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Sports-related injuries of the hip and groin are far less 
frequent than injuries to the more distal aspect of 
the extremity, accounting for less than 10% of lower 

extremity injuries.15 Despite the lower incidence, hip and 
groin injuries can lead to significant clinical and diagnostic 
challenges related to the complex anatomy and biomechanical 
considerations of this region. Loads up to 8 times body 
weight across the joint are common in daily activities, such 
as jogging, with significantly greater force expected during 
competitive athletics.13 Treatment for hip and groin injuries may 
require the participation of medical and surgical specialties; 
a multidisciplinary approach is frequently required. Delay 
in diagnosis and triage may cause not only loss of time 
from competition but potentially early onset of degenerative 
changes.45

Magnetic resonance imaging (MRI) of the hip is the gold 
standard for the diagnosis of sports-related hip and groin 
injuries in the setting of negative radiographs. With its exquisite 
soft tissue contrast, multiplanar capabilities, and lack of ionizing 
radiation, MRI is unmatched in the noninvasive diagnosis 

of intra-articular and extra-articular pathology as well as 
intraosseous processes.

LabraL PathoLogy

Over the past two decades, labral pathology has been found to 
play a significant role in patients with hip pain. Recent advances 
in imaging techniques, including technical advances in MRI 
and magnetic resonance (MR) arthrography, have increased 
our understanding of the pivotal role of the acetabular labrum 
as the cause of hip pain in many patients. Many recent studies 
have been performed to evaluate the role of MR arthrography 
in diagnosing labral pathology.69

The labrum is a fibrocartilaginous structure that lines 
the peripheral aspect of the acetabular rim and serves to 
deepen the socket joint while acting as a seal to prevent fluid 
expression from the joint. This seal serves to maintain the 
hydraulic load-bearing capacity of the joint fluid in the joint. 
The dual role of the labrum aids in distributing the forces in 
the hip joint.48,55,56 There is much variability in the literature 
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regarding the morphologic appearance of the labrum, 
especially with advancing age.  1   Predisposing conditions also 
lead to early labral pathology, such as femoroacetabular 
impingement syndromes and developmental dysplasia 
of the hip.  48   

 Patients with labral pathology typically present with pain 
localizing to the hip, groin, pelvis, or medial knee. They 
occasionally describe locking, clicking, or catching. Plain 
radiographs are typically not diagnostic.  69   MR arthrography 
has become the least invasive study of choice to evaluate the 
labrum at many institutions. The sensitivity of MR arthrography 
to diagnose labral pathology may be as high as 92% when 
using a small fi eld of view with adequate distention of the 
hip with contrast.  69   Sensitivities for conventional MRI of the 
hip have ranged from 8% to 25% using large fi eld of view and 
small fi eld of view, respectively.  1   In a study by Mintz et al, a 
sensitivity of 97% and an accuracy of 95% were reported in an 
evaluation of 92 patients, using arthroscopy as the standard.  38   

 Studies have been performed to evaluate the normal imaging 
appearance of the labrum in asymptomatic patients. In 
2000, Abe et al evaluated 71 asymptomatic hips, with radial 
sectioning perpendicular to the acetabular labrum at 30° 
intervals.  1   Patients were stratifi ed according to age; the shape 
and signal intensity of the labrum were evaluated for each age 
group. The shape of the labrum was triangular in 80% of the 
segments, round in 13%, irregular in 7%, and absent in 1%. 
Homogeneous low-signal intensity was seen in 56% ( Figure 1 ). 
The triangular shape predominated in young patients, and an 
irregular or rounded appearance became more pronounced 
in the older age groups. Signal characteristics also increased 
with increasing age. The data suggest signifi cant variability 
in the imaging appearance of the labrum and a complex 
direct correlation between imaging appearance and a patient’s 
clinical presentation.  32    

