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Abstract

The aim of this review is to outline the normal anatomy of the hip and to discuss common painful conditions of the hip
that affect the general adult population. Hip pain is a common complaint with many different etiologies. In this
review, hip pathologies are divided by location into osseous, intra-articular and extra-articular lesions. Magnetic
resonance imaging (MRI) is the modality of choice for investigating painful hip conditions due to its multiplanar
capability and high contrast resolution. This review focuses on the characteristic MRI features of common traumatic

and pathologic conditions of the hip.

Key words: femoroacetabular impingement, MRI hip, acetabular labral tear, hip arthritis, greater trochanteric pain

syndrome, extra-articular pathology.

Introduction

Hip pain is a common affliction with many different
causes. The hip joint can be difficult to examine clinically
due its deep location; therefore, imaging represents a key
diagnostic tool for hip conditions [1]. Magnetic resonance
imaging (MRI) with its multiplanar capability, high con-
trast resolution, and lack of ionising radiation is an ex-
cellent modality for evaluating painful conditions of the
hip [2]. Detailed knowledge of hip anatomy is essential
in understanding its pathologies. In this article, the rele-
vant components of hip anatomy, including the osseous
structures, articular hyaline cartilage, fibrocartilaginous
acetabular labrum, joint capsule, and ligaments, as well as
surrounding tendons and bursae, are reviewed. Frequently
encountered anatomical variants and asymptomatic find-
ings are also described. In this article, the authors review
the role of MRI in diagnosing common conditions caus-
ing hip pain and their characteristic features.

Anatomy of the hip

Bones

The hip is a weight-bearing synovial joint that is inher-
ently stable yet allows for a wide range of motion. It is
a highly congruent ball-and-socket joint consisting of
the femoral head (ball) articulating with the acetabulum
(socket). The bony acetabulum is an incomplete spherical
cavity with an inferior depression which is the acetabular
notch. The transverse acetabular ligament bridges the ac-
etabular notch and completes the acetabular socket [1].
There is a spectrum of femoral head and acetabular mor-
phologies. Deviation from the normal morphology with
resultant poor osseous congruency is associated with
conditions such as congenital hip dysplasia and femoro-
acetabular impingement (FAI) [3]. On MRI, the normal
femoral head of adults demonstrates homogeneous high
signal on T1-weighted sequences because of fatty marrow
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Figure 1. Normal anatomy of the hip on magnetic resonance arthrogram
(MRA). Coronal T1-weighted, fat-saturated MRA image of the hip demon-
strating the zona orbicularis (Z0), transverse ligament (TL), ligamentum
teres (LT), and peri-labral sulcus (PS). The articular cartilage (AC) of the
acetabulum is seen to be continuous with the labrum

Figure 2. Normal anatomy of the hip on magnetic resonance arthrogram
(MRA). Coronal TTW MRA image demonstrating homogeneous high T1 bone
marrow signal. A normal low signal triangular acetabular labrum is seen
(arrow)

Figure 3. Normal anatomy of the hip on sagittal T1W fat-saturated magnetic resonance arthrogram images. A) The transverse acetabular ligament denotes
the 6:00 position of the clock face, with the 3:00 position denoting the anterior midline aspect of the joint. B) Supraacetabular notch (arrow). C) Perilabral

recess anterior to the intact labrum (short arrow)

content. The femoral neck and intertrochanteric region
may have lower signal intensity on T'1-weighted sequences
due to the presence of red marrow and less fatty marrow
content (Figures 1 and 2).

Cartilage and labrum

Articular hyaline cartilage is a complex combination of
water, collagen, and proteoglycans, which help to dis-
tribute forces, absorb pressure, and enable gliding of the
bony structures of the joint [4]. The entire femoral head
is lined by articular hyaline cartilage, except for a small
central depression known as the fovea capitis, where the
ligamentum teres attaches [5]. The articular surface of
the acetabulum is horseshoe-shaped and lined by hyaline
cartilage, known as the lunate [6]. The central to inferior
portion of the acetabulum is devoid of articular cartilage.
The non-articular central depression of the acetabulum is
known as the acetabular fossa, and is lined by synovium

and filled with fibrofatty tissue/pulvinar [3]. A supra-
acetabular fossa is a normal variant of the acetabular
roof seen in up to 10% of the population, consisting of
a pseudodefect covered by cartilage or fibrous tissue at the
12 oclock position, and should not to be mistaken for an
osteochondral defect [3,4] (Figures 3 and 4). It is differ-
entiated from a pathological lesion of the acetabulum by
its smooth margins, absence of surrounding bone marrow
oedema, and absence of cartilage irregularity. The stellate
crease is a focal area devoid of hyaline cartilage, located at
the inner margin of the acetabular cartilage, close to the
superior aspect of the acetabular fossa (Figure 4). On MRI,
normal articular hyaline cartilage has intermediate to high
signal intensity on fluid-sensitive images. The evaluation of
the articular cartilage of the hip joint is notoriously challeng-
ing due to the inherent curved morphology of the femoral
head and acetabulum articular surfaces, the relatively thin
articular hyaline cartilage measuring about 2 to 5 mm [7],
and the close apposition of the articular surfaces [3].
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Figure 4. Normal bony and soft tissue variants on T1W fat-saturated magnetic resonance arthrogram images of the hip that can mimic pathology. A) Coro-
nal image shows a supracetabular fossa located at 12:00 (arrow), medially positioned stellate crease (arrowhead), ligamentous plica extending towards
the acetabular attachment of the ligamentum teres (open arrow), and a portion of the pectinofoveal fold (curved arrow). B) Axial oblique image shows
normal communication between the hip joint and the iliopsoas bursa (arrows). C) Axial oblique image shows normal communication between the hip joint
and the obturator externus bursa (arrows)

The acetabular labrum is a hypointense triangular
fibrocartilaginous structure that is attached to the acetabu-
lar rim and blends with the transverse acetabular ligament
at the margins of the acetabular notch inferiorly. The base
of the labrum is immediately apposed to the outer mar-
gin of the acetabular cartilage, forming the chondrolabral
junction [2]. The labrum is thought to have several impor-
tant functions. It increases joint stability by increasing the
acetabular depth and joint surface area. The labrum helps
to more evenly distribute forces and enhance lubrication
of the joint by forming a seal about the femoral head to
maintain a trace of fluid under negative pressure within
the joint space [2,8]. The location of intra-articular lesions
may be described using the traditional clock-face method,
which allocates the six oclock position as being the centre
of the transverse acetabular ligament and the 12 oclock
position as the superolateral aspect of the acetabulum
(Figure 3). The three oclock position is usually assigned to
the anterior midline and the nine oclock posterior midline
location regardless of laterality. Another method divides
the acetabulum into six geographic zones: anteroinferior
as zone 1, anterosuperior as zone 2, superior as zone 3,
posterosuperior as zone 4, posteroinferior as zone 5, and
acetabular fossa as zone 6 [9]. The six zones are applied to
the femoral head in a corresponding manner.

Although the normal labrum is typically hypointense and
triangular, there is variability in the morphological appear-
ance and signal intensity of the acetabular labrum in asymp-
tomatic individuals [10]. Intermediate to high signal intensity
within the labral substance may be due to the presence of
small intralabral fibrovascular bundles. Increased signal in
the labrum on T1-weighted images may also be due to the
magic angle effect [5]. There is a normal mildly hyperintense
1 to 2 mm transition zone at the chondrolabral junction [4].
Normal cartilage can ‘undercut’ the labrum at the chondro-
labral junction, seen as a smooth focus of intermediate to
high signal intensity (isointense to cartilage) interposed be-
tween the labrum and acetabular rim [3]. A sublabral sulcus

is a fluid-filled cleft at the chondrolabral junction, typically
located antero-inferiorly at the four oclock position [8], sug-
gested to be a normal variant. A normal labro-ligamentous
sulcus may be seen at the junction of the labrum and trans-
verse acetabular ligament. Also, as the labrum degenerates
with increasing age, it may become blunted and show signal
alterations, or it may be absent.

