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Abstract

The concept of femoroacetabular impingement (FAI) has, in a relatively short time, come to the
forefront of orthopedic imaging. In just a few short years MRI findings that were in the past
ascribed to degenerative change, normal variation, or other pathologies must now be described and
included in radiology reports, as they have been shown, or are suspected to be related to, FAL.
Crucial questions have come up in this time, including: what is the relationship of bony
morphology to subsequent cartilage and labral damage, and most importantly, how is this
morphology related to the development of osteoarthritis? In this review we attempt to place a
historical perspective on the controversy, provide guidelines for interpretation of MRI
examinations of patients with suspected FAI, and offer a glimpse into the future of MRI of this
complex condition.
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INTRODUCTION

Femoroacetabular impingement (FAI) has become a controversial topic in the radiology and
orthopedic literature in a relatively short time. In this paper we review the history of the
concept that abnormal femoral morphology results in the clinical entity known as FAI which
can in turn lead to primary osteoarthritis (OA) of the hip. Following a discussion of the
historical perspective, we discuss the pathophysiology and the magnetic resonance imaging
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(MRI) findings of FAI. Finally we review the latest literature on advanced MRI techniques
for the evaluation of FAL.

HISTORICAL PERSPECTIVE

The Relationship of FAI to Osteoarthritis

In a meta-analysis of 970 cases Ng et al concluded that surgical treatment for FAI reliably
improves symptoms in patients without OA but that additional studies are needed to confirm
if surgery can delay OA (1). Although the underlying cause of OA of the hip is known in
many patients, there are numerous cases of unexplained hip OA. In a recent review (1),
Rubin points out that radiologists frequently come across anatomic morphology thought to
be associated with FAI. Yet if FAI truly leads to OA, as many authors contend, then one
would expect a much higher incidence of OA amongst the general population. Rubin also
points out that imaging findings are not sufficient for the diagnosis of FAI without the
appropriate clinical signs and symptoms (2, 3). MRI, with its sensitivity to soft tissue and
bony anatomy, may be able to answer the question of whether FAI anatomy leads to OA.

Early Evidence that Hip OA Occurs Secondary to Underlying Morphological Alterations of

the Hip

If the current rationale for treating abnormal morphology that results in FAI is to prevent
OA, then it must be established that the abnormal morphology does indeed result in OA if
untreated. In order to understand the evidence favoring this concept, it is beneficial to briefly
review the historical literature around this concept. In 1933 Elmslie described a coxa plana
deformity of the femoral head, now known as Legg-Calve- Perthes disease, leading to OA.
He concluded that “many patients who develop osteoarthritis at a comparatively early age —
for example from 40 to 50- will be found to have a pre-existing deformity of the joint” (4).
This was the beginning of many investigations to determine the cause of hip OA that
continue to this day.

Murray, in 1965, introduced the concept that secondary OA not only occurs with severe
developmental or acquired deformities, but also in cases of more subtle morphologic
abnormalities of the hip. He described OA as secondary to the “tilt deformity” comprising
abnormal varus tilting of the femoral head with respect to the neck. In this paper, OA was
described as secondary if its development was related to a pre-existing symptomatic
abnormality (5). Using prior reports he determined that more than half (65%) of the OA
cases could be considered secondary using this criterion, and the remainder was considered
idiopathic or primary. The purpose of Murray’s paper was to suggest an explanation for the
development of these primary OA cases. He posited that a more critical review of
radiographs reveals minimal anatomic variations, that may be so subtle that they can be
interpreted as normal, but that are sufficient to cause OA in the long term. Stulberg, in 1975,
introduced the term “pistol grip deformity” to describe a finding resembling the “tilt
deformity” described above, including a flattened lateral femoral neck with loss of height
and widening of the femoral neck (figure 1). With the advent of MR, attention turned to the
soft tissue findings related to FAI, including labral tears and cartilage damage. This has in
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turn lead to the development of new promising quantitative MRI techniques for improved
detection of early cartilage damage. These techniques are discussed at the end of this article.

Early Studies of FAI with MRI

The predominant theory of the origin of morphologic alterations of the femoral neck, with
loss of femoral head-neck offset, was that it resulted from a mild or subclinical slipped
capital epiphysis. While FAI can be secondary to pediatric hip disease or trauma, most cases
are considered to be “primary FAI”. To this point, Siebenrock et al in 2004 attempted to
clarify the association of a superior and laterally bowed, extended femoral capital physis
with a non-spherical femoral head and decreased offset anterosuperiorly. Using MRI
examinations, they noted that none of the patients they studied had a posterior tilt of the
epiphysis, as would be expected with a prior slipped capital femoral epiphysis. They
concluded that these “findings suggest a growth abnormality of the capital physis as one
probable underlying cause for a non-spherical femoral head” (6). This article also pointed
out the association between a laterally extended capital physis on AP radiographs and a
decreased femoral head-neck offset anterosuperiorly. Since the femoral head and greater
trochanter share a common physis until age 4, delayed separation due to trauma or infection
could potentially result in the head neck deformity.

