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Foreword

It is my great pleasure and privilege to introduce another volume on modern musculo-
skeletal imaging edited by A. M. Davies, K. Johnson and R. Whitehouse.

The hip joint and the bony pelvis are anatomical structures that are subject to frequent
and various disease processes. Radiologists, orthopedic surgeons, and rheumatologists
are confronted in their daily practice with many of these conditions. Due to the continuous
progress in diagnostic imaging modalities and new insights into the pathophysiology
and biomechanics of the hip joint and bony pelvis there is a need for regular updates of
our knowledge in this field.

The concept of this book is based on a comprehensive coverage of both the imaging
modalities and the applications of all these techniques to a specific anatomic area and
all the pathologic conditions related to it.

The short preparation period of this volume - less than 15 months - ensures, as in the
other volumes on musculoskeletal radiology in this series edited by A. M. Davies, that the
most recent advances of hip joint and bony pelvis imaging are included.

I am greatly indebted to the three editors for their brilliant editorial work and
their superb personal contributions. I congratulate them on their judicious choice of
contributing authors, all well-known and internationally recognized experts in the
field.

I am convinced that this excellent volume will be of great interest for radiologists in
training and certified radiologists, and also for orthopedic surgeons and rheumatolo-
gists.

It is my sincere wish that this work meets the same success as so many other volumes
previously published in the series Medical Radiology - Diagnostic Imaging.

Leuven ALBERT L. BAERT



Preface

As our understanding of the disease processes and the biomechanics of the hip joint and
bony pelvis improves, there is a need to continuously update radiologists, orthopaedic
surgeons and other professionals working in this field. This book, in common with sev-
eral others published in this series, takes a dual approach to the subject.

The first section acquaints the reader with the full range of techniques available for
imaging the hip joint and musculoskeletal pelvic pathology, emphasizing the indications
and contraindications. The six chapters include contributions on radiography, computed
tomography and CT arthrography, magnetic resonance imaging and MR arthrography,
ultrasound, nuclear medicine and interventional techniques. The remaining 18 chapters
discuss the optimal application of these techniques to specific pathologies, highlighting
practical solutions to both common and uncommon clinical problems.

The discerning reader may note a few minor contradictions in the text (recommended
gauge of needle, volume of contrast medium, use or not of local anaesthetics for arthrog-
raphy, etc.) reflecting the different practices of the authors. The editors have deliberately
not edited out these inconsistencies, thereby allowing the reader to appreciate that, even
between centres of excellence, practices can and will vary.

The editors are grateful to the international panel of authors for their contributions
to this book, which aims to provide a comprehensive overview of current imaging of the
hip joint and musculoskeletal pelvis.

Birmingham A.MARK DAVIES
Birmingham KARL JOHNSON
Manchester RicHARD W. WHITEHOUSE
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Radiographic Evaluation

UGNE JULIA SKRIPKUS and AMILCARE GENTILI
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1.1

Radiographic Technique

For pelvic and hip pathology, radiographic evalu-
ation can prove to be a relatively quick and inex-
pensive first line of imaging. In this chapter, basic
imaging principles including patient positioning
and radiographic projections will be discussed. For
all imaging techniques discussed, gonadal shield-
ing should be maximally utilized to decrease the
amount of patient radiation exposure without com-
promising radiographic image quality.

1.2
Radiographic Projections of the Pelvis

Standard projections for the evaluation of the pelvis
include AP, AP axial (“frogleg”) and posterior
oblique (“Judet”).



1.21
Anteroposterior Projection of the Pelvis
(Bilateral Hips)

1.2.1.1
Technique: Supine

The patient is lying supine with the midsagittal
plane of the pelvis centered with the midline of the
long axis of the table. The pelvis should be in true
AP position, with the distance from the table top
to the anterior superior iliac spine on both sides of
the pelvis being equal, to minimize rotation of the
pelvis. Unless contraindicated, the feet are inter-
nally rotated approximately 15° to get the long axis
of the femora parallel to the film. The feet may be
gently taped together or a sandbag may be placed
across the ankles to minimize movement during
image acquisition. In the case of trauma, or when
femoral neck fracture or dislocation is suspected,
the feet should not be internally rotated. The elbows

Fig. 1.1. a Patient positioning for anteroposterior (AP) pelvic
radiograph. b AP pelvic radiograph
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should be flexed and the palms of the hands should
rest gently on the chest or upper abdomen.

Alternatively, the arms may rest at the patient’s
sides. The shoulders should be in the same trans-
verse plane as the pelvis. A pillow or other support-
ing structure should be placed behind the head and
the knees. The central ray is directed perpendicu-
larly to the midpoint of the film approximately 2 in.
(5 cm) superior to the pubic symphysis or midway
between the level of the anterior superior iliac spines
and symphysis pubis. Respiration is suspended.
If imaging is done as part of a hip evaluation, the
centering should be performed approximately 2 in.
(5 cm) caudad, to include more of the proximal
femurs. Gonadal shielding should be used on all
male patients. Ovarian shielding in female patients
may obscure portions of the pelvis.

1.2.1.2
Radiographic Evaluation

On this projection, the entire pelvis, including L5,
sacrum and coccyx, as well as the proximal femurs,
including the greater trochanters, should be visual-
ized. The lesser trochanters, if seen, should be dem-
onstrated along the medial borders of the femurs.
The femoral heads, which should be equal in size and
position, should be well seen through the acetabula.

Fractures, dislocations, osseous lesions and
degenerative changes are demonstrated. Congeni-
tal dislocation of the hip, evidenced by an abnor-
mal relationship of the femoral head with the
acetabulum can be visualized by two additional
AP images of the pelvis, described by MarRTZ and
TayLor (1954). The first technique requires the
central ray to be directed perpendicularly to the
symphysis pubis to detect any lateral or superior
displacement of the femoral head. The second tech-
nique is obtained with the central ray directed to
the symphysis pubis at a cephalic angulation of 45°
which will demonstrate anterior or posterior dis-
placement of the femoral head.

1.2.2
AP Axial Projection of the Pelvis
(Frogleg-Cleaves or Modified Cleaves Method)

This position is contraindicated in patients sus-
pected of having a fracture, dislocation of the hip.
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1.2.2.1
Technique

1.2.2.1.1
Modified Cleaves Method: Supine

The patient is in the supine position with the
pelvis in true AP position. The midsagittal plane
of the body is centered about the midline of the
table. The elbows should be flexed and the palms
of the hands should rest gently on the chest or
upper abdomen. A pillow or other supporting
structure should be placed behind the head. The
shoulders should be in the same transverse plane
as the pelvis. The hips are flexed bilaterally and
the knees are bent to approximately 90° so as to
draw the feet up as much as possible. The thighs
are then abducted and the soles of the feet are
apposed to one another for support and centered
at the midline of the table. If possible, the thighs
should be abducted approximately 40° from verti-
cal to place the long axis of the femoral necks par-
allel with the plane of the film. Supports should
be placed behind the legs as needed for stability.
(The technique for a unilateral examination is
adjusted so that the anterior superior iliac spine
of the affected side is at the midline of the table.
The ipsilateral hips and knee are then flexed and
the foot is drawn up to the inner aspect of the
contralateral knee. The thigh is then abducted to
approximately 40° from vertical.) The central ray
should be perpendicular to the film and centered
approximately 1 in. (2.5 cm) superior to the pubic
symphysis or 3 in. (7.5 cm) inferior to the ante-
rior superior iliac spine. Respiration is suspended.
Gonadal shielding should be used for both males
and females without obscuration of a majority of
pelvic structures.

1.2.2.1.2
Original Cleaves Method

The patient is positioned as described above for the
modified Cleaves method. However, prior to abduct-
ing the thighs, the X-ray tube should be angled par-
allel with the long axes of the femoral shafts. The
central ray should be angled approximately 40°
cephalad to enter the symphysis pubis. Respiration
is suspended. Gonadal shielding should be used for
both males and females without obscuration of a
majority of pelvic structures.

Fig.1.2. a Patient positioning for original Cleaves frogleg
pelvis radiograph. b Patient positioning for modified Cleaves
frogleg pelvis radiograph. ¢ Frogleg AP pelvis radiograph



1.2.2.2
Radiographic Evaluation

On this projection, the axial position of the femo-
ral heads, necks and trochanters are visualized and
direct comparison from one side to the other is
possible. The acetabulum should also be well dem-
onstrated. Symmetry of the pelvic bones should be
appreciated if no rotation was present. The original
Cleaves method demonstrates only a small part of
the lesser trochanters on the posterior surface of
the femurs.

1.2.3
Posterior Oblique Pelvis - Acetabulum (“Judet”)

1.2.3.1
Technique

1.2.3.1.1
Judet Method: Semisupine

The patient is in a semisupine, 45° posterior oblique
position, with the affected side superior or infe-
rior, depending on anatomic structure of interest.
The pelvis and thorax should be aligned with one
another to avoid rotation. A pillow or other support-
ing structure should be placed behind the head and
the back for support. The acetabulum and femoral
head of interest should be positioned at the midline
of the table. When anatomic structure of interest is
inferiorly (dependently) positioned, the central ray

U. J. Skripkus and A. Gentili

should be perpendicular and centered 2 in. (5 cm)
distal and 2in. (5cm) medial to ipsilateral ante-
rior superior iliac spine. When anatomic structure
of interest is superiorly positioned, the central ray
should be perpendicular and centered 2 in. (5 cm)
distal to ipsilateral anterior superior iliac spine.
Respiration is suspended. Gonadal shielding should
be done carefully to avoid obscuration of essential
pelvic/acetabular structures.

1.2.3.2
Radiographic Evaluation

This technique is useful for evaluation of hip dislo-
cation and acetabular fracture. For superiorly placed
side of interest, the posterior rim of ipsilateral ace-
tabulum and anterior ilioischial column, as well as
the obturator foramen are well demonstrated. For
inferiorly (dependently) placed side of interest, the
ipsilateral anterior rim of the acetabulum as well as
the posterior ilioischial column and iliac wing are
well demonstrated.

1.3
Radiographic Projections of the Anterior
Pelvic Bones

Standard projections for the evaluation of the ante-

rior pelvic bones include PA axial “inlet” and AP
axial “outlet.”

b

Fig. 1.3. a Patient positioning for posterior oblique “Judet” view of pelvis. b “Judet” view of pelvis, taken in RPO position
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1.3.1
AP Axial “Outlet” Projection of the Anterior
Pelvic Bones (Taylor)

1.3.1.1
Technique: Supine

The patient is supine on the table with the midsag-
ittal plane of the patient’s body centered about the
midline of the table. The pelvis is in true AP posi-
tion. A pillow or other supporting structure should
be placed behind the head and the knees for comfort.
For males, the central ray is directed approximately
20°-35° cephalad and centered at a point 2 in. (5 cm)
distal to the upper border of the symphysis pubis.
For females, the central ray is directed approxi-
mately 30°-45° cephalad and centered to a point
1-2in. (2.5-5 cm) distal to the upper border of the
symphysis pubis. Respiration is suspended. Gonadal
shielding should be carefully applied to avoid obscu-
ration of essential bony structures.

Fig. 1.4. a Patient positioning for AP axial “outlet” projection
of the anterior pelvic bones. b “Outlet” radiograph of the ante-
rior pelvic bones

1.3.1.2
Radiographic Evaluation

On this projection, the pubic and ischial bones will
be magnified and only minimally superimposed on
the sacrum and coccyx. The hip joints should also
be included.

1.3.2
AP Axial “Inlet” Projection of the Anterior Pelvic
Bones (Lilienfeld)

1.3.2.1
Technique: Seated Erect

The patient is seated erect on the table, with the
knees flexed slightly and the feet resting on the table
top. A supporting structure should be placed behind
the knees. The midsagittal plane of the patient’s
body should be centered about the midline of the
table. There should be no rotation of the pelvis. The
arms should be extended behind the patient with the
hands placed on the table top, supporting the torso
in a position approximately 50° from vertical. A sup-
porting structure should be placed behind the lower
back and the back should be arched to place the
pubic arch in a near-vertical position. The central
ray is directed perpendicularly to the cassette and
centered to a point 1.51in. (3.8 cm) superior to the
symphysis pubis. Respiration is suspended. Gonadal
shielding for men should be carefully applied to
avoid obscuration of essential bony structures.

1.3.2.2
Technique: Supine

The patient is supine on the table with the midsag-
ittal plane of the patient’s body centered about the
midline of the table. The pelvis is in true AP posi-
tion. A pillow or other supporting structure should
be placed behind the head and the knees. The central
ray is directed caudad 40° (approximately perpen-
dicular to the plane of the pelvic inlet) and centered
to the level of the anterior superior iliac spines. Res-
piration is suspended. Gonadal shielding for men
should be carefully applied to avoid obscuration of
essential bony structures.
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Fig. 1.5. a. Patient positioning for seated erect AP axial “inlet” projection of the anterior pelvic bones. b “Inlet” radiograph of
the anterior pelvic bones

1.3.2.3
Radiographic Evaluation

On this projection, the ischial and pubic bones are
visualized from a superoinferior approach, dem-
onstrating the pelvic ring or inlet. The symphysis
pubis should be centered to the radiograph. The
medial third of the anterior superior and inferior
pubic rami should be superimposed. The lateral
two thirds should be nearly superimposed. The hip
joints should also be included.

1.4
Radiographic Projections of the
Sacroiliac Joints

Standard projection for the evaluation of the sacro-

iliac joints includes AP oblique.

1.4.1
AP Oblique Projection of the Sacroiliac Joints

1.4.1.1 i

Technique: Supine : '
| o |

The patient is lying supine on the table in poste- T :

rior oblique position with the affected side elevated ' =

. o ano .
approx1mate'ly 25°-30 and: the 'bOdY aligned sth Fig.1.6. a Patient positioning for AP oblique projection of
that the sagittal plane passing 1in. (2.5 cm) medial  the sacroiliac joints. b AP oblique projection of the sacroiliac
to the anterior superior iliac spine of the elevated joints



Radiographic Evaluation

side is centered about the midline of the table. The
anterior superior iliac spines should be in the same
transverse plane. The head as well as the elevated
shoulder, lower back and thigh should be supported
by pillow wedges or by other means. With the central
ray directed perpendicular to the plane of the film,
it should enter 1in. (2.5 cm) medial to the elevated
anterior superior iliac spine. With the central ray at
an angle of 25° cephalad, it should be centered 1 in.
(2.5 cm) medial and 1.5 in. (3.8 cm) distal to the ele-
vated anterior superior iliac spine. Alternatively, with
the central ray perpendicular, it should be directed
11in. (2.5 cm) medial to the elevated anterior superior
iliac spine. Respiration is suspended. Gonadal shield-
ing should be done carefully to avoid obscuration of
essential bony structures. Shielding for women may
be difficult to achieve without significant obscura-
tion. Collimation should be close to the joint.

1.4.1.2
Radiographic Evaluation

On this projection, a profile view of the affected
sacroiliac joint is seen. The adjacent structures are
seen in an oblique position. Both sides should be
evaluated for comparison.

1.5
Radiographic Projections of the Sacrum
and Coccyx

Standard projections for the evaluation of the
sacrum and coccyx include AP, PA, and lateral.

1.5.1
AP/PA Projection of the Sacrum and Coccyx

1.5.1.1
Technique: Prone or Supine

The patient can be positioned either in the supine
or prone positions, depending upon physical ability
and limitations. The pelvis should be place in true
AP or PA position. The AP projection is preferred, as
the sacrum and coccyx are positioned slightly closer
to the film. The midsagittal plane of the body should
be centered about the midline of the table. In the
supine position, the elbows should be flexed and the
palms of the hands should rest gently on the chest

or upper abdomen or at the patient’s sides. A pillow
or other support structure should be placed under
the head and the knees. In the prone position, the
elbows should be flexed and the arms should bein a
comfortable, bilaterally symmetrical position.

For evaluation of the sacrum: In the supine posi-
tion, the central ray should be directed 15° cepha-
lad and centered to the midpoint of the plane that
passes midway between the symphysis pubis and
the anterior superior iliac spines. In the prone posi-
tion, the central ray should be directed 15° caudad
and centered to the sacral curve. Respiration is sus-
pended. Gonadal shielding should be done carefully
in males to not obscure significant bony structures.
Respiration is suspended. Shielding in women is not
possible without significant image degradation. The
urinary bladder should be empty. The lower colon
should be free of gas for optimal image acquisition.

For evaluation of the coccyx: In the supine posi-
tion, the central ray should be directed 10° caudad
and centered to a point about 2 in. (5 cm) superior
to the symphysis pubis. In the prone position, the
central ray should be directed 10° cephalad and
centered to the palpable coccyx. Respiration is sus-
pended. Gonadal shielding should be done carefully
in males to not obscure significant bony structures.
Respiration is suspended. Shielding in women is not
possible without significant image degradation. The
urinary bladder should be empty. The lower colon
should be free of gas for optimal image acquisition.

1.5.1.2
Radiographic Evaluation

On this projection, a true frontal projection of the
sacrum and coccyx, free of superimposition is dem-
onstrated. Evaluation of the sacrum should dem-
onstrate neither foreshortening nor rotation. Fecal
material should not overlap the sacrum. The sacro-
iliac joints and L5-S1 junction should be included.
Evaluation of the coccyx should demonstrate no
rotation and no segmental superimposition.

1.5.2
Lateral Projection of the Sacrum and Coccyx

1.5.2.1
Technique: Recumbent

The patient is recumbent with the affected side clos-
est to the table and the hips and knees flexed to a
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Fig. 1.7. a Patient positioning for anteroposterior (AP) view of sacrum. b Patient positioning for anteroposterior (AP) view of

coccyx. ¢ AP View of the sacrum. d AP view of the coccyx

comfortable position. For evaluation of the sacrum,
the coronal plane passing 3 inches posterior to the
midaxillary line is centered about the midline of the
table. For evaluation of the coccyx, the coronal plane
passing through the coccyx should be placed about
the center line of the table either by palpation tech-
nique or by appreciating that the coccyx lies approxi-
mately 5in. (12.7 cm) posterior to the midaxillary
line. The vertebral column should be parallel to the
tabletop. Therefore, a small support may be needed
under the lower thoracic/upper lumbar spine. The
arms should be positioned at right angles to the body,
while allowing the patient to grasp onto the table
for support. The pelvis should be in the true lateral

position with the bony landmarks, such as the ante-
rior superior iliac spines, lying in the same vertical
plane with respect to one another. Supports should
be placed under the head, ankles and knees. The film
should be positioned so that its midpoint is either at
the level of the anterior superior iliac spines for the
sacrum or at the level of the center of the coccyx.
For evaluation of the sacrum, the central ray should
be directed perpendicular to a coronal plane 3 in.
(7.6 cm) posterior to the midaxillary line at the level
of the anterior superior iliac spine. For evaluation of
the coccyx, the central ray should be directed per-
pendicular to a coronal plane 3 in. (7.6 cm) posterior
to the midaxillary line at the level of the coccyx.
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Fig. 1.8. a Patient positioning for lateral sacral radiograph. b
Patient positioning for lateral coccyx radiograph. ¢ Lateral
sacral radiograph
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1.5.2.2
Radiographic Evaluation

The lateral aspect of the sacrum or the coccyx is
demonstrated. The sacrum and coccyx should be
seen in their entirety. The posterior margins of the
ischia and ilia should be closely superimposed.

1.6
Radiographic Projections of the Hip

Standard projections for the evaluation of the hip
include AP, lateral (Lauenstein and Hickey), axiolat-
eral (Danelius-Miller modification of Lorenz).

1.6.1
AP Projection of the Hip

1.6.1.1
Technique: Supine

The patient is supine with the pelvis in true AP
position and the sagittal plane passing 2 in. (5 cm)
medial to the anterior superior iliac spine centered
about the midline of the table (placing the femoral
neck at the midline of the table). The elbows should
be flexed and the palms of the hands should rest
gently on the chest or at the patient’s sides. The feet,
unless contraindicated, should be internally rotated
approximately 15°-20° to position the long axes of
the femora parallel to the plane of the film. In the
case of trauma or when fracture or dislocation is
suspected, the feet should not be rotated. Review
of AP of the pelvis should be considered to assess
for fracture or other derangement. The central ray
should be directed perpendicular to the plane of the
film and enter approximately 2.5 in. (6.4 cm) distal
on a line drawn perpendicular to the midpoint of a
line between the anterior superior iliac spine and the
symphysis pubis. Alternatively, the central ray can
be directed to a sagittal plane 2 in. (5 cm) medial to
the affected side anterior superior iliac spine at the
level just superior to the greater trochanter. Respira-
tion is suspended.
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Fig. 1.9. a Patient positioning for anteroposterior (AP) hip radiograph. b AP hip radiograph

1.6.1.2
Radiographic Evaluation

On this projection, the head, neck, trochanters, and
proximal third of the shaft of the femur is well dem-
onstrated. The greater trochanter should be visu-
alized in profile. The lesser trochanter may either
not be seen or may minimally project beyond the
medial border of the femur. The adjacent ilium,
pubic bones, and symphysis pubis should also be
included. Any orthopedic hardware should be com-
pletely visualized.

1.6.2
Lateral Projection of the Hip
(Lauenstein and Hickey)

This technique is not used in patients in whom frac-
ture is suspected or in those who have sustained
trauma.

1.6.2.1
Technique: Supine

The patient is supine and turned toward the affected
sideinto a near lateral position. Care should be taken
not to over-rotate and thereby allow for superimpo-
sition onto the affected side. The ipsilateral knee
should be flexed to near 90° and the opposite thigh
should be extended and supported at hip level. The
head and elevated lower back should also be sup-
ported. The central ray should be directed perpen-
dicularly (for the Lauenstein method) or at a cephalic

Fig. 1.10. a Patient positioning for lateral radiograph of the hip
(Lauenstein method). b Lateral radiograph of the hip
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angle of 20° (for the Hickey method) through the hip
joint, located midway between the anterior superior
iliac spine and the symphysis pubis.

1.6.2.2
Radiographic Evaluation

On this projection, the lateral position of the hip
is optimized. The acetabulum, proximal femur and
the relationship of the acetabulum with the articu-
lating femur are demonstrated. In the Lauenstein
method, the femoral neck will be overlapped with
the greater trochanter.

1.6.3
Axiolateral Inferosuperior Projection of the Hip
(Danelius—Miller)

1.6.3.1
Technique: Supine
(Danelius-Miller Modification of Lorenz)

The patient is in the supine position and the pelvis
is elevated slightly while maintaining a true AP
position without rotation. The unaffected limb is
elevated with the thigh placed in near vertical posi-
tion. The leg should be supported at hip level with
pillows or other supporting structures. The elevated
extremity should be positioned so as to be outside of
collimation field. Tolocalize the long axis of the fem-
oral neck, the center point of a line drawn between
the anterior superior iliac spine and the superior
border of the symphysis pubis should be connected
to a point drawn approximately 1 in. (2.5 cm) distal
to the most prominent lateral protrusion of the

Fig.1.11. Patient positioning for axiolateral inferosuperior
radiograph of hip
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greater trochanter. This will mark the axis of the
femoral neck regardless of the position of the lower
extremity. Unless contraindicated, the foot of the
affected side should be internally rotated approxi-
mately 15°-20° and fixed in position with sandbags
or other device. The elbows should be flexed and
the palms of the hands should rest gently on the
chest or upper abdomen. The cassette should be in
the vertical position exactly parallel to the long axis
of the femoral neck of the affected side. The central
ray should be directed perpendicularly to the long
axis of the femoral neck and centered approximately
2.5in. (6.4 cm) below the point of intersection of
thelocalization lines described above. Respiration is
suspended. Gonadal shielding is not possible with-
out obscuration of significant structures. Therefore,
close collimation is essential.

1.6.3.2
Radiographic Evaluation

The proximal femur, including the head, neck, is
well demonstrated in the lateral projection. The hip
joint with the acetabulum should be well demon-
strated. Any orthopedic hardware should be fully
included.

1.7
Arthrographic Evaluation of the Hip

1.71
Technique: Supine

The patient is supine with the pelvis in true AP posi-
tion. Unless contraindicated, the feet are internally
rotated approximately 15° to get the long axis of the
femora parallel to the film. The feet may be gently
taped together or a sandbag may be placed across the
ankles to minimize movement during image acqui-
sition. In the case of trauma, or when femoral neck
fracture or dislocation is suspected, the feet should
not be internally rotated. The elbows should be
flexed and the palms of the hands should rest gently
on the chest or upper abdomen. Alternatively, the
arms may rest at the patient’s sides. The shoulders
should be in the same transverse plane as the pelvis.
A pillow or other supporting structure should be
placed behind the head and the knees. Palpate the
femoral artery and draw the course of the artery on
the skin with a permanent marker. Mark the mid
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neck and the intertrochanteric line with a perma-
nent marker. Sterilize the skin and drape the sur-
rounding area. Under fluoroscopic guidance, enter
the skin with 18-20 Gauge needle for aspiration or
20-22 Gauge needle for arthrogram at midpoint
of the intertrochanteric line. Advance the needle
anterolaterally toward the head/neck junction along
the femoral neck. Confirm needle position within
hip joint with <1 cc of iodinated contrast material.
Inject 12 cc of contrast material. A 1:200 dilution of
gadolinium with contrast is to be used if MRI is to
be performed after the arthrogram.

Variations of needle position include lateral
oblique, inferior oblique, medial and lateral. Images
should be obtained in AP, 20° posterior oblique, and
abduction.

Fig. 1.12. a Needle positioning for lateral oblique approach for
hip arthrography. b Needle positioning for inferior oblique
approach for hip arthrography. ¢ Needle positioning for
medial approach for hip arthrography. d Needle positioning
for lateral approach for hip arthrography \/

U. J. Skripkus and A. Gentili

1.7.2
Radiographic Evaluation

The hip joint should be outlined with contrast.
Intra-articular bodies, fistula formation, labral
pathologies, synovial processes and evidence of
arthroplasty loosening are demonstrated on radio-
graphic evaluation.
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2.1
Introduction

Computed tomography (CT) and magnetic reso-
nance (MR) imaging are now established methods
of imaging investigation and both methods continue
to develop. CT remains more suitable than MR in
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the assessment of acute trauma (e.g. acetabular frac-
tures), but MR is considerably better for assessment
of soft tissue injuries and tumours. The addition of
arthrography further increases the specificity and
sensitivity of both MR and CT for articular and
acetabular labral lesions. CT remains essential in
the assessment of patients in whom MR is contra-
indicated (e.g. due to intracranial aneurysm clips
or cardiac pacemakers). CT therefore continues to
have a role in the diagnosis and management of
many pathologies of the pelvis and hips. Having
decided that CT is an appropriate investigation for
an individual, the precise format of the examination
will depend upon the suspected pathology and the
equipment available. This chapter describes recent
developments in CT scanners, considerations for
pelvic and hip CT scanning, dose reduction strate-
gies, CT hip arthrography and CT guided interven-
tion. The main aim is to outline those considerations
that should optimise the images obtained, whilst
minimising the radiation dose to the patient, what-
ever CT scanner is used.

2.2
Developments in CT

A CT image is a Cartesian co-ordinate map of nor-
malised X-ray attenuation coefficients, generated by
electronically filtered computerised back projection
of X-ray transmission measurements in multiple
directions through asection of the objectin question.
Those areas where recent developments have been
made include helical scanning, multislice acquisi-
tion and real time CT “fluoroscopy” (DawsoN and
LEEs 2001). These developments have been made on
the back of improving technology which includes
slip-rings for power and data transmission to and
from the gantry, higher heat loading and more rapid
heat dissipation X-ray tubes, high efficiency solid
state X-ray detectors, faster data transmission and
processing abilities of the electronics.
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2.2.1
Slip Rings

The use of cables to supply power and take data from
the rotating scanner gantry has now been super-
seded by slip rings. Replacing the cables with slip
rings (large circumference electrically conducting
rings) which encircle the X-ray tube path, and trans-
ferring power from the rings to the X-ray tube via
conducting brushes on the X-ray tube gantry, allows
the gantry to be continuously rotated in one direc-
tion. This has several advantages over the alternat-
ing wind up and unwind gantry rotation directions
required by continuous cables. Rapid acceleration
and deceleration of the gantry are no longer required
yet a faster rotation speed can be achieved giving
shorter scan acquisition times. The time delay
between slices need be no longer than that required
for table movement in conventional acquisition
mode and the potential for acquiring continuously
updated X-ray transmission data allows both helical
scanning and CT fluoroscopy.

2.2.2
X-Ray Tubes

The development of slip rings resulted in a require-
ment for X-ray tubes to have both a higher heat
capacity and a higher maximum tube current, as
the mAs required for a single slice remained much
the same but the time in which the slice was acquired
was reduced. As an alternative to higher heat capac-
ity, more rapid heat dissipation from the tube has
been developed by one manufacturer. In addition,
for helical scanning continuous X-ray output for up
to 60 s may be required. The disadvantage of these
X-ray tubes is the increased ease with which high
radiation doses can be given to patients during CT
investigations.

2.2.3
X-Ray Detectors

Xenon gas detectors, used in CT scanners for many
years, have a conversion efficiency (X-rays to signal
strength) of around 60%, which can diminish fur-
ther if the detectors are not maintained. Solid state
crystal detectors may have conversion efficiencies of
nearly 100%, resulting in a 40% reduction in patient
radiation dose for the equivalent scan appearances.
The tendency for solid state detectors to continue
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emitting light after the X-rays had terminated (after-
glow), and other technical problems with respect to
the size of the front face of the individual detectors
and the interspace material between adjacent detec-
tors have been largely overcome.

The ease with which solid state detectors can be
stacked in parallel adjacent channels has facilitated
the development of multi-slice scanners. These
scanners can acquire multiple sections simultane-
ously, which can be separately processed to give
large numbers of thin sections, or recombined to
give fewer thicker sections with lower noise.

2.2.4
Helical CT (Spiral or Volume Scanning)

The requirement for a break in the X-ray emission
whilst the table is moved to the next slice position
was overcome by the development of helical scan-
ning. Helical scanning is performed by moving
the table continuously during the exposure, from
the first slice location to the last. Thus a helix of
X-ray transmission data through the scan volume
is acquired. To generate a CT image the data from
adjacent turns of the helix are interpolated to pro-
duce transmission data which are effectively from
a single slice location (KALENDER et al. 1990). This
process can be performed at any location within the
helix, (except the first and last 180°’s — where there
is no adjacent helix of data for interpolation). In
this way overlapping slices can be produced without
overlapping irradiation of the patient. The relation-
ship between the X-ray fan beam collimation and the
table movement per rotation of the gantry is called
the pitch ratio. Extended or stretched pitch scans
are performed with pitch ratios greater than 1. Such
extended pitches can be used to trade off between
greater scan volumes; shorter scan acquisition times
and lower scan radiation doses. Stretching the pitch
ratio to 1.25 haslittle effect on the image appearances,
but pitch ratios greater than 1.5 produce images with
effective slice thickness’ significantly greater than
the nominal fan beam collimation thickness. Mul-
tislice scanners in particular may use pitch ratios
of less than 1, this increases patient radiation dose
and scan acquisition time but reduces image noise
and some spiral scanner artefacts. By increasing the
number of detector arrays (“multi-slice scanner™)
several interlaced helices can be acquired simultane-
ously with the table increment per gantry rotation
increased proportionately (McCoLLOUGH and ZINK
1999). Initial developments in multi-slice scanners
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were aimed at reducing individual slice thicknesses,
but once z-axis resolution is equivalent to in plane
resolution, further reduction in slice thickness is of
limited value. Adding further rows of detectors will
then increase the total width of the detector bank.
Whilst offering the potential for faster scan acquisi-
tion, the increasing divergence of the X-ray beam to
the outer rows of detectors creates a “cone beam”
geometryfortheX-raybeam paths,requiringcomplex
data corrections to reduce artefacts in the resultant
images. Currently scanners offering up to 64 detector
rows with up to 4 cm total detector width are avail-
able. Flat panel detectors, based on the Direct Digital
Radiography technology, for CT data acquisition are
under development. These detectors will allow both
increased total detector width and variable effective
slice thickness. The end result will be a scanner that
can acquire the full examination data from a single
gantry rotation without table movement. Whilst this
offers significant reduction in acquisition time and
total X-ray tube loading, recently developed radia-
tion dose reduction techniques that modulate the
X-ray tube current according to slice location will
no longer be applicable.

Currently available individual detector widths of
between 0.5 and 0.75 mm can achieve Y-axis reso-
lution equivalent to in-plane resolution, giving true
isometric voxels and consequent equivalent quality
reformats in any plane.

The combination of multislice and helical scan-
ning results in volume scan acquisition times which
are many times faster than a single slice helical
scanner with the same gantry rotation speed, and
one or even two orders of magnitude faster than a
non-spiral scanner. Multislice scanning reduces X-
ray tube loading requirements as it acquires several
slices simultaneously with the same tube loading
as a single slice would require on a conventional
scanner. The patient radiation dose however is not
directly reduced and may be increased if greater vol-
umes are scanned.

2.2,5
CT “Fluoroscopy”

In conventional CT transmission data from a 360°
gantry rotation is required to generate an image. This
is because two opposing beam paths then exist for
each ray across the imaging volume. This produces
improved signal to noise, corrections for the effects of
divergent X-ray beams along each ray and beam hard-
ening effects. Images can also be produced using 270°
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or even 180° gantry rotation datasets. Such “partial
scan” images have acquisition times proportionately
shorter than full rotation scans. This can be useful for
reducing movement artefacts in selected patients. For
a0.5 s per rotation scanner, the effective scan acquisi-
tion time will be one quarter of a second (250 ms). If
the gantry continues to rotate and acquire data with-
out table movement, continuously updated transmis-
sion data will be collected from which revised images
can be generated. With extremely rapid processors
and appropriate reconstruction algorithms, further
delay for image reconstruction can be minimised and
a continuously updated CT image displayed in “near
real time” (Hsien 1997). Such “CT fluoroscopy”
imaging can be used for CT guided interventional
procedures. As with all fluoroscopic procedures care
should be taken to reduce fluoroscopy time to the
minimum necessary and to avoid operator irradia-
tion - instruments designed to keep the operators
hands out of the CT section (DALY et al. 1998) and
use of the lowest selectable tube current 50 mA is
sufficient (FROELICH et al. 1999) are advocated. To
assist in maintaining short CT fluoroscopy exposure
times, routine recording and auditing of fluoroscopy
exposure times is advocated. An audible alarm after
a preset exposure time may also assist in keeping
exposures as short as possible. The use of alead drape
adjacent to the irradiated volume has been demon-
strated to reduce operator exposure (NAWEFEL et al.
2000). High skin doses to patients and operators will
occur if care is not taken.

2.2.6
Data Manipulation

The vast masses of image data acquired from a
multislice spiral scanner produces problems of data
storage and interpretation. It is no longer feasible to
produce hardcopy images of every available section.
With isometric voxels, reformatted images in any
other image plane will have the same image quality
as the acquisition images, potentially requiring even
further hard copies.

Fast workstations, allowing rapid reformatting
and display of examinations in the most appropri-
ate plane for the pathology being demonstrated
are therefore necessary, with hard copy restricted
to representative images. Other image reconstruc-
tion methods (curved planes, surface rendered 3D
images, minimum or maximum intensity projec-
tions, “transparent bone”) can produce an array of
visually stunning images (Fig. 2.1).
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Fig.2.1. a 3D surface shaded reconstruction, rotated to demonstrate a central fracture/dislocation of the hip. b “Transparent
bone” reconstruction of the same CT data

The current state of the art device has a multislice
helical scanner with solid state detectors, sub-second
scan acquisition and image reconstruction times,
CT fluoroscopy capability and a link to a power-
ful workstation with real time image manipulation
software and a digital image data archive.

2.2.7
Reformatted Images

As spiral multislice scanning produces overlapping
sections and thinner slice collimation (less than
1 mm), in plane and reformatted plane spatial reso-
lutions are now similar, even for CT images from
small fields of view. Volume acquisitions obtained
in any plane can therefore be reformatted into other
planes without loss of image quality (Fig. 2.2). For

Fig.2.2. Coronal reformatted image of a fracture/dislocation
of the right hip

scanners not capable of such fine collimation, CT in
the most appropriate plane for the expected pathol-
ogy is still preferable if achievable. For non-helical
scanners, overlapping transverse sections with a
table increment of half the slice thickness will pro-
vide better z-axis resolution, but at twice the radia-
tion dose to the patient.

2.3
Scan Image Quality

The amount of noise, beam hardening and streak

artefacts in a CT image are dependent upon the fol-

lowing factors:

e Collimation slice thickness

e Partial or full rotation dataset

e Mass and distribution of tissue in the scan
plane

e Scan time/movement

High density extraneous material (e.g. contrast

medium spills, surgical metalwork)

KVp and mAs

Field of view

Matrix size

Reconstruction algorithm

Post-processing image sharpening or softening

filters

e Viewing window width and level settings

Most of these factors are amenable to selection or
modification by the scanner operator and can mark-
edly affect the quality of the final image. The relation-
ships between image noise, mAs and patient size are
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non linear, with a halving of patient size resulting in
a quartering of image noise, whilst a fourfold increase
in mAs is needed to half the image noise. For small
patients, image noise is effectively low at all mAs
settings and the absolute reduction in image noise
achieved by quadrupling the mAs is small (Fig. 2.3).
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Fig 2.3. The influence of size and mAs on image noise for a
CT scanner. Sections were performed through water density
phantoms with 10 mm slice collimation

In addition, if the pathology being imaged is osse-
ous, the width of the usual viewing window for bone
renders noise less perceptible. As children are more
radiation sensitive than adults as well as smaller,
particular attention should be paid to reducing the
mAs in this group of patients.

Streak artefacts can be generated by high density
material within the scan plane but outside the field
of view of the scanner. Tabletops, which contain
edge grooves, tracks for the fixing of attachments
or detachable mattresses can act as traps for spilt
contrast media. Contrast droplets on the gantry
window will also cause image artefacts. Scrupulous
care to keep the tabletop and gantry clean is needed
to remove these sources of artefact.

2.3.1
Internal Metalwork from Fixation Devices

The streak artefact generated from in-situ intra-
medullary rods is rarely excessive, and does not
prevent adequate assessment of the bone cortex,
making CT of value in assessing femoral fracture
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union in selected cases. More intrusive streak arte-
fact is seen when the CT plane is through locking
screws in intramedullary rods, bone surface plates,
hip joint replacements or fixation screws. Care in
patient positioning (including decubitus positions
where necessary), combined with gantry angulation
in order to align the scan plane with the long axis of
any screws present will reduce the number of sec-
tions degraded by streak artefact from the screws
to a minimum and in the case of unilateral hip
replacement may allow scanning of the contralateral
hip without including the replacement metalwork
in the scan plane at all. In scanners with operator
selectable kVp, the use of the highest kVp setting
will reduce streak artefact, as will the selection of a
higher mAs (though the combination of increased
kVp and mAs results in considerably greater tube
loading and patient irradiation). Streak artefact also
may appear visually less intrusive on volume ren-
dered (3D) images (PRETORIUS and FISHMAN 1999).
The streak artefact from modern titanium hip pros-
theses on multislice spiral scanners usually does not
seriously degrade the images (Fig. 2.4).
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Fig 2.4. Coronal reformatted image through a hip replacement,
demonstrating the bone-cement interface despite beam hard-
ening and streak artefacts

2.3.2
CT Number, Hounsfield Units, Window Width
and Levels

The scale of numbers used to define the greyscale
in CT images is artificially limited by data stor-
age constraints. The CT number scale runs from
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-1000 for air, through 0 for water. The top end of
the scale is usually constrained to fit into a 12-bit
binary number (allowing number values from -1024
to +3072 to be stored). The Hounsfield unit (HU)
is the true value which the CT number should rep-
resent. Scanner drift, calibration error, artefact or
other limitation may render this inaccurate, which
is why measurements made from scan images are
best called CT numbers.

The Hounsfield unit value for any material is
defined by formula 1:

HU, = 1000 (pg-p,/p,)

Where HU;=The Hounsfield unit value for sub-
stance s

n,=Linear attenuation coefficient for substances
= Linear attenuation coefficient for water

This formula relates the HU value to the linear
attenuation coefficients of the material being mea-
sured and water. As the linear attenuation coeffi-
cients of all materials change with X-ray beam energy,
there are consequently only two fixed points on the
Hounsfield scale. These are -1000, which is the HU
value for no X-ray attenuation (i.e. a vacuum), and
zero, which corresponds to the HU value for water
(at the calibration pressure and temperature for the
scanner). The HU scale is, in fact, open ended, with
high atomic number, high density materials having
values way in excess of the upper end of the usual
scale (even on “extended scale scanners) (Table 2.1).

Table 2.1. Theoretical HU values for a variety of materials at
65kV

Adipose tissue -80
Water 0
Collagen 250
Dense cortical bone 1600
Aluminium 2300
Iron 34000
Todine 141300
Lead 205000

The theoretical Hounsfield value for dense corti-
cal bone calculated at an effective beam energy of
65 keV (equivalent to a scanner operating at around
120 kVp) is in the region of 1600 (Fig. 2.5). At lower
energies (e.g. 55kV - the approximate effective
energy of a scanner operating at 80 kVp), the HU
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Fig.2.5. The influence of scanner kV on CT numbers for bone
and soft tissues

value for dense cortical bone is over 2000. Other
high atomic number materials (contrast media,
aluminium, and metal fixation devices) also show
marked variation in HU value with beam energy. By
contrast, the HU values of soft tissues, collagen and
fat vary very little with effective beam energy as the
linear attenuation coefficients for these materials
closely follow those of water.

Consequently, in scanners which allow the oper-
ating voltage to be changed, the CT number for bone
canbeincreased by usingalowkVp (around 80 kVp).
This increases the dependence of the CT number on
the presence of bone or calcification and is particu-
larly used for quantitative measurement of mineral
density. A high kVp (usually around 140 kVp) can be
selected to reduce the CT number of bone and met-
alwork, which has some effect in reducing streak
artefacts.

For lower atomic number materials such as are
present in soft tissues, the X-ray attenuation and con-
sequent CT number is predominantly influenced by
the electron density of the material, which is, in turn,
closely related to the physical density of the material.
Even the CT number of water is influenced by differ-
ences in temperature and differences in density exist
between water at room and at body temperature. The
presence of protein or high concentrations of salts
will increase the CT number of body fluids. Measure-
ment of the CT number of a region of interest in an
image must therefore be considered only a guide to
its composition. At an extreme not met in clinical
practice, but potentially relevant to research, the CT
number of ice at 0°C (approximately -80 HU) is lower
than that of fat, the CT number of which increases as
it cools (WHITEHOUSE et al. 1993).

The visual impression of the density of a region
of interest is influenced by the window and level set-
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tings of the image, the calibration of the display and
the densities in the surrounding part of the image.
Particularly within bone, the surrounding high den-
sity of bone can give a lytic lesion the visual impres-
sion of a lower density than actually exists. Conse-
quently, measurement rather than estimation of any
region of interest is essential, recording an image in
which the CT numbers of important regions of inter-
est are measured is a useful addendum to the hard
copy.

The window width and level are calibrated con-
trast and brightness settings for image display. The
most appropriate window level for cortical bone will
be influenced by the bone density and the effective
scan energy, whilst the window width may need to
be quite narrow to demonstrate subtle intracortical
density changes.

Reviewing images on the console prior to print-
ing hard copies is recommended to obtain the best
image settings for individual patients and to avoid
overlooking pathology not demonstrated at “stan-
dard” settings.

2.3.3
Radiation Dose Reduction

CT of the pelvis typically gives an effective dose
of 4 mSv for each acquisition in adults. Where soft
tissue abnormality is being assessed, the combina-
tion of pre- and post contrast scans without exces-
sive image noise will thus result in a dose of around
8 mSv. Beam hardening and streak artefacts from
the dense bony ring of the pelvis are reduced by
higher mAs and consequently even higher radia-
tion doses. As regulatory authorities require medi-
cal exposure to ionising radiation to be both jus-
tified and minimised if performed, the relatively
high radiation burden that CT of the pelvis delivers
requires particular consideration. The increased
ease with which CT scans can be obtained due to
the speed and availability of multislice scanners is
also generating debate about safety and dose reduc-
tion strategies (KALRA et al. 2004). For scans thatare
justified, use of the scout view to accurately identify
the required limits of the scan should be mandatory,
with rapid review of the top and bottom section to
confirm adequate coverage. The mAs setting should
be chosen to suit the size of the patient (JANGLAND
et al. 2004), with particular care to select the lowest
acceptable setting for children (FrRusH et al. 2003)
and also the required image noise - images for
high contrast structures such as bone or CT guided

21

biopsy needles are adequate at a much lower mAs
than images for soft tissue lesions. Modern scan-
ners offer tube current modulation, which varies
the mAs during a scan, with the most sophisticated
systems altering the mAs continuously to suit the
attenuation of the patient in each projection. In the
pelvis the markedly higher attenuation in the lateral
projection compared to the AP projection results
in a sinusoidal variation in mAs during scanning
which can reduce the effective radiation dose by
around 30% whilst not affecting or even improv-
ing image noise and streak artefacts (KALENDER
et al. 1999). Where available such dose modulation
should be the default scanner setting. Specific female
gonad shielding is not possible on CT but encase-
ment of the testicles by a “testis capsule” has been
shown to reduce testicular radiation dose by 95%
for abdominal CT scans (HIDAJAT et al. 1996). CT
fluoroscopy systems may offer the option of turning
off the tube current over an arc where the tube is
above the patient. Whilst this is primarily intended
to reduce operator exposure during interventional
procedures, it will also reduce male patient testicu-
lar dose in pelvic procedures.

24
CT of the Hip and Pelvis

CT of the pelvis is a common component of abdomi-
nal CT scanning. Scanning of the pelvis for muscu-
loskeletal disease is less frequent but remains the
best investigation for pelvic fracture assessment.
Other indications include CT measurement of femo-
ral anteversion and some guided biopsy or ablation
procedures. Most soft tissue pathologies around the
pelvis and hips are better assessed by MR imaging.

241
Anatomy

Detailed knowledge of the anatomy and its appear-
ances in all imaging planes is a prerequisite for ade-
quate scan interpretation. Knowledge of anatomical
structures not easily or consistently demonstrated
on CT is still needed to assess the likelihood of
their involvement by any pathology that is demon-
strated. The anatomy of the region is best reviewed
in appropriate detailed texts. Selected CT images
are included here for comparative purposes (Fig. 2.6
and Table 2.2).
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Fig. 2.6a-d. Anatomy of the pelvis on selected transverse (a,b) 1.25 mm CT sections and coronal (c,d) reformatted images. Line
drawings of each section identify structures as enumerated in Table 2.2
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Table 2.2. Anatomical structures shown in Fig. 2.6

1 Gluteus minimus

2 Gluteus medius

3 Gluteus maximus

4 Tensor fascia lata

5 Sartorius

6 Rectus abdominis

7 Iliacus

8 Psoas

9 Piriformis

10  Superior gluteal vessels
11 Ilio-psoas

12 Rectus femoris

13 Sciatic nerve with vessels
14  Gemellus muscles and obturator internus tendon
15 Obturator internus

16 Pectineus

17 Femoral vessels

18  Adductor brevis

19  Obturator externus

For the clearest depiction of articular surfaces
and fractures, images perpendicular to the plane of
the articulation or fracture are usually best, whilst
for tendons and ligaments an imaging plane perpen-
dicular to the long axis of the structure is useful, this
may require thin section scanning with reformats.

2.4.2
Immobilisation

Gross patient movement artefact is not common in
pelvic scanning. Bowel peristalsis and respiratory
movements also usually have negligible effects on
pelvic CT. Polytrauma patients may be immobil-
ised on a spinal board, these are usually designed
to be relatively radiolucent and do not interfere with
scanning.

2.4.3
Patient Positioning

AS described above, volume acquisitions obtained
in any plane can be reformatted into other planes
without marked loss of image quality. For scanners
not capable of such fine collimation, CT scanning in
the most appropriate plane for the expected pathol-
ogy is still preferable. Care in positioning the patient
on the scanner table in supine or decubitus posi-
tions and judicious use of gantry angulation to avoid
orthopaedic metalwork are the commonest modi-
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fications to pelvic CT scanning (Fig. 2.7), though
not all scanners can perform multislice acquisitions
with an angled gantry.

2.5
Indications

CT of the pelvis and hips is particularly suited to
the demonstration of complex bony anatomy such as
the evaluation of bony morphological abnormalities
and fractures. Intraosseous tumours are well dem-
onstrated, for example the nidus of an osteoid oste-
oma, which can be overlooked on MR imaging, is
characteristic and clearly demonstrated on CT. The
presence of tumour matrix ossification or calcifica-
tion is also clear on CT. In osteomyelitis, the pres-
ence and location of sequestra are revealed. With
the addition of arthrography, osteochondral and
acetabular labral lesions will be well demonstrated.
Soft tissue pathology is less well demonstrated than
with MR and intravenous contrast medium injec-
tion provides less satisfactory contrast enhancement
than the equivalent MR examination but valuable
information on soft tissue lesions is still obtainable
from CT (for example, size, extent, tumour calcifica-
tion, enhancement, articular involvement). CT can
be used to guide biopsy and aspiration procedures.

The accurate three dimensional localisation of
the bone anatomy with CT can be used to calculate
the mechanical axes of long bones and the relation-
ships of the joints. This can then be used in the pre-
operative planning of joint replacements. The CT
scanogram, usually used to identify the start and
finish points for a CT investigation, can also be used
for limb length measurements.

The limitations of CT are usually described in
relationship to MR, and consequently the poorer
soft tissue contrast of CT is top of the list. Where MR
is available and not itself contra-indicated, it is the
most appropriate modality for imaging soft tissue
lesions. The other limitations of CT in relation to
MR are the direct multiplanar capability of MR and
the use of ionising radiation with CT.

2.5.1
Trauma

In the acutely traumatised patient, speed and patient
safety are important requirements for a satisfac-
tory examination. This gives limited scope for scan
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Fig. 2.7a-d. Scout view (a)and axial section (b) with conventional positioning demonstrate streak artefact from hip replace-
ment, whilst a decubitus position and angled gantry avoids the hip replacement (c) and no streak artefact occurs over the

contralateral hip (d)

technique modifications. As the primary aim of the
examination is to determine the size and disposition
of fracture fragments and joint alignments, the aim
is to ensure adequate coverage of the injured region
in a single helical acquisition with effective slice
thickness appropriate to the size of the fracture frag-
ments. For osseous detail, even in the pelvis, a low
mAs is sufficient, but haematomas may still being
evident (Fig.2.8). An AP scout view to determine
appropriate start and end points for the acquisi-
tion should be routine. The smaller the collima-
tion thickness, pitch, and reconstruction interval,
the better the quality of reformatted planar and 3D
images, giving overlapping helical acquisition sec-
tions a small advantage over conventional contigu-
ous transverse sections for fracture classification.

If helical scanning is not available, a mixed pro-
tocol of thicker sections to cover the extent of the
fracture, with thinner sections through the region of
the articular surface injury can also be used. Three-
dimensional surface reconstructions provide an
easily interpreted overview of fracture fragment dis-
position, particularly useful in badly comminuted
injuries (PRETORIUS and FISHMAN 1999).

2.5.2
Articular Cartilage

Thin section CT (particularly multislice helical)
combined with arthrography (see Sect. 2.6) has been
used as the gold standard for measuring articular
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Fig.2.8. Axial CT sections of a central fracture/dislocation of the
hip. Note the haematoma in the pelvis, displacing the bladder

cartilage thickness and volume in the knee. These
techniques are probably equally applicable to the
hip, though there is little published literature on CT
hip arthrography.

These measurements are of increasing clinical
importance as targeted treatments for osteoarthritis
are being developed (HaANGODY et al. 1998). Many of
these studies are aimed at validating MR methods
of cartilage measurement in the knee, rather than
advocating the use of CT arthrography (ECKSTEIN
et al. 1997, 1998; HAUBNER et al. 1997). Neverthe-
less, CT arthrography currently remains more sen-
sitive than non-arthrographic MR for subtle carti-
lage defects (DAENEN et al. 1998) and the minimally
invasive technique allows accurate measurement
of capsular volume, fluid aspiration for labora-
tory studies and injection of therapeutic agents as
required (BERQUIST 1997).

2.5.3
Femoral Anteversion

Femoral anteversion is a measure of the angle of the
femoral neck, relative to a line across the back of the
femoral condyles, as viewed down the long axis of the
femur (Fig. 2.9). The degree of femoral anteversion is
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often increased in conditions such as cerebral palsy.
Surgical correction of this rotational deformity of the
femur is considered to be of value in improving lower
limb function in these patients. Methods of measuring
femoral anteversion have been described using plain
film, CT, MR and US. The CT measurement is prob-
ably most widely used and robust (Kuo et al. 2003).
Both two- and three-dimensional CT techniques have
been described, the three-dimensional methods being
particularly valuable when the femur is not aligned
with the z-axis of the scanner - for example if the hip
is flexed and adducted. The 3D technique scans the
entire femur and a 3D surface render of the femur
is then rotated on the workstation to generate a true
axial view from which the measurement can be made.
Whilst more accurate in this situation than a 2D
method, the accuracy is still sub-optimal, with errors
of over 5° in 86% of in vitro test objects in one series
(DaviIDs et al. 2003). 2D methods require a pair of
single sections through the femoral neck and femoral
condyles, though more than one section at each site
may be required, particularly if the femoral neck has
a valgus deformity. Normal adult value for femoral
anteversion is 12-15° (DELAUNAY et al. 1997).

Fig. 2.9. Axial CT images of the femoral neck and condyles,
presented side by side for clarity. The angle (4) between a line
along the femoral neck and the posterior margins of the con-
dyles is the femoral anteversion

2.5.4
Soft Tissues

The imaging examination of soft tissue masses and
synovial diseases of the hip is best undertaken by MR
(withorwithout Gd-DTPA enhancement), augmented
by radiographs and possibly specialist US examina-
tion. CT has a limited role where these methods are
contra-indicated or unavailable but some patholo-
gies (e.g. fatty tumours such as lipoma arborescens,
calcified lesions — synovial osteochondromatosis,
gouty tophi and dense lesions such as pigmented vil-
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lonodular synovitis) may have characteristic appear-
ances on CT (CHEN et al. 1999; LiN et al. 1999). CT is
unreliable for follow-up scanning of the resection site
of soft tissue sarcoma (HuDsoN et al. 1985).
Contrast enhancement can be used with volume
rendering to demonstrate arterial and graft stenosis
and obstructions after vascular surgery down to the
popliteal vessels (IsHikAawA et al. 1999) and other
vascular lesions. Similarly, soft tissue enhance-
ment in masses or synovium can be demonstrated
but timing is critical, with peak enhancement being
later, less marked and more variable in onset than in
the abdomen. CT scanner software which pre-scans
at low mA to detect the onset of enhancement and
triggers the study at that point may have a role.