Magnetic resonance arthrography (MRA) is the cur-
rent gold standard for acetabular labral and hip hyaline
articular cartilage assessment [8,9], as fluid separates the
internal structures and contrast extends into labral tears or
chondral defects [5]. MRA has a higher diagnostic accu-
racy than non-contrast MRI for the detection of acetabu-
lar cartilage lesions at both 1.5T and 3T [11,12]. However,
despite the use of intra-articular contrast, the cartilage of
the acetabulum and femoral head are often not delineated
separately, and small lesions can be difficult to visualise.
Hip MRA with leg traction has been shown to be a techni-
cally feasible and safe procedure that improves visualisa-
tion of the femoral and acetabular cartilage surfaces [13,14].
The leg traction distracts the hip joint allowing contrast to
be interposed between the acetabular and femoral cartilage.

Ligaments and capsule

The ligamentum teres is an intra-articular ligament con-
necting the transverse acetabular ligament at the acetabu-
lar notch to the fovea capitis at the superomedial aspect of
the femoral head [15]. The ligamentum teres transmits the
foveal artery, which contributes only a little to the blood
supply of the femoral head in adults [6] (Figure 1). On
imaging, the ligamentum teres has a smooth contour and
homogeneous low signal intensity on all pulse sequences
[15,16], or it may appear striated and have two to three
bundles [17]. High signal from magic angle artifact may be
seen at the femoral attachment. The ligamentum teres is well
seen on coronal, axial, and axial oblique planes, but not on
sagittal plane because of partial-volume averaging [15]. Con-
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genital absence of the ligament may occur, but its preva-
lence is uncertain.

The hip joint is lined by synovium along the inner
surface of the joint capsule and reflected onto the labrum,
transverse acetabular ligament, and ligamentum teres
[2,18]. The joint capsule attaches proximally along the
acetabular rim periosteum, usually near the base of the
labrum [3]. This attachment creates a normal perilabral
sulcus. The distal capsular attachment is at the femoral in-
tertrochanteric line anteriorly, and higher on the femoral
neck posteriorly. The joint capsule is reinforced by dense
capsular ligaments that increase the stability of the hip
joint. The capsular ligaments restrict hip joint motion be-
yond the normal range and protect the joint from edge
loading. The capsular ligaments are the iliofemoral, is-
chiofemoral, and pubofemoral ligaments, named after the
bones that they connect [3,18] (Figure 5A). The iliofemoral
ligament reinforces the anterior capsule, the ischiofemoral
ligament reinforces the posterior capsule, and the relatively
weaker pubofemoral ligament reinforces the anteroinferior
capsule [2,3]. In addition, a deep layer of circular fibres
at the femoral neck known as the zona orbicularis acts as
a locking ring around the femoral neck to secure the femo-
ral head within the acetabulum and resists joint distrac-
tion [3,18]. Synovial plicae are thin synovial folds within
the joint, which are considered normal variants and are
usually recognised in arthrography. This includes the liga-
mentous plica located within the acetabular fossa at the
acetabular attachment of the ligamentum teres, labral plica
at the inferomedial margin of the acetabular labrum, and
the femoral neck plica, most commonly along the anterior

A Anterior

Iliofemoral

B Ant Lat

Anterior
Supero-
posterior

Posterior

Posterior

joint capsule. The most commonly visualised plica is the
pectinofoveal fold, which is a linear smooth or irregular
thickening of the medial hip joint capsule, present in more
than 95% of patients on MRA (Figure 4A). The iliopsoas
bursa is located anterior to the hip joint about the ilio-
psoas tendon and has a normal communication with the
hip in 10 to 15% of adult individuals [3] (Figure 4B). This
is the largest bursa in the human body extending to the
iliac brim. The obturator externus bursa, which also may
be considered a joint recess, is a potential space located
between the obturator externus tendon and the ischiofe-
moral capsular ligament at the posterior aspect of the hip
joint capsule, and it should not be mistaken for capsular
injury [19] (Figure 4C).

Greater trochanter, tendons, and bursae

The greater trochanter is the main attachment site for the
hip abductors, comprising the gluteus medius and mini-
mus muscles and external rotator tendons, which in turn
includes the quadratus femoris, piriformis, obturator in-
ternus, obturator externus, and gemelli superior and infe-
rior muscles. It has four bony facets: the anterior, lateral,
supero-posterior, and posterior facets [20] (Figure 5B).
The gluteus minimus muscle consists of anterior and
posterior parts and originates from the gluteal surface of
the ilium, between the anterior and inferior gluteal lines.
The tendon has medial and lateral bundles: The lateral
bundle inserts at the anterior facet beneath the gluteus
medius tendon, and the medial bundle is purely muscular
and inserts anterosuperiorly onto the hip capsule. The fan-

lliofemoral

Post

Superoposterior
Lateral

Posterior

Figure 5. A) Schematic diagram of the anterior and posterior capsular ligaments of the hip joint. Anterior hip: iliofemoral (purple) and pubofemoral (green)
ligaments. Posterior: ischiofemoral (green) and posterior iliofemoral (red) ligaments. The position of the zona orbicularis around the base of the femoral
neck is demonstrated (blue). B) Schematic diagram of the facets of the greater trochanter. Ant — anterior hip, Lat — lateral hip, and Post — posterior hip
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shaped gluteus medius muscle arises from the iliac crest
between the posterior and anterior gluteal lines and the
gluteal aponeurosis and has anterior, central, and posterior
parts. These give rise to three tendon bundles: the anterior
part consists of muscle only and attaches onto the gluteus
minimus tendon. The posterior and lateral bundles of the
gluteus medius tendon insert at the supero-posterior and
lateral facets, respectively [21]. These two gluteal muscles
have similar features to the rotator cuff of the shoulder and
are therefore considered the rotator cuff of the hip. The
posterior facet of the greater trochanter has no tendon at-
tachment. The trochanteric (subgluteus maximus) bursa
covers the lateral and posterior facets and lies beneath the
gluteus maximus muscle and iliotibial tract. The smaller
subgluteus minimus and subgluteus medius bursae are lo-
cated beneath the respective tendons but are usually not
seen on MRI unless they are inflamed [21]. All the short
external rotators insert at the inner medial margin of the
greater trochanter, except for the quadratus femoris, which
inserts at the posterior intertrochanteric ridge [21].

Magnetic resonance imaging protocols

MRI protocols for evaluation of the painful hip will vary
between institutions, and according to the clinical sce-
nario. The European Society of Skeletal Radiologists have
suggested protocols for a standard MRI of the hip and
a standard MRA of the hip [22]. As a general rule, high-
resolution, small field of view (FOV) (15-20 cm, with
maximum slice thickness of 3.5 mm) imaging of the af-
fected hip should be obtained in all three planes. High-
resolution flexible surface coils should be used.

Magnetic resonance imaging of the hip: anatomy and pathology

Even if only one hip is symptomatic, there should be
at least one wide FOV sequence that allows visualisation
of the entire pelvis to enable exclusion of both intra- and
extra-articular causes of hip pain (Tables 1 and 2). In the
coronal plane the anterior to posterior acetabular columns
should be included.

In the axial plane the anterior inferior iliac spine
(AIIS) through lesser trochanter should be covered.

In the sagittal plane the medial acetabular wall through
greater trochanter should be covered.

The axial-oblique plane should be obtained parallel to
the femoral neck, and the FOV should cover the superior
acetabular rim to the inferior acetabular rim. Radial slices
are centred on the femoral head and are obtained perpen-
dicular to the hip joint, providing true cross sections of
the articular cartilage and acetabular labrum.