Role of Labral Pathology in Development of FAI

With the advent of advanced imaging and arthroscopy, attention turned to the role of the
injured labrum in hip pathology and early literature focused on traumatic labral tears (7). In
2001 McCarthy et al set out to establish that labral disruption, including degeneration and
tears, contributes to early OA. They used arthroscopic data to show an association between
the progression of labral pathology and the progression of articular cartilage lesions, and
demonstrated that “the frequency and severity of acetabular cartilage degeneration was
dramatically higher in patients with labral pathology” (8). They also pointed out that the
cartilage damage was directly adjacent to the labral lesions, strengthening the case for a true
association rather than a coincidental association. They concluded that labral injury, through
traction or impingement at the extremes of motion, leads to a series of progressive events
including labral fraying, tearing, cartilage delamination, and finally global labral and
cartilage degeneration.

PATHOPHYSIOLOGY OF FEMORACETABULAR IMPINGEMENT

Two Patterns of FAI

While FAI has been generally divided into two distinct types, based on the whether the
inciting cause involves the acetabular side (pincer-type) or the femoral side (cam-type), this
breakdown may be artificial as many cases reportedly involve both (12). However, it is
useful to consider the two patterns separately in order to better understand the
pathophysiology, as well as the imaging findings of cam- and pincer-type FAI.

In pincer-type FAI, acetabular morphological abnormalities result in excessive bony
coverage of the femoral head, and can be generalized or focal. In true acetabular
retroversion, the anterior wall of the acetabulum is lateral to the posterior wall, resulting in
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anterior bony over-coverage of the femoral head. In cranial acetabular retroversion the
anterior acetabular wall is lateral to the posterior wall superiorly causing focal bony over-
coverage of the femoral head. General bony over-coverage of the femoral head is less
common (12) and occurs with coxa profunda and protrusio acetabuli. While both of these
can result in a more generalized pattern of disruption, most of the lesions are located along
the anterosuperior acetabular rim, because flexion is the principle movement of the hip (12).
Coxa profunda has been considered a risk factor in the development of pincer type FAI, but
recently this has been called into question by Nepple et al (14) who noted that coxa profunda
is commonly seen in asymptomatic individuals and in those with other hip pathology. This
also has implications for the assertion that most cases of FAI are of mixed cam- and pincer-
types, because if one uses coxa profunda as an indication of pincer type FAI, the number of
cases demonstrating mixed morphology will be falsely inflated. This study also underlines
the contention that FAI morphology does not necessarily equate to symptomatic FAL.

The focus of damage in pincer FAI is the acetabular labrum, which gets compressed
between the femoral neck and acetabulum resulting in labral disruption. The cartilage
damage in pincer-type FAI is initially limited, resulting in a thin circumferential strip of
chondral pathology adjacent to the labrum, usually less than 5 mm in width (12). With
repetitive compression, the labrum may ossify, which compounds the problem.

Another typical feature of pincer type FAI occurs as a consequence of the constrained
morphology of the hip. With hip impingement, further hip flexion posteriorly subluxes the
femoral head resulting in pressure on the posteroinferior acetabulum. This has been termed a
“countercoup” lesion and can affect both the femoral head cartilage and acetabular cartilage
(12).

Femoral antetorsion is defined as the angle between the axis of the femoral neck and a line
drawn along the femoral condyles (figure 2). A reduced femoral antetorsion may lead to
increased impaction of the femur on the anterior acetabular rim during internal rotation.
With increased femoral antetorsion there is potential for impaction of the femur on the
posterior acetabulum with external rotation. The method of measurement on MRI is
elucidated by Sutter et al, who found that femoral antetorsion was significantly increased in
pincer type FAI compared to cam-type (15). They postulated that this could result in direct
mechanical impact of the femoral head-neck junction against the posterior and
posteroinferior aspect of the hip joint during external rotation, possible accounting for
characteristic posteroinferior cartilage defects. They concluded by suggesting that rapid
axial images performed through the femoral neck and femoral condyles, in order to calculate
femoral antetorsion, be routinely included in MRI examinations for FALI.

On the femoral side, cam-type FAl is related to a non-spherical femoral head, referred to as
“asphericity”. Most cases involve an osseous bump along the femoral head-neck junction
anterosuperiorly or laterally resulting in the so-called “pistol grip” deformity (figure 1). The
osseous bump, or cam deformity, results in a loss of the normal femoral head neck junction
concavity or “offset”. The lack of offset has also been referred to as “absent waisting” of the
femoral head neck junction (12). The osseous bump abuts the anterosuperior acetabulum
during flexion and results in compression of the chondrolabral junction. Adding internal
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rotation to flexion compounds the problem. This can result in detachment of the labrum
from the adjacent articular cartilage, termed chondrolabral separation, although the labrum
itself may remain attached to the acetabular rim (12).

On the other hand, several investigations have demonstrated that not all hips with abnormal
morphology suffer from FAI. Gosvig et al identified a cam deformity in 17% of males and
found that there was no significant correlation between hip or groin pain and cam
malformations in either gender (9). Similarly, Laborie in 2011 reported that radiographic
findings of FAI were “quite common” in a population of healthy young adults, especially
males. They reported cam features in 35% of males and 10% of females and pincer features
in 34% of males and 17% of females (9). Studies in Japan showed that impingement of the
femoral head and acetabulum in certain positions does not correlate with symptomatic FAI.
These studies also point out the rarity of primary OA in Japan, a country where postures that
would contribute to this impingement are common in everyday living (10, 11).

THE CURRENT ROLE OF IMAGING OF FAI

While MRI has the dominant role in the evaluation of hip abnormalities other modalities do
still play an important role.

Radiography

The work up of FAI should begin with radiographs, which are useful to assess for OA in the
hip, including joint space narrowing and marginal osteophytosis, and to exclude other hip
pathology such as osteonecrosis. Radiographs should include a low anteroposterior (AP)
view of the pelvis and a cross table lateral view of the affected hip. The radiograph is the
initial assessment of bony morphology that predisposes to FAI. The low AP radiograph of
the pelvis allows comparison of the affected hip to the asymptomatic side for detection of
subtle bony morphological changes predisposing to FAI, and affords visualization of other
bony structures that can result in hip symptoms including the pubic symphysis, sacrum,
sacroiliac joints, ilium and ischium (20).

Arthrography, ultrasound, and computed tomography

Conventional arthrography has been superseded by magnetic resonance arthrography
(MRA). However, the intra-articular injection of local anesthetic is helpful to confirm that
the hip joint is the source of pain. Concurrent corticosteroid administration can be beneficial
in cases of arthritis and may be used to delay surgery in the setting of symptomatic labral
tears.

While ultrasound is not used at our institution in the work up of FAI, ultrasound-guided
injection of the iliopsoas bursa, piriformis muscle, gluteal tendons and trochanteric bursa
can be helpful to exclude pain emanating from these structures.

Computed tomography (CT) can be helpful in the work up of FAI, particularly for
determination of size and location of peri-acetabular fractures, calcifications, unusual bony
anatomy, and to determine what surgical alterations have occurred. Further, it is very
difficult to evaluate the morphology of the anterior inferior iliac spine (AllS) with plain
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radiographs or MRI, and thus a 3D CT reconstruction can be helpful to determine if AlIS
impingement exists (figure 3).

Magnetic Resonance Imaging

MRI, with its multiplanar imaging capabilities and excellent depiction of soft tissues, is ideal
for the investigation of FAIL. MRI can show bony changes associated with FAI, and can
detect associated bone marrow edema, which may indicate symptomatic disease. MRI also
detects peri-articular pathology that may mimic symptoms of FAI, including bursitis,
tendinous injuries, ischiofemoral impingement, stress fractures of the femoral neck and
osteonecrosis.

Labral injury and articular cartilage pathology seen to advantage with direct MRA. Direct
MRA became established in the mid 1990s for the evaluation of labral disruption and
remains the examination of choice for patients presenting with FAI (22-24).

While some studies have attempted to show that noncontrast MRI imaging with an
optimized protocol can identify labral and chondral disruption (25), a metanalysis of 19
articles by Smith et al in 2010 concluded that while both conventional MRI and MRA were
useful, MRA was superior for the detection of labral tears. This paper examined studies that
used a variety of field strengths ranging from 0.5 to 3.0T (26). Toomayan et al
retrospectively found the sensitivity of direct MRA to be superior to conventional with
regard to detected labral tears (27).

An added benefit of intra-articular access is for the assessment of pain relief following
administration of anesthetic. This is helpful to confirm that the changes seen in the joint are
the source of pain, since there are many variations in the appearance of the labrum in
asymptomatic individuals (28-31). Furthermore, Kivlan pointed out how diagnostic
injections, with anesthetic, on patients with chondral damage, not only resulted in greater
relief than those without, but that the coexistence of extra-articular pathology did not alter
the percentage of relief when intra-articular pathology was present. A concern about the use
of direct arthrography is pain related to the procedure. Giaconi et al prospectively surveyed
patients between 3 and 7 days following a joint injections (including but not limited to hips)
and found that more than half of patients experienced pain following the procedure, some of
which was relieved by antiinflammatory drugs and ice. This suggests that the pain may be
an inflammatory response to the injection (32, 33).

Indirect arthrography has also been shown to be useful for evaluation of labral tears,
however it is not as useful to detect cartilage injury (34) and we do not currently perform
this study at our institution.

We perform direct MR arthrography on a 3T system using the following protocol:
e Ina20 mL syringe, the following solution is mixed:
— 5mL Lidocaine 1%,
— 5 mL Ropivacaine 0.5%

— 1 mL Omnipaque 240
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— 0.1 mL Gd-DTPA (Magnevist)
— 51010 mL is injected into the hip joint.
Dedicated phased-array surface coil, unilateral small (16-20 cm) field of view

Axial oblique fat suppressed T1 weighted sequence parallel to the long axis of the
femoral neck

Axial T1 weighted sequence

Axial fat suppressed proton density weighted sequence
Coronal fat suppressed T1 weighted sequence

Coronal fat suppressed T2 weighted sequence

Sagittal fat suppressed T1 weighted sequence

Sagittal fat suppressed T2 weighted sequence

Radial proton density weighted sequences perpendicular to the long axis of the
femoral neck

Optional: T1 localizer of the knee and hip to obtain femoral antetorsion

When evaluating an MRI study for FAI, it is important to use an organized search pattern.
The following items should be routinely evaluated.

Bony Morphology

Assessment of bony morphology includes a detailed analysis of the acetabulum and femoral
head-neck junction.

Acetabular retroversion, while more easily determined radiographically, can also be detected
on axial MRI images. The most cranial image that includes the femoral head is used to
determine if the anterior rim of the acetabulum is located medial (anteversion) or lateral
(retroversion) to the posterior acetabular rim.

The acetabular depth also well depicted radiographically but can be determined using the
axial obliqgue MRI images through the medial femoral neck. A line is drawn between the
anterior and posterior acetabular rims and the distance between the line and the center of the
femoral head determines acetabular depth (37).

In 2002, Notzli et al introduced the concept that reduced femoral head-neck offset could be
quantified using the alpha angle (38). The axial oblique sequence has traditionally been used
to measure the alpha angle. An image through the center of the femoral neck is selected, and
a circle is then drawn around the femoral head including the articular cartilage. A line is then
placed bisecting the circle and extending along the longitudinal axis of the femoral neck,
midway between its anterior and posterior margins. A third line is then extended from the
mid circle to the point at which the contour of the femoral head protrudes out of the circle
along the anterior margin of the femur (figure 4). Cam-type deformities are most common in
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the anterosuperior head neck junction. While radiography is often adequate to detect
acetabular sided causes of FAI, it is less reliable for the femoral side (13, 39)

While the alpha angle has been in use since its introduction, several studies show both
interobserver variation and overlap in alpha angle measurements between asymptomatic and
symptomatic individuals (40, 41).

In a retrospective study using symptomatic and asymptomatic individuals, Sutter et al
attempted to discover a reliable threshold for the alpha angle in order to distinguish
asymptomatic from symptomatic cam deformities. They found that using the radial plane
increased sensitivity to detect cam deformities. This is not a surprise considering that most
cam deformities are most pronounced at the anterosuperior femoral neck (40). This is in
accordance with a retrospective study by Rakhra et al found that radial images yielded
higher alpha angle values than oblique axial images (42).

Values used in both orthopedic and radiologic literature to indicate abnormal morphology
include both 50 and 55 degrees (37, 40, 43). While we routinely report the alpha angle, we
also include a subjective description of the femoral head neck junction morphology.

Femoral head-neck offset is measured by comparing the maximal radius of the femoral head
with the maximal radius of the femoral neck (16). The impingement of the abnormal femoral
head neck junction and acetabulum results in cartilage delamination, usually involving a
larger area than with pincer impingement. Cartilage delamination is also more common in
cam impingement than in pincer-type FAI (12).

Femoral antetorsion is also included in the assessment of bony morphology and is described
in detail above.

Femoral antetorsion is also included in the assessment of bony morphology and is described
in detail above. Femoral head-neck offset is measured by comparing the maximal radius of
the femoral head with the maximal radius of the femoral neck (16). The impingement of the
abnormal femoral head neck junction and acetabulum results in cartilage delamination,
usually involving a larger area than with pincer impingement. Cartilage delamination is also
more common in cam impingement than in pincer-type FAI (12).

Cam impingement generally leads to cartilage damage from shearing caused by the osseous
bump. Damage occurs at the anterosuperior acetabular cartilage with resultant chondrolabral
separation (figure 5).

Pincer impingement generally leads to labral damage due to crushing between the acetabular
rim and the femoral neck. The damage tends to be circumferential comprising a narrow 5
mm strip around the acetabular margin. In pure pincer type, the alpha angle is normal and
the femoral head is spherical. Another finding unique to pincer type FAI is the
“countercoup” lesion of the posteroinferior joint, described above (figure 6).
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Beaule et al, in 2004, described the imaging findings of four cases of arthroscopically
proven cartilage delamination. Using MR arthrography, they described the lesions as a low
signal intensity curvilinear intra-articular flap with bright signal deep to the flap. They
surmised that the lesion represented an advanced stage of articular cartilage degeneration,
with important implications for prognosis (44) (figure 7).

In a 2008 a retrospective study by Pfirrmann sought to assess the performance of MRI to
detect chondral delamination. The acetabular cartilage damage is thought to result from
shearing forces between the femoral head and acetabular cartilage leading to detachment of
the cartilage from the subchondral bone. This is referred to as “detachment” and can occur
with or without the disruption extending to the cartilage surface. Delamination without
disruption of the cartilage surface is referred to as “carpet like delamination” because of its
conceptual similarity to a carpet on a slippery floor. When, on the other hand, the disruption
extends to the articular cartilage surface, it creates a flap tear. While the identification of
increased signal deep to a flap is very specific finding for delamination, it is not often seen.
This may be due to the lack of communication with the joint space or could be of the tight
nature of the joint, resulting in the femoral head exerting pressure on the cartilage preventing
fluid from entering the tear.

Pfirrmann et al found delamination in 52% of patients requiring surgery for cam-type
impingement. Hypointensity of the articular cartilage on intermediate-weighted fat-saturated
or MRA T1-weighted images was considered a useful finding to identify delamination. This
study used 1.5 Tesla systems and the findings would be expected to be more clearly depicted
using 3T systems with higher signal to noise ratios (45). In our experience confident
identification of delamination remains a challenge.

Acetabular Labrum

While the acetabular labrum generally has a sharp, diffusely dark, triangular appearance,
many variations exist in asymptomatic individuals. Alterations in labral morphology and
signal are seen with a higher frequency among older individuals and are frequently
asymptomatic (28, 46). The fact that these alterations increase in frequency with age,
suggests that some are degenerative. Anatomic variations also add to the difficulty in
interpretation of labral pathology.

Schmitz et al, in a prospective study of military personnel, showed that asymptomatic labral
tears, as indicated by linear increased signal extending to an articular surface, occur in up to
83% of younger individuals (age range 27-43 years) (47). They also recorded the presence
of paralabral cysts in up to 26% asymptomatic individuals. The concluded that labral tears
and paralabral cysts are not an indication alone for arthroscopy, but that the findings must be
correlated with symptoms and that other potential sources of intra-articular pain must be
considered.

It is important to point out that labral tears also occur in pathologic conditions aside from
FAI, including trauma, capsular laxity/hip hypermobility, acetabular dysplasia, and OA.
These causes were described in various studies from the late 1990s (7, 48, 49). This is
supported by the presence of traumatic tears in hips without FAl morphology.
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Lage et al have proposed an arthroscopic classification of labral tears by prospectively
performing arthroscopy on 367 patients (49). Tears were considered degenerative if there
was also evidence of cartilage degeneration or if degeneration was seen in the labrum.
Labral tears were considered traumatic if there was a clear history of trauma and there were
no signs of cartilage or labral degeneration. They classified labral tears as radial flaps, radial
fibrillation, longitudinal peripheral, or unstable. However, as Blankenbaker et al pointed out,
it is often difficult to differentiate these on MRA (50).. In a separate paper, Blankenbaker et
al compared findings of labral tears on MRA, as defined by Czerny et al in 1996, with the
Lage’s arthroscopic classification (51, 52). This (arthrographic) system assesses labral
morphology, intralabral signal, presence of a tear or detachment, and the presence or
absence of an adjacent perilabral recess. The comparison showed no correlation between the
systems and Blankenbaker proposed a new classification system. This includes “fraying” to
indicate free edge irregularity, partial-thickness tear, full thickness tear, and complex tear. A
full thickness tear at the labral base may be more accurately described as “chondral labral
separation” or labral “detachment” (7) (figure 5).

When assessing the acetabular labrum, the presence of normal anatomic variations such as a
sublabral sulcus, acetabular cleft, and labral absence needs to be considered. Sulci have been
the source of much controversy as to their existence and location (figure 8).

Dinauer et al in 2004 retrospectively found a posteroinferior sublabral sulcus or groove in
23% of patients undergoing arthroscopy (53).

Saddik et al in 2006 retrospectively examined 27 hip MRI studies and defined sulci
arthroscopically as a well defined cleft between the labrum and articular cartilage with
smooth edges, no signs of attempted healing, and no labral detachment on probing (54). This
study found sulci in all anatomic positions of the labrum.

Studler et al in 2008 retrospectively looked at MR arthrograms of 57 patients who
subsequently went on to surgery. They found what they termed a sublabral “recess” at the
anteroinferior labrum but no tears in this location. They also found that labral tears were
more common than recesses in the anterosuperior labrum and suggested that interposition of
contrast at the base of the labrum in this location should be considered a tear. Further, they
pointed out that in contrast to tears labral recesses do not extend through the entire labral
base (55). The absence of cartilage damage, bony lesions, or peralabral cysts are additional
factors suggesting a labral variant instead of a tear.peralabral

DeBois aptly summarized the situation by stating that a normal sublabral sulcus likely exists
posteroinferiorly, but that a similar finding in the anterior or anterosuperior labrum should
be viewed with higher suspicion for a labral tear. Furthermore, sulci do not involve more
than a third of the labral thickness, are wider than they are deep, and are without adjacent
cartilage damage (56).

In addition to a sublabral sulcus, clefts at the anterior and posteroinferior acetabulum can be
seen at the labral-ligamentous junction, where the transverse acetabular ligament joins the
acetabular rim to complete a ring around the acetabulum (53, 56) (figure 8).
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The anterosuperior labrum has been reported to be absent in up to 10% of asymptomatic
volunteers (30). Lecouvet found labral absence in up to 14% of asymptomatic volunteers,
which increased with age (28). These studies were both performed in the late 1990s before
refinements of imaging had improved conspicuity of the labrum and adjacent capsule and, as
DuBois point out, until further evidence supports absence as a normal variant, focal absence
should be considered abnormal (56).

Fibrocystic Change at the Anterosuperior Femoral Neck

Fibrocystic change at the anterosuperior femoral neck represent synovial herniation pits and
are thought to result from repetitive mechanical contact of the femoral head neck junction
with the acetabular rim. Leuing retrospectively showed these to be present in 33% of hip
radiographs of patients with FAI and none in patients with developmental dysplasia (57)
(figure 9).

Paralabral Ossifications

Bony fragments adjacent to the superior acetabular rim can be a source of confusion. While
these have been traditionally termed “os acetabuli” implying a developmental origin, other
causes include incomplete healing of an acetabular rim fracture and ossification of the
acetabular labrum (58) (figure 3).

Ligamentum Teres

The ligamentum teres arises from the transverse acetabular ligament across the inferior
acetabular notch. Two fascicles also attach to the acetabular notch (59). Proximally the
ligamentum teres attaches to the fovea capitis of the femoral head. The MRI appearance
generally consists of two or three bundles with a striated appearance. Blankenbaker sought
out to establish reliable MRA imaging findings that represented ligamentum teres injury.
Partial tears were considered when there was thickening and focal partial loss of continuity.
Degeneration of the ligamentum was considered when there was thickening and high to
intermediate signal on all pulse sequences. Confirming an injury arthroscopically is limited
because the surface of the ligament may remain intact in the presence of degeneration and
thereby be undetectable by the surgeon. This paper concluded that findings of the intact and
partially torn ligamentum teres overlapped on MRA (61) (Figure 10).

Miscellaneous

Synovial membrane infoldings, known as synovial plicae, can be villous or flat. The purpose
of these plicae is to form synovial fluid, transmit neurovascular structures, and to help
stabilize the joint (62, 63). While first described in anatomic literature, their importance was
later recognized with regard to transferring arterial blood supply to the femoral head (64).
The presence of plicae is important for two primary reasons. One is as a mimicker of
pathology on MRI studies and the other is as a potential source of symptoms. A cause of
symptoms, however, is not based on specific imaging findings, but based on their presence
with no other identifiable abnormality to explain the patient’s symptoms.
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Supra-acetabular fossa and the stellate lesion—The supra-acetabular fossa is a
normal indentation of the superior acetabulum, often filled with fibrous tissue. The stellate
lesion (or crease) is a normal focus of absent cartilage in the superomedial acetabulum.
located medial to the supra-acetabular fossa (56).

Supra-acetabular fossa and the stellate lesion—The supra-acetabular fossa is a
normal indentation of the superior acetabulum, often filled with fibrous tissue. The stellate
lesion (or crease) is a normal focus of absent cartilage in the superomedial acetabulum,
located medial to the supra-acetabular fossa (56).

MRI AND THE FUTURE

While many of the changes associated with FAI, including bony morphology, are well
depicted with current imaging techniques, comprehensive assessment of cartilage lesions
and the acetabular labrum remains elusive. This is paramount because extensive cartilage
damage renders surgical correction less effective (66—69).

MRI of cartilage within the hip is challenging for a variety of reasons, including the
relatively thin cartilage layer, the curved shape of the hip (making partial volume effects an
issue), limited signal to noise due to the depth of the structure, and a lack of hip-specific
coils. Current clinical MRI techniques are capable of detecting cartilage damage only once
gross morphologic changes have already occurred. Damage at a biochemical level, however,
may have preceded these morphological changes (68).

New quantitative MRI techniques have great potential to detect early degenerative changes
to cartilage and the labrum. In particular, these techniques can probe changes in cartilage
thickness and volume, as well as proteoglycan, collagen and water content, all of which are
early indications of degenerative disease. While these techniques have been more readily
applied in the knee (70), one study has shown that reproducibility of cartilage thickness,
volume, Ty, and T, relaxation times are sufficient to study clinical hip patient populations
(71). In this section we will discuss the advanced MRI techniques that have been used in the
hip and those showing promise for use future.

Quantitative MRI of Cartilage Morphology

Quantitative assessment of cartilage morphology, such as thickness, volume and surface
area, has long been used in the knee; however, very few studies have applied these
techniques in the hip. While studies have shown that it is possible to reproducibly assess
femoral and acetabular cartilage thickness (71, 72), few have applied the technique in patient
populations. One study did show increases in cartilage thickness in patients with dysplastic
hips as compared to healthy individuals (73). Quantitative changes in cartilage morphology
have been shown do discriminate between patient groups in the knee and have potential to
also be useful in the hip.

MRI of Cartilage Proteoglycan Content

Degenerative diseases, such as OA, result in a depletion of proteoglycan content and there
are several quantitative MRI techniques that probe this macromolecule. These include
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delayed gadolinium enhanced MRI of cartilage (lGEMRIC), T1p relaxation time mapping,
sodium MRI and glycosaminoglycan chemical exchange saturation transfer imaging
(gagCEST). Again, these techniques have been successfully used in the knee and are
increasingly being used in the hip.

Of all the techniques that probe proteoglycan content, dGEMRIC has been used most
frequently in the hip (Figure 11). It is based on the detection of a relative absence of
negatively charged glycosaminoglycan (GAG) side chain of the proteoglycan
macromolecule within articular cartilage. The technique consists of injecting an intravenous
double dose of gadolinium-diethylene triamine pentaacetic acid (Gd-DTPA~2). This
negatively Gd-DTPA=2 anion distributes inversely to the negatively charged GAG content
within cartilage. With cartilage degeneration, there will be an increase in the concentration
of Gd-DPTA2. This in turn will cause a decrease the T1 relaxation time of the cartilage that
can be measured to assess glycosaminoglycan loss (74).

Most often, the output of dGEMRIC is a T4 relaxation time color map;, however, one group
recently attempted to create a standardized color map which displays the data with respect to
known ranges of healthy cartilage and other confounding factors (age, size, sex and
diffusion of gadolinium contrast) (68, 75). They applied this standardized technique to an
FAI population and found it can increase the sensitivity of detecting cartilage degeneration.
Other groups have studied whether intra-articular, instead of intravenous, injection can be
used for dGEMRIC (76, 77). This technique would offer the benefits of both MRA and
cartilage mapping. Both studies found that intra-articular results were similar to those of the
intravenous technique.

Several other studies have used dGEMRIC to study FAI patients. One study revealed
patterns of cartilage damage were dependent on the type of FAIL. Cam-type FAI patients had
evidence of cartilage damage anterosuperiorly while pincer-type FAI patients had damage
circumferentially (76). Another study suggested the use of radial images for the assessment
of the anterosuperioro quadrant cartilage, an area frequently affected by cam-type FAI but
difficult to assess on routine coronal MR imaging slices. They retrospectively looked at 20
patients and concluded that radial imaging did offer a benefit over 2D imaging in these
patients because radial imaging is able to assess the entire hip (78). dGEMRIC has also been
shown to detect cartilage damage in asymptomatic patients with cam deformities, identified
on radiographs, but no radiographic joint space narrowing. Furthermore, the damage was
found to correlate with the severity of cam deformities (79). Together, these findings suggest
that dGEMRIC is a useful tool for assessing early degeneration of cartilage as a result of
FAL.

Ty, relaxation time mapping is another promising technique for detection of early cartilage
degeneration (figure 12). Correlations have been observed between GAG content of
cartilage and Ty, relaxation times, increased Ty, values indicate GAG loss (80). Ty, or spin
lattice relaxation in the rotating frame, assesses the transverse relaxation of spins after they
have been ‘locked’ in the transverse plane. Briefly, when the magnetization is tipped into the
transverse plane an additional RF field is applied effectively ‘locking’ the spin for differing
amounts of time, allowing for quantitative relaxation time mapping. Early investigations of
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Ty, relaxation time mapping in subjects with FAI have shown degenerative changes in
acetabular and femoral cartilage before gross tissue loss (84, 85). It has also shown that FAI
patients display differences in distribution patterns across the thickness of the tissue (85),
increases in Ty, in the anterosuperior region (84) and increased heterogeneity in Ty, (81).

Sodium MRI has been used to study knee cartilage but likely requires high field strengths.
As its name suggest, sodium MRI measures the positive sodium ions in cartilage that
distribute inversely to the negatively charged GAG (86). Wang et al recently described rapid
isotropic 3D-Sodium MRI using a 7 Tesla system for the evaluation of knee cartilage. They
concluded that this technique is a feasible alternative for evaluating OA (87). Unfortunately,
due to the depth of the hip cartilage and the low sodium concentration relative to protons in
the body, this method is limited at the current time in evaluation of hip cartilage.

gagCEST is perhaps the only technique that directly measures GAG concentration and has
shown promise in knee cartilage (88). It is based on an asymmetry in the z-spectrum of
cartilage created by hydroxyl groups in the glycosaminoglycan molecule. Application of this
method in the hip or to patients with FAI has not yet been demonstrated but, as with sodium
MRI, will likely need to be tested at high field strengths (7T) and will be challenging due to
low SNR and a lack of a hip specific coil.

MRI of Cartilage Collagen and Water Content

The depletion and disorganization of collagen is another indicator of cartilage degeneration
in degenerative tissue diseases such as OA. T, relaxation time mapping is a quantitative
measure of the transverse relaxation time that occurs due to dephasing of spins as a result of
spin-spin interactions. It has been shown to correlate with cartilage matrix hydration and
collagen fiber integrity (89). Degeneration induced changes in water content and cartilage
arrangement could then be detected by this technique giving important information as to the
presence of early degeneration. Watanabe et al performed T, relaxation time mapping of
hips in 12 healthy volunteers and noted topographic variation likely due to factors including
cartilage matrix composition and magic angle phenomenon (89).. These findings are
important to consider before attributing changes to early degeneration. Another study has
also showed that T, relaxation time mapping is sufficiently sensitive and specific to study
hip cartilage damage (90). Studies of T, relaxation times in FAI patients have shown
increased heterogeneity in the anterior acetabular region (81) and increased relaxation times
as compared to controls (84). Conversely, another study that measured To* relaxation time
in hips of FAI patients undergoing hip arthroscopy (a metric similar to T, relaxation time,
but includes dephasing due to field inhomogeneities and susceptibility, as well as spin-spin
interactions) found decreases in To* relaxation times in hips with increasing modified Beck
score (a measure of degeneration) (91). Although, T, and T,* relaxation times are slightly
different metrics, these conflicting results indicate a need to explore quantitative MRI in the
hip further in the FAI population, since the mechanism of degenerative changes may be
different than those of knee cartilage which has consistently shown increases in T, and To*
relaxation times with osteoarthritic degeneration. (84). Newer quantitative methods, such as
quantitaitve double echo steady state (DESS) sequences (92, 93), have the potential to
provide measures of cartilage T, relaxation time and diffusion in the femoral and acetabular
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cartilage, and may prove useful in elucidating this the differences observed thus far because
these sequences are faster and therefore more practical for patient studies.

Short T2 Tissues — Labrum and Deep Cartilage Layer

Advanced imaging of the acetabular labrum and deep cartilage layer may benefit from
techniques such as ultra-short echo time (UTE) MRI (94-96). These tissues appear dark on
conventional MRI images due to their short T, relaxation times; with uTE techniques signal
can be observed and thus quantitative mapping is possible. UTE can be used to measure T,
or To* relaxation time mapping and may provide information about early degeneration of
these difficult to image tissues. For example, it may be possible to detect degeneration
before labral tears occur. Many of these methods have been applied to the knee meniscus
(97) and the zone of calcified cartilage in the knee (96), but as of yet not adapted for
imaging hip cartilage.

CONCLUSION

In conclusion, subtle morphological changes to the hip have been revealed to be causes of
FAI and OA. However, there are many unanswered questions in regards to the diagnosis,
evaluation, and treatment of FAIL. Morphological MRI plays a central role in the evaluation
of FAI and special attention to how the imaging studies are performed and interpreted is
required. Advanced MRI of the composition of cartilage and the labrum in patients with FAI
may provide evidence of early degenerative changes in these tissues prior to cartilage
delamination and labral tears. Detection and monitoring of tissue changes in FAI is an
important research goal that could lead to evidence of reversal of the disease with drug or
surgical treatment. Improvements in the speed, resolution, and sensitivity of new MRI
techniques may lead to widespread adoption of these methods for monitoring FAI treatment.
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Figure 1.
(a) AP radiograph of the left hip demonstrates a “pistol grip deformity” of the femoral neck

(arrow). (b) AP radiograph of the left hip in a 13 year-old male with a pinned slipped upper
femoral epiphysis demonstrating a similar contour of the femoral head-neck junction
laterally arrow).
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(a) Axial T1-weighted image through the right femoral neck, with a line drawn along the
axis of the femoral neck (solid line), and a horizontal line (dotted line). The angle between
these lines is labeled angle H. (b) Axial image through the distal femur with a line drawn
along the femoral condyles (solid line) and a horizontal line (dotted line). The angle between
these lines is labeled angle K. If knee is internally rotated as in this example, the angle of
antetorsion = H + K. If the knee is externally rotated the angle of antetorsion = H - K.
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(a) Axial CT section through the right hip in a patient with chronic right hip pain. There is
an ununited stress fracture of the anterosuperior acetabular margin (arrow). A line joining
the acetabular margins (dotted line) on the first CT slice showing the femoral head
demonstrates acetabular retroversion. (b) 3D CT reconstructed image of the right hip
demonstrates a comminuted ununited acetabular stress fracture (black arrows). An osseous
excrescence is seen along the femoral head-neck junction anterolaterally (open arrow),
suggesting combined pincer and cam impingement.
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Figure 4.
Axial oblique fat-saturated T1-weighted MR arthrographic image showing measurement of

the alpha angle. A circle is drawn around the femoral head and articular cartilage. The alpha
angle is formed between a line along the center of the femoral neck and a second line from
the center of the femoral head to the point at which the bony contour of the femoral head-
neck junction extends outside the circle.
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Figure 5.
Sagittal fat-saturated T2-weighted MR arthrographic images of the left hip demonstrates

complete chondrolabral separation of the anterosuperior labrum (arrow).
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Figure 6.
(a) Sagittal fat-saturated T2-weighted MR arthrographic image in a patient with pincer

impingement demonstrating a complex tear of the anterosuperior labrum (arrow), with
cartilage thinning and bone marrow edema along the posterior acetabulum (open arrow). (b)
Axial oblique fat-saturated T1-weighted image demonstrates the typical contrecoup cartilage
injury of the posteroinferior acetabulum (open arrow), with peripheral chondral thinning and
irregularity, and subchondral cystic change.
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Figure 7.
Coronal fat-saturated T2-weighted image of the left hip in a patient with cam-type

femoroacetabular impingement demonstrates delamination of the superior acetabular
cartilage (arrow). Bone marrow edema is seen along the lateral femoral head-neck junction
(open arrow). In addition there is non-specific edema between the iliotibial tract and greater
trochanter (arrowhead).
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Figure 8.
(a) Coronal fat-saturated T2-weighted MR arthrographic image of the left hip shows a

partial thickness tear of the superior labrum (arrow). (b) Coronal fat-saturated T2-weighted
MR arthrographic image of the left hip demonstrates a well defined fluid-filled cleft at the
chondrolabral junction in the posterosuperior labrum, compatible with a sublabral recess
(arrow). (c) Axial oblique fat-saturated T1-weighted image through the inferior acetabulum
demonstrates a pseudo-tear formed by a cleft of fluid between the inferior labrum and
transverse acetabular ligament (arrow).
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Figure 9.
(a) AP radiograph and (b) Coronal fat-saturated T2-weighted MR arthrographic image of the

left hip showing prominent fibrocystic change in the left femoral neck laterally (arrow).
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Figure 10.
Coronal fat-saturated T1-weighted MR arthrographic image of the right hip shows a high

grade tear of the ligamentum teres at the foveal attachment (arrow).
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Figure 11.
dGemric imaging. Coronal proton-density-weighted image (A), dGEMRIC T, map (B) and

Standardized dGEMRIC map (C) for a representative radial section in the posterior-superior
region of the hip. In this example, standardized dGEMRIC shows damaged cartilage in the
peripheral region of the acetabular cartilage that was confirmed by arthroscopic assessment,
whereas no morphologic changes were found on the PD image.
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Figure 12.
T1-rho map (A) and T2-map (B) in a subject with FAI performed at 3T with a 3D fast spin

echo method. Patients with FAI showed greater variability in relaxation times than healthy
volunteers.
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