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adiography of the Hip:
ines, Signs, and Patterns of Disease
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he complex anatomy of the pelvis and the often subtle
but significant radiographic findings can be challenging

o the radiologist. A sound understanding of the standard
adiographic techniques, normal anatomy, and patterns of
isease affecting the pelvis can be helpful in accurate diagno-
is. This article will review the common radiographic projec-
ions in conventional radiography of the pelvis and hip and
ill discuss radiographic anatomy, including the various

ines used to evaluate the pelvis and hip joint. Specific signs
nd patterns of disease will be addressed, with the goal of
roviding a fundamental approach to interpreting hip and
elvis radiographs.

adiographic Technique
ommonly used radiographic projections of the pelvis and
roximal femur include the anteroposterior (AP) view of the
elvis, anterior and posterior oblique (Judet) views of the
elvis, AP view of the hip, and frog-leg lateral (Dan Miller)
iew of the hip.1-3 The AP radiograph of the pelvis (Fig. 1) or
ip is taken with the patient supine, and both feet in approx-

mately 15° of internal rotation. This reduces the normal 25
o 30° femoral anteversion, allowing better visualization of
he femoral neck.2 Judet views are performed with the patient
n a 45° oblique position.2,3 When the affected hip is in a
osterior oblique position, the posterior column and anterior
cetabular rim are well seen (Fig. 2). Conversely, with the
ffected hip in the anterior oblique position, the anterior
olumn and posterior acetabular rim are well seen. The frog-
eg lateral view (Fig. 3) is performed with the patient supine,
eet together, and thighs maximally abducted and externally
otated.2 The radiographic tube is angled 10 to 15° cephalad,
irected just above the pubic symphysis.2 The anterior and
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osterior aspects of the femoral neck, as well as the lateral
spect of the femoral head, are seen with this projection.

Additional views that may be helpful include the pelvic
utlet (Ferguson) view, the pelvic inlet view, and the groin-
ateral (Dan Miller) view of the hip. The Ferguson view is
erformed in the same position as the AP view, with the
adiographic tube angled 30 to 35° cephalad, and the central
eam directed at the center of the pelvis.2 This projection
llows excellent visualization of the sacroiliac joints, the pu-
ic rami, and the posterior acetabular rim (Fig. 4). The pelvic

nlet view is performed in the same position as the AP view,
ith 30 to 35° of caudal angulation of the radiographic tube.2

his view allows visualization of the sacral promontory, the
liopectineal line (anterior column), the ischial spine, and the
ubic symphysis (Fig. 5). The groin-lateral view of the hip is
erformed with the patient supine, the nonaffected leg ele-
ated and abducted, and the affected leg extended.2 The ra-
iographic tube is directed horizontally toward the medial
spect of the affected hip, with 20° of cephalad angulation
Fig. 6).

natomy
he pelvis is composed of three bones, the ilium, ischium,
nd pubis, all of which contribute to the structure of the
cetabulum.2-5 The ilium is composed of a body and a large
at portion called the iliac wing.5 The body forms, with the
odies of the ischium and pubis, the roof of the acetabulum.
he arcuate line is a bony ridge projecting from the sacroiliac

oint to the pubis, dividing the iliac body from the iliac wing.
he superior border of the iliac wing is the iliac crest. Ante-
iorly, there are two projections from the ilium, the anterior
uperior and inferior iliac spines. Posteriorly, there are two
rojections from the ilium, the posterior superior and infe-
ior iliac spines. Posteromedially, the ilium articulates with
he sacrum via the sacroiliac joint. The distal one-third of the
acroiliac joint is a synovial joint, whereas the proximal two-
hird forms a syndesmosis.5

The pubis is composed of a body and two rami.5 The pubic
ody fuses with the iliac and ischial bodies to form the ante-
ior border of the acetabulum. The superior pubic rami

roject anteroinferiorly from the acetabuli. A linear bony
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Radiography of the hip 291
idge along the superomedial border of the superior pubic
amus is present, called the pecten pubis, or pectineal line.
his is continuous with the arcuate line of the ilium, forming

he iliopectineal line (Fig. 7), the anterior border of the “an-
erior column.”2,3 The iliopectineal line is an important osse-
us landmark to visualize on every radiograph of the hip or
elvis, as traumatic, metabolic, or neoplastic conditions af-
ecting the anterior column of the pelvis will cause disconti-
uity, thickening, or an abnormal course of this line.3,4 The

nferior pubic rami project inferiorly from the medial border
f the superior rami and have a symphyseal surface, which
rticulates with the pubic symphysis. The pubic symphysis
ay be widened in traumatic symphyseal diastasis or in blad-
er extrophy (Fig. 8).

igure 1 Anteroposterior radiograph of the pelvis.

igure 2 Forty-five-degree posterior oblique view of the left acetab-
lum reveals a non-displaced fracture through the posterior col-

mn. j
The ischium is also composed of a body and two rami.5

he body forms the posterior border of the acetabulum. At
irth, the three bones contributing to formation of the ace-
abulum are not fused and are separated by the triradiate
artilage.6 A posterior projection from the body of the is-
hium is called the ischial spine. The curved notch between
he posterior inferior iliac spine and the ischial spine is the
reater sciatic notch, and the notch between the ischial spine
nd the ischial tuberosity is the lesser sciatic notch. The su-
erior ramus of the ischium extends inferiorly from the body
o the ischial tuberosity. On the AP radiograph, a line can be
rawn from the ilium to the ischial tuberosity and is called
he ilioischial line.3,4 This line is part of the “posterior col-
mn” (Fig. 7) and is also an important landmark to be visu-
lized on every radiograph of the pelvis.3,4 The inferior ischial
amus projects anteriorly to fuse with the inferior pubic ra-
us, forming the obturator foramen.
The proximal femur can be divided into the femoral head,

emoral neck, trochanters, and femoral shaft.5 The fovea is
een at the medial aspect of the femoral head. The femoral

igure 3 Frog-leg lateral radiograph of the pelvis.

igure 4 Pelvic outlet view allows good visualization of the sacroiliac

oints and pubic rami.
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292 S.E. Campbell
eck can be divided into subcapital, transcervical, basicervi-
al, intertrochanteric, and subtrochanteric portions.2 The lat-
er three of these are extracapsular.2,5 The femoral head is
ormally angulated approximately 125 to 135° with respect
o the long axis of the femoral shaft, and anteverted approx-
mately 25 to 30°.2,5 The major trabeculae of the proximal
emur are well demonstrated on the AP radiograph.2 Long,
rc-shaped trabeculae extending from the femoral head to the
ntertrochanteric ridge are the principal tensile trabeculae,
hile the principal compressive trabeculae are more verti-

ally oriented, coursing along the medial aspect of the femo-
al neck (Fig. 9).

igure 5 Pelvic inlet view reveals the sacral promontory and ilio-
ectineal line to good advantage.

igure 6 Long-leg lateral view of the left hip shows prominent fem-
ral head–neck junction, narrowing of the anterosuperior joint
pace, and sclerosis of the anterosuperior acetabulum. Heterotopic
one formation is seen from previous hip arthroscopy for anterior

abral debridement in a patient with femoroacetabular impinge-

ent. p
ines
n the standard AP view of the pelvis, the iliopectineal line

also called the iliopubic line) extends from the medial bor-
er of the iliac wing, along the superior border of the superior
ubic ramus2-4 to end at the pubic symphysis (Fig. 1). This

ine is seen as the inner margin of the pelvic ring and defines
he anterior column of the pelvis (Fig. 7). As mentioned
bove, the anterior column is well demonstrated by a 45-
egree anterior oblique radiograph.3 Fractures extending
hrough the anterior column disrupt the contour of this line
Fig. 10). In addition, this line may be thickened in patients
ith Paget disease7 or in patients with familial idiopathic
yperphosphatasia.8

The ilioischial line also begins at the medial border of the
liac wing and extends along the medial border of the is-
hium2-4 to end at the ischial tuberosity (Fig. 4). This defines
he posterior column of the pelvis (Fig. 7). As mentioned
bove, the posterior column is well demonstrated by a 45-

igure 7 The iliopectineal line is part of the anterior column (large
hite arrow); ilioischial line is part of the posterior column (black

rrow), and teardrop appearance (small white arrow).

igure 8 Marked widening of the pubic symphysis is seen in this

atient with bladder exstrophy.
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Radiography of the hip 293
egree posterior oblique radiograph.3 Fractures extending
hrough the posterior column of the pelvis disrupt the con-
our of the ilioischial line (Fig. 2).