 Several pitfalls have been encountered with imaging 
the acetabular labrum. A common site of observer 
misinterpretation involves the presence of a normal sulcus at 
the anterosuperior aspect of the joint. There is also signifi cant 
variability at the labral junction with the transverse ligament 
inferiorly. Considerable variability is also seen at the labral 
cartilaginous interface.  16   Multiple cadaveric studies of the 
labrum have been performed demonstrating that a signifi cant 
majority of true labral tears occur at the anterior superior labral 
margin.  49 , 70   

 Two types of labral pathology have been described  33 , 48  : 
fraying at the labral articular junction and tearing of the labrum 
with separation from the articular cartilage. Fraying can occur 
at any point within the labrum, whereas separation occurs in 
the anterior aspect of the joint in 86% of patients.  33 , 48   A direct 
correlation has been found between labral pathology and 
articular cartilage defects with subsequent development of 
osteoarthritis.  48   In a study by McCarthy and colleagues, 73% of 
labral lesions were accompanied by a cartilaginous lesion.  33 , 56   

 Findings at MR arthrography that suggest a tear include 
contrast intravasation and undermining of the labrum.  48   Any 

extension of contrast into the acetabular labral junction should 
be considered abnormal ( Figure 2 ). The presence of paralabral 
cysts further supports the presence of labral pathology  24 , 55   
( Figure 3 ).   

 As the ability to image the acetabular labrum improves, so 
will our knowledge of labral pathology and its relationship to 
clinical presentation.   

  
 Figure 1.    Normal acetabular labrum. Axial oblique proton-
density image (A) and sagittal fat-suppressed T1-weighted 
image (B) from a magnetic resonance arthrogram show 
a normal acetabular labrum. On the axial oblique image, 
the anterior (arrowhead) and posterior (arrow) labrum is 
uniformly low signal with no contrast tracking into the 
labral substance; the sagittal image illustrates the normal 
low-signal anterior – superior labrum (arrow).  
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 feMoraL acetabuLar IMPIngeMent 

 Although the causative factors for osteoarthritis of the hip are 
extensive, femoroacetabular impingement syndrome should not 
be missed in the early setting.  20 , 66   

 Femoroacetabular impingement is abnormal contact between 
the acetabular rim and the proximal femur as a result of 
morphological abnormalities affecting the acetabulum, 
proximal femur, or both. 

 The clinical manifestations of femoroacetabular impingement 
include hip and groin pain with fl exion and internal rotation 
of the hip.  26   Femoroacetabular impingement can be further 
subdivided into cam impingement and pincer impingement, 
with the former occurring more commonly in young men 
(average age of 32 years) and the latter occurring more commonly 
in middle-aged women (average age, 40 years).  65   The majority 
of patients with femoroacetabular impingement have a 
combination of the cam and pincer forms (approximately 86%) 
versus either one alone (approximately 14%).  5     

 caM IMPIngeMent 

 The principal problem with cam impingement is incomplete 
sphericity at the anterior-to-anterolateral aspect of the femoral 
head-neck junction, which results in compression and shear 
stresses at the anterosuperior labrum and cartilage interface 
during hip flexion.  5 , 10 , 11 , 17 , 29 , 33 , 54   The result is a labrum that is 
stretched and pushed laterally and cartilage that is compressed 
and pushed medially, allowing for separation between the 
labrum and cartilage and for cartilage shearing.  5   

 A lack of sphericity of the femoral head-neck junction is 
usually caused by a growth abnormality of the capital femoral 
epiphysis.  60   A number of other causes have been described 
and include slipped capital femoral epiphysis,  21 , 30 , 31   Legg-Calvé-
Perthes disease,  40 , 62   increased femoral anteversion,  68   and prior 
femoral neck fractures.  20 , 63   

  
 Figure 2.    Acetabular labral tear. Axial oblique proton-density 
image (A) and sagittal fat-suppressed T1 images (B) from 
a magnetic resonance arthrogram show an acetabular 
labral tear. On the axial oblique image (A), there is contrast 
(high signal) tracking between the acetabular labrum and 
the bony acetabulum (arrow). Note the articular cartilage 
irregularity and subchondral changes in the femoral head 
(arrowhead). The sagittal fat-suppressed T1-weighted 
image (B) again shows contrast tracking between the 
acetabulum and fibrocartilaginous labrum anterosuperiorly 
(arrow).  