2.5.5
Tendons

The tendons around the pelvis and hips are clearly
depicted by CT. In cross section, tendons appear as
homogeneous, well circumscribed, rounded densi-
ties of higher attenuation than other soft tissues,
usually having CT numbers in the range of 75-115
and thus being visible within their muscles of origin
as well as when surrounded by fat in their more distal
courses. Tendons are therefore best demonstrated
with sections perpendicular to their courses. Fluid
around the tendon may be identified on CT as a ring
of lower attenuation surrounding the tendon, though
with less sensitivity to small quantities of fluid than
MR. Tendinosis and tendon rupture can also be dem-
onstrated on CT, with thickening and reduction in
attenuation of the tendon being seen. 3D reforma-
tions from multiple thin sections can provide exqui-
site demonstration of tendon and osseous anatomy.
Thus whilst CT can be used to demonstrate gross
tendon pathology and associated osseous abnor-
mality, MR is more sensitive and more specific for
the tendon lesion. Scar tissue, oedema, early tendon
degeneration and small amounts of inflammatory
fluid are difficult to differentiate on CT.

2.6
Arthrography

CT arthrography can be performed as an adjunct
to conventional hip arthrography. With double con-
trast arthrography, CT can be performed immedi-
ately after the conventional examination as only
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a small amount of iodinated contrast medium is
injected (3-6 ml of 300 mgl/ml). If single contrast
arthrography is performed with larger quantities
of dense contrast, an interval of 2-3 h between the
conventional technique and the CT examination
allows the contrast medium density to dilute to a
level appropriate for CT. If an immediate CT arthro-
gram is planned, appropriate reduction in contrast
medium concentration is needed e.g. 150 mg I/ml
non-ionic water-soluble contrast medium.
Indications for CT arthrography in any joint are
the demonstration of intra-articular loose bodies
(TEHRANZADEH and GABRIELLE 1984), chondral
lesions and osteochondral defects. In the hip, CT
arthrography may also be used for the evaluation
of labral tears, assessment of severe proximal femo-
ral focal deficiency in neonates (CourT and CAR-
L10z 1997) and in the investigation of anterior hip
pain (MANSOUR and STEINGARD 1997). Arthrogra-
phy can be combined with diagnostic joint aspira-
tion. Posterior capsule redundancy in patients with
recurrent posterior hip dislocation has also been
demonstrated (GRAHAM and Larp 1990).

2.6.1
Technique

Fluoroscopy screening is used for needle placement
and confirms correct location during injection of
contrast medium. Local anaesthetic should not be
necessary, though preparation of the skin with topical
anaesthetic cream may be useful in children. Using
an aseptic technique, a small gauge, adequate length
needle (e.g. a 23-G “spinal” needle) is introduced
into the hip joint from an anterolateral approach,
avoiding the femoral vessels and aiming to hit the
femoral neck at the junction with the femoral head,
this part of the femoral neck still being intracapsu-
lar. A slightly inferior skin entry point with mild
cephalad angulation of the needle assists in accurate
needle placement. A single contrast technique with
3-6 ml of 150 mg/mlI contrast is satisfactory fora CT
arthrogram and avoids the streak artefact that may
occur at air/fluid interfaces. AP fluoroscopy during
injection confirms correct needlelocation as contrast
should flow rapidly away from the needle tip into the
joint. A misplaced needle results in focal accumula-
tion of contrast at the needle tip. After removing
the needle, gentle manipulation ensures the contrast
extends throughout all the joint capsular recesses.
After conventional arthrographic films if required,
axial CT through the hip is performed (Fig. 2.10).
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Fig. 2.10. Axial, coronal and sagittal images from a CT hip arthrogram. Performed to investigate pain and “clicking” after pin-
ning of a stress fracture of the femoral neck. CT arthrography was performed as it was anticipated that the internal fixation
would interfere with MR imaging. (Images courtesy of Dr W. Bhatti, Consultant Musculoskeletal Radiologist, Wythenshawe

Hospital, UK)

2.7
CT Guided Interventions

CT is being increasingly used to guide interven-
tional procedures, recently encouraged by the
development of CT fluoroscopy which enables more
rapid and accurate placement of needles and inter-
ventional devices (DE MEY et al. 2000). As described
above (Sect. 2.2.5) care needs to be taken to mini-
mise operator and patient X-ray exposure during
CT guided biopsy. CT fluoroscopy times of around
10 s should suffice for most biopsy procedures
(GOLDBERG et al. 2000). Limiting the fluoroscopy
to identification of the needle tip rather than the
entire needle will also reduce operator and patient
radiation dose (SILVERMAN et al. 1999). The CT sec-
tion thickness should be appropriate to the size of
the lesion, otherwise partial volume averaging may
include both the needle tip and the lesion in the same
section, erroneously suggesting an accurate needle
location. CT can be used to guide biopsy of bone
and soft tissue lesions. Where primary malignancy
is present then the course of the biopsy track and the
compartment(s) through which it passes may need
excision with the tumour at the time of definitive
surgery. Biopsy of such lesions must therefore only
be performed after consultation and agreement of

the approach with the surgeon who will carry out the
definitive treatment. Accuracy of CT guided biopsy
isincreased if specimens are obtained for both cytol-
ogy and pathology, overall accuracy of around 80%
should be achieved (HoDGE 1999).

Percutaneous treatment of osteoid osteoma can
also be performed with CT guidance. A preliminary
diagnostic scan is usually performed (Fig. 2.11). For
the procedure a planned approach avoiding vascu-
lar structures is required, the femoral vessels are
usually clearly visible on non-enhanced CT but a
preliminary contrast enhanced scan to identify the
vessels can be performed if necessary. It is possible
to treat osteoid osteomas by complete removal via
CT guided biopsy (VoTo et al. 1990), this may be dif-
ficult to achieve with biopsy needles unless a large
bore needle is used and several passes are made
through the lesion. More recently techniques aimed
at destroying the tumour with heat, either from
a radiofrequency ablation probe or a laser heated
probe, both of which are available with fine probes
for passage down a biopsy needle have been used
(Fig. 2.12). In either case, to avoid complications the
lesion to be treated should be more than a centime-
tre from neurovascular or other critical structures.
A preliminary biopsy for histological confirmation
of the diagnosis is necessary as in one series, 16% of



Fig. 2.11. Coronal reformatted image demonstrating an oste-
oid osteoma in the femoral neck

Fig.2.12a,b.a Axial low mAs image demonstrates a biopsy drill
placed down to the superficial surface of an osteoid osteoma,
without transfixing the nidus - allowing a bone biopsy needle
to be passed through the lesion for histological confirmation.
b Radiofrequency ablation probe placed across the nidus
through the biopsy track

lesions were not osteoid osteomas (SANs et al. 1999).
Osteoid osteomas can cause severe pain when biop-
sied, although some series report the use of local
anaesthesia, epidural or general anaesthesia may
be necessary. Although the bulk of CT guided inter-
ventional procedures are performed by radiologists
in the radiology department, the development of
mobile CT scanners has allowed the use of CT guid-
ance for procedures performed in theatre, allowing
the orthopaedic surgeon to make greater use of CT
guidance for minimally invasive procedures.
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2.8
Conclusion

With appropriate attention to technique, CT con-
tinues to have a role in the diagnosis and manage-
ment of many conditions in and around the pelvis
and hips. Some pathologies will however, only be
adequately demonstrated using CT arthrography
and/or a scanner capable of sub-millimetre resolu-
tion in the y-axis.
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3.1
Introduction

During the past decade MR imaging of the hip joint
has gained high value. Nowadays, this method plays
an important role in the evaluation of hip disor-
ders. Scanning techniques have improved dramati-
cally and provide MR images with excellent qual-
ity. However, an optimal MR examination obtains
a maximum amount of information in a given time
period. Local practices and other factors dictate cer-
tain aspects of the examination. In every clinical set-
ting there must always be a compromise between a
long examination, which may be unnecessarily thor-
ough, and a cursory study, which leaves major ques-
tions unanswered. Normally, most institutions use a
routine protocol which provides adequate visualiza-
tion of the hip joint and demonstrates the majority
of pathologic changes. Additional protocols may be
tailored to specific clinical problems. The demon-
stration of most pathology within the hip requires
pulse sequences that provide optimal visualization
of mobile water-bound protons. Increased water
content is seen in joint effusions, and in ligaments,
tendons and muscles following injury. It is also pres-
ent in inflammatory changes, in soft tissues, and in
bone marrow edema following contusions. However,
some questions can only be answered with sufficient
accuracy by using intraarticular administration of
contrast agents. A high spatial resolution is a further
requirement for imaging of the hip joint, especially
if subtle pathologic changes are suspected.

3.2
General Considerations

Many factors contribute to image quality. In addi-
tion to the hardware employed, these include the
signal to noise ratio (SNR), contrast to noise ratio
(CNR), spatial resolution, pulse sequences, and scan
time. The field strengths of the main magnet field
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vary from low to high (0.2-1.5T). More recently,
whole body 3 T magnets have become commercially
available, and are used for routine clinical imag-
ing. The field strength influences directly the SNR.
In a first approximation, the MR signal increases
linearly with the main magnetic field, and, there-
fore, a higher field strength magnet offers a better
SNR and, consequently, a shorter examination time
may be expected or the spatial resolution can be
increased without the drawback of loss of signal
to noise difference. Because of claustrophobia in a
some patients, there is increasing interest in open
MR units operating at magnetic field strengths of
0.2-0.7 T for use in body imaging. The advantages
of these systems are that they are easier to install
and cheaper to maintain than whole body imaging
systems operating at higher field strengths. Recent
studies employing ultra-high field strengths of 3.0 T
are very promising in producing higher resolution
images (N1I1TSU et al. 2000; PETERSON et al. 1999). In
fact, musculoskeletalimaging is considered to be one
of the major reasons for continued developments of
3.0 T systems. Besides the main magnetic field, there
are many other technical factors which influence the
SNR. Most importantly, dedicated coils are essential
for optimal signal. However, simultaneously phased
array coils have demonstrated certain advantages in
hip examinations, as well as offering the possibil-
ity to image both hip joints with reasonable spatial
resolution (Fig. 3.1).

3.2.1
Contrast-to-Noise Ratio

The contrast-to-noise ratio describes the system’s
ability to differentiate two tissues under consider-
ation. The contrast-to-noise ratio (CNR) depends
on the difference in signal strength between both
tissues, and the SNR. Pulse sequence type and
sequence parameters need to be selected carefully
to obtain optimal contrast, and SNR. In some situ-
ations where the intrinsic tissue contrast is inad-
equate, the administration of MR contrast agents
can be very helpful to provide excellent tissue con-
trast.

3.2.2
Signal-to-Noise Ratio

The signal-to-noise ratio is influenced by many
factors (non-operator-dependent factors: magnetic
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Fig. 3.1a,b. T1-weighted spin echo images of both hips (a) and
the right hip (b). Normal bone marrow shows hyperintense
signal intensity, musculature is low to intermediate signal

field strength, molecular structure of the tissue,
proton density, and T1 and T2 relaxation times;
operator-dependent factors: coil design, field of
view, number of excitations, sampling bandwidth,
matrix size, slice thickness, TR, TE, and flip angle).
Changes in TR influence the degree of T1 weighting
and hence the signal attenuation. In T2-weighted
images, variations in the TE influence the T2 weight-
ing and consequently the signal attenuation. Proton
density-weighted images are only slightly attenu-
ated by T1 or T2 relaxation and thus have a higher
SNR than either T1-weighted or T2-weighted images
(HEroN and HiNE 2002).

Voxel size is one of the most important determi-
nants of the SNR. Larger voxels have a higher SNR
than small voxels because they contain more pro-
tons to produce signals. The SNR is influenced by
any change in parameter which alters the voxel size.
It can be appreciated, for instance, that doubling the
field of view results in a doubling in the length of
two sides of the voxel and hence a fourfold increase
in the SNR, whereas doubling the slice thickness
doubles the length of only one side of the voxel and
hence only doubles the SNR. Both matrix size and
number of acquisitions affect the SNR. Doubling the
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matrixsizeinboth the phaseencodingand frequency
encoding directions for a fixed field of view results in
the SNR being reduced by a factor of the square root
of 2, but the scan time is doubled because there are
twice as many phase encoding steps to sample. Dou-
bling the number of acquisitions doubles the scan
time but only increases the SNR by a maximum of
the square root of 2 (about 1.4). In cases where SNR
is not sufficient, repeating excitations at any phase
encode setting is recommended. The number of rep-
etitions is referred to as Nex, and SNR increases with
the square root of Nex.

In the frequency encoding axis the sampling
bandwidth determines the range of frequencies
sampled. Reducing the sampling bandwidth results
in less high frequency noise being sampled and con-
sequently, as the signal remains unaltered, there is
an increase in the SNR. In general, the SNR scales
inversely proportional to the sampling bandwidth.
Therefore, from a SNR perspective, a lower band-
width is preferable. Other factors, in particular the
chemical shift effects, will usually set a limit for the
bandwidth which is applied. Furthermore, a lower
sampling bandwidth usually increases the mini-
mum TE that can be employed in the sequence, as
the readout period becomes longer with a smaller
sampling bandwidth.

The choice of pulse sequence also influences the
SNR. In spin echo sequences all of the longitudinal
magnetization is converted into transverse magne-
tization, but in gradient echo pulse sequences only a
proportion of the longitudinal magnetization is con-
verted into transverse magnetization as in this case
the flip angle is less than 90°. As a result of this, the
signal is generally greater in spin echo sequences.
In summary, SNR can be increased by using a large
field of view, a coarse matrix and a large slice thick-
ness. Spin echo sequences, and in particular those
with proton density weighting, produce the high-
est SNR. Additionally, the number of acquisitions
should be as high as possible.

3.2.3
Spatial Resolution

The spatial resolution is the ability to distinguish
between two points and it improves as voxel size
decreases. Separate tissues within the same voxel
are not separately visualized on the MR image but
separate tissues in adjacent voxels are differentiated.
When a voxel contains more than one type of tissue,
the signal intensity of that voxel is the average of the
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signal intensities of the individual tissues and this
results in partial volume averaging. There is a direct
relationship between the size of the voxel and the
resolution, with a small voxel size resulting in better
resolution. Therefore, the voxel size in an imaging
sequence needs to be adjusted to the anatomic struc-
tures which need to be resolved.

The voxel size is a volume of sampled tissue within
the patient, and the relationship between voxel size
and field of view is indicated in the following equa-
tion:

Voxel size= (1)
(FOVread x FOVphase X slice thickness)/matrix size/Nphase

where FOVread and FOVphase refers to the field
of view in the read, and phase encode directions,
respectively. The matrix size is usually referred to
as the number of frequency encodings, and Nphase
refers to the number of phase encodings. In most
imaging systems the matrix size is limited to a power
of 2, or multiples of 64. The number of phase encod-
ings is flexible, and can be given any number equal
or less to the matrix size. Based on Eq. 1 any desired
resolution can be achieved (Fig. 3.2). For practical
reasons, however, limitations exist with respect to
the selection of the parameters which are described
in the following:

e FOVread: the field of view in the read direction
must be selected to cover the region of interest.
Due to the low-pass filtering properties in the
frequency encoding direction there is no wrap-
around artifact even if the object is larger than
the FOV. This is the reason why the read direc-
tion is always selected to view along the longest
dimension along the body.

e FOVphase: the field of view in the phase direction
usually corresponds to the FOV in the read direc-
tion. A partial FOV can be selected on state-of-
the art imaging systems, i.e. the FOV in the phase
direction is a fraction of the FOV in the read
direction. Partial FOV is useful for saving scan
time as fewer phase encode steps are necessary to
achieve the same spatial resolution. However, one
must be careful in selecting a sufficiently large
FOVphase to avoid wrap around artifacts. Unlike
in the frequency encoding direction, there is no
cutoff of signal intensities outside the dimen-
sion of the FOV in the phase encode direction.
If the object is larger than the FOVphase, it will
be wrapped to the other side, and may obscure
important information.
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Fig. 3.2a,b. The effect of FOV on image quality can be observed.
A FOV of 180 cm in (a) and 500 cm in (b) was used. Large
FOV (b) causes a decrease of spatial resolution and blurring
of image details

The matrix size should be selected large enough to
obtain sufficient spatial resolution. A larger matrix
size will show more details in the object because
of the improved spatial resolution (Fig. 3.3). How-
ever, the SNR in the image will be correspondingly
smaller as shown before. A compromise needs to
be made between spatial resolution and SNR based
on sequence characteristics, system performance,
and clinical needs. The scan time is not primarily
affected by the matrix size, as each frequency read-
out is acquired during one TR interval. However, on
most imaging systems, the number of phase encodes
is correlated to the matrix size, i.e. doubling the
matrix size will also double the phase encodes which
will double the scan time as will be shown later.

J. Kramer et al.

Nphase: The number of phase encodes determines
the spatial resolution in the phase encode direction.
On most commercial imaging systems, the number
of phase encodes can be selected independently of
the matrix size. A larger Nphase results in a better
spatial resolution due to a smaller voxel size. How-
ever, the scan time increases as only one phase
encode value is acquired per TR interval. Also, SNR
decreases with the smaller voxel size.

3.2.4
Scan Time

The scan time Ts of a sequence is given by:
Ts=TR x Nphase x Nex 2)

where TR denotes the pulse repetition time of the
sequence and matrix size and Nphase denote the
number of frequency and phase encodes, respec-
tively. Nex refers to the number of excitations per
each phase encode setting (Nex is also referred to as
the number of acquisitions). Ideally, the data acqui-
sition should be completed in the shortest possible
time without compromising image quality. Nphase
needs to be selected with respect to the necessary
spatial resolution in the phase encode direction. As
shown before, there are situations where one exci-
tation does not provide sufficient SNR, and mul-
tiple repetitions are necessary (Nex >1). The SNR
increases with the square root of Nex, but scan time
increases accordingly.

3.2.5
Image Contrast

All imaging sequences are based on the idea of gen-
erating a spin echo which is frequency and phase
encoded to create the spatial information. Two major
methods are commonly employed to generate the
echo following the initial excitation. Each method
has specific characteristics which are important for
musculoskeletal imaging. In the so-called spin echo
technique, a second radio-frequency (RF) pulse is
used to reverse the magnetization and form an echo
at a time equal to the interval between the two RF
pulses. In addition to refocusing of the magnetiza-
tion, this second RF pulse also reverses the dephas-
ing of magnetization which has occurred due to field
inhomogeneities (T2* relaxation). The signal inten-
sity in this pulse sequence decays with a time equal
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Fig.3.3a,b. A body array coil was used. Images (a) and (b)
show the effect of the matrix on image quality. In (a) the
matrix was 320x320 and in (b) 103x128. There was no change
of further image parameters. Image quality in (b) is definitely
worse compared to (a)

to the T2 relaxation time, and the T2* decay has been
eliminated by the refocussing process. As a result of
the 180° refocusing pulse, the contrast in spin echo
images is related to the T1 and T2 relaxation times of
the tissues and to the chosen TR and TE. As a result
of the 90° excitation pulse in the spin echo sequence,
the TR must be relatively long in the order of the
T1 times of the tissue to make sure that the spins
have sufficiently recovered between TR intervals to
produce enough magnetization.

The other method, gradient echo imaging, simply
uses gradient pulses to generate a gradient echo. A
negative dephasing pulse is followed by the positive
readout gradient, and an echo is formed right when
the dephasing is compensated for by the readout
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gradient. Due to the absence of an 180° refocusing
pulse the dephasing of the transverse magnetiza-
tion due to magnetic field inhomogeneities cannot
be compensated for, and the signal decays with T2*
(T2* relaxation). T2* relaxation is generally shorter
than T2 relaxation time, and can be much shorter
depending on the actual field inhomogeneities. The
longer the echo time (TE), the stronger the signal
attenuation due to T2* will be. A good homogeneity
is required to obtain optimal results. In a gradient
echo sequence the flip angle can be smaller than 90°,
as the echo is created by gradients, not a refocusing
RF pulse. Therefore, much shorter TR times can be
applied without saturation of the spins. This allows
new applications such as 3D imaging which is not
possible with the spin echo sequences due to exces-
sive scan time because of the long TR times.

3.3
Pulse Sequences

3.341
T1-Weighted Spin Echo Sequence

TI-weighted spin echo images (T1-SE) are obtained
with arelatively short TR. The echo time TE is chosen
to be as small as possible to minimize T2 signal
decay, and keep a pure T1 contrast. As a result of the
short TR, structures with a long T1 relaxation time
become progressively saturated and demonstrate
low signal intensity (e.g. muscles and fluid-contain-
ing structures). Fat, however, which has a very short
T1, demonstrates high signal intensity. T1-SE in the
hip is used primarily for evaluation of bone marrow
disorders such as avascular necrosis and detecting
fractures or overuse syndromes (Fig. 3.4).

3.3.2
T2-Weighted Spin Echo Sequence

T2-weighted spin echo images (T2-SE) are obtained
with a relatively long TR to minimize T1 satura-
tion effects. The echo time TE is chosen to show
differences in the T2 relaxation times. This occurs
at echo times of around 60-100 ms. At this TE all
body fluids produce a high signal intensity due to
its T2 relaxation characteristics. Muscle, however, is
of relatively low signal intensity and fat is of inter-
mediate signal intensity. The SNR in these images
is inferior to the SNR in proton density-weighted
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Fig.3.4a-d. T1-weighted SE images. a Bilateral avascular necrosis of the femoral head. The necrotic area is clearly delineated
from adjacent bone. On the right side concomitant bone marrow edema is visible. b Perthes disease of the right hip. In contrast
to the normal fatty marrow of the epiphysis of the left hip on the right side signal alterations due to edema, granulation tissue,
and sclerosis can be observed. ¢ In the weight-bearing zone of the femoral head a fine fissure almost imitating an early change
of necrosis can be seen. d A typical stress fracture at the medial aspect of the left femoral neck is evident

images, but the pathology, which is characterized
by an increased fluid content, is accentuated. T2-SE
are rarely used in evaluation of the hip because of
the advantages of fast (turbo) spin echo T2 weighted
images.

3.3.3
Proton Density-Weighted Spin Echo Images

Proton density-weighted spin echo images (PD-
SE) are obtained with a long TR and short TE
and provide signal which reflects the density of
protons within the imaging field. The TR must
be long enough to make sure that all tissues have
sufficiently recovered during the TR interval. In

general, the choice of the TR also depends on the
field strength as the T1 relaxation times tend to
increase with higher field strengths. Similar to the
T1-weighted sequences, the echo time TE is chosen
to be as small as possible to minimize T2 signal
decay. Because the T1 and T2 effects are minimized
the PD-SE images have a high SNR and are useful
for providing anatomical detail. In an effort to keep
the scan time relatively short, the TR is not always
used as long as it should be to reduce T1 saturation
effects. The choice of TE is also subject to some con-
straints. For bandwidth and gradient performance
considerations the minimum TE is usually around
10-20 ms. Therefore, some T1 and T2 effects are
still noticeable in the image contrast of a PD-SE
imaging sequence.
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3.34
Fast Spin Echo Sequences

One of the time-limiting factors with the spin echo
sequences is the fact that only one echo is generated
per TR interval. In a modification called fast SE (FSE),
or turbo SE (TSE) several echoes are generated using
multiple 180° refocusing pulses. Each echo is indi-
vidually phase encoded, and scan time is reduced
proportionally. The number of echoes produced after
one excitation pulse is called echo train length (ETL).
Using the fast spin echo technique, proton density, T2-
weighted, and T1-weighted SE images can be obtained
in a fraction of the time required for conventional
spin echo sequences. The downside of the fast spin
echo technique is related to the signal variation of

Fig.3.5a-c. a Tl-weighted SE (spin echo) image; b fast T2-
weighted SE image; ¢ T1-weighted SE after intravenous contrast
administration. Adjacent to the major trochanter a fluid collec-
tion (bright on T2-weighting, rim enhancement after contrast can

be seen due to bursitis)
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the individual echoes due to T2 decay. As a result fast
spin echo images are susceptible to blurring and edge
artifacts which is particularly noticeable for very long
echo trains. In practice, these artifacts can be mini-
mized by using a short echo train length and a long
effective TE. Another difference to the conventional
spin echo sequence is the appearance of fat. Due to the
many refocusing pulses applied in the fast spin echo
technique, fat appears of higher signal intensity, while
solid structures are of lower signal intensity than in
conventional spin echo images. FSE sequences are
routinely used in the evaluation of the hip, often with
the addition of fat suppression. These sequences are
excellent at detecting bone marrow edema as well as
soft tissue pathology such as masses, infection, or
muscle injuries (Fig. 3.5).
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3.3.5
Gradient Echo Sequences

In a gradient echo sequence the transverse magne-
tization is generated by a flip angle which is smaller
than 90°. Magnetic field radiant pulses are used to
dephase and rephase the transverse component of
the magnetization, and generate an echo. Any mag-
netic field inhomogeneities will effect the amount of
signal at the echo. This is known as the T2* effect.

Some institutions use gradient echo images to
assess hyaline cartilage, particularly in conjunc-
tion with fat suppression. Gradient echo images do
not provide adequate visualization of bone marrow
edema and they are not recommended for the evalu-
ation of bony pathology (Fig. 3.6). However, they
may be useful if assessment of lesions of the hyaline
cartilage has to be performed.

Similar to spin echo sequences the tissue contrast
can be adjusted by proper selection of the imaging
parameters. T1-weighted gradient echo images are
obtained by the combination of a large flip angle,
short TR and short TE. T2*-weighted images can be
generated by a small flip angle and a TR which is
relatively long in order to permit sufficient recov-
ery of the longitudinal magnetization of the spins.
Gradient echo images have scan times which can be
significantly shorter than spin echo images. This is
due to the shorter TR which is associated with the
smaller excitation angle. The main disadvantage is

Fig. 3.6. T1-weighted two-dimensional gradient echo (2D GE)
image in axial orientation. Hyaline cartilage appears bright
and can be differentiated from adjacent bony structures

J. Kramer et al.

their susceptibility to magnetic field inhomogene-
ities.

Gradient echo sequences are frequently used to
obtain volume, or 3D acquisitions. This technique is
particularly useful for the detection of subtle altera-
tions of joint structures. With volume acquisitions a
sub-millimeter, isotropic resolution can be obtained.
The small voxels also help to minimize susceptibil-
ity-related signal intensity losses which are associ-
ated with gradient echo sequences. An entire volume
of tissue is imaged and the volume is subdivided into
thin sections using a second phase encoding gradi-
ent along the slice selection gradient. The scan time
in the volume acquisition is defined as:

Ts=TR x Nphasel X Nphase2 x Nex (3)

where Nphasel and Nphase2 refer to the number of
phase encodings in the conventional phase encode
direction, and in the slice select direction, respec-
tively. Nex is usually set to be 1 to keep the scan
time within an acceptable range. Unlike in multi-
slice 2D imaging, there is no inter-slice gap and no
cross-talk between individual slices which enables a
perfect means of postprocessing. In order to be able
to reconstruct the object in multiple planes without
a reduction in image quality it is essential that the
voxels are isotropic, or nearly isotropic.

Volume imaging generates large datasets with
a requirement for considerable storage capac-
ity. Obtaining hardcopy of all available images is
impractical. Images are typically viewed on image
processing workstations which allow quick and easy
multi-planar reconstructions. The isotropic three-
dimensional resolution is particularly useful for
visualizing very small structures and for reformat-
ting images of structures which do not lie in a single
anatomical plane, such as ligaments or the labrum.

3.3.6
Echo Planar Imaging

Echo planar imaging (EPI) is a fast imaging tech-
nique in which multiple gradient echoes are
acquired for each excitation. In effect, EPI is the
gradient echo equivalent of fast spin echo imaging.
There is only one excitation pulse and all of the
echoes are obtained from this using gradient rever-
sal. Therefore, movement artifacts do not occur with
these very fast imaging times. However, due to the
long echo readout most of the signal is lost by T2*
decay, and, therefore, single-shot EPI techniques are
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not used for imaging of the hip. The T2* sensitivity
is reduced considerably when using only a small
number of echoes after the excitation pulse. In a
so-called multi-shot approach all of the raw data
are acquired in repeated excitations with different
phase encoding values. In the future it may play a
role in dynamic studies of the hip joint during move-
ment and in MR fluoroscopy for the assessment of
the containment of joint structures and for guiding
interventional procedures.

3.3.7
Steady State Free Precession Sequences

For steady state free precession (SSFP) sequences,
the pulse sequence is designed so that the phase
coherence of the transverse magnetization is main-
tained from repetition to repetition. This is different
from the gradient echo sequences where the trans-
verse magnetization is spoiled after each repetition
using spoiler gradient and RF spoiling techniques.
Thus the transverse magnetization generated by
a given excitation RF pulse may contribute to the
signal measured in many succeeding echo periods.
Because phase coherence is maintained, the com-
plete magnetization vector is in a steady state from
repetition to repetition during the free precession
between RF pulses.

The SSFP pulse-sequence configuration of the two
signal components generated by a train of equally
spaced RF pulses. Images can be formed from the
FID component (fast imaging with steady state
precession, FISP), from the echo component (time-
reversed FISP, i.e. PSIF), or from a combination of
the two components. Because both the FID and echo
signals represent a superposition of many individ-
ual coherent pathways, the equations describing the
signal behavior for these two components are much
more complicated than those for a spin echo, or gra-
dient echo sequence. In general, the signals depend
onboth T1 and T2 in a complex and mathematically
inseparable way. Nonetheless, some statements can
be made concerning the general contrast properties
for FISP-type pulse sequences: first, contrast weight-
ing that depends on T1 and T2 occurs at short TR
and high flip angle. Second, proton-density weight-
ing occurs at low flip angle and short TE, and third,
T2* weighting occurs at low flip angle and long TE.

In summary, imaging with SSFP sequences is a
flexible technique for the rapid acquisition of MR
images that can provide a wide variety of image
contrast behaviors. However, the SNRs obtained
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with SSFP sequences are often lower than those
obtained for SE-based techniques. In addition, true
T2 weighting cannot be obtained, because the signal
decay for long echo time GRE and SSFP sequences
includes the effect of field inhomogeneities. In some
applications this sensitivity to field inhomogeneities
is an important contrast mechanism, but in imaging
of the hip joint it mostly degrades the image qual-

ity.

3.3.8
Dual Echo in Steady State Sequences

A modification of the basic SSFP sequence pro-
duces the so-called dual echo in steady state (DESS)
sequence. In this sequence a dual echo readout is
applied to collect both the FISP and the PSIF signal
simultaneously. Both images show the identical
anatomical structures with different contrast. The
overlay of both images creates an unusual contrast
in which anatomical structures are displayed with
good overall contrast, and fluids are shown with
very high signal intensity. With the inherently high
SNR the DESS technique can provide for tissues
with long T1 and T2 relaxation times, the DESS
sequence is well suited for applications that benefit
from high contrast between fluid and surrounding
tissue (Fig. 3.7).

Fig.3.7. DESS image. Fluid shows high signal intensity and
thus enables differentiation from hyaline cartilage
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3.3.9
Fat Suppression Techniques

Three methods of fat suppression are in use (DEL-
FAUT et al. 1999). These are fat saturation, inversion
recovery technique and opposed phase imaging. The
last-mentioned technique is principally used for the
detection of small amounts of fat in lesions, e.g.
adrenal gland tumors. It may also be used for the
evaluation of bone marrow diseases (DISLER et al.
1997).

In the selective fat saturation technique an RF
pulse with the same resonance frequency as fat
is preceding every slice-selection RF pulse. The
magnetization from fat is dephased using a spoil-
ing gradient pulse to remove all signal from lipid
structures. This technique is referred to as CHESS
(chemical selective saturation) as it saturates tissues
according to their chemical nature (which is related
to the resonance frequency). Consequently, no
signal from fat is visible on MR images. The advan-
tages of this technique are that only fat is suppressed
and all other tissues are not affected, and it may be
combined with any imaging sequence. It is useful in
post-contrast scanning, e.g. following intravenous
contrast enhancement and MR arthrography. The
fat saturation technique has a number of disadvan-
tages, however. Fat saturation may be unreliable due
toinhomogeneitiesin the static magnetic field. These
inhomogeneities result in imperfect fat saturation,
and partial saturation of other tissues. State-of-the
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art imaging systems provide adequate field homo-
geneity to get good fat saturation, and, if necessary,
the homogeneity can be further improved by shim-
ming techniques. The water component of fat and
some fatty acids are not suppressed and can result
in inadequately fat-suppressed images. Fat suppres-
sion may be poor with magnets of low field strength
because the chemical shift between lipid and water
increases with the magnetic field strength. Another
disadvantage of the CHESS technique is that the
fatsat pulse requires extra time. This results in fewer
slices in a multi-slice imaging sequence (assuming
the TR is kept constant), or requires an increase in
the TR in an effort to keep the same number of slices
with a corresponding increase in scan time.

The inversion recovery sequence (short T1 inver-
sion recovery - STIR - sequence uses the differences
between the T1 of fat and water. Following a 180°
inversion pulse the magnetization of fat recovers
much faster than that of water. By applying the 90°
pulse at the null point of fat (the point at which the
longitudinal magnetization equals zero), the signal
from fat is completely suppressed. One advantage of
this technique is that it can be employed on low field
strength magnets and it is not affected by main mag-
netic field inhomogeneities. The T2 and T1 differ-
ences are combined, resulting in high tissue contrast
(water appears very bright). Therefore, edema in soft
tissues as well as in bone marrow is detected with
high sensitivity (Fig. 3.8). However, there are several
disadvantages of this technique. SNR is relatively

Fig. 3.8.a,b. Turbo inversion recovery sequence. In a normal hip (a) the signal from fatty marrow is suppressed. Minimal joint
fluid (hyperintense signal) is visible. b Patient had suffered a hip trauma. Moderate hyperintense signal alteration in the femoral
head (typical for bone contusion) is visible
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low, which influences the spatial resolution directly.
Tissues with a similar T1 to fat are also suppressed,
for example mucoid tissue, hemorrhage, protein-
aceous fluid, melanin and gadolinium. For this
reason inversion recovery images are not suitable
for MR arthrography or examinations after intrave-
nous application of contrast material. Second, tis-
sues with a short T1 and long T1 may have the same
signal on inversion recovery images, and cannot be
distinguished from each other. Spin echo and fast
spin echo sequences are the only sequences which
are suitable for use with inversion recovery tech-
niques. Fat suppression techniques are employed
in the hip for improvement of sensitivity of bone
marrow edema and the suppression of normal fat in
post-gadolinium imaging. This may either be in MR
arthrography or following intravenous gadolinium.
The fat saturation technique (CHESS) is most effec-
tive for post-gadolinium scanning. Fat suppression
techniquesarealso used to assist tissue characteriza-
tion. This is especially true for the detection of bone
marrow edema and demonstration of the extent of
infiltration by tumor. Either fat saturation or inver-
sion recovery techniques may be employed for these
purposes and these sequences are a mainstay of hip
MR imaging.

3.3.10
Magnetization Transfer Technique

In tissues the hydrogen being imaged consists of
two exchanging pools: freely mobile water protons
and restricted motion macromolecular protons.
Magnetization transfer contrast makes use of the
fact that protons bound in macromolecules do not
participate directly in the production of the MR
signal whereas free protons in water do. Although
the center frequencies of these two groups are the
same, the restricted protons have a much shorter
T2 and thus a much broader resonance. With mag-
netization transfer contrast sequences, low-power
radiofrequency irradiation is applied off resonance
to selectively saturate protons with a short T2. Con-
sequently, the partially saturated protons emit less
signal and therefore tissues which contain bound
water demonstrate lower signal intensity on magne-
tization contrast images (WoOLF et al. 1991; BALABAN
and CECKLER 1992). In this way the contrast gener-
ally resembles that of T2-weighted images and con-
siderable signal is lost in solid tissues but this does
not occur in fluid or adipose tissue. Magnetization
contrast, therefore, provides unique information
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regarding the interaction between water and mac-
romolecules.

3.4
MR Arthrography

3.4.1
Introduction

MRI has been shown to be very useful in the diagno-
sis of several joint disorders. The use of MR arthrog-
raphy is increasing due to its improved accuracy
compared with conventional MRI for the diagnosis
of several intra-articular disorders.

3.4.2
Techniques for MR Arthrography of the Hip

In our institution MR arthrography of the hip is
performed as a two-step procedure. Joint injection
is usually performed under fluoroscopy followed by
MR imaging. The patient is in supine position with
the leg extended and slightly internally rotated. The
puncture site is marked on the skin between the
subcapital and transcervical portions of the femo-
ral neck. This point is lateral to the femoral artery
and below the inguinal ligament. Under sterile con-
ditions, a 20-gauge disposable needle is directed
straight onto the femoral neck (Fig. 3.9). A few drops
of iodinated contrast agent are injected through an
extension tube (to avoid radiation exposure to the
hands) to confirm intra-articular location; follow-
ing this 10-20 ml of the Gd-DTPA solution is injected
into the joint.

An alternative method of streamlining intra-
articular injections when performing conventional
MR imaging prior to the MR arthrographic portion
of the examination was reported recently (MILLER
2000). By this technique the total MR examination
time can be shortened by eliminating a visit to the
fluoroscopy suite in the middle of the MR study. The
lower extremity is held in neutral or slight internal
rotation by tapering the feet together. A metal marker
is placed over the middle of the femoral neck, and the
skin is marked. If contrast is needed, the injection
can be performed on the MR table. An MR-compat-
ible plastic cart with drawers containing arthrogra-
phy supplies is used. The feet are taped together as
they were in the fluoroscopy suite, and a 22-gauge
needle is placed straight down until bone is reached.
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Low resistance to the injection confirms the needle
position. Although this technique uses fluoroscopy
to landmark the joint of interest, the fluoroscopy
portion of the procedure can be performed at any
time prior to the MR examination, thus uncoupling
the fluoroscopy and MR schedules from each other
and allowing the arthrographic portion of the study
to be performed in the MR suite immediately after
the conventional MR portion.

Because of the spherical nature of the hip, imag-
ing in all three planes is necessary to evaluate joint
and in particular labrum. T1-weighted imaging is
used to visualize the high signal of the intra-articu-
lar contrast solution. Fat saturation increases con-
trast between the intra-articular gadopentetate
dimeglumine and the adjacent soft tissues. Fat sup-
pression is crucial in MR arthrography because fat
and contrast medium have similar signal intensi-
ties on Tl-weighted images. The combination of
MR arthrography and three-dimensional gradient
recalled echo-imaging shows a higher sensitivity for
subtle lesions than MR arthrography with spin echo
sequences (KRAMER et al. 1992).

MR arthrography is performed by injecting a
gadolinium-diethylenetriamine pentaacetic acid
(Gd-DTPA) mixture into the joint. A Gd-DTPA mix-
ture consisting of 0.2 ml of a standard Gd-DTPA
solution (469.01 mg/ml, Magnevist, Schering AG,
Germany) mixed with 50 ml of saline (2 mmol/l
Gd-DTPA solution) allows excellent delineation of
contrast medium and the intra-articular structures
or abnormalities (ENGEL et al. 1990). No side effects
have been reported to date that are attributable to
intra-articular Gd-DTPA. Imaging should be per-

Ligament

Transverse Acetabular
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Fig.3.9. A schematic drawing of the
right hip joint with the arrow pointing
to the injection site (circle). The dark
area shows the distribution of contrast
material initially after injection

formed immediately after the intra-articular injec-
tion of contrast medium, to prevent absorption of
contrast solution and guarantee the desired cap-
sular distention, although imaging delays of up to
1-2 h are tolerated (WAGNER et al. 2001). Gd-DTPA
and iodinated contrast material can be mixed before
MRI without any release of free gadolinium and is
safe for confirming the intra-articular placement of
contrast material (BRowN et al. 2000).

It has been shown that intravenous adminis-
tration of Gd-DTPA also leads to an enhancement
effect of the joint cavity (indirect MR arthrogra-
phy). This technique has been proposed as an alter-
native to direct MR arthrography (VAHLENSIECK et
al. 1995, 1996, 1997; WINALSKI et al. 1991; KRAMER
etal. 1997; PEH et al. 1999). The enhancement effect,
however, is only mild and often heterogeneous,
although exercise improves both the homogeneity
and amount of enhancement in the joint. However,
there are several drawbacks of this technique. The
main limitation is the relative lack of joint disten-
tion, which is frequently necessary to accurately
diagnose capsular trauma and soft tissue injury.
A further drawback of indirect MR arthrography
is that juxta-articular structures, such as vessels,
and the synovial membranes of bursae and tendon
sheaths also demonstrate enhancement, which may
lead to confusion with extravasation of contrast
medium or the presence of abnormal joint recesses.
Patients who have undergone MR arthrography
reported discomfort to be less than expected (Ros-
BINS et al. 2000). Arthrography-related discomfort
was well tolerated and rated less severe than MRI-
related discomfort.
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3.4.3
Anatomy of the Hip Joint

The hip is a ball-and-socket joint, which exhib-
its a wide range of motion in all directions. The
spherical acetabular socket covers the femoral head
nearly completely except for its inferior medial
aspect, known as the acetabular notch, where the
socket is deficient. The transverse acetabular liga-
ment spans this deficient portion of the acetabulum.
The fibrocartilaginous labrum rims the acetabulum
and is triangular in cross section. The labrum is
thicker posterosuperiorly and thinner anteroinfe-
riorly (KEENE and VILLAR 1994; TSCHAUNER et al.
1997). The acetabular labrum consists of fibrocar-
tilaginous tissue with fibrovascular bundles. This
fibrocartilage lacks the highly organized structure
seen within the fibrocartilaginous meniscus of the
knee. The labrum is attached directly to the osseous
rim of the acetabulum. It blends with the transverse
ligament at the margins of the acetabular notch.
Contrary to the shoulder, the acetabular labrum
increase the depth of the joint rather than increas-
ing its diameter (ENGEL et al. 1990). Clinical and
arthroscopic studies have documented the impor-
tance of the acetabular capsular-labral complex as
abiomechanical component of the hip joint (Suzuxk1
etal. 1986; UEo et al. 1990). The joint capsule inserts
onto the acetabular rim. Along the anterior and pos-
terior joint margins, the capsule inserts directly at
the base of the labrum; a small perilabral recess is
created between the labrum and joint capsule. The
iliopsoas bursa, directly anterior to the hip joint,
communicates with the joint in 10%-15% of normal
anatomic specimens and may be involved in patients
with synovitis (WiLL1aAMs and WARwICK 1980).

3.4.4
Labral Lesions

Among several possible causes for chronic hip pain
acetabular labral tears are a relatively rare entity.
Labral lesions may be observed in patients with devel-
opmental dysplasia of the hips, and in patients with a
history of hip trauma (DAMERON 1959; DORELL and
CATTERALL 1986; FITZGERALD 1995; KLAUE et al.
1991; McCARTHY and BusconI 1995a,b). In patients
suffering from hip dysplasia, the increased stress
on the acetabulum and on the superior labrum as
it assumes more of the weight-bearing function is
believed to contribute to development of the tears
(KLAUE et al. 1991). Posttraumatic labral tears may
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occur following minor or major trauma particularly
hip dislocations. Degenerative tears may also occur.
Early recognition and debridement can result in
substantial pain relief and may prevent development
of degenerative disease (ALTENBERG 1977). Conven-
tional MR imaging is not accurate for the diagnosis
of labral tears (CZERNY et al. 1996, 1999; LEUNIG et al.
1997; PETERSILGE et al. 1996; PETERSILGE 1997, 2000,
2001; KRAMER et al. 2002; STEINBACH et al. 2002).
There are several causes for this, the most important
being inadequate joint distention that prevents sepa-
ration of the labrum and capsule.

A classification system for the evaluation of
acetabular labral lesions by MR arthrography was
established by CzErNY et al. (1996). Normal labra
(stage 0), are of homogeneous low signal intensity,
triangular shaped, and a continuous attachment to
the lateral margin of the acetabulum without a notch
or a sulcus is visible. A recess between the joint cap-
sule and the labrum, a so-called labral recess, is
observed. Stage 1A lesions are characterized by an
area of increased signal intensity within the center
of the labrum that does not extend to the margin of
the labrum, a triangular shape, and a continuous
attachment to the lateral margin of the acetabulum
and a labral recessus (Fig. 3.10). Stage 1B is simi-
lar to stage 1A, but the labrum is thickened and in
most patients no labral recessus can be observed.
These findings are similar to the mucoid degenera-
tion seen in low-grade meniscal lesions. In stage 2A
lesions an extension of contrast material into the
labrum without detachment from the acetabulum
is visible (Fig. 3.11). In this stage the labrum is tri-
angular, and has a labral recessus. Stage 2B are the
same as stage 2A except the torn labrum is thick-
ened (Fig. 3.12). Stage 2 findings are consistent with
partial labral tears. Stage 3A labra, complete labral
tears, are detached from the acetabulum but are of
triangular shape, whereas stage 3B labra are thick-
ened and detached from the acetabulum (Fig. 3.13).

Contrast material enables the visualization of the
labral recessus and the clear delineation of the cap-
sular-labral complex (HoDLER et al. 1995). However,
labrallesions may be staged incorrectly even with MR
arthrography if only a small volume of contrast mate-
rial is injected or there is a scarred, shrunken joint
capsule caused by previous surgical interventions.

A wide spectrum of appearances has been
described for the labrum in asymptomatic individu-
als. However, the majority of these findings have
been based on studies performed without joint dis-
tention. It is unclear whether the described appear-
ances represent variations in normal anatomy or
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Fig. 3.10a-d. After administration of contrast material. T1-weighted SE (a,b) and T1-weighted SE sequence with fat suppression
(c,d). a,c Normal labrum (type 0). b,d Labrum is enlarged (type 1B). No tear is visible. The contrast material is delineating the
intraarticular joint structures very well

Fig.3.11a,b. T1 weighted (SE sequence) MR arthrogram with and without fat suppression. A small tear is visible in the cranio-
lateral portion of the labrum (type 2A)
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Fig.3.12. T1-weighted SE image after intraarticular instilla-
tion of a Gd-DTPA solution. A patient with severe hip dyspla-
sia. The labrum shows signal alterations and it is enlarged. A
horizontal tear is visible (type 2B)

Fig. 3.13. Fat suppressed T1-weighted MR arthrogram. Patient
suffering from hip dysplasia shows a completely torn labrum
which is slightly detached from the acetabular rim (sur-
rounded by contrast material) (type 3B)

asymptomatic abnormalities. Controversy remains
regarding the reality of a sublabral sulcus of the
anterosuperior aspect of the labrum. The presence of
a sublabral sulcus has been raised as the possibility of
a potential pitfall in the diagnosis of acetabular labral
abnormalities with MR imaging (LECOUVET et al.
1996). However, the clinical implications of an absent
labrum and of a sulcus between the labrum and the
acetabulum anterosuperiorly are not known. Such a
sulcus has been described in histologic specimens of
fetal hips, however, although the possibility that its
existence is artifactual because of fixation techniques
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has been raised (WALKER 1981). It is believed that
any intralabral collection of contrast material should
not be mistaken for a normal sublabral sulcus but,
rather, should be suspected to be a tear or detachment
(CzERNY et al. 2002). In contrast PETERSILGE (2000)
observed such a sulcus commonly on MR arthro-
graphic images, located consistently at the anterosu-
perior aspect of the joint. Because of the consistent
location of this finding and the well-defined margins
of the sulcus as well as the presence of a well-defined
insertion onto the subchondral bone some believe
that this appearance is likely an anatomic variant.

Another potential pitfall with MR arthrography
is a groove separating the acetabular labrum from
acetabular articular cartilage in the region of the
acetabular fossa (KEeNE and VIiLLAR 1994). This
groove should not be confused with a labral tear
because its location is different from that of labral
tears, which occur most frequently anterosuperiorly.
No instances of absent labra are reported (LECOUVET
et al. 1996). Sensitivity, specificity, and accuracy for
detection and correct staging of labral lesions with
MR arthrography has been reported to be 91%, 71%,
and 88% respectively, while the sensitivity and accu-
racy of conventional MR imaging was 30% and 36%
(CzERNY et al. 1996, 1999). Because labral abnormali-
ties are believed to be a precursor of osteoarthritis,
early interventions is thought to be critical in the
treatment of labral abnormalities. The determination
of the type, extension, and location of labral abnor-
malities as shown with MR arthrography is helpful in
such treatment (HODLER et al. 1995).

3.4.5
Loose Bodies

Loose bodies in the hip joint are rare but may cause
chronic joint pain, locking, and limited range of
motion and may occur with or without associated
osteochondral defects. In patients with suspected
intra-articular loose bodies, the value of an imag-
ing examination is determined by its capabilities for
excluding the presence of loose bodies and decreas-
ing the need for diagnostic arthroscopy (HAIMs et
al. 1998; PALMER 1998). Frequently, intra-articular
loose bodies cannot be differentiated from sur-
rounding tissues on conventional MR imaging. If
there is joint fluid present conventional T2-weighted
sequences may help to differentiate loose bodies from
surrounding structures. In some patients specificity
may be decreased, however, because of the difficulty
in differentiating true loose bodies from osteophytes,
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synovial folds, and hypertrophic synovitis. Charac-
teristically, on MR arthrographyloose bodies are sur-
rounded by contrast material, which improves their
detection and enables an accurate determination of
their number and topography. Arthroscopic tech-
niques offering the least traumatic method of remov-
ing loose bodies of foreign bodies from the hip joint
are preferred to open arthrotomy, although arthros-
copy of the hip is still not widely practiced (DIE et al.
1991). Only the accurate detection of these lesions may
allow early therapeutic intervention, however, and
relief of pain, and prevent or delay the development
of osteoarthritis (CZERNY et al. 1996, 1999, 2001). In
addition, the diagnostic sensitivity and specificity of
MR arthrography in detecting intra-articular bodies
is improved because contrast solution separates loose
bodies from the capsule and completely surrounds
them, whereas osteophytes and synovial projections
are only partially outlined.

3.4.6
Cystic Lesions

Ganglion cyst have been reported in association
with labral tears (HALLER et al. 1989; CZERNY et
al. 1999; PETERSILGE et al. 1996; KLAUE et al. 1991;
MAGEE and HINsON 2000; SCHNARKOWSKI et al.
1996). These cysts typically start out as extra-articu-
lar soft tissue collections and may eventually erode
into the adjacent acetabulum. The erosion created
in the acetabulum may be visible on plain films and
may be a clue to labral pathology as the underlying
cause of hip pain. Additionally it has been suggested
that when perilabral cysts are identified a search
for an underlying labral tear should be undertaken.
These cysts appear to have an increased frequency
in those patients with associated developmental dys-
plasia (McCARTHY and Buscont 1995b).

3.4.7
Cartilage Lesions

On MR images and at histologic analysis hyaline
cartilage of the hip joint has shown a thickness of
1-2 mm (HoDLER et al. 1992). In contrast, articular
cartilage of the knee may be up to 7 mm in diameter,
with the highest values in the patella (AHN et al.
1998). Cartilage lesions of the hip are not uncom-
mon in young and middle-aged patients who are
suspected of having femoroacetabular impingement
and/or labral abnormalities (ScHMID et al. 2003)
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(Fig. 3.14). These defects are mostly found in the
anterosuperior part of the acetabulum. The diagnos-
tic performance of MR arthrography in the detec-
tion of articular cartilage damage in the hip joint is
inferior to that in the knee joint with sensitivities
and specificities of MR arthrographic detection of
cartilage damage slightly below 80%. This may be
due to the relatively thin cartilage in the hip lead-
ing to volume averaging of the cartilage layer with
adjacent bone, and intraarticular contrast material
due to the spherical shape of the femoral head.

3.4.8
Conclusions

MR arthrography has become an important tool
for the evaluation of a variety of articular disorders
providing new insights into the lesions underly-
ing mechanical hip pain. Although not necessary
in all patients, MR arthrography may facilitate the
evaluation of patients with suspected intra-articular
pathology in whom conventional MR imaging is not
sufficient for an adequate therapy planning. This
technique combines arthrographic advantages, like
joint distention and delineation of intra-articular
structures, with the high quality of MR imaging.
Diagnostic confidence can frequently be improved
by MR arthrography, particularly in the assessment
of subtle lesions and complex anatomic structures.
MR arthrography has been proven especially useful
in patients with suspected acetabular labral lesions,
osteochondral defects or loose bodies.

Fig. 3.14. Fat suppressed T1-weighted image after intra-articu-
lar contrast application. At the lateral aspect of the femoral
head a severe cartilage thinning and a small osteophyte is vis-
ible. The labrum appears torn craniolaterally
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4.1

Introduction

In the past ultrasound examinations of the hip were
largely performed in infant hips to rule out devel-
opmental hip dysplasia. Improvement of new trans-
ducers and the widespread awareness of the useful-
ness of US for assessing musculoskeletal disorders
have resulted in a growing number of hip exami-
nations. Due to its recognized increased capacity
to image this region, US is increasing used mainly
to detect intraarticular joint fluid, and to evaluate
of para-articular masses and tendon disorders. As
in other areas of the body, accurate knowledge of
the normal and abnormal US anatomy is a definite
prerequisite for a successful US assessment. This
chapter describes the examination technique and
normal US appearance of the hip region. Since the
US examination technique for the adult hip differs
significantly from that of the pediatric hip, this will
be described in chapter 8.
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4.2
Technique of Examination and Normal US
Appearance

Prior to a US examination, two steps are funda-
mental. Firstly, a basic history must be obtained
and a physical examination carried out since these
are important to accurately target the US examina-
tion. This usually takes no more then a couple of
minutes and can be performed with the patient on
the examining bed. Location, type and intensity of
pain, as well as worsening during the night or when
performing daily activities must be investigated,
followed by an assessment of range of movements
and palpation of the periarticular region to iden-
tify joint stiffness and pinpoint tenderness. Specific
maneuvers are only performed if a definite diagno-
sis is suspected. For example, if a tendinopathy of
the gluteus medius is assumed, resisted abduction
of the lower extremity with the knee extended can
corroborate the suspicion by showing local peritro-
chanteric pain. Secondly, a careful review of the
previous imaging examinations must be performed.
The opportunity to review a recent, well performed
pelvis radiograph and oblique view of the affected
hip is a prerequisite for a correct US examination.
Standard radiographs can show bones, coxofemo-
ral, sacroiliac and symphysis pubis joints, as well
as calcific deposits located within the periarticular
areas. CT scan and MR imaging are rarely available
before US.

