MR image shows fluid between 
the UCL and the sublime tubercle ( T-sign) indicating 
avulsion of deep fibers of the UCL off the ulna in the 
setting of an undersurface partial tear ( long arrow). The 
short arrow shows edema at the humeral origin of the 
chronically thickened UCL

 

Fig. 8.9   Coronal STIR MR image demonstrates diffuse 
hyperintensity of the posterior band of the anterior bundle 
of the UCL without focal discontinuity ( short arrow) indi-
cating the effects of an acute interstitial load. A focal bone 
marrow edema pattern is seen at the ulna reflecting a mild 
stress reaction ( long arrow)
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The chronically stressed UCL may demonstrate 
plastic deformation appearing lax, redundant, or 
indistinct [7, 9]. Associated mild ligament hyper-
intensity has been attributed to the presence of 
chronic microtears leading to intraligamentous 
hemorrhage and edema [19]. Foci of intraliga-
mentous calcification or heterotopic ossification 
may also be identified in the chronically over-
loaded and repetitively injured UCL (Fig. 8.11).

Osseous stress reactions are also commonly 
seen and may manifest as a focal bone marrow 
edema pattern, either at the humerus or at the 
coronoid process. Chronic valgus stress may also 
result in osseous remodeling on the medial side 
of the elbow resulting in traction osteophytes, 
which may be subject to fracture or avulsion in 
the setting of acute on chronic injury.

Associated Elbow Findings in Chronic 
Valgus Overload

Chronic valgus overload to the elbow results in 
attritional attenuation of the UCL leading to laxi-
ty and eventual ligament failure [19]. Prior to lig-
ament failure, the chronically stressed elbow will 
develop osteoarthritic changes as a result of ex-
cessive posteromedial joint contact. Subchondral 
sclerosis may be observed over the posteromedi-
al aspect of the ulna and the corresponding poste-
rior aspect of the trochlea, reflecting the presence 
of subchondral bony remodeling (Fig.  8.12). 
Another early sign of posteromedial impinge-
ment is prominent scarring of the posteromedial 
joint capsule, which is most easily appreciated 
on sagittal and axial FSE images (Fig. 8.13). As 
posteromedial impingement continues, chondral 
thinning may be observed at the posteromedial 
ulnohumeral articulation, leading to the devel-
opment of osteophytes usually on the olecranon 

Fig. 8.10   Coronal FSE MR image of a chronically re-
modeled UCL ligament in a pitcher ( white arrow). The 
ligament is thicker than usual but is still uniformly hy-
pointense. A small traction spur is noted arising off the 
slightly bulbous medial epicondyle ( black arrow)

 

Fig. 8.11   Coronal FSE MR image demonstrates a focus 
of intraligamentous ossification in a chronically injured 
UCL ( arrow)
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[18]. In chronic posteromedial impingement 
there may also be intra-articular loose bodies due 
to chondral injury. Fractured osteophytes are also 
commonly seen and can be visualized on the far 
posterior images of the coronal series or on axial 
images. A lateral radiograph in maximum flexion 
is also efficacious in defining the osteophytes. 
The inability to obtain full extension of the elbow 
should prompt a search for additional evidence of 
posteromedial impingement.

Flexor Tendinopathy and Tears

An acute valgus load to the elbow is frequently 
accompanied by contusion or tears of the flexor 
pronator origin with extensive soft tissue edema 
[2]. Excessive tension on the medial elbow soft 
tissues in the setting of chronic valgus extension 

overload may also lead to the development of 
tendinosis and tears, most commonly affecting 
the pronator teres and the flexor carpi radialis [1]. 
Tendinosis manifests on MRI as intermediate sig-
nal intensity within the tendon, often with focal 
enlargement. The observed areas of increased 
signal intensity correspond to areas of collagen 
disruption, mucoid or hyaline degeneration, and 
neovascularization [20]. Areas of heterotopic os-
sification or dystrophic calcification may also be 
observed at the origin of previously injured or 
chronically degenerated tendons.

Ulnar Neuropathy

Ulnar neuritis may manifest on MRI as nerve 
or fascicular enlargement within or more typi-
cally proximal to the cubital tunnel. The normal 

Fig. 8.12   Axial FSE MR image demonstrating features 
of posteromedial impingement in the setting of chronic 
valgus extension overload. The short arrows indicate sub-
chondral sclerosis, chronic bony remodeling and partial 
cartilage wear in the posteromedial humeroulnar compart-
ment. The long arrow shows a developing osteophyte off 
the medial aspect of the olecranon process

 

Fig. 8.13   Sagittal FSE MR image shows additional find-
ings of posteromedial impingement with marked synovial 
scarring at the posteromedial aspect of the elbow joint 
surrounding a loose body ( long arrow). The short arrow 
indicates a chronic fracture through an olecranon osteo-
phyte
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fascicular architecture of the nerve can be dis-
rupted and the nerve may appear hyperintense on 
both FSE and inversion recovery pulse sequenc-
es. Masses, osteophytes, ganglia, and accessory 
muscles may all cause impingement of the ulnar 
nerve in the cubital tunnel [21], but in the throw-
ing athlete ulnar neuritis is more frequently a re-
sult of chronic traction caused by excessive val-
gus laxity. Morphological and signal alterations 
within the ulnar nerve are a frequent finding even 
in the asymptomatic patient, highlighting the im-
portance of interpreting the MR findings in the 
context of clinical symptoms.