  
 Figure 3.    Acetabular labral tear with paralabral cyst. Axial 
oblique fat-suppressed proton-density image shows a large 
cyst emanating from the anterior superior labrum (arrow), 
which confirms the diagnosis of a labral tear.  
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 The abnormal sphericity at the femoral head-neck junction 
often presents as an osseous bump or a fl attened head-neck 
junction anterosuperiorly (previously described as a pistol-grip 
deformity)  64   ( Figure 4 ).  

 The asphericity of the femoral head can be evaluated by 
the alpha angle and the femoral head-neck offset.  42   The 
alpha angle is measured between the femoral neck axis and 
a line connecting the center of the femoral head with the 
starting point of the head-neck junction asphericity. An angle 
exceeding 50° is indicative of an abnormal femoral head-neck 

contour  65   ( Figure 4 ). The amount of femoral head-neck offset 
is defi ned as the difference in radius between the anterior 
femoral head and the anterior femoral neck, with a femoral 
head-neck offset less than 10 mm being a strong indicator for 
cam impingement.  65     

 PIncer IMPIngeMent 

 The principal problem with pincer impingement is a deep 
socket, which limits range of motion by the overcoverage.  5   
At the extremes of hip motion, the femoral neck impacts 
the labrum, which acts like a bumper and is consequently 
compressed between the femoral neck and the underlying 
acetabulum. The force is transmitted along a narrow band of 
cartilage along the acetabular rim.  5   Because the majority of 
hip motion is flexion, most of the articular cartilage injuries 
are centered along the anterosuperior acetabular rim.  5   
With continued abutment of the femoral head against the 
acetabulum, it can sublux posteriorly, creating contrecoup 
cartilage injuries to the posteroinferior acetabulum by 
impaction against the posteromedial aspect of the femoral 
head.  5 , 8   Continued abutment of the femoral head against the 
acetabulum can also lead to bone growth at the base of the 
labrum, leading to further deepening of the acetabulum and 
worsening overcoverage.  6 , 20 , 59   

 Unlike the cam effect, the cartilage damage in pincer 
impingement tends to be focal and confi ned to a small 
circumferential strip near the labrum.  5   Abnormalities that result 
in overcoverage and are intimately associated with pincer 
impingement include coxa profunda, protrusio acetabuli, and 
acetabular retroversion.  6 , 20 , 59   

 The anteroposterior radiograph of a normal hip routinely 
demonstrates the acetabular fossa line lying lateral to the 
ilioischial line ( Figure 5 ). In the setting of coxa profunda, the 
acetabular fossa line touches or overlaps the ilioischial line 
medially. In the setting of protrusio acetabuli, the femoral head 
overlaps the ilioischial line medially.  65    

 The acetabular opening is anteverted in relation to the 
normal hip and is posteriorly oriented when retroverted.  52 , 59   
The diagnosis of acetabular retroversion can be made on 
an anteroposterior radiograph of the pelvis by searching for 
the crossover, or fi gure of 8, and posterior wall signs.  52 , 59   
The crossover sign is the result of overlapping radiodensities 
created by the anterior aspect of the acetabular rim being more 
laterally located than the posterior aspect of the acetabular rim, 
at the level of the superior acetabulum.  8   The posterior wall sign 
refers to the shadow of the posterior edge of the posterior wall 
of the acetabulum, which in the retroverted acetabulum lies 
medial to the center point of the femoral head.  52 , 59   

 Alternatively, excessive acetabular coverage can be quantifi ed 
with the lateral center edge angle.  39 , 68   This angle is formed 
by a vertical line at the femoral head center and a line 
connecting the femoral head center with the lateral edge of 
the acetabulum; an angle of 39° or greater is indicative of 
acetabular overcoverage.  39 , 68     