The patient is examined lying supine on the
examining bed. Adequate exposure of the hip
region is essential. A description of the US exami-
nation technique is simpler, particularly for the
novice sonographer, if the region is divided into
several areas. We usually start a routine examina-
tion with the anterior region, with the patient lying
supine. Then the lateral region is studied while
the patient turns on the opposite side. Finally the
posterior structures are investigated in the prone
position.
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4.2.1
Anterior Aspect

The examination can be divided in different regions
that are first examined by transverse images, well
suited for a panoramic view, and then by longitu-
dinal sonograms. A standardized examination is
performed by examining the different regions, from
cranial to caudal.

Transverse images of the anterosuperior iliac
spine (ASIS) region showthe spineasaregular hyper-
echoic line with posterior shadowing (Fig. 4.1). Since
the spine is located very superficial and close to the
skin, an adequate amount of gel must be deployed in
thin patients for its proper assessment. The thin sar-
torius muscle (SA) can be detected medially, while
the larger tensor fascia lata muscle (TFL) is found
laterally. Both have short triangular-shaped tendons
that are best evaluated by tilting the transducer in
the sagittal plane. Longitudinal sonograms over
the tendons show them as hyperechoic structures
inserting into the hyperechoic outline of the ASIS
(Fig. 4.2). The mean thickness of the TFL tendon was
2.1 mm in a group of 40 healthy asymptomatic sub-
jects with no difference between the right and left
side (BAss and CONNEL 1992). Both tendons must be
accurately examined since they can be affected by
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tendinopathy in sportsmen and lead to unexplained
anterior groin pain (Bass and CoNNEL 1992). The
SA and TFS muscles are then imaged by more distal
scanning. Both are located superficially under the
fascia. The most internal SA directs medially to
reach the internal aspect of the thigh. After a few
centimeters it can be seen overlying the rectus femo-
ris muscle (RF). The TFL extends laterally and infe-
riorly to insert into the anterior border of the fascia
lata (FL). Compared to the adjacent muscles, its
distal portion contains a larger amount of fat depos-
ited among muscle fascicles which is responsible for
its more echogenic appearance (Bass and CONNEL
1992). The distal insertion can be easily evaluated by
longitudinal scans and presents a pointed appear-
ance due to gradual distal tapering of the muscle.
This appearance resembles that of the distal inser-
tion of the rectus femoris and gastrocnemius medial
head. A globular appearance, even if localized, must
be interpreted as a distal myotendinous avulsion.
The transducer is then moved to a more medial
location where transverse sonograms reveal the
intrapelvic portion of the iliopsoas (IP) muscle lying
over the anterior face of the iliac wing (Fig. 4.3).
In thin subjects US can detect the intramuscular
tendon as a hyperechoic structure surrounded by
the muscle fibers. This region must always be ana-

Fig. 4.1a-e. Anterior aspect. a Probe positioning for transverse examination. b-e Corresponding sonograms obtained from
cranial to caudal. TFL, tensor fascia lata muscle; Sa, sartorius muscle; RF, rectus femoris muscle; arrow, tendon of the rectus
femoris muscle; AIIS, anterior inferior iliac spine; FH, femoral head; Fem, femur
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Fig. 4.2a-e. Anterior aspect. a Probe positioning for transverse examination. b-e Corresponding sonograms. b,c Sagittal sono-
grams obtained over the tensor fascia lata muscle (TFL). GMi, gluteus minimus muscle; VL, vastus lateralis muscle; ASIS, anterior
superior iliac spine. d,e Sagittal and transverse sonograms obtained over the rectus femoris tendon. IT, indirect tendon; arrow-
heads, posterior shadowing of the indirect tendon; arrows, direct tendon; FH, femoral head; AIIS, anterior inferior iliac spine

lliac Bone

lyzed in case of IP bursa fluid enlargement since in
these cases the bursa can continue inside the pelvis
and present as a pelvic mass (BIANCHI et al. 2002a).
The internal echostructure of the IP muscle must
be carefully examined, particularly in patients with
total hip replacement. Any anomaly of the IP muscle
due to partial tears and associated hematoma can be

Fig. 4.3a,b. Anterior aspect. a Probe positioning for transverse examination. b Corre-
sponding sonogram. I, iliac muscle; PS, psoas muscle; FA, femoral artery; FN, femoral
nerve; arrow, iliopsoas tendon

seen in symptomatic patients if the posterior face of
the muscle impinges against a protruding acetabu-
lar cup (REzIG et al. 2004).

After completing examination of the cranial
part of the anterior aspect, the transducer is then
moved distally to image the anteroinferior iliac
spine (AIIS). The spine can be easily detected as a
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hyperechoic structure that, with respect to the ASIS,
appears to be located in a deeper position. The only
structure that inserts into the AIIS is the direct
tendon of the RFE. This is the strongest of the three
tendons that constitutes the proximal attachment
of this muscle. The other two tendons are made by
the indirect tendon that can be appreciated by care-
ful axial examination as a hyperechoic band aris-
ing from the superior aspect of the acetabulum and
joining the lateral aspect of the direct tendon and
the reflex tendon that is directed upward and medi-
ally to merge with the hip anterior capsule. While
the reflex tendon is not detectable on US, the main
direct tendon is easily assessed by transverse and
sagittal sonograms obtained just distal of the AIIS
(Figs. 4.1, 4.2). It appears as a thick, hyperechoic,
oval structure. The sonographer must be aware that
the normal tendon can display a posterior shadow-
ing, particularly in transverse images, and this must
not be interpreted as an intratendinous calcifica-
tion. The reason for this phenomenon is unknown
although we believe that it can be related to changes
in fiber direction due to joining of the indirect
and direct tendon. It must be noted that, although
in adults scanning must be chiefly directed to the
tendons inserting into the iliac spines, in children
attention must be paid to the bone during examina-
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tion since apophyseal avulsions are mainly found in
the pediatric population.

Images are then obtained at the level of the hip
joint (Fig. 4.4). This is best evaluated by transverse
oblique images obtained over the femoral neck and
by sagittal sonograms. To obtain accurate imaging
of the anterior synovial cavity once the femoral head
is detected by transverse images the lateral corner of
the transducer is rotated inferiorly until the typical
bone outline of the femoral neck is evident. Images
obtained in this plane are well suited to image the
anterior synovial recess and detect intraarticular
effusion. The anterior hip synovial recess has been
well described by RoBBEN et al. (1999) who corre-
lated US appearance with anatomic and histologi-
cal appearance in cadavers. The anterior recess lies
between the deep fascia of the IP muscle and the
femoral neck and is composed by an anterior and
a posterior layer. The two layers correspond to the
cul-de-sac of the capsule which, after leaving the
anterior border of the acetabulum, runs inferolater-
ally to reach the intertrochanteric line. At this level
the most superficial fibers continue with the peri-
osteum while the deepest reflect and travel upward
to insert into the junction between the head and
the neck at the caudal edge of the articular carti-
lage. Each layer is made up of a thick fibrous and a

Fig. 4.4a-d. Anterior aspect. a Probe positioning for examination of the psoas muscle and tendon (b,c) and of the anterior joint
recess of the hip joint (d). b,c Corresponding sonograms. PM, psoas muscle; arrow, psoas tendon; white arrowhead, anterior
joint capsule; void arrowhead, cartilage of the femoral head; FH, femoral head; Ac, acetabulum. d FH, femoral head; FN, femoral
nerve; FA, femoral artery; arrowheads, anterior joint recess
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thin synovial component. The fibrous component,
composed histologically of collagen fibers, appears
on US as a 2 to 4 mm hyperechoic band while the
normal one- to three-cell thick synovial lining is
too thin to be detected. The anterior fibrous layer
is thicker then the posterior layer, probably because
the anterior capsule is reinforced by the iliofemo-
ral ligament. The two layers are separated, in the
absence of intraarticular effusion, by a hyperechoic
line that represents an interface between the layers
corresponding to the collapsed recess. This sign has
been referred by to by RoBBEN et al. (1999) as the
stripe sign. In adults the diagnosis of adult hip effu-
sion is made when the anterior synovial recess is
distended by greater then 7 mm (KoskI et al. 1989).
Nevertheless it must be noted that differentiation of
the two layers with US is easier in infant hips and can
be more difficult, if at all possible, in adults (WEY-
BRIGHT et al. 2003). Obese patients are particularly
difficult to examine because of the deeper position
of the joint and use of lower frequency transducers
can be of only partial aid. Attention must be made
not to confuse the anterior and posterior capsule
layers with an effusion since the capsule can appear
hypoechoic when imaged not perpendicularly to the
US bean. The fibrocartilaginous acetabular labrum
can be detected as a hyperechoic homogeneous tri-
angle that present the same aspect of the glenoid
labrum or knee menisci. Its assessment requires
accurate positioning of level of focalization and
seldom utilization of 5 MHz transducers.

Transverse sonograms can accurately disclose
the structures superficial to the articular plane. The
muscles are best imaged by transverse and longitu-
dinal scans. The muscles detected at this level from
lateral to the medial are: the TFL, RF, SA, IP and the
pectineus (PE) muscles.

Overlying the joint space the IP muscle is found
lying in a lateral position while the femoral nerve,
artery and vein are found in a more medial position
(Fig. 4.4). The IP muscle lies just superficial to the
capsule plane. Its posterior fascia is closely related
with the anterior hip capsule and the two structures
are barely discernible at US. The hyperechoic tendon
is located inside the posterior part of the muscle and
can be detected at both at transverse and sagittal
plane running anteriorly to the acetabular labrum. A
synovial bursa, the IP bursa, is located between the
tendon and the anterior capsule. The main function
of the bursa is reduction of IP tendon friction over the
hip joint during muscle activation and joint move-
ments (GINESTY et al. 1998). With respect of the ana-
tomic situation the IP bursa is similar to the gastroc-
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nemius-semimembranous synovial bursa. Both are
located close to the joint capsule and separate it from
a paraarticular tendon. In both cases a communica-
tion with the joint space can be found particularly in
adult. Communication with the hip joint is found in
15% of subjects and can be congenital or acquired. In
pathologic cases in which large joint effusions rise the
intraarticular pressure the two bursae can be filled by
fluid and lessen tension on the adjacent joint. Like the
majority of other bursae, the IPB is normally collapsed
and can not be detected by US. On the other hand,
US has proved to be an efficient and easy modality
to detect and evaluate intrabursal effusion and syno-
vial hypertrophy (BiaNcHI et al. 2002a). Once the IP
muscle and tendon are examined, the transducer is
displaced medially to image the femoral neurovas-
cular pedicle (Fig.4.5). The femoral nerve, artery,
and vein are then imaged from lateral to medial. The
femoral nerve presents the typical internal fascicular
pattern that can only be well imaged proximally since
it divides into the terminal branches just after leav-
ing the pelvic cavity. The normal femoral vein is of
larger diameter than the artery and collapses under
the pressure of the transducer. This maneuver must
be part of all hip US examinations. Calcific plaques
inside the artery wall are frequently noted in elderly
patients. Detailed evaluation of internal flow neces-
sitates use of the color Doppler technique.

A more distal assessment of the cranial aspect
of the RF muscle clearly depicts its peculiar inter-
nal architecture made by a central tendon continu-
ing the indirect tendon and a superficial tendon
lamina arising from the direct tendon (BiancHI et
al. 2002b). This US appearance correlates well with
cadaver studies and MR imaging data (BIANCHI et
al. 2002; HASSELMAN et al. 1995) and can explain
the occurrence of intrasubstance incomplete tear
(HuGHES et al. 1995).

4,2.2
Lateral Aspect

The superficial gluteus medius muscle (GMe) and
the deep gluteus minor (GMi) are found in the lat-
eral hip region (Figs. 4.6-4.8). The GMi originates
from the anterior portion of the lateral aspect of the
iliac wing to extend inferiorly. The GMe has a wider
surface of insertion originating from the posterior
two thirds of the iliac wing and covers most of the
GMi. Both muscles act as abductors and in addi-
tion flexors (posterior part of the GMe) and exten-
sors (GMi) of the lower extremity. They insert in the
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Fig.4.5a-d. Anterior aspect. a Probe positioning for examination of the anterior vessels and nerves. b Transverse sonogram. c-e
Sagittal sonograms. b-e Corresponding sonograms. PE, pectineus muscle; FN, femoral nerve; FA, femoral artery; FV, femoral
vein; arrowheads, parietal valves

Fig. 4.6a-d. Lateral aspect. a Probe positioning for transverse examination. b-d Corresponding sonograms obtained from cra-
nial to caudal. GMe, gluteus medius; GM;i, gluteus minimus; 1, GMi tendon; 2, GMe anterior tendon; 3, GMe posterior tendon;
GT, greater trochanter
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greater trochanter (GT), a large apophysis located
at the superolateral aspect of the femoral proximal
metaphysis that presents an anterior, a lateral, and
a superoposterior facet. The GMi muscle continues
in a strong tendon that is directed downward to
insert into the anterior facet. The posterior portion
of the GMe muscle continues into a strong tendon
that inserts into the superolateral facet. The anterior
and middle part continues into a thin tendinous
lamina that inserts, together with muscle fibers, into
the inferior aspect of the lateral facet (PFFIRMANN
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Fig. 4.7a,b. Lateral aspect. a Probe positioning for coronal examination. b Correspond-
ing sonogram. GMe, gluteus medius; GMi, gluteus minimus; I, GMi tendon; FL, fascia
lata; GT, greater trochanter

Fig. 4.8a-c. Lateral aspect. a Probe posi-
tioning for coronal examination. b,c Cor-
responding sonograms. GMa, gluteus
maximus; GMe, gluteus medius; 2, GMe
anterior tendon; 3, GMe posterior tendon;
GT, greater trochanter

et al. 2001). The fascia lata (FL) is a thick fibrous
band located superficial to the GMe cranially and
to the lateral aspect of the trochanter distally. The
anterior portion of the GMa and the TFL insert
into the FL. Several synovial bursae found in the
region allow smooth gliding among the tendons and
fascia lata and the GT. The most common bursa is
the trochanteric, followed by the GMe and the GMi
bursae. The first is located between the under-sur-
face of the GMa and the posterior facet of the GT
and the lateral aspect of the GMe tendon. The GMe
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bursa is located between the anterosuperior aspect
of the lateral facet and the medial aspect of the GMe
tendon while the GMi bursa is located anteromedi-
ally to the GMi insertion.

For proper examination of the lateral aspect of
the hip the patient is then asked to turn on to the
contralateral hip. The lateral face is scanned by
transverse and coronal images. Transverse images
obtained cranial to the greater trochanter show
the GMe and GMi muscles whose anterior margins
blend together. To localize the anterior portion of
the GMi the sonographer must first visualize the
TFS, then, by moving the transducer posteriorly,
the anterior margins of both muscles can be recog-
nized. Similarly, posterior images over the anterior
portion of the large GMa are first obtained to help
identification of the posterior part of the GMe. In
a more superficial location the thick hyperechoic
FL is detected as a hyperechoic band that joins the
anterior portion of the GMa and the posterior part
of the TFS and lies on the lateral aspect of the GMe.
Deep to the muscle plane the hyperechoic line cor-
responding to the lateral aspect of the iliac bones is
found. Once the muscle bellies have been evaluated
the transducer is moved inferiorly at the level of the
GT. Due to the different orientation of the GMe and
GMimuscles an optimal assessment of their tendons
can be obtained only by evaluating each tendon sep-
arately. The GMi tendon can be seen at the anterior
level as a hyperechoic structure that arises from the
deep part of the muscle and inserts into the ante-
rior GT facet. Images obtained over the lateral facet
shows the lateral tendon of the GMe tendon as a
curvilinear band. Moving the transducer more pos-
teriorly allows visualization of anterior part of the
GMa muscle covering the oval posterior component
of the GMe tendon. Images are then obtained at the
supratrochanteric and trochanteric region by tilt-
ing the transducer in the coronal plane. The more
superficial distal tendons are more easily evaluated.
Moving the probe from anterior to posterior enables
assessment of the GMi, as well as the lateral por-
tion and posterior part of the GMe. The tendons can
be properly evaluated by tilting the probe parallel
to their long axis in order to avoid anisotropy. The
bone attachment into the different GT facets can be
detected. Because of the small amount of synovial
fluid, the peritrochanteric bursae are not visualized
by US in normal conditions.

Coronal images are the best suited to demonstrate
the FL that appears as a uniform hyperechoic band
with smooth borders overlying the GMe muscle cra-
nially, and the lateral GMe tendon distally.
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4.2.3
Posterior Aspect

The posterior hip is more rarely examined due to
infrequent disorders. An adequate study in an adult
usuallyrequiresa 5 MHz transducer due to the thick-
ness of the subcutaneous tissues and of the GMa
muscle. The GMa is examined by images obtained in
the transverse and sagittal oblique plane. The entire
muscle can be imaged from its medial origin to its
lateral insertion into the femur and FL.

The deeper structures are more difficult to evalu-
ate (CoHEN 2002) (Figs. 4.9-4.11). First the medial

Fig. 4.9a,b. Posterior aspect. a Probe positioning for trans-
verse examination. b corresponding sonogram. GMa, gluteus
maximus; IFT, ischiofemoral tendons; SN, sciatic nerve; Isch,
ischiatic tuberosity; Fem, femur



Ultrasound

structures are examined. For this purpose the most
useful landmark is the hyperechoic ischial tuberos-
ity. Once detected the cranial part of the ischiocrural
tendons can be demonstrated inserting on its lateral
aspect. Usually the different tendons, the semimem-
branosus (SM) and the semitendinosus-biceps (ST-
B) tendon cannot be distinguished. In a more lateral
location, surrounded by fat, the sciatic nerve can be
seen lying between the deep quadratus femoris and
the superficial GMa muscle. The nerve has an oval
to flattened appearance and presents the typical
internal fascicular echotexture. More caudally the
conjoined tendon of the ST-B can be seen in a more

Fig.4.10a,b. Posterior aspect. a Probe positioning for transverse
examination. b Corresponding sonogram. GMa, gluteus maxi-
mus; STM, semitendineus muscle; CT, common tendon of the
biceps tendon and semitendinosus tendon; SMT, semimembra-
nosus tendon; SN, sciatic nerve; Isch, ischiatic tuberosity
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superficial and lateral position with respect to the
SM tendon. The two hyperechoic tendons, together
with the lateral sciatic nerve, form a hyperechoic tri-
angleknown as the “Cohen triangle” from the author
that first described it (ConEN 2002). Detection of the
triangle is very helpful since it allows a correct indi-
vidualization of the main anatomic structure of the
area. More caudally the ST-B appears as a comma
shaped structure located between the medial ST
muscle, the fibers of which originate more cranial
than those of the B muscle, and the lateral SM mus-
cles. The SM tendon continues in a large aponeuro-
sis that directs medially and posteriorly. No fibers of

Fig. 4.11a,b. Posterior aspect. a Probe positioning for trans-
verse examination. b Corresponding sonogram. STM, =semi-
tendinous muscle; BM, biceps muscle; SMT, semimembranous
tendon and tendon lamina (arrowhead); SN, sciatic nerve
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the SM muscle are present at this level. Lower down,
sonograms allow detection of ST and B muscles and
the more internal triangular-shaped SM muscle.
The sciatic nerve can be easily detected at this level
since it runs just posterior to the B muscle. To sum-
marize the organization of the ischiocrural muscles
it must be noted that the ST and B muscle arise from
a common tendon located superficial to the SM
tendon. These tendons insert into the lateral aspect
of the ischial tuberosity rather then into the inferior
face. Transverse caudal images show that the first
muscle that appears is the ST followed by the lateral
B and in a more distal location by the medial SM.
The sciatic nerve is always located laterally to the
tendons. Cranially it forms the anterolateral corner
of the Cohen triangle, in a more distal location it can
be detected just below the biceps muscle. The poste-
rior aspect of the hip joint and deep muscles are very
difficult to assess and differentiate.
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5.1
Introduction

Nuclear medicine techniques can be of enormous
value in the assessment of the hip and bony pelvis.
The most widely used technique is the isotope bone
scan, which provides a wealth of diagnostic informa-
tion in both benign and malignant bone disease. A
knowledge of the normal pattern of tracer uptake
throughout the skeleton as well as normal anatomi-
cal variants and conditions causing specific changes
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are necessary in order to use the bone scan appro-
priately. When used in this way it is a highly sensi-
tive technique. Where questions of specific abnor-
malities such as infection, infarction or loosening of
prosthesis are raised other nuclear medicine proce-
dures are useful. These include white cell imaging,
gallium scintigraphy and, more recently, positron
emission tomography. Each technique has specific
technical requirements and potential pitfalls which
should be understood and accounted for in order to
correctly interpret the images. Then these studies,
often together with the bone scan, provide valuable
diagnostic information.

5.2
Bone Scintigraphy

5.2.1
Technique

The commonest nuclear medicine examination in
the evaluation of the hip and bony pelvis is the
planar bone scan. This is not merely an adjunct to
radiographs as fundamentally different informa-
tion is obtained with each technique and the two
often work in symbiosis. The radiograph reflects
anatomical change in the bone often due to changes
in the bone mineral whereas the bone scintigraph is
areflection of abnormal metabolism in the bone due
to changes in vascularity and osteoblastic activity.
The bone scintigraph is often abnormal before the
radiograph. It may also indicate if a lesion identi-
fied on radiograph is clinically significant or pro-
vide confirmation or disproof of the radiographic
diagnosis (Fig. 5.1). The most frequently used com-
pounds for bone scintigraphy are the diphospho-
nates such as methylene diphosphonate (MDP).
These are adsorbed onto bone surfaces (FOGELMAN
1980) and have a particular affinity for sites of new
bone formation. They are labelled with technetium-
99m (99mTc) at doses of 500-1000 MBq. This isotope
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Fig.5.1a. Plain radiograph of the pelvis showing small lesion
in the right neck of femur reported as possible osteoid
osteoma. b Corresponding bone scintigraph to (a). The early
blood pool images (fop row) show normal vascularity and the
delayed images (bottom row) are normal. This shows that the
lesion is not an osteoid osteoma as this would have increased
vascularity and increased uptake on delayed imaging

is readily available and has physical properties that
make it ideal for routine patient studies. The bone
scintigraph is highly sensitive for detecting skeletal
abnormalities but does lack specificity. This is bal-
anced by a knowledge of recognisable patterns of
uptake which will often suggest a specific diagno-
sis.

The planar bone scintigraph may be performed
as a single delayed image or as a 2-3 phase scan.
In patients with a localised problem, e.g. fracture
or infection the three or two phase bone scan with
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evaluation of vascularity (in the early phases) may
be useful. The dynamic flow or first phase involves
the patient being injected whilst lying under the
camera with images collected for the first minute
or so. The blood pool phase (2nd phase) occurs
between 2 and 5 min. The final delayed imaging is
performed 2-4 h following injection depending on
the radiopharmaceutical. These delayed times have
been chosen as they provide the best quality images
with maximum bone to soft tissue ratio. At this time
most of the unbound radiopharmaceutical will have
been excreted by the kidneys and there will not have
been significant physical decay of the 99mTc. Nowa-
days, the modern gamma cameras provide rapid
single sweep whole body images. On some occasions
extra views following the whole body sweep may be
helpful to clarify a possible abnormality or more
accurately localise it. The 99mTc-MDP is normally
excreted through the renal tract and the kidneys
are normally visualised with high uptake seen in
the bladder. Thus, in the pelvis difficulties can be
encountered examining the pubic bones due to radi-
oactive urine in the bladder. Squat or subpubic views
(where the patient literally sits on the camera head)
or oblique images can overcome this problem. Pin
hole collimators can be used to increase the detec-
tion rate of small and difficult to visualise lesions
such as Perthes disease or tendon avulsion.

Single photon emission computed tomography
(SPECT) is an additional technique undertaken
that provides three-dimensional imaging enabling
improved anatomical localisation. It provides fur-
ther improved contrast between bone and soft
tissue and hence greater sensitivity. It is performed
at 2-4 h post-injection usually after the whole body
images. Its most common use is in the spine but it
can be of use in the hip and pelvis particularly for
the evaluation of avascular necrosis of the hip. It is
generally considered to be of less value in the pelvis
due to attenuation artefact and image degradation
from the very active bladder.

5.2.2
Normal Variants and Pattern Recognition

It is important to understand the appearance of
the normal bone scintigraph in order to accurately
assess any abnormality. The positive bone scan typi-
cally shows an area of increased uptake resulting
from an osteoblastic reaction to local insult. Such
areas will often be seen as sclerotic on X-ray. Rarely
with excess osteoclastic activity (lesion seen as lytic
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on X-ray) these will be visualised on bone scan as
areas of decreased uptake or ‘cold’ lesions. In most
cases there will be increased uptake representing a
local osteoblastic response. Some alterations on the
bone scan may be subtle and involve both decreased
vascularity and uptake, e.g. reflex sympathetic dys-
trophy syndrome in children. Therefore, knowledge
of the particular clinical problem and any relevant
patient history and normal appearance is vital.

The most important feature in a normal bone
scintigraph is symmetry about the midline. Asym-
metry can be assessed quickly which may point
to pathology. Uptake of tracer should be uniform
throughout the skeleton. The highest uptake is seen
normally in the most metabolically active bone,
usually that with a high trabecular component and
which is subject to most stress, e.g. the spine with
its weight bearing role. Ideally while being imaged
patients should be lying flat with the pelvis square
although this is not always achieved. Particularly in
the pelvis, rotation of the patient must be looked for
and assessed on the final images or else one side may
be wrongly reported as abnormal. Normally, the sac-
roiliac joints have increased uptake compared to the
rest of the pelvis and hip joints due to weight bear-
ing load. Where altered weight bearing has changed
the load, e.g. scoliosis or acute conditions such as
fracture in the lower limb asymmetry may occur.
In women, a knowledge of a history of recent preg-
nancy will prevent increased pubic uptake due to
diastasis from delivery being diagnosed as osteitis
pubis (another cause of increased pubic bone uptake
on the bone scintigraph).

Children pose a particular problem as in the bone
scintigraph there is normal increased uptake in the
metaphyseal-epiphyseal area of the long bones. As
areas of intense metabolic activity these regions
would be expected to have increased uptake with the
intensity decreasing with age and until fusioninado-
lescence. Any alteration in the normal appearance of
the growth plate may suggest abnormal growth or
development. Knowledge of the age defined normals
is vital for interpretation. The shape of the growth
plate is also important. Non-ambulatory infants
have globular growth plates due to the absence of
weight bearing. In a normal ambulatory child/ado-
lescent the edge of the growth plate should be well
demarcated and this becomes more marked towards
skeletal maturity. Any blurring would arouse suspi-
cion of pathology. Evaluation of each component of
the growth complex should be undertaken and each
side compared. It is necessary then that the child
must be lying straight and the pelvis and legs in the
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same position on each side to avoid mistakes due to
rotation and positioning whilst imaging. Conditions
such as renal failure or steroids may cause decreased
uptake in the normal growth plates and delayed
ossification. Radiotherapy will cause this as well in
the radiotherapy field. At fusion there can be intense
increased uptake of tracer in the growth plates as
a normal variant, e.g. ischiopubic synchondrosis
(CAWLEY et al. 1983) which should not be confused
with pathology.

To evaluate the abnormal bone scan in addition
to an understanding of normal variants it is neces-
sary to be fully aware of any relevant clinical his-
tory. Beyond this recognisable patterns of increased
activity are often seen which may suggest a specific
diagnosis, despite the apparent lack of specificity
of the bone scintigraph. These will be discussed
below.

5.2.3
Extra-Osseous Uptake on the Bone Scintigraph
and Artefacts

There are many examples of diphosphonate uptake
being described outside of the bone itself. In general
this will be explained by the presence of micro-
calcification in the lesion. In the pelvis and hip any
tumour and local metastases may potentially have
uptake and if any unsuspected areas are seen within
the pelvis further imaging should be performed and
a cause elucidated. Nearly all soft tissue tumours
(including sarcoma and neurofibroma) take up
diphosphonates and it has been suggested that bone
scanning could be used to assist in surgical planning
of sarcomatous tumours by showing the relation-
ship between the tumour and local bone (CHEW et
al. 1981). MR imaging nowadays makes this much
less useful.

Extra-osseous uptake in muscle may also be seen
and is most commonly due to myositis ossificans
or heterotopic bone formation which occurs after
trauma, hip surgery or due to prolonged immobil-
ity (ORzEL et al. 1984). Benign abnormalities can be
associated with extra-osseous uptake including the
sitesof druginjection (BRowNand MILLER 1994) and
calcifying haematoma and scars. Diffuse accumula-
tion of soft tissue uptake can be seen in the affected
limb in lymphoedema (Fig. 5.2) and in chronic DVT
(ZuckIER et al. 1990; TrRuIT et al. 1998). Although
uptake is generally seen in organs outside the pelvis
occasionally amyloid will result in MDP accumula-
tion in bowel lying inside the pelvis (JANSSEN et al.



62

: 9
[, ]
4. ;‘1 i 5
E *

Fig.5.2. Bone scintigraph in a patient with a pelvic tumour.
The scan shows uptake in the soft tissues of the left leg in the
known lymphoedema

1990). Although rare soft tissue metastases do have
uptake of tracer (HAIN et al. 1999). An accurate clin-
ical history will prevent any inappropriate report-
ing, and knowledge of these patterns will encourage
the reporting physician to seek a history if this has
not been forthcoming.
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As tracer is excreted through the bladder con-
tamination following micturition can cause false
positive findings on the bone scintigraph. The pat-
tern is often typical and away from bone but where
doubt exists, e.g. the uptake is directly in the line of
bone on the planar image the patients should have
the area washed and further imaging performed.
Ileal conduits following cystectomy result in high
uptake in the bowel and may obscure the pelvic
bones (Fig.5.3). Catheter bags should be placed
away from the pelvis and hip during imaging to pre-
vent obscured views (Fig. 5.4)

Foreign objects including metal such as zips and
belt buckles as well as coins in the pockets can cause
attenuation artefacts on 99mTc. These areas are
readily identified by their non-anatomical site and
shape and photopaenic/’cold’ appearance (Fig. 5.5).
Professional radiographers ensuring removal of
such objects before imaging should mean that the
incidence of this is low.

5.3
Other Techniques - Infection Imaging

Several other nuclear medicine tracers and proce-
dures may be of value in assessing the hip and pelvis.
These may often be assessed with and in addition to
the bone scan. In assessing infection generally either
gallium or white cell imaging is performed and the
results often compared with the bone scintigraph.

RAO PELVIS

RPO PELVIS

Fig.5.3. Local pelvic views on bone scintigraph in a patient with ileal conduit (arrow). The scan indicates that lateral oblique
views provide adequate imaging to view the pelvic bones despite the presence of uptake in the ileal conduit
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Fig. 5.4. Patient with a urinary catheter. The scan shows uptake
in the tubing with the drainage bag out of the scan field. The
only part of bone partially obscured is part of the left femur.
Following the line of tubing easily differentiates this from
pathology

5.3.1
Gallium Scintigraphy

Gallium 67 citrate (Ga-67) is an isotopic tracer that
is taken up at sites of infection. Generally 100 MBq
is administered and imaging performed 48 h post
injection. Uptake at sites of infection is due toleakage
of gallium bound to lactoferrin through abnormally
permeable capillaries. It also demonstrates uptake
in abnormal bone at non-specific and non-infected
sites. This is at the same places where diphospho-
nate uptake may occur on bone scintigraph. Thus,
the gallium must always be evaluated with a recent
bone scan. If gallium uptake is greater than that seen
with MDP on the bone scan then infection is con-
sidered likely and this is referred to as incongruous
uptake. The bone scan should always be performed
first as a normal bone scan precludes infection and
avoids the need for Gallium and extra exposure to

Fig.5.5. Cold area (arrow) seen on bone scintigraph caused
by belt buckle

radiation. As gallium is imaged 48 h after injection,
assessment of the bone scan as abnormal will allow
the gallium injection to be given on the same day
that the bone scintigraph is performed, enabling the
patient to return and complete the investigation in
the minimal amount of time.

5.3.2
Labelled Leucocytes

Radioactively labelling the patients own leucocytes
is an effective method of assessing infection. The
common radioactive labels used are either techne-
tium using exametazime (HMPAO) as the carrier
or indium-111 using oxime (In-111). To perform the
procedure the patients blood is collected from a vein
and the whole blood spun to separate the white cells.
The white cell component is labelled with the radio-
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active isotope and this mixture reinjected intrave-
nously into the patient. If technetium is used the
images have to be performed on a different day to the
bone scintigraph as the isotope is the same. 99mTc
white cell scanning requires imaging at 1 and 3h
post reinjection of the labelled cells. For indium,
technically, the cell labelling and reinjection proc-
ess can be performed on the same day as the bone
scan due to the different isotope and higher energy
and different photopeak windows of the In-111. The
patient must still return on the following day as 24-h
images are performed. There is some crossover in
the energy window between In-111 and 99mTc lead-
ing to some potential problems and many depart-
ments prefer to delay the white cell component. This
technique, whether with In-111 or 99mTc, is labour
intensive and requires special laboratory facilities
which make it expensive and impossible for some
smaller departments to perform. Other methods
using phagocytic labelling have been developed
which avoid the necessity to remove and label the
white cell content thus avoiding expensive and spe-
cialised equipment. As the leucocytes in this tech-
nique are not activated, which occurs with labelling,
they do not behave physiologically. This may affect
the accuracy of the technique although good results
can be obtained.

5.3.3
Positron Emission Tomography

The development of PET scanning has introduced a
new imaging technique for infection. With uptake of
glucose and therefore the glucose analogue 2 fluoro-
deoxyglucose labelled with the positron emitter F-18
in metabolically active tissue, including infection,
PET scanning provides the newest technique in the
armamentarium of infection imaging.

5.4
Nuclear Medicine Techniques in the Hip
and Pelvis for Clinical Conditions

With the background of normal tracer distribution
and normal patterns of uptake in various conditions
the nuclear medicine techniques are potentially of
enormous value in evaluating the hip and bony
pelvis. Several difficulties and specific changes can
occur which must be recognised in order to accu-
rately assess clinical conditions.

S. F. Hain and I. Fogelman

5.4.1
Diagnosis of Infection and Elucidation of the
Cause of Pain in Hip Prosthesis

Two of the commonest reasons for performing
nuclear medicine studies in the hip and pelvis are
for the evaluation of possible osteomyelitis or hip
pain in a patient with a total hip prosthesis. Pain
related to a prosthesis can be due to many causes
including loosening or infection and a knowledge
of the expected pattern of change in appearance on
scintigraphy over time is important.

Where there is a question of osteomyelitis in the
hip and bony pelvis the three phase bone scintigraph
is the first test that should be performed. It is gener-
ally recognised that bone scintigraphy will be abnor-
mal several days to weeks before conventional radio-
graphs (HANDMAKER and LEONARDS 1976). Increased
uptake in the early blood pool images with uptake in
the bone at 3 h makes osteomyelitis highly likely. It is
important to scan the whole body as infection may be
multifocal, especially in children. With the modern
gamma camera and whole body sweeps this proce-
dure is easy to perform, even in children. Uptake
seen only on the early images with no abnormal bone
uptake on the later images suggests inflammation in
the soft tissues only and this is typically seen in cel-
lulitis. The use of recent antibiotic therapy must be
known as it may lead to a false negative result.

Other tracers may be necessary to diagnose infec-
tion, particularly as the bone scan may not be spe-
cific enough for accurate diagnosis. Gallium was for
many years the procedure of choice although white
cell scanning has replaced this to a large extent. If
Gallium uptake is greater than that seen with MDP
on the bone scan then the scans have ‘incongruous
uptake’ and infection is considered likely. As Gal-
lium is taken up into any abnormal bone, uptake
similar to that seen on the bone scintigraph is ‘con-
gruous’ and unlikely to be infection. In addition,
bone scintigraphy plus or minus gallium can be of
use in patients with sickle cell disease where the
query is to differentiate between infarction, sickle
crisis or infection. Early on, X-ray is usually normal
and abone scanis a quick, simple procedure. Normal
or reduced uptake is seen in sickle crisis whereas
increased uptake is seen in infection and infarction.
Gallium can then be used to differentiate infection
(positive) from infarction (negative).

An important clinical problem in the hip is to
clarify the cause of pain in a femoral prosthesis
that could be due to infection or perhaps loosening.
The three phase bone scan combined with infection
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imaging is very useful. Even where the only relevant
issue is whether infection is present or not the bone
scan should be performed before specific infection
imaging. A normal bone scan will effectively exclude
any pathology. One problem in patients with pain-
ful hips following prosthesis is that only 37% may
have a normal scan appearance but not all of these
will have significant pathology which will require
surgery (MILEs et al. 1992). This is because when a
prosthesis is inserted there are significant changes
to load distribution and the biomechanical forces in
the joint which cause changes in the bone and hence
on the very sensitive bone scintigraph. Depending
on the type of prosthesis, in particular cemented
versus non-cemented, the appearance on bone scin-
tigraphy will be affected. For older cemented pros-
thesis the changes on bone scan are well described.
These have persistent uptake equal to the SI joint
for at least 2 years post surgery and this uptake only
diminishes at 3 years. Focal uptake at the tip of the
femoral prosthesis is increased in 10% and that in
the acetabulum in 12% at 2 years reducing slightly
thereafter (Utz et al. 1986). In cementless prosthesis
it is common to see uptake at the tip persisting for
more than 2 years (OswALD et al. 1989). Loosening
is classically described as having focal uptake on
bone scan especially at the tip but, since this can be
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Fig.5.6a,b. A patient with a 5-year-old left total hip prosthesis presented
with pain. a Early blood pool images (anterior on left, posterior on right)
show normal vascularity. b Delayed images show increased uptake in the
hip prosthesis. This is greater than expected at 5 years and is focal in the
acetabulum, tip and lesser trochanter. With no significant vascularity the
likely cause is loosening

a common finding for several years, false positive
results can occur. In fact, on bone scan a loose pros-
thesis may have focal or diffuse uptake and since
diffuse uptake is also seen with infection a further
test, e.g. white cell scan may be necessary to differ-
entiate the two conditions. Pattern recognition of
specific areas of uptake is important. Uptake in the
greater trochanter is extremely common and due to
the osteotomy and on its own unlikely to represent
either infection or loosening. Uptake in more than
one site and especially the lesser trochanter com-
bined with the femoral tip is far more significant
and likely to indicate loosening (Fig. 5.6). Where
infection must be excluded leucocyte imaging with
In-111 is regarded as the first choice of infection
agent in this case. Cross talk can occur with the
99mTc window from the bone scan if these are done
on the same day. If this protocol is used then it is
foreseeable that an abnormality seen on the In-111
will really be a persisting abnormality from the bone
scintigraph and therefore only incongruous lesions
can be defined with certainty. This can be avoided
by performing the indium white cell scan on a dif-
ferent day which would also allow the use of techne-
tium white cell labelling, which is cheaper and more
widely available but less sensitive for identifying low
grade infection.
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False positives can occur and in particular are
seen in non-cemented prostheses. This is due to
displacement of activated marrow during surgery
which may form bone islands and will be positive on
both bone and leucocyte scanning. A further scan
with a bone marrow seeking agent such as nano-
colloid, labelled with 99mTc, should be performed
and compared with the others. Concordant scans
(bone marrow uptake in the same place) indicates
bone marrow displacement whereas normal marrow
uptake in the presence of high bone and leucocyte
uptake indicates infection. This combined tech-
nique reduces the number of false positive results
seen with In-111 (SEABOLD et al. 1991).

False negatives can be seen in chronic infection
where there is insufficient influx of white cells into
the area. In this case Ga-67 would be a more useful
infection imaging agent. Gallium, as previously
mentioned, is taken up at the site of abnormal bone
metabolism and MDP accumulation. Thus, congru-
ity of uptake between the bone and gallium may not
indicate infection. On the other hand, incongruity,
i.e. uptake in excess of that which would be antici-
pated from the bone scintigraph imaging indicates
infection. The results with Gallium are good showing
a sensitivity of 83% and specificity of 81% (HARRIS
and BARRACK 1993). Generally, white cell scanning
would be regarded as better than Gallium with a
sensitivity of 88% and specificity of 90% (HARRIS
and BARRACK 1993).

Most recently FDG-PET has shown promise in
differentiating loosening and infection in the hip
by identifying increased uptake in infection at the
bone-prosthesis interface (ZHUANG et al. 2001).

5.4.2
Trauma - Defining Fracture, Complications and
Assessment of Fracture Risk

In the presence of a suggestive clinical history a plain
radiograph usually shows a fracture within 24 hours
of injury in 95% of patients less than 65 years of age
(MARTIN 1979). In older patients the radiograph may
not be abnormal until up to 72 hours. Where the ini-
tial radiograph is negative three phase bone scintig-
raphy is valuable in confirming or excluding fracture.
A particular area of difficulty in the hip and pelvis is
the elderly patient with a suspected fractured neck of
femur (DEUTSCH et al. 1989). Occasionally the bone
scan may also be negative early on. In such cases it is
worth repeating the bone scan several days later as it
will still be abnormal before the radiograph.
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Bone scintigraphy may also be useful in pelvic
fracture which again can be difficult to define on
radiograph. On bone scintigraphy a sacral fracture
typically appears as a styled ‘H’ across the sacrum
and vertically down the SI joints, referred to as the
Honda sign because of it similarity to the Honda
Company trademark. In assessment of pelvic frac-
ture, where a sacral fracture is seen, contra-coup
injury should always be assessed especially in the
pubic rami. Due to excretion of tracer through the
bladder this may be difficult to define. In this case
an extra view, a subpubic, should be performed
which allows good visualisation of the pubic rami.
This requires the patient to sit on the camera head
and if the patient is infirm or in pain this may not
be possible. Alternatively a late view at 24 hours
after bladder emptying will give the same informa-
tion.

Where there is a known fracture, e.g. in the proxi-
mal femur continued symptoms may suggest non-
union. This can be difficult to diagnose clinically
and radiologically. A bone scintigraph may be help-
ful as reduced uptake at the fracture site will con-
firm atrophic non-union.

5.4.3
Avascular Necrosis and Infarction

As mentioned previously bone scintigraphy is useful
in sickle cell disease to differentiate infarct from
infection. In other forms of infarction, e.g. Perthes
disease and avascular necrosis, it may also be help-
ful. Avascular necrosis may occur after fracture,
especially in the neck of femur, or may be sponta-
neous as a complication of treatment with corticos-
teroids. The early diagnosis can be difficult as the
radiograph is usually normal. In the case of previous
fracture and surgery MR imaging cannot be per-
formed due to the metal implants. In both infarc-
tion and avascular necrosis the pathological bone
process is ischaemia and the bone scintigraph will
be abnormal very early on with decreased uptake
in the affected area. With time the bone scintigraph
shows an area of increased uptake which is due to
the reaction of surrounding normal bone to the inf-
arcted area. Classically in avascular necrosis of the
hip planar imaging should show a bull’s eye lesion,
i.e. a rim of increased uptake surrounding a pho-
topaenic/cold centre. This is not always seen and
SPECT imaging can be particularly helpful. This
will usually identify the central photon deficient
lesion (COLLIER et al. 1985).
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5.4.4
Malignancy

The standard planar whole body bone scan remains
extremely important in the evaluation of bony meta-
static disease both in the pelvis and beyond. Com-
pared to plain radiography a bone scan provides
a simple relatively low radiation dose method for
examining the entire skeleton in one examination.
In addition, an abnormality on bone scan represent-
ing a metastatic deposit may precede that on radio-
graph in some cases by several months (TorE et al.
1975; P1IsTENMA et al. 1975; CITRIN et al. 1977). Many
tumours will have management alteration depend-
ing on the presence of metastatic bone lesions and
the bone scintigraph is therefore very important in
early staging of the malignancy as well as defining
the extent of bone metastases at any stage of the
disease. The pelvis and proximal femur along with
the spine, ribs, proximal humerus are the common-
est sites for metastatic lesions (Fig. 5.7). Typically, a
metastasis appears as a focal area of uptake not cor-
responding to a defined anatomical area. Osteolytic
metastases appear as cold areas and can be seen in
certain tumours, e.g. renal and thyroid (Fig. 5.8).

Fig.5.7. Bone scintigraph showing uptake consistent with
bone metastases in the common sites of the left proximal
femur, thoracic spine and right rib
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Such lesions should not be overlooked. Metastatic
involvement of the skeleton by myeloma will often
be negative on bone scintigraphy and generally the
bone scan under-represents the extent of disease
when compared to radiographs.

A potential pitfall in interpreting a bone scan
in malignancy is recognising the superscan
(ConsTaBLE and CRANAGE 1981) (Fig. 5.9). Thisis a
scan that looks like an excellent quality study with
increased uptake into all the bone and little in the
soft tissue. It occurs because the focal lesions in the
skeleton are so extensive that they coalesce to pro-
duce an image of diffuse increased uptake. There is
usually no or little kidney and soft tissue uptake due
to less tracer being free to be taken up into soft tissue
or excreted and hence also because of increased con-
trast. To aid with interpretation it is often possible to
identify some focal lesions especially in the ribs.

Where abnormalities are visualised on bone scin-
tigraphy and treatment is initiated it is possible to
use periodic scintigraphic examination to assess
response of the disease to therapy. It is important
that such scans are performed with a reproducible
technique especially with regard to image contrast.
In general, a decrease in size and intensity of lesions

iﬁ. @

Fig.5.8. Bone scintigraph in a patient with renal cancer. The
scan shows multiple areas with a rim of increased uptake and a
photopaenic centre (arrows) typical of osteolytic metastases
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Fig.5.9. A superscan of malignancy with increased uptake in
the bone marrow with more focal lesions seen in the ribs and
pelvis

represents response to treatment, whereas new
lesions or increase in size demonstrates progressive
disease. Some caution in interpretation is needed
though as in the first few months following initiation
of successful therapy a flare response (ROSSLEIGH et
al. 1982, 1984) will invariably occur, where thereis a
short-term worsening of the scan findings including
increase in the intensity of lesions and occasionally
new lesions. This process is due to osteoblastic acti-
vation as part of the healing process. Thus, care must
be taken in reporting a bone scan within the first few
months after initiation of treatment although this is
not a problem after 6 months.

At a site of metastatic bone disease a pathological
fracture may occur. The most worrying of these is
in the proximal femora and if present these may be
treated surgically or with radiotherapy thereby pre-
venting fracture. The bone scan is therefore useful
to define these lesions. Although it cannot predict
the risk of fracture, by identifying the presence of a
lesion, other investigations may be performed and
appropriate and preventive action, with consequent
decreases in morbidity, may be undertaken.
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With the expansion of PET inoncologyitisnotsur-
prising that its potential to identify bony metastases
has been evaluated. The commonest PET tracer, F-18
FDG is taken up into tumour cells including those
in bone. Generally, PET identifies bony metastatic
disease as well as the bone scan in most tumours
with some reports of improved sensitivity in lung
and breast cancer (Coox et al. 1998; CHERAN et al.
2004). One potential pitfall is in sclerotic lesions
where Cook et al. (1998) found PET is falsely nega-
tive although interestingly these patients had a
longer survival than those with lytic metastases. In
addition, prostate cancer, which has predominantly
sclerotic bone metastases, is one of the few tumours
where FDG-PET identifies metastases less well than
99mTc MDP bone scintigraphy (SANz et al. 1999;
SHREVE et al. 1996; YEH et al. 1996). The reason for
less uptake of FDG in sclerotic metastases is unclear
but it may reflect a lower glycolytic rate and smaller
absolute tumour volume. The F 18-fluoride ion has
been used in imaging bones for over 40 years (BLAU
et al. 1962) and with the recent expansion and avail-
ability of PET scanning is being re-evaluated for
defining metastatic disease. It shows a high con-
trast between normal and abnormal bone and has
high uptake in both lytic and sclerotic metastases
(SCHIRRMEISTER et al. 1999).

5.4.5
Arthritides

In arthritides, bone scintigraphy may be useful to
define active joint disease by showing increased
uptake in the joint margins. This is due to osteob-
lastic reaction at the joint and in the case of osteoar-
thritis reflects new bone formation. Inflammatory
arthropathy can occur even in osteoarthritis and in
this case the three phase bone scan will be positive
in all phases. In arthritides of the hip and pelvis a
useful role is in the assessment of sacroiliitis of any
cause including ankylosing spondylitis. Acute sac-
roiliitis produces a positive bone scintigraph even
when X-ray is negative (LENTLE et al. 1977; NAMEY
et al. 1977). Some difficulties do arise though as in
normal studies the uptake in the sacroiliacs can be
increased compared to the surrounding pelvis and
sacrum due to altered mechanical stresses and par-
ticularly so in younger people who are more likely to
have sacroiliitis. Quantitative techniques have been
developed and help to overcome these interpretation
difficulties. An uptake ratio is measured comparing
the uptake of tracer in each sacroiliac joint to the
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other, to the normal sacrum or surrounding bone
(RusskeLL et al. 1975; DAVIEs et al. 1984) (Fig. 5.10).
In acute or early disease the ratio will be increased.
In end stage ankylosing spondylitis the ratio will
have returned to normal as fusion of the joints
occurs. SPECT imaging is also both sensitive and
specific for detection of established sacroiliitis and
is more specific than MR for this condition (HANLY
et al. 1994).

5.4.6
Sporting Injuries

The pelvis can be affected in some sporting injuries
and a knowledge of the relevant anatomy can lead to
accurate diagnosis on bone scintigraphy. Increased
uptake on the bone scintigraph due to abnormal
osteoblasticactivityattendonandligamentinsertion
indicates tendon/ligamentous injury/tear/rupture
with accuracy. Due to the excretion of tracer through
the bladder part of the pelvis can be obscured on the
standard image and often, extra views, such as the
subpubic or obliques, are required. With this extra
imaging, conditions such as osteitis pubis, muscle
avulsion from the inferior pubic ramus or apophy-
seal avulsion from the ischial spines (an important
site of injury in adolescent athletes) (KujaLa et al.
1997) will not be missed. Nowadays many of these
conditions could be diagnosed with MR imaging but
the long waiting lists for the procedure, particularly
in the some countries, e.g. UK, mean that the bone
scintigraph remains a valuable and quickly obtain-
able alternative.

Multiple injuries in sports people and others are
also possible in the hip. These can be easily diag-
nosed on bone scintigraphy. In particular, further
imaging with pinhole collimators has been useful in
identifying Perthes disease, slipped capital femoral
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epiphysis in children and fractures in the neck of
femur in athletes (typically at the inferior aspect of
the femoral neck).

5.4.7
Metabolic Bone Disease

In metabolic bone disease the main use of the bone
scintigraph in the hip and bony pelvis will be for the
assessment of Paget’s disease. Paget’s is a process
of osteoblastic activation and deposition of bone in
an abnormal pattern leading to bone formation and
increase in size of affected bones. The bone scan
appearance of Paget’s is classically one of intense
high uptake of tracers in the affected bone. The bone
scan allows rapid assessment of the whole skeleton
and is more sensitive for detecting sites of disease
than conventional radiology (FOGELMAN and CARR
1980) (Fig.5.11). In addition the level of uptake
reflects the degree of disease activity (SHIRAZI et al.
1974) and can be used to monitor response to ther-
apy such as bisphosphonates (RYan et al. 1992).

5.5
Conclusion

In imaging of the hip and bony pelvis the nuclear
medicine bone scintigraph can be of enormous
value. It is a highly sensitive technique for deter-
mining abnormal bone. When normal patterns of
physiological uptake and symmetry are taken into
account it is a powerful tool for identifying altered
skeletal metabolism in a wide range of disorders.
Many conditions also have a well-known pattern of
uptake which, if seen, aid in diagnosis. Other tests
such as for infection can be used alone or together

Percentages compared to Spine.

Norm.
98.2 %
112.5 %

0.87

Fig.5.10. Quantitative SI study in a patient with possible sacroiliitis. The posterior view of the pelvis from the bone scan (left)
shows normal uptake in the sacroiliacs. The count profile confirms normal ratios between the two sides and compared to the

spine
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Fig. 5.11. Bone scintigraph in a patient with known Paget’s dis-
ease in the pelvis. The scan identifies uptake at T12 identifying
a further undiagnosed site of Paget’s. Note also the large blad-
der obscuring accurate viewing of the pelvis

with bone scintigraphy to define with high sensitiv-
ity and specificity infection in soft tissue, bone and
joint replacements. PET scanning is a relatively new
technique which in the hip and pelvis can define
metastatic disease and shows enormous potential
in imaging infection.
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6.1
Introduction

Percutaneous musculoskeletal procedures are
widely accepted as low invasive, effective and safe
techniques in a vast amount of pathologies of the
bone either in diagnostic or in therapeutic man-
agement. These procedures are usually performed
with a single imaging technique: ultrasound, fluo-
roscopy, CT, or MR.
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Fluoroscopy and CT are the most frequently used
guidance techniques. Fluoroscopy offers multiple
planes and direct imaging with the disadvantages of
poor soft-tissue contrast and non-negligible radia-
tion exposure for both patient and operator. CT is
well suited for precise interventional needle guid-
ance because it provides good visualization of bone
and surrounding soft tissues. It also avoids damage
to adjacent vascular, neurological, and visceral
structures. FluoroCT technique is rarely necessary.
FluoroCT with six to eight images per second are
helpful if the region of interest moves during the
procedure (breathing).

6.2
Bone Biopsy

6.2.1
Introduction

Histopathological and bacteriological analyses are
often required in musculoskeletal lesions of the
pelvic bone and hip to establish a definitive diag-
nosis. In such cases imaging-guided percutaneous
biopsy (IGPB) is a routine, safe and cost effective
technique. Percutaneous biopsies of musculosk-
eletal lesions allow fast diagnosis of disease with
an accuracy up to 98% (JELINEK et al. 2002), and
have a major impact on the decision of appropriate
treatment (FRASER-HILL et al. 1992; BicKELS et al.
1999).

6.2.2
Indications

Percutaneous biopsy is performed whenever patho-
logic, bacteriologic or biological examination is
required for definitive diagnosis or treatment. The
following are the major indications of percutane-
ous biopsy. The most common situation is a lytic
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or blastic bone lesion, less often a soft tissue mass,
in a patient with history of neoplasia. The meta-
static origin is frequently obvious; however, before
beginning a specific treatment, e.g. radiotherapy,
hormone therapy, confirmation is necessary. In
some cases, the metastatic lesion is discovered many
years after the diagnosis of cancer. In this situation,
the problem is to decide whether the metastasis is
that of the original tumor or of a new neoplasm.
Other situations with blastic or lytic lesions occur
without a history of cancer. To establish whether the
lesion is primary or metastatic, a biopsy is necessary.
Benign lesions may be confused with malignancies
(granuloma, intraosseous ganglion, eosinophilic
granuloma, and infection). In septic clinical history,
percutaneous biopsies frequently enable discovery
of the organism in question or exclusion of the diag-
nosis of infection. More generally, soft tissue or bone
masses, in the absence of any clinical and biological
diagnosis may require a biopsy. A musculoskeletal
lesion discovered by CT, MRI, or radiography with-
out a precise diagnosis may require percutaneous
biopsy (GHELMAN 1998).