Radiocapitellar Osteochondral 
Defects

Injury to the cartilage of the radiocapitellar com-
partment can occur in the setting of an acute 
valgus load or following dislocation due to di-

rect impaction of the radius against the capitel-
lum. Capitellar osteochondral lesions may also 
develop in the context of valgus extension over-
load (Fig.  8.14). The possibility of associated 
osteochondral lesions in the setting of acute and 
chronic UCL injury underscores the importance 
of cartilage sensitive imaging in all patients, as 
these lesions reflect a primary ischemic insult to 
subchondral bone and the overlying cartilage rep-
resents the “innocent bystander” of the process 
[7]. Mild chondral hyperintensity and subchon-
dral flattening may serve as early evidence of 
an osteochondral lesion, formerly termed osteo-
chondritis dissecans [22]. As changes progress, 
there may be frank subchondral collapse, cystic 
resorption of subchondral bone, fluid imbibition 
between the osteochondral lesion and the parent 
bone, or a loose osteochondral fragment.

Fig. 8.14   a Coronal FSE image demonstrates chronic 
thickening of the UCL in a throwing athlete ( long arrow). 
The short arrow indicates a capitellar osteochondral le-
sion. b Sagittal FSE image in the same patient demon-

strates a capitellar osteochondral lesion ( long arrow) with 
loss of the tidemark, subchondral collapse, cystic resorp-
tion of subchondral bone, and early fragmentation. The 
overlying cartilage ( short arrow) is markedly hyperintense
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Apophyseal Injury

In the skeletally immature athlete, acute and 
chronic stresses to the UCL are preferentially 
transmitted to the medial epicondylar apophy-
sis with relatively little observable change in the 
ligament itself [23]. A Salter Harris I fracture 
may occur with variable degrees of separation 
of the medial epicondylar apophysis (Fig. 8.15). 
Associated bone marrow edema pattern may be 
present in the apophysis. In the chronic setting, a 
traction apophysitis may be seen with widening 
of the growth plate or fragmentation of the epi-
condylar apophysis [5]. The observation of a bul-
bous contour to the medial epicondyle may serve 
as evidence of remote apophyseal injury prior to 
physeal fusion.

The Postsurgical Elbow

UCL reconstruction is the primary procedure 
available to restore medial elbow stability and 
relieve elbow pain in patients with injury to the 
UCL [24]. MRI following ligament reconstruc-
tion is technically challenging due to the presence 
of metallic debris and associated susceptibility 
artifact (Fig. 8.16). This is particularly prominent 
on gradient recalled sequences due to the lack of 
a 180° rephasing pulse, limiting the utility of this 
sequence in the postoperative setting [6]. Inter-
preting the postoperative MRI is also diagnos-
tically challenging due to the wide spectrum of 
“normal” postoperative appearances and varying 
approaches to ligament reconstruction.

MRI in the postoperative elbow is useful for 
assessing the integrity of the reconstruction, 

Fig. 8.16   Coronal FSE image in a patient following UCL 
ligament reconstruction. The white arrow indicates a nor-
mal appearing graft, which is thicker than the native liga-
ment but demonstrates uniform hypointensity and appears 
taut in extension. Note the small foci of magnetic suscep-
tibility adjacent to the sublime tubercle

 

Fig. 8.15   Coronal GRE image demonstrating chronic 
widening of the unfused medial epicondylar apophysis 
in a skeletally immature pitcher ( long arrow). The UCL 
ligament ( short arrow) is mildly thickened but otherwise 
unremarkable in appearance reflecting the preferential 
transmission of valgus force to the apophysis
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detecting stress fractures, for visualization of 
the transposed and nontransposed ulnar nerve, 
assessment of cartilage integrity, as well as for 
the evaluation of the remainder of the elbow and 
adjacent soft tissues (Fig. 8.17; [25]).

The reconstructed UCL is much thicker than 
the native UCL reflecting the double bundle na-
ture of most grafts and the remnant native UCL. 
The well-functioning graft should appear taut in 
extension [25]; graft dysfunction may be suspect-
ed when the graft appears lax or redundant. Graft 
signal intensity is more difficult to interpret as 
the signal may vary depending on the time since 
surgery and the degree of remodeling. Although 
uncommon, heterotopic ossification may be seen 
within and adjacent to a reconstructed UCL re-
sulting in bony bridging or fibrous bridging at the 
humerus or the ulna (Fig. 8.18a). A re-tear of the 
graft can be confidently diagnosed when there is 
fluid imbibition into a focal discontinuity of the 
graft (Fig. 8.18b). On the rare occasion when het-
erotopic ossification is extensive, a re-tear may 
be identified as a fracture through a fibrous union 
between the ossified ligament and the humerus 
or ulna.

Fig. 8.17   Axial FSE image in patient following repair of 
the flexor pronator origin ( long arrow) shows a transposed 
ulnar nerve which is encased in hypertrophic scar ( short 
arrow). The nerve is hyperintense with marked enlarge-
ment of individual nerve fascicles reflecting ulnar neuritis

 

Fig. 8.18   a AP radiograph demonstrates multiple foci 
of heterotopic ossification within a reconstructed UCL 
( arrow). b Corresponding FSE MRI demonstrates the 
appearance of heterotopic ossification on MRI ( short 

arrow). A near complete tear of the reconstruction is in-
dicated by fluid imbibition into a defect in the partially 
ossified ligament ( long arrow)
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Conclusion

MR imaging of the elbow allows for accurate and 
early diagnosis of acute, chronic, and acute on 
chronic injuries to the UCL. Optimized high-spa-
tial resolution and high soft tissue contrast MR 
imaging may reveal several abnormalities that 
could potentially contribute to elbow pain and 
dysfunction, particularly in the throwing athlete. 
The importance of a thorough history, clinical ex-
amination, and a good working relationship be-
tween the interpreting radiologist and the refer-
ring clinician cannot be overstated.
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