  
 Figure 4.    Cam femoral acetabular impingement. Axial 
oblique proton density images (A) show a bony prominence 
at the femoral head neck junction (arrow) consistent with 
a cam-type femoral acetabular impingement. The second 
image (B) shows how the alpha angle is measured.  
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MuscLe InjurIes

Muscle strains are the most common injuries around the 
hip and groin related to athletic competition.4 Muscle strains 
commonly occur at the myotendinous junction, the weakest 
point in the musculotendinous unit. Muscles that are prone 
to strains typically cross 2 joints, have a high percentage of 
fast-twitch muscle fibers, and have a propensity for eccentric 
contraction.46

Muscle strains are clinically graded as first, second, or 
third degree.72 First-degree strains, or stretch injuries, are 
characterized on MRI as edema surrounding the myotendinous 
junction, without disruption or hematoma. Second-
degree strains on MRI show partial-thickness tears of the 
myotendinous junction manifested by edema, hematoma, and 
partial disruption of the myotendinous junction (Figure 6).  
Complete myotendinous rupture, or third-degree strain, is 
typically diagnosed clinically by retracted muscle fibers and 
complete loss of function (Figure 7). MRI can document 
complete disruption of the myotendinous margins and 
retracted muscle. MRI can also differentiate tendon 
avulsions and myotendinous rupture, which is essential 
when considering surgical therapy. This is of considerable 
importance in the juvenile or adolescent athlete, especially 
in the region of the pelvis, where apophyseal avulsions are 
more common for this age group. Additionally, MRI may 
have prognostic implications if greater than 50% of the cross-
sectional area of the muscle is involved or if fluid collections 

are present. These factors have been associated with longer 
recovery times.50 MRI may assist in evaluating complications of 
muscle injuries, such as chronic hamstring injury, where the 
sciatic nerve may scar to the retracted tendon.

Muscle contusions are often seen in contact sports such 
as football. Direct trauma causes blood vessel disruption, 
hemorrhage, and edema. These are seen on MRI as increased 
signal on T2 or inversion recovery sequences with a feathery 
pattern not centered on the myotendinous junction (Figure 8).  
Contusions may be associated with hematomas, which can 
limit range of motion and cause prolonged disability. The 
hematomas can also ossify (myositis ossificans), which can be 
confused with a soft tissue sarcoma on MRI and pathology. 
Plain radiography may discern the peripheral ossification seen 
with myositis ossificans from the central ossification seen with 
osteogenic sarcoma.

athLetIc PubaLgIa

Groin pain in the athlete is a relatively common occurrence, 
with a long differential diagnosis. Pain in or around the pubic 
symphysis may be a sports hernia, or athletic pubalgia.43 
Imaging has traditionally been an ineffective tool in the 
evaluation of this entity. More recently, the pathophysiology 
of athletic pubalgia has become more clear, and MRI has 
increasingly become important in diagnosis and directing 
treatment.3,41

The pubic symphysis is a diarthrodial joint composed of 
paired pubic bones separated by a fibrocartilaginous disc. 
The pubic bone is divided into the pubic body (which is 
adjacent to the symphysis) and the inferior and superior rami 
(which project like osseous struts off the body).19,71 The pubic 
symphysis is the centerpiece of numerous musculotendinous 
attachments that act to dynamically stabilize the position 

Figure 6. Second-degree muscle strain. Coronal fat-
suppressed T2-weighted image demonstrates moderate 
muscle edema in the right iliopsoas muscle consistent with 
a grade II strain.

Figure 5. Normal hip. Anteroposterior radiograph of the left 
hip demonstrates the normal relationship of the acetabular 
fossa line and the femoral head lines lateral to the 
ilioischial line.
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of the anterior pelvis. Muscles that attach to the symphysis 
include the anterolateral abdominal (rectus abdominis [RA], 
transversus abdominis, external and internal obliques) and 
thigh adductors (AD; pectineus, AD longus, AD brevis, and AD 
magnus). The most important of these for maintaining stability 
of the anterior pelvis are the RA and AD longus ( Figure 9 ). 
The RA insertion – AD origin is an important structure, rather 
than 2 separate attachments, and is more aptly described as 
an aponeurosis because they blend. The lateral edge of the RA 
attachment is only millimeters from the superfi cial inguinal 
ring, undoubtedly a contributing factor in the overlap of RA 
insertional pathology and inguinal hernia symptoms.  43 , 58    