The anterior rim of the acetabulum is seen as the more
edial of two obliquely oriented arc-shaped lines on the AP

iew2-4 (Fig. 11). The anterior acetabular rim is seen well in
rofile on the 45-degree posterior oblique view2 (Fig. 2). The
osterior rim of the acetabulum is the more lateral arc-shaped

ine on the AP radiograph and is seen well in profile on the
5-degree anterior oblique view.2 The teardrop represents a
ummation of shadows of the medial acetabular wall9 (Fig.
). Teardrop distance is measured from the lateral edge of the
eardrop and the femoral head. Side-to-side comparison of
he teardrop distance can be useful to evaluate for hip joint
ffusion or for hip dysplasia.9

Line of Kline is a line drawn along the long axis of the
uperior aspect of the femoral neck, which normally will
ntersect the epiphysis. The Shenton arc is a smooth curvi-
inear line connecting the medial aspect of the femoral neck
ith the undersurface of the superior pubic ramus. A hori-

ontal line connecting the triradiate cartilages (Hilgenreiner
ine) and a perpendicular to this line through the lateral edge
f the acetabulum (Perkins line) define four quadrants in
hich, in normal hips, the femoral head should be in the

ower inner quadrant.
The sacroiliac joints are seen at an angle on the AP radio-

raph, resulting in some overlap of structures. The normal
acroiliac joint is a syndesmotic joint in its upper two-third
nd a synovial joint in its lower (anterior) one-third.5 The
ower sacroiliac joint is well seen on a pelvic outlet view.2 A
ormal sacroiliac joint will have a thin white line without

igure 9 Anteroposterior view of the hip shows the principal com-
ressive (black arrowheads) and principal tensile (white arrow-
eads) trabeculae.
rosions or sclerosis (Fig. 4).1,2 Early sacroiliitis may demon- w
trate erosions and apparent widening of the sacroiliac joint
pace.10 Subchondral sclerosis develops due to reactive
hanges in the bone.2,10

The sacral foramina are symmetric foramina with thin,
ell-defined rims. Disruption or irregularity of the sacral

oramina may be a subtle clue to traumatic or insufficiency
ractures of the sacrum. Inability to visualize the thin rims of
he sacral foramina may be a clue to the presence of a lytic
ass or erosive process in the sacrum (Fig. 12).
Several osseous projections of the pelvis and hip serve as

endon attachments and can be avulsed with tendon inju-
ies.5,11-13 The external abdominal oblique muscles insert on

igure 10 The iliopectineal line is disrupted (white arrow) indicating
nterior column fracture. There is also a comminuted fracture
hrough the posterior column and posterior acetabular wall (black
rrow).

igure 11 The anterior (black arrow) and posterior (white arrow)

alls of the acetabulum.
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294 S.E. Campbell
he iliac crest. The anterior superior iliac spine serves as site of
rigin of the sartorius muscle. The rectus femoris originates
t the anterior inferior iliac spine (Fig. 13). The hamstrings
riginate from the ischial tuberosity and inferior pubic ramus
Fig. 14). The adductor muscles originate from the inferior
ubic ramus near the pubic symphysis (Fig. 15). The gluteus
edius and minimus insert on the greater trochanter of the

emur. The iliopsoas tendon inserts on the lesser trochanter.

at Stripes
everal fat planes can also be seen on the AP radiograph.5,14

he gluteal fat stripe is seen as a straight line paralleling the
uperior aspect of the femoral neck on a true AP radiograph
nd represents normal fat between the gluteus minimus ten-
on and the ischiofemoral ligament (Fig. 16). This line bulges
uperiorly in the presence of a hip joint effusion (Fig. 17).14

he iliopsoas fat stripe is seen as a lucent line immediately
nferior to the iliopsoas tendon (Fig. 16). The obturator fat
tripe parallels the iliopectineal line and is formed by normal
elvic fat adjacent to the obturator internus muscle (Fig. 16),
hich may be displaced by fracture, hematoma, or mass.
Table 1 summarizes the important anatomic landmarks to

e evaluated on every radiograph of the pelvis and hip joint.

atterns of Disease
rauma
he various radiographic projections mentioned above are
sed to determine which anatomic structures are disrupted

n traumatic injuries to the pelvis. Injuries to the pelvis or hip
ay be fractures, dislocations, stress or insufficiency frac-

ures, or avulsion injuries. In the setting of pelvic trauma,
onsideration should be given to the status of the nerves,
rteries and veins of the pelvis, and proximal thigh, since
heir proximity to the osseous pelvis places these structures at

igure 12 The sacrum is destroyed by a lytic mass (chordoma). Note
he absence of the sacral foraminal lines.
isk.15 m
elvic Fractures
he Young and Burgess classification system divides pelvic

ractures into types by mechanism of injury.16 Anteroposte-
ior compression, lateral compression, vertical shear (Fig.
8), and combined mechanical injuries are commonly asso-
iated with high-energy trauma, such as motor vehicle acci-
ents. Associated injuries are common and can be life-threat-
ning, including pelvic hemorrhage, especially with lateral
ompression and anteroposterior compression injuries.15

tabilization with pelvic compression, though useful in some
elvic fractures, is contraindicated in lateral compression in-

uries as it may compound the degree of collapse.17

igure 13 Multiple osseous fragments at the anterior inferior iliac
pine are seen from a rectus femoris avulsion.

igure 14 Complete avulsion of the ischial tuberosity, hamstring

uscle origin.
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Radiography of the hip 295
vulsions
vulsion injuries (Figs. 13-15) are most commonly sports-
elated acute traumatic injuries.11,12 They can occur from
hronic overuse, and in this setting, differentiation from os-
eomyelitis or neoplasm can be difficult radiographically.11,12

pecial note is made of avulsion injuries in adults with no
istory of trauma, as this should raise the possibility of an
nderlying neoplasm.13

cetabular Fractures
he Judet and Letournel classification system divides acetab-
lar fractures into anterior column, anterior acetabular rim,
osterior column, posterior acetabular rim, transverse, T-
ype, posterior column and wall (Fig. 19), transverse and
osterior wall, anterior column and posterior hemitransverse

igure 15 Small bone avulsion at the inferior aspect of the right pubic
ymphysis (arrow).

igure 16 The gluteus minimus fat stripe (small white arrow), obtu-
ator internus fat stripe (large white arrow), and iliopsoas fat stripe
tblack arrow).
ractures, or both column associated fractures.18 Recently,
arris and coworkers described a new CT-based classifica-

ion of acetabular fractures.19

emoral Head Fractures
emoral head fractures are uncommon injuries, occurring
ypically in the setting of posterior hip dislocation.20 Risk of
vascular necrosis from this injury is high. Interposed frac-

igure 17 (A) The left hip joint is distended, as seen by elevation of
he gluteus minimus fat stripe. Subtle sclerosis in the medial base of
he left femoral neck is almost imperceptible. (B) Tomographic view
emonstrates the nidus of an osteoid osteoma.
ure fragments may prohibit closed reduction.20 The Pipkin
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296 S.E. Campbell
lassification divides these injuries into those with fracture
ragment located below the fovea (type I, seen in 35% of
ases), fracture fragment above the fovea (type II, 40% of
ases), a combined fracture of the femoral head and neck
type III, 10% of cases), and combined fracture of the femoral
ead and posterior acetabular wall (type IV, 15% of cases)
Fig. 20).20

emoral Neck Fractures
everal different classification systems have been suggested
or classification of femoral neck fractures (Fig. 21). Probably
he most widely used is the Garden system, which divides
ubcapital fractures of the femoral neck into grades I-IV.21

rade I is technically an incomplete fracture, though it has
ecome customary to include impacted non-displaced frac-
ures as Grade I, since the treatment is the same.21 Grade II is
complete fracture, non-displaced. Grade III is a complete

racture with partial displacement and rotation. Due to the
edial rotation of the proximal fragment with respect to the
istal fragment, the trabecular lines of the femoral head do
ot align with those of the acetabulum.22 Grade IV is com-
letely displaced, so that the femoral head is no longer lo-
ated in the acetabulum, and the trabeculae are aligned with
hose of the acetabulum.22 The Garden system has consis-
ently demonstrated low interobserver reliability in the liter-
ture,21,22 although there is a consistently higher rate of com-
lications, such as avascular necrosis with the higher grades
Fig. 22). One report found that the method of treatment was
early always the same for grade III fractures as grade IV,
hile another report found that there was insufficient differ-

nce in fracture healing between grades III and IV to justify
he distinction.21,23 Thus, several authors have suggested a
implification of the Garden system into non-displaced frac-
ures and displaced fractures.21,22 Among other classifica-

able 1 Radiographic Evaluation of the Pelvis and Hip Joint

Symphysis pubis <5 mm in width
Sacroiliac joint 2-4 mm in width
Pelvic ring should have no disruption
Obturator ring should have no disruption
Sacral foraminal lines should be visible
Check transverse processes of lower lumbar vertebrae

for fracture
Check the fat stripes: gluteal, iliopsoas, obturator

internus
Iliopectineal or arcuate line disruption � fracture of

anterior column
Ilioischial line disruption � fracture of posterior column
Radiographic U or teardrop
Acetabular roof
Anterior lip of the acetabulum
Posterior lip of the acetabulum
Line of Klein drawn along superior edge of femoral neck

should intersect epiphysis
Shenton line, drawn between medial border of femoral

neck and superior border of obturator foramen, should
be smooth, continuous arc
ions, the Pauwels system has been reported to have poor s
bility to predict fracture healing and risk of complications,
nd the AO system has demonstrated poor interobserver and
ntraobserver agreement.21,23

Basicervical fractures of the femoral neck are generally
onsidered separately, since they have much less risk of non-
nion or avascular necrosis.23 Intertrochanteric fractures
ay occur in a slightly older age group than femoral neck

ractures, and perhaps as a result of this, appear to have a
lightly higher rate of morbidity and mortality.24

tress Fractures
tress fractures may be defined as either “fatigue” fractures,
ccurring from abnormal stress on normally mineralized
one, or “insufficiency” fractures, occurring from normal
tress on osteoporotic or poorly mineralized bone.25 The ear-
iest radiographic appearance of stress fracture is graying of
he cortex due to bone resorption. Subsequently, a subtle
rea of sclerosis, usually linear and oriented perpendicular to
he trabeculae, is seen.25 The appearance progresses from
mooth periosteal elevation to increasing amounts of perios-
eal new bone formation, as attempted healing takes place
Fig. 23).25 Complete healing of the stress fracture is mani-
ested by thick periosteal reaction, with disappearance of the

igure 18 (A) The right superior and inferior pubic rami and right
acral ala are disrupted, and the right femoral head and acetabulum
ie cephalad compared with the left. (B) The sacral fracture is better

een on CT. Vertical shear injury.
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Radiography of the hip 297
racture line.25 If continued stress occurs, however, the frac-
ure may progress, rather than healing (Fig. 24). Tensile side
tress fracture requires longer time to heal than compressive
ide stress fracture and may need surgical intervention. Oc-
asionally, osteoid osteoma (Fig. 17) or infection could ap-
ear radiographically similar to a stress fracture. CT or MR

maging can be helpful in this differential diagnosis by dem-
nstrating the fracture line.25 Radionuclide bone scan and
R imaging are more sensitive than radiography for early

etection of stress fractures.

lipped Capital Femoral Epiphysis
valuation for slipped capital femoral epiphysis (SCFE) can
e assessed using the anteroposterior and frog-leg lateral
iews of the hip.2 The condition occurs most commonly in
dolescents, around the time of puberty.26 Boys are affected

igure 20 Posterior dislocation of the right hip is accompanied by
emoral head fracture and posterior acetabular wall fracture, making
his a Pipkin type IV fracture.

igure 21 Impacted fracture of the right femoral neck with valgus
igure 19 (A) Fracture line through the posterior acetabular wall is
een. Anterior column is intact. (B) The fracture through the poste-
ngulation.
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298 S.E. Campbell
ore commonly than girls, with patients tending to be over-
eight. SCFE represents a Salter type I fracture, through the
hysis, resulting in the femoral head “slipping” inferomedi-
lly with respect to the femoral neck.26 Radiographically,

igure 22 (A) Fixation of subcapital femoral neck fracture, with subse-
uent development of avascular necrosis. (B) Bone scan from the same
atient showing photopenic defect within the right femoral head con-
istent with avascular necrosis.
here may be widening or blurring of the physis or an appar- f
nt loss of epiphyseal height on the anteroposterior view.27 A
ine drawn along the long axis of the superior aspect of the
emoral neck, line of Kline, normally will intersect the epiph-
sis, but may not do so in the case of SCFE (Fig. 25).2,26

omplications include avascular necrosis and chondroly-
is.26 In the chronic setting, a Herndon hump and secondary
steoarthritis may be seen.2

nfection
eptic Joint
eptic joint occurs most commonly from pyogenic infec-
ion28 and may result from hematogeneous dissemination,
ontiguous spread of infection from local tissues, direct in-
culation, or contamination at surgery. If an effusion is
resent, it may manifest radiographically with increased tear-
rop distance29 or elevation of the gluteus minimus fat stripe,
ut these findings can be unreliable.29 Subacute or chronic

igure 23 Healing stress fracture of the left inferior pubic ramus.

igure 24 Stress fractures of the right femoral neck and superior and
nferior pubic rami. There is varus angulation of the femoral neck

racture.
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Radiography of the hip 299
nfections demonstrate bone erosions, loss of joint space (Fig.
6), and areas of avascular necrosis.30 A joint aspiration is
ypically necessary to confirm the diagnosis.

eptic Sacroiliitis
eptic sacroiliitis is an uncommon infection seen most com-
only in pediatric patients and young adults, and occasion-

lly in the peripartum period.31 Due to vague presenting
ymptoms and difficulty in localization at physical examina-
ion, diagnosis is often delayed.32 The sacroiliac joints may be
nvolved with pyogenic or tuberculous infection, arising

ost commonly from blood-borne pathogens.31 Erosions of
he sacroiliac joints may be seen (Fig. 27) and may be asso-
iated with osteomyelitis or soft-tissue abscess.31 Differenti-
tion between infectious and inflammatory sacroiliitis can at
imes be challenging (Table 2). Joint aspiration is often nec-
ssary for diagnosis.31

uberculosis
sseous or articular involvement by tuberculous infection
ccurs in approximately 1 to 3% of all tuberculous infections
Fig. 28).2,33 Slowly progressive monoarticular arthritis in-
olving large joints such as the hip or knee is the most com-
on presentation of tuberculous arthritis, though polyartic-
lar involvement can occur and can be mistaken for

nflammatory arthritis.33,34 A low index of suspicion is indi-
ated, as tuberculous infection is frequently not considered
ntil irreversible damage to the joint has already taken place.
ynovial biopsy improves diagnostic yield over aspiration of
ynovial fluid alone.33,34

steomyelitis
steomyelitis of the pelvis is much rarer than osteomyelitis of

ubular bones, occurring most commonly in the ilium from
ematogenous dissemination.35 Symptoms are often nonspe-

igure 25 Bilateral slipped capital femoral epiphysis.
ific, and diagnosis is frequently delayed.35 Radiographically, d
ytic lesions, sclerosis, smooth periosteal reaction, and/or a
oft-tissue mass may be seen (Fig. 29).2,35

rthritis
steoarthritis
he radiographic hallmark of osteoarthritis is joint space nar-
owing.36 Most commonly, this narrowing is associated with
ubchondral sclerosis, marginal osteophytes, cyst formation,
nd superolateral subluxation of the femoral head (Fig. 30).
n atrophic form of osteoarthritis has been described with

oint space narrowing and superolateral subluxation of the
emoral head, but with minimal osteophyte formation.37 The
trophic type is most common in elderly women and is more
requently associated with hip dysplasia than the hypertro-
hic type of osteoarthritis.37 Altered weight bearing due to

igure 26 There is complete loss of joint space in the right hip,
ithout appreciable osteophyte formation. Erosions of the superior

cetabulum are present. Joint aspiration yielded pus. Arthrogram

emonstrates filling defects within the joint (not shown).
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300 S.E. Campbell
raumatic injury or congenital anomalies may predispose to
arly development of osteoarthritis.

europathic Arthropathy
evere, occasionally rapidly progressive degeneration of the
ip joint has been described in the setting of spinal cord

njuries or sensory abnormalities (Fig. 31).38 The cause is
ypothesized to be an absence of the normal protective
echanisms of the neuromuscular structures about the

oint.39

heumatoid Arthritis
heumatoid arthritis is an autoimmune disease affecting ap-

igure 27 (A) and (B) Erosions and sclerosis of the right sacroiliac
oint are seen. Aspiration yielded pyogenic infection.
roximately 1% of the population, characterized by chronic, l
epeated episodes of synovial inflammation with eventual
estruction and deformity of affected joints.40 Bilateral, sym-
etric involvement of the hands and wrists is most common,

ut any joint may be involved. In the hip, distention of the
oint and/or bursae, joint space narrowing, and protrusio
cetabuli may be seen (Fig. 32).2,40

eronegative Spondyloarthropathies
he seronegative spondyloarthropathies include ankylosing
pondylitis, enteropathic arthropathy, Reiter’s disease, and pso-

igure 28 Erosions of the femoral neck, femoral head, and acetabu-

able 2 Distinguishing Features between Septic Sacroiliitis
nd Spondyloarthropathy

Radiologic Features
Septic

Sacroiliitis
Spondylo-
arthropathy

luid within the sacroiliac
joint

� �

oint space widening � �
ubchondral erosions �/� �
ubchondral bone marrow
edema

� �

ubchondral sclerosis � �
ransarticular bone bridges � �
hiny corner sign or
“Romanus” lesion

� �

ilateral involvement � �
uscle infiltration � �
bscess � �
equestration � �
ubperiosteal infiltration or
“lava cleft phenomenon”

� �
um, with severe loss of joint space are due to tuberculous arthritis.
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Radiography of the hip 301
iasis. Radiographs of the pelvis in these disorders may demon-
trate “whiskering” of the iliac crests and ischial tuberosity, sac-
oiliitis, protrusio acetabuli,41 and/or lower lumbar spine fusions
r osteophytes. Involvement of the sacroiliac joints occurs in the
ynovial portion of the joint, which is the caudal (and anterior)
ne-third of the joint.42 Bilateral symmetric sacroiliitis is classi-
ally present in ankylosing spondylitis or enteropathic arthrop-
thy.43 Psoriatic arthritis and Reiter’s disease classically cause
symmetric sacroiliitis, although it can be bilateral, and can at
imes appear symmetric.43 Early inflammatory sacroiliitis may
emonstrate erosions, particularly on the iliac side of the joint
Fig. 33).43 Later there is sclerosis on both sides of the joint. In
he chronic setting, fusion of the sacroiliac joints may occur (Fig.
4).43

onnective Tissue Diseases
ystemic lupus erythematosus patients are particularly at risk
or osteonecrosis due to chronic corticosteroid intake and
robably due to the auto-inflammatory process itself as
ell.43 Evaluation for osteonecrosis can be assessed on stan-
ard views of the hip, but a more sensitive evaluation is
btained with MR imaging or radionuclide bone scan. Osteo-
orosis is also a sequela of this disease and may present
linically as an insufficiency fracture of the sacrum, pubic
amus, acetabulum, or femoral neck.

Dermatomyositis patients often develop soft-tissue calcifi-
ations, most commonly in the proximal upper and lower
xtremities (Fig. 35), and more often in children than in
dults.44 There is evidence that in juvenile dermatomyositis,
p-regulation of genetic markers involved in producing in-
erferon-alpha and -beta occurs, possibly as a result of expo-
ure to a viral antigen.45

Scleroderma patients also may develop soft-tissue calcifica-

igure 29 Sclerosis and irregularity of the right ischium are demon-
trated, due to chronic osteomyelitis.
ions but typically have a myriad of other manifestations of j
he disease involving the hands and other organs, such as
sophagus, small bowel, colon, and lungs.43

etabolic, Synovial, and Crystal Deposition
iseases
steonecrosis
steonecrosis represents death of bone and may be caused
y a wide variety of disease processes including trauma, al-
oholism, Gaucher’s disease, other infiltrative processes,

igure 30 Characteristic findings of osteoarthritis: superior joint
pace narrowing, subchondral sclerosis, osteophyte formation, and
ild superolateral subluxation of the right femoral head.

igure 31 Severe joint space narrowing, destruction, debris within
he left hip joint, and protrusio acetabuli are due to neuropathic

oint.
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302 S.E. Campbell
ickle cell disease (Fig. 36), radiation, and many others.46 The
nd result of these processes is decreased blood supply to the
one. In some cases, such as Legg–Calve–Perthes disease, no
ause is evident. According to the Ficat staging,47 the hip may
ave a normal appearance (stage I), vague increased density

n the femoral head (stage II), subchondral collapse of the
emoral head often producing a “crescent” appearance (stage
II) (Fig. 37), or secondary osteoarthritis in the chronic set-
ing (stage IV). Magnetic resonance imaging and radionuclide
one scan are much more sensitive than plain film radiogra-
hy for the detection of early osteonecrosis (Fig. 37).43

egg–Calve–Perthes Disease
egg–Calve–Perthes disease occurs more commonly in
ales, between the ages of 4 and 8 years.48 The condition is

ilateral in about 10% of cases.48 The etiology is unknown,
eading it to be termed “idiopathic osteonecrosis.” Radio-
raphically, Perthes disease presents similarly to other types
f osteonecrosis, as described above (Fig. 38). Overgrowth of
he articular cartilage as a result of the osteonecrosis results in
he eventual development of a large, deformed femoral head,
alled coxa magna. Associated lateral subluxation of the fem-
ral head and secondary osteoarthritis may be seen. Treat-
ent of Perthes disease varies from conservative to various

ypes of acetabular or femoral osteotomies to maintain the
emoral head in the acetabulum.48

steoporosis
steoporosis represents normally mineralized bone but with
ecreased overall amount of bone mass.2 This can occur from
wide variety of congenital or acquired causes and manifests

adiographically as increased lucency in the bone and cortical
hinning. The risk of fracture increases with severity of osteo-
orosis. Singh and coworkers attempted a radiographic clas-
ification based on the theory that there is progressive loss of
rabeculae (Fig. 9) with increasing severity of osteoporosis.49

he Singh index divides this process into six grades of tra-

igure 32 Symmetric joint space loss, erosions of the femoral heads,
nd acetabular protrusio are due to rheumatoid arthritis.
ecular loss. In grade 6, all major trabecular groups are still t
resent. In grade 5, some trabeculae in the secondary com-
ressive, secondary tensile, and greater trochanter groups are

ost, while the remaining trabeculae in the principal com-
ressive and tensile groups are more prominent. In grade 4,
he principle compressive and tensile groups are slightly re-
uced in number, while the secondary groups are nearly
ompletely absent. In grade 3, there is a break in continuity of
he principal tensile trabecular group. In grade 2, only the
rincipal compressive group of trabeculae remains, which
re reduced in number. In grade 1, even the principal com-
ressive trabecular group is markedly reduced in number.
eports have varied in the literature concerning the reliability
f the Singh index for measuring severity of osteoporosis.50

ual energy x-ray absorptiometry (DEXA) is more sensitive
nd accurate in quantifying osteoporosis.50

igure 33 Erosions and sclerosis of the sacroiliac joint bilaterally are
een symmetrically. Ankylosing spondylitis.

igure 34 Complete fusion of the left and near complete fusion of the
ight sacroiliac joints are seen. There is also fusion of the facet joints
nd spinous processes in the lumbar spine. Deformity and disloca-

ion of the left hip is also noted. Chronic ankylosing spondylitis.
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Radiography of the hip 303
yperparathyroidism
rimary or secondary forms of hyperparathyroidism may oc-
ur.51 Primary hyperparathyroidism results from excess pro-
uction of parathyroid hormone by the parathyroid gland.
econdary hyperparathyroidism occurs as a result of phos-
hate retention by poorly functioning renal tubules, leading
o excess excretion of serum calcium, and subsequent in-
rease in release of parathyroid hormone.51 Subperiosteal
one resorption and cortical thinning may be seen, similar to
he appearance seen in the phalanges.51 Brown tumors may
ccur (Fig. 39). A “rugger-jersey”appearance to the vertebral
odies may be noted.51

igure 35 Extensive soft-tissue calcifications are noted bilaterally in
he lower extremities of this patient with dermatomyositis.

igure 36 Abnormal appearance of the bones diffusely, with marked,
atchy sclerosis in bilateral femoral heads, superior acetabuli, and
ubic symphysis, resulting from repeated episodes of avascular ne-
crosis in a patient with sickle cell disease.
steomalacia
steomalacia represents abnormally mineralized bone and
ay be caused by inadequate intake of vitamin D, inadequate

bsorption of vitamin D due to malabsorptive states or sur-
ical bypass, or inadequate formation of the biologically ac-
ive form of vitamin D due to renal or hepatic disease.52

steomalacia has also been associated with other underlying
isorders including Wilson’s disease, neurofibromatosis, and
ome neoplasms.2 Looser’s zones, which are essentially
oorly healed stress fractures due to inadequate callus forma-
ion, may be seen52 (Fig. 40). These appear as linear lucen-

igure 37 (A) In this frog-leg lateral view of the left hip, flattening of
he femoral head contour and subchondral lucency denote collapse
rom avascular necrosis. (B) Bone scan in the same patient with
hotopenic defect in the superolateral femoral head, where bone is
ecrotic. The remainder of the femoral head shows increased up-
ake, due to the reparative response of surrounding bone.
ies, perpendicular to the cortex of the bone, occurring typ-
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304 S.E. Campbell
cally in the medial cortex of the femoral neck, as well as the
ubic rami, ischial rami, ribs, and scapulae. When osteoma-

acia is due to renal dysfunction, the radiographic manifesta-
ions of secondary hyperparathyroidism usually predomi-
ate, including subperiosteal bone resorption and cortical
hinning.2

ickets
ickets is the pediatric correlate of osteomalacia, resulting

rom abnormal mineralization of bone due to inadequate
itamin D intake, absorption, or hydroxylation. Different
ypes of rickets have been described, with infantile rickets
ypically found in patients between the ages of 6 months and
years53 (Fig. 41). The various types of vitamin D resistant

ickets are typically found in patients over 3 years of age and
re characterized by shortening and bowing of long bones,
ccasionally with sclerosis and ectopic ossifications54 (Fig.
2). It may be seen with glycosuria or with defective renal
ubular absorption of amino acids, glucose, and phosphate
Fanconi syndrome).2

aget Disease
aget disease has a characteristic appearance on radiographs,
one scan, MR, or CT with coarsened trabeculae and thick-
ning of the cortex55 (Fig. 43). Paget disease typically occurs
n patients over the age of 50 years and progresses in three
hases—predominately lytic, mixed lytic and sclerotic, and
nally, sclerotic.2,55 Increased osteoclastic activity leads to
bnormal bone remodeling. The etiology of Paget disease is
nknown, although a viral etiology is hypothesized.55 Similar
o osteomalacia, Looser’s zones may form, representing inad-

igure 38 Severe collapse of the left femoral head in a patient with
egg–Calve–Perthes disease.
quately healed stress fractures. A small percentage of pa- i
ients with Paget disease will develop a secondary sarcoma.56

ew development of a lytic lesion or soft-tissue mass associ-
ted with Pagetoid bone is evidence of sarcoma formation.
hese tend to be high-grade lesions with a poor prognosis.2,56

A similar radiographic appearance may be seen in familial
diopathic hyperphosphatasia, with abnormalities seen dif-
usely53 (Fig. 44).

igmented Villonodular Synovitis
igmented villonodular synovitis (PVNS) is a disorder of sy-
ovial proliferation characterized by recurrent effusions,
ith bleeding into the joint, bursa, or tendon sheath af-

ected.57 The knee is most commonly affected, but the disease
an affect any synovial joint. In the hip, erosions may be seen
n the femoral head, femoral neck, or acetabulum57 (Fig. 45).

R is the imaging modality of choice, demonstrating syno-
ial proliferation, effusion, and the paramagnetic effect of
emosiderin,57 which may also be seen in patients with he-
ophilia or rheumatoid arthritis. Recurrence after synovec-

omy occurs in as many as 50% of cases.2

ynovial Osteochondromatosis
ynovial osteochondromatosis is a metaplasia of the syno-
ium, most commonly involving the knee, although any joint
ay be involved.58 Radiographs may demonstrate multiple

ssified bodies in the joint space, with joint effusion, erosions
n one or both sides of the joint, and scalloping of the femoral
eck59 (Fig. 46). Joint narrowing and osteophyte formation
ay be absent until late in the course of the disease. The

hondroid bodies in the joint may or may not be ossified, but
re evident at MR imaging or arthrography.59 The amount of
ssification increases over time. About 5% develop malignant
egeneration.58

igure 39 Subperiosteal bone resorption is noted in the pubic sym-
hysis and sacroiliac joint bilaterally, and a lucent lesion is noted in
he right superior acetabulum (Brown tumor). Hyperparathyroid-

sm.
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alcium Pyrophosphate Arthropathy
he arthropathy associated with calcium pyrophosphate
rystal deposition occurs in males and females with nearly
qual incidence.2 Deposition of calcium pyrophosphate crys-
als produces structural damage to the cartilage and resulting
n joint space narrowing, subchondral sclerosis, and osteo-
hytes. Chondrocalcinosis of the symphysis pubis, tendons,

igaments, articular cartilage, or joint capsule may be seen60

Fig. 47). The hip is less commonly involved than the knee,
rist, or shoulder.60

ydroxyapatite Deposition Disease
ydroxyapatite deposition disease is characterized by deposi-

igure 40 There is bowing of the femur, a lucent line perpendicular
o the shaft (Looser’s zone), and thickening of the medial femoral
ortex in this patient with osteomalacia.
ion of calcium hydroxyapatite crystals in and around tendons, a
ursae, or joint capsules, with resultant local swelling and
ain.61 Calcific tendonitis occurs less commonly in the hip than
he shoulder.61 “Toothpaste-like” calcifications of the gluteus
edius and minimus tendons may be seen61 (Fig. 48).

igure 41 (A) and (B) Widened, frayed physis, broad metaphysis,

nd osteopenia are characteristic of infantile rickets.
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306 S.E. Campbell
chronosis
cronosis occurs in males and females with equal incidence,

s an autosomal recessive inherited condition.62 Lack of the
nzyme homogentisic acid oxidase, involved in the break-
own of amino acids phenylalanine and tyrosine, results in a
uild-up of homogentisic acid.62 This leads to dystrophic
alcifications in the intervertebral disks, articular cartilage,
endons, and ligaments, and formation of osteoarthritis62

Fig. 49).

igure 42 Bowing of the femurs, broad metaphyses, and widened
roximal femoral physes are seen in vitamin D resistant rickets.

igure 43 The right pelvis is enlarged, with trabecular and cortical
hickening. The right hip demonstrates secondary osteoarthritis.
laget disease.
ysplasias and Congenital Anomalies
clerosing Bone Dysplasias
he various types of sclerosing bone dysplasias occur either

rom excess bone production due to abnormal osteoblastic
ctivity or from failure of bone resorption and remodeling
ue to defective osteoclastic activity.63 The excess bone accu-
ulation affects endochondral bone formation in osteopetro-

is, pyknodysostosis, or osteopathia striata.64 Intramembra-
ous bone formation is primarily affected in progressive
iaphyseal dysplasia and a few rare endosteal hyperostosis.64

oth endochondral and intramembranous bone formation
re affected in melorheostosis and metaphyseal dysplasia.64

There are three types of osteopetrosis, the infantile-malig-
ant type, which is autosomal recessive, and the most severe
orm, an intermediate type, also autosomal recessive present-
ng typically in the first decade of life, and an autosomal-
ominant-type with full life-expectancy.65 In the infantile
ype, pancytopenia, cranial nerve dysfunction, and mental
etardation occur.65 Radiographs of the hip may demonstrate
urvilinear bands of sclerosis in the ilium, with a “bone-in-
one” appearance.2,65 The vertebrae may show similar bands
f sclerosis along the vertebral endplates, with a “sandwich
ertebrae” appearance. In the long bones, undertubulation,
roadened metaphyses, and pathologic fractures are seen65

Fig. 50).
Pyknodysostosis is a rare autosomal-recessive disorder with

adiographic characteristics of both osteopetrosis and cleido-
ranial dysplasia.2,66 Delayed closure of fontanelles, short
tature, undertubulation of long bones, and diffuse sclerosis
re seen. Bones are brittle and prone to fracture (Fig. 51).
enetic research has demonstrated a mutation causing inac-

ivation of the gene encoding cathepsin K, which is involved
n osteoclastic function.63

In melorheostosis, both endochondral and intramembra-
ous bone formation are abnormal.64 It is characterized by
yperostosis, typically of one side of the cortex, with a lobu-

igure 44 Enlarged bones with thickened trabeculae and cortex and
eterogeneous mineralization diffusely are seen in this patient with

diopathic hyperphosphatasia.
ated, wavy appearance resembling dripping candle wax.67
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Radiography of the hip 307
ssifications and fibrosis in periarticular soft tissues are also
ommon.67 The abnormalities may follow a dermatomal dis-
ribution67 (Fig. 52). Treatment includes soft-tissue releases
nd excisions, and if necessary, osteotomies.67 It commonly
ecurs.

In osteopoikilosis and osteopathia striata, there are localized
oci of cortical bone in which resorption and remodeling fail,
hile in the remainder of bone, the process of endochondral
ssification proceeds normally.68 The result is numerous foci
f sclerotic bone (enostoses or “bone-islands”) throughout
he skeleton in osteopoikilosis (Fig. 53), or linear striations of
clerotic bone in osteopathia striata.68 Differentiation from
clerotic metastases may at times be difficult by plain radio-
raphs. Although radionuclide bone scan has been thought
o be critical to differentiate osteopoikilosis from osteoblastic
etastases, there are reports of increased radiopharmaceuti-

al uptake in osteopoikilosis, particularly in young patients.69

steopoikilosis, osteopathia striata, and/or melorheostosis
an coexist in the same patient (Fig. 52) and probably repre-
ent a range of manifestations of the same disease process.2

steogenesis Imperfecta
steogenesis imperfecta (OI) is a hereditary disorder charac-

erized by abnormal type I collagen, resulting in weakened,
ragile bones, ligament laxity, abnormal dentition, blue
clerae, and hearing impairment70 (Fig. 54). Most subtypes of
I are inherited as autosomal-dominant mutations in the
OL1A1 and COL1A2 genes that encode for the pro alpha 1
nd pro alpha 2 chains in type I collagen.70 Types I-IV, de-
cribed by Sillence and coworkers, are as follows: type I,

Figure 45 (A) Scalloping of the femoral neck and erosion
with PVNS. (B) Arthrogram demonstrates nodular-appe
utosomal-dominant and relatively mild, with relatively nor- t
al stature, blue sclerae, and hearing impairment; type II,
ith subtypes described as autosomal-dominant or autoso-
al-recessive, the most severe form, lethal in the fetal or
ewborn period, with severe deformity and intrauterine
rowth retardation; type III, also with both autosomal-dom-
nant and autosomal-recessive cases described, severe and
rogressive but with longer survival than type II; type IV,
are, autosomal dominant and mild with normal sclera and
ormal hearing.71 More recently, additional types V-VII have
een described, which are not associated with defects in the
enes encoding type I collagen.72 Treatment with biphospho-
ates improves bone mass in all types, but long-term out-
omes from biphosphonate therapy are not known.70

evelopmental Dysplasia of the Hip
he etiology of developmental dysplasia of the hip (DDH)

nvolves both genetic and environmental factors.73 Risk fac-
ors include oligohydramnios, breech delivery, positive fam-
ly history, and certain ethnic backgrounds including Native
mericans.73 Diagnosis can be made at birth in the vast ma-

ority of cases.73 If diagnosed at birth, the likelihood of suc-
essful nonoperative treatment such as a Pavlik harness, and
he overall prognosis, is much better than with delayed diag-
osis.73,74 Ultrasound is more sensitive than radiography for
iagnosis.73 Radiographically, dislocation or subluxation of
he hip can be demonstrated by discontinuity of the Shenton
rc, a curvilinear line connecting the medial femoral neck
ith the undersurface of the superior pubic ramus73 (Fig.
5). With hip dislocation, the femoral head moves into the
pper outer quadrant.2 If the dislocated hip is in contact with

th femoral head and acetabulum are seen in this patient
lling defects.
s of bo
he ilium, a pseudoacetabulum will form73 (Fig. 55). Essen-
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308 S.E. Campbell
ially all patients with hip subluxation or dislocation will
evelop osteoarthritis, usually in the 3rd or 4th decade of

ife.73

cetabular Dysplasia in Adults
ysplasia of the acetabulum may occur without hip disloca-

ion, and mild dysplasia may go undiagnosed until adult-
ood.73 Acetabular dysplasia occurs in females more often

igure 47 Chrondrocalcinosis of the pubic symphysis and both hips,
ith severe diffuse degenerative changes. Calcium pyrophosphate

rthropathy.

igure 48 “Toothpaste”-like calcifications at the hip abductor inser-
igure 46 (A) Scalloping and erosions of the femoral neck and head
re seen, with ossific densities in the joint. Synovial osteochondro-
atosis. (B) The same patient 4 years later demonstrates enlarge-
ion.
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Radiography of the hip 309
han males and has been demonstrated to lead to develop-
ent of hip joint osteoarthritis73,75 (Fig. 56). Evaluation for

cetabular dysplasia can be performed using the center-edge
ngle of Wiberg, performed by measuring the angle between
line drawn vertically from the center of the femoral head

nd a line from the center of the femoral head through the
dge of the acetabulum.75 Angle measures less than 20° are
ysplastic; 20 to 25° are classified as borderline dysplasia,
nd greater than 25° are normal.75

emoroacetabular Impingement
he theory behind femoroacetabular impingement is that
ertain anatomic variations lead to impingement between the
roximal femur and acetabular rim with flexion and internal
otation.76,77 This leads to shearing and impaction of the an-
erior articular cartilage of the femoral head, as well as ante-
ior labral tears.76,77 There are two types of femoroacetabular
mpingement. The first is the “cam” type, thought to be
aused by an enlarged femoral head or an abnormal contour
f the femoral head/neck junction, which causes impinge-
ent anteriorly against a normal acetabulum (Fig. 6). The

econd, or “pincer” type, is thought to be due to “over-cov-
rage” of the femoral head anteriorly from either coxa pro-
unda or a retroverted acetabulum.76 Radiographs may dem-
nstrate reduced offset of the femoral head–neck junction,

igure 49 Diffusely calcified intervertebral disks. Ochronosis.
cetabular abnormalities such as retroversion, coxa valga, t
oxa profunda, or protrusio acetabuli, and the eventual de-
elopment of osteoarthritis. MR imaging is more sensitive to
he early findings of labral tear and cartilage injury.76,77

chondroplasia
chondroplasia is a congenital disorder of endochondral
one formation affecting fetuses in utero, transmitted as an

igure 50 All visualized bones are sclerotic. Previous fractures of the
ight femoral shaft and left femoral neck with residual deformity.
steopetrosis.

igure 51 The diffusely sclerotic bones, undertubulation, and frac-

ures resemble osteopetrosis. Pyknodysostosis.
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310 S.E. Campbell
utosomal-dominant trait.78 The genetic defect involves an
llele encoding fibroblast growth factor receptor 3, on chro-
osome 4p, which is the same allele implicated in both hy-
ochondroplasia and thanatophoric dwarfism.78 Patients
ave short stature, with limb shortening affecting more se-
erely the proximal extremities. Short pedicles can predis-
ose to spinal stenosis. Narrowing of the interpedicular
idth in the lower lumbar spine is seen, along with horizon-

ally oriented acetabular roofs, small sciatic notches, and
ounded, “ping-pong-paddle”-shaped iliac bones78 (Fig. 57).
ervicomedullary compression has been shown to be associ-
ted with sudden death in infants with achondroplasia.79

ultiple Epiphyseal Dysplasia
n multiple epiphyseal dysplasia, the abnormal growth of the
emoral head epiphysis typically leads to a varus alignment of
he femoral neck. This occurs due to overgrowth of the tro-

Figure 52 (A) Dense sclerotic, wavy cortical thickening in
Wavy cortical thickening in the distal femoral shaft i
medullary bone are areas of osteopathia striata.
hanteric ossification center and infundibulum, a cartilagi- r
ous connection between the femoral head and trochanteric
ssification centers in the infant73 (Fig. 58). Secondary osteo-
rthritis eventually develops.

roximal Focal Femoral Deficiency
roximal focal femoral deficiency (PFFD) represents a con-
enital disorder characterized by varying severity of shorten-
ng and dysplasia of the femur and acetabulum, and varus
ngulation of the proximal femur80 (Fig. 59). A common
lassification system divides the disorder into types, A-D, in
ncreasing order of severity.80 In type A, the femur is short-
ned compared with the normal size, but the femoral head is
resent and located within the acetabulum. In type B, the
emur is short with a varus angulation, and there is a gap
etween the femoral head, which is located within the ace-
abulum, and the femoral neck. In type C, the femoral head is

oral shaft and superolateral acetabulum are noted. (B)
indicative of melorheostosis. Linear striations in the
the fem
s seen
udimentary or absent. The femur is markedly short, and the
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Radiography of the hip 311
cetabulum is dysplastic. In type D, the entire femur is rudi-
entary, with absent femoral head and acetabulum.
Various treatments have been used for patients with this

isorder. In one recent report, patients reported similar mo-
ility and improved satisfaction with nonoperative treatment
sing extension prosthesis, compared with surgical ankle
isarticulation with fitting of an above-knee prosthesis.81

ucopolysaccharidoses
his represents a heterogeneous group of disorders charac-

erized by accumulation of various mucopolysaccharides as a
esult of congenital lack of certain enzymes.82 Many if not all
f these exhibit similar radiographic findings in the pelvis,
ncluding flared and dysplastic femoral heads, narrowed and
istorted pelves, and flared iliac wings82 (Fig. 60).

igure 53 Punctate sclerotic lesions (bone islands) scattered diffusely
ilaterally. Osteopoikilosis.

igure 54 Severe deformity and osteopenia, with multiple fractures
n different stages of healing. The pelvis is deformed and narrow.

steogenesis imperfecta. d
ibrodysplasia Ossificans Progressiva
ibrodysplasia ossificans progressiva (FOP) represents a rare
ongenital disorder characterized by progressive heterotopic
ssification of tendons, ligaments, muscles, and other soft
issues (Fig. 61) with deformity of the great toe.83 No known
reatment or preventive measure exists.83 The typical course
f the disease is progressive restriction of movement, fre-
uent falls, and eventual respiratory difficulty from involve-
ent of the chest wall. Most patients die of pulmonary com-
lications in their 40s or 50s.83 Recent advances include
apping of the gene for FOP to chromosome 4q, and iden-

ification of a key protein found in lesion cells and lympho-
ytes.83 These findings may prove beneficial in treating this
ondition in the future.

umors
variety of benign and malignant tumors may affect the

elvis and proximal femur. Close inspection for the presence

igure 55 Superior dislocation of the left hip, with pseudoacetabu-
um formation. Mild subluxation also of the right hip.

igure 56 Bilateral acetabuli are dysplastic, with only partial covering
f the femoral head. On the left, early osteoarthritis has begun to

evelop.
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f disruption or displacement of the anterior column, poste-
ior column, cortex, sacral ala, or trabecular lines may reveal
subtle lesion. Although an in-depth discussion of all tumors

hat can affect the pelvis and proximal femur is beyond the

igure 57 Characteristic findings of achondroplasia—narrowing of
he interpedicular distance in the lower lumbar spine, flat acetabular
oofs, small greater sciatic notches, and short femurs with widened
emoral metaphyses.

igure 58 Broad, dysplastic femoral heads, with varus angulation of

the femoral necks bilaterally. Multiple epiphyseal dysplasia.
cope of this article, a few common or characteristic lesions
ill be discussed.

yeloma
yeloma is the most common primary bone tumor and is a
alignancy of the bone marrow.2 Most commonly affecting
ales over the age of 50 years, myeloma may be seen as a

olitary plasmacytoma or multiple lesions in multiple my-
loma.2,84 The axial skeleton is most commonly affected, and

igure 59 (A) and (B) The right femur is short and the femoral head
s rudimentary. The right acetabulum is dysplastic. The fibula is
bsent. PFFD type C.
he lesions are typically lytic84 (Fig. 62). A small minority of
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ases (less than 1%) may be sclerotic (Fig. 63), with nearly
alf of these developing peripheral neuropathies.2,85

hondrosarcoma
he pelvis is a common site of involvement of chondro-
arcoma, a malignant cartilage-forming tumor.86 It most
ommonly affects patients between ages 30 and 60 years.86

hondrosarcoma may be primary (of which there are sev-
ral types), or may arise secondarily in the setting of pre-
xisting enchondromatosis, Paget disease, osteochon-
roma, or synovial chondromatosis.2,86 Conventional

igure 60 The iliac wings are broad, the pelvis narrow, and the
emoral heads dysplastic in this patient with Hurler’s syndrome.

igure 61 Marked heterotopic ossification bridging the hip joint me-

ially and laterally. Fibrodysplasia ossificans progressiva. F
hondrosarcoma appears radiographically as an expansile,
ytic lesion with ring-, arc-, or popcorn-shaped internal
alcifications (Fig. 64). There may be thickening or scal-
oping of the cortex, and there may be a soft-tissue mass.

etastases are uncommon.

hordoma
n the differential diagnosis for a destructive lesion of the
acrum is a chordoma, a tumor arising from notochord rem-
ants86 (Fig. 12). Typically affecting patients over 40 years of
ge, the tumor is seen slightly more commonly in men. It is
een most commonly in the clivus, the sacrum, and the C2
ertebra, typically as a lytic lesion, with occasional calcifica-
ions in the matrix.86

ibrous Dysplasia
ibrous dysplasia is a benign tumor characterized by re-
lacement of normal cancellous bone by fibroblasts and
brous matrix, with interspersed trabeculae of immature
oven bone.87 Typically affecting patients under 30 years

igure 62 Destructive lesion without definable borders involving the
acrum and left ilium. Myeloma.
igure 63 Diffuse sclerosis, an unusual manifestation of myeloma.
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f age, the lesion is centrally located within the bone,
xpansile, with a narrow zone of transition and internal
azy “ground-glass” appearance87 (Fig. 65). Prominent

Figure 64 (A) and (B) Lucent and sclerotic lesion in the fem
and probable disruption of the medial cortex. Punctate
coma.

igure 65 Geographic, expansile lucent lesion in the left superior
ubic ramus is noted with internal ground-glass density and septa-
ions. The exophytic portion of the tumor is an unusual appearance
f fibrous dysplasia. This patient had polyostotic fibrous dysplasia

ith endocrinopathy (Albright’s syndrome). w
rabeculae and a sclerotic margin may or may not be seen.
ibrous dysplasia most commonly affects the proximal
emur, tibia, or humerus, but is also seen in the pelvis,
ibs, and craniofacial bones.87 Cystic or cartilaginous por-
ions of the lesions may be seen.87,88 A minority of affected

eck, with narrow zone of transition, but with scalloping
rvilinear calcifications are seen internally. Chondrosar-

igure 66 An aneurysmal bone cyst in the ischium displaces the
ontour of the posterior column. The lesion is expansile and lucent,
oral n
ith thinning of the cortex.
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atients have polyostotic involvement, which may be ac-
ompanied by endocrine disturbances in McCune–Al-
right syndrome.87

neurysmal Bone Cyst
neurysmal bone cyst is a benign, expansile, lucent bone

esion, typically affecting patients between the ages of 10 and
0 years.86 Believed to result from venous obstruction or
ascular malformation in the bone, the internal architecture
s composed of blood-filled cavities with intervening septae,
lthough a solid variant has been described.89 They occur
ost commonly about the knee, with the pelvis involved in

0 to 15% of cases.86 They may arise from a preexisting
enign or malignant lesion. Radiographically, aneurysmal
one cysts appear as lucent lesions with well-defined scle-
otic borders, and often “ballooning” of the cortex (Fig. 66).
n MR, fluid–fluid levels can be seen. After curettage, they

requently recur.

steochondroma
he most common benign bone lesion, osteochondroma, is
n abnormal projection of bone with continuity of the cortex
nd medullary cavity with the underlying bone.2,86 These
esions are typically located in the metaphysis, often demon-
trating continuity with the growth plate. A cartilage cap is
resent, and through endochondral ossification, these le-
ions continue to enlarge until skeletal maturity.86 Multiple
esions, often with deformity of involved bones, are seen in
ereditary multiple exostoses (HME) (Fig. 67). Malignant
ransformation occurs in about 1% of solitary lesions, but 5 to
5% of cases with HME.86

nchondromatosis
he pelvis and femur may be involved with enchondromato-

igure 67 Deformity of the proximal femur and superior pubic ra-
us bilaterally due to osteochondromatosis, a characteristic appear-

nce for hereditary multiple osteochondromatosis.
is.86 Deformity of involved bones and expansile, irregularly i
haped lesions with internal dystrophic, ring- or arc-shaped
alcifications are seen86 (Fig. 68).

eurofibromatosis
eurofibromatosis is an autosomal-dominant, inherited dys-
lasia characterized by development of skin lesions, nerve
umors, and sarcomas.90 Osseous involvement of the pelvis
ay demonstrate deformity of the pelvis or acetabulum, sco-

iosis, and chronic hip dislocations90 (Fig. 69). In long bones,

igure 68 (A) and (B) The proximal and distal femur are markedly
eformed and to a lesser extent the left ischium and inferior
ubic ramus. Punctate and curvilinear calcifications may be seen
n the exophytic lesion in the left distal femur. Ollier’s disease.
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uch as the tibia, pseudarthroses, cortical erosions, nonossi-
ying fibromas, and deformity may be seen.2

imple Bone Cyst
imple bone cyst is thought to be a localized disturbance of
one growth, and not a true neoplasm.2 Most commonly
ffecting patients under 30 years of age, the etiology of simple
one cysts is unknown.90 It affects the proximal femur and
umerus most commonly, with less common sites including
he ilium and calcaneus.90 The lesion appears as a centrally
ocated lucent lesion with sclerotic margins (Fig. 70). Osse-
us septae may be seen in the cyst, and a pathologic fracture
ay yield a “fallen fragment” sign of a bone fragment lying
ependently in the cyst.90

angerhans Cell Histiocytosis
nonneoplastic proliferation of mononuclear cells, Langer-

ans cell histiocytosis most commonly affects children under
5 years of age.85 Any bone can be affected, with the axial
keleton and long bones most commonly involved. A variety
f radiographic appearances may be seen, varying from a
harply marginated lytic lesion to a lesion with a wide zone of
ransition and periosteal elevation (Fig. 71). In the spine,
ertebral involvement can lead to collapse of the vertebra,
ielding a vertebra plana appearance.85

etastasis
etastases are the most common malignant tumors of

one.2,85 The axial skeleton is most commonly affected, as a
esult of hematogenous spread of malignancy. Many different
adiographic appearances may be seen with metastatic dis-
ase, including sclerotic, lytic, or mixed sclerotic and lytic
esions (Fig. 72). A high index of suspicion should be main-
ained when evaluating a lesion in the pelvis. MR imaging,

igure 69 The left hip is chronically dislocated, with pseudoacetabu-
um formation. Scalloping of the femoral neck is also noted. The
ower lumbar spine is scoliotic and deformed in this patient with
eurofibromatosis type I.
T, or radionuclide bone scan may be helpful to characterize s
igure 70 Mildly expansile lucent lesion of the proximal femoral
igure 71 Lucent lesion in the right superior acetabulum is associ-
ted with periosteal elevation medially. Langerhans cell histiocyto-

is.
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lesion, look for a primary tumor, or evaluate for other
etastatic lesions.

iant Cell Tumor
iant cell tumor is an abnormal proliferation of osteoclasts
nd stromal cells, typically located eccentrically in the ends of
ong bones (Fig. 73). It occurs most commonly in patients 20
o 40 years of age.91 Typically an aggressive lesion, a sclerotic
order is usually absent. About 5 to 10% of cases develop
etastases, generally to the lungs, though no radiographic

igure 72 Lucent lesion in the femoral neck and proximal shaft
ithout sclerotic rim, nonspecific appearance. Lung cancer metas-

asis.

igure 73 Eccentric, geographic lucent lesion in the proximal metaph-
sis and epiphysis of the right femur. The lesion appears to extend
early to the inferomedial articular surface of the femoral head. Giant

ell tumor.
eature reliably distinguishes benign from malignant giant
ell tumors.91

hondroblastoma
hondroblastoma is a rare lesion but is in the differential
iagnosis of an epiphyseal lesion in a skeletally immature
atient.92 Occurring most commonly in patients between 5
nd 25 years of age, these lesions are typically found in the
istal femur and proximal tibia, less commonly in the prox-

mal femur. Radiographically, an eccentric lucent lesion with
clerotic border, at times extending through the physis into
he metaphysis, may be seen92 (Fig. 74).

onclusion
onventional radiography of the hip and pelvis are useful to
emonstrate a broad spectrum of inherited and acquired dis-
ase. Accurate detection and classification of these abnormal-
ties assist the clinician in treating and counseling the patient.
nderstanding of the radiographic anatomy and disease pat-

erns seen in the pelvis and hip improves the radiologist’s
bility to make the correct diagnosis.
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