6.2.3
Contraindications

The expected results of biopsy should outweigh
the risks of the procedure. Careful review of imag-
ing findings and of previous studies should assist
the radiologist in avoiding unnecessary biopsies
(benign bone islands, subchondral sclerosis, etc.). A
thorough knowledge of the anatomy of the pelvis is
always mandatory in order to obviate inappropriate
maneuvers that can result in complications; in cases
where the biopsy should be performed before surgi-
cal resection, the pathway should be chosen with the
surgeon in order to obviate alteration of surgical
treatment (ANDERSON et al. 1999). The risk of tumor
seeding should be considered, particularly with sar-
comas. Well-known contraindications are the fol-
lowing: bleeding diatheses (INR > 1.5, prothrombin
time > 1.5times control, platelets < 50,000/mm?)
and soft tissue infection with high risk of contami-
nation of bone.

6.2.4
Technique

The choice between fluoroscopy and CT guidance
is determined by the characteristic of the bone
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lesions, i.e. large lesions can be considered for fluo-
roscopic biopsy, while small lesions are commonly
approached by using CT scan imaging. In the latter
cases the CT scan localizes the lesion precisely, the
entry point and the pathway, avoiding neural, vas-
cular and visceral structures. For the pelvic girdle
a posterior approach is used to avoid sacral canal
and nerves. For hip bone biopsy, the shortest way
should be chosen in order to minimize tissue lesions
during passage. The approach must avoid tendons
as well as neural, vascular, visceral, and, articular
structures.

Bone biopsy is usually performed under local
anesthesia. Neuroleptanalgesia may be necessary
for painful lesions. General anesthesia is used for
children. The procedure is carried out under strict
sterility. The skin’s subcutaneous layers, muscles
and the periosteum are infiltrated by local anesthe-
sia (1% lidocaine) with a 22-gauge needle. For bone
puncture the biopsy needle is advanced safely under
CT guidance. The choice of the needles also depends
to the consistence of the lesion. As well described by
JELINEK et al. (2002), bone lesions can be divided in
three subtypes: (I) sclerotic lesions; (II) solid non-
sclerotic lesions; (III) cystic lesions.

For sclerotic lesions, defined as lesions with
more than 50% bone component, large needles
(7-14 Gauge) are used. In solid non-sclerotic lesions
(mild ossification or with a thin cortex surround-
ing the lesion) a 14-gauge Ostycut (Angiomed/Bard,
Karlsruhe, Germany) bone biopsy needle is used and
penetration is performed with a surgical hammer. In
cases of mild condensation, and for primary tumors
or lymphoma we use an 8-gauge trephine needle
(Laredo type). In blasticlesions, orlesions with thick
cortex, drilling is necessary. In these cases a 2 mm
diameter hand drill or a 14-gauge Bonopty Penetra-
tion set (Radi Medical Systems Uppsala, Sweden) are
used. (Figs. 6.1, 6.2)

A 16- to 14-gauge biopsy gun can be used in solid
non-sclerotic lesions, with a soft tissue component
of greater than 50% per cent, and for subperios-
teal lesions without ossification. For cases in which
normal biopsy needles are used either core or cyto-
logical samples can be obtained coaxially. For cystic
lesions, fluid aspiration is frequently insufficient
and a soft tissue component biopsy is mandatory
(JELINEK et al. 2002; AYALA et al. 1995).

For pathological examination the specimen is
fixed in 10% formalin. Material is sent for histology.
If bacteriological analysis is necessary the speci-
mens are not fixed and are sent for culture. Single
use needles are preferred for biopsies. The presence
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Fig.6.1. CT-guided sacroiliac biopsy of a lytic lesion. After
local anesthesia a 14-gauge biopsy needle is introduced into
the lesion. The needle is advanced into the lesion to obtain a

core tissue sample

of a pathologist in the intervention room can be very
helpful.

6.2.4
Results

Complications of IGPB are very rare. A major com-
plication is infection, thus strict sterility is man-
datory. Hematoma, reflex sympathetic dystrophies,
and neural or vascular injuries are other reported
complications.

At our institution, 440 percutaneous musculosk-
eletal biopsies were reviewed retrospectively. There
were 63% female and 37% male patients ranging in
age from 4 to 87 years (mean 58 years). Biopsy was
performed in 55% of the cases for lytic lesions, in
24% of the cases for condensing or mixed lesions, in
18% of the cases for vertebral compression fractures.
In 17% of the cases the biopsies were performed for
pelvic girdle. Specificity and sensitivity were, 100%
and 93.9%, respectively, while positive predictive
value and negative predictive values were 100%
and 87.5%, respectively. Only three complications
were observed among 440 IGPB: two paravertebral
hematomas, spontaneously resolved, and a needle
tip breakage in cortical bone. This low complication
rate seems to be related to the systematic use of CT
or dual guidance providing excellent monitoring.

MuRPHY etal. (1981),in alarge review of 9500 per-
cutaneous skeletal biopsies, identified 22 complica-

Fig. 6.2. Percutaneous biopsy of a sclerotic sacroiliac lesion.
The biopsy is performed with a coaxial system using an 8-
gauge trephine needle

tions (0.2%). They reported nine pneumothoraces,
three cases of meningitis, and five spinal cord inju-
ries. Serious neurological injury occurred in 0.08%
of procedures. Death occurred in 0.02%. The authors
concluded that the historical accuracy of the proce-
dure is approximately 80%, but this figure is proba-
bly an underestimation because true-negative cases
may not have been well documented or tabulated. In
more recent series the accuracy rate ranges between
74% and 98% (WARD and KiLPATRICK 2000; YAO et
al. 1999; JELINEK et al. 2002), and the best results
were obtained in series in which a cytopathologist
assisted the procedure, with the aim to immediately
determine the adequacy of the specimen and the
need for further biopsies.

6.3
Sacroiliac Intraarticular Injection

6.3.1
Introduction

The sacroiliac (SI) joint is responsible for low back
pain at a rate ranging between 3% and 22% of cases
(BERNARD and Cassipy 1991). SI joint injection is
useful in both diagnosis and treatment manage-
ment of low back pain. The diagnostic tests con-
sist either of pain provocation or pain relief after
intraarticular injection. In the former case, if the
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injection of hypertonic saline or of contrast medium
into the SI joint and the subsequent distension of
the joint causes pain within the distribution previ-
ously described by the patient the test is positive,
and SI joint syndrome can be considered (FORTIN
et al. 1994). If the intraarticular injection of local
anesthetics into the SI joint produces 80% or more
post-injection pain relief, the presumed diagnosis
can be supported (INTERNATIONAL SPINAL INJEC-
TION SOCIETY, ISIS, 1997).

6.3.2
Indications

SI joint injection is indicated in the diagnosis and
treatment of low back pain. An SI Joint injection
can establish the component of pain related to the
SI joint. SI injection is very useful to treat inflam-
matory and degenerative SI joint pain.

6.3.3
Contraindications

Imaging guidance is essential for accurate intra-
articular needle placement and reduction of com-
plication. Usual contraindications are the follow-
ing: bleeding diatheses (INR > 1.5, prothrombin
time > 1.5times control, platelets < 50,000/mm?)
and soft tissue infection with a high risk of bone
contamination. Specific contraindications of steroid
administration should be considered.

6.3.4
Technique

SI joint injection is a simple and safe procedure that
can be performed under CT or fluoroscopic control.
The ST joint has a curved complex configuration that
can be difficult to show even with medial or lateral
obliquity of the fluoroscopic tube. The fluoroscopic
technique is fast and cost effective. The patient is in
prone position and the tube is perpendicular to the
table and the C-arm is angled 20°-30° caudad. The
needle is inserted in the inferior margin of the SI
joint. The intra-articular position of the needleis con-
firmed with injection of 0.5 ml of contrast medium.
For CT guidance, the patient is placed in a prone
position. The SI joint is evaluated with 3 to 5mm
axial images obtained from its mid-portion through
the inferior margin. CT scan of the affected level is
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used to determine the needle pathway and the entry
point. The needle should be placed in the lower third
of the joint. Once the skin’s subcutaneous layers,
muscles and the periosteum have been infiltrated
by local anesthesia (1% lidocaine) a 22-gauge needle
is advanced into the joint and the ideal needle tip
position is about 1 cm above the inferior aspect of
the joint. After arthrography confirming the correct
needle position, in the case of provocative test, 0.2-
0.5 ml of 5% saline or contrast medium is injected
smoothly. In the case of the pain relief test, 2 ml of
lignocaine 2% is injected. For therapeutic injections,
asolution of cortivazol and lignocaine 2% is injected
into the joint. Cortivazol is provided in 1.5 ml solu-
tion (3.75 mg of long acting steroid) and with the
addition of 1.5 ml of lignocaine 2%, a 3 ml solution
is obtained. Usually the injection is performed bilat-
erally and 1.5 ml of this solution is injected into each
side. The global dose of 3.75 mg of cortivazol per
session should not be exceeded (Fig. 6.3).

6.3.5
Results

In the literature, immediate pain relief after SI ste-
roid injections varies between 50% and 80% with
good pain relief for up to 17 months (DUSSAULT et
al. 2000; SL1PMAN et al. 2001). A reduction in suc-
cess of < 50% has been noted in patients undergoing
surgical interventions in the spine (PULISETTI and
EBRAHEIM 1999).

Fig. 6.3. Sacroiliac joint injection. Axial CT image. The needle
is inserted parallel to the joint. The injection is easier in the
lower part of the articulation
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The complications of SI joint injection with pre-
cise needle positioning are rare. Severe allergic reac-
tions to local anesthetics are uncommon. Steroid
injections can produce local reactions, which gen-
erally occur immediately after the injection. These
reactions last 24-48 h, and they can be relieved by
the application of ice. The greatest complication is
septic arthritis and can be avoided by an appropri-
ate aseptic technique. Other complications are tran-
sitory lower extremity weakness and paresthesia.

6.4
Hip Intraarticular Injection

6.4.1
Introduction

Osteoarthritis is the most common form of arthritis,
and can be a major source of disability. Intraarticular
corticosteroids have been widely used for the symp-
tomatic treatment of osteoarthritis (CRAWFORD et al.
1998; JaAMES and LiTTLE 1976). Corticosteroid and
lidocaine have been demonstrated as effective in the
treatment of osteoarthritis of the hip as long ago as
1956 (LEvEAUX and QUIN 1956), and are still used in
different painful pathologies of the hip (PLANT et al.
1997). There are no guidelines for the administra-
tion of corticosteroids, and they can be associated
with increased risk of tendon rupture and infection.
Viscosupplementation has gained popularity in the
treatment of osteoarthritis and intraarticular injec-
tions of hyaluronic acid have been shown to decrease
pain and improve functional outcomes (WEN 2000).
By improving the joint’s elasticity and viscosity, vis-
cosupplementation provides shock absorption and
lubrication to cushion and protect the joint, thus
reducing pain and increasing mobility. It aims at
supplying replacement hyaluronic acid into the joint
space to return the elasticity and viscosity of the
synovial fluid to normal.

6.4.2
Indications

The hip infiltrations are used for the symptomatic
treatment of osteoarthritis, rheumatoid arthritis,
ankylosing spondylitis, and trochanteric bursitis
(DieppE 1993). Intraarticular injections of hyal-
uronic acid are used in the treatment of osteoar-
thritis.

77

6.4.3
Contraindications

The usual contraindications are the following:
bleeding diatheses (INR > 1.5, prothrombin time
> 1.5 times control, platelets < 50,000/mm?) and soft
tissue infection with high risk of contamination of
articulation. Specific contraindications of steroid
administration should be respected. Hyaluronic
acid is usually extracted from rooster combs and a
contraindication to treatment would be an allergy
to eggs or chicken.

6.4.4
Technique

Under fluoroscopic or CT guidance a 22-gauge
spinal needle is advanced into the synovial cavity
of the affected hip. Fluoroscopic guidance is gener-
ally preferred. The patient is placed supine on the
table and the 90° direct-anterior approach arthrog-
raphy technique is used. After confirmation of the
intraarticular position by instillation of a few mil-
liliters of contrast medium the diagnostic or thera-
peutic injection is performed. The injections must
be intraarticular. Intrasynovial or extraarticular
injections will not work and are much more likely
to produce inflammatory reactions. The incidence
of local reactions can vary depending on the prod-
uct injected, but is typically 1%-2%. Occurrence
of transient pain at the injection site is the most
common reaction (Fig. 6.4).

4

Fig. 6.4. Painful osteoarthritis of the hip. Anterior approach,
after the arthrography confirming the intraarticular position
of the needle, the synovial liquid is aspirated and one syringe
of hyaline G-F 20 (Synvisc; Genzyme, USA) is injected in the
articulation
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6.4.5
Results

In the literature, effectiveness of the therapeutic
injections varies in a range of 69% to 75% of cases
(FLANAGAN et al. 1988; SMITH et al. 1994). Severe
allergic reactions to local anesthetics or hyaluronic
acid are rare. Steroid injections can produce local
reactions, which usually occur immediately after
the injection. These reactions last 24-48 h, and they
can be relieved by applying ice. The greatest com-
plication is septic arthritis and can be avoided by
an appropriate aseptic technique. Hyaluronic acid,
a polysaccharide, is a natural component of carti-
lage and plays an essential part in the viscoelastic
properties of the synovial fluid. Although there is
still insufficient information to draw a conclusion
concerning the effect of this treatment on the pro-
gression of osteoarthritis in humans, considerable
evidence supports the positive effects of hyaluronic
acid on joint cellular and immunological function
with improvement of patient mobility and reduction
of osteoarthritic symptoms.

6.5
Bone Neoplasms Therapeutic Percutaneous
Interventions

6.5.1
Introduction

Malignant bone neoplasms of pelvis and hip com-
monly affect the quality of life of patients causing
refractory pain, fractures, and related functional
disability (MERCADANTE 1997). Surgical resection
is considered the only potentially curative option
for primary and secondary malignant bone tumors.
However, in secondary bone tumors only few
patients are surgical candidates and some benign
bone tumors like osteoid osteoma are the perfect
indications of percutaneous management. Radiation
therapy represents the standard palliative treatment
for focal metastatic neoplasms; it prevents tumor
growth,achieving effective pain controlin 50%-90%
of cases (GILBERT et al. 1977; HOSKIN 1991; MITHAL
et al. 1994; JaNJAN 1997), within 10-14 days.
Several minimally invasive percutaneous tech-
niques for the treatment of primary and secondary
bone tumors have been described in the literature,
such as cementoplasty, alcoholization (ethanol abla-
tion), and radiofrequency ablation (GANGI et al.
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1994, 1996). The stimulation of sensory cortical or
periosteal afferent nerves in cases of bone metas-
tases is responsible of pain transmission (MACH et
al. 2002); furthermore, certain tumor-derived cyto-
kines and tumor factors are involved in promoting
painful osteoclastic activity (WooLF et al. 1997;
GOKIN et al. 2002; HONORE et al. 2000). Cemento-
plasty such as alcoholization and radiofrequency
(RF) ablation, locally destroy, in different methods,
sensory nerves and tumor cells, interrupting pain
transmission and reducing the humoral cascade
involved in both nerve sensitization and osteoclastic
activity, thus resulting in pain relief.

We review and debate the aspects of each tech-
nique including mechanism of action, equipment,
patient selection, treatment technique, and recent
patient outcome. For the particular characteristics
of the treatment we also describe the percutaneous
treatment of osteoid osteoma.

6.5.2
Percutaneous Cementoplasty

6.5.2.1
Introduction

Percutaneous cementoplasty with acrylic glue (poly-
methylmethacrylate: PMMA) is a procedure aimed
at relieving pain and improving quality of life in
patients with painful unresectable bone metastasis
of pelvis and hip. This technique is well studied in
the spine (vertebroplasty) (DERAMOND et al. 1998;
GANGI et al. 2003), where it prevents vertebral body
crushing and pain in patients with pathological ver-
tebral bodies. There is a growing interest in its use
for painful bone lesions outside the spine.

The pain reducing effect of cement can be due
to multiple factors. As already reported for spine
lesions (WEILL et al. 1996), the bone pain is due
to the activation of pain nerves of the periosteum
(MacH et al. 2002); it has been hypothesized that
internal reinforcement of the trabecular bone,
operated by the PMMA, could lead to stabiliza-
tion of the fragile bone, with subsequent analgesic
effects (HIEROLZER et al. 2003). However, the effect
of PMMA cannot be explained by the consolida-
tion of the pathological bone alone. In fact, good
pain relief is obtained after injection of only 2 ml of
methyl methacrylate in metastasis. In these cases
the consolidation effect is minimal. The methyl
methacrylate is cytotoxic due to its chemical and
thermal effect during polymerization. The tem-
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perature during polymerization is high enough to
produce coagulation of the tumoral cells, and to
destroy, as already described, sensory nerve termi-
nal and chemical stimuli inside the tumor (WEILL
et al. 1996). Therefore, good pain relief can be
obtained with a low volume of glue.

6.5.2.2
Indications

Percutaneous injection of acrylic cement in pelvic
and hip regions is proposed in the palliative man-
agement of patients with painful pelvic metastasis,
recurrence, no relief after radiotherapy (COTTEN et
al. 1999), or even before radiation (MURRAY et al.
1974; WEILL et al. 1998), and to prevent bone crush-
ing. Percutaneous injection of methylmethacrylate
for malignant acetabular osteolyses is a palliative
procedure that should be offered only to patients
who are unable to tolerate surgery. The best indi-
cations are painful osteolytic tumors with risk of
pathological fractures.

6.5.2.3
Contraindications

General contraindications are bleeding diatheses
(INR > 1.5, prothrombin time > 1.5 times control,
platelets < 50,000/mm?®) and soft tissue infec-
tion with high risk of contamination of bone. For
acetabular lesions, COTTEN et al. (1999) suggested
cementoplasty only if bone destruction is not too
extensive and the cement may be expected to pro-
duce a mechanical effect. However, new studies have
not reported clinically relevant complications in
patients treated with larger bone destruction (HIER-
HOLZER et al. 2003).

6.5.2.4
Technique

Radiography and CT including contiguous thin-sec-
tion acquisition must be performed prior to thera-
peutic percutaneous injection to assess location
and extent of the lytic process, presence of cortical
destruction or fracture, and presence of soft tissue
involvement. The procedure is performed with the
patient under sedation (COTTEN et al. 1999). A 10-
gauge needle is advanced into the tumor via a poste-
rior or posterolateral access route with the bevel ori-
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ented to spread the cement in the desired direction
(CoTTEN et al. 1999; GANGI et al. 1996). For a metas-
tasis of the S1 vertebral body a transiliac approach
was also proposed (DEHDASHTI et al. 2000). When
the needle is in the optimal position, the mandrill is
extracted and a screw syringe is filled with PMMA
and connected at the hub of the needle to facilitate
the injection of this viscous cement under continu-
ous fluoroscopic control (Fig. 6.5).

The acrylic cement (OsteopalV, Biomet Merck,
Darmstadt, Germany; Vertebroplastic, DePuy, Acro
Med, England) is prepared by mixing the powder
and the fluid monomer.

During the first 30-50 s after mixing, the glue is
thin but then becomes pasty. The acrylic cement has
to be injected during its pasty polymerization phase
to prevent distal venous migration. A total of 0-8 ml
of acrylic glue are injected using a screw syringe
(Cemento RE, Optimed, Karlsruhe, Germany) to
facilitate the injection of this viscous mixture and
to allow better control of the injection. At this stage,
theintervention has to be performed quicklybecause
the glue begins to thicken after 3-5 min (depending
on the temperature of the operating room) and any
further injections become impossible (Fig. 6.6).

The injection of the cement is monitored under
strict anteroposterior and lateral fluoroscopic guid-
ance and is stopped if leakage of bone cement into
the joint space or soft tissue is detected. After tumor
filling, the mandrill of the needle is replaced under
fluoroscopic control and the needle is removed care-

Fig.6.5. Thyroid cancer with painful lytic metastases of the
ischial tuberosity. A percutaneous cementoplasty is performed
with a 15-gauge needle to consolidate and treat pain. Excellent
clinical response
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Fig. 6.6a,b. Percutaneous cementoplasty of acetabulum in painful metastasis. The cementoplasty is performed under fluoro-
scopic control. a The 10-gauge cementoplasty needle is inserted in the lytic lesion. b A total of 5 ml of cement is injected in the

acetabulum. Excellent pain reduction

fully before the cement begins to set. At approxi-
mately 6-7 min after mixing, the methyl methacry-
late begins to harden. During this hardening time,
the methyl methacrylate becomes hot (+/-90°C). The
patient should be under sedation to control pain.
Monitoring arterial pressure is necessary during
the procedure because methyl methacrylate injec-
tions can induce brief drops in arterial pressure.
It is highly recommended that a CT, which allows
assessment of lesion filling as well as detection of
PMMA leakage, be performed in the hours following
the procedure (COTTEN et al. 1999).

6.5.2.5
Results

Cementoplasty presents a reported effectiveness
on pain relief in patients with pelvic and hip bone
metastases in a range of 81.8%-100% of cases
(CoTTEN et al. 1995; MARCY et al. 2000; WEILL et al.
1998; HIERHOLZER et al. 2003). Fever and transitory
worsening of pain may occur secondary to inflam-
matory reaction in the hours following injection,
usually resolving with the administration of non-
steroidal anti-inflammatory drugs within 1-3 days
(CoTTEN et al. 1995; GANGI et al. 1996). The most
common complication is cement leak, occurring in
a range of 0%-50% of patients (HIERHOLZER et al.
2003; WEILL et al. 1998); in most cases the cement
leaks are without clinical significance. However, a
case of chondrolysis after intraarticular leak has
been reported (LECLAIR et al. 2000). Other possible

delayed complications include vascular injury, nerve
injury, infection, and thrombophlebitis of the lower
limbs (CoTTEN et al. 1995; WEILL et al. 1998). The
risk of allergic accidents and hypertension is lim-
ited in these procedures, because the quantities of
acrylic glue injected in percutaneous cementoplasty
are far less than those used in orthopedic surgery.

6.5.3
Alcoholization

Mainly used in the past for the management of liver
tumors, ethanol ablation has shown good results
also in the treatment of bone malignancies in poorly
controlled pain in cancer patients. Within cells, eth-
anol causes dehydration of the cytoplasm and sub-
sequent coagulation necrosis, followed by fibrous
reaction.

6.5.3.1
Indication

The size and shape of the induced necrosis with
ethanol is not always reproducible. It varies with the
degree of vascularization, necrosis and tissue con-
sistency. Therefore, ethanol is mainly used in pallia-
tive management of painful osteolytic bone metas-
tases instead of tumor management. Percutaneous
alcoholization of bone metastasis is well suited in
patients with painful severe osteolytic bone metas-
tases, in whom conventional anti-cancer therapy is
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ineffective and high doses of opiates are necessary to
control pain; another possible indication is the need
for rapid pain relief (radiation or chemotherapy usu-
ally requires a 2 to 4 week delay) (GaNaiI et al. 1994).
When osteolysis does not involve the weight-bearing
part of the acetabulum or when extensive osteolysis
or soft-tissue involvement is present, we prefer to
perform ethanol injections because pain reliefis the
sole object of the procedure. Percutaneous injection
may result in reduction in tumor volume, especially
with repeat ethanol injections. Ethanol and methyl-
methacrylate injections may be performed together
if both weight-bearing and non-weight-bearing
parts of the acetabulum are involved or extensive
soft-tissue involvement is present. Furthermore,
these injections could be performed prior to radia-
tion therapy, which complements their action due
to similar effects on pain, or also after radiation
therapy that has failed to relieve pain, or in cases of
local recurrence (COTTEN et al. 1999).

Ethanol injection in neoplasms has recently been
used prior to RF ablation of highly vascularized
metastases (thyroid, renal cell carcinoma) because
of its immediate vasoconstrictive effect, to increase
the thermal effect of RF.

6.5.3.2
Contraindications

The contraindications of alcoholization treatment
of bone neoplasms perfectly match the ones already
described for the other percutaneous procedures.
However, the use of 22-gauge spinal needles neces-
sary for the injections makes the procedure even
less risky. The major contraindication of alcoholiza-
tion is the risk of leakage of ethanol. Nevertheless,
radiologists must be aware of the risk of such diffu-
sion into vital structures (GANGI et al. 1996), such
as nerves and vascular structures adjacent to the
tumor (GANGI et al. 1994).

6.5.3.3
Technique

The procedure is performed under neuroleptanalge-
sia or general anesthesia to palliate the painful alco-
hol injection with the patient in positions already
described for pelvic or hip bone biopsies. After
delineation of tumor location and size on contigu-
ous CT scans, the optimal puncture site and angle
are defined. Contrast-enhanced CT is performed to
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determine the necrotic part of the tumor. Alcohol-
ization equipment consists of a syringe, sterile 95%
ethanol, and a 22-gauge spinal needle, connecting
tube, contrast media, and lidocaine.

Following local anesthesia (lidocaine 1%) a 22-
gauge needle is placed in the tumor. Initially, con-
trast medium (non-ionic) 25% diluted with lidocaine
is injected into the lesion. Intratumoral instillation
of lidocaine is performed to reduce the pain caused
by the injection of alcohol. The distribution of con-
trast media within the tumor is imaged by CT and
predicts the diffusion of ethanol in the lesion. In
cases in which diffusion of the contrast medium
extends beyond the tumor boundaries, particu-
larly when reaching contiguous neurologic struc-
tures, or in the case of vascular leak, the procedure
is discontinued. Depending on tumor size, 3-30 ml
of 96% ethanol is instilled into the tumor. In large
tumors, alcohol is selectively instilled into regions
considered to be responsible for pain, usually the
periphery of the metastases and osteolytic areas.
After injection of 2-3 ml of alcohol, the distribution
in the tumor is again evaluated by CT. The ethanol
is visualized by the dilution of contrast media and
by hypodense areas. If the ethanol was accidentally
injected in contact with neural structures or other
vital structures, the alcohol must be immediately
diluted with the injection of an isotonic solution.
If the distribution of alcohol is uneven within the
tumor (particularly in large metastases), the needle
is repositioned in regions of poor diffusion and the
injection is repeated (Fig. 6.7).

6.5.3.4
Results

Alcoholization is successful in pain reduction in
74% of cases (GANGI et al. 1994, 1996). In 26% of
cases a reduction in tumor size is observed. Lique-
factive necrosis is found in 76% of metastases after
the first ethanol instillation. The best results are
obtained with small metastases (diameters ranging
from 3-6 cm). One of the major advantages of the
injection of alcohol into bone metastasis is the rapid
relief of pain occurring within 24-48 h. Duration of
pain relief ranges from 2-9 months. In 4% of cases,
alcoholization could not be performed due to rich
vascular communication and/or leakage of contrast
media (GANGI et al. 1994).

Ethanol injection usually does not lead to serious
complications. Possible complications are neurolysis
and massive tumor necrosis with fever and hyper-
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Fig. 6.7a,b. Percutaneous alcoholization under sedation. a Painful metastases of the ischium with soft tissue extension. b The
spinal needles are inserted under CT guidance in the lytic part of the metastases and after contrast media injection, 3 ml of
95% ethanol is injected

uricemia (GANGI et al. 1994, 1996). Transitory wors-
ening in pain may occur secondary to inflammatory
reaction in the hours following injection; these side
effects resolve spontaneously within 1-3 days after
the procedure. No intraarticular leaks of ethanol
have been reported (COTTEN et al. 1999).

6.5.4
Radiofrequency Ablation

6.5.4.1
Introduction

Alternating electric current operated in the range
of RF can produce a focal thermal injury in living
tissue. Shielded needle electrodes are used to con-
centrate the energy in selected tissue. The tip of
the electrode conducts the current, which causes
local ionic agitation and subsequent frictional heat,
which leads to localized coagulation necrosis. Basi-
cally, the term radiofrequency refers not to the emit-
ted wave but rather to the alternating electric cur-
rent that oscillates in the range of high frequency
(200-1200 kHz). Schematically, a closed-loop circuit
is created by placing a generator, a large dispersive
electrode (ground pad), a patient, and a needle elec-
trode in series.

For irreversible cellular damage, and immediate
protein coagulation, the temperature should reach
60-100°C (GOLDBERG et al. 2000). Tissue carbon-
ization and vaporization happen with temperature
above 100°C. Effective ablation needs optimized

heat production and minimized heat loss. For effec-
tive tumor destruction, the entire volume of the
lesion should be exposed to cytotoxic heat. As the
cytotoxic volume around the needle electrode is
limited, some modified technique should be used to
increase the diameter of coagulation necrosis. These
are: (a) the use of multiprobe, hooked, and bipolar
needle arrays; (b) intraparenchymal injection of
saline during RF ablation; (c) internally cooled RF
electrodes; (d) algorithms for RF current applica-
tion that maximize energy deposition but avoid
tissue boiling, charring, or cavitations (GAZELLE et
al. 2000).

Percutaneous RF ablationhasbeen studied mainly
for the treatment of liver neoplasms (McGAHAN and
Dobb 2001). Recent studies have advocated RF abla-
tion of bone metastases in the same indications as
alcoholization or cementoplasty (Dupuy et al. 2001;
CALLSTROM et al. 2002; GOETz et al. 2004). RF abla-
tion, such as PMMA cementoplasty and alcohol-
ization, locally destroys sensory nerves and tumor
cells, interrupting pain transmission and reducing
the humoral cascade involved in both nerve sensiti-
zation and osteoclastic activity.

6.5.4.2
Indications

RF is actually reserved for tumor management and/
or pain relief if alcoholization is contraindicated or
too risky. Palliative RF ablation is used for malig-
nant tumors after other conventional tumor therapy
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failed to control pain or to slow progression. For
a complete ablation, the tumor size should be less
than 4 cm in diameter. RF is more suitable in sensi-
tive regions because of the predictable size and well
shaped lesion produced by this technique. Thermo-
coagulation is contraindicated if the lesion is close
to neurological structures and in bone tumors con-
solidated with osteosynthesis.

6.5.4.3
Contraindications

The contraindications of RF treatment for bone neo-
plasms are bleeding diatheses (INR > 1.5, prothrom-
bin time > 1.5 times control, platelets < 50,000/mm?)
and soft tissue infection with high risk of bone con-
tamination. Specific contraindications are: risk of
thermal damage to adjacent structures such as vis-
ceral organs, neurologic or vascular structures adja-
cent to the tumor. These contraindications could be
relative if precise cooling techniques such as con-
tinuous water infusion are used.

6.5.4.4
Technique

Before the procedure, CT and MR imaging should
be performed to assess the location and extent of the
lytic process, the presence of cortical destruction or
fracture, the presence of soft tissue involvement, and
the relationship to visceral pelvic organs. The pro-
cedure is performed under general anesthesia. The
RF probe is advanced into the tumor via a posterior
or posterolateral access route. For lesions requiring
cortical perforation, a 14-gauge bone biopsy needle
(Ostycut) may be used. For tumors surrounded by
dense cortical bone, a 14-gauge Bonopty penetration
set (RADI Medical Systems, Uppsala, Sweden) may
be needed.

Different RF probes are now available, with dif-
ferent shapes (straight or umbrella shaped), and dif-
ferent modalities (dry, cooled tip, with saline infu-
sion, multipolar). In our department, we are using
an electrode with continuous saline infusion to
increase the coagulation size (Berchtold, Tuttlingen,
Germany). The continuous infusion of saline at the
tip of the needle allows increasing heat and electrical
conductivity. Increased impedance can be detected
by the generator, which can then reduce the current
output and increase the saline flow. Injection of NaCl
solution during RF ablation can increase energy
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deposition, tissue heating, and induced coagulation
(GERALD et al. 2000; RHIM et al. 2001).

The infused electrode of 18-16 gauges is inserted
inside the tumor and a power of 40-60 Watts is used
for 10-15 min. For large lesions (4 cm) the procedure
should be repeated after modification of the position
of the needle electrode. In our institution, we also use
the bipolar technique with insertion of two needle
electrodes, allowing the alternative current transmis-
sion between two needles. Ablation strategies must
vary with the size of each lesion. On the basisofa 3 cm
thermal injury, tumorsless than 2 cm in diameter can
be treated with one or two ablations, tumors 2-3 cm
require at least six overlapping ablations, and tumors
greater than 3 cm require atleast 12 overlapping abla-
tions. The length of a single procedure depends on the
number of ablations performed. The guidance system
is chosen largely on the basis of operator preference
and local experience. We routinely use CT guidance
for liver and bone tumor ablations; however, MRI can
be used for needle insertion and thermal monitoring
during ablation.

The minimum coagulation diameter inside bone
with a single electrode is about 35 mm in diameter.
At 2 weeks after ablation, MR imaging is performed.
The procedure is repeated if the ablation is not com-
plete or if symptoms persist. Large bone metastases
require multiple applications. For lesions larger than
4 cm, two to three sessions could be necessary. The
procedure can be repeated every 2 weeks.

During the first hours after the procedure, major
painkillers should be used. The septic risk isreduced
by strict sterility. Neurological complications are
avoided by a precise anatomical knowledge, precise
CT control, bipolar ablation, and cooling technique
(Figs. 6.8, 6.9).

6.5.4.5
Results

In the literature a range of 80%-95% of patients
who undergo RF ablation of bone metastases expe-
rience a clinically significant decrease in pain, and
the complication rate varies from 0% to 6.9% (CALL-
STROM et al. 2002; GOETZ et al. 2004). In our institu-
tion we treated 68 patients with painful osteolytic
bone metastases using RF ablation. Nine well dif-
ferentiated thyroid cancer patients with metastatic
bone lesions were treated by the combination of RF
ablation and radioisotope therapy (iodine-131). All
treated lesions were osteolytic. The mean diameter
of the tumors was 4.6 cm (2.4-10 cm). If no previous
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Fig.6.8. Percutaneous RF ablation of symptomatic eosino-
philic granuloma. Coaxial insertion of the RF electrode in the
lesion with ablation for 10 min (40 watts)

histologicalor cytological proofofthepatient’smalig-
nancy had been obtained, a percutaneous biopsy was
performed prior to treatment. Before the ablation,
all patients underwent physical examination and
a CT and MR imaging (maximum 2 weeks before
the procedure). The best ablations were obtained
in large metastases of differentiated thyroid cancer.
As a matter of fact, the treatment was performed in
two steps. Initially, RF ablation was performed with
destruction of more than 90% of the lesion followed

A. Gangi et al.

by iodine-131 therapy to complete the ablation of
residual tumor. Complete necrosis was observed in
85% of these cases. Besides the classic potential side
effects due to the approach, such as vascular injury,
nerve injury, and infection described earlier, cases
of skin burn at the grounding pad site, transient
bowel and bladder incontinence and fractures of the
acetabulum have also been reported following RF
ablation of pelvic and hip bone neoplasms (GOETZ et
al. 2004). No major complications in patients treated
in our department have been reported. In one case,
along with the necrosis of the metastasis, there was
also a muscular necrosis with major pain for 1 week.
RF ablation appears to be an efficient means of pal-
liative management of painful primary bone tumors
and metastases (GANGI et al. 2002).

6.5.5
Combination of RF and Cementoplasty

6.5.5.1
Introduction

Recently, some authors have advocated the combi-
nation of both RF ablation and cementoplasty in the
management of bone metastases (SCHAEFER et al.
2002, 2003; GRONEMEYER et al. 2002; NAKATSUKA
et al. 2004). The combination of both techniques
allows the addition of the antitumoral effect of RF
ablation to the stabilizing action of cementoplasty
to prevent subsequent fractures.

Fig. 6.9a,b. Bipolar RF ablation of large thyroid metastases of iliac bone. a Axial CT scan of the lesion with soft tissue exten-
sion. b Two parallel electrodes are inserted in the tumor. Ablation was performed for 40 min with 60 W of power. The needle’s
position was modified during the procedure to allow complete ablation
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6.5.5.2
Indications and Contraindications

The indications and contraindications of this tech-
nique are the same as those already mentioned for
each technique. RF ablation and methylmethacry-
late injections may be performed together if both
weight-bearing and non-weight-bearing bone is
involved or extensive soft-tissueinvolvement is pres-
ent. This combination is used specially in large iliac
bone tumors with extension to the acetabulum. The
treatment is indeed complex in these cases. The RF
ablation is used to reduce and treat the tumor and its
extension to the soft tissue and the cementoplasty is
performed for consolidation of the acetabulum.

6.5.4.3
Technique

The technique is very similar to cementoplasty.
The 10-gauge needle can be used as a cannula for
coaxial insertion of the needle electrode and after
RF ablation the procedure is ended by injection of
cement. The treatment has been used widely in bone
metastases of the spine, and only six cases of pelvic
bone metastases have been reported in the larger
published series (NAKATSUKA et al. 2004).

6.5.4.4
Results

High technical and clinical success of up to 100%
is reported with no major complications, although
there is a rate of up to 24% of neurological complica-
tions in patients with spinal metastases (SCHAEFER
et al. 2002, 2003; GRONEMEYER et al. 2002; NAKAT-
SUKa et al. 2004) (Fig. 6.10).

6.5.6
Percutaneous Management of Osteoid Osteoma

6.5.6.1
Introduction

Osteoid osteoma is a benign neoplasm of bone that
occurs more often in men ranging in age from 2 to
50 years, with 90% of cases before the age of 25 and
with a common localization at the femur. Osteoid
osteoma produces local pain that is worse at night
and improves dramatically with aspirin. The char-
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acteristic findings of this tumor in clinical and
radiological examinations can lead to a high level
of diagnostic confidence in many instances. The
treatment of this tumor is achieved with complete
removal of the nidus. The conventional treatment
is surgical or percutaneous excision. Some alterna-
tive percutaneous techniques have been proposed to
treat osteoid osteoma, including surgical excision,
percutaneous extraction, alcoholization, RF abla-
tion and interstitial laser photocoagulation (ILP).

6.5.6.2
Indications

Patient selection is crucial for treatment effective-
ness. The indication is osteoid osteomas confirmed
by CT scan, MR imaging, and scintigram with posi-
tive and consistent clinical findings.

6.5.6.3
Contraindications

The contraindications are: hemorrhagic diathesis
(INR > 1.5, prothrombin time > 1.5 times control,
platelets < 50,000/mm?), soft tissue infection with
high risk of contamination of bone, and lesions near
neurological structures (distance < 5 mm). No safe
access to the tumor.

6.5.6.4
Technique

The technique consists of percutaneous insertion of
optical fibers into the tumor. The tumor is coagu-
lated and destroyed by direct heating. With a low
power laser technique, a well-defined coagulation
of predictable size and shape can be obtained in
bone tissue. Experimental works have shown that a
reproducible area of coagulative necrosis is obtained
around the fibers, with good correlation between
energy delivered and the lesion size, and with con-
servation of the biomechanical properties of the
bone tissue in the treated area. The size of osteoid
osteomas falls within the range that can effectively
be coagulated by one or two fibers (GaNGI et al.
1997).

The procedure is performed under CT guidance.
CT is used to measure the diameter of the nidus. The
largest diameter of the nidus determines the energy
that will be necessary to coagulate the tumor. For
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Fig. 6.10a-d. Combination of RF ablation and cementoplasty in large metastases of iliac bone with painful pathological fracture.
a Lytic lesion with pathological fracture. b Percutaneous RF ablation is performed to treat the soft tissue mass especially in
the upper portion of the tumor. The RF electrode is inserted coaxially trough a vertebroplasty needle. The RF electrode posi-
tion is modified inside the tumor during the procedure to produce a larger ablation. ¢ After the RF ablation is performed the
vertebroplasty needle is used to inject cement to consolidate the fragile tumor. This part of the procedure is performed under
fluoroscopic control. A second vertebroplasty needle is positioned through the fracture and the cement is injected inside the
gap. d CT control after the procedure visualizing the cement filling the pathological fracture. Excellent pain reduction

diameters larger than 10 mm we usually use two
fibers to ensure tumor destruction. The entry point
and the pathway are determined by CT, avoiding ner-
vous vascular and visceral structures. The penetra-
tion of the needle into the nidus is always extremely
painful; therefore ILP is performed under general
anesthesia or blocks. The procedure is performed
under strict sterility.

Subperiostal nidi or cortical nidi without major
ossification are directly punctured with an 18-gauge
spinal needle (Becton Dickinson, Rutherford, NJ).
In cases with mild ossification or small cortex sur-
rounding the lesion, a 14-gauge bone biopsy needle
is more adequate (Ostycut).

In cases of dense ossification, or of dense corti-
cal bone surrounding the lesion, drilling is neces-
sary. In these cases we use a 2 mm diameter hand
drill or a 14-gauge Bonopty penetration set (Radi
Medical Systems Uppsala, Sweden) to allow inser-
tion of the 18-gauge needle. The 18-gauge needle
tip is inserted into the centre of the nidus. Before
the optical fiber is placed, it is inserted in an 18-
gauge needle mounted by a side-arm fitting to
measure the appropriate length of the fibers. The
400 pm fiber is then inserted through the needle;
the needle is withdrawn about 5 mm so that the tip
of the bare fibers lies within the centre of the tumor
(Fig. 6.11).
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Fig. 6.11a,b. Osteoid osteoma of the acetabular cup. Percutaneous photocoagulation of the nidus. a CT scan of the nidus. b After
injection of 15 ml of saline inside the hip joint to avoid thermal lesion of the femoral head, a 14-gauge needle is inserted in the
nidus under CT guidance. A total of 1200 joules of energy was delivered. No complications arose. The patient was able to walk
the day after the procedure

The diode laser (Diomed 805 nm; Diomed Ltd.,
London, UK) is turned on in continuous wave mode,
at a power of 2 watts for 200-600 s depending on the
nidus size (energy delivered 400-1200 joules) (nidus
size in mmx100 Joules) + 200 Joules. If a maximum
energy of 1200 Joules is necessary to coagulate the
tumor, a minimum distance of 8 mm must be present
between thefibers tip and the neurological structure.
If this minimum distance could not be obtained, a
cooling solution should be given to the surrounding
region as used in one of the sacrally located nidi in
our series, to prevent thermal neural damage. Due
to the limitation in coagulation size that can be pro-
duced in bone by precharred fibers (maximum ther-
mal lesion of 16 mm), two or rarely three 18-gauge
spinal needles are placed to ensure adequate tumor
coagulation. In these cases, the fibers are fired
simultaneously with a 1x4-fiber splitter and a total
energy of 2000-3000 Joules (1000 Joules delivered
through each fiber) is delivered to the nidus.

In patients with a nidus located in the subar-
ticular region like the acetabular roof, or femoral
head of the hip joint, about 10 ml of normal saline is
infused into the joint space prior to delivery of laser
energy into the nidus to reduce thermal injury to
the cartilage. At the end of the procedure 5-10 ml of
Naropin 2% is injected subperiosteally to ease post-
procedural local pain.

In the case of RF ablation, electrode placement
should be such that no portion of the tumor is more
that 5 mm from the exposed tip. The technique of
RF ablation is similar to RF neurolysis with thermal

technique. The RF electrode is inserted in the nidus
and the power is increased progressively to reach
90°C. The nidus is exposed to this temperature for a
maximum of 6-10 min (ROSENTHAL et al. 2003). To
avoid large necrosis of bone, the cooling system or
infusion should not be used in osteoid osteoma.

CT control scans are performed during the proce-
dure to detect vaporization gas.

After a period of 6-12 months sclerosis of the
nidus is observed on CT controls. Return to normal
activities is usually prompt; most patients were able
to return to work or school within 1 week.

6.5.6.5
Results

In the literature pain, relief after RF ablation is
reported in recent series in between 79% and 86%
of cases (ROSENTHAL et al. 2003; CIoNI et al. 2004)
with a complication rate ranging from 0% to 2%
(WORTLER et al. 2001; Cron1 et al. 2004). Ethanol
injection into the nidus seems promising in case
reports; however, further evaluation is required
(CANTWELL et al. 2004). The ILM series have a clini-
cal success rate ranging from 91% to 100% of cases
(WrtT et al. 2000; GANGI et al. 1998) with a minor
complication rate in a range of 4%-33% (WITT et al.
2000; GANGI et al. 1998).

At our institution, updating the data already
present in the literature, 114 patients with suspected
osteoid osteoma based on clinical and typical imag-
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ing findings were treated by ILP on an out-patient
basis or 24 h hospitalization. Among these patients,
30 had nidi in a pelvic region (femoral head=21, ace-
tabular roof=5, ilium=2, sacrum=2). ILP was suc-
cessful in 113/114 patients. Pain relief was observed
to occur rapidly: 88% of the patients were completely
pain-free within 24 h of the procedure, 6% were
pain-free within 48-72 h, one patient was pain-free
only after 2 months due to a reflex sympathetic dys-
trophy syndrome. Although we had six recurrences
in our series (5.2%) with an average follow-up of
58.4 months (range 3-120 months) these recurrences
were successfully treated with a second ILP. Compli-
cations of ILP were very rare. Only one complication
was observed among our 114 patients. This consisted
of a mild reflex sympathetic dystrophy of the wrist.
Symptoms were entirely relieved after 2 months of
treatment. Other possible complications are infec-
tion and hematoma.

6.6
Conclusion

With the advent of new imaging technologies and
new minimally invasive techniques, it appears that
minimally invasive interventions have a bright and
exciting future. The interventional radiologist is
part of a multidisciplinary team where he/she con-
tributes actively in the management of musculo-
skeletal lesions and should play an active role in
therapeutic approaches. However, precise patient
selection is essential to the success of each of these
techniques. The decision to perform one of these
procedures should be made by a multidisciplinary
team because the choice between these options and
alternative methods of treatment depends on sev-
eral factors including location of the lesion, local
and general extent of the disease, pain and func-
tional disability experienced by the patient, and the
patient’s state of health and life expectancy.
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Embryology and Development

The lower limb bud develops as an outgrowth from
the ventral surface of the embryonic mass at approx-
imately 4 weeks’ gestational age. The club-shaped
femoral pre-cursors along with the iliac, ischial and
pubic pre-modal centres develop at around 6 weeks.
Between 6 and 11 weeks the femoral head can be
identified as a mass of cells interposed between
the distal femur and the pelvis, at the same time
the primitive femoral neck and greater trochanter
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form. Cavitation occurs between this cell mass and
the femur creating the joint space. Any incongruity
present at birth is therefore secondary to abnormal
development from 11 weeks onwards. After 11 weeks
vascular invasion, cartilage formation and liga-
ment development become apparent. The hip joint
is completely developed by 5 months of gestational
age (Francis 1951).

Ossification is initially seen in the centre of the
femur and appears at the level of the lesser trochan-
ter at 4 months of gestational age. Primary ossifica-
tion centres appear in the ilium, ischium and pubis
at 2, 3and 4 months respectively. The sacrum is
formed from five segments each of which constitutes
a vertebral body and paired neural arches. Ossifica-
tion occurs in a craniocaudal direction beginning
at about 14 weeks’ gestational age. The vertebral
bodies are the first to ossify, followed by the neural
arches and lateral masses (CAFFEY and MADELL
1956; OSBORNE et al. 1980).

Following birth ossification of the proximal
femoral epiphysis is generally seen in girls between
2 and 6 months of age and in boys between 3 and
7 months. Femoral head ossification is seen in 50%
of children by 4 months and in 90% by 7 months of
age (PETTERSSON and THEANDER 1979; STEWART et
al. 1986).

Secondary ossification centres appear in the iliac
crest, ischial tuberosity the pubic symphysis, the
superior acetabulum and the anterior superior and
inferior iliac spines around puberty and are usually
fused by early adulthood. Fusion of the posterior
spinal elements of the sacrum fuse in a craniocaudal
direction and is complete by around 17 years of age
(ErcH et al. 1992).

7.2
Normal Variants

The multiple centres of ossification and the varia-
tion in their appearance and timing need to be con-



Fig.7.1. AP radiograph of the pelvis in a 5-year-old boy. There
is asymmetry in the appearances of the ischiopubic synchon-
drosis. The left side is larger and more prominent than the
right

sidered when evaluating radiographs of the pelvis.
These normal variants are very well illustrated in
Atlas of Normal Roentgen Variants (KEATs and
ANDERSON 2001).

At birth the pelvis is more rounded with the bony
outline of the acetabulum appearing shallower.
Minor irregularities in the outline of the acetabu-
lum, iliac crest and pubic bones can be seen from
3 years of age until early adulthood.

Fusion of the ischiopubic synchondrosis has a
very variable appearance and times of closure. It
can appear as early as 3 years of age, with complete
fusion seen in the majority of children by 12 years
of age. Closure may be preceded by increase in size
of the cartilaginous component giving a swollen
or bubbly appearance which may last up to 3 years
(Figs. 7.1 and 7.2) (Carrey and Ross 1956). This
expansion can be unilateral and it may also show
unequal uptake on bone scintigraphy. The uptake in
the synchondrosis should not be greater than that
seen around the triradiate cartilage (KLOIBER et al.
1988).

Vertical clefts and multiple ossific centres can be
seen in the superior pubic ramus and the superior
margin of the acetabulum may be irregular with
beaking of its intra-pelvic portion (PONSETI 1978).

A wide variety of appearances and times of ossifi-
cation of the proximal femoral epiphysis can occur,
asymmetry of 2 mm in height being recognised in
any individual (LEMPERG et al. 1973).

During infancy the ossification centres can have
a crenated, or stippled outline with vertical clefts
within them. There may also be central defect in the
epiphysis due to the ligamentous teres attachment
(OzonNoFF and ZITER 1987) (Fig. 7.3).
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Fig.7.2. AP radiograph of the pubic bones in a 13-year-old boy.
The left ischium pubic synchondrosis is large and prominent.
The right is almost absent

Fig.7.3. AP radiograph showing two separate ossification cen-
tres in the left proximal femoral epiphysis. This is a normal
variant

In the sacrum transitional vertebrae are com-
monly seen to involve the sacrococcygeal and
lumbosacral junctions. The L5 vertebrae can be
incorporated into the sacrum (sacralized) or the S1
vertebrae can be incorporated into the lumbar spine
(lumbarized). These transitional vertebrae retain
partial features of the segments involved above and
below so the total number of vertebra remains con-
stant. Transitional vertebrae are usually an inciden-
tal asymptomatic finding on pelvic and abdominal
radiographs. Enlarged transverse processes have
been described to cause soft tissue irritation (EicH
et al. 1992).

7.3
Femoral Neck-Shaft Angulation

At birth the femoral neck to shaft angle, as mea-
sured in the coronal plane, is 150° which decreases
to 120°-130° in the adult. Coxa vara is a smaller and
coxa valga is a larger than normal angle (PavLov
et al. 1980; LincoLN and SUEN 2003; STAHELI et al.
1985).

The alteration in neck angle shaft during child-
hood is as a result of different growth rates of the
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greater trochanter and femoral neck. This is a con-
sequence of the gravitational forces that act on the
proximal femur that occur as the child starts to walk
upright.

7.3.1
Coxa Vara

A Coxavara deformity is the result of either congeni-
tal or acquired conditions, which may be a localised
abnormality or associated with a more generalised
skeletal disorder. Once coxa vara is identified it is
important to find a causative deformity to deter-
mine prognosis, any likely associations and plan
management.

Localised acquired conditions include treated
congenital hip dislocations with or without subse-
quentavascular necrosis, Gaucher’s disease, Perthes’
disease, slipped capital femoral epiphysis, trauma
and sepsis (Fig. 7.4).

Generalised acquired conditions are usually asso-
ciated with reduced bone density including osteo-
malacia, renal osteodystrophy and rickets. In these
children there is remodelling of the femoral necks,
metaphyseal widening, irregularity, slipped capital
femoral epiphysis and bowed femurs. The coxa vara
can be progressive.

Coxa vara that is present at birth (congenital coxa
vara) can be isolated or associated with other anom-
alies. When associated with proximal focal femoral
deficiency, congenital short femur or congenitally
bowed femur, there is usually minimal progression
(Fig. 7.5).

Alist of the disorders associated with coxa vara is
given in Table 7.1.

7.3.2
Infantile Coxa Vara

Infantile or developmental coxa vara is a localised
abnormality that is usually not detected until
the child begins to walk at around 2 years of age,
radiographs being normal at birth (BLockEY 1969;
AMsTUTZ 1970). It is of unknown aetiology but may
be the result of a defect in cartilaginous develop-
ment, with an abnormal transition from resting to
proliferating cartilage cells; in the medial portion of
the growth plate being described (Bos et al. 1989).
There is no sex predilection but familial cases have
been reported. Bilateral involvement is seen in 30%-
50% of cases (CALHOUN and PIERRET 1972).

95

Fig.7.4. AP radiograph of a child with Gaucher’s disease. The
bone density is abnormal. There is fragmentation and irreg-
ularity of the left femoral epiphysis as a result of avascular
necrosis. There is bilateral coxa vara

Fig.7.5. Congenital coxa vara. The physis is almost vertical.
There is fragmentation around the distal metaphysis, with a
small ossification fragment on the inferior aspect

Table 7.1. Causes of Coxa vara (unilateral or bilateral)

Idiopathic coxa vara of childhood
Legg-Perthes’ disease, old
Neuromuscular disorders
Malunited fracture
Developmental dysplasia of the hip
Fibrous dysplasia
Paget’s disease
Rheumatoid arthritis
Rickets; osteomalacia
Proximal focal femoral deficiency
Diastrophic dwarfism
Enchondromatosis (Ollier’s disease)
Fibrous dysplasia
Hyperparathyroidism, secondary
Hyperphosphatasia
Hypothyroidism
Kniest’s disease
Metaphyseal chondrodysplasia
Multiple epiphyseal dysplasia
Osteogenesis imperfecta

Osteopetrosis

Slipped capital femoral epiphysis
Spondyloepiphyseal dysplasia
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Children often complain of fatigue, thigh pain
and an abnormal gait between 1-6 years of age. A
unilateral deformity results in a Trendelenburg
limp, while a waddle and prominent lumbar lordosis
is seen with bilateral disease. The gait abnormality
is related to the short femoral neck and the abnor-
mal insertion of the abductor muscles.

Radiographically the neck shaftangleis decreased
and the physis is widened and vertically orientated,
being more than 30° to the horizontal pelvic base-
line. Angles between 30-45° usually resolve spon-
taneously, while angles greater than 60° worsen
(WEINSTEIN et al. 1984) (Fig. 7.6). The capital femo-
ral epiphyses are usually normal, although they may
be slightly osteopaenic and rounder than usual, with
some metaphyseal irregularity. There is no femoral
bowing or shortening greater than 5.0 cm, with a
normal fibula, to differentiate it from proximal focal
femoral deficiency (PavLov et al. 1980).