 Clinically, athletic pubalgia is classically described as 
groin pain in high-performance athletes that localizes to 
the region of the pubic symphysis, with point tenderness 
on examination over the superfi cial inguinal ring and 
without fi ndings of an inguinal hernia.  23 , 34 , 61   The term 
sports hernia  is an unfortunate and confusing moniker that 
refers to the initial and erroneous belief that this clinical 
syndrome was caused by a subclinical inguinal hernia.  18 , 44   
It has become clear that few of these patients have hernias. 
Athletic pubalgia is an injury to the myotendinous structures 
adjacent to the symphysis pubis that stabilize the anterior 

  
 Figure 7.    Third-degree muscle strain. Axial (A) and sagittal 
(B) fat-suppressed T2-weighted images demonstrate 
complete discontinuity of the deep tendon of the rectus 
femoris in the midthigh. The tendon (arrow) is seen with 
surrounding edema.  

  
 Figure 8.    Muscle contusion. Axial (A) and coronal (B) STIR 
images (short TI inversion recovery; edema sensitive) 
demonstrate a feathery pattern of muscle edema involving 
the vastus lateralis and vastus medialis with an interfascial 
hematoma between these 2 muscles (arrow).  
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pelvis.  2 , 35 , 36 , 45 , 67   Meyer et al reported at least 17 separate 
clinical syndromes that fall under the umbrella of athletic 
pubalgia.  37   The most common injuries involve the RA and/
or AD longus attachments and the associated aponeurosis, 
where imaging efforts have been directed.  35   

 Imaging patients with athletic pubalgia was thought to be of 
little value; that has recently changed. Omar et al advocated 
a survey approach with use of large-fi eld-of-view images 
to confi rm pubic injury and exclude pathology in more 
remote areas, followed by dedicated imaging of the anterior 
pubic musculoskeletal structures to further characterize the 
abnormalities.  43   Tears of the RA – AD aponeurosis can often 
be directly visualized on water-sensitive images as irregular 
areas of fl uid intensity ( Figure 10 ). Other secondary fi ndings 
of an RA – AD aponeurosis injury include marrow edema 
isolated to the anterior inferior aspect of the pubic body. The 
secondary cleft sign may also be seen (an abnormal inferior 
extension of the central symphyseal fi brocartilaginous cleft 
along the anteroinferior margin of the pubic body), as may 
an edematous or atrophic appearance or frank disruption 
of the RA near its pubic attachment. Thigh AD injuries can 
also be readily identifi ed—most commonly, the AD longus—
including tendon tears or edema at the myotendinous junction 
compatible with strain. Injury to the myotendinous structures 
in and around the symphysis pubis creates instability.  43   Over 
time, these injuries can evolve, and initially intact structures 
may become compromised.  43   For instance, an isolated RA 
attachment injury may extend to involve the contralateral side 
if untreated.  9 , 14 , 53 , 58    

 Shortt et al reported several reproducible patterns of MRI, 
characterizing injuries in patients presenting with clinical 
evidence of a “sports hernia.”  58   The fi rst was confl uent 
edema extending from anterior to posterior on either side 
of the symphysis, consistent with osteitis pubis. Other 
patterns related to RA insertional pathology or RA – AD 
aponeurosis injuries include pubic marrow edema 1 cm 
to 2 cm lateral to the symphysis and MR secondary cleft 
sign (likely indicating disruption of the pubic symphysis 
capsule as it blends with the RA – AD aponeurosis). Marrow 
edema at the anteroinferior pubis, a secondary cleft sign, 
and edema along the lateral edge of the RA attachment 
and AD longus origin indicate injury at the lateral aspect of 
the aponeurosis (incidentally near the superfi cial inguinal 
ring). Edema may also be seen at the anteroinferior aspect 
of the pubis bilaterally, with bilateral secondary cleft signs 
and direct visualization of a discrete breech of the medial 
rectus abdominis attachment extending across midline 
to involve the contralateral attachment. Distinguishing 
between these types of injuries is thought to be important 
in directing treatment.  58   In a study undertaken by Zoga et al, 
the sensitivity and specifi city of MR for detecting RA tendon 
injuries and AD tendon injuries was reported as 68% and 
100% (RA) and 86% and 89% (AD), indicating the promise 
and limitations of MR evaluation. A challenge is to decrease 
the number of false-negative evaluations.  73     

      
 Figure 9.    Normal appearance of the rectus abdominis, 
adductor longus, and their aponeurosis. Axial (A), coronal 
(B), and sagittal (C) T2-weighted images demonstrate the 
normal appearance of the rectus abdominis and adductor 
longus aponeurosis (A; arrows), adductor longus tendons 
(B; arrows), and rectus abdominis tendon (arrow).  
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osseous InjurIes

Stress fractures are common injuries and may account for up 
to 10% of injuries seen in a sports medicine clinic.7 Under 
normal physiologic conditions, bone is continually remodeling. 
In the setting of fatigue damage, bone remodeling occurs 
in response to small cracks. This process is normal for the 
physiologic development and maintenance of bone, but 
with increased loading there is increased damage to the 
microstructure of bone. If this damage to bone exceeds the 
capacity for bone to repair or if there are deficient repair 
mechanisms, a stress fracture will ensue.12 There are 2 
groups of stress fractures: fatigue and insufficiency. Fatigue 
fractures result from abnormal forces applied to underlying 
normal bone; conversely, insufficiency fractures are due to 
normal forces applied to underlying abnormal bone. Fatigue 
fractures are most commonly seen in runners, but they also 
occur with an intense increase in physical activity or a recent 
uptick in training regimen.25,27,47 Female athletes and the 
military population are at increased risk.28 Common sites of 
injury around the hip and pelvis include the femoral neck, 
inferior pubic ramus, and sacrum. Although the symptoms of 
these injuries are mostly activity related, they are frequently 
nonspecific, which necessitates the need for accurate imaging 
because treatments are site specific.

Fatigue fractures of the femoral neck are classified into 
compression and distraction types.57 The compression types 
occur at the inferior medial aspect of the femoral neck along 
compression trabeculae or calcar (Figure 11). These fractures 
are usually treated conservatively because they do not have 
the tendency to displace.57 Conversely, distraction-type fatigue 
fractures occur through the tensile trabeculae along the 
superior surface of the femoral neck and propagate across the 
neck. These fractures can displace; they are associated with a 
higher morbidity; and they are treated aggressively.45,57

Initial imaging of hip and pelvic stress fractures should 
include an anteroposterior view of the pelvis, with the femurs 
internally rotated, and a cross-table lateral view of the affected 
hip. In the setting of femoral neck stress fractures, fewer 
than 10% of radiographs are positive within the first week of 
pain onset.57 Additional studies have shown that fewer than 
55% of patients ever demonstrate radiographic evidence of 
osseous change.22,51 MRI is the gold standard for classification 
of stress-related osseous injuries of the hip and pelvis.12 The 
MR findings include marrow edema on the water-sensitive 
images (fat-suppressed T2 or inversion recovery) typically 
in a bandlike distribution in the region of the fracture. 
Occasionally, a fracture line is seen on either the water-
sensitive or T1-weighted sequences (Figure 11). Although 
nuclear scintigraphy is sensitive for stress fractures, the lack of 
soft tissue sensitivity and delineation, as well as the radiation 
dose related to the scans, makes them less appealing than MRI.

concLusIon

Sports-related injuries around the hip and groin are a diverse 
group of injuries that can be difficult to diagnose and manage 
and often require a multidisciplinary team of caregivers. MRI 
can be extremely helpful in the diagnosis and triage of these 
patients and may expedite their return to athletics.
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