Osseous lesions

Occult hip fractures

Most hip fractures are readily diagnosed on radiographs
[6,23]. In ambiguous cases, MRI has an established role
for detection of radiographically occult fractures [6]. On
MRI, a non-displaced fracture is seen as a hypointense
line, which is best depicted on T1-weighted sequences, sur-
rounded by hyperintense bone marrow oedema on fluid-
sensitive sequences. MRI also allows delineation of asso-
ciated soft tissue injury. Occult fractures may result from
either acute trauma or prolonged repetitive microtrauma.
Fractures that result from the cumulative effect of repeti-
tive microtrauma are termed stress fractures [23], and they

Table 1. Standard hip magnetic resonance imaging protocol, adapted from European Society of Musculoskeletal Radiology guidelines [22]

Parameter FOV (max) Slice (max) | Matrix (min)
Cor STIR (whole pelvis) 38-40 cm 6mm 40-60 1800 256 x 256
CorT 16 cm 3.5mm min 400 256 % 256
Cor PD/T2FS 16cm 3.5mm 40-100 2000 256 % 256
Sag PD/T2 FS 16 cm 3.5mm 40-60 2000 256 X 256
Ax-oblique PD FS 16cm 3.5mm 40-60 2000 256 % 256

FOV —field of view, FS — fat-saturated, STIR — short-tau inversion recovery, PD — proton density

Table 2. Standard hip magnetic resonance arthrogram protocol, adapted from European Society of Musculoskeletal Radiology guidelines [22]

Parameter | FOV (max) | Slice (max) | TE | TR | Matrix (min)
Cor STIR (whole pelvis) 38-40 cm 6mm 40-60 1800 256 X 256
AxT1 16(m 3.5mm min 400 256 % 256
CorT1FS 16.cm 3.5mm min 400 256 % 256
Oblique TTFS 16 cm 3.5mm min 400 256 X 256
SagT1FS 16m 3.5mm min 400 256 X 256
Sag or oblique PD FS 16 cm 3.5mm 40-60 2000 256 256
Radial T1 £ FS (optional) 16 ¢(m 3.5mm min 400 256 X 256

FOV — field of view, FS — fat-saturated, STIR — short-tau inversion recovery, PD — proton density
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tend to be difficult to detect radiographically because they
are often non-displaced. However, if continued stresses are
placed upon the affected bone, the fracture may become
displaced [6]. Stress fractures are characterised as either fa-
tigue or insufficiency type. Fatigue fractures occur in normal
bones undergoing excessive loading, while insufficiency frac-
tures occur in weakened bone undergoing normal loading
[6]. MRI is the most sensitive and accurate imaging modality
for detecting and grading stress injuries [2,23] (Table 3).

Femoral neck stress fractures are classified as com-
pression sided or tension sided [24]. Compression-sided
injuries occur at the inferomedial femoral neck and have
low risk of displacement, and they can typically be man-
aged conservatively (Figure 6). Tension-sided injuries oc-
cur at the superolateral femoral neck and have a greater
risk for displacement, and therefore usually necessitate
surgery. MRI is also used to detect radiographically occult
intertrochanteric or cervical fracture extension in the set-
ting of known greater trochanteric fractures [25]. If there
is no extension, then there is the option of non-operative
management. Isolated lesser trochanteric fractures in
adults are usually pathological avulsions, and work up for
metastatic disease should be initiated.

In recent years there has been increased recognition
of subchondral insufficiency fractures (SIF) of the weight-
bearing portion of the femoral head as a distinct entity
from osteonecrosis (ON). SIF tend to occur in older, obese
osteoporotic patients, more often in women than men. Dif-
ferentiating SIF from ON may be difficult on MRI, but with

Table 3. Grading of stress fractures

SIF, an irregular serpiginous low T2 signal subchondral
fracture line/band parallel to the articular surface of the
femoral head is seen [26]. Alternatively, there is condensa-
tion of the subchondral bone with surrounding oedema.
This band lesion is the main finding, which histopathologi-
cally corresponds to a fracture line with associated repair
tissue. In ON, the low-intensity band is smooth, concave to
the articular surface, circumscribes all of the necrotic seg-
ments, and has a geographical border. SIF tends to be uni-
lateral, whereas ON is often bilateral. With progression of
ON there may be collapse of the femoral head, making dif-
ferentiation from collapse due to SIF impossible (Figure 7).

Osteonecrosis

Osteonecrosis is a pathologic process that results from inter-
ruption of the vascular supply to a bone. The femoral head is
particularly vulnerable to developing ON due to the nature
of its blood supply [6]. The more common risk factors for
developing ON are chronic corticosteroid use and alcohol
abuse [6]. Therefore, the threshold for imaging in these pa-
tients who have hip pain should be low because they are
predisposed to ON [27]. ON progresses from radiologically
occult disease to articular collapse and eventually secondary
osteoarthritis (OA). Therefore, early diagnosis of ON is es-
sential because it allows earlier intervention to prevent irre-
versible joint damage. MRI is considered the most sensitive
imaging modality in the early detection of ON and plays an
important role in its staging [6,28]. On T1-weighted images,

Stress fracture | Magnetic resonance imaging features

Grade 1 Subtle periosteal soft tissue oedema on fluid-sensitive sequence

Grade 2 Mild subcortical bone marrow oedema and periosteal soft tissue oedema on fluid-sensitive sequences

Grade 3 Extensive bone marrow oedema and periosteal soft tissue oedema on both T1-weighted and fluid-sensitive sequences
Grade 4 Discrete hypointense fracture line on all sequences

Figure 6. Compression type stress fracture at the medial aspect of the left femoral neck base in a 21-year-old runner. A) Coronal TTW magnetic resonance
(MR) image demonstrating low T1 signal (arrow) in the medial femoral neck. B) Coronal short-tau inversion recovery. MR image demonstrating an incom-
plete fracture line perpendicular to the cortex with surrounding high signal bone marrow oedema (arrow)
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Figure 7. Subchondral insufficiency fracture of the left femoral head. A) Coronal T1W magnetic resonance (MR) image demonstrating a band of subchondral
low signal intensity in the weight-bearing portion of the femoral head consistent with a fracture line (arrow). B) Coronal short-tau inversion recovery MR
image demonstrating subchondral low signal condensation/fracture line (arrow) with surrounding high signal intensity bone marrow oedema

the area of necrosis is usually seen as a geographic region
of fat signal intensity surrounded by a low signal intensity
rim. The fatty marrow within the necrotic area remains hy-
perintense on T1-weighted images because both viable and
devitalised adipose tissues have identical intrinsic MRI sig-
nal intensity [28,29]. Less commonly, the signal intensity in
the necrotic area may reflect haemorrhage, cyst-like change,
or fibrous tissue [28]. On T2-weighted images, the double-
line sign is virtually pathognomonic of ON and is present in
up to 80% of cases [6]. The sign describes two immediately
apposed lines: an inner line of high signal on the necrotic
side representing reparative granulation tissue of the reactive
interface, and an outer line of low signal on the healthy side
representing sclerosis to wall off the osteonecrotic process
[6,28] (Figure 8). The double-line sign may also partially re-
sult from chemical-shift misregistration artifact [28]. Intra-
venous contrast is not necessary but if administered, the de-
vitalised tissue will be non-enhancing with a peripheral rim
of enhancement at the granulation tissue [28]. Quantifying
the percentage of weight-bearing femoral cortex involved in
ON using MRI has been found to be a reliable parameter in
determining outcome. ON with less than 25% involvement
of the femoral head appears to benefit greatly from core de-
compression, while ON with more than 50% involvement
has a very poor prognosis despite core decompression [6].
As the condition is bilateral in up to 40% of cases, simulta-
neous imaging of both hips is strongly recommended [6].
There are several different classifications of ON [30,31].
The most widely used classification system is the Ficat and
Arlet classification, which utilises a combination of radio-
graphs, MRI, and clinical features to stage ON of the femoral
head [30,32] (Table 4). The main differentials for ON are
transient osteoporosis of the hip (TOH) and SIE

The femoral head consists of medial, central, and late-
ral pillars. In Legg-Calve-Perthes disease and ON the
early appearance of lateral pillar enhancement following
intravenous gadolinium is indicative of uncomplicated re-
vascularisation of the femoral head associated with a good
prognosis [33,34] (Figure 9). Conversely, enhancement of

the metaphyseal region is reported in the literature as hav-
ing a predictive value for a poor prognosis.

Diftusion-weighted imaging (DWI) allows identifica-
tion of subtle interstitial movement of water, and thus en-
ables an indirect evaluation of the tissue structure in bone
marrow. In normal marrow, the trabeculae and fat cells re-
sult in structural complexity, but in ON when blood cells,
osteocytes, and marrow fat cells die, the components of
the matrix break down, allowing water diffusion in bone
marrow to become more active, leading to increased dif-
fusion and an increased apparent diffusion coefficient
(ADC). On DWI increased metaphyseal diffusivity (ADC)
correlates well with absent lateral pillar enhancement
on contrast enhanced MRI, which may therefore indi-
cate an unfavourable prognosis [35,36]. Low or normal
diffusivity therefore correlates with a better prognosis
(Figure 10). There has also been correlation between the
stage of Legg-Calve-Perthes disease and the ADC value
[33]. In adults, however, it remains controversial how
much value DWI adds over conventional MRI because
staging, prognosis, and treatment planning of ON can be
achieved without DWI.

Transient osteoporosis

The hip joint is the most common location of transient
osteoporosis, which is also referred to as transient bone
marrow oedema syndrome [37]. TOH is a self-limiting
condition that resolves within 6 to 12 months of conserva-
tive management with reduced weight bearing. Although
TOH is classically associated with women in the third tri-
mester of pregnancy, it is actually more commonly seen
in middle-aged men [6], but the pathogenesis remains un-
clear [37]. MRI is the imaging modality of choice, show-
ing diffuse bone marrow oedema with a wide zone of
transition in the femoral head and neck on fluid-sensitive
sequences and diffuse enhancement after administration
of intravenous contrast. A reactive joint effusion is a fre-
quent finding. TOH is a diagnosis of exclusion, but the

© Pol J Radiol 2020; 85: e489-e508
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Figure 8. Osteonecrosis of the femoral head. A) Coronal TTW magnetic resonance (MR) image demonstrating a low/intermediate signal geographic lesion in
the subchondral region of the proximal femoral head surrounded by a low signal intensity rim (long arrow). B) Coronal short-tau inversion recovery MR image
demonstrating a geographic lesion of low signal intensity in the proximal aspect of the femoral head with an inner line of high signal on the necrotic side repre-
senting reparative granulation tissue of the reactive interface and an outer line of low signal representing sclerosis, described as the “double line”sign (long arrow)

Table 4. Ficat and Arlet classification [32] (modified) for osteonecrosis

Stage| Findings

0 Radiography: normal
MRI: normal
(linical symptoms: none

1 Radiography: normal or minor osteopaenia
MRI: bone marrow oedema

Bone scan: increased tracer uptake

Clinical symptoms: groin/hip pain

2 Radiography: mixed osteopaenia and/or sclerosis and/or
subchondral cyst-like changes, without any subchondral lucency
MRI: geographical signal change

Bone scan: increased uptake

Clinical symptoms: pain and stiffness

3 Radiography: crescent sign (subchondral lucency/fracture)
and eventual cortical collapse

MRI: femoral head collapse, joint preserved

(linical symptoms: pain and stiffness, limp

4 Radiography: end-stage with evidence of secondary 0A
MRI: femoral head collapse and 0A
Clinical symptoms: pain and limp

MRI —magnetic resonance imaging, OA — osteoarthritis

main diagnostic dilemma lies with ON, because a diffuse
oedema pattern is common to both entities. However, the
absence of focal defects and subchondral changes is highly
suggestive of TOH [6,37,38] (Figure 11).

Intra-articular pathology

Ligamentum teres femoris injuries

Ligamentum teres femoris injuries include traumatic and
degenerative tears, and avulsion fractures at the fovea

Figure 9. Osteonecrosis of the right femoral head in a 21-year-old male
treated with steroids for acute lymphoblastic leukaemia. Perfusion TTW
fat-saturated post-contrast coronal magnetic resonance angiogram image
demonstrating increased uptake of contrast in the lateral pillar (arrow),
suggesting a good prognosis

capitis femoris, and it may account for 4-15% of sports-
related injuries [16]. Patients with a torn ligamentum
teres develop microinstability, which can be aggravated
by sporting activity leading to damage of the cartilage or
labrum. Tears of the ligamentum teres have been classi-
fied into three types on the basis of arthroscopic findings:
complete rupture (type I), partial tearing (type II), and de-
generative ligament tear (type III) [39]. Ruptures tend to
occur at the foveal attachment and are typically associated
with hip dislocation, but they may occur in the setting of
stresses on the joint in flexion-adduction or twisting in-
juries with hyper-abduction. Degenerative tears occur in
the context of OA. When the ligamentum teres is injured
there is loss of the normal low T2 signal on fluid-sensi-
tive sequences, indicating oedema and/or haemorrhage.
The ligament may be thickened with loss of the fascicular

€496

© Pol J Radiol 2020; 85: e489-e508



Figure 10. Osteonecrosis in a 21-year-old male treated with steroids for
acute lymphoblastic leukaemia (the same patient as in Figure 8). Diffu-
sion-weighted magnetic resonance imaging of the right hip demonstrating
no restricted diffusion in the proximal femur on the axial apparent diffusion
coefficient map (arrows) indicating a good prognosis

structure indicating an interstitial tear (Figure 12). Sec-
ondary signs of injury include oedema in the acetabular
fossa, synovitis, and hip joint effusion [16].

Lesions of the acetabular labrum

Acetabular labral injuries are the consequences of three
main pathomechanisms which are not mutually exclusive:
joint instability due to hip dysplasia, FAI, and levering out
(Figure 13). Labral injuries are therefore encountered in
a wide range of conditions including trauma, FAI, hip
dysplasia, Legg-Calve-Perthes, and slipped capital femoral
epiphysis (SCFE). The acetabular labrum is relatively avas-
cular with limited healing potential [2]. Labral tears may
result in mechanical hip pain, instability, giving way of the
joint, clicking, and locking [6]. However, it is important to
remember that labral tears are also highly prevalent in the
asymptomatic population [1]. There is a highly significant
association between the presence of labral lesions and ad-
jacent cartilage damage, and this predisposes to develop-
ment of early OA of the hip [40].

There are several surgical and MRI classifications of
labral tears, but there is a weak agreement between these
classifications [41-43]. The focus should therefore be on an
accurate descriptive report detailing the tear position, size,
and associated cartilage and osseous changes. Labral tears
may be subdivided into intrasubstance and intersubstance
tears, or a combination of both. Intrasubstance tears involve
the labral body, while intersubstance tears involve the labral
base at the chondrolabral junction. Intersubstance tears
start as chondrolabral separation and progress to partial
then complete detachments of the labrum from the acetab-
ular rim [7] (Figures 14 and 15). Labral detachments are
more common than intrasubstance labral tears [5]. Labral
detachment is a characteristic finding in cam FAI, while
intrasubstance labral tears are commonly seen in pincer
FAT and hip dysplasia (Figure 16).

Magnetic resonance imaging of the hip: anatomy and pathology

Figure 11. Transient osteoporosis. Coronal short-tau inversion recovery
magnetic resonance image of the left hip demonstrating extensive bone
marrow oedema in the left femoral head and neck without discrete fracture
line or additional subchondral abnormality

On MR, labral tears and detachments typically appear
as linear hyperintense signal intensity on fluid-sensitive
sequences. MRA is the imaging technique of choice for
evaluating the labrum and is most consistent in detecting
labral tears and detachments [6,11,44]. On MRA, intra-
substance tears are diagnosed by the presence of intra-
substance contrast material (Figure 17). Contrast at the
acetabular-labral interface represents the typical appear-
ance of labral detachment on MRA [6] (Figure 15B).

Labral tears and detachments occur in the anterosu-
perior and anterior locations in up to 92% of cases [2,3].
Therefore, high signal intensity seen at the anterosuperior
or anterior labrum is statistically more likely to represent
a tear or detachment rather than a normal sulcus [3]. On
the other hand, increased signal intensity at the posteroin-
ferior chondrolabral junction is more likely to be a sulcus
because lesions are rare in this location [3]. Anterosupe-
rior and anterior labral lesions are best seen on sagittal

Figure 12. Ligamentum teres tear. Coronal proton density-weighted fat-
saturated magnetic resonance image demonstrating blurring, swelling, and
oedema of the ligamentum teres consistent with tearing (arrow)
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Figure 13. Pathomechanisms of acetabular labral tears. A) Hip dysplasia: subluxation of the femoral head results in “inside-out” tears the hypertrophied
labrum from the acetabular rim together with a sleeve of cartilage. Typically, this results in an intrasubstance labral tear. B) Impingement: dynamic abutment
of the femur against the acetabular rim as seen with femoroacetabular impingement. Typically, this is results in an intersubstance tear. C) Levering out:
femoral torsional abnormality resulting in impingement against the ischium. Typically, this results in an intrasubstance tear

and axial oblique images whereas superior labral lesions
are best identified on coronal images [2].

Paralabral cysts are secondary findings to labral tears
and detachment, most commonly on the capsular surface
of the labrum [4]. Paralabral cysts are formed when sy-

Figure 14. Partial intersubstance tear. Coronal TTW fat-saturated magnetic
resonance arthrogram image of the hip demonstrating a contrast-filled par-
tial intersubstance tear (arrow) at the chondrolabral junction

novial fluid is forced through a labral tear or detachment,
and this communication can sometimes be identified on
imaging. On MRI, paralabral cysts reveal fluid signal un-
less they contain debris or proteinaceous products. On
MRA, the cyst may or may not fill with contrast [4]. Para-
labral cysts can erode into adjacent bone (Figure 18).

Hyaline cartilage lesions

Focal chondral lesions are most common in the antero-
superior and anterior zones [40], and this is probably ex-
plained by the association with labral tears and FAI [4]
(Figure 19). Similar to labral injuries, chondral injuries have
limited ability to heal [4]. Articular cartilage status is the
most important predictor for a favourable outcome of joint
preserving hip surgery for FAI and hip dysplasia; therefore,
cartilage evaluation is important in pre-operative MRI.
There are various imaging methods for assessing ar-
ticular cartilage including T2 mapping and delayed gado-
linium-enhanced MRI of cartilage. Limited data suggests
that high-resolution 3T unenhanced MRI may be as ac-
curate as MRA in the detection of labral and chondral
tears [11]. However, MRA with traction has been shown
to correlate well with surgical arthroscopic findings and

Figure 15. Articular cartilage loss, herniation pit and chondrolabral separation on sagittal T1W fat-saturated magnetic resonance arthrogram images.
A) Note partial-thickness articular cartilage loss at the acetabular margin (long arrow) and a synovial herniation pit (short arrow). B) There is an intersub-

stance anterior chondrolabral junction tear (arrow)

€498

© Pol J Radiol 2020; 85: e489-e508



Magnetic resonance imaging of the hip: anatomy and pathology

Figure 16. Cam morphology and acetabular labral tear. Coronal TTW fat-
saturated magnetic resonance arthrogram image showing a bone protu-
berance at the lateral aspect of the femoral head and neck junction con-
sistent with cam morphology (large arrow), and a chondrolabral junction
intersubstance tear (small arrow). Note thinning of the articular cartilage
at the acetabular margin

Figure 18. Complex acetabular labral tear with paralabral cyst. Sagittal
proton density fat-saturated magnetic resonance image demonstrating
alobulated multiloculated fluid signal intensity lesion at the anterior aspect
of the hip consistent with a paralabral cyst (short arrows) in association with
a complex labral tear (long arrow)

is considered the imaging technique of choice [13,14]. On
MRI, normal articular hyaline cartilage has intermediate
to intermediate-high signal intensity. Heterogeneous sig-
nal in the articular cartilage probably represents the ear-
liest stage of degeneration or chondromalacia. Chondral
lesions are described as thinning, fraying or fissuring,
partial or full thickness defects, and fissures, flaps, or de-
lamination [9,45] (Figure 20).

Secondary findings associated with chondral lesions
include subchondral marrow oedema-like signal and sub-
cortical/subchondral cyst-like changes, best seen on fluid-
sensitive sequences (Figure 19).

Femoroacetabularimpingement

Femoroacetabular impingement is a dynamic phenom-
enon that results from conflict between the proximal

Figure 17. Developmental hip dysplasia (DDH) with acetabular labral tear.
T1W fat-saturated magnetic resonance arthrogram image demonstrating
DDH with lateral uncovering of the femoral head. There is an “inside out”
intrasubstance labral tear (short arrow), and a small paralabral cyst that
has filled with contrast (long arrow)

Figure 19. Cartilage loss and labral tear. Sagittal proton density fat-satu-
rated magnetic resonance image demonstrating an anterior superior labral
tear (short arrow) with > 50% articular cartilage loss at the acetabular
margin (long arrow) and subjacent high signal consistent with subarticular
stress change in the acetabulum

Cartilage app. Schemati MRI findings
Normal Homogeneous high signal
intensity
Heterogeneity Heterogeneous signal intensity
Fissuring Linear high signal fissuring

Thinning <50% Focal thinning <50%

Thinning >50% Focal thinning >50%

Cartilage bubble Focal delamination

Full thickness Full thickness loss

JJJIID)

Figure 20. Schematic description of hyaline cartilage lesions
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femur and the acetabular rim during hip motion [4,46].
It is caused by abnormal bony morphology, especially
when the joint is subjected to exertional forces and a range
of motion beyond normal physiological limits [4,46]. The
bony abnormality may be at the femoral head-neck junc-
tion (cam morphology), acetabular rim (pincer morphol-
ogy), or a combination of both (mixed). A synovial hernia-
tion pit, also known as “Pitt’s pit’, or fibrocystic change is
a well-circumscribed round or oval high T2 signal defect
located in the subchondral or subcortical region of the
anterosuperior femoral neck [47] (Figure 15A). Imaging
studies demonstrate a significant predominance of mixed
FAI [2,4]. The repetitive microtrauma from the bony con-
flict leads to labral and cartilage damage, and FAI is recog-
nised as an important cause of premature OA [6].

Cam and pincer morphology as well as the intra-artic-
ular damage from the impingement are well depicted on
MRI. Due to the paradigm shift towards joint-preserving
procedures of the hip, MRI plays an increasing role in pre-
operative assessment for cam and pincer osseous deformi-
ties and detection of early intra-articular changes before
irreversible cartilage damage occurs. The predominant
findings in cam, pincer, and mixed types of FAI are de-
scribed in Table 5.

Cam morphology

Cam morphology is a protuberant femoral head-
neck junction, which may be focal or generalised. There
is a strong association between sporting activity and the
development of FAL. A meta-analysis has shown that
young male athletes between the ages of 12 and 21 years
are two to eight times more likely to develop a cam-type
deformity than controls [48]. It is thought that high-im-
pact sports during skeletal maturation increases the risk
of developing cam morphology as an adaptive response
at the femoral physis from increased mechanical stimuli.
SCEFE, Legg-Calve-Perthes and post-traumatic conditions
can also alter the sphericity of the femoral head. It is im-
portant to note that cam morphology is also common in
asymptomatic individuals.

Table 5. Predominant imaging findings in femoroacetabular impingement

Parameter | (€]))] | Pincer | Mixed

Age Young | Middle-aged |Young to middle-aged
Sex M F M+F
Femoral bump + -

(artilage fissure + +

(artilage delamination |+ - +

Labral tear + + +

Labral detachment + - +

Os acetabulum + + +

Synovial herniation pit |+ + +

The osseous prominence can occur anywhere along
the femoral head-neck junction but is most commonly
located at the anterosuperior aspect, known as the pis-
tol-grip deformity. This is best seen on the MRI in ax-
ial oblique plane and may be quantified in a variety of
ways. The alpha angle is the most common method used
to quantify the degree of asphericity of the femoral head
with a threshold of above 55 to 60 degrees being abnormal
[2,49]. The alpha angle is evaluated on the axial oblique
plane at the level where the femoral neck is narrowest. The
angle is formed by two intersecting lines: the longitudi-
nal axis of the femoral neck and from the isocentre of the
femoral head to the point where sphericity of the femoral
head is first lost [2] (Figure 21A). In clinical practice the
routine measurement of the alpha angle is controversial as
the cam morphology may occur in any part of the femo-
ral head, and a normal measurement may be misleading.
The femoral head-neck offset is also measured on the axial
oblique plane at the level where the femoral neck is nar-
rowest. Two parallel lines are drawn along the anterior
aspect of the femoral head and neck. An offset of < 10 mm
is consistent with cam-type morphology (Figure 21B).
With cam FAI, during internal rotation and abduction
of the hip, the aspherical (cam) portion of the femoral
head enters into the joint, resulting in shearing forces and
“outside-in” abrasion of the articular cartilage of the ac-
etabulum. As a consequence, delamination of the articular
cartilage may occur [5,50]. The acetabular cartilage lesions
in cam FAI are usually more extensive than in pincer FAI
due to the shearing forces inside the joint [51].

Pincer morphology

Pincer FAI refers to local or diffuse acetabular over-cov-
erage contacting a normal femur, and typically affects
middle-aged women. The centre-edge angle of Wiberg is
determined on an anteroposterior (AP) radiograph of the
hip and is formed by a line through the centre of the femo-
ral head and the lateral end of the sclerotic weight-bearing
area of the acetabulum (sourcil). A measurement of < 20°
indicates under-coverage (dysplastic hip), 20-25° indicates
borderline under-coverage, 25-39° is normal coverage, and
> 40° indicates over-coverage [52]. In the pincer type of
impingent, there is linear impact between the excessive
acetabular rim and femoral neck which compresses the
labrum [51]. With pincer FAI, there is a deep acetabular
socket (coxa profunda) and/or acetabular retroversion re-
sulting in over-coverage of the femoral head. This results
in mechanical conflict with linear impact between the
acetabular rim and the femoral neck. In pincer FAI, the
primary damage from the repetitive impact is upon the la-
brum followed by articular cartilage failure [4], unlike cam
FAIL A small labrum is a common finding in pincer FAIL
With chronicity, there is ossification of the acetabular rim,
which further deepens the acetabular socket [53]. Pincer-
type impingement may be associated with labral ossifica-
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Magnetic resonance imaging of the hip: anatomy and pathology

Figure 21. Cam morphology demonstrated on axial oblique TTW fat-saturated magnetic resonance arthrogram images of the hip. A) Axial oblique plane
at the level where the femoral neck is narrowest. Note bone protuberance at the anterior aspect of the femoral head and neck junction consistent with cam
deformity (long arrow). The alpha angle is formed by two intersecting lines: the longitudinal axis of the femoral neck and from the isocentre of the femoral
head to the point where sphericity of the femoral head is first lost. An angle greater than 55 degrees is considered abnormal. There is an anterior acetabular
labral tear (short arrow). B) Femoral head-neck offset is also measured on the axial oblique plane at the level where the femoral neck is narrowest. Two

parallel lines are drawn along the anterior aspect of the femoral head and neck. An offset of < 10 mm is consistent with cam type morphology

tion, os acetabuli, or rim fractures, which may be due to
abnormal development or stress fractures due to repetitive
impingement [54]. Computed tomography may allow bet-
ter delineation of the bony anatomy than MRI (Figure 22).

Compared to cam FAI the articular cartilage lesions
in pincer FAI are less pronounced and tend to be limited
to the acetabular rim. Articular cartilage damage may
also occur postero-inferiorly, which has been described
as a contrecoup lesion. Specific examples of pincer mor-
phology include congenital acetabular retroversion, os
acetabuli, osteophytes, coxa profunda, and protrusio ac-
etabuli, and these are usually well seen on axial or coronal
plane MR images (Figure 23).

Femoral torsion abnormalities

Cam and pincer morphology have been considered the
main predisposing factors to FAL but in recent years there
has been increasing recognition that femoral torsion abnor-

malities may be an important factor [51,55,56]. Femoral tor-
sion is the angle between the longitudinal axis of the femoral
neck and the tangent at the condyles of the distal femur. The
femoral neck usually points anteriorly in relation to the fem-
oral condyles, hence the term femoral antetorsion. Normal
femoral antetorsion is 13 degrees with a standard deviation
of 10 degrees. Decreased femoral antetorsion reduces inter-
nal rotation and has been shown to be associated with cam-
type FAL It has been suggested that all patients undergoing
MRI assessment for FAI should have femoral antetorsion
measurements performed, but this is not widely practiced.
Recently, researchers have measured the supra- and infra-
trochanteric contribution to femoral torsion separately and
showed that this is technically feasible [55].

Subspine impingement

Subspine or AIIS impingement results from abnormal
contact between the AIIS and the proximal femur. It is an

Figure 22. Mixed cam and pincer femoroacetabular impingement with acetabular rim fracture. A) Coronal proton density fat-saturated magnetic resonance
image demonstrating a chronic acetabular rim fracture (short arrow) with over-coverage of the femoral head and cam morphology (long arrow). There
is minor subarticular stress change with mild patchy bone marrow oedema at the periphery of the acetabulum and at the proximal aspect of the femoral
head. B) 3D computed tomography reformat demonstrating the chronic acetabular rim fracture configuration (arrows)
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Figure 23. Os acetabuli. A) Coronal TTW magnetic resonance (MR) and (B) proton density fat-saturated MR images demonstrating a large os acetabuli (long
arrow) and cam morphology of the femoral head and neck junction (short arrow). The acetabular labrum is hypotrophic

under-recognised form of hip impingement, which can be
a significant source of symptoms, and may be the cause of
continuing pain after FAI surgery [57]. Three morphologi-
cal AIIS variants have been described: Type I when there is
a smooth ilium wall between the AIIS and the acetabular
rim, Type II when the AIIS extends to the level of the rim,
and Type III when the AIIS extends distally to the acetabular
rim [58]. In patients with clinically and surgically diagnosed
subspine impingement, as well as morphological features of
the anterior inferior iliac spine, there may be cam deformity
of the femoral head, signs of impingement in the proximal
femur, and superior capsular oedema [59] (Figure 24).

Hip dysplasia

Hip dysplasia is defined as acetabular deficiency that causes
instability and results in damage to intra-articular struc-
tures including the labrum, cartilage, and ligamentum teres.

Known complications of hip dysplasia include subchon-
dral fractures because of weight-bearing forces being distrib-
uted over a smaller area and early OA due to labral and chon-
dral injuries. MRI provides morphologic information about

the acetabular deficiency and femoral neck-shaft angle, and
it allows evaluation of associated intra-articular injuries and
complications [60]. The acetabular deficiency may be quanti-
fied by measuring the centre-edge angle on anterior to middle
images on coronal sequences, although it is technically a ra-
diographic measurement, with the measurements on both
modalities showing strong correlation [61]. Dysplastic hips
have a centre-edge angle of Wiberg of less than 20 degrees.
Hip dysplasia may be associated with coxa valga, which is
a femoral neck and shaft angle of greater than 135 degrees
[60]. Typical MRI findings are anterosuperior labral tears and
hypertrophy with adjacent cartilage lesions, and ligamentum
teres elongation, degeneration, and tearing (Figure 17).

Osteoarthritis

Osteoarthritis is the most common disease of the hip joint in
adults. OA is a non-inflammatory degenerative disorder of
the joint associated with cartilage degeneration. The articu-
lar cartilage thinning and defects typically affect the weight-
bearing areas. OA may be idiopathic or secondary to trauma,
ON, inflammatory arthropathy, septic arthritis, ON, FAI,

Figure 24. Subspine impingement. A) Anteroposterior radiograph of the hip demonstrating a type 3 anterior inferior iliac spine (AlIS) configuration ex-
tending below the level of the acetabular rim following an old avulsion injury (arrow). B) Sagittal proton density fat-saturated magnetic resonance image
demonstrating a malunited AlIS (large arrows). The small arrow indicates the rectus femoris tendon
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hip dysplasia, Legg-Calve-Perthes disease, and SCFE. The
classical radiographic findings of superior joint space loss,
osteophyte formation, subchondral sclerosis, and cyst-like
formation are well recognised. However, radiographs may
appear relatively normal in early OA. Under these situations,
MRI may be useful to determine if there is significant un-
derlying hip pathology. MRI has the advantage of being able
to directly visualise the articular cartilage. Other features of
OA on MRI include detection of labral abnormalities, sub-
chondral bone marrow oedema and cyst-like formation, and
joint effusions. There may also be features of FAI, which is an
established cause for premature OA (Figure 25).

Rapidly destructive OA of the hip is a less known en-
tity characterised by rapid chondrolysis without evidence
of other forms of destructive arthropathy. The destruc-
tion of the hip joint occurs within months of the onset
of symptoms. The patients are predominantly women in
their 60s to 70s with rapid clinical deterioration. The diag-
nosis is based on quick progression of hip pain and rapid
chondrolysis on imaging. MRI features include extensive
bone marrow oedema-like pattern in the femoral head
and neck or acetabulum, subchondral cyst-like changes,
insufficiency fracture with articular surface flattening or
collapse, and non-specific joint effusion [62].

Inflammatory arthropathy

The hip joint is commonly involved in patients who have an
inflammatory arthropathy, such as rheumatoid arthritis or
ankylosing spondylitis. The hip joint may also be affected
in psoriatic arthritis, juvenile idiopathic arthritis, polymyal-
gia rheumatica, and crystal deposition arthritis (Figure 26).
MRI is the imaging modality of choice for the detection
of early inflammation of the hip joints [27]. On MRI, the
features of inflammatory arthropathy include joint effusion,
synovial thickening, and bone marrow oedema [6]. Sub-
chondral and periarticular bone marrow oedema or osteitis
is a strong predictor for developing erosions [27]. Other
features include bursitis, enthesitis, and cartilage damage.
Cartilage thinning is diffuse in inflammatory arthritis, af-
fecting the entire cartilage surface. Intravenous contrast
may be useful to differentiate between joint effusions and
synovitis. MRA is not recommended as joint effusion, and
synovitis can be missed in the presence of intra-articular
contrast [27]. A large hip effusion may decompress through
the weak anterior capsule into the iliopsoas bursa. MRI also
plays a crucial role in the follow-up of these conditions, to
assess treatment response and identify complications [27].

Septic arthritis

Infection of the hip joint can occur as a result of hae-
matogenous spread, direct inoculation or spread from the
spine along the iliopsoas muscle. On MRI, septic arthri-
tis may be indistinguishable from non-infective inflam-
matory arthropathy because of common features such

Magnetic resonance imaging of the hip: anatomy and pathology

Figure 25. Hip osteoarthritis. Coronal proton density fat-saturated magnetic
resonance image demonstrating substantial articular cartilage loss, a joint
effusion, and prominent marginal osteophytes (long arrow) with early
subchondral cyst-like formation in the femoral head (short arrow)

as synovial enhancement and joint effusion (Figure 27).
However, joint infection should be suspected in the pres-
ence of adjacent soft tissue collections, sinus tracts, or os-
teomyelitis. Concomitant osteomyelitis of septic arthritis
may be hard to differentiate from reactive bone marrow
oedema, but the abnormal marrow signal of osteomyelitis
is said to be more distinct as a low signal on T1-weighted
images. The periarticular soft tissue oedema is usually
more extensive in infection compared to non-infectious
inflammation [27].

Synovial chondromatosis

Synovial chondromatosis can be divided into primary or
secondary forms. Primary synovial chondromatosis is
a benign process that is characterised by chondroid meta-
plasia in the sub-synovium forming multiple chondroid
nodules that subsequently detach and result in intra-
articular bodies within the joint, bursa, or tendon sheath.
The chondral loose bodies are of fairly uniform size and
shape, and eventually ossify. Synovial chondromatosis
culminates in premature OA. The hip is the second most
commonly affected joint after the knee [63]. Patients with
primary synovial chondromatosis are typically men in
the third to fifth decades of life [63] presenting with pain,
swelling, and limitation of movement, which often pro-
gresses insidiously for years. On MRI, the signal intensity
of the intra-articular bodies is variable, depending on the
extent of mineralisation and ossification. Purely cartilagi-
nous lesions are intermediate signal on T2-weighted se-
quences whereas calcified bodies appear as intermediate
or low signal on all sequences. In late stage disease, fat
marrow signal may be seen in the ossified loose bodies.
Synovial hypertrophy returns high signal intensity on
fluid-sensitive sequences and intermediate signal intensity
on T1-weighted sequences. There may be extrinsic bone
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Figure 26. Bilateral hip synovitis in a teenager with juvenile idiopathic
arthritis. Coronal short-tau inversion recovery magnetic resonance image
demonstrating hyperintense synovial thickening (arrows) of both hips

erosion in 20 to 50% of cases, resulting in an “apple core”
deformity of the femoral neck [63] (Figure 28). Second-
ary synovial chondromatosis may arise as a result of joint
abnormalities, most commonly OA. The intra-articular
bodies associated with secondary synovial chondroma-
tosis tend to be fewer with less uniform size and shape
when compared to those occurring with primary synovial
chondromatosis.

Tenosynovial giant cell tumour

Tenosynovial giant cell tumour, commonly referred to
as pigmented villonodular synovitis (PVNS), may be
localised or diffuse. When the hip is involved it is most
commonly affected by the diffuse form [64]. Transloca-
tions of the colony-stimulating factor 1 (CSF-1) gene are
present in PVNS, resulting in over-expression of CSF
and intra-articular haemorrhage with hemosiderin de-
position. Imaging is important for the diagnosis, surgical
planning, and follow-up. Radiographs are often normal
in the early stages of disease. MRI is the examination of

choice because it accurately depicts the extent and loca-
tion of disease, and is also very useful for detecting disease
recurrence after synovectomy [65]. On MRI there is typi-
cally a joint effusion with low T1 and T2 signal synovial
thickening indicating hemosiderin deposition (Figure 29).
On gradient echo sequences there may be associated
blooming artefact due to the hemosiderin. As the disease
progresses bone erosions may occur, resulting in erosion
of the femoral neck, and subchondral cyst-like changes.

Extra-articular pathology

Ischiofemoral impingement

Ischiofemoral impingement is an extra-articular soft tis-
sue impingement between the lesser trochanter of the
proximal femur and the ischium, and it is an uncommon
cause of chronic hip and buttock pain. It is characterised
by narrowing of the ischiofemoral and quadratus femoris
spaces with resulting damage to the quadratus femoris
muscle. On MR, there is signal abnormality in the qua-
dratus femoris muscle seen as oedema in the acute phase
and fatty infiltration with wasting if the compression
persists for an extended period of time [66] (Figure 30).
The ischiofemoral and quadratus femoris spaces are
measured on an axial image, defined as the smallest dis-
tance between the lateral cortex of the ischial tuberos-
ity and medial cortex of the lesser trochanter and the
smallest space for the passage of the quadratus femo-
ris muscle delimited by the superolateral surface of the
hamstring tendons and the posteromedial surface of the
iliopsoas tendon or lesser trochanter, respectively [67].
Several studies have found that the measured ischiofe-
moral and quadratus femoris spaces were significantly
different between symptomatic and control groups.
The mean ischiofemoral and quadratus femoris distances
in symptomatic groups ranged from 13 to 17 mm and

Figure 27. Septic arthritis and osteomyelitis involving the right hip in an intravenous drug user. A) Coronal TTW magnetic resonance (MR) image demon-
strating extensive low T1 bone marrow signal in the proximal femur indicating osteomyelitis (arrows). Note normal bone marrow signal in the acetabulum
(asterisk). B) Coronal short-tau inversion recovery MR demonstrating a large hip joint effusion with marked synovitis (large arrows) and extensive hetero-
geneous abnormal signal in the proximal right femur (small arrow) indicating osteomyelitis
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Magnetic resonance imaging of the hip: anatomy and pathology

Figure 28. Synovial chondromatosis. A) Coronal proton density (PD) fat-saturated (FS) magnetic resonance (MR) image demonstrating synovitis (arrows)
with multiple low signal foci in keeping with mineralised joint bodies. B) Axial PD FS MR image demonstrating florid synovial hypertrophy with distension
of the iliopsoas bursa (short arrow). Note heterogeneous signal within the synovium suggesting the diagnosis of synovial chondromatosis. There is severe

erosion of the femoral neck resulting in a classical “apple core” deformity (long arrows)

from 7 to 12 mm, respectively [67,68]. The narrowed is-
chiofemoral and quadratus femoris spaces may be con-
genital with a female preponderance, or acquired from
intertrochanteric fractures, hip surgery including ar-
throplasty or osteotomy, hip joint OA with superior and
medial migration of the femur, hamstring enthesopathy,
and osteochondroma [67,69]. The condition may occur
secondarily to injury in other muscles controlling move-
ment of the hip, such as the hamstrings and gluteus me-
dius [66]. There may be an adjacent bursa-like formation
that reflects chronic impingement.

Snapping hip

The snapping hip is a symptom complex characterised
by an audible or palpable snapping of the hip during mo-
tion, which is accompanied by discomfort. This condition
is common among athletes and dancers [6]. Snapping hip
syndrome may be a result of external, internal, or intra-ar-
ticular causes. The external snapping hip is the most com-
mon and is usually caused by restrain of the iliotibial band
or the anterior edge of the gluteus maximus muscle over
the greater trochanter during flexion and extension of the
hip until it suddenly releases and moves anteriorly over the
lateral facet causing the snap. Internal snapping of the hip is
caused by abnormal iliopsoas tendon movement on the il-
iopectineal eminence or the lesser trochanter [2]. Iliopsoas

impingement may also occur at the anterior acetabular rim
and can be associated with an acetabular labral tear at the
three oclock position (Figure 31). Dynamic ultrasound is
considered the best modality for evaluating external and
internal snapping hip because it allows evaluation of the
muscles and tendon during range of motion. However, MRI
may demonstrate thickening of the tendon, surrounding
soft tissue oedema, and bursal fluid on fluid-sensitive im-
ages. Intra-articular snapping may be caused by labral tear
or intra-articular loose bodies including synovial chondro-
matosis. MRI and MRA are the investigations of choice for
intra-articular snapping hip.

Greater trochanter pain syndrome

Greater trochanteric pain syndrome (GTPS) is common
and is characterised by lateral hip pain and tenderness that
encompasses pathologies of the gluteal and short external
rotator tendons, iliotibial band, and trochanteric bursa
[21]. The most common underlying cause for GTPS is glu-
teus minimus and medius insertional tendinosis with or
without tear from chronic repetitive microtrauma [2], and
this may or may not be associated with trochanteric bur-
sitis (Figure 32). The patient is classically a middle-aged
female although both genders can be affected at any age
[21]. While ultrasound can be used to evaluate the soft tis-
sue structures about the greater trochanter, it is operator

Figure 29. Tenosynovial giant cell tumour of the right hip. Coronal (A) TTW and (B) short-tau inversion recovery magnetic resonance (MR) images demon-
strating low signal synovial hypertrophy at the right hip (arrows). C) Sagittal gradient echo MR image demonstrating “blooming artefact” due to hemosiderin

deposition (arrows)
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Figure 30. Ischiofemoral impingement. Axial short-tau inversion recovery
magnetic resonance image demonstrating narrowing of the right ischiofem-
oral and quadratus femoris spaces with oedema in the quadratus femoris
muscle (arrow). There is also minor narrowing of the left ischiofemoral space

Figure 32. Trochanteric bursitis. Coronal short-tau inversion recovery magnetic
resonance image demonstrating distension of the greater trochanteric (short
arrows) and subgluteus medius (long arrow) bursae consistent with bursitis

dependent, and MRI shows higher correlation with clini-
cal and intraoperative findings [21]. On MRI, tendinosis
is characterised by thickening and signal alteration of the
tendon. Eventually, partial or complete tears may occur
(Figure 33). Chronic tendinosis is associated with bony
changes at the greater trochanter where the tendon in-
serts, such as cortical irregularity, enthesophytes, sclerosis,
and small cysts. Calcific deposits within the tendon may
be easily overlooked on MRI. Peri-trochanteric fluid sig-
nal is evident in GTPS but is also frequently encountered
in the asymptomatic population, so this finding should
be interpreted in the clinical context. Ultrasound-guided
injection of corticosteroid and local anaesthetic into the
trochanteric bursa provides pain relief and helps facilitate
physiotherapy and rehabilitation [2].

GTPS may develop as a complication following hip ar-
throplasty, and this is thought to be dependent on the surgical
approach and the associated soft tissue damage. The lateral
approach is associated with damage to the hip abductor mus-
cles and tendons, while the posterior approach is associated
with damage to the short external rotator muscles and ten-
dons [21,70]. The anterior and anterolateral approaches are
intermuscular approaches thus cause less soft tissue damage.
Identification of the surgical approach after hip arthroplasty

Figure 31. lliopsoas impingement with anterior labral tear in a 17-year-
old female with atraumatic anterior right hip pain. Sagittal proton density
fat-saturated magnetic resonance image demonstrating oedema around
the iliopsoas tendon (arrows) with a small fluid cleft indicating a tear in the
anterior acetabular labrum at 3:00 position (arrowhead)

Figure 33. Severe gluteus medius tendinosis. Coronal short-tau inversion recov-
ery magnetic resonance image demonstrating thickening and altered increased
signal of the left gluteus medius tendon in keeping with severe tendinosis with
interstitial partial-thickness tearing. Note surrounding soft tissue oedema

is possible with MRI [70], and awareness of the types of sur-
gical access is useful for the radiologist when evaluating the
structures at the greater trochanter.

Conclusions

The radiologist should be aware of commonly encoun-
tered painful conditions of the hip and be familiar with
the characteristic findings on MRI. Detailed knowledge
of the anatomy of the hip joint and its surrounding struc-
tures is essential in understanding hip disorders.
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