In children under 9 years of age there is a charac-
teristic separate triangular osseous fragment medial
and inferior to the physis. These fragments fuse with
theshaftinadolescence. Remodellingandthickening
of the medial cortex of the femoral neck and upper
shaft, with abnormal orientation of the acetabulum,
occurs due to abnormal loading stresses. Secondary
degenerative changes may occur relatively early in
adulthood. Treatment in childhood is surgical with
valgus osteotomies (PAvLovV et al. 1980).

7.3.3
Coxa Valga

An increased neck-shaft angle is usually seen where
there is abnormal muscular and gravitational forces
acting upon the upper femur. It occurs in neuromus-
cular disorders such as cerebral palsy and polio-
myelitis.

Those disorders associated with coxa valga are
given in Table 7.2.

7.4
Femoral Anteversion

Femoral anteversion (femoral torsion) is the pro-
jected angle between aline through the femoral neck
and dicondylar coronal plane of the distal femur. At
birth the femoral neck is normally anteverted by 32°
or greater. This gradually decreases through child-
hood to a mean value of 16° at 16 years of age. This
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Fig.7.6. Congenital coxa vara. AP radiograph of a 3-year-old
boy. There is marked coxa vara. The proximal femoral epiphy-
sis is vertically orientated. There is a tiny ossification fragment
on the inferior aspect of the proximal femoral metaphysis

Table 7.2. Causes of Coxa valga

Paralytic disorder (e.g. meningomyelocele, cerebral palsy,
muscular dystrophy, poliomyelitis)

Abductor muscle weakness

Juvenile idiopathic arthritis

Chronic leg injury

Cleidocranial dysplasia

Dysplasia epiphysealis hemimelica (Trevor’s disease)
Turners syndrome

Hypoplasia of sacrum

Mucopolysaccharidosis (e.g. Hurler, Hunter, Morquio); muco-
lipidosis

Myositis (fibrodysplasia) ossificans progressiva
Osteodysplasia (Melnick-Needles)

Osteopetrosis

Prader-Willi syndrome

Progeria

Femoral neck fractures

Diastrophic dwarfism

Multiple enchondromatosis

reduction is the result of the development of the hip
extensors and tightening of the anterior capsule of
the hip joint (FABRY et al. 1973; GELBERMAN et al.
1987; GUENTHER et al. 1995).

The imaging techniques for measuring the degree
of femoral anteversion are described in Chap. 2.

Persistence or increased anteversion (antetorsion
or lateral femoral torsion) results in a decreased
range of lateral rotation in hip extension. When the
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child walks they internally rotate their femurs and
adduct their feet. This may cause compensatory
torsion of the tibias resulting in foot eversion and
valgus deformity with medially displaced patellae.

An increase in the angle of anteversion is asso-
ciated with developmental hip dysplasia, cerebral
palsy and Perthes’ disease. In cerebral palsy the
angles are normal at birth but do not decrease in the
normal way from 2-3 years of age and the femoral
necks become elongated. The degree of paraplegia
does not affect the degree of anteversion. It may
also be seen in otherwise normal children; when it
occurs it is usually bilateral and is more common
in girls (BOoBROFF et al. 1999; REIKERAS and BjER-
KREIM 1982).

7.5
Sacral Agenesis
(Caudal Regression Syndrome)

Thisis arare condition that occurs in less than 0.01%
of the population, its incidence is higher in the chil-
dren of diabetic mothers. Up to 20% of children with
sacral agenesis have diabetic mothers (Fig. 7.7).
There is a spectrum of sacral agenesis and it has
been classified into four types. With type 1 there is
partial unilateral agenesis localised to the sacrum or
coccyx. In type 2 there are bilateral partial defects
in the sacrum. The distal sacrum and coccyx fail to
develop with the iliac bones articulating with S1 and
in type 3 there is total sacral agenesis with the iliac
bones articulating with the lowest available lumbar
vertebra. In type 4 there is complete absence of the
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sacrum with fusion of the iliac bone posteriorly
(Fig. 7.7).

MR imaging is important to exclude an underly-
ing spinal abnormality which include a club shaped
conus, syrinx, lipoma and lipomyelomeningocele
(D1EL et al. 2001).

7.6
Acetabular Protrusion (Protrusio Acetabuli)

Acetabular protrusion is medial displacement of the
inner wall of the acetabulum. It may be primary with
no recognisable cause or secondary to causes which
include metabolic (Paget’s disease and osteomala-
cia), infective (gonococcal, tuberculosis and acute
pyogenic), traumatic, inflammatory (rheumatoid
arthritis and ankylosing spondylitis), chronic ste-
roid use and sickle cell anaemia. It also a feature of
Marfan’s syndrome, occurring in 45% of cases, of
which 50% are unilateral and 90% have associated
scoliosis (STEEL 1996).

Primary acetabular protrusion (protrusio ace-
tabuli) is an isolated condition in which the other
aetiological factors have been excluded. It is usually
bilateral and is commoner in females. It may pres-
ent in adolescence, while often it is not detected
until adulthood, when there are concerns regard-
ing obstetric delivery or secondary osteoarthritis
(FrRANCIS 1959; MACDONALD 1971).

On anterior-posterior radiographs the appear-
ances of the acetabulum gradually progress from a
normal configuration to obvious medial protrusion.
The division between normal and abnormal appear-

Fig.7.7. There is complete sacral agenesis. This a child of a
diabetic mother

Fig.7.8. There is ectopia vesicae. There is wide spacing of
pubic symphysis
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ances of the acetabulum is slightly arbitrary but is
based on recognised radiographic signs (HoOPER
and JonEs 1971) (Fig. 7.9).

On the AP radiograph there is a tear (or pear)
drop sign. This is formed by the acetabular floor lat-
erally and the pelvic wall medially. If this pattern
is disrupted, particularly if the medial wall of the
acetabulum is located medially to the lateral wall of
the pelvis it indicates protrusio acetabuli. The femo-
ral head will become intrapelvic and the acetabulum
will bulge inward (BOWERMAN et al. 1982).

A more objective method of assessment is from
an abnormal C/E angle of Wiberg. This is the angle
between a perpendicular line through the midpoint
of the femoral head and a line along the upper outer
margin of the acetabulum. An angle of 20°-40° is
normal (McBRIDGE et al. 2001).

The disorder can be associated with local symp-
toms and reduced joint mobility. The more severe
the protrusion the more likely the individual will be
predisposed to develop early osteoarthritis. Treat-
ment is usually supportive with physiotherapy.

7.7
Proximal Focal Femoral Deficiency

Proximal focal femoral deficiency (PFFD) describes
aspectrum of disorders that ranges from mild short-
ening of the femur but with varus deformity of the
femoral neck to nearly complete absence with small
rudimentary femoral stub (ANTON et al. 1999; Epps
1983; GILsANZ 1983). There are significant abnor-
malities of the iliofemoral articulation with rota-
tional deformities. PFFD excludes mild shortening
of the femur with normal hip articulation and com-
plete absence of the femur.

The incidence is less than 1 in 50,000, with the
majority of cases being sporadic, while some famil-
ial patterns are described. Approximately 15% of
abnormalities are bilateral and up to 60% of patients
have ipsilateral fibular hemimelia. Deformity of
the feet and absence of the cruciate ligaments have
been described. Clinically children present in early
infancy with short bulky thighs, leg length discrep-
ancy or fixed flexion deformity of the hip and knee
joints (KaLaMCHI et al. 1985).

Radiographs show a short femur displaced supe-
riorly and posteriorly, the distal end of the femur is
usually normal. A wide variety of classification sys-
tems have been described based on the radiographic
findings and the osseous integrity of the proximal
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Fig.7.9. Protrusio acetabuli. AP radiograph of the pelvis. There
is medial displacement of the inner wall of the acetabulum
bilaterally. The medial wall of the acetabulum is more medial
than the lateral or the pelvis

femur and acetabulum. They are used mainly to try
and predict prognosis and function (CourT and
CARLIOZ 1997; FIXEN 1995; GILLESPIE and TORODE
1983; GILSANZ 1983; GODDARD et al. 1995; HiLL-
MANN et al. 1987; LANGE et al. 1978; LEVINSON et al.
1997; PANTING and WiLLIAMS 1978; SANPERA and
SPARKS 1994).

The most widely used classification is that
described by Aitken in which there are four types,
type A represents the least severe form with a short
femur but a femoral head and adequate acetabu-
lum while D is the most severe form where there is
complete absence of the femoral head and acetabu-
lum (Figs. 7.10 and 7.11). A classification by Pappas
gives a broader description of congenital femoral
abnormalities that range from agenesis of the femur
(class 1) to femoral hypoplasia or mild shortening
(class 9). Patients may move into different categories
and sub-classifications depending on how the carti-
laginous structures develop (PAppas 1983).

Even in the milder forms of the disease a pseudo-
arthrosis may develop in the proximal femur. This

Fig.7.10. Proximal femoral focal deficiency. The left proximal
femur is absent. Small rudimentary femoral head. This is an
Atkins Grade IV



Congenital and Developmental Abnormalities

Fig.7.11. Bilateral focal femoral deficiency. Both acetabulae
are poorly developed and the femoral heads are dislocated

can occur in two places: either subtrochanteric, just
below the level of the lesser trochanter or between
the proximal femur and femoral head.

Imaging is important to estimate the degree of
functionality of the hip, the size of the joint space
and to try and predict if any pseudoarthrosis will
fuse. The initial radiograph at birth is of limited
value, particularly as the presence or absence of
the femoral head is important in the classification
system. The radiography taken in early infancy is
poor in predicting what areas will develop at skel-
etal maturity. The secondary ossification centres
being delayed in PFFD, that of the femoral head may
be delayed up to 2 years. Radiographs performed
between 12 months and 2 years are of better prog-
nostic significance.

Ultrasound and MRI are increasingly being used
to evaluate the extra-osseous structures, which
govern treatment of prognosis in these children.

MR imaging provides earlier definition of both
cartilaginous and soft tissue structure. MR imaging
has shown that the muscles around the affected hip
are less well developed but with enlargement of the
sartorius, which may account for the flexion defor-
mities (PIRANTI et al. 1991).

Ultrasound (Grissom and HARKE 1999) is able
to identify the femoral heads and improve the clas-
sification of the PFFD; however, it is technically
challenging, as the normal imaging planes are dis-
rupted.

Treatment is individualised and is aimed at
improving function and reducing disability; reduc-
ing any limb length disparity will maximise the
potential for ambulation.
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7.8
Skeletal Dysplasias

Skeletal dysplasias may effect any part of the bony
pelvis and proximal femur. An exact diagnosis will
depend on a detailed radiological, clinical, genetic
and biochemical evaluation. It is important that the
full extent of the disorder is documented along with
any phenotypic or systemic abnormalities. A full
skeletal survey is needed to assess the distribution
both within an individual bone and also the areas
of skeleton involved.

Within each of the disorders there is considerable
heterogeneity, which can also make the diagnosis
difficult. It may be necessary that numerous repeat
radiographs are performed over time, particularly
as a child grows and the skeleton ossifies, to fully
detail and monitor the disorder.

Irregularity and fragmentation of the proximal
femoral epiphysis is a common manifestation of a
skeletal dysplasia (Fig. 7.12), but it is a radiologi-
cal feature with a wide differential diagnosis that is
shown in Table 7.3.

7.8.1
Meyer’s Dysplasia
(Dysplasia Epiphysealis Capitis Femoris)

This is a localised dysplasia of the femoral head,
which is bilateral in up to 50% of cases. There is a
small or delayed ossification centre of the proximal
femoral epiphysis; the delay may between 18 months
to 3 years. Bilateral involvement may cause a wad-
dling gait, while more often the defect is picked up

Fig.7.12. There is bilateral coxa vara and bilateral epiphyseal
irregularity. The epiphyses have a stippled appearance. This is
the result of congenital hypothyroidism
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Table 7.3. Fragmented or irregular femoral head

Common

Normal Variant

Avascular necrosis

Congenital dislocation of the hip
Legg-Perthes’ disease
Uncommon

Chondrodysplasia punctata (congenital stippled epiphyses,
Conradi-Hunerman)

Cretinism, congenital hypothyroidism
Haemophilia
Hereditary arthro-ophthalmopathy (Stickler syndrome)
Infection
Leukaemia

Mucopolysaccharidosis (e.g. Hurler, Hunter, Morquio, Marote-
aux-Lamy)

Multiple epiphyseal dysplasia and Meyer dysplasia
Osteochondromuscular dystrophy (Schwartz syndrome)
Renal osteodystrophy

Rickets, all types

Slipped capital femoral epiphysis (late)

Trisomy 18 and 21

Prenatal infections

Warfarin embryopathy

Cerebrohepatorenal syndrome (Zellweger syndrome)

Fetal alcohol syndrome

as an asymptomatic finding (KHERMOsH and WIEN-
TROUB 1991).

On radiographs the ossification centre can be
granular or multiple, with up to six separate centres.
Fusion of these centres starts to occur by around
5-6 years of age, which may give the femoral head
an irregular outline. The most confusing differen-
tial diagnosis is that of Perthes’ disease (HEsSE and
KoHLER 2003). Typically in Perthes’ disease bilat-
eral lesions (when present) are asymmetric, and
the superolateral weight bearing area is most com-
monly involved (see Chap. 11). In Meyers dysplasia
the appearances are symmetrical and they gradually
improve over time unlike in Perthes’ where there is
often further sclerosis and flattening of the femo-
ral head with abnormality of the acetabulum. Bone
scintigraphy is normal in Meyer’s dysplasia with no
evidence of ischaemia and MR imaging has shown
a normal appearance of the unossified epiphysis.
There appears to be a spontaneous resolution of the
dysplasia, which may leave no residual trace apart
from some slight femoral flattening (Fig. 7.13).
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Fig.7.13a,b. Meyer’s dysplasia in a child and subsequent adult.
There is irregularity and a granular appearance to the femoral
heads. Over time the femoral heads have remained flattened
and irregular

7.8.2
Multiple Epiphyseal Dysplasia

Multiple epiphyseal dysplasia (MED) is a heteroge-
neous group of abnormalities that commonly affect
the hip and pelvis causing epiphyseal irregularity
and deformity, the bone density and texture are
normal. If there is significant spinal involvement,
then they are described as spondyloepiphyseal
(SED). The primary defect in MED is believed to be
within the chondrocytes of the unossified skeleton
(HAGA et al. 1998; LACHMAN et al. 1973).

The modern definition and classification of the
MED is now based upon genetic studies and chro-
mosomal linkage (UNGER et al. 2001). Phenotypi-
cally two classical forms have been described a
milder form (Ribbing type) and the severe variety
(Fairbank type). The condition is however hetero-
geneous with some patients exhibiting features of
the mild form of the disease in certain bones but
more severe changes elsewhere in the skeleton. It is
most commonly autosomal dominantly inherited
with variable penetrance, but there dose appear to
be some consistency in the distribution of affected
epiphyses between families (AMIR et al. 1985).

The hips, knees and ankles are the most com-
monly involved joints and children present with
reduced mobility, difficult on walking and altered
gait. Severe involvement of the limb long bones will
cause them to be short and ‘stubby’. Often patients
have reduced stature, and a thoracic kyphosis. The
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milder forms of MED are difficult to diagnose in a
neonate and they can be an incidental diagnosis in
the older child. Generalised joint and back pain are
common symptoms, with mild cases not presenting
until adulthood.

The radiographic abnormalities are visible
between the second and third years of life. There is
abnormal ossification of 2 or more pairs of epiphy-
ses. The proximal femoral epiphysis is commonly
involved and it is fragmented, small and misshapen
with an abnormal pattern of ossification. Multiple
centres of ossification have been described as ‘mul-
berry like’, alternatively the central ossification
centre may be surrounded by specks of calcification.
The multiple ossification centres coalesce at matu-
rity, with the adult the femoral head being flattened
and irregular. There may be a coxa valga deformity
with metaphyseal widening, with the acetabulum
becoming become shallow and dysplastic. The more
severe dysplasias result in poor acetabular and joint
development joint that results in earlier osteoarthri-
tis. Ossification of the epiphysis of the hands and
feet is delayed while there is distal shortening of the
short and long bones (TREBLE et al. 1990) (Figs. 7.14
and 7.15).

Vertebral end plates irregularity, especially at the
thoracolumbar junction, Schmorl’s nodes and verte-
bral wedging is a feature of MED. While more severe
spinal changes are in keeping with spondyloepiphy-
seal dysplasia.

MED may be confused with Perthes’ disease, but
with the latter there are no other affected epiphy-
ses and the appearances are usually asymmetrical.
In MED the ossific nucleus gradually enlarges with
ossification becoming more uniform, without the
sequential changes usually seen in Perthes’. The
differential diagnosis includes juvenile idiopathic
arthritis, progressive pseudo-rheumatoid dysplasia,
congenital hypothyroidism and the mucopolysac-
charidosis (MANDELL et al. 1989).

7.8.3
Spondyloepiphyseal Dysplasia

There are a variety of forms of SED that are distin-
guished by clinical, genetic and radiological defects.
In the long bone, particularly around the hips the
appearances are similar to MED, depending on the
severity of the disorder (LANGER et al. 1990). In the
SED the spinal abnormalities are more pronounced
and include platyspondylia, with short pear shaped
or more flattened vertebral bodies, with widening of
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Fig.7.14. Multiple epiphyseal dysplasia. Symmetrical abnor-
mality of both femoral heads. Both femoral epiphyses are
small and irregular. There is metaphyseal irregularity

Fig.7.15a,b. Progression of the femoral heads changes in mul-
tiple epiphyseal dysplasia. The epiphyses are initially small
and irregular. The epiphyses become widened and flattened
with evidence of bone remodelling and loss of joint space

the disc spaces. Children may develop a kyphosis.
The spinal changes in SED may be confused with
Morquio’s disease but they are usually none of the
digital hand abnormalities and the bone texture is
normal.

7.8.4
Accelerated Ossification

Accelerated ossification is an important marker for
a small number of skeletal dysplasias and metabolic
disorders. These disorders have accelerated skeletal
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maturation defects elsewhere within the body, partic-
ularly the hands and skull, with metaphyseal irregu-
larity and abnormal phalanges (STELLING 1973).
Advanced pelvic ossification is seen in the femo-
ral heads either at birth or shortly after in asphyxi-
ating thoracic dysplasia and chondroectodermal
dysplasia. In the pelvis it is seen in Marshall-Smith
syndrome, chondroectodermal dysplasia, con-
genital adrenal hyperplasia, Weaver syndrome and
Beckwith-Wiedemann syndrome.

7.8.5
Delayed Ossification

Delayed ossification is a non-specific finding and
may be the result of endocrine disorders, malnutri-
tion, chronic disease or a skeletal dysplasia. It is
most often seen in the pubis, ischium and femoral
epiphysis, but may affect any part of the skeleton
(STELLING 1973).

7.8.6
Increased Bone Density

Increased bone density is seen in a wide range of
skeletal disorders. It may be the result of increased
calcium deposition, diminished resorption, exces-

Fig.7.16. Osteopoikilosis. There are multiple oval densities
around the hip joint. They are parallel to the long axis of the
femur
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sive new bone formation or be the result of a scle-
rosing bone dysplasia. The pattern may be diffuse
or focal. The more common sclerosing dysplasias
include Camurati-Engelmann disease, metaphyseal
dysplasia (Pyle disease), dysosteosclerosis, endos-
teal hyperostosis (Worth and van Buchem), osteope-
trosis, melorheostosis, pyknodysostosis and osteo-
poikilosis (Figs. 7.16 and 7.17).

7.8.7
Decreased Bone Density

Decreased bone density is a non-specific finding
that may be part of a bone dysplasia, e.g. osteogen-
esis imperfecta, metabolic disorder, chronic illness,
malignancy, chronic steroid use and hyperpara-
thyroidism. Reduced bone density can lead to coax
valga and acetabular remodelling. If severe there
may be an increase risk of fracturing, bone remodel-
ling and pseudoarthrosis (Fig. 7.18).

7.8.8
Abnormal Shape and Appearance of Pelvis

The relative size of the ilium should always be con-
sidered with respect to the gestational age of the
child (EicH et al. 1992). A small ilium is associated
with dysplasias that are detectable at birth, some
of which are lethal, which includes asphyxiating
thoracic dysplasia, chondroectodermal dysplasia,
Kniest dysplasia and the short rib polydactyly dys-
plasias (OESTREICH and PRENGER 1992). The small
ilium may be squared or flared and is usually asso-
ciated with a horizontal acetabular roof. The pubis

Fig.7.17. Melorheostosis. There is increased sclerosis around
the left iliac wing and cortical hyperostosis with a wavy out-
line
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and ischium may also be small. In some dysplasias a
small sciatic notch may be present such as in achon-
droplasia (Fig. 7.19).

Small iliac wings are an isolated finding in some
syndromes that includes scapuloiliac dysplasia and
thoracic-pelvic dysostosis. Narrowing of the ilium
at the base , with flaring of the wings is a feature of
lysosomal storage disorders. Flared iliac wings are
a feature of Downs syndrome, as are decreased ace-
tabular and iliac angles. Iliac horns are a marker for
osteo-onycho-dysostosis (nail patellar syndrome)
where the pelvis may be small.

Hypoplasia of the ischium and pelvis is seen in
disorders that cause delayed or deficient ossification
and also camptomelic dysplasia, cleidocranial dys-
plasia and spondyloepiphyseal dysplasias.

A steep or slanted acetabular roof is often an iso-
lated finding that can be attributed to a congenital
dysplasia or dislocation of the hip. It is also seen
in neuromuscular disorders. It is a feature of some
bone dysplasias in particular the storage disorders
(ErcH et al. 1992).

A flat or horizontal acetabular roof is a feature
of those dysplasias associated with a small ilium, in

Fig.7.18. Osteogenesis imperfecta. There is marked reduction
in bone density, numerous healing fractures, acetabuli protru-
sio and remodelling around the acetabulum
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Fig.7.19. Achondroplasia. There is squaring of the iliac wings,
and a short narrow sacrosciatic notch. The sacrum is hori-
zontal and articulates low on the ileum. The acetabulum are
shallow. There is marked remodelling and deformity of both
femoral heads

particular the neonatal lethal dysplasias, but also
pseudoachondroplasia, trisomy-21 and Rubinstein-
Taybi syndrome.

Diastasis of the pubic symphysis is associated with
some dysplasia, most commonly cleidocranial dysos-
tosis. It is also a feature of bladder exstrophy, due to
incomplete formation and rotation of the pelvic girdle
due to abnormal bladder development (Fig. 7.8). There
are often other associated renal tract anomalies.

7.9
Arthrogryposis Multiplex Congenita

Arthrogryposis multiplex congenita is characterised
by joint contractures, muscle fibrosis and a signifi-
cant reduction in function. It is often recognised at
birth due to limited movement of the joints.

Radiographically there is decreased muscle mass,
and incongruity around joints. Dislocation of the
hip is a feature. Fractures and scoliosis can occur.

A classical appearance is the diamond deformity
with the hips adducted, flexed and internally rotated
with flexed knees.

7.10
Neuromuscular Hip Dysplasia

Children with cerebral palsy who do not walk before
the age of 5 years have increased incidence of hip
dysplasia. The more severe the neurological dis-
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order the greater the incidence and degree of the
dysplasia, and the more likely that it will be bilat-
eral. Lack of muscle balance and function results
in coxa valga deformity, abnormal anteversion of
the femoral neck (AxTas et al. 2000). The proximal
epiphysis is often poorly developed and may be flat-
tened or notched. The acetabulum is often shallow,
with lateral uncovering of the femoral head with an
increased incidence of hip subluxation or disloca-
tion (MORRELL et al. 2002).

Serial radiographs are useful for assessing hip
development, acetabular remodelling and femoral
head coverage over time. CT is useful in evaluating
the shape of the acetabulum and determining the
degree of femoral anteversion (DAVIDS et al. 2003).

Surgical treatment may involve soft tissue releases
to improve muscle balance. Osteotomies are used to
improve the coverage of the femoral head and help
hip development. Correction of any inversion abnor-
mality is important in improving surgical outcome.
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8.1

Introduction

Normal growth and development of the hip joint
depends on congruent stability of the femoral head
within the acetabulum. This allows balanced growth
between the acetabular and triradiate cartilages and
a well-located femoral head. Developmental dyspla-
sia of the hip (DDH) is a disorder with a spectrum
of abnormalities involving the growing acetabulum,
proximal femur and surrounding soft tissues. It may
be defined as abnormal formation of the hip joint
occurring between organogenesis and maturity, as
a result of instability. Formerly congenital dysplasia
or congenital dislocation of the hip (CDH), the more

H. WiLLiams, MD; K. J. JounsoN, MD
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recent term developmental dysplasia of the hip is
preferable because the process is not restricted to
congenital abnormalities of the hip, and includes
some hips that were normal at birth and subse-
quently became abnormal.

In 98% of cases, DDH results from an alteration in
development of a previously normal hip during the
last 4 weeks of pregnancy or in the postnatal period.
The remaining 2% of cases result from an earlier in-
utero alteration. During gestation the hip is at risk
of dislocation during the 12th week when the lower
limb rotates medially, and during the 18th week as
the hip muscles develop. Dislocations during these
developmental stages are termed teratologic and are
the result of congenital abnormal neuromuscular
development. Strictly, DDH applies to idiopathic
hip dysplasia, but hip dysplasia can occur second-
ary to neurological conditions (e.g. myelomeningo-
cele, cerebral palsy), connective tissue diseases (e.g.
Ehlers-Danlos syndrome), and myopathic disorders
(e.g. arthrogryposis multiplex congenita).

Early diagnosis and treatment of DDH is impor-
tant because the longer the condition is unrecog-
nised, the higher the incidence of treatment failure.
Furthermore, the treatment of DDH can differ sig-
nificantly depending upon the age at diagnosis. In
the long term, DDH is an important cause of gait dis-
turbance, restricted joint mobility and degenerative
joint disease in adolescence and adulthood.

8.2
Epidemiology and Aetiology of DDH

The incidence of DDH varies with race and gender.
The true incidence is not known because statistics
vary due to differences in methods used for diag-
nosis and there is no agreed ‘gold standard’ for the
diagnosis of DDH. The prevalence of DDH varies
between 1 per 100 births in clinically screened popu-
lations to 80 per 1000 in sonographically screened
populations (DWEK et al. 2002). There is a four to
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eight fold increased incidence of DDH in female
infants. This is attributed to potentiation (by endog-
enous oestrogens produced by the female infant)
of the transiently increased ligamentous laxity in
the perinatal period caused by high levels of circu-
lating maternal hormones. Firstborn children are
affected more frequently than subsequent siblings,
which may be related to the confining effects of
an unstretched primigravid uterus and abdominal
wall, with subsequent effects on fetal limb position
and hip joint development. DDH occurs three times
more frequently on the left side, probably because the
most common position in non-breech babies is head
down with the fetal spine on the mothers left side. In
this position the left hip lies posteriorly against the
mother’s spine and abduction is limited. Postural
deformities, oligohydramnios, foot abnormalities
such as metatarsus varus and talipes equinovarus
are all associated with DDH. Congenital torticollis
is also associated with DDH (WALsH and MORRISSY
1998). Breech presentation independent of method
of delivery is associated with a higher incidence of
hip dysplasia, particularly the extended breech posi-
tion. Breech position is also commoner in females,
and in first-born infants (GUILLE et al. 2000).

Bothgeneticandenvironmental factorsareimpor-
tant in the aetiology of DDH. An increased probabil-
ity of having a child with DDH has been estimated
to be 6% if there is one prior affected child but both
parents have normal hips. It is 12% if one parent
is affected but no prior affected child, and 36% if
there is one affected parent and one affected child
(WyNNE-DAvIs 1970; LiNGG etal. 1981). Monozygotic
twins are more likely to have DDH than dizygotic
twins. DDH is also affected by cultural and racial
factors. It is commonest in white neonates and there
is a very low incidence in black African and Chinese
populations (WEINSTEIN 1987). An increased inci-
dence in Laplanders and native American Indians is
thought to be associated with the cultural tradition
of strapping infants to a cradleboard or swaddling
them with the hips together in extension. In adduc-
tion, the femoral head is directed posteriorly and
away from the joint. If the acetabulum is shallow or
there is ligamentous laxity, swaddling can accen-
tuate instability and contribute to the incidence of
hip subluxation or dislocation. An anti-swaddling
campaign in Japan decreased the incidence of DDH
from 3.5% to 0.2% (YAMAMURO and ISHIDA 1984).
Traditionally African and Chinese mothers hold
their infants against the waist with the infants hips
in flexion and abduction, this position is more con-
ducive to acetabular-femoral development.
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The history obtained on first presentation of an
infant with suspected DDH should include pertinent
risk factors such as family history of hip dysplasia,
maternal obstetric history, presentation and deliv-
ery. Infants with known associations and certain
risk factors such as breech presentation are offered
ultrasound screening in many centres in addition
to clinical screening tests. A low threshold for hip
ultrasound in the neonatal period should theoreti-
cally reduce the incidence of late diagnosis.

DDHa s clearly a multifactorial condition although
several theories have been proposed to account for
the disease process (NovacHECK 1996). These place
increased importance on: (1) mechanical factors
such as restricted uterine space and breech posi-
tioning, (2) ligamentous laxity and (3) the concept
of ‘primary acetabular dysplasia’ as a basis for the
development of hip dysplasia. Genetic predisposi-
tion may significantly contribute to the latter two
aetiological theories.

8.3
Hip Embryology, Anatomy and
Pathological Changes in DDH

Embryologically all components of the hip joint
arises from a single block of mesenchymal tissue.
During the 7th week of gestation a cleft appears in
the pre-cartilaginous cells and by the 11th week this
cleft separates the acetabulum and femoral head.
Acetabular and femoral head development con-
tinues throughout intrauterine life but the femo-
ral head grows disproportionately faster so that at
birth, relative coverage of the femoral head by the
acetabulum is at its least. Within a few weeks of
birth however, labral growth accelerates resulting in
increased coverage of the femoral head. It is during
the perinatal period and for several months after
birth that the femoral head has the least structural
support from the acetabulum and hip capsule, and
is at the highest risk of subluxation or dislocation
(DoNALDSON and FEINSTEIN 1997). In most cases
if a dislocation is found in the newborn period it
can be easily reduced. However if subluxation or
dislocation is allowed to persist, adaptive changes
occur within the hip structures making concentric
reduction of the femoral head more difficult.

The acetabular cartilage comprises a cup shaped
structure forming the outer two-thirds of the joint
cavity and the triradiate cartilage located deep in
the joint. The lateral aspect of the acetabular car-
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tilage has three epiphyses or secondary ossification
centres; the acetabular epiphysis is adjacent to the
ilium, the os acetabuliis next to the pubis and there is
a small posterior epiphysis next to the ischium. Most
acetabular development occurs by eight years of age,
but at puberty these epiphyses develop and enhance
the depth of the acetabulum. The fibrocartilaginous
labrum rims the anterior, superior and posterior
aspects of the acetabular cartilage, inferiorly it is
known as the transverse acetabular ligament. The
labrum contributes to hip stability by deepening the
hip capsule and constricting its orifice.

In infancy the femoral head, neck, greater and
lesser trochanters, intertrochanteric zone and a por-
tion of the proximal femur are composed entirely
of cartilage. The ossification centre for the femo-
ral head appears between 2 and 7 months of age.
Growth occurs mostly at the physis, growth plate of
the greater trochanter and the cartilage of the femo-
ral neck isthmus situated between these two struc-
tures. The balance of growth between these three
structures, and the effect of muscle pull and weight-
bearing forces on the proximal femur determines
the eventual shape and congruency of the femoral
head. Disruption of blood supply to the proximal
femoral physis results in femoral shortening and
varus deformity because of unbalanced growth of
the femoral neck isthmus and greater trochanteric
growth plate.

In a dysplastic hip the acetabulum loses its cup-
like shape. As the femoral head migrates superi-
orly, the labrum becomes everted and flattened.
Growth of the acetabulum is altered in the absence
of a normally located femoral head. The acetabulum
becomes shallow and the slope of the roof becomes
steeper. If the femoral head dislocates, the inferior
capsular fibres and the transverse acetabular liga-
ment are pulled up over the empty socket. Capsular
constriction and shortening of the iliopsoas tendon
can prevent hip reduction. The ligamentum teres
thickens, and the socket becomes filled with fibro-
fatty tissue known as the pulvinar. Interposition of
capsular tissue or inverted labral tissue may pres-
ent mechanical blocks to reduction of the femo-
ral head. Fibrous tissue develops and merges with
hyaline cartilage at the rim of the acetabulum. This
fibrous tissue is a pathological structure known as
the limbus, and may also contribute to failure of
concentric hip reduction.

Growth of the femoral head is affected when it is
no longer correctly seated within the acetabulum. It
loses its spherical shape, and may become smaller
or develop areas of flattening. In untreated hip dis-

109

location a neoacetabulum can form in the iliac bone
above the native joint (Fig. 8.1). Acetabular growth
is affected most in complete hip dislocations when
there is no contact with the femoral head. In these
cases both anterior and posterior columns of the
acetabulum are stunted due to lack of pressure stim-
ulation. When the hip is subluxed or the acetabu-
lum is shallow, weight-bearing forces are altered and
there is increased pressure at the edge of the steep,
shallow acetabulum (Fig. 8.2).

Generally the longer the femoral head remains
out of the acetabulum or persistently subluxed, the
greater the severity of acetabular dysplasia and dis-
tortion of the femoral head. Closed reduction of the
femoral head within the acetabulum results in spon-

Fig.8.1. A 16-year-old female patient with longstanding
“missed” left DDH. The left femoral head articulates with a
neo-acetabulum in the iliac bone. The left femoral shaft is
reduced in diameter and there is wasting of the thigh mus-
cles

Fig.8.2. A 5-month-old female with right DDH. The acetabu-
lum is dysplastic and the right femoral head is subluxed supe-
rolaterally. Shenton’s line is disrupted on the right
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taneous resolution of the pulvinar. Open reduction
of a fixed dislocated hip involves resection of the lig-
amentum teres and the pulvinar to ensure congru-
ent reduction. Incision of the transverse acetabular
ligament is also essential for complete reduction.

8.4
Clinical Detection of DDH - Definitions

e Dysplasia - abnormal formation of tissues includ-
ing the femur, acetabulum, or soft tissues.

e Subluxation - the protrusion of the femoral head
beyond the acetabulum, with contact still main-
tained.

¢ Dislocation - loss of contact of the femoral head
with the acetabulum. A dislocated hip may be
reducible or irreducible.

o Instability refers to subluxatable or dislocatable
hips.

e A dislocatable hip is one in which the femoral
head is located within the acetabulum but can be
completely displaced from it by the application of
posteriorly directed forces to the hip positioned in
adduction. In most cases the dislocated proximal
femur lies postero-superior to the acetabulum. A
subluxatable hip is one in which the femoral head
slides in the acetabulum into a position of partial
contact with the acetabulum upon application of
similar forces.

8.4.1
Clinical Detection of DDH - Birth to 6 Months

A full inspection of the lower limbs is a vital part
of the clinical examination for DDH. Asymmetric
inguinal or thigh skin folds (with extra folds on
the affected side) may be an indicator of hip abnor-
mality but asymmetry is also seen in infants with
normal hips. There may be lower limb shortening
due to superior displacement of the affected femur.
A positive Galeazzi or Allis sign indicates femoral
shortening and is elicited by lower position of the
knee on the affected side with flexion of the hips
and knees. Femoral shortening may be congenital
or due to unilateral hip dislocation. Limited abduc-
tion of an affected hip may not be present for several
months, resulting from contraction and shortening
of associated muscles, the hip joint capsule and other
soft tissues. When there is bilateral hip abnormality,
asymmetry may not be a feature.
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The Ortolani and Barlow manoeuvres are the
mainstay of clinical diagnosis in the first months of
life. Both are performed with the infant supine, and
each hip is examined individually with the oppo-
site hip held in maximum abduction to stabilise the
pelvis. The Ortolani test checks for reduction of a
dislocated hip. It is performed with the baby’s hip
and knee in flexion. The examiner holds the baby’s
thigh with their middle finger behind the greater
trochanter and their thumb in front on the upper
inner thigh. Gentle but sustained abduction whilst
pressing forwards on the greater trochanter (lift-
ing away from the examination couch) results in
reduction of the femoral head into the acetabulum.
A ‘clunk’ or jerk during this procedure is felt when
the femoral head passes over the posterior labrum
(OrTOLANI 1937, 1976).

Barlow’s manoeuvre attempts to produce sublux-
ation or dislocation of a normally located femoral
head. It is performed with the knee flexed to 90° and
the hip adducted and partially flexed to 45°-60°. The
knee is gently pushed posteriorly (towards the exami-
nation couch) and superiorly. In a normal child no
movement occurs. In a child with a dislocatable hip
a palpable ‘clunk’ is felt as the head of the femur slips
out over the posterior labrum, returning immediately
pressure on the upper femur is released (BARLOW
1962). Audible ‘clicks’ during this procedure gener-
ally have no pathological significance and result from
stretching of the joint capsule and tendons (GUILLE
etal. 1999). Even in the best hands physical examina-
tion can fail to detect DDH, and after 3 months of age
the Ortolani and Barlow tests become negative due to
progressive soft tissue contractures.

8.4.2
Clinical Detection of DDH - the Older Child

It is inevitable that despite clinical screening and
early ultrasound examination of patients with
known risk factors for the development of DDH,
some children will have a delayed presentation or
late diagnosis of DDH. In these children timing is
important because the treatment of children pre-
senting at 6 months of age or later is different to
those presenting under the age of 6 months. Also
included in this group of patients are those who
were identified early but in whom Pavlik harness
treatment has failed, or the changes of DDH have
developed late as a result of maturation even though
no physical abnormality was identified in the neo-
natal period.
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Physical examination is still the main method for
detection of DDH up to walking age. After several
months of age the Ortolani and Barlow manoeu-
vres are no longer useful as soft tissues around the
hip joint tighten and contract. Abduction becomes
more limited which is particularly noticeable when
there is unilateral disease. Femoral shortening
(positive Galeazzi test) may be apparent but this
can be difficult to appreciate with bilateral disease.
Ambulatory children will have a Trendelenburg
gait in addition to limited hip abduction (ViTALE
2001).

8.5
Natural History of DDH

The natural history of DDH in the newborn is
variable. Many unstable newborn hips will stabi-
lise shortly after birth. Neonates with a dysplas-
tic acetabulum but without instability may go on
to develop normal hips without treatment. Those
with instability or frank dislocation often develop
progressive radiographic changes, followed by loss
of motion and pain (YAMAMURO and ISHIDA 1984;
COLEMAN 1995). Over the age of 6 months spontane-
ous resolution of dysplasia is unlikely and usually
more aggressive treatment is required compared
with younger children. Older children tend to have
more advanced changes in the soft tissues and bony
structures. Ossification of the acetabulum is delayed
and this is often abnormally shallow, anteverted,
and deficient anterolaterally. Delayed ossification of
the femoral head also occurs and there is exagger-
ated femoral anteversion.

Persistence of hip dysplasiainto adolescence and
adulthood can lead to an abnormal gait, restricted
abduction, reduced strength and an increased rate
of degenerative joint disease. In general the out-
come of untreated unilateral DDH is less favour-
able compared with bilateral disease, due to the
associated problems with limb length discrepancy,
asymmetrical movement, strength, and knee dis-
orders. Degenerative joint disease tends to present
earlier in subluxated hips than in dysplastic hips
without subluxation (COOPERMAN et al. 1980).
The most severely affected patients with sublux-
ation develop symptoms in their second decade,
but the mean age at which symptoms appear is
36.6 years in women and 54 years in men. Severe
radiographic changes then develop over the next
10 years (MuRRAY and Crim 2001). Symptom-
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atic disease in patients with acetabular dysplasia
without subluxation is more difficult to predict.
It remains clinically silent until secondary degen-
erative changes develop.

The natural history of untreated complete hip dis-
locations is also variable. There may be little func-
tional disability but this depends on whether there is
a well-developed neoacetabulum and if the disloca-
tion is bilateral. Bilateral hip dislocations without a
false acetabulum normally have a good prognosis,
although hyperlordosis of the lumbar spine can lead
to pain. The development of well-formed acetabu-
lum is more likely to result in early degenerative dis-
ease and pain whether unilateral or bilateral (WEIN-
STEIN 1998).

8.6
The Role of Imaging in DDH

Imaging is fundamental in the screening, diagno-
sis, treatment and follow-up of patients with DDH.
The choice of imaging method for evaluation of hip
dysplasia will depend upon the age of the child and
the indication for imaging. In the newborn period
the hip is cartilaginous and although radiographs
can confirm DDH or congenital abnormalities of
the hip, a normal radiograph does not exclude the
presence of instability. Radiographs are only useful
after ossification of the acetabulum and femoral
head has occurred and are generally used in the
follow-up of treated DDH. The femoral head ossi-
fies between 2 and 6 months in girls and between
3 and 7 months in boys. By 4 months of age ossifi-
cation of the proximal femoral epiphysis is seen in
only 50% of normal infants (OzoNoFF 1992). Cau-
tion should be taken in the interpretation of radio-
graphs before adequate ossification has occurred
as they may provide false negative information.
Ultrasound is the technique of choice in the first
few months of life. Generally beyond 6 months of
age ossification prevents adequate evaluation with
ultrasound. CT is useful in the post-operative
evaluation of infants when the use of radiographs
and ultrasound is limited due to the presence of a
plaster cast, and in the evaluation of treated and
untreated DDH. Magnetic resonance imaging has
a role in DDH and can be used to evaluate both
ossified and unossified components of the hip but
is still infrequently used. This may be related to
limited availability, cost and issues such as require-
ment for sedation.
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8.6.1
Interpretation of Radiographs

Radiographs of infants should be obtained with the
pelvis in neutral position in relation to the examina-
tion table, the lower limbs held in neutral rotation
and slight flexion. If the lower limbs are held down
the pelvis rotates anteriorly, distorting acetabular
anatomy. Pelvic rotation to one side results in spu-
rious deficiency of acetabular coverage of one hip
and normal coverage of the opposite hip. In older
children who are walking, a weight bearing AP
radiograph with the hips in neutral position (patel-
lae facing directly forward) is the optimum view.
Several reference lines and angles are useful in

the interpretation of anteroposterior radiographs of

the pelvis for DDH (Fig. 8.3 and 8.4). Many of these
lines were devised to help localise the unossified
cartilaginous femoral head in infancy prior to the
use of ultrasound. Values obtained by these meth-
ods are not absolute and should be considered in

conjunction with clinical information provided by

history and examination. Furthermore, abnormal

pelvic positioning adversely affects the diagnostic

value of these reference lines and this must be con-
sidered in their interpretation.

1. Hilgenreiner’s line is a horizontal line drawn
through the tops of both triradiate cartilages.

2. Perkins’ line is drawn perpendicular to Hilgen-
reiner’s line at the lateral edge of the acetabulum,
which can be difficult to identify in the dysplastic
hip. These two lines divide the hip area into four
quadrants. The femoral head should lie within
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the inner lower quadrant. In a dislocated hip it
lies in the upper outer quadrant.

. Shenton’s line is a continuous arc drawn along the
medial border of the femoral neck, and superior
border of the obturator foramen. Displacement
of the femoral head or severe external rotation of
the hip results in discontinuity of Shenton’s line.
Imperfect positioning can result in spurious dis-
ruption of this line.

. The acetabular index or angle is a measure of
the apparent slope of the acetabular roof. It is
calculated by drawing an oblique line through
the outer (superolateral) edge of the acetabulum
and superolateral edge of the triradiate cartilage,
tangential to Hilgenreiner’s line. If there is an
acetabular notch this should be included to its
superolateral edge but the presence of the notch
can increase the margin of error in measurement.
At birth the normal acetabular angle is 26°+5°
in males, and 30°+4° in females. This gradually
decreases to 18°+4° in boys and 20°+3° in girls by
12 months of age (DWEK et al. 2002). Acetabular
angle measurements greater than this strongly
suggest acetabular dysplasia.

5. Proximal migration of the femur is determined
by shortening of the vertical distance from the
femoral ossific nucleus or the femoral metaphysis
to Hilgenreiner’s line.

w
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When the proximal femoral ossific nucleus is
present the centre edge (CE) angle of Wiberg may be
calculated. First a horizontal line is drawn linking
the centres of the two femoral heads. A second line

Dyplastic

Fig. 8.3. Diagram showing the lines and
angles used to assess the developing hip.
Hilgenreiner’s line is a horizontal line
drawn through the tops of both triradi-
ate cartilages. Perkins’ line is drawn per-
pendicular to Hilgenreiner’s line at the
lateral edge of the acetabulum. Shenton’s
line is a continuous arc drawn along

Normal L
/ Perkin’s Line \
S —
Acetabular
index
O . 9
Hilgenreiner’s \ ’
line

Shenton’s
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the medial border of the femoral neck,
and superior border of the obturator
foramen. The acetabular index or angle
is calculated by drawing an oblique line
through the outer (superolateral) edge
of the acetabulum and superolateral
edge of the triradiate cartilage, tan-
gential to Hilgenreiner’s line. Proximal
migration of the femur is determined by
shortening of the vertical distance from
the femoral ossific nucleus or the femo-
ral metaphysis to Hilgenreiner’s line

)
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Fig.8.4. AP pelvic radiograph of a normal 11-week-old infant
showing position of lines used to localise the unossified femo-
ral head on pelvic radiographs prior to the use of ultrasound.
H, Hilgenreiner’s line; P,Perkins’ line; A,acetabular index;
S, Shenton’s line

is then drawn vertically through the centre of the
femoral head, perpendicular to the first line. A third
line connects the centre of the femoral head to the
most lateral point of the acetabulum. The CE angle
is determined by the intersection of the last two
lines (Fig. 8.5). Angles greater than 25° are normal,
angles of 20°-25° borderline, and angles less than
20° are abnormal (WIiBERG 1939). The CE angle is
difficult to measure in children less than 3 years of
age due to incomplete or irregular ossification of the
femoral head and ideally this measurement should
be reserved for children over 5 years of age (WEIN-
TROUB et al. 1979).

With growth, the adaptive changes of untreated
or unsuccessfully treated DDH become more evi-
dent on radiographs of the pelvis. The characteristic
findings include superior and lateral migration of
the proximal femur with a shallow dysplastic ace-
tabulum that lacks the normal slight central depres-
sion and well-defined lateral edge. There may also
be abnormal sclerosis at the superolateral edge of
the acetabulum. Delayed ossification of the proxi-
mal femoral epiphysis which remains relatively
small is a characteristic finding and the acetabular
teardrop may not develop normally (Fig. 8.6). Delay
in appearance of the ossification centre for the fem-
oral head occurs when there is persistent instability,
but can result from a vascular insult following inter-
vention. If ossification of the femoral head has not
occurred by one year of age, avascular necrosis is
believed to be present (OzoNoF 1992). The teardrop
is produced by the acetabular fossa laterally and the
pelvic wall medially. It is absent at birth but develops
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Fig. 8.5. AP pelvic radiograph of a normal 5-year-old boy. Cal-
culation of the centre edge (CE) angle of Wiberg

Fig.8.6. AP pelvic radiograph of an 8-month-old female
with left DDH. The left acetabulum is shallow and the hip
is dislocated. The left proximal femoral ossification centre is
small compared with the normal right side. The normal right
acetabulum has a central depression and well-defined lateral
edge. The acetabular teardrop is developing on the right but
not on the dysplastic left side

in response to the articulating femoral head. Abnor-
mal hip articulation such as persistent subluxation
of the femoral head or hip instability may result in
either delayed appearance of the teardrop or persis-
tent widening, absence of the acetabular line or an
abnormal V-shaped configuration (COLEMAN 1983;
KaHLE and COLEMAN 1992). Widening of the tear-
drop in the older child may signify occult low-grade
instability (GUILLE et al. 1999). With appropriate
treatment the radiographic signs of DDH regress
although disparity in size of the ossified femoral



114

head can persist for 6-12 months. Appearance of the
acetabular teardrop is a reliable sign of successful
concentric reduction (SMITH et al. 1997).

8.6.2
Ultrasound

Ultrasound is capable of visualising the cartilagi-
nous anatomy of the hip in the first few months oflife
prior to ossification. Over the past 20 years develop-
ment of the technique has advanced the evaluation
and understanding of DDH. The obvious advantages
of ultrasound are that it does not use ionising radia-
tion, is non-invasive, can be performed without the
use of sedation and is inexpensive largely because
the equipment is widespread. However, accurate use
of hip ultrasound does require training and experi-
ence.

8.6.2.1
Ultrasound Technique

The two techniques commonly used for evaluating
DDH are static or morphological evaluation, and
dynamic evaluation which assesses the stability of
the femoral head in the acetabulum as well as mor-
phology of the joint. Both methods require a high
frequency linear transducer of 7.5 MHz or more
from birth to 3 months. After 3 months a 5 MHz
transducer is usually adequate. Static or morpho-
logical evaluation developed by GRAF (1980, 1984)
is widely used in Europe. This technique uses mea-
surements taken in a standard plane to describe
acetabular depth and shape. The standard plane is
a coronal view representing the centre of the deepest
point of the acetabulum (Fig. 8.7 and 8.8). This is
best obtained with the infant scanned in a decubitus
position with knees slightly flexed. The hip can be
placed in neutral position (extended and in slight
internal rotation) as originally described by GRAF,
or flexed to 90°. The ultrasound approach is slightly
posterolateral. The ultrasound beam first penetrates
the gluteal muscle lateral to the hip and beneath this
the joint capsule, which follows the contour of the
femoral head. The femoral head is seen as a stippled,
low echogenicity sphere normally centred over the
hypoechoic triradiate cartilage. The triradiate carti-
lage is an important landmark because it represents
the centre and deepest part of the acetabulum. From
the upper part of the acetabulum the ilium extends
superiorly to form the iliac wing. The junction of the
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AL

Fig.8.7. Diagram showing hip anatomy on standard coronal
ultrasound plane and lines used to evaluate hip dysplasia
using the Graf method. The femoral head (FH) is centred over
the hypoechoic triradiate cartilage (T). The promontory is at
the junction of the iliac wing (IL) and the bony acetabular roof
(A). L, labrum. The alpha angle reflects the depth of the bony
acetabular roof and is formed by the intersection of the base-
line (BL) and acetabular roof line (AL). In a normal mature
hip the alpha angle is greater than 60°. The beta angle reflects
cartilaginous coverage and is formed by the intersection of
the baseline with the labral line (LL). A normal beta angle is
less than 55°

iliac wing and the acetabular roof is called the prom-
ontory or transition point where the acetabulum
deviates medially. The shape of the promontory is
important because the sharper it appears, the more
mature the hip. With an immature hip the promon-
tory appears rounded and flattened (Fig. 8.9). The
correct ultrasound view is obtained when the sonog-
rapher identifies the mid-coronal scan showing the
greatest depth of the acetabular cup, and the greatest
diameter of the femoral head. The bony interface
of the iliac wing must be horizontal, parallel to the
transducer. The bony acetabular promontory and
cartilaginous acetabular roof with echogenic tip at
the point of the labrum are sharply defined. Rota-
tion of the transducer out of the mid-coronal plane
can underestimate acetabular depth. The iliac wing
flares laterally when the scan plane is too anterior,
and a concave appearance of the ilium is seen when
scans are obtained too posteriorly so visualising
the concave gluteal fossa of the ilium (GERsSCOVICH
1997b). Graf described two angles taken from the
standard coronal plane and formed by the intersec-
tion of three lines (Fig. 8.8). The baseline (iliac line)
is drawn running along the iliac wing perpendicular
to the iliac crest. A second line is drawn from the
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Fig.8.8. Standard coronal ultrasound of the normal infant
hip joint. The promontory is sharply defined and the bony
acetabular roof is steep. The ossification centre for the femoral
head has not yet developed

promontory to the lower edge of the acetabulum
along the medially oriented osseous acetabular roof
(acetabular roofline). The intersection of these lines
forms the alpha (4) angle. The alpha angle reflects
the depth of the bony acetabular roof and coverage
of the femoral head. In a normal mature hip the
alpha angle is 60° or more. A smaller alpha angle
indicates a shallow bony acetabulum. The smaller
the alpha angle the shallower the bony acetabulum
with a correspondingly increased degree of dyspla-
sia. The beta (4) angle is less important than the
alpha angle and is used to assess the cartilaginous
acetabular roof. It is formed by the intersection
of the baseline with a third line drawn from the
promontory to the middle of the acetabular labrum,
known as the labral line. In a normal infant the beta
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angle is less than 55°. The smaller the beta angle the
less the cartilaginous coverage which is a manifesta-
tion of better bony containment. An increased beta
angle reflects superior displacement of the femoral
head. It is mainly used to subclassify dysplastic hips
(GRAF 1987).

The Graf classification of hip types is based on
calculation of the alpha and beta angles (Table 8.1).
Although an alpha angle of less than 60° is abnor-
mal, many infants will demonstrate an alpha angle
of between 50° and 59° in the first 3 months of life
due to immaturity (Graf type ITA). These require
follow up and should normalise. The same measure-
ments in a child over 3 months of age are abnormal.
An angle below 50° is abnormal at any age. In the
Graf technique there are four basic hip types. Type 1
isnormal and requires no treatment. Type 2 needs to
be closely observed clinically. Types 3 and 4 require
immediate treatment.

The Graf technique is widely used to evaluate the
morphology of the acetabulum but an important
consideration is that it does not take into account
the position of the femoral head, although the two
are interdependent. In a normal hip at least half of
the femoral head should lie within the acetabulum.
This is evaluated sonographically by assessing the
percentage of femoral head that lies below the iliac
line or baseline. A continuation of the iliac line
should bisect the cartilaginous femoral head. With
increasing subluxation the percentage of femoral
head coverage decreases (Figs.8.10-8.12) (DWEK
et al. 2002). An increased thickness of acetabular
cartilage has been described in patents with DDH
(SoBoLEskI and BABYN 1993). Cartilage thickness
is measured from the baseline at the promontory
to the upper aspect of the femoral head. Abnormal
values are above 3.5 mm.

Dynamic ultrasound examination of the infant
hip was originally described by HARCKE et al.
(1984). The technique allows similar morphologic

Table 8.1. Sonographic classification of hip dysplasia (GRAF 1987)

Type  Alphaangle  Beta angle Comment

I > 60 - Normal

IIA 50-59 - Physiological immaturity (< 3 months old)
IIB 50-59 - Delayed ossification (> 3 months old)

(] 43-49 <77 Critical zone; labrum not everted

11D 43-49 > 77 Subluxed; labrum everted

111 <43 >77 Dislocated

v <43 or not >77 Dislocated with labrum interposed between

measurable

femoral head and acetabulum
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Fig.8.9. Coronal ultrasound of an immature hip with a
rounded flattened promontory indicating a shallow acetabu-
lum. Continuation of the baseline here does bisect the femoral
head and in this position (adduction) the femoral head is not
significantly subluxed

examination of the hip joint to the Graf technique
using static images but emphasises hip instability
as the primary abnormality for monitoring. The
ultrasound examination incorporates the clinical
manoeuvres for provoking subluxation or disloca-
tion of an unstable hip (Barlow test), and reducing
a dislocated hip (Ortolani test). The hip is scanned
in coronal and transverse planes with the patient
supine. In the coronal plane, femoral head cover-
age, acetabular and labral morphology are evalu-
ated from static views. Stability is assessed while
pistoning the hip anteroposteriorly with the knee
flexed (Barlow test). The sonographer looks for pos-
terior movement of the femoral head with respect
to the triradiate cartilage. This may be achieved
by obtaining a slightly posterior view compared
with the standard plane. In this view the greatest
diameter of the femoral head is not transected and
therefore the femoral head appears slightly smaller.
If there is subluxation of the femoral head during
stress a greater diameter of the femoral head is visu-
alised.

In the transverse plane with the hip flexed ultra-
sound images are analogous to axial computed
tomography (CT) scans of the hip. The femoral head
isviewed between two echogeniclimbs created by the
proximal femoral physis anteriorly and the ischium
at the posterior lip of the acetabulum (Fig. 8.13).
These form a V shape with the hip in adduction and

Fig.8.10. Coronal ultrasound of an immature, subluxed hip.
The promontory is slightly rounded and approximately 25%
of the femoral head is within the bony acetabulum. The left
femoral head is decentred

a U shape in abduction, with the hypoechoic triradi-
ate cartilage at the base of the acetabular cup. Insta-
bility can be assessed in a relaxed infant by per-
forming adduction with gentle stress or pistoning
(Barlow test), and reduction of a dislocated hip can
be assessed by abduction (Ortolani test). A positive
examination is identified if the femoral head sub-
luxes posteriorly over the ischium. In both coronal
and transverse planes up to 6 mm posterior displace-
ment can be seen up to 2 weeks of age and is consid-
ered to be physiological laxity (KELLER et al. 1988).
After this age there should be minimal displacement
of no more than 1 mm (HARCKE and Grissom 1990;
BELLAH 2001). Using the dynamic ultrasound tech-
nique hips are classified as either normal, lax with
stress, subluxated, or dislocated-dislocatable. Both
static and dynamic techniques are subject to signifi-
cant inter-observer variability, however most stud-
ies have shown that this does not have a significant
effect on outcome (BAR-ON et al. 1998; JomHA et al.
1995; ROSENDAHL et al. 1995; Dias et al. 1993).
Ultrasound is important in follow-up of patients,
particularly those undergoing Pavlik harness treat-
ment. Patents may be scanned in the harness (with-
out stressing the joint) to assess the position of the
femoral head during its use, and to monitor resolu-
tion of dysplasia. With progressive maturity a vascu-
lar nidus appears at the centre of the femoral head,
followed by the ossification centre beginning as a
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Fig. 8.11. Decentred femoral head on coronal ultrasound. Less
than 25% acetabular coverage. The femoral head is signifi-
cantly displaced from the bony acetabular roof with echogenic
material interposed. Appearances suggest labral inversion

small echogenic focus. This is seen on ultrasound
earlier than on radiographs (Fig. 8.14). Increased
ossification eventually obscures the sonographic
landmarks and by 7 to 12 months of age ultrasound
can no longer be used to evaluate the hip joint.

8.6.2.2
Use of Ultrasound in Screening for DDH

Screening for DDH is a controversial issue and
many studies have evaluated the value of screening
programmes. Practice varies in different countries
and between centres in the same country. Some
European centres screen all newborns whereas the
American approach is to offer ultrasound screen-
ing to newborns with known risk factors such as
family history, breech presentation or abnormal-
ity found on physical examination (LEHMANN et
al. 2000; AAP GUIDELINE 2000). Clinical screening
alone is used in Canada (PATEL 2001). An effec-
tive screening programme detects a disease whilst
it is asymptomatic, enabling early treatment that
aims to prevent or reduce later morbidity. The ideal
screening programme is also cost effective. Clinical
screening decreases the incidence of late presenting
or ‘missed’ DDH by 50% (TREDWELL and DAVIEs
1989). Although the specificity of clinical examina-
tion is high, the sensitivity is low with false positive
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Fig. 8.12. Dislocated hip on coronal ultrasound. The femoral
head is not aligned with the acetabulum and is seen postero-
laterally, beneath the gluteal muscles

results leading to over treatment and false negative
results leading to late presentation. Sensitivity is
improved with increased training and experience of
the examiners (EAsTwoob 2003).

Fig.8.13. Axial ultrasound demonstrating anatomical land-
marks. This image was taken with the hip in adduction. 4,
assecion; P, possecion; lat, Isteral; ph, physis; is, ischium; med,
medial
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Fig. 8.14. Normal mature hip with ossification centre for the
femoral head present

Ultrasound is a very sensitive test for acetabu-
lar dysplasia and subluxation and ultrasound
detects one third more abnormalities than with
clinical examination alone (BOEREE and CLARKE
1994). However the routine use of ultrasound does
increase the treatment rate. This inevitably leads to
over treatment of some infants whose hips would
have become normal without intervention; these
are mostly infants with mild acetabular dysplasia or
immaturity (MARKS et al. 1994; ROSENDAHL et al.
1996). Treatment with harnessing or splints gener-
ally has a low complication rate but there are cost
implications for these patients in terms of clini-
cal and imaging follow up. A large-scale study has
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shown that selective ultrasound screening of infants
with known risk factors did not alter the incidence
of surgery in patients with DDH (DEzATEAUX and
GODWARD 1996; GODWARD and DEZATEAUX 1998).
Policy decisions concerning the use of ultrasound
in conjunction with clinical screening will vary
depending on the available information regarding
the effectiveness of alternative policies, relative dis-
advantages and cost. The question of whether ultra-
sound screening for DDH is effective and justified is
sure to remain a subject of much debate and further
research.

8.6.3
Arthrography

Arthrography is not routinely performed in typical
cases of DDH but has an important role in deter-
mining whether open or closed reduction is to be
performed in infants and toddlers. The procedure
is particularly helpful if a dislocation is discovered
late, or if sequential radiographs do not demonstrate
a satisfactory response to treatment. Arthrogra-
phy is either performed before surgery or intra-
operatively. The goal of arthrography in DDH is to
demonstrate the position of the femoral head with
respect to other joint structures both at rest and
during reduction or stress manoeuvres (Fig. 8.15).
It also outlines any deformities or obstructions
to concentric reduction, such as inverted limbus,
capsular constriction, pulvinar or a hypertrophied
ligamentum teres (ALIABADI et al. 1998). Further-
more, arthrographyis a dynamic test to evaluate sta-
bility and quality of reduction. Most arthrography
is performed under general anaesthetic in theatre
so that muscle relaxation is maximal and the hip

Fig. 8.15a,b. Images taken during arthrography in a child with left DDH. In neutral position (a) the femoral head is dislocated
but the hip reduces fully in abduction (b)
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joint can be fully manipulated. Spot films are taken
with the hip in some or all of the following posi-
tions: (1) extension-external rotation, (2) extension-
neutral position, (3) extension-internal rotation,
(4) abduction-neutral position, (5) abduction-inter-
nal rotation, (6) abduction-flexion, (7) adduction,
(8) adduction-push and (9) adduction-pull (DwEk
et al. 2002). Arthrography overcomes the potential
for a false impression of concentric reduction being
achieved on radiographs because of compression of
structures such as an infolded labrum and capsule.

8.6.4
Computed Tomography

There are two main indications for computed
tomography (CT) in patients with DDH. CT is used
to document hip reduction post-operatively if a
child is placed in a spica cast, and also to assist in
pre-operative planning for children with severely
dysplastic hips that require corrective procedures.
For children in a spica cast radiographs provide
insufficient information (Fig. 8.16) and there is not
usually a large enough ultrasound window to ade-
quately assess the hip, and so a low dose limited CT
examination is performed to confirm position of the
femoral head with respect to the acetabulum (EGGLI
et al. 1994). This usually consists of a small number
of slices through the hip joint, using low tube cur-
rent and without the use of sedation or intravenous
contrast. CT cannot reliably differentiate between
unossified cartilage and other soft tissues and there-
fore is of most use when the femoral heads are at
least partly ossified. When the femoral head is unos-
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sified, its position can only be inferred based on the
alignment of the metaphysis with the acetabulum
(Figs. 8.17 and 8.18). With the hips in abduction, the
femoral head should be seated in the acetabulum,
slightly posterior to the triradiate cartilage. The axis
of the femoral neck should be oriented toward the
triradiate cartilage at the centre of the acetabulum.
Acetabular depth and morphology is more accu-
rately assessed with CT compared with radiographs
particularly with the use of multiplanar and three-
dimensional reconstructions. This is particularly
usefully in determining which part of the acetabu-
lum is most deficient in order to plan acetabulo-
plasty. CT evaluation for femoral anteversion can
be helpful in planning derotational osteotomies in
children with DDH and hip dysplasia secondary to
neuromuscular disease (HERNANDEZ et al. 1981).

Fig.8.17. Axial CT scan following left hip reduction. The left
hip is dysplastic and the proximal femoral ossification centre
is not yet present. Both femoral heads are aligned with the
acetabulum, confirming successful hip reduction

Fig.8.16. AP radiograph of an 8-month-old child in a spica
cast. The right hip is dysplastic with a shallow acetabulum and
small left proximal femoral epiphysis. The left femoral head
is aligned with the acetabulum but anterior or posterior dis-
placement cannot be assessed from this view alone

Fig.8.18. Axial CT scan following open reduction of the left
hip. The left femoral metaphysis is not aligned with the acetab-
ulum and the femoral head is displaced posteriorly. The spica
cast was removed and patient underwent further manipula-
tion under anaesthesia to achieve successful reduction
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8.6.5
Magnetic Resonance Imaging

Magnetic resonance (MR) imaging offers distinct
advantages over both CT scanning and arthrogra-
phy in pre-operative imaging in patients with DDH.
Most importantly, MR imaging has the ability to
differentiate between different types of soft tissue
which enables visualisation of unossified cartilage,
ligaments, fat, muscle and fluid including those soft
tissues that present an obstruction to concentric
reduction such as pulvinar, the labrum and joint
capsule. A further advantage is the lack of ionising
radiation, although MR imaging is more time-con-
suming than CT or arthrography. In newborns and
infants sedation may be required, except if patents
are in a spica cast since this limits movement. The
main disadvantages of MR imaging is increased
cost and limited availability. MR imaging is still
infrequently used in the evaluation of patients with
DDH.

MR imaging scan sequences are tailored to the
individual clinical problem. In order to confirm hip
reduction post-operatively, identify obstructions to
concentric reduction or avascular necrosis acutely,
axial T1- and T2-weighted spin echo sequences
are adequate. Use of gradient echo sequences may
reduce the imaging time (GERscovIcH 1997a). T1-
weighted sequences are used to evaluate the bony
anatomy because they provide the highest spatial
resolution. Fast spin echo T2-weighted sequences
with fat saturation (FSET2W-FS) or fast inversion
recovery (FSEIR) sequences optimally demonstrate
cartilage and marrow oedema (MURRAY and CRIM
2001). Coronal images provide excellent detail of
the acetabular roof and labrum (Fig.8.19), and
parasagittal images show the extent of anterior and
posterior coverage. The axial images are generally
the least useful for evaluating the joint except when
confirming post-operative hip reduction and for
measuring femoral anteversion. MR arthrography
is useful in the evaluation of articular cartilage and
the acetabular labrum which is at risk of tearing or
detachment in the dysplastic hip because of altered
loading forces (MUrRRAY and CrRIM 2001).

Abducted positioning of hips in a spica cast fol-
lowing reduction of DDH may cause avascular
necrosis and femoral head perfusion can be assessed
using T1-weighted spin echo or three-dimensional
spoiled gradient recalled sequences (SPGR) follow-
ing bolus infusion of gadolinium-chelate (JARA-
MILLO et al. 1998). Alternatively subtraction images
can be obtained using T1-weighted sequences before
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and after administration of intravenous gadolinium-
chelate (SEBAG et al. 1997). This allows detection of
decreased femoral head perfusion in the early post-
operative period when it is still reversible.

8.7
Treatment of DHH

A full and detailed account of treatment for DDH
is outside the scope of this book but it is important
for radiologists to be aware of general principles
regarding the treatment of DDH in order to direct
appropriate imaging, interpret the findings and
relate them to the clinical question when treatment
options are being considered. Initial treatment may
be conservative or operative and will depend upon
the age at presentation, pathological and adaptive
changes that have taken place within the hip joint

Fig.8.19. a Coronal T1-weighted MR imaging scan of the
pelvis following left hip reduction. The left hip is satisfactorily
reduced but there is increased fatty tissue within the hip joint.
b Axial proton density fast spin echo fat-saturated MR imag-
ing scan of the pelvis (same patient) following left hip reduc-
tion. This sequence demonstrates the cartilaginous anatomy
well. The femoral heads, triradiate cartilages and the pubic
symphysis have high signal. Both hips are in joint
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and previous treatment failure. It should be borne
in mind that practice will vary between different
centres dependent upon current treatment concepts
and to an extent upon personal experience of the
clinician. Treatment will also depend upon consid-
erations related to the individual patient. Therefore
the following information is a general guide only.

At all ages the goal of treatment is to obtain and
maintain a concentrically reduced hip joint at the
earliest stage possible while minimising complica-
tions. Ideally this should result in restoration of
normal biomechanical forces about the joint so that
remodelling will occur and prevent the development
of early degeneration. The longer the hip remains
non-congruent the greater the chance of residual
dysplasia. Remodelling of the acetabulum is gener-
ally considered to be most predictable up to the age
of 4 years (Z1onTs and MACEWEN 1986; VITALE and
SKAGGS 2001) but the earlier a successful reduction
can be achieved, ideally before 18 months of age, the
better the outcome.

Subluxation of the hip diagnosed at birth often
corrects spontaneously and may be observed for sev-
eral weeks without treatment. Application of double
or triple nappies has previously been used to prevent
hip adduction but is not proven to be of any benefit
compared with no treatment in the first weeks of life
(GUILLE et al. 1999). This practice also encourages
hip extension which is an unfavourable position for
hip development. When there is actual hip disloca-
tion at birth, or clinical or ultrasound evidence of
dysplasia or instability beyond 3-6 weeks of age
treatment is indicated. The Pavlik harness or simi-
lar abduction devices are used to treat infants pre-
senting with DDH under 6 months of age, with the
exception of infants with irreducible hip dislocation
which requires an operation. The Pavlik harness is
a dynamic positioning device that allows a certain
amount of movement whilst maintaining the hips in
flexion and abduction, and preventing adduction.
The hips are held in 100°-110° of flexion, and abduc-
tion is maintained in the so-called safe zone (usually
between 30° to 40°), which is between the position of
re-dislocation and forced uncomfortable abduction.
The harness must be worn at all times and patients
in Pavlik harness require close clinical follow-up to
monitor treatment and allow harness adjustment
during this rapid period of growth. Therefore coop-
eration of the parents or carers during Pavlik har-
ness treatment is mandatory. Length of treatment
is variable but not usually less than 6 weeks, and
the incidence of complications with this method of
treatment is very low. Avascular necrosis can occur
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as a result of excessive hip abduction, and inferior
or obturator dislocation occurs rarely secondary to
excessive hip flexion. In most cases Pavlik harness
treatment is successful but if not, closed or open
hip reduction with application of a spica cast is usu-
ally necessary. The Pavlik harness is not suitable for
older children who are stronger, more active and
able to overcome the positioning.

Over the age of 6 months most dislocated hips
are not manually reducible. Traction may be used to
stretch the contracted soft tissues, prior to attempted
closed or open reduction and application of a spica
cast (NovacHECK 1996). Manipulation under anaes-
thesia with or without operative intervention is also
required in order to achieve congruency in persis-
tently subluxed or unstable hips, after which the
child is placed in a spica cast. Children over the age
of 6 months spend a longer period of time in a spica
cast compared with Pavlik harness treatment (typi-
cally a minimum of 3 months) to allow the acetabu-
lum to develop. The increased length of time reflects
the relatively advanced dysplastic changes seen over
the age of 6 months. Spica casts are changed during
this period to allow for growth. After 18 months
of age secondary changes are usually too severe to
respond to non-operative intervention. Traction
and closed reduction are rarely successful, and open
surgical reduction is required. Patients are at risk
of post-operative avascular necrosis, and opera-
tive procedures to produce femoral shortening and
release the soft tissues are helpful to reduce pressure
on the femoral head after reduction. Care must also
be taken to avoid excessive abduction in the spica
cast as this can also lead to avascular necrosis.

Residual or long standing acetabular dysplasia
is more likely to require a redirective or salvage
procedure. Femoral varus derotational osteotomy
is performed to correct excessive anteversion of
the femoral neck, and valgus deformity. It involves
varus angulation of the proximal femur, with or
without rotation in order to redirect the femoral
head into the acetabulum. Iliac osteotomies address
the problem of deficient acetabular containment
of the femoral head, and aim to increase acetabu-
lar coverage, achieve better congruence, decrease
pressure loading of the femoral head and improve
efficiency of the hip musculature. There are vari-
ous methods but the most commonly used is the
innominate (Salter) osteotomy which reorientates
the acetabulum without changing its size or shape.
This is indicated for patients with persistent sublux-
ation and mild to moderate acetabular dysplasia.
The circumacetabular (Pemberton) osteotomy is a
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means of reducing acetabular size and increasing
articular congruence in moderate to severe DDH.
Both Salter and Pemberton osteotomies increase
pressure on the femoral head and may lead to avas-
cular necrosis (Fig. 8.20). A median displacement
(Chiari) osteotomy medialises the femoral head and
provides greater femoral head coverage by enlarging
the acetabulum. Success of acetabular osteotomies is
dependent on there being sufficient bone to achieve
coverage, therefore these procedures are generally
not performed before 18 months of age. A combina-
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tion of innominate bone and femoral osteotomies is
sometimes recommended in older children. After
surgery patients are placed in a spica cast for several
months. Some patients may require secondary pro-
cedures particularly if radiographic appearances
begin to deteriorate following a period of resolution
of the changes of DDH. A full account of the various
operative procedures and surgical techniques can be
found in standard paediatric orthopaedic textbooks
and in the surgical literature (GILLINGHAM et al.
1999; WENGER and BomAR 2003).

Fig. 8.20. a AP pelvic radiograph. A 2-year-old female with dislocated left hip and markedly dysplastic acetabulum. Small left
proximal femoral epiphysis. This child underwent open reduction and Salter osteotomy. b Coronal T1-weighted MR imaging
scan of the pelvis in the same child following open reduction and Salter osteotomy. ¢ T2-weighted axial MR imaging scan of the
pelvis demonstrating satisfactory alignment of the left femoral head and acetabulum post-reduction. Post-operative changes in
the soft tissues. d,e AP and frog-lateral radiographs of the pelvis taken 1 year after surgery. The left proximal femoral epiphysis
is small, irregular and fragmented consistent with avascular necrosis. The pelvic osteotomy has healed well and there is good
acetabular coverage.
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8.8
Conclusions

DDH is a multifactorial condition with a spectrum
of abnormalities that can very from mild changes
that spontaneously resolve to severe changes that
are incapacitating later in life. It may present at birth
or become apparent months or years later. Imaging
has an important role in both diagnosis and follow
up of patients undergoing treatment. Goals of treat-
ment are to achieve congruency of the femoral head
and acetabulum and normalise the distribution of
biomechanical forces about the joint. The ultimate
aim of treatment is to reduce the incidence of symp-
toms and secondary degeneration later in life.
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9.1
Introduction

Developmental dysplasia of the hip, abbreviated to
DDH, is a complex entity. The second ‘D’ originally
referred to ‘dislocation’ but the word ‘dysplasia’ is
more accurate since this term nowadays comprises
all variations and stages of congenital hip dysplasia,
subluxation and dislocation. DDH has thus replaced
congenital dysplasia of the hip (CDH) as we have
become aware of its later form, the residual dyspla-
sia in which a hip that has been clinically normal at
birth is later found to be dysplastic or subluxated.
So today DDH is considered to be a developmental
condition with a variance in shape, size and ori-
entation of the acetabulum, frequently exhibiting a
deficient coverage of the femoral head. In addition
it may be associated with an abnormal orientation
of the femoral neck and changes in size and shape
of the femoral head (S1EBENROCK et al. 1999). This
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chapter deals with the patho-aetiology, diagnostic
presentation and sequelae of DDH in adults, as well
asradiological evaluation in preparation for the cur-
rent periacetabular osteotomy named after profes-
sor Reinhold Ganz, who developed the method and
performed the first operations at the University of
Bern in 1984.

9.2
Aetiology

The aetiology of DDH is multifactorial involving
both genetic and intrauterine environmental fac-
tors (WEINSTEIN et al. 2004). In a study published
by WyNNE-DAvVIES (1970) the results demonstrated
that first degree relatives of children with DDH had
lax joint ligaments and undoubtedly also a shallower
acetabulum than the normal population. Ethnic fac-
tors also contribute to development of DDH as the
incidence is 2.5%-5% in Lapps and North American
Indians whereas it is extremely low in Chinese and
black Africans (WENGER 1993). Furthermore, risk
factors for pure hip dysplasia with a shallow acetab-
ulum include e.g. breech delivery, female gender and
first-born, as well as positive family history.

9.3
Development

The majority of the abnormalities in dysplastic
hips are on the acetabular side. The concave shape
of the acetabulum is determined by the presence
of a spherical femoral head and later during ado-
lescence by several secondary ossification centres
which deepen the joint cavity. Acetabular growth
and development are affected by the primary dis-
ease such as abnormal acetabular cartilage, pressure
changes from the femur or disturbances from treat-
ment (WEINSTEIN et al. 2004).
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9.4
Anatomy

An obliquely orientated hip joint socket with defi-
cient lateral coverage of the femoral head character-
ises the pathoanatomy of the acetabular dysplasia.
Computed tomography (CT) analysis of dysplastic
hips has revealed that the hip is not concentrically
reduced, nor is the acetabular anteversion statisti-
cally different from normal (MirLLis and MURPHY
1992). Rather than a hemisphere, the dysplastic
acetabulum is typically only one third of a sphere.
There are varying degrees of deficiency and indi-
vidual patients may have, alone or in combination,
different degrees of insufficiency of the roof, and
of the anterior or posterior wall (TRUMBLE et al.
1999). Furthermore, another classic pattern, present
to a greater or lesser extent depending on the sever-
ity of dysplasia, is the typically shallow, anteverted
and lateralized acetabulum deficient anteriorly and
superiorly. On the femoral side, the femoral head
may be deformed, the femoral neck may be short,
have a excessive anteversion or the neck-shaft angle
may be increased (SANCHEZ-SOTELO et al. 2002).

9.5
Natural History

If the diagnosis of DDH or dislocation is missed
at birth the joint can still become normal later, it
can go on to complete dislocation or subluxation,
or the acetabulum can retain dysplastic features
and lead to what is called residual dysplasia. This
is a condition with anatomic abnormalities, which
in some subjects can eventually lead to premature
degenerative joint disease, usually in the third or
fourth decade. The real incidence of degenerative
joint disease in residual dysplastic hips is difficult
to assess since it is only discovered in subjects with
symptoms or as an incidental finding in radiological
examinations.

9.6
Clinical Presentation

Most often the adult DDH patients are females who
presented no clinical symptoms in the hips through-
out childhood and adolescence. Mild DDH is fre-
quently symptom free and is often unrecognised
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unless there are symptoms from the contralateral
side. Usually symptoms commence at the age of
30-40 years with pain in the region of the groin that
radiates to the medial side of the thigh, combined
with a sensation of weakness in the leg. These symp-
toms are thought to be caused by a slight subluxation
of the femoral head and the pain can be provoked
with hyperextension and external rotation of the
hip. Later the pain increases with physical activ-
ity, it can be associated with catching episodes and
eventually it may lead to a limp at normal walking.
Characteristically the pain occurs with the first few
steps after a period of rest and it rarely awakens
the patient from sleep. In physical examinations the
pain can by reproduced with hyperextension and
external rotation. Furthermore, there is quite often
a limitation of the range of motion in the hip joint.
Feeling of giving-way, catching, snapping and lock-
ing are symptoms that may indicate a labral pathol-
ogy. A provocation test with forced internal rotation
in flexion has been used as a sign of possible labral
lesion anterior-superiorly (SIEBENROCK et al. 1999).
Unfortunately, standard screening radiographs of
the hips are often taken supine and not in a stand-
ing position, which reveals mild subluxations more
clearly.

9.7
Pathogenesis of Osteoarthrosis

Osteoarthrosis (OA) maybe considered asanidiopathic
primary or secondary degenerative process. In the hip
the latter is most often due to a pre-existing anatomic
deformation (ARONSON 1986). The anatomic abnor-
malities of DDH lead to increased contact pressure
on a decreased contact area which may predispose to
the development of OA (SANCHEZ-SOTELO et al. 2002;
TRUMBLE et al. 1999). Lateralization of the acetabu-
lum and hip rotation also increase the body-weight
lever arm. MURPHY et al. (1995) have demonstrated
that the probability of development of OA is relative
to the severity of the DDH. Other factors influencing
the evolution and progression of OA are abnormal hip
biomechanics, mild hip instability or labral pathology
(McCARTHY et al. 2001). Labral alterations may prog-
ress and explain premature OA with subchondral bony
cyst formation and paralabral cysts.

In a large analysis of five series consisting of
474 patients with OA, ARoNsON (1986) found that
76% had an underlying deformity which predis-
posed the hip to mechanical failure. The underlying
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deformity was caused by dysplasia of the hip in 43%.
An increased femoral anteversion can even be the
only manifestation of DDH (ALVIK 1962). TERJESEN
et al. (1982) demonstrated in a series of 50 primary
OA patients that their median femoral anteversion
was significantly increased in relation to a control
group. They concluded that an increased femoral
anteversion is a predisposing factor for OA. WIBERG
(1939) in his classic monograph Studies on Dysplas-
tic Acetabula and Congenital Subluxation of the Hip
Joint presents findings that showed that all patients
with a pathologic lateral coverage developed OA. To
determine the natural history of acetabular dyspla-
sia COOPERMAN et al. (1983) followed up 32 hips for
an average of 22 years; of these, 30 developed OA.
Furthermore, it has been reported that up to one half
of patients with untreated hip dysplasia are known
to suffer from OA already at the age of 50 years
(PAJARINEN and HIRVENSALO 2003).

9.8
Indications for Surgical Interventions

Patients with DDH that do not present symptoms
should be treated conservatively. They should how-
ever be urged to look out for symptoms of com-
mencing OA. If clinical symptoms of residual DDH
appear during late childhood surgical treatment is
preferable rather than waiting to see if the symptoms
become severe. Nowadays, there are several options
of surgical interventions. The main goal of these
procedures is to offer pain relief and restore hip
function. Several factors should be considered: the
main ones include the age of the patient, the severity
of the dysplasia and the presence of OA. Available
alternatives are, at least theoretically, arthroscopic
surgery, osteotomy of the femur, osteotomy of the
pelvis either alone or complemented with a femo-
ral osteotomy, arthroplasty and arthrodesis. Some
surgeons prefer to inspect the joint and acetabular
labrum at the osteotomy, whereas other do not per-
form arthrotomy. An outpatient arthroscopy pro-
cedure allows not only joint observation but also
an opportunity to excise labral tears and remove
loose bodies which may accelerate joint wear and
promote premature OA. In young patients a total
hip arthroplasty does not represent a sound alter-
native because it would imply bony reconstruction
of the socket and subsequent increasingly complex
surgery in an active young population (SIEBENROCK
et al. 1999).
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9.9
Reconstructive Surgery

The goals of reconstructive osteotomies in the treat-
ment of DDH in adults are to restore nearly normal
hip anatomy, improve symptoms and diminish the
risk of degenerative joint changes. This is done by
reorienting the acetabulum so pressures are better
distributed over cartilage joint surface, and reori-
enting the acetabulum to contain the femur and sta-
bilise it (H1pp et al. 1999). An improvement in the
biomechanics of the hip decreases the pathological
load on the articular cartilage and dysplastic bony
joint surfaces. It is widely accepted that properly
selected patients benefit from properly performed
acetabular positioning and the progression of sec-
ondary OA may slow down or even reverse by better
distributing forces applied through the hip joint.

Many different reconstructive osteotomies have
been described. The choice depends on the age of the
patients, but also on the experience and preferences
of the surgeons. There is Salter’s single innominate
osteotomy for children but it is often insufficient for
adults. Chiari’s osteotomy is a salvage procedure for
dysplastic and incongruent hips of children. Double
and triple osteotomies, for example Sutherland’s, Le
Coeur’s and Steels’s procedures, can lead to notable
asymmetry and deformity of the pelvis. Tonnis
juxta-articular triple osteotomy allows increased
correction with less pelvic obliquity but a larger
extent of correction can result in a defect between
the ischium and the osteotomized acetabulum.
Periacetabular osteotomies described by Eppright,
Wagner and Ninomiya and Tagawa provide good
lateral coverage, but the amount of anterior cov-
erage and the ability to medialise the hip joint are
often limited (SANCHEZ-SOTELO et al. 2002).

9.10
Bernese Periacetabular Osteotomy

Since this chapter deals mainly with the diagnosis of
residual DDH in adults and preoperative radiologi-
cal evaluation used for planning of the Bernese peri-
acetabular osteotomy it is appropriate to describe
this osteotomy technique. Nowadays the advantages
of the periacetabular osteotomy are well recognised
and the procedure is widely used. It is preferred
by many surgeons in skeletally mature adolescents
once the triradiate cartilage has closed. The cur-
rent main challenge is to choose patients for surgery
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who have dysplasia predisposing for OA but not yet
developed severe degenerative changes. In hips with
severe degenerative changes and irreversible defor-
mity no realigning osteotomy is likely to improve
the mechanics enough to give relief or arrest the
progression of OA.

The Bernese periacetabular osteotomy has many
advantages compared to other osteotomies. The
operation is usually done through one incision, it is
performed with straight reproducible extra-articu-
lar cuts and a controlled fracture to separate the
acetabular cup from the rest of the pelvis. The cup
is realigned and fixed to the pelvis to improve the
femoral head coverage and contact pressure dis-
tribution in the hip joint (Fig.9.1). The posterior
column remains intact which allows early mobilisa-
tion after surgery. The vascularity of the acetabu-
lar fragment is preserved and the vascular supply
from the inferior gluteal artery remains intact. It is
possible to examine the acetabular labrum through
capsulotomy when there is clinical suspicion of a
torn labrum without the risk of osteonecrosis of the
osteotomy fragment (TROUSDALE et al. 1995; MILLIS
et al. 1996). A well-performed osteotomy does not
compromise the pertinent pelvic dimensions in
young women allowing them to have normal vaginal
child delivery (TROUSDALE et al. 2002). One of the
disadvantages of periacetabular osteotomy is that it
is a technically demanding procedure requiring an
expertise in anatomic knowledge.

In follow up studies of operated patients reported
results have been good. MATTA and co-workers (1999)
studied 66 hips of 58 patients that had undergone
periacetabular osteotomy on average 4 years after
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surgery and the final clinical results were graded as
17% excellent, 59 % good, 12% fair and 12% poor.
None of their patients who met the ideal indica-
tions for surgery had poor results. Similarly TRous-
DALE and co-workers (1995) followed up 42 patients
with DDH after an average duration of 4 years. Of
33 patients with an established preoperative grade 1
or 2 OA 32 had an excellent or good results. MURPHY
and DESHMUKH (2002) performed a prospective study
of 95 consecutive hips in 87 patients. They concluded
that excellent prognosis after periacetabular osteot-
omy can be anticipated for spherical hips with grades
0-2 OA and a good prognosis with hips with grade 3
OA provided that the joint shows an improved carti-
lage space interval on preoperative functional radio-
graphs. Aspherical hips represent high risk cases that
need to be considered individually.

The reversal of degenerative joint destruction
evident by decrease in subchondral sclerosis, reso-
lution of cysts and even increase of joint space, has
also been reported. TRUMBLE et al. (1999) noticed
on radiographic examinations at an average follow
up of 4.3 years in patients undergoing periacetabu-
lar osteotomy some degree of bone regeneration in
more than 80% (82 of 100) of the hips with degenera-
tive preoperative changes in periarticular bone.

9.11
Femoral Osteotomy

Proximal femoral osteotomy can be performed when
the periacetabular osteotomy alone does not produce

Fig.9.1.a Frontal diagram showing location of the periacetabular osteotomy. The arrows show the planned lateral and anterior
correction. b Oblique view of hip showing location of cuts with the posterior column intact. ¢ Diagram showing osteotomized
fragment that has been medialised, tilted laterally and anteriorly. The fragment is fixed with three screws. [Reprinted with

permission from CROCKARELL et al. (1999)]
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satisfactory coverage and congruity or when femur
is the primary site of deformity. It is not uncommon
for patients with acetabular dysplasia to have an
associated proximal femoral anatomy, as for exam-
ple increased valgus or anteversion (MATTA et al.
1999). Since PAUWELS in the 1960s (1968) described
his biomechanical theory on intertrochanteric oste-
otomy for hip dysplasia many surgeons have applied
this procedure for OA due to DDH. In a follow up
study by Iwask et al. (1996) of more than 15 years of
intertrochanteric osteotomy in patients with prear-
throsis or early degenerative stage of OA good clini-
cal results were obtained when coverage postopera-
tively was significantly improved.

In DDH the femur is usually slightly anteverted
compared to the normal 10°-20°. Increased antever-
sion can also be the only manifestation of a DDH
(ALvik 1962). In some reported series femoral
rotational osteotomy has been performed in con-
junction with periacetabular osteotomy in up 27%
of cases (SANCHEZz-SOTELO et al. 2002). However,
it is important to realise that no degree of correc-
tion provided by varus osteotomy will compensate
for the anatomic instability created by a dysplastic
acetabulum.
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9.12
Imaging Features: Preoperative

Today, in many centres, the preoperative evaluation
of DDH for joint-preserving reconstructive surgery
involves both conventional radiology and computed
tomography (CT), sometimes complemented with
MR. Conventional radiographs allow a two-dimen-
sional interpretation of the hip but the information
depends on multiple projections and on inconclusive
assessments of landmarks. CT imaging and three-
dimensional reconstruction offers reliable magni-
fications and measurements without undesirable
and disturbing superimposition of bony structures.
Additionally, evaluations provide clinicians infor-
mation to choose suitable candidates for operation
and to avoid, i.e. patients with severe OA. Preopera-
tively it is of paramount importance to determine
the varying types and degrees of deficiency to be
able to define the goals of surgery and to plan the
appropriate adjustments. Just as the preoperative
examinations are important for characterisation
of DDH and planning of surgery, the postoperative
examinations are important to assess the results of
surgery (Fig. 9.2).

Fig.9.2. a,b In the upper row preoperative 3D images show a dysplastic acetabulum and insufficient coverage of the femoral
head. ¢,d In the lower row after periacetabular osteotomy there is a marked improvement in the coverage of the femoral head
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Numerous terms are used to describe the radio-
logical changes occurring in DDH. These include
anteversion of the acetabulum and femur, inclina-
tion, abduction, subluxation, cover and coverage,
containment, tilt, opening. Unfortunately defini-
tions and terms are used differently in anatomical,
radiographic and operative assessments of orienta-
tion (MURRAY 1993). The increasing use of preoper-
ative CT evaluation have even manifold conception
and measurement methods.

9.12.1
Conventional Radiography

The initial routine radiographic evaluation of DDH
includes a functional AP radiograph of the pelvis
and a frog-leg view of the symptomatic hip. The
AP radiographs should be taken weight-bearing and
centred on the pubis symphysis to show the bio-
mechanical aspects of the pelvis and hip (Fig. 9.3).
The recumbent frog-leg view is to look for changes
in the morphology of the femoral head and neck
(Fig. 9.4). In many centres these radiographs are
completed with views in abduction and adduction
to inspect the full range of motion and the coverage
of the femoral head under the dysplastic acetabulum
(Fig. 9.5). The functional abduction view is taken
to simulate the appearance of the hip after periac-
etabular osteotomy.

Earlier a frequently used radiograph was the
faux-profile, false-profile view (LEQUESNE and de
Skze 1961) which is a true lateral radiograph of
the acetabulum. The patient stands at an angle of
65° oblique to the X-ray beam, with the foot on the
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Fig.9.3. A weight-bearing anteroposterior radiograph show-
ing leg-length disparity, pelvic tilt and a dysplastic left hip

Fig.9.4. A recumbent frog-leg view shows well the morphol-
ogy of the femoral head and neck

Fig. 9.5a,b. Abduction
(a) and adduction (b)
films show the range
of motion in the hip
as well as how the
femoral head will fit
into the acetabulum
after  reorientation
osteotomy
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affected side parallel to the X-ray cassette. The view
shows the superior-anterior coverage of the femo-
ral head. This anterior centre-edge angle (ACE) is
composed of a vertical line through the centre of the
femoral head and a second line through the centre
of the hip and the foremost aspect of the acetabu-
lum (Fig. 9.6). Angles of less than 20° are considered

abnormal (CROCKARELL et al. 2000).

A false profile-view of hip in flexion simulates the
anterior coverage after osteotomy. Abduction view
and false profile view in flexion often show proper
reduction of a subluxated joint and improvement of
the cartilage space interval and thus suggest that
the hip will respond well to acetabular redirection
(MurpHY and DESHMUKH 2002).

The main preoperative radiographic assessments
consist of several observations and measurements
done from weight-bearing frontal radiograph of the
pelvis.

e Pelvic tilt. Deviation in pelvic tilt is measured as
the angle between the horizon plane and a plane
through the tear-drops, a plane through the caudal
contours of the lower ramus or a plane through the
lower margin of the SI joint (Fig. 9.3).

e Leg length discrepancy. Estimation of leg-length
discrepancy is commonly measured from the
weight-bearing joint surfaces of the femoral
heads (Fig. 9.3).

e The lateral centre-edge angle of Wiberg (CE
angle) is perhaps the most used indicator of the
lateral coverage of the femoral head (WIBERG
1939). The angle is formed between a line con-
necting the femoral head centre and the most
lateral edge of the acetabulum, and a line drawn
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Fig. 9.6. a Preoperative false-profile view
showing the superior-anterior coverage
of the femoral head (ACE angle). b Post-
operative false-profile radiograph show-
ing an increased anterior coverage

through the femoral head centre perpendicular to
the pelvic horizon (Fig. 9.7). WIBERG on the basis
of his study deduced that CE angles of greater
than 25° were normal, angles 24°-20° borderline
normal, and angles less than 20° were pathologic.
A large CE angle correlates with a deep acetabu-
lum (T6NNIS 1987)

e The acetabular index angle of the weight-bearing
zone of the acetabulum (TONN1s 1987), (the lateral
tilt of the opening of acetabulum, AA angle, also
called AC angle, i.e. acetabular cartilage angle)
(normal 10°£2°) The angle is formed between a
line parallel to the weight-bearing dome (sourcil)
and a line parallel to the horizontal plane of the
pelvis (Fig. 9.8).

Fig.9.7. The lateral centre-edge angle of Wiberg (CE angle)
shows the lateral coverage of the femoral head
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e Cranial subluxation of the femoral head is best
appreciated as a broken Shenton’s line (Fig. 9.9).

e Lateral subluxation of the femoral head can be
measured as the shortest distance between the
medial aspect of the femoral head and the iliois-
chial line (Fig. 9.10) (SIEBENROCK et al. 1999) or
from the lateral side of the tear-drop to the medial
edge of the femoral head (Fig. 9.10b) (TROUSDALE
et al. 1995).

e A caudal stress examination (Fig.9.11) shows
whether the femoral head can be pulled downwards
permitting a reorientation of the acetabulum.

e For the joint congruity and containment the
femoral neck and head are as important as the

Fig.9.8. The lateral slope of the acetabulum, the acetabular
index angle (AA angle), is measured as shown on the antero-
posterior radiograph
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acetabulum. Before correction of malposition of
the head radiographs in abduction and adduc-
tion are taken to see whether the re-orientated
head fits into the acetabulum (Fig. 9.5).

e Femoral neck-shaft angle. An easy way to judge
the neck-shaft angle is to draw a line through
the tip of the greater trochanter perpendicular to
the long axis of the femur (Fig. 9.12). Normally,
this line runs through the centre of the femoral
head but in coxa vara the line runs above it and
in coxa valga below the centre (DIHLMAN 1985).
This relationship between the trochanter and
the centre of the femoral head is independent of
the rotation of the leg. In normal subjects the
neck-shaft angle is between 130° and 140°.

At the time of clinical presentation there might
already be radiographic signs of OA such as
increased subchondral sclerosis in the joint surfaces
of the weight-bearing areas, joint space narrow-
ing, degenerative cysts and osteophytes (Fig. 9.13).
Sometimes a subchondral acetabular cyst located
anterior-superiorly (Egger’s cyst) may be the first
conspicuous sign of OA. Presence of OA is often
graded according to the criteria of Ténnis: Grade 0
no joint space narrowing, Grade 1 slight joint space
narrowing, Grade 2 moderate joint space narrow-
ing, and Grade 3 joint space narrowing (TONNIS
1987; TRUMBLE et al. 1999). Another commonly
used grading system is the one introduced by KeLL-
GREN and LAWRENCE (1957). A dysplastic hip can
falsely show a narrow joint space on the AP radio-
graph if the femoral head is subluxated anteriorly
and superimposed on the roof of the acetabulum.

b

Fig.9.9. a A normal Shenton’s line is an even, continuous line between the medial border of the neck of the femur and the
superior border of obturator foramen. b A broken and interrupted Shenton’s line is a sign of a superior displacement of the
femoral head
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b

Fig.9.10. a Lateralization of the femoral head is measured as the distance from the medial aspect of the femoral head to the
ilioischial line. b Lateralization can also be measured as the distance from the medial portion of the femoral head to the lateral
edge of the tear drop.

Fig.9.11a,b. The mobility of the displaced femoral head on a weight-bearing radiograph (a) can be examined with a preopera-
tive inferior stress view (b)

Fig.9.12a-c. In a decreased neck-shaft angle, a coxa vara, a perpendicular line to the long axis of femur drawn as a tangent to
the greater trochanter runs above the centre of the femoral head (a), in a normal hip approximately level with the centre (b)
and in coxa valga below this reference point (c)
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Fig.9.13. Typical degenerative OA changes in a dysplastic hip:
joint space narrowing, sclerotic bone formation and cysts in
the femoral head as well as in the acetabulum

9.12.2
Computed Tomography

Many of these above-mentioned measurement
methods based on conventional radiography have
been replaced by CT which has proven to be more
accurate for the planning and simulation of pelvic
and femoral osteotomies. CT helps clarify anatomic
deformity and is particularly helpful in complex
cases of DDH (KLAUE et al. 1988), to evaluate femo-
ral anteversion and to detect early OA (Fig. 9.14).
The CT angular measurements are as a rule conve-
nient and fast for routine diagnostic work as well
as for demanding preoperative analysis in three
dimensions (HADDAD et al. 2000). CT scanning
has become an irreplaceable imaging tool in most
centres in which multiplanar re-orientation of the
acetabula are performed.

Volume scanning, regardless of which technique
is used, in association with contemporary software
programs enables reformats in various planes and
rendering of three-dimensional (3D) images. The
scanning technique must be simple and reproduc-
ible. We scan the patient supine with the pelvis hori-
zon perpendicular to the central axis of the scanning
table. The feet are stabilised in a neutral position,
and care is taken to ensure that there is no pelvic
tilt or flexion of the hips or knees. Slice thickness
of 4mm is sufficient and obtained through both
hip joints and femoral condyles. At most diagnostic
workstations it is possible to simultaneously view
the transaxial scans, and sagittal and coronal refor-

Fig.9.14. Early signs of degenerative OA of a dysplastic hip
are shown on a sagittal CT reformat as an anterior-superior
acetabular cyst (Egger’s cyst) and slight narrowing of the ante-
rior joint space

mats. The centre point of the femoral head is identi-

fied and used as a reference for the measurements of

the coverage of the acetabulum.

e Centre-edge angle (CE angle, lateral coverage of
the femoral head, normal 33°+10° (JANZEN et
al. 1998) is measured from a coronal reformat
through the centre of the femoral head (Fig. 9.15).
It is the angle between the vertical axis of the
pelvis and a line through the centre point and
the lateral acetabular margin. The smaller this
angle is the smaller the weight-bearing surface
above the femoral head.

e Acetabular index angle (AA angle, lateral tilt or
loading zone of the acetabulum) is calculated
from a coronal reformat through the centre of the
femoral head (Fig. 9.15¢). It is the angle between
the pelvic horizon and a line through the lateral
rim of the acetabulum and the superior edge of
the fovea, that is approximately a line along the
sourcil.

e The superior-anterior coverage of the acetabu-
lum (or anterior centre-edge angle, ACE angle)
is measured from a sagittal reformat through
the centre point of the femoral head (Fig. 9.16).
The angle is bound by the horizon and a line
through the most cranial point of the acetabular
joint surface and the anterior rim of the acetab-
ulum.

e Acetabular anteversion (AcetAV angle, normal
20°+7° (MuRrPHY et al. 1990) is measured from
a transverse reformat through the centres of the
femoral heads (Fig. 9.17). The acetabular antever-
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Fig.9.15a-c. A lateral 3D image of a hip (a) showing the plane
of 2D reformats for measurement of the lateral centre-edge
angle of Wiberg (CE angle) (b), and acetabular index angle
(AA angle) (c)

Fig.9.16a,b. A frontal 3D hip image (a) showing the plane
of a 2D reformat for measurement of the superior-anterior
angle (ACE angle) (b)

sion is the angulation between a line combining
the anterior and posterior margins of the acetab-
ulum and a line perpendicular to the intercapital
centreline (Fig. 9.17b) (ANDA et al. 1991a,b).

Anterior and posterior coverage (anterior ace-
tabular sector angle, AASA, normal 63°+6° and
posterior acetabular sector angle, PASA, normal

105°+8°) (Fig. 9.17a) in the transverse plane are
measured as the angles of the intercapital cen-
treline and lines from the centre point of the heads
to the anterior and posterior rims of the acetabu-
lum (Fig. 9.17b) (ANDA et al. 1986, 1991a,b).

Femoral anteversion. Femoral neck and condyles
are scanned for the assessment of the femoral neck
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Fig.9.17a,b. A frontal 3D image (a) showing the plane for the
2D reformat through the centres of the femoral heads from
which the acetabular anteversion (AcetAV), anterior acetabu-
lar sector angle (AASA) and posterior acetabular sector angle
(PASA) are measured (b)

anteversion. Looking at the volume of the knee
from the feet, the femoral condyles are rotated so
that the posterior aspects are horizontal. When the
neck is are rotated to the same degree it is possible
to measure the anteversion as the angle between
the horizon and a line combining the centre point
of the femoral head and the midpoint of the neck
(Fig. 9.18). Normal femoral anteversion in adults
is 10°-20°. This technique with the measurements
presented below is fast: a hip and the femoral ante-
version can be scanned and analysed in approxi-
mately 10 min. It is easily reproducible with small
interobserver variability.

K. Tallroth

At the calculations of the magnitude of acetabular
corrections in different planes one has to remember
that position of the pelvis on the scanner table is not
the same as in standing position. The vertical tilt of
the pelvis due to imaging position, i.e. lumbosacral
lordosis or kyphosis, is assessed by comparing the
pelvic tilt on an erect lateral pelvic radiograph and
on a supine lateral CT scout view.

CT data can also be presented in 3D mode which
usually is visual and perspicuous for the orthopaedic
surgeon when planning an optimal re-orientation of
the acetabulum. 3D images show well the relation-
ship between the acetabular containment, femoral

Fig.9.18. The anteversion of the femoral neck is the angle between the axis of the neck and the horizon when the femur is rotated
so that the posterior borders of the femoral condyles are horizontal. The anteversion of the left femur is increased



Developmental Dysplasia of the Hip 2: Adult

head and neck. Most radiologists, however, prefer to
make their exact measurements from 2D reformats
in different planes.

9.12.3
Magnetic Resonance Imaging (MR)

MR has also been used to measure various spatial
relations between the acetabulum, femoral head and
labrum (Hori1 etal. 2003). According to these authors
measurements of the different coverage angles are
easily performed on radial MR images. It is even
possible to evaluate the coverage labrum provides
the femoral head. The better ability of MR to show
intraarticular damage is an advantage compared to
conventional radiography. In recent years MR has
become more common in the evaluation of DDH
patients with clinical signs of labral or rim disease
(Figs. 9.19 and 9.20). These lesions are depicted on
MR arthrography (SIEBENROCK et al. 1999) as labral
pathology shows abnormal signal intensity (Hori
et al. 2003). Recent studies with diluted gadolinium
combined with off axis tangent reconstruction views
have increased the sensitivity for detecting labral
tears (McCARTHY and LEE 2002). The same authors
have presented a study of 170 arthroscopically
treated hips with DDH in mature adults. In all, 72%
of the hips had labral tears, and 93% of these lesions
occurred anteriorly. Additionally, of 113 patients with
dysplasia with a labral tear, 78 (69%) had an ante-

VASEN INTRA-ART. LONKKA

Fig.9.19. Coronal MRI with intra-articular gadolinium con-
trast demonstrating a fissure of the labrum
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rior acetabular chondral lesion. They concluded that
even in mild dysplasia labral and chondral injuries
occur, and they occur most frequently in the ante-
rior region of the acetabulum. Similarly, HAsAGEwWA
et al. (1996) have reached the same conclusion that
MR demonstrates well degeneration and thinning of
adjacent cartilage next to labral lesion. Degenerative
acetabular OA cysts show up as high signal spots
on T2-weighted images. Thus, MR may be useful in
alerting the surgeon to the location and nature of
intraarticular disorders that can be addressed at the
time of surgery (SIEBENROCK et al. 1999).

9.13
Imaging Features: Postoperative

After reconstructive surgery the same radiological
examinations and measurements as preoperatively
are performed to evaluate to what extent the plan-
ning and performance of surgery have been suc-
cessful. On plain weight-bearing radiographs of the
pelvis leg length parity as well as horizontal bal-
ance of the pelvis are seen. The centre-edge angle
(CE angle), the acetabular index angle (AA angle)
(Fig. 9.21), and superior-anterior angle (ACE angle)
(Figs. 9.6b), reveal to what extent surgery has cor-
rected the faulty containment. Healing of the supra-
acetabular part of the periacetabular osteotomy,
as well as the upper ramus osteotomy, are easily

OIKEA LONKKA
INTRA ARTIC. V.A.

Fig.9.20. Coronal MRI with intra-articular gadolinium con-
trast demonstrating a torn and superiorly displaced labrum
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Fig.9.21.a A preoperative anteroposterior pelvic radiograph showing the insufficient AA and CE angles. b Radiograph obtained
4 months after periacetabular osteotomy showing the corrections of the AA and CE angles

appreciated whereas the union of the posterior
part is frequently not detectable due to unfavour-
able projections or superimposition of other bone
structures. There is no need for additional oblique
radiographs if CT is performed since the union of
the entire osteotomy is well demonstrated with 2D
curved reformats (Fig. 9.22 and 9.23). The CE, AC
and ACE angles are measured in sagittal and coronal
CT reformats through the centre of the femoral head
and compared to the preoperative values.

The effect of the Bernese periacetabular oste-
otomy has been successfully studied with biome-
chanical analysis using computer-aided simulation
of joint contact pressure on conventional AP radio-
graphs (LEPISTO et al., in press).

Correlation between clinical results and radiolog-
ical findings have been reported by several groups.
TROUSDALE et al. (1995) reported a series of patients
with dysplasia and degenerative changes treated
with the Bernese periacetabular osteotomy. Radio-
logically the average correction of the lateral cover-
age was 28% and of the anterior 26%. The clinical
Harris hip scores (HARRIS 1969) improved signifi-
cantly from 62 to 86 points.

Failed corrections of femoroacetabular congru-
ency, either because of an overly extensive correc-
tion or an inadequate one, can be concluded from
plain and CT films. An intraoperative fracture of the
base of the lower ramus just under the acetabular
joint is not uncommon. However, this usually heals
in 4-6 months. A lasting non-union of the upper
ramus osteotomy is more frequent. This non-union
does not cause pain or discomfort for the patients
according to postoperative clinical evaluations of
patients. However, a non-union may infrequently
become associated with a stress fracture of the
medial part of the lower ramus (Fig. 9.24).

Fig.9.22. Postoperative curved CT reformat of the hip shows
the osteotomy of the upper ramus (arrow) and a perioperative
posterior fracture of the acetabulum (arrowhead)

Fig.9.23. At 4 months after a periacetabular osteotomy the
upper ramus osteotomy is still unfused whereas the posterior
osteotomy cut is well fused
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Fig. 9.24. An anteroposterior hip radiograph demonstrates a
stress fracture in the medial part of the lower ramus (arrow).
This type of fracture may appear as a complication to a delayed
healing of the osteotomy

9.14
Summary

The most characteristic feature of DDH is a
decreased acetabular lateral coverage of the femo-
ral head. Many patients are symptom-free but it has
been shown that moderate and severe dysplasia lead
to premature OA. Surgery is to be considered when
the patients have persistent symptoms which restrict
everyday activities. Today the Bernese periacetabu-
lar rotational osteotomy is a common procedure
to recreate relatively normal anatomy. To establish
the diagnosis of DDH plain radiographs and mea-
surements of the CE and AA angles are sufficient.
However, to choose the right patients for surgical
correction more sophisticated radiographic and CT
measurements are needed in order to obtain a thor-
ough visualisation and knowledge of the underlying
abnormalities, as well as the magnitude of malposi-
tions and malalignments so that reconstruction of a
deficient acetabular roof and malrotated femur can
be planned and performed appropriately. A radio-
logical follow up after surgery makes it possible to
determine performed coverage corrections, possible
complications and a possible progression of degen-
erative joint disease.
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10.1

The Irritable Hip

Irritability or pain around the hip, with limping or
refusal to weight bear, is a common reason for acute
presentation of children in accident and emergency,
orthopaedic and paediatric units. The assessment of
hip pain in children can be extremely difficult and
an organised approach is therefore essential. The
vast majority of patients have a benign self-limit-
ing condition, transient synovitis, but this may be
clinically indistinguishable from more serious con-
ditions, particularly septic arthritis, Perthes disease
and slipped upper femoral epiphysis (SUFE) (see
Table 10.1).

10.1.1
Management

Investigation of the irritable hip in the child should
alwaysinclude a thorough historyand clinical exam-
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ination. Blood tests should be routinely obtained,
including a full blood count, erythrocyte sedimen-
tation rate (ESR) and/or C-reactive protein and
blood cultures. Imaging should begin with a plain
AP radiograph of the pelvis, with frog leg views in
children at risk of SUFE, followed by an ultrasound
examination. The plain radiograph is obtained to
exclude conditions such as Perthes disease, SUFE
and tumours, whilst the ultrasound is performed
for detecting joint effusions. The management of
the patient with an effusion is controversial; many
institutions opt to aspirate all hip effusions demon-
strated, whereas others take a minimally invasive
approach, with aspiration only undertaken when
certain features or clinical prediction algorithms
indicate a moderate to high risk of sepsis.

e With the minimally invasive approach, children
with irritable hips are often admitted to hospi-
tal for observation and pain relief (VIDIGAL and
DA SiLva 1981; TAYLOR and CLARKE 1994). As no
single factor or blood test is diagnostic, several
variables have to be taken into consideration for
assessing risk of sepsis (TAyLorR and CLARKE
1994; E1cH et al. 1999; KOoCHER et al. 1999; LUuH-
MANN et al. 2004). KocHER et al. (1999) identi-
fied four main diagnostic variables associated
with septic arthritis of the hip: a history of fever,
non-weight bearing, ESR of greater than 40 mm/h
and a white cell count of greater than 12000/mm?>.

Table 10.1. Differential diagnosis for the irritable hip in chil-
dren

Transient synovitis

Sepsis including septic arthritis, osteomyelitis and pyomyo-
sitis

Perthes disease

Primary bone tumours

Leukaemia

Haemarthrosis due to trauma or coagulation disorder

Fracture, including non-accidental injury

Inflammatory arthropathy

Idiopathic chondrolysis

In children around the age of puberty, slipped upper femoral
epiphysis
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They formulated a clinical prediction algorithm
which showed that if all of these variables were
present a child had a 99.6% chance of having
septic arthritis of the hip. TAYLOR and CLARKE
(1994) used the slightly different criteria of spasm,
tenderness, pyrexia >38° and ESR of > 20 mm/h
and found that a combination of any two of these
produced a sensitivity for sepsis of 95%.

There is however disagreement regarding the effec-

tiveness of clinical prediction algorithms, as there is

significant overlap between these various factors for
septic arthritis and transient synovitis (LUHMANN

etal. 2004; DEL BECCARO et al. 1992; FINK et al. 1995;

BENNETT and NAMNYAK 1992). LUHMANN et al.

(2004) evaluated the clinical prediction algorithm

proposed by KocHER et al. (1999), and found that if

all four variables were present, the predictive prob-
ability of hip sepsis was only 59% in their cohort of
patients. It has therefore been proposed that a more
proactive approach for excluding sepsis should be
used, with aspiration of all hip effusions shown on

ultrasound (EicH et al. 1999; LUHMANN et al. 2004;

FINK et al. 1995; BERMANN et al. 1995; FISCHER and

BEATTIE 1999). This has the following advantages:

e The diagnosis of septic arthritis is made at the
earliest opportunity. Septic arthritis of the hip is
considered a surgical emergency usually requir-
ing arthrotomy in addition to antibiotic treat-
ment (SHETTY and GEDALIA 1998; DONATTO
1998). Delayed diagnosis may have disastrous
consequences including femoral head destruc-
tion, degenerative arthritis and growth distur-
bance. Immediate aspiration prevents a delay in
the diagnosis and subsequent therapy.

e Avoidance of admission to hospital. Hospital
admission consumes considerable resources, and
is both upsetting for the child and disruptive to
the family. In cases of transient synovitis, hos-
pital admission can usually be avoided (TAYLOR
and CLARKE 1994; FINK et al. 1995). The most
reliable way of ensuring that patients with septic
arthritis are not inadvertently sent home is to
obtain a sample of joint fluid for analysis.

e Relief of joint tamponade. Although controver-
sial, it has been argued that the presence of a hip
effusion maylead to an increase in intra-articular
pressure which may compromise the blood supply
to the capital femoral epiphysis causing Perthes
disease (VEGTER 1987; KaLLio and Ryorpry 1985;
WINGSTRAND et al. 1985; KEmp 1981). Hip aspira-
tion with relief of joint tamponade may therefore
decrease the incidence of Perthes disease.

J. Teh and D. Wilson

e Pain relief. Transient synovitis may be extremely
painful. Aspiration of the joint has been shown to
significantly alleviate symptoms and decrease the
requirement for analgesia (FINK et al. 1995; HILL
etal. 1990; WINGSTRAND 1986). This simple diag-
nostic and therapeutic measure often removes
the need for analgesia, bed rest, traction therapy
and hospital admission.

The protocol outlined below is the authors’ approach
to the management of the irritable hip in children.

10.2
Transient Synovitis

Several synonymous terms are used to describe this
condition including irritable hip, observation hip and
toxic synovitis. The diagnosis can only be made by
exclusion of other causes of hip pain. Transient synovi-
tis is the most common cause of acute hip pain in chil-
dren aged 3-10 years. It has however been described
in an infant of 3 months and also in adults (Dz1oBA
and BARRINGTON 1977; LAROCHE et al. 2000). Epi-
demiological studies have shown an average annual
incidence of two per thousand, with an accumulated
risk of 3%. Boys are affected twice as often as girls
(FiscHER and BEATTIE 1999; LANDIN et al. 1987).

The onset of symptoms may be relatively sudden
or insidious, developing over several days. Unilat-
eral hip pain with reluctance to weight bear is the
most common presentation but some patients may
complain of thigh or knee pain. Most patients are
afebrile but sometimes a mild pyrexia is present.

The condition is of unknown cause. Infection,
usually of the upper respiratory tract is said to be
common in the preceding 2-3 weeks but children of
this age commonly have such symptoms and no sea-
sonal variation has been demonstrated. Studies have
shown an increase in viral antibody titres suggesting
an infective cause (LEIBOowITZ et al. 1985; TOLAT et
al. 1993). Trauma, recent vaccination and an allergic
disposition have also been linked to transient syno-
vitis (SAINSBURY et al. 1986; DENMAN et al. 1983).
On histological examination the affected synovium
reveals non-specific inflammation and hypertrophy
of the synovial membrane. The synovial fluid con-
tains increased proteoglycans which are released
from the articular cartilage as a result of degradation
by chondrocytes (LOHMANDER et al. 1988).

Transient synovitis usually follows an entirely
benign course (SHARwooD 1981; MUKAMEL et al.
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1985). A possible long term consequence of the con-
dition is asymptomatic overgrowth of the femoral
head, coxa magna, which is of no clinical significance
(KaLL1o 1988). Controversy exists regarding a possi-
ble relationship between transient synovitis and Per-
thes disease (ERKEN and KaTz 1990; GERSHUNI et al.
1983; KaLL1O et al. 1986). It has been argued that an
effusion may lead to joint tamponade which can com-
promise the blood supply to the capital femoral epi-
physis causing Perthes disease (VEGTER 1987; KaLLIO
and Ryoprpy 1985; WINGSTRAND et al. 1985; KEmP
1981). In patients diagnosed with transient synovi-
tis there is an incidence of Perthes disease of around
1%-3.4% (LANDIN et al. 1987; SHARwWOOD 1981).

10.2.1
Imaging Findings in Transient Synovitis

The main roles for imaging in transient synovitis
are to exclude other more serious conditions and to
allow early discharge.

10.2.1.1
Plain Radiographs

Plain radiographs have an important role in exclud-
ing bony abnormalities such as Perthes disease,
osteomyelitis, tumours and fractures, and are nor-
mally obtained as part of the initial investigation of
patients with an irritable hip.

A possible exception is in children below the age
of 8 years when SUFE would be very unlikely, when
there is a joint effusion that has been proven by
ultrasound and aspirated to show a clear, uninfected
and non-haemorrhagic effusion. In these circum-
stances, septic arthritis, haemorrhage and fracture
are ruled out. If the child recovers within 24 h then
Perthes disease, juvenile arthritis and osteomyelitis
are effectively excluded. Therefore plain films might
be avoided.

In patients with a large effusion, radiographs
may demonstrate widening of the medial joint space
(Waldenstrom’s sign) which is measured from the
ossified part of the femoral head to the acetabulum
(lateral margin of Kohler’s teardrop). This measure-
ment includes the unossified portion of the femoral
head, the articular cartilage and any joint fluid, and
is therefore only a poor estimate of joint effusion.
Compared to the other side, this distance should be
the same or within 2 mm (Fig. 10.1). Most children
with joint effusions will not demonstrate this sign.
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Indeed it is more likely that this abnormality is the
result of cartilage oedema which invariably is asso-
ciated with an effusion. It is a rare but useful early
sign in Perthes disease (KEMP and BoLDERO 1966).

Displacement of fat pads around the hip has also
been used for the assessment of joint effusions (Jung
et al. 2003) but several studies have shown that these
are unreliable, as the fat pads are often simply dis-
placed due to the abduction posture adopted by
an irritable hip (BRowN 1975; EGUND et al. 1987)
(Fig. 10.2). The capsular fat pad is formed by the
fatty layer that lies just adjacent to the joint capsule.
The medial iliopsoas fat pad lies between the joint
capsule and the iliopsoas muscle. The intergluteal
fat pad lies between the gluteus minimus and glu-
teus medius muscles.

10.2.1.2
Ultrasound

Ultrasound is an extremely sensitive technique for
the detection of hip joint effusion (WiLson et al.
1984; WiLsoN 2004) and is an invaluable aid joint
aspiration.

A high resolution linear probe is optimum but
other configurations may be effective. The child
should be examined supine with the legs extended
and held in neutral, and the transducer orientated
longitudinally along the femoral neck. With the
probe centred on the epiphysis, the image should
include part of the acetabulum, the epiphysis, the
articular cartilage, the growth plate and the femo-
ral neck. The ossified rim of the acetabulum should
be clearly distinguished from the partly ossified
femoral epiphysis. This image is obtained by rotat-

Fig. 10.1. Plain radiograph of the pelvis in a child with tran-
sient synovitis of the left hip. There is widening of the medial
joint space of the left hip (arrows) indicasing a positive Wal-
denstrom’s sign
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Fig. 10.2. Plain radiograph of the pelvis in a child demonstrat-
ing asymmetric widening of the left medial joint space (Wal-
denstrom’s sign) in a patient with transient synovitis who had
a joint effusion shown on ultrasound. The normal fat pads
around the right hip are illustrated: the short arrows delineate
the intergluteal fat pad, the arrowheads delineate the capsular
fat pad and the long arrows delineate the iliopsoas fat pad

ing the alignment of the probe to the plane of the
femoral neck. The growth plate is seen as a low
echogenicity cleft separating the epiphysis from the
metaphysis. The joint capsule appears as an echo-
genic band extending from the acetabulum to the
inter-trochanteric line. In the normal hip the syn-
ovium cannot normally be distinguished from the
bone and overlying capsule. The normal capsule to
bone distance should measure no more than 3 mm
and the difference between sides should be less than
2 mm (WILSON et al. 1984) (Fig. 10.3).

An effusion is usually seen as an area of low echo-
genicity anterior to the femoral neck with convex
anterior bulging of the echogenic joint capsule
(Fig. 10.4). Synovial thickening may be evident both
anterior to the fluid and in the synovial reflection
along the femoral neck. An echo-free effusion does
not exclude infection or haemorrhage (MATHIE et al.
1991; MARCHAL et al. 1987). Furthermore the absence
of flow on power Doppler sonography does not allow
exclusion of septic arthritis (STROUSE et al. 1998). As
ultrasound cannot differentiate transient synovitis
from infection, aspiration of all effusions has been
advocated (EicH et al. 1999; FINK et al. 1995; BERMAN
et al. 1995; FIscHER and BEATTIE 1999).

10.2.1.3
Technique for Aspiration

A technique for ultrasound guided aspiration has
been described by BERMAN et al. (1995). Aspiration
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iliopsoas
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neck

Fig. 10.3. Normal US anatomy of the hip joint. The low echo-
genicity articular cartilage of the femoral head is marked by
arrowheads, whilst the echogenic iliofemoral ligament is marked
by the arrows. The low echogenicity cleft marked by the long
arrow in the femoral head represents the growth plate

Femoral
Head

Fig. 10.4. Extended field of view ultrasound scan demonstrat-
ing a hip joint effusion (arrow) and bulging iliofemoral liga-
ment (arrowheads) in a patient with transient synovitis. The
acetabulum (A) is seen adjacent to the femoral head

should be performed under strict aseptic condi-
tions. At least 1 h prior to the ultrasound scan local
anaesthetic cream is applied over the hip. Informed
consent is obtained from the parent or guardian,
explaining the risks of pain, infection and bruis-
ing. Using ultrasound guidance the skin is marked
directly over the centre of the effusion, avoiding the
femoral vessels. The child is shielded from observ-
ing the procedure by an assistant leaning over their
chest and gently immobilising the arms. The skin is
then cleaned and punctured using a 19-gauge needle
which is advanced in a true vertical direction until
the femoral neck is reached. It is rarely necessary
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to use the ultrasound machine to image the needle.
Suction is then applied using a 10-ml syringe.
Normal joint fluid should be clear or straw coloured,
highly viscous and non turbid. Infection results in
purulent grey, yellow or green synovial fluid (HERN-
DON et al. 1986). Sometimes however non-infected
synovial fluid may have a cloudy appearance (FINK
et al. 1995). Once obtained, the sample is sent for
immediate Gram stain and culture. This procedure
will relieve pain and allow immediate discharge of
most patients.

10.2.1.4
Bone scintigraphy

The use of bone scintigraphy varies widely accord-
ing to local practice and availability of MRI. Bone
scintigraphy is normally reserved for those patients
in whom the symptoms have failed to settle and
the diagnosis remains uncertain after plain radi-
ography and ultrasound. Its value lies in exclud-
ing other more serious conditions rather than con-
firming transient synovitis as it is one of the most
effective techniques for detecting musculoskeletal
inflammatory processes, particularly osteomyelitis
and septic arthritis. The examination is performed
using technetium 99-m labelled mono diphospho-
nate (Tc 99™ MDP). The examination typically
involves three phases of acquisition: the initial flow
phase, the blood pool phase (5-10 min after injec-
tion) and the equilibrium/delayed phase (3-6 h after
the injection). A fourth phase (24 h after injection)
can be useful in patients who have equivocal find-
ings after the three phase examination (GREENSPAN
and TEHRANZADEH 2001).

On a three phase bone scintigram the findings
in transient synovitis are non-specific (CONNOLLY
and ConNoLLY 2003). In the blood pool phase there
may be mild diffuse increased joint activity reflect-
ing hyperaemia. On the delayed images the activity
in the joint may be normal, increased or decreased.
Decreased uptake, or the “cold hip” sign” is thought
to be due to an effusion resulting in tamponade and
thus impaired perfusion of the joint (UREN and
HowMAN-GILES 1991).

10.2.1.5
Magnetic Resonance Imaging (MR Imaging)

In many institutions the use of scintigraphy for
investigating the irritable hip has been supplanted
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by MR imaging which provides much more anatomi-
cal detail. As with bone scintigraphy, MR imaging
tends to be reserved for those patients in whom the
symptoms do not settle, and when conditions other
than transient synovitis are suspected.

The typical MR imaging findings in transient
synovitis are of a simple effusion without specific
changes in bone marrow (ToBY et al. 1985; LEE et al.
1999) (Fig. 10.5). There may be minor signal inten-
sity alterations in the soft tissue around the hip
joint, indicating reactive soft-tissue oedema. The
use of intravenous Gadolinium allows the distinc-
tion between an enhancing rim of inflamed synovial
membrane and hypointense joint effusion, but this
finding may be seen in transient synovitis as well as
septic arthritis (LEE et al. 1999).

LEE et al. (1999) have shown that MR imaging
can help differentiate between transient synovitis
and septic arthritis on the basis of peri-articular
marrow changes. In this study 14 patients diag-
nosed with transient synovitis had normal bone
marrow signal, whilst eight out of nine patients with
proven septic arthritis had marrow signal changes
(i.e. low signal intensity on T1-weighted images and
high signal intensity on fat-suppressed T2-weighted
images). There were mild peri-articular marrow
signal changes in six patients without osteomyeli-
tis, and extensive changes in the femoral head and
neck in two patients with coexistent osteomyelitis.
In septic arthritis, mild signal intensity alterations
in bone marrow may be caused by reactive oedema.
When there is coexistent osteomyelitis, the marrow
changes tend to be more diffuse, particularly on T1
weighted images (KARCHEVSKY et al. 2004).

Fig. 10.5. Transient synovitis of the right hip. Coronal STIR
image of both hips demonstrating a unilateral right hip joint
effusion (arrows). The peri-articular bone marrow signal is
normal
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10.3
Hip Infection

Infectionaround the hip maybe caused byhaematog-
enous seeding, local spread from contiguous infec-
tion or inoculation, including trauma and surgery
(WALD 1985) (Table 10.2). The infecting organism
differs according to the patient’s age and immune
status, and the presence of a prosthetic joint.

10.3.1
Osteomyelitis

Osteomyelitis may be classified according to the
chronicity of symptoms, the route of infection or
the causative organism. The normal developmental
changes that affect the bone, growth plate and car-
tilage have a strong influence on the manifestations
of osteomyelitis (OGDEN and LISTER 1975; BOUTIN
et al. 1998). In neonates and infants, infection can
spread across the growth plate, along transphyseal
vessels, to penetrate the epiphysis, resulting in an
increased incidence of joint infections (OGDEN and
LISTER 1975). Between 6-18 months of age the dia-
physeal vessels terminate in slow-flowing meta-
physeal vascular sinusoids, with involution of the
transphyseal vessels. The growth plate therefore
comes to act as a natural barrier for the spread of
infection. As a consequence, the metaphysis is the
usual site for childhood osteomyelitis. When the
growth plate fuses, the vascular connection between
the metaphysis and epiphysis is restored and the
joint is once again subject to contiguous spread of
infection.

Acute osteomyelitis results in bone marrow
oedema, cellular infiltration and vascular engorge-
ment. As the pressure builds within the intramed-
ullary cavity the infection spreads into the cortex
and subperiosteal space, and eventually into the
surrounding soft tissue (WILLIs and ROZENCWAIG
1996). The hip joint is particularly susceptible to
infection as a result of the synovial membrane
inserting distal to epiphysis, allowing bacteria to
spread directly from the metaphysis to the joint
(DorMmANs and DRUMMOND 1994). Apart from septic
arthritis, complications of osteomyelitis around the
hip include pathological fractures, slipped capital
femoral epiphysis, bone modelling deformity (coxa
magna), premature growth plate closure and chronic
infection (BETZ et al. 1990).

In infants and children, acute osteomyelitis is
usually caused by haematogenous spread. The most

J. Teh and D. Wilson

Table 10.2. Risk factors for septic arthritis

Increased risk off haematogenous seeding

¢ Simultaneous bacterial infection particularly ear and
respiratory infections in children and gonorrhoea in
adults

e Immuno-compromise including HIV disease and patients
on chemotherapy

¢ Diabetes

o Sickle cell disease

e Intravenous drug abuse

Increased risk of local infection
e Prosthetic joint
¢ Indwelling vascular catheter
o Adjacent soft tissue infection
e Rheumatoid arthritis

Inoculation
e Trauma
o Arthroscopy or recent surgery

common infective agents are bacterial. Staphylococ-
cus aureus is the commonest organism, followed by
Beta-haemolytic Streptococcus, Streptococcus pneu-
moniae and E. Coli (NELsoN 1991). Until recently
Haemophilus influenzae b (HIB) was a commonly
cultured organism but the introduction of HIB vac-
cination has led to a marked decline in cases (Bow-
ERMAN et al. 1997; LIPTAK et al. 1997). Patients with
sickle cell anaemia are particularly prone to Salmo-
nella osteomyelitis due to micro-infarctions of the
bowel wall allowing the organism to enter the blood
stream from the gastrointestinal tract (EBoNG 1987;
ADEYOKUNNU and HENDRICKSE 1980) although
they are also commonly affected by the organisms
seen in children without the haemoglobinopathy.

10.3.2
Septic Arthritis

Septic arthritis is also referred to as bacterial, sup-
purative, purulent or infective arthritis. It causes
inflammation of the synovial membrane with puru-
lent effusion into the joint capsule. In the hip the
onset of the symptoms is usually rapid with joint
irritability, intense pain, limp, non-weight-bearing
and fever.

Septic arthritis may occur at any age. In children,
it often affects those less than 3 years old, particu-
larly infants, when the diagnosis can be very difficult
as there may initially be no obvious localising signs
(SHETTY and GEDALIA 1998). Concomitant osteo-
myelitis occurs in approximately 50% of neonates
with septic arthritis, but only 20% of infants with
septic arthritis.
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In neonates and infants, Staphylococcus aureus
and gram-negative anaerobes are the main organ-
isms involved in septic arthritis (FINk and NELSON
1986). As with osteomyelitis, the incidence of Hae-
mophilus influenzae has dramatically decreased
due to widespread use of the HIB vaccine (BOWER-
MANN et al. 1997). In children aged over the age of
1 year, Staphylococcus aureus is the major cause of
infection (WELKON et al. 1986). As sexual activity
begins, Neisseria gonorrhoeae becomes a common
pathogen. Women are three times more likely to
develop Gonococcal arthritis than men (CUCURULL
and EspINOzA 1998).

Septic arthritis may have severe consequences,
resulting in avascular necrosis and femoral head
destruction, modelling deformity, ankylosis and
premature osteoarthritis (BETz et al. 1990; Dor-
MANS and DRUMMOND 1994).

10.3.3
Imaging of Osteomyelitis and Septic Arthritis

The early diagnosis and treatment of osteomyelitis
and/or septic arthritis is essential to prevent long-
term morbidity. The various imaging methods have
individual strengths and benefits.

10.3.3.1
Plain Radiographs

For patients with suspected osteomyelitis or septic
arthritis, plain radiographs should be obtained as
valuable information regarding joint morphology,
soft tissue gas, calcifications and prostheses may
be provided. It is however recognised that the plain
radiographic findings of osteomyelitis may not
manifest for 10-14 days after the onset of symptoms
(DALINKA et al. 1975; ABERNETHY and CARTY 1997;
WRIGHT et al. 1995; GasH et al. 1994; LorDp and
CARTY 1993; JoNEs et al. 1990; CARTY and OWEN
1985).

In patients with acute osteomyelitis, soft tissue
swelling with blurring or loss of the normal fat
planes may be the only sign of infection, indicating
the presence of cellulitis. After several days, local
hyperaemia and cellular infiltration of the bone
marrow results in osteolysis. Between 30%-50% of
bone mineral may need to be lost before the plain
radiograph becomes positive (JARAMILLO et al.
1995). As infection extends into the cortex cortical
destruction and periostitis can be seen. The sensitiv-
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ity of plain radiographs for osteomyelitis is quoted
as ranging from 43%-75%, with a specificity of
75%-83% (BOUTIN et al. 1998; SANTIAGO RESTREPO
et al. 2003).

Chronic osteomyelitis is present when symptoms
have been present for more than 1 month, or when
existing osteomyelitis has been inadequately treated
(WiLLis and RozENcwAIG 1996). Plain radiographs
show mottled areas of lucency due to areas of trabec-
ular resorption and cortical thickening due to estab-
lished periostitis. A draining sinus may be demon-
strated as a focal cortical defect. Dense necrotic bone
or sequestrum may also be identified on radiography.
This can persist as a focus for infection, resorbed or
discharged through a sinus tract. Involucrum is seen
as new bone formed beneath elevated periosteum that
surrounds sequestrum (Fig. 10.6).

With acute septic arthritis plain radiographs
may be completely normal or may demonstrate
widening of the joint space with soft tissue swell-
ing and blurring of adjacent fat planes (MITCHELL
et al. 1988) - findings which may be indistinguish-
able from transient synovitis in children. In a study
involving 19 children with aspiration-proven septic
arthritis of the hip, the radiograph was abnormal in
all neonates, showing widening of the joint space,
but normal in eight out of 10 over the age of 1 year

Fig. 10.6. Plain radiograph of the right hip demonstrating
chronic osteomyelitis of the proximal femur with chronic
septic arthritis of the hip. There is cortical destruction and
bony fragmentation (arrowheads) in addition to sequestrum
in the femoral shaft (arrow). The femoral head has been
destroyed and the hip is subluxed
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(VOLBERG et al. 1984). With certain organisms, par-
ticularly Escherichia coli, Enterobacter and Clostrid-
ium perfringens gas formation may be seen in the
joint and soft tissues. Joint dislocation may occur
(Fig. 10.7). If there is associated osteomyelitis, oste-
olysis and periostitis may be evident (JARAMILLO et
al. 1995; CurTiss 1973).

In more advanced stages of infection there may be
peri-articular osteoporosis and marginal or central
erosions. Subsequently the subchondral bone may
be destroyed and the joint may become subluxed or
eventually ankylosed (GREENSPAN and TEHRANZA-
DEH 2001) (Figs. 10.6, 10.8). WELKON et al showed
that complications following acute septic arthritis
were significantly associated with infection at age
less than 6 months, a delay in treatment of 4 or more
days, infection due to Staphylococcus aureus and the
concomitant presence of osteomyelitis (WELKON et
al. 1986).

10.3.3.2
Bone Scintigraphy

The three phase bone scintigraphy has a very high
sensitivity for detecting osteomyelitis and exclud-
ing infection if the plain radiograph is normal, but
it does have a relatively low specificity (Crim and
SEEGER 1994; ISRAEL et al. 1987; HOwIE et al. 1983).
Other conditions such as Perthes disease, trauma
and tumour can also produce a “hot” bone scan
(Bower et al. 1985) (Fig. 10.9a,b). In osteomyelitis
there is usually increased uptake during all phases.
Increased vascularity at the site of infection allows
early concentration of isotope whilst the bone repair
process explains the increased uptake on delayed
imaging. There is, however, a wide spectrum of find-
ings as both “cold” and “hot” abnormalities may be
present (GALPERINE et al. 2004; HANDMAKER 1980).
A “cold” spot occurs as a result of medullary throm-
bosis and compression of arteries by intra-osseous
pus (ALLWRIGHT et al. 1991).

With septic arthritis the typical finding is of
increased peri-articular uptake during all phases of
imaging (Fig. 10.10). Unfortunately the findings are
non-specific and may be seen in a variety of con-
ditions including inflammatory arthropathy and
transient synovitis. The “cold hip” sign on bone scan
is due to fluid in the hip joint under pressure causing
impaired perfusion of the structures within the joint
capsule. In a retrospective review, 22% of patients
with this sign were found to have septic arthritis at
surgery (UREN and HowMAN-GILES 1991).

]. Teh and D. Wilson

Fig. 10.7. Plain radiograph of the pelvis demonstrating dislo-
cation of the left hip joint in an IV drug user with acute septic
arthritis. Note the presence of gas in the joint (arrow)

|

Fig. 10.8. Plain radiograph of the right hip demonstrating
early ankylosis following chronic septic arthritis

10.3.3.3
Other Scintigraphic Techniques

In uncomplicated situations the three phase bone
scintigram usually suffices for detection of osteo-
myelitis. In certain situations, particularly when
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in the proximal femur

Fig. 10.10. Equilibrium phase technetium 99™ MDP bone
scintigram demonstrating increased periarticular uptake in a
patient with septic arthritis of the right hip

orthopaedic hardware is present, complementary
scintigraphic techniques may be useful (WELLMAN
et al. 1988).

Labelledleucocyte (with Indium 111 or hexameth-
ylpropyleneamine, HMPAO) imaging is a technique
capable of detecting infections at various anatomical
sites. However, the in vitrolabelling processislabour
intensive, not always available, and involves direct
handling of blood products. For musculoskeletal
infection, the need to frequently perform comple-
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Fig. 10.9. a Equilibrium phase technetium 99™ MDP bone scintigram demonstrating non-spe-
cific increased uptake in the proximal left femur in a 12-year-old girl with a Ewing’s sarcoma. b
Same patient as (a). Plain radiograph of the pelvis demonstrating a lytic intramedullary lesion

mentary marrow or bone imaging adds complexity
and expense to the procedure (Love and PALESTRO
2004). The accuracy of combined bone scintigraphy
and labelled leucocyte imaging for osteomyelitis
varies with the chronicity and location of the lesion
(SCHAUWECKER et al. 1984). Acute osteomyelitis in
the peripheral skeleton is accurately detected, whilst
chronic lesions in the axial skeleton are poorly dem-
onstrated.

Gallium 67 citrate imaging improves the accuracy
for detection of osteomyelitis by granulocyte and
bacterial uptake at the site of infection. It is however
not specific for infection with increased uptake seen
in inflammatory arthropathies and trauma (LEwIN
etal. 1986). A combination of bone scintigraphy and
gallium scanning improves the accuracy for osteo-
myelitis: if the gallium activity is greater than the
bone scintigraphy activity osteomyelitis is consid-
ered likely.

With the increased availability of MR these addi-
tional techniques are less often appropriate.

10.3.3.4
Ultrasound

As ultrasound is unable to penetrate the cortex of
bone its use in the detection of osteomyelitis is lim-
ited. Nevertheless, the diagnosis of osteomyelitis
can be made by ultrasound demonstration of subpe-
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riosteal or juxta-cortical fluid collections (HowARD
et al. 1993; ABIRI et al. 1989). HOwWARD et al. (1993)
showed three main abnormalities in children who
were shown to have osteomyelitis on ultrasound:
These were thickening of the periosteum, elevation
of the periosteum by more than 2 mm, and swell-
ing of overlying muscle or subcutaneous tissue.
However, the absence of these signs on ultrasound
examination does not exclude osteomyelitis.
Ultrasound is an excellent means of detecting
early joint effusions and synovial thickening and is
therefore the ideal means of excluding acute septic
arthritis. If an effusion is detected, aspiration is
required for diagnosis of infection as the findings
are non-specific (WILsoN et al. 1984; WiLsoN 2004)
(Fig. 10.11). It has been shown that osteomyelitis
associated with hip septic arthritis is not reliably
demonstrated by ultrasound (ZawIN et al. 1993).

10.3.3.5
Computed Tomography (CT)

Computed tomography allows excellent delineation
of the osseous structures and is very well suited to
guiding drainage or biopsy. In patients with osteo-
myelitis CT can be a useful method to detect early
osseous erosion and to document the presence of
sequestrum, foreign body, or gas formation (SAN-
TIAGO RESTREPO et al. 2003; GoLD et al. 1991; Ram
et al. 1981). The presence of intra-osseous gas is vir-
tually diagnostic for osteomyelitis (RaM et al. 1981)
(Fig. 10.12). Contrastenhanced studies are necessary
to assess soft tissue abnormalities and collections
but do not help to identify bony changes. Increased
density may be seen in the intramedullary canal fol-
lowing intravenous contrast administration but this
finding is non-specific and may also be seen with
tumours, haemorrhage, irradiation and fractures,

Femoral
head

Fig.10.11. Extended field of view ultrasound scan demonstrat-
ing a joint effusion (arrow) and increased echogenicity in the
iliopsoas muscle (arrowheads) in a 3-year-old child with septic
arthritis and pyomyositis
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as well as with infection (AL1ABADI and NIKPOOR
1994). CT has an important role in characterising
osseous lesions; in particular it can be diagnostic
for osteoid osteoma, which may mimic osteomyelitis
clinically and radiographically (Fig. 10.13).

Using CT a variety of features can be seen in
septic arthritis including effusions and abscesses.
Bone changes range from minor erosion of articu-
lar surfaces to gross destruction of the proximal
femur and acetabulum (RESNIK et al. 1987). Sinus
tracts may be demonstrated. Intravenous contrast
agents improve soft tissue contrast and may show
rim enhancement around abscesses. The presence of
gas within the hip joint is highly suggestive of septic
arthritis unless the patient has recently undergone

Fig. 10.12. CT scan of the hips demonstrating multiple foci of
intra-osseous gas in the femoral head in an adult with osteo-
myelitis

Fig.10.13. CT scan of the left hip with a coronal reformat dem-
onstrating the lucent nidus of an osteoid osteoma. The cortical
thickening alone might suggest infection
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surgery, joint puncture or traumatic dislocation of
the hip (FAIRBAIRN et al. 1995) (Fig. 10.14).

A limitation of conventional CT used to be in
the assessment of regions with metallic implants
or prostheses, due to beam hardening artefact
(SANTIAGO RESTREPO et al. 2003). However, with
advances in multislice CT and the ability to perform
3D volume rendered reformats, a significant amount
of this artefact can be eliminated allowing the rela-
tionship between the hardware and adjacent bones
to be clearly shown (PRETORIUS and FISHMAN 1999).
CT therefore has an increasingly important role to
play in the assessment of suspected prosthetic joint
infections (Fig. 10.15).

10.3.3.6
MR Imaging

MR imaging is an extremely valuable technique for
evaluating musculoskeletal infections around the
hip and has a very important role in the early diag-
nosis and staging of infections. Numerous studies
have shown the utility of MRI for detecting osteomy-
elitis in various anatomical locations (Table 10.3).
MR imaging allows exquisite characterisation
and delineation of infection of the bones and soft
tissues in multiple planes. With osteomyelitis the
bone marrow is infiltrated with oedema, pus and
inflammatory cells, leading to a loss of the normal
fatty marrow signal on T1 weighted sequence, with
ill-defined low signal intensity and high signal
intensity on T2 weighted sequences. Fat suppressed
and short tau inversion recovery (STIR) sequences
have extended the dynamic range of tissue contrast
by decreasing the interfering signal of fat on both

Fig. 10.14. CT scan of the hips demonstrating gas bubbles and
an effusion within the right hip joint in a paraplegic patient
with septic arthritis and subluxation of the femoral head. The
arrow indicates the site of a deep sinus in the buttock which
communicates with the hip
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Fig. 10.15. Three-dimensional volume rendered CT scan of a
left total hip replacement showing a good position and normal
prosthesis bone interface in a patient with a painful hip. Note
the lack of artefact from the metal prosthesis

Table 10.3. Utility of MRI for detecting osteomyelitis in various
anatomical locations

Reference Sensitivity ~ Specificity =~ Anatomic
% % location
UNGER et al. (1988) 92 96 various
ERDMAN et al. (1991) 98 75 various
MaAZUR et al. (1995) 97 92 various
HUANG et al. (1998) 98 89 pelvis/hip

T1 and T2 weighted sequences, leading to increased
conspicuity of lesions with high water content
(HUuANG et al. 1998; MORRISON et al. 1993). In chil-
dren the signal intensity of normal haemopoietic
marrow must be recognised to avoid over-diagnosis
of marrow signal change. Usually osteomyelitis is of
higher signal intensity on T2 and STIR sequences
than normal haemopoietic marrow (ABERNETHY
and CARTY 1997; JARAMILLO et al. 1995; ERDMAN et
al. 1991).

The surrounding softtissues are usuallyabnormal
in the acute phase of osteomyelitis, with oedema, loss
of the normal fat planes and collections. The corti-
cal bone can be disrupted and may return increased
signal intensity on T2 weighted and STIR sequences
(SaNTIAGO RESTREPO et al. 2003) (Fig. 10.16a,b).
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Fig. 10.16. a Coronal T1 weighted image demonstrating joint space loss and loss of the normal fatty marrow signal in a peri-
articular distribution (arrows) in a patient with acute septic arthritis, osteomyelitis and pyomyositis. Although symptoms had
only been present for 3 weeks there is flattening of the femoral head and marked joint space loss. b Same patient as in (a).
Coronal FSTIR image demonstrating a collection in the iliopsoas muscle (arrow) and extensive oedema in the muscles sur-

rounding the hip

Subacute osteomyelitis occurs when acute osteo-
myelitis progresses to intra-osseous abscess forma-
tion, otherwise known as a Brodie’s abscess. There is
usually reactive bone marrow oedema surroundinga
Brodie’s abscess reflecting hyperaemia. The internal
wall of the abscess is lined by a layer of vascularised
granulation tissue that results in a rim of increased
signal hyperintensity relative to the main abscess
contents on T1 weighted sequences, described as the
“penumbra sign” (GREY et al. 1998; TEHRANZADEH
et al. 1992). In around 50% of cases the findings
in subacute osteomyelitis may be confused with a
tumour. The differential diagnosis often includes
Langerhans cell histiocytosis, Ewing’s sarcoma and
osteoid osteoma (Fig. 10.17).

MR imaging combined with plain films can help
differentiate between acute and chronic osteomyeli-
tis (ERDMAN et al. 1991; DANGMAN et al. 1992). In
acute osteomyelitis there is no cortical thickening
and the interface between normal and abnormal
marrow is difficult to define clearly. In contrast there
is usually cortical thickening and relatively clear
definition between normal and abnormal marrow in
chronic osteomyelitis. A peripheral area of low signal
intensity (‘rim sign’) may be seen on all sequences,
corresponding to fibrous change in chronic osteo-
myelitis (ERDMAN et al. 1991). There may be areas of
fibrotic scarring in the marrow leading to low signal
intensity on both T1 and T2 weighted sequences
(Fig. 10.18a,b). Eventually there may be extensive
bony sclerosis with reduction of the marrow cavity.
Sinus tracts are often present when there is chronic

Fig.10.17. Same patient as in Fig. 10.9a,b. Coronal FSTIR image
demonstrates extensive marrow signal abnormality with
marked oedema in the surrounding soft tissues in a patient
with Ewing’s sarcoma. The findings may mimic infection but
the diaphyseal location would be unusual for osteomyelitis

infection. The use of intravenous Gadolinium DTPA
may yield further information as areas of devascu-
larised sequestration do not enhance. Furthermore
the presence of collections can be confirmed by the
presence of rim enhancement (Fig. 10.19).
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Fig. 10.18a,b. Coronal T1 weighted (a) and FSTIR (b) images demonstrating chronic osteomyelitis of the right proximal femur
with marked heterogeneity in marrow signal and extensive replacement of fatty marrow. Areas of very low signal are present
on both sequences indicating scarring and fibrosis (arrows). Associated septic arthritis has resulted in marked loss of joint

space and synovial thickening (arrowheads)

Fig. 10.19. Axial T1 weighted image demonstrating the pres-
ence of a rim-enhancing collection in the hip (arrowheads)
in a patient following a Girdlestone procedure for a primary
hip infection

MR imaging is extremely sensitive for the detec-
tion of septic arthritis with a much greater specifi-
city than either plain films or CT (UNGER et al. 1988;
RANNER et al. 1989). In the early stages of infection,
T2 weighted and STIR sequences may reveal a high
signal joint effusion or synovial thickening with-
out any marrow signal change (LEE et al. 1999). On
T2 weighted sequences, the infected joint effusion

coupled with haemorrhage may lead to an inhomo-
geneous appearance. Patchy abnormal signal inten-
sity in the peri-articular marrow can be seen on T1-
weighted and short tau inversion-recovery images
indicating reactive marrow oedema (LEE et al. 1999;
ERDMAN et al. 1991). This feature may be helpful in
differentiating transient synovitis, where there are
no marrow changes, from septic arthritis (LEE et al.
1999) although it would be unwise to depend on this
sign in alone.

In more advanced stages there may be peri-
articular soft tissue inflammation and cellulitis
and articular cartilage destruction with narrowing
of the joint space (Fig. 10.18a,b). Synovial enhance-
ment, peri-synovial oedema and joint effusions have
been shown to have the highest correlation with the
clinical diagnosis of a septic joint (KARCHEVSKY et
al. 2004).

There are certain conditions that may mimic
septic arthritis of the hip on MR and other imag-
ing methods, including rapidly destructive oste-
oarthritis, rheumatoid and seronegative arthritis,
avascular necrosis with secondary osteoarthritis
and neuropathic osteoarthropathy (BouTry et al.
2002; ROSENBERG et al. 1992). Ultimately biopsy or
aspiration is necessary for a definitive diagnosis
(Fig. 10.20).
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Fig. 10.20. Rapidly destructive osteoarthritis of the hip. Coro-
nal T1 weighted image demonstrating severe erosion of the
femoral head (arrow) with marked synovial thickening in an
elderly man with a rapidly progressive arthropathy. Biopsy of
the joint revealed no infection or crystals

10.3.4
Pyomyositis

Pyomyositis is an infectious disease of the skeletal
muscle with a wide range of symptoms including
pain, fever and swelling. As muscle is normally rela-
tively resistant to infection it is a condition more
often encountered in the Tropics, and in immuno-
compromised patients and those with diabetes
(SPIEGEL et al. 1999; TRUSEN et al. 2003). When it
involves the muscles around the hip it may mimic
a number of conditions including septic arthritis,
osteomyelitis and Perthes disease (WoNG et al.
2004). Pyomyositis may spread from the muscle to
involve the adjacent hip joint, resulting in septic
arthritis and osteomyelitis (FREEDMAN et al. 1999;
Jou et al. 2000).

On plain radiographs soft tissue swelling with
blurring of the deep fat planes may be observed, but
the diagnosis usually requires cross-sectional imag-
ing (TRUSEN et al. 2003). Ultrasound demonstrates
swelling of the involved muscle with altered echo-
genicity, with either increased or inhomogeneous
echotexture (Fig. 10.11). Low echogenicity areas may
be seen at sites of fluid collection or abscess forma-
tion.

With CT focal muscle swelling with well-defined
area fluid collections may be seen, the latter dem-
onstrating rim enhancement following intravenous
contrast (Fig. 10.21). CT may not fully delineate the
extent of abnormality unlike MR imaging which is
the investigation of choice.

Using MR imaging the involved muscles are
hyperintense on T2 weighted and STIR images,
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Fig.10.21. Contrast enhanced CT scan of the hips demonstrat-
ing septic arthritis of the right hip with extensive pyomyosi-
tis in the surrounding muscles, including obturator internus
(arrowheads). Note the presence of mild rim enhancement of
the intramuscular abscesses and the presence of intra-articu-
lar gas

with focal areas of homogeneous signal represent-
ing fluid collections (Fig. 10.16a,b). On T1 weighted
images the affected muscle may be slightly higher
signal than uninvolved muscle due to haemor-
rhage. Rim enhancement of fluid collections may
be seen following intravenous Gadolinium DTPA
(TRUSEN et al. 2003). There is usually inflammatory
change in the fascial planes with reticulation of the
subcutaneous tissue indicating cellulitis. Similar
findings may be encountered in trauma, post-viral
or auto-immune myositis and diabetic myonecro-
sis (Fig. 10.22). The latter typically presents with
sudden onset of extreme pain but the patients are
often afebrile and blood tests do not indicate sepsis
(STRUK et al. 2001).

10.3.5
Necrotising fasciitis

Necrotising fasciitis is a rare, rapidly progressive,
often fatal infection which causes extensive necro-
sis of the subcutaneous tissues, fascial planes and
muscle. The patients are often immunocompro-
mised and present very rapidly with severe pain,
limb swelling and septic shock. Prompt surgical
debridement is essential, in addition to intravenous
antibiotics (SIMONART 2004). The condition may
initially be mistaken for simple cellulitis.

Plain radiographs may show loss of the deep fat
planes. Ultrasound usually demonstrates cellulitis
with additional finding of fluid in the deep fascial
planes. On CT there is thickening of the deep fascia
with loss of the fat planes. Muscle swelling small
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Fig. 10.22. Axial T2 fat-saturated image demonstrating exten-
sive high signal within the muscles surrounding the left hip
in a patient with a non-infective inflammatory myositis fol-
lowing a viral infection

gas bubbles and deep collections may also be seen
(WaLsHAW and DEANs 1996). On MR imaging T2
weighted and STIR images show increased signal
intensity in the subcutaneous tissues, deep fascia
and muscles (STRUK et al. 2001) (Fig. 10.23). If imag-
ing cannot be performed expeditiously, treatment
should not be delayed as the condition may progress
quickly and is associated with a high mortality
rate.

Fig. 10.23. Coronal STIR image of the left hip in a child with
septic arthritis and necrotising fasciitis. There is a joint effu-
sion (arrow) and high signal within the deep fascial planes of
the right thigh indicating extensive oedema and fluid
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1.1
Historical Background

It is a rather surprising historical fact that the con-
dition now often simply called Perthes’ disease was
independently described in the same year 1910, by
three people: Arthur Thornton Legg (1874-1939),
an American surgeon from Boston, Jacques Calve
(1875-1954), a French orthopaedic surgeon from
Berck, and Georg Clemens Perthes (1869-1927), a
German surgeon from Tiibingen. Calve described
some of the early clinical and radiological features,
and Legg is best known for publications on coxa
plana. Perthes’ disease is therefore more correctly
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termed Legg-Calve-Perthes syndrome and occurs as
a consequence of idiopathic avascular necrosis of
the proximal femoral epiphysis.

11.2
Clinical Features

11.2.1
Epidemiology

Perthes’ disease mainly affects Caucasian children
between 3-12 years of age, primarily 4-8 years, with
boys affected about four times more frequently than
girls (GUILLE et al. 1998). Bilateral involvement is
present in up to 20% of children, but is usually asym-
metrical (Fig. 11.1). There is a familial incidence of
about 10%. The condition tends to affect children of
lower social classes, and there is a strong association
with unemployment and low income. There is also a
link to low birth-weight and other deprivation mea-
sures (MARGETTS et al. 2001). The incidence in the UK
is about 7 per 100,000, but in some areas has risen to
as high as 25 per 100,000 (HALL et al. 1983).

Fig.11.1. Frontal radiograph of the pelvis showing typical
bilateral asymmetrical changes of Perthes’ disease
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11.2.2
Symptoms and Signs

The clinical features will vary depending on the age
of the child, stage of disease and extent of involve-
ment of the femoral head, but usually the child
presents with an intermittent limp, which may be
painful and made worse with activity. The pain is
generally in the hip, groin or inner thigh, but may
be referred to the knee via the femoral, sciatic or
obturator nerves.

Clinical examination will show an antalgic gait,
with reduced and painful hip movement, especially
internal rotation. There may be limited abduction
(hinge abduction), made worse when the hip is
flexed. Passive flexion of the hip may also result
in external rotation, a feature known as Catterall’s
sign (CATTERALL 1971; SCHLESINGER and CRIDER
1988).

Some children will also show signs of delayed
skeletal maturation and growth, with small feet
being a particular feature (HALL et al. 1988).

11.3
Pathophysiology

11.3.1
Physiology of the Developing Femoral Head

In attempting to understand the pathophysiology of
Perthes’ disease, it is important to have an under-
standing of the normal development of the blood
supply to the femoral head, since there is certainly
evidence to suggest that vascular events have an
important role in it’s onset.

Initially, in the fetus, the femoral head is sup-
plied by three groups of vessels; metaphyseal ves-
sels, lateral epiphyseal vessels in the retinaculum
along the femoral neck and a small supply from
the ligamentum teres. With increasing age, the
metaphyseal blood supply diminishes and by about
the age of 4 is negligible. Conversely the supply via
the ligamentum teres increases and becomes sig-
nificant by about 7 years. For the period between
4-7 years, the ages at which Perthes’ disease is
commonest, the blood supply may depend entirely
on the lateral epiphyseal vessels. This reliance on
a single group of vessels makes the femoral head
particularly susceptible to vascular events at this
time (SALTER 1984).
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11.3.2
Aetiology

A number of studies have shown links between
abnormal vascular supply to the femoral head and the
onset of Perthes’ disease. From an arterial perspec-
tive, a transient avascular episode has been produced
in an immature porcine model resulting in Perthes’
like changes, and although angiography is no longer
considered a routine imaging modality for the inves-
tigation of Perthes’ disease, it has shown obstruc-
tion of the superior capsular arteries and decreased
flow in the medial circumflex femoral and associated
arteries in Perthes’ affected hips (DE CAMARGO et al.
1984; THERON 1980). Other studies have shown the
importance of venous drainage in the development of
Perthes’ disease. A poorly developed venous drainage
can result in increased metaphyseal pressure and is
a poor prognostic sign (HEIKINEN et al. 1980). Coag-
ulation abnormalities have also been implicated in
the development of Perthes’ disease, although this
area is still rather contentious. Some authors have
suggested familial thrombophilic-hypofibrinolytic
disorders have a role (ELDRIDGE et al. 2001) with one
study finding 75% of children with abnormalities
(GLUECK et al. 1996). Conversely other studies have
not found this relationship, although have identified
slightly prolonged activated partial thromboplastin
time (KEALEY et al. 2000). Reduced levels of man-
ganese in the blood have also been noted in some
children with Perthes’ disease, although why this is so
is unclear (HALL et al. 1989; PERRY et al. 2000).

Hip effusions have long been implicated in the
development of Perthes’ disease with experimental
evidence suggesting they decrease vascular supply
(KeMP et al. 1971) and thereby produce ischaemia.
In the susceptible hip, this may be sufficient to pre-
cipitate avascular necrosis, but it is believed that
repeated events are necessary rather than a single
episode. With Doppler ultrasound, the resistive
index of the anterior ascending cervical arteries of
the hip in the presence of an effusion has been shown
to be raised, and correlated with the size of the effu-
sion (ROBBEN et al. 2000), although the direct rela-
tionship with Perthes’ disease was unproven.

11.3.3
Pathological Stages and Natural History

In histopathological terms, Perthes’ disease goes
through four stages which take between 2 to 4 years
to complete:
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Stage 1: Ischaemia/necrosis

During the initial stage of ischaemia and necrosis,
all or part of the bony femoral head is affected,
and the head dies. Although there is no further
growth of the affected bony femoral head for the
next 6-12 months, the cartilaginous component
of the head remains supplied by nutrients via dif-
fusion and continues to grow.

Stage 2: Fragmentation/resorption
During the second stage, which lasts between
12 and 17 months, fractures may appear in the
dead bone, especially in the subchondral region.
New bone is laid down, the head becomes hyper-
aemic and revascularised and bone resorption
occurs producing some cystic elements.

Stage 3: Reossification/resolution

The bony femoral head begins to reossify, gen-
erally at the margins of the epiphysis, so-called
paraphyseal ossification, but occasionally this
process crosses the physis resulting in a bony
bridge and growth arrest. This process com-
bined with remodelling may take between 6 and
24 months.

Stage 4: Remodelling

Ifrevascularisation and repair are prompt, the fem-
oral head may retain its normal shape. However,
stresses on weakened areas may lead to further
flattening and fragmentation, and if the growth
plate is affected this will affect subsequent develop-
ment, with distortion or arrest. Hypertrophy of the
cartilaginous head may also occur, and any altera-
tion in the normal bony architecture may result in
early degenerative change in the long term.

11.3.4
Classification

A number of classification systems have been used
in Perthes’ disease, and these have largely relied on
radiographic features. Furthermore new systems
continue to be developed and refined (JoserH et al.
2003), but the fact that there are a number of systems
in use highlights that none is perfect, and that there
is considerable inter- and intra-observer variability.
A number of studies have looked specifically at this
issue, giving conflicting results (Acus et al. 2004;
GIGANTE et al. 2002; LAPPIN et al. 2002; PODESZwWA
etal. 2000; W11G et al. 2002). What seems important
is that the user of any of the systems is aware of its
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limitations and is not too reliant upon any one. In
general, the bony femoral head must have begun to
fragment and collapse before classification can be
performed. Classification systems in common usage
are noted below.

11.3.4.1
Catterall Classification

This is the more traditional method of classifica-
tion devised in 1972, but is subject to a large degree
of inter- and intra-observer error. There are four
groups described. In group 1, the epiphysis retains
it’s height, the anteromedial portion of the head is
involved, but the metaphysis and epiphyseal plate are
spared. In group 2, up to 50% of the head is involved
with sclerosis and fragmentation, there may be a
central area of collapse, but the uninvolved areas act
as buttresses and are able to maintain the femoral
head height. There may be localised metaphyseal
reaction. In group 3, most of the head is involved
and there is insufficient normal bone to support the
head, so it collapses. There is more diffuse metaph-
yseal resorption. In group 4, the worst group, the
entire head is involved and collapse occurs early
with sclerosis and extensive metaphyseal change.
The epiphyseal plate is frequently involved.

11.3.4.2
Herring Classification (HERRING et al. 1992)

This system compares the height of the lateral por-
tion of the epiphysis, the lateral pillar, to the height of
the contralateral epiphysis, and is therefore useful in
the fragmentation/collapse stage. The femoral head
isdivided into three parts on the AP radiograph. The
appearances are divided into three groups. Group A
shows no collapse of the lateral pillar, group B up to
50% loss and group C greater than 50% loss of height
(HERRING et al. 1992).

11.3.4.3
Salter-Thompson Classification

A simpler system, dividing the appearances into two
groups, stage A in which the lateral portion of the
head is present and less than 50% of the head is
involved, and stage B in which the lateral portion
of the femoral head is absent and more than 50% of
the head is affected.
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11.3.4.4
Stulberg Classification

This system categorises the appearances after the
disease process is complete and attempts to pre-
dict likely long-term outcomes with respect to the
likelihood of development of osteoarthritis (see
Sect. 11.7).

11.4
Imaging Findings

11.4.1
Radiography

The diagnosis of Perthes’ disease is often sus-
pected from radiography and the initial examina-
tion should include an AP view of the pelvis and
frog-lateral view of the hips (Table 11.1). In the early
stages when all or part of the femoral head becomes
dead, the X-ray is normal. The earliest anatomical
abnormality is usually a non-specific effusion of the
hip joint, best demonstrated with ultrasound. Plain
radiography is not a sensitive method of detecting
early effusions, but widening of the medial aspect
of the hip joint may be suggestive of fluid. As the
bony femoral head stops growing, but the cartilagi-
nous component remains viable, there may also be
an increase in the apparent joint space and minor
subluxation, Waldenstrém’s sign.

As the disease progresses, a subchondral fracture
may occur in the anterolateral aspect of the femoral
capital epiphysis, and is an early radiographic fea-
ture best seen on the frog-lateral projection. This
produces a crescentic radiolucency known as the
crescent, Salter’s or Caffey’s sign (Fig. 11.2). It has
been suggested that the extent of this subchondral
fracture line is a better predictor of the final out-
come of necrosis than MR signal change (SoNG et al.
1999). As new bone is laid down there is increased
sclerosis resulting radiographically as increased
bone density (Fig. 11.3). Simultaneously increased
blood flow and revascularisation occurs which leads
toboneresorption, rarefaction and cyst formation. A
focal area of resorption in the superolateral aspect of
the femoral head may occur leading to a ‘v’-shaped
defect known as Gage’s sign, which is thought to be
an indicator of poor prognosis.

With further progression there is more fragmen-
tation and sclerosis of the epiphysis with collapse of
the head (Fig. 11.4). Metaphyseal, ill-defined, focal
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Table 11.1. Radiographic features

¢ Normal appearances

e Widening of the joint space and minor subluxation

e Subchondral crescentic lucency

e Sclerosis

e Fragmentation and focal resorption

e Loss of height

e Metaphyseal cyst formation

e Widening of the femoral neck and head (Coxa Magna)
e Lateral uncovering of the femoral head

e Sagging rope sign

e Acetabular remodelling

Fig. 11.2. Crescent sign. Frontal view of the right hip shows a
subchondral fracture

Fig. 11.3. Sclerosis of the epiphysis and widening of joint space
in the early stages of Perthes’ disease
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Fig. 11.4. Fragmentation of the femoral capital epiphysis

radiolucencies may also develop (Fig.11.5), espe-
cially anterolaterally adjacent to the physis and usu-
ally described as metaphyseal cysts. Occasionally
these are predominant features and they may have an
important role in the development of growth distur-
bance (K1m et al. 2004). As reossification occurs, phy-
seal involvement may produce focal bony bars across
the physis itself which result in growth arrest.

In the latter stages, as remodelling occurs, the
subsequent shape of the femoral head is determined
by the severity and extent of disease. With mild dis-
ease and rapid revascularisation, the features may
completely resolve and the head retains it’s normal
shape, but the more severe examples will result in
a permanent modelling deformity with a flattened,
distorted femoral head and a wide short neck.
Clearly focal physeal fusions will distort the head
and altered stresses across the growth plate will
contribute further to abnormal growth patterns.
This, combined with continued growth of overly-
ing epiphyseal cartilage, leads to coxa magna with
the epiphysis gradually becoming flatter and wider
(Fig. 11.6). Lateral displacement of the cartilagi-
nous head results in uncovering and potential hinge
movements of the joint, another important prog-
nostic sign which ultimately may predict premature
degenerative change. A common late finding on the
anteroposterior radiograph in a mature hip with
Perthes’ disease is the ‘sagging rope sign’ (APLEY
and WEINTROUB 1981). This a curvilinear sclerotic
line running horizontally across the femoral neck
which three-dimensional computed tomography
studies have confirmed represents the margin of the
femoral head (Kim et al. 1995), not a growth arrest
line or the distal margin of metaphyseal rarefaction
as previously suggested.

Fig.11.5. Metaphyseal
neck

cyst formation within the femoral

Fig.11.6. Later stages with widening of the femoral neck, and
fragmentation and collapse of the epiphysis

In addition to the changes occurring in the femo-
ral head, secondary acetabular changes also occur
including osteopaenia, irregularity of contour and a
decrease in depth (MADAN et al. 2003).

11.4.2
Ultrasound

Ultrasound is the most readily available and prac-
tical method of demonstrating a hip effusion in
Perthes’ disease, although the finding is not spe-
cific and more commonly due to transient syno-
vitis of the hip (Table 11.2). Typically an echo-free
effusion is identified beneath the joint capsule ante-
rior to the femoral neck. It is important that both
hips are scanned in the same position to reduce
measurement errors. Hip effusions persisting for



164

Table 11.2. Ultrasound features

o Effusion, especially if persistent

e Synovial thickening

e Cartilaginous thickening

e Atrophy of the ipsilateral quadriceps muscle

o Flattening, fragmentation, irregularity of the femoral head
e New bone formation

e Revascularisation with contrast enhanced power Doppler

more than a couple of weeks should raise the sus-
picion of Perthes’ disease (EGGL et al. 1999). With
more chronic presentations there may also be some
thickening of the joint capsule itself and also the
articular cartilage. Using three criteria combined,
widening of the anterior recess, cartilage thickening
and atrophy of the ipsilateral quadriceps muscle,
considerably improves the specificity and positive
predictive value for the diagnosis of Perthes’ disease
(99% and 95%, respectively; ROBBEN et al. 1998).
Irregularity, flattening and fragmentation of the
femoral capital epiphysis may also be visible, and
in thelater healing stages new bone formation can be
detected earlier than on radiographs. More recently
contrast-enhanced power Doppler ultrasound has
been used to evaluate the revascularisation process
of the femoral head with some success (DoR1A et al.
2002). Whether this technique will be useful in the
long term is yet to be confirmed.

11.4.3
Computed Tomography

Computed tomography (CT)assessment of chil-
dren with Perthes’ disease is generally restricted
to pre-operative planning in those with severe dis-
ease and modelling deformity. Three-dimensional
reconstructions enable the surgeon to map out the
approach to femoral and innominate bone osteot-
omy in a similar fashion to that used for hip dys-
plasia (Frick et al. 2000; Kim and WENGER 1997;
LEE et al. 1991). Assessment of the precise degree
of angulation of the femoral neck is useful for the
surgeon and can be obtained readily. Additionally,
it is recognised that a small number of children with
Perthes’ disease (between 2%-4%), may develop
osteochondritis desiccans, and CT has been shown
to be useful in demonstrating the extent, degree,
stability and location of free fragments in these chil-
dren (Rowe et al. 2003). The role of CT includes:
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e Pre-operative assessment

e Three dimensional assessment of the modelling
deformity

e Assessment of the degree of anteversion of the
femoral neck

¢ Identification of osteochondral fragments

11.4.4
Magnetic Resonance Imaging

There are a number of important additional chal-
lenges to be addressed when performing magnetic
resonance imaging (MRI)in children compared to
adult practise. Firstly is the consideration of the
need for sedation, anaesthesia and patient moni-
toring, which depends on local expertise and prac-
tise. Secondly is the understanding of the normal
appearances of the developing skeleton, especially
the changes in the normal cartilaginous head and
bone marrow signal. In the young child, the metaph-
ysis and diaphysis of the femur are composed of
red marrow, showing as low signal on T1-weighted
sequences. The cartilaginous head is of intermediate
signal, but the ossification centre once it develops
contains fatty marrow which appears as high signal
on Tl-weighted sequences, low signal on fat-sup-
pressed and T2-weighted sequences. With time the
red marrow signalin the proximal femur is gradually
replaced with fatty marrow, but into adolescence,
the highest marrow signal on T1-weighted is seen in
the normal epiphysis and greater trochanter.

With respect to technique, generally both hips
require imaging in Perthes’ disease in view of the
relative common occurrence of unrecognised bilat-
eral disease. Coronal T1l-weighted and transverse
T2-weighted spin-echo or fast spin-echo images are
generallyrequired asaminimum with the FOV based
on patient size. There is some evidence to suggest
T1-weighted sequences are as good as T2-weighted
in assessing the extent of necrosis (HOCHBERGS et al.
1997). Gradient-echo sequences are useful for fine
detail, and T2-weighted fat-suppressed sequences
help to define the articular cartilage. Contrast
administration may help to define early ischaemic
change and the synovium, but on a practical note,
if contrast is to be administered, venous access is
best sought prior to administering any sedation. MR
arthrography is not routinely performed in children,
a reflection of the need to minimise invasiveness in
paediatric practise.

Both MRI and skeletal scintigraphy are more
sensitive than radiographs in the early detection of
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avascular necrosis. MR imaging has been shown to
demonstrate the extent of necrosis better than pin-
hole scintigraphy (Uno et al. 1995). Clearly MRI has
the advantage of providing detail on bone and soft
tissue anatomy, but it is important to appreciate the
developing hip contains a much greater cartilagi-
nous component and that the marrow signal changes
with age (Fig.11.7) (Bos et al. 1991; HENDERSON
et al. 1990; JoHNSON et al. 1989; KANIKLIDES et al.
1995; MITCHELL et al. 1986; PINTO et al. 1989). False-
negative scans can occur however, particularly in
the very early stages of disease when fat signal may
be preserved (ELsIG et al. 1989).

The signal changes seen on MRI reflect the
underlying pathological processes and stage of the

Fig.11.7. Coronal T1-weighted sequence shows bilateral
changes of Perthes’ disease, with a central area of infarction
in the right femoral capital epiphysis and more advanced
changes on the left with generalised loss of height and widen-
ing of the femoral neck

F
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disease. In the early stages of infarction, the bright
signal of the normal yellow marrow in the femoral
capital epiphysis is replaced by lower signal inten-
sity on both T1-weighted and T2-weighted sequences
(Fig. 11.8a). This signal change may be patchy or dif-
fuse. Signal change may also involve the metaphy-
seal region. Once infarction is complete the epiphy-
sis appears very low signal on both sequences. Fluid
within the hip joint shows as typical high signal
on T2-weighted sequences. Fat-suppressed (STIR)
images useful to identify bone oedema (Fig. 11.8b)
and contrast enhancement may identify viable bony
fragments (MAHNKEN et al. 2002). The state of
synovial thickening can be assessed on T2-weighted
sequences and has been correlated positively with
the severity of disease (HOCHBERGS et al. 1998).
Clearly with time, further structural changes may
also develop. As healing progresses, the signal inten-
sity will be restored to normal, although structural
changes may persist depending on the severity and
extent of the disease. Bone bridges crossing the physis
are a strong predictor of abnormal growth and can
be detected more readily with MR than radiography
(JARAMILLO et al. 1995). Progress can be monitored
with MR and the restoration of normal signal inten-
sity may take up to 6 years (HOCHBERGS et al. 1997).
MR imaging is more accurate in defining the
extent of involvement of the femoral capital epiphysis
than radiography and classification of MR appear-
ances has been attempted and correlates with radio-
graphic extent of disease (HOCHBERGS et al. 1997).
Using the proposed system, the femoral head is
divided into four zones; two central, two peripheral
with one medially and one laterally. The peripheral
areas tend to be involved with severe disease and

Fig.11.8. a Coronal T1-weighted sequence shows complete low of signal from the right femoral capital epiphysis with some
loss of height. The left femoral head is normal. b Coronal STIR sequence shows low of signal from the central portion of the
femoral head, oedema in the femoral neck and medial aspect of the epiphysis and a joint effusion
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are also the site of revascularisation. In Catterall
group 1 classified disease, the medial zone is never
involved, in groups 3 and 4, the entire epiphysis is
affected. The closest correlation between the MR
appearances, as evidenced by reduced signal inten-
sity on T1-weighted and T2-weighted sequences, and
the Catterall classification occurs when imaging is
performed 3-8 months after the onset of symptoms
(Bos et al. 1991; LAHDES-VASAMA et al. 1997).

Dynamic gadolinium-enhanced subtraction MRI
has also been shown to improve the detection of
epiphyseal ischaemia and analysis of the revascu-
larisation patterns (LAMER et al. 2002; SEBAG et al.
1997). The mechanical effect of loss of congruity of
the femoral head in the acetabulum has tradition-
ally been assessed with contrast arthrography, often
immediately prior to surgery. However dynamic
multipositional imaging with an open MR system
has been used successfully to assess the potential
for hinging of the femoral head and associated con-
gruity using fast spin-echo T2-weighted sequences
(JaraMmILLO et al. 1999). The technique was com-
parable to contrast arthrography, although it was
less successful in assessing deformity. MR has also
been shown to be useful in the assessment of sagit-
tal and coronal congruity, and has shown that even
if coronal congruity is impaired, sagittal sphericity
is preserved (Yazicr et al. 2002). The following list
summarises changes on MR imaging:

Femoral capital epiphysis

e Reduction in signal on T1- and T2-weighted
images

e Central changes initially, peripheral with more

severe disease

Small bony femoral capital epiphysis

Flattening

Fragmentation

Enhancement of revascularising areas

Congruity of head with acetabulum

Metaphysis

e Bone oedema (STIR)

e Reduction in signal on TI- and T2-weighted
images

e Cyst formation

Hip joint

e Synovial thickening

¢ High signal on T2-weighted sequences reflected
joint fluid

e Pooling of fluid medially with incongruous
joints
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11.4.5
Bone Scintigraphy

Bone scintigraphy is sensitive to Perthes’ disease,
especially in the early infarction stage when the
femoral head shows focal or complete photopenia
(Fig. 11.9) (KANIKLIDES et al. 1996). With recovery
and revascularisation, the head may be restored to
an isopaenic and even hyperintense appearance.
Some prognostic information can be obtained by
assessing the pattern of revascularisation of the fem-
oral head with scintigraphy (Conway 1993; COMTE
etal. 2003). Differentiating recanalisation from neo-
vascularisation has prognostic significance. Reca-
nalisation of existing vessels occurs within weeks
to months, whereas neovascularisation may take
years and reflects a more severe underlying pro-
cess requiring the development of new vessels. As
scintigraphy relies mainly on perfusion and bone
metabolism, the processes of recanalisation and
neovascularisation have different and characteristic
appearances. Recanalisation is reflected as visuali-
sation of the lateral column and is associated with
a good prognosis. Conversely, neovascularisation
shows basal filling and mushrooming and is associ-
ated with a poor prognosis. SPECT images have also
been used to assess the extent of epiphyseal necrosis
(OsHIMA et al. 1992).

11.4.6
Arthrography

The role for arthrography in Perthes’ disease lies
in three areas; the assessment of congruity of the

Fig.11.9. Bone scintigraphy demonstrating complete photo-
penia in the right femoral capital epiphysis consistent with
Perthes’ disease. The left hip is normal
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femoral head within the acetabulum, the dynamic
evaluation of hip mechanics (hinging; Fig. 11.10)
and delineation of deformity of the femoral head.
Often arthrography is performed immediately
prior to surgery, when a dynamic evaluation helps
to determine the nature of the subsequent proce-
dure (Fig. 11.11). MR has been shown to be as infor-
mative as arthrography and has largely replaced
arthrography in static hip assessment, in view of its
non-invasive nature, improved anatomical defini-
tion and use of non-ionising radiation (EGUND and
WINGSTRAND 1991; HOCHBERGS et al. 1994; KAN-
IKLIDES et al. 1995). However, for many orthopae-
dic surgeons, the dynamic nature of arthrography
means that it remains a practical tool for immedi-
ate pre-operative assessment of the hip. This may
change with the development of MR techniques that
allow more dynamic evaluation (JARAMILLO et al.
1999; WEISHAUPT et al. 2000).

During a dynamic study, the presence of con-
trast pooling confirms loss of congruity and typi-
cally occurs medially within the joint, but it may
be reduced or effaced with hip abduction. Arthrog-
raphy has traditionally been used to determine of
the degree of corrective abduction required during
proximal femoral osteotomy. Hinging occurs when
there is failure of movement of the lateral aspect
of the femoral head under the acetabulum during
internal rotation or abduction. It frequently occurs
around an unossified portion of the femoral head,
which is difficult to detect on radiographs, but is
clearly shown with arthrography (REINKER 1996).
Again this information can help the surgeon deter-
mine the degree of corrective angulation required
with a proximal varus femoral osteotomy and the
need for innominate surgery. Lateral subluxation of
the hip due to thickening of the ligamentum teres,
which has been suggested as an important cause for
early subluxation, may also be detected on arthrog-
raphy (KAMEGAYA et al. 1989).

The technique of arthrography is described else-
where, but in general terms an anterior approach is
usually appropriate, although an inferior approach
can be used.

11.5
Differential Diagnosis

The differential diagnosis of avascular necrosis of
the hip, one of which is Perthes’ disease, is described
elsewhere. It is worth noting however that subse-
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Fig. 11.10. Flattening of the femoral head predisposes the head
to ‘hinging’ during movement

Fig. 11.11. Pre-operative arthrogram showing pooling of con-
trast medially and confirming loss of congruity

quent investigation should be considered slightly
differently if bilateral disease is confirmed, focus-
ing more on metabolic or systemic causes or skel-
etal dysplasias. Epiphyseal dysplasias particularly
can cause confusion, but the key here is that the
appearances are generally bilateral and symmetri-
cal, which would be unusual in Perthes’ disease
(Hesse and KoHLER 2003). In the milder, localised
form of multiple epiphyseal dysplasia, Meyer’s dys-
plasia, which is a close mimic of Perthes’ disease,
there is delay in the appearance of the ossific nuclei
of the femoral heads which may appear fragmented,
but later development is normal.

The lists below should not be considered exhaus-
tive.
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Differential diagnosis of unilateral Perthes’ disease:
Transient synovitis

Septic arthritis

Spondyloepiphyseal dysplasia tarda

Sickle cell disease

Gaucher’s disease

Eosinophilic granuloma

Differential diagnosis of bilateral Perthes’ disease:
e Hypothyroidism

e Multiple epiphyseal dysplasia

¢ Spondyloepiphyseal dysplasia tarda

o Sickle cell disease

11.6
Treatment

Treatment is based around the relief of symptoms
and the maintenance of the normal shape of the
femoral head within a normal acetabulum with the
long term goal to prevent the development of pre-
mature osteoarthritis.

11.6.1
Acute

Acute treatment includes bed rest, skin traction and
non-steroidal anti-inflammatory drugs until irrita-
bility subsides. This usually takes about 3 weeks.

11.6.2
Long Term

Once the acute symptoms have resolved, the treat-
ment options include ‘supervised neglect’, where
normal activities are resumed supplemented with
regular reviews, or ‘containment’, where the aim is
to prevent lateral displacement of the femoral head
and maintain its position within the acetabulum. If
symptoms or signs return in a ‘supervised’ patient,
containment is commenced.

Containment can be by conservative or surgical
means and is thought to improve the sphericity of the
hip (GRZEGORZEWSKI et al. 2003). Conservative treat-
mentinvolves the use of abduction splints, broomstick
or brace, but there is some controversy as how useful
this is and how long treatment should last (MARTI-
NEz etal. 1992). Surgical treatment includes the use of
pelvic and femoral osteotomy (Fig. 11.12). The femo-
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ral osteotomy involves decreasing the varus angula-
tion of the femoral neck with or without a derotation
procedure to reduce anteversion and extension. The
pelvic osteotomy increases coverage of the femoral
head. Pre-operative planning may involve the use of
dynamic arthrography and computed tomography,
although the role of MR is developing as described
above. Using the Catterall Classification, patients in
group one require no treatment beyond symptom-
atic relief. In groups 2 and 3, no treatment is required
under 7 years of age, unless there are ‘head at risk’
signs (see Sect. 11.7). If the child is over 7 years or has
‘head at risk’ signs, containment is recommended for
6-12 months or until there is recalcification of the
femoral head. Children in group 4 require contain-
ment. The Herring classification suggests children
under 6 years are observed. Between 6 and 8 years,
children in group A and group B with a bone age less
than 7 years can also be observed. Group B with an
older bone age than 7 years and group C children
require containment. Most children with changes
when older than 8 years are in groups B and C and
will require surgery (HERRING 1994).

1.7
Prognosis

Studies on the natural history of Perthes’ disease
based on the radiological appearance at maturity
have suggested that both the sphericity of the fem-
oral head and especially congruity are important
predictors of outcome (Fig. 11.13). Three types of

Fig.11.12. Frontal view of the pelvis following proximal
femoral osteotomy for established Perthes’ disease. Note the
increased varus angulation and the long-standing acetabular
changes
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Fig. 11.13a,b. Bilateral changes of Perthes’ disease (a) with appearances six years later (b). There has been subsequent restoration
of femoral head ossification, but with associated modelling changes, more marked on the left

Table 11.3. Stulberg’s classification of end result

Congruity ~ Class Appearance End result®

group

Spherical I Entirely normal Nil 1I Spherical, coxa Nil

congruity magna, short neck

Aspherical  III Elliptical head Mild to moderate OA IV Flat femoral head Mild to moderate OA
congruity and flat acetabulum

Aspherical V Flat femoral head and  Severe OA < 50 years

incongruity round acetabulum

2End result is measured in terms of predisposition to the development of osteoarthritis (OA).

congruity have been described and grouped into a
total of five subgroups in association with spheric-
ity (Table 11.4, STULBERG et al. 1981). Those hips
showing the greatest loss of sphericity and the most
incongruity, not surprisingly, have the worst prog-
nosis, with a tendency to develop severe osteoarthri-
tis before the age of 50 years. The degree of sphe-
ricity can be assessed by using rings of increasing
diameter (2 mm increments, MoSE et al. 1977). If the
head conforms to a single ring in two planes, there
is a good prognosis, but if the shape varies from
a perfect circle by more than 2 mm in any plane
the outcome may be poor. Clearly lesser degrees of
asymmetry result in lesser degrees of severity.

A number of other features, termed ‘Head at risk’
signs (see Table 11.4), have also been identified, both
clinical and radiological, which are linked to a poor
prognosis.

It is also worth noting that bilateral disease gen-
erally undergoes a more severe course than unilat-
eral disease (VAN DEN BOGAERT et al. 1999) and that
girls with Perthes’ disease have similar outcome to
boys (GUILLE et al. 1998). Although young children

Table 11.4. Head at risk signs

Clinical features:

e  Progressive loss of movement
e Adduction contractures

e Flexion in abduction

e Heavy child

Radiological features:

e Lateral subluxation of the femoral head (head partially
uncovered)

e Entire femoral head involved

e Calcification lateral to the epiphysis
e  Metaphyseal cysts

e Gage's sign

e Horizontally orientated physis

(under 5 years) developing Perthes’ disease are gen-
erally considered to have a good prognosis, this is
not always the case (FABRY et al. 2003). Older chil-
dren (> 8 years) tend to need surgical containment
(GRASEMANN et al. 1997).
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12.1
Introduction

Slipped upper femoral epiphysis (SUFE) is usually a
disease ofadolescent teenagers. Diagnosticand treat-
ment options are constantly evolving, partly driven
by advances in imaging and therapeutic techniques,
partly by a better understanding of its pathology and
partly by studies of long-term outcome of treatment
methods. This chapter briefly reviews the underly-
ing pathological changes and clinical presentation
before describing in more detail the imaging diag-
nosis, treatment options, complications and their
relevance for imaging follow up.

B.J. Tins, MD; V. N. Cassar-PuLLiciNo, MD, FRCR
Department of Diagnostic Radiology, Robert Jones & Agnes
Hunt Orthopaedic Hospital, Oswestry, Shropshire, SY10 7AG,
UK

12.2
Epidemiology and Pathology

12.2.1
Epidemiology

The incidence of SUFE varies widely between races
(LoDER 1996a). Absolute numbers therefore need to
be interpreted with knowledge of the racial composi-
tion of the examined patient population. For white
children in the United States an annual incidence
of 3.19 per 100000 is quoted based on articles from
the early 1970s (KELSEY et al. 1970; KELSEY 1971). In
comparison the relative incidence of SUFE is about
4.5 for Polynesian children and only 0.1 for Indo-
Mediterranean children (LopeEr 1996a). In black
children in the United States the relative incidence
is roughly 2.2 times higher than in white children
(KeLSEY 1971; LODER 1996a). The relative sex distri-
bution for children with SUFE varies between 90%
boys in Indo-Mediterranean children and 50% boys
for Native Australian/Pacific Island children. In the
United States population as a whole the average sex
distribution of children with SUFE is 66% boys and
34% girls (BROWN 2004). The average age at onset
of SUFE also varies with race and sex. Worldwide
the average age at onset is 12 years for girls and
13.5 years for boys (LODER 1996a).

In Germany the incidence of SUFE is about
1:100000, with a boys to girls ratio of 3:1, the average
age at diagnosis is 12.5 years for girls and 14.5 years
for boys (HARLAND and KRAPPEL 2002).

There is seasonal variation in the relative inci-
dence of SUFE for children living beyond 40° lati-
tude; the incidence is increased in summer (LODER
1996; BRowN 2004) and this effect is more pro-
nounced in white children (BRowN 2004).

Increased weight (LODER 1996a) and body mass
index (BMI) (Poussa et al. 2003) are risk factors for
SUEFE. This can potentially cause an increased inci-
dence of SUFE with the growing obesity of children
and teenagers in recent years.
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Other potential causes for SUFE are manifold.
Some authors see a connection between increased
mechanical stress (weight and activity/power) and
decreased mechanical strength of the cartilage
growth plate at the end of puberty. Steroid hormones
and STH are thought to be detrimental, but a direct
correlation has not been proven. Lack of vitamin C
and D, calcium and thyroid hormone are risk factors
(Fig. 12.1) as well as increased parathormone levels
and renal osteodystrophy (WEINER 1996; Mi1Lz et al.
2002; SCHULTZ et al. 2002; OPPENHEIM et al. 2003).
Deeper acetabular depth (LoDER et al. 2003) and
decreased anteversion of the femoral neck (WEINER
1996; EXNER et al. 2002) have also been identified as
risk factors. The occurrence of contralateral SUFE is
quoted as being between 20%-80% (ENGELHARDT
2002; HARLAND and KraPPEL 2002) with a large
study quoting 37% (LODER et al. 1993a). Contralateral
slips can be clinically asymptomatic is in up to 71%
of cases. The longer the time to fusion of the growth
plate the larger the risk (ScHULTZ et al. 2002).

12.2.2
Pathology

The pathological changes of SUFE can be discussed
as two entities; firstly the primary changes of the
physis and adjacent tissues directly involved in or
responsible for the development of SUFE and sec-
ondly secondary changes resulting from the slip.
Primary pathological changes of SUFE arise in
the physis. The cartilage of the growth plate usu-
ally fails near the metaphysis since the cartilage is
mechanically weakest here. Histologically fibrillar

B.]. Tins and V. N. Cassar-Pullicino

disintegration can be seen; whether this is cause or
effect of the slip is unclear (WEINER 1996; MILZ et
al. 2002). Stabilising elements are the perpendicu-
lar alignment of the growth plate against the forces
acting on it, the additional cupping of the proximal
femoral epiphysis around the metaphysis and the
formation of grooves in the physis. These grooves
are particularly important to counteract rotational
forces. The periosteal thickening, the zona orbi-
cularis, around the femoral neck also increases
mechanical stability (EXNER et al. 2002; MiLz et al.
2002). After operative internal fixation in patients
with SUFE, the residual growth plate can revert to
a more normal histological appearance and further
growth can take place. This suggests that mechani-
cal factors are probably responsible for the growth
plate abnormalities (GUuzzANTI et al. 2003).
Secondary pathological changes affect tissues
adjacent to the physis. The blood supply to the femo-
ral epiphysis is delivered largely through periosteal
vessels. Tears to the periosteum compromise this
supply. In slipped upper femoral epiphysis the peri-
osteum does tear opposite to the direction towards
which the slip occurs (Fig. 12.2). On the side of the
slip the periosteum is usually preserved and ini-
tially fairly loose and buckled (Fig. 12.3). With time
the sleeve contracts and the metaphysis begins to
remodel and form a bony spur in response to the
adjacent femoral head. The periosteal sleeve has to
stretch over this spur. At about 2 weeks after the slip
this process has caused sufficient shortening of the
periosteal sleeve to result in a tear at the side of the
slip should reduction of the slipped epiphysis occur.
This can then result in further compromise of the
vascular supply and possible avascular necrosis of

Fig. 12.1a,b. A boy with severe hypothyroidism. Diagnosed age 13 years. Immature skeleton. a Bilateral slipped femoral epiphyses
with sclerotic and irregular metaphyses at age 13 years. b At 2 years later the slip has worsened, still immature skeleton despite
thyroxine therapy. Gross remodelling of the metaphyses, gross femora vara
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Fig.12.2a-e. A boy aged 8 years and 7 months. a AP view of the hip joints demonstrates bilateral severe slip. Generalised
osteopenia. The metaphyses impinge onto the acetabuli. b Coronally reconstructed CT confirms the findings. ¢ Axial CT dem-
onstrates bilateral severe slip and ossification of the torn periosteal sleeve laterally on both sides. d The slips were pinned but
the deformity not corrected. e CT demonstrates dorsal position of the screw in the right femur, ideally the screw should be

central within the femoral epiphysis

the femoral epiphysis (BOYER et al. 1981; ARNOLD et
al. 2002a; EXNER et al. 2002; BoeRro et al. 2003).

12.3
Clinical Presentation and Differential
Diagnosis

Clinically patients often present with hip pain but
the pain can also be referred to groin, thigh or knee
(HArLAND and KrAPPEL 2002). Referred pain and
relatively mild symptoms are responsible for delay

in diagnosis and a high index of clinical suspicion
in patients with unclear knee, thigh or groin pain
is necessary (ANKARATH et al. 2002; KOCHER et al.
2004). Some authors recommend radiographs of
the hips in anterior-posterior (AP) and frog lateral
projection for any adolescent with undiagnosed
knee or hip pain lasting for 1 week (ANKARATH et
al. 2002). On examination the internal rotation is
often diminished and on flexion of the hip exter-
nal rotation occurs (HARLAND and KrRAPPEL 2002).
The differential diagnosis comprises osteonecrosis,
infectious or inflammatory arthritis, tumour and
trauma (LALAJI et al. 2002).
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Fig.12.3a-k. A girl aged 11 years and 6 months. Left-sided severe slip,
mainly posteriorly, therefore appearances on the AP view (a) are decep-
tive, the true severity is best appreciated on the lateral view (b). Coronal
STIR (c), sagittal (d) and axial (e) T2-weighted MR images confirm
the severe slip. The coronal STIR image shows the elevated peciosteum
medially due to the slip (laterally the peciosteum tears). Single screw
fixation in malalignment. At 14 months later (f,g) deformity of the
femoral head due to impingement on the lateral acetabulum. Tc-99m
isotope bone scan demonstrates increased activity in the diffusion (h)
and the bone phase (i) indicating activity of the pathological process
and raising the possibility on AVN. Normal right-sided hip joint. Fur-
ther follow up radiograph (j) confirms AVN of the cranial part of the
femoral head and lateral notch formation. Osteotomy was subsequently

performed (k)
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Slipped Upper Femoral Epiphysis

177



178

12.4
Clinical Classifications

Several classification systems exist for the assess-
ment of SUFE. The most commonly used clinical
classification differentiates acute, acute-on-chronic
and chronic disease. This classification is important
because the choice of therapy often depends on it.
Acute disease is classed as onset of symptoms less
than 3 weeks prior to presentation with acute pain,
acute on chronic is defined as presentation with
acute pain but onset of some pain more than 3 weeks
prior to presentation, chronic disease is defined as
symptom onset prior to 3 weeks and presentation
without acute symptoms (LODER et al. 1993b). The
differentiation between acute and chronic slips can
also be based on imaging criteria; this is addressed
in detail in Sect. 12.5.

Other classifications define the disease as stable,
when the patient is able to weight bear with crutches
and as unstable if he is not (LODER et al. 1993b).

The classification of the severity of the slip is
based on the slip angle as determined by imaging
methods. Slip angles of < 30° are classed as mild,
30°-50° as moderate and > 50° as severe (BOYER et
al. 1981). If imaging does not allow accurate angle
measurement the relative displacement of the femo-
ral head on the neck allows for a rough estimation;
< 1/3 displacement is seen as mild slip, 1/3-1/2 as
moderate and > 1/2 as severe slip (BOYER et al. 1981;
KAaLLIO et al. 1993).

12.5
Imaging of SUFE

The diagnosis of slipped upper femoral epiphysis is
made by imaging. Imaging signs of SUFE vary with
the stage and severity of disease.

The earliest sign of acute disease may be wid-
ening and irregularity of the physeal plate with ill
defined metaphysis and epiphysis adjacent to the
growth plate and spotty or streaky radiopacities
in the growth plate and deossification adjacent to
it (Fig. 12.4) (KLEIN et al. 1951; LODER et al. 1993b;
GEKELER 2002). Deossification is frequently seen
affecting the whole hip joint area (KLEIN et al. 1951).
In the most common posteromedial slip the normal
lateral overhang of the femoral head over a tangent
to the lateral neck of femur disappears with progres-
sion of the slip (Fig. 12.3). With further progression
the femoral head visibly tilts against the acetabu-
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lum and the femoral neck but stays within the ace-
tabulum. Acute slips are often unstable (Fig. 12.5)
(KLEIN et al. 1951; GEKELER 2002). Acutely a joint
effusion may be seen and this is seen as a sign of
instability (HARLAND and KRAPPEL 2002) or acuity
of the slip (KaLr1o et al. 1991, 1993). Cystic change
of the metaphysis may be seen in acute as well as
in chronic disease (GEKELER 2002). The main dif-
ference between the acute and the chronic stage is
the absence of metaphyseal remodelling in the acute
stage. Chronic epiphyseolysis usually demonstrates
varus deformity of the femoral neck and formation
of bone spurs on the medial aspect of the metaphy-
sis. Sloping of the medial metaphysis is also often
seen in chronic disease (Fig. 12.6) (GEKELER 2002;
LEUNIG et al. 2002).

A systematic approach to radiographs in sus-
pected SUFE is summarized in Tables 12.1 and
12.2.

12.5.1
Radiography

12.5.1.1
Positioning

The most important imaging modality is radiog-
raphy. Usually AP and specialised lateral views of
both hips are taken. Obtaining radiographs of both
hips simultaneously allows for comparison between
the sides and is also indicated because of the high
incidence of bilateral disease. For accurate angle
measurements exactly defined patient positioning is
a must (ENGELHARDT and ROESLER 1987; GEKELER
2002).

In English speaking countries positioning is
usually done according to Southwick’s description
(SoutHwIcK 1967) which is similar to an earlier
description by KLEIN et al. (1951). The AP view is
taken with the patients’ pelvis flat on the table. The
beam is centred exactly in the midline between the
hips. The hipsare neutral or as near to neutral as pos-
sible, i.e. the patellae point straight up. For the frog
lateral view the hips are placed in maximal abduc-
tion and external rotation. The knees are flexed and
the plantar surfaces of the feet face each other. The
lateral parts of the feet rest on the table. In cases
where frog lateral views are not possible, true lateral
radiographs can be used (examined hip extended,
opposite hip flexed) (SouTHWICK 1967).

In German speaking countries positioning is usu-
ally done according to Imhduser. Similar to South-
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wick, Imhduser suggests exact neutral position of
the legs for the AP view, the patellae point forward.
However, in cases with fixed external rotation in the
hip joint he suggests to correct the external rotation
by elevating the pelvis. In these cases the hip joints
can not be imaged together. For the lateral view
Imhiduser suggests to follow Lauenstein’s descrip-
tion: the hip joint is flexed by 90° and abducted by
45°, This is easily achieved with a dedicated wedge.
The calfhas to be parallel to the long axis of the table
to avoid rotation (GEKELER 2002).

There is an important caveat for performing lat-
eral views. In high grade slips forced flexion and
abduction of the hip joint can cause worsening of
the slip. Standard projections should not be forced if
painful for the patient (GEKELER 2002).
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Fig.12.4a-d. A female aged 9 years
10 months. Mild slip right hip. On the AP
view (a) only irregularity of the growth
plate seen. Tangent to the neck of femur still
intersecting the femoral head. On the lateral
view (b) mild posterior slip. Ultrasound of
the right hip (c) demonstrates minor dis-
placement of femoral epiphysis versus the
metaphysis by 2.5 mm, ultrasound of the
left hip is normal (d)

12.5.1.2
Radiographic Signs of SUFE

Early disease presents with ill defined meta- and
epiphyses adjacent to the growth plate and irregu-
lar radiopacities in and around the widened growth
plate (Fig.12.4). At this stage there is not always
an actual slip seen yet. With an epiphyseal slip an
axis perpendicular to the base of the epiphysis is no
longer parallel to the femoral neck (Fig. 12.7). Devia-
tion of > 2° is seen as abnormal (FREYSCHMIDT et al.
2001). When the epiphysis begins to slide and tilt,
radiographically the growth plate seems to narrow,
this is partly a projectional phenomenon and partly
true narrowing. In cases of the most common type
of slip, the dorsomedial slip, a tangent to the lat-
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Fig.12.5a-k. A girl aged 12 years and 6 months. Initial radiographs
(a) show osteopenia of the right hip and mild to moderate slip. Five
days later (b) the slip has worsened indicating instability. Metaphy-
seal remodelling indicates chronicity. STIR image (c) shows marked
bone marrow oedema and metaphyseal impingement onto the
acetabulum. Post pinning the screw is seen poorly positioned (d)
with the screw too dorsal. CT (e) confirms this, this is even better
appreciated after screw removal (f). The screw was repositioned,
radiographs (g,h) demonstrate the screw centrally within the femo-
ral head on both projections indicating good position. This is con-
firmed with CT (i). Nine months later the screw is surrounded by
a radiolucent halo indicating loosening (j). Two years later (k) and
after closure of the growth plate the screw is firmly incorporated
again
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Fig. 12.6a-h. A boy aged 16 years and 6 months. AP view of both hips (a), coned AP (b) and lateral (c) view of the left hip show
a severe chronic posterior slip with metaphyseal remodelling. Axial STIR (d) shows marked oedema in the neck of femur and
in the growth plate. Gadolinium contrast enhanced T1-fat saturated (T1-FS) image (e) shows contrast uptake in the areas of
bone marrow oedema. CT shows beginning ossification of the physis and a cyst in the metaphysis (f). AP (g) and frog lateral
(h) views after internal fixation show the persistent marked malalignment of the femoral head with the neck of femur

Table 12.1. Radiographic signs of slipped upper femoral epi-
physis

e Growth plate ill defined, possibly widened

e Base of epiphysis no longer perpendicular to the neck of
femur (NOF) axis

o In typical dorsomedial slip lateral tangent to NOF no
longer intersects with femoral head

e In chronic slip remodelling of metaphysis, possibly with
varus (or rarely valgus) deformity of NOF

e Osteopenia

Table 12.2. Checklist for reporting of slipped upper femoral
epiphysis

e AP and frog lateral views performed and of diagnostic
quality?

Slip present?

Approximate degree of slip?

Slip acute, acute on chronic, chronic?

Secondary complications (chondrolysis, impingement
acetabulum/metaphysis)?

eral femoral neck no longer intersects the lateral
aspect of the femoral head (Fig. 12.3). The lateral
view is in most cases more sensitive for the recogni-
tion of SUFE (Fig. 12.4) (KLEIN et al. 1951; GEKELER
2002).

In chronic cases signs of metaphyseal remod-
elling are seen. This comprises formation of a
metaphyseal bony spur adjacent to the slip, usually
dorsomedially, varus deformity of the femoral neck
and possibly signs of secondary joint damage in

90°

NORMAL

ABNORMAL

Fig.12.7. Alignment of the upper femoral epiphysis on the
lateral view. Normally a line perpendicular to the base line of
the epiphysis is parallel to the femoral neck axis. In SUFE the
perpendicular to the epiphyseal base line is no longer parallel
to the femoral neck axis. In chronic SUFE (not shown) the
femoral neck often remodels and the femur shaft axis must
then be used as reference line

higher grade slips due to impingement of the bared
metaphysis onto the acetabulum (Figs. 12.3, 12.5,
12.6) (GEXKELER 2002; LEUNIG et al. 2002).

In rare cases evidence of loss of cartilage thick-
ness (chondrolysis) is seen on theinitial radiographs.
Chondrolysis is defined as loss of cartilage thickness
of 2 2 mm compared to the contralateral normal hip
or an absolute cartilage thickness of < 3 mm in cases
of bilaterally abnormal hips. Normal hips have a
cartilage thickness of 4-5 mm (LODER et al. 1993D).
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12.5.1.3
Radiographic Measurements

Angles measured in the AP and lateral projection are
not equal to the actual slip angle. For low slip angles,
the angles measured in the lateral projection are
similar to the real angles (Fig. 12.7), for higher slip
angles the real angles can be determined by using
conversion tables. Exact positioning is prerequisite
for this (GEKELER 2002). In patients with chronic
slip and metaphyseal change the angle needs to be
measured against the femoral shaft to avoid inac-
curacies due to varus, or rarely valgus, deformity of
the femoral neck (ENGELHARDT and ROESLER 1987).
Despite optimal positioning, angle measurements
can have inaccuracies of up to 5° and sometimes
even more, especially when the hip joint is in flexion
contraction (ENGELHARDT and ROESLER 1987).

In cases where only a single AP view has been
acquired there is another method to determine the
slip angle. In the AP view the base of the slipped
epiphysis appears elliptic. By measuring the long
and the short axis of the ellipse and referring to a
conversion table the slip angle can be estimated. This
method is however inaccurate (GEKELER 2002).

Another classification system for the assessment
of poor radiographs, where angle measurement is
not possible, uses the relative displacement of the
femoral head on the neck for classification. Dis-
placement of < 1/3 is seen as mild, 1/3-1/2 as moder-
ate and > 1/2 as severe slip (BOYER et al. 1981).

12.5.2
MR Imaging

Currently MR imaging for established or suspected
cases of SUFE is used as a problem solving tool.
It is not usually the primary imaging examination
of choice, this is still radiography. MR imaging
is useful in equivocal cases and also allows very
accurate angle measurements by choosing the most
suitable imaging plane, usually the sagittal plane
(DAscHNER et al. 1990; HARLAND and KRAPPEL
2002). A few authors see MR imaging as secondary
to computed tomography (CT) (ENGELHARDT and
ROESLER 1987; ENGELHARDT 2002), but most authors
prefer MR imaging to CT in most cases (DASCHNER
et al. 1990; HARLAND and KrRAPPEL 2002).

The ability of MR imaging to detect cases of
SUFE early and even “preslip” is quoted repeatedly
in the literature (DASCHNER et al. 1990; STABLER et
al. 1992; HARLAND and KrRAPPEL 2002; LALAJI et
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al. 2002). However, it is the opinion of the authors
of this chapter that there is no convincing case in
the literature proving that MR imaging can diag-
nose SUFE in the preslip stage. Examples labelled as
preslip actually demonstrate evidence of slip on the
radiographs illustrated in these articles.

On MR imaging SUFE presents with oedema like
signal in the growth plate and adjacent epiphysis and
metaphysis, widening and loss of sharpness of the
growth plate and slip of the epiphysis (DASCHNER
et al. 1990; STABLER et al. 1992; UmANS et al. 1998;
HarRLAND and KrRAPPEL 2002; LALAJI et al. 2002).
Metaphyseal sclerosis and spur formation is seen
(Figs. 12.3, 12.5, 12.6) (UMANS et al. 1998). Joint effu-
sion is frequently seen, this is however unspecific
(ENGELHARDT 2002; HARLAND and KRAPPEL 2002).

In the institution of the authors of this chapter,
MR imaging is currently only used as a problem
solving tool, particularly for cases of doubtful SUFE,
including queried contralateral disease in estab-
lished cases of SUFE.

The absence of ionising radiation is an advantage
of MR imaging but the ease, speed and good sen-
sitivity and specificity of radiographs still favour
these as first line examination.

12.5.3
Computed Tomography
Computed tomography attracted early inter-

est, before MR imaging became widely available
(ENGELHARDT and ROESLER 1987). Compared to
radiography the radiation dose of CT is higher and
for routine cases of suspected SUFE CT is not neces-
sary (HARLAND and KrRAPPEL 2002). It might have
a role for problem solving in patients who can not
undergo MR imaging. It is also useful for evaluation
whether closure of a growth plate has commenced,
this can be important when prophylactic pinning
of the asymptomatic side in patients with unilateral
SUFE is contemplated (ENGELHARDT 2002).

In SUFE CT demonstrates physeal widening,
metaphyseal irregularities with sclerosis and scal-
loping and in chronic cases metaphyseal beaking
(Figs. 12.2, 12.6) (UmANS et al. 1998).

CT, especially with reformatting, can be useful to
determine the slip angle in difficult cases, such as
in flexion deformity in the hip joint. In these cases
it can also depict the joint alignment and possible
impingement. It can also be used to determine the
position of orthopaedic implants and in particular
protrusion of implants into the joint; this can be
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important in severe slips or when multiple implants
are used (Figs. 12.5, 12.8) (FREYSCHMIDT et al. 2001;
ENGELHARDT 2002).

12.5.4
Ultrasound

12.5.4.1
Technique and Findings

Ultrasound was proposed as a diagnostic tool for
the diagnosis and classification of SUFE in the early
1990s (KALLIO et al. 1991, 1993). There is no ionis-
ing radiation and the position of greatest slip can
be determined sonographically. This theoretically
avoids the problem of projectional error for the slip
angle determination. Ultrasound also allows direct
assessment of joint effusions (KarLrio et al. 1991,
1993). However ultrasound is operator dependent and
the information about bone changes and overall joint
appearance is limited. Radiographs are familiar to
radiologist and surgeon and ultrasound is not useful
for postoperative follow up. Ultrasound has however
been proposed for the follow up of asymptomatic con-
tralateral hips after SUFE when a contralateral slip is
queried (CASTRIOTA-SCANDERBEG and ORs11993). In
these cases it provides a sensitive screening test with-
out ionising radiation that is easily complemented by
radiography in positive cases.

Generally the use of a 5 MHz probe is advised. The
transducerisaligned parallel to the femoral neckand
circumferential scanning is performed. This allows
to identify the area of maximal displacement of the
epiphysis. The displacement of the epiphysis from
the metaphysis can then be measured. Similarly the
distance of the metaphysis from the acetabulum can
be determined.

In acute SUFE an offset between meta- and epiphy-
sis is seen. In typical dorsomedial slips this is easily
imaged. Comparison with the contralateral sideisalso
easy (Figs. 12.4, 12.9). In acute cases a joint effusion
is usually seen. Joint effusion is diagnosed if there is
> 2 mm difference to the normal side or a joint collec-
tion of > 6 mm on the symptomatic side. Ultrasound
imaging of chronic slips is more difficult, as with
time remodelling takes place which causes narrow-
ing of the physeal step. The size of the physeal step
is inversely correlated to the duration of symptoms
and directly correlated to the degree of displacement
(Kavrrio etal. 1991). However, small physeal steps can
also occur in delayed closure of a physis and Perthes
disease (HARLAND and KrRAPPEL 2002).
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12.5.4.2
Sonographic Measurements

The slip severity is determined indirectly by mea-
suring the epiphyseal displacement either absolute
(KALLIO et al. 1991) or relative (KaLLIO et al. 1993).
Displacement by 7 mm equates roughly to a 30°
slip (mild), 11 mm to 50° slip (moderate) and more
than 11 mm therefore to more than 50° (severe slip)
(KaLLio et al. 1991). Relative displacement relates
the amount of displacement to the width of the
physis, 33% relative displacement relates to 30°, and
50% displacement to 50° (KaLLIO et al. 1993).

12.5.5
Nuclear Medicine

Tc-99m labelled scintigraphy of the hip joints with
pin hole collimation technique has been used to
assesses the status of femoral head, physis and the
hip joint as a whole in patients with SUFE. Bone scin-
tigraphy was (and nowadays rarely is) used for spe-
cific management decision during treatment, after
the primary diagnosis was made radiographically.

Bone scintigraphy can help diagnose avascular
necrosis (AVN) of the femoral head by demonstrat-
ing initially absent uptake and later reperfusion and
remodelling with increased uptake. It can also assess
the status of the growth plate. Radiographically it is
often difficult to decide the extent of physeal closure
and a Tc isotope bone scan is of help here, increased
uptake indicates persistence of the growth plate
(Figs. 12.3, 12.10) (SMERGEL et al. 1987).

Bone scintigraphy can also be used for diagnos-
ing chondrolysis after or with SUFE. Generalised
increased uptake around the affected joint, prema-
ture closure of the femoral capital physis and the
apophysis of the greater trochanter with decreased
uptake in theses areas are suggestive of chondrolysis
(MANDELL et al. 1992; WARNER et al. 1996).

To the authors’ knowledge, nuclear medicine is no
longer in use for diagnosis or management of SUFE
and has been supplanted by CT or MR imaging.

12.6
Treatment Strategies and Problems

There is a large variety of treatment strategies and
techniques in orthopaedic textbooks and journals
and a number of quite contrasting treatment phi-



B.]. Tins and V. N. Cassar-Pullicino

SOMATOM PLUS 4
vC10cC
F-SP-CR
16:23:29.50
B s HE
IMA 8 IMA 10
SPI 3 SPI 3

[RAEGOULO




Slipped Upper Femoral Epiphysis

Ref Scan 6
Ref Scan 6 Ref TP 74.0
Ref TP 74.0

Fig. 12.8a-h. A boy aged 8 years and 1 month; bilateral SUFE. Intraoperatively no obvious cartilage transgression but screw tips
near to the cortical bone of the femoral head (a,b right; c,d left). Axial CT images were equivocal (e,f). Coronal reconstructions
(gh) demonstrate the right screw contained within the femoral head, the left screw penetrates into the fovea centralis. This case
demonstrates the need for thin slices and reconstructions for the assessment of screw position after pinning

Fig.12.9a-d. A girl aged
11 years and 4 months. AP (a)
and frog lateral (b) show a
moderate slip of the left upper
femoral epiphysis. Ultrasound
of the left hip (c) demonstrates
displacement by 1.3 cm, the
right hip (d) demonstrates
normal alignment of femoral
epiphysis and metaphysis
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Fig.12.10a—f. A boy aged 11 years and 4 months. Severe left sided slip (a). The diffusion phase of an isotope bone scan (b)
demonstrates marked increased uptake around the epiphysis of the left proximal femur, no evidence of AVN. The bone phase
images demonstrate the slip on the left side (c) and normal appearances on the right side (d). Single screw fixation in malalign-
ment (e) leads to formation of a lateral notch of the femoral head due to impingement (f)
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losophies exist. This and the following paragraph
can by no means be comprehensive but aim to give
an overview of the basic principles and problems.

12.6.1
Conservative Treatment

The first decision in the treatment of SUFE patients
is whether to treat conservatively or operatively.
Conservative treatment means months of immobili-
sation. The functional outcome is relatively poor
and there is an increased incidence of chondroly-
sis. This treatment approach has largely been aban-
doned (ARNOLD et al. 2002).

12.6.2
Operative Treatment

All surgical treatment methods for SUFE aim to
stabilise the slip. The second goal is to achieve bio-
mechanically sound alignment to prevent or lessen
secondary osteo-arthrosis. This can be achieved
by reducing the slipped epiphysis or osteotomy
(ARNOLD et al. 2002).

The importance of the time span from diagnosis
to treatment is subject to debate. There is no clear
evidence that immediate intervention in SUFE fares
better than urgent (within a few days) intervention,
with bed rest until surgery. Treatment should be per-
formed by specialist surgeons (LODER et al. 1993b;
ARNOLD et al. 2002; EXNER et al. 2002).
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12.6.2.1
Surgical Stabilisation Methods

Surgical stabilisation is achieved by internal fixa-
tion of the proximal femur, joining femoral head and
neck. Commonly used materials are a single cannu-
lated screw, a dynamic hip screw (DHS) and Kirsch-
ner pins (BOYER et al. 1981; ARONSON and CARLSON
1992; ARNOLD et al. 2002; BALLARD and COSGROVE
2002; ENGELHARDT 2002; CARNEY et al. 2003; Tok-
MAKOVA et al. 2003). Some surgeons still use bone
grafts, but this is the exception (ApaMczYK et al.
2003). Smith Peterson nails, or Steinmann nails are
no longer recommended (ENGELHARDT 2002).

The proponents of bone grafts claim a low rate
of AVN in its favour (Apamczyk et al. 2003). The
implantation of two Kirschner pins or small cannu-
lated screws offers the advantage of rotary stability
(ExNER et al. 2002), but there is evidence that the
complication rate (AVN, chondrolysis) increases
with the number of metal implants (Fig. 12.12)
(ENGELHARDT 2002; HACKENBROCH et al. 2002; Tok-
MAKovaA et al. 2003) and many surgeons prefer either
a single, larger cannulated screw or a DHS (BOYER et
al. 1981; ARoNsON and CARLSON 1992; LODER et al.
1993b; ARNOLD et al. 2002a-c; BALLARD and Cos-
GROVE 2002; ENGELHARDT 2002; HACKENBROCH et
al.2002; CARNEY et al. 2003; TokMAKOVA etal.2003).
A DHS allows for continued growth, thus potentially
reducing length discrepancies between the two legs
and avoiding shortened femoral necks with elevated
trochanters (ARNOLD et al. 2002; EXNER et al. 2002;
HACKENBROCH et al. 2002).

Fig.12.11a,b. A boy aged 14 years and 8 months. Right-sided
moderate to severe slip (a). An intraoperative image shows
cartilage injury of the femoral head by the guidewire (b). This
should be avoided. Note also the good alignment of femoral
head and neck due to spontaneous reduction of the slip
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The injury of joint cartilage by the implants
must be avoided because of the increased risk of
chondrolysis after cartilage injury (ARNOLD et al.
2002; EXNER et al. 2002; LEUNIG et al. 2002; JOFE
et al. 2004). This includes the avoidance of tran-
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Fig.12.12a-f. A girl aged 9 years and 4 months. Severe left
SUFE (a,b). Pre-treatment images demonstrate impinge-
ment of the metaphysis on the acetabulum. Three pins were
inserted, spontaneous reduction of the slip during positioning
for surgery. No initial complication (c,d). Further radiographs
4 months later (e,f) demonstrate avascular necrosis and col-
lapse of the cranio-lateral part of the femoral head. Avascular
necrosis is positive correlated with reduction of a slip and the
number of implants. Therefore two risk factors in this case

sient cartilage injury by a guidewire during surgery
(Fig. 12.11). The use of Kirschner pins is seen criti-
cally by some authors as they can work themselves
loose with time, resulting in an increased risk of car-
tilage damage (ARNOLD et al. 2002).



Slipped Upper Femoral Epiphysis

12.6.2.2
Reduction of SUFE

Reduction can be achieved by open or closed
techniques. Open reduction has some proponents
(EXNER et al. 2002) but the majority of surgeons
do not routinely perform or favour open reduction.
Closed reduction can be actively sought by careful
flexion, internal rotation and abduction (ARNOLD et
al. 2002). Many surgeons however avoid any active
reduction for fear of inducing AVN; reduction is
however often achieved passively when performing
closed fixation (Fig. 12.11, 12.12) (BOYER et al. 1981;
BALLARD and COSGROVE 2002).

From a simple biomechanical viewpoint reduc-
tion is preferable to in situ fixation without reduc-
tion. However active reduction increases the risk of
AVN; as the femoral head begins to slip in one direc-
tion the periosteal sleeve on the opposite side tears
and with it the blood vessels contained in it. A large
proportion of the blood supply to the femoral head
is then maintained by vessels on the side of the slip.
At about 2 weeks after the slip, metaphyseal remod-
elling with bony spur formation and tightening of
the joint capsule has taken place. At 2 weeks and
more after the slip, attempts at reduction therefore
carry a significant risk of disruption of the surviv-
ing capsular blood supply thereby causing femoral
head necrosis (BOYER et al. 1981; ARNOLD et al. 2002;
EXNER et al. 2002; Boero et al. 2003). This is the
reason why some surgeons suggest open reduction
for chronic or even acute SUFE, which makes it pos-
sible to resect the bone spur and reduce the slipped
head under directvision, sparing the blood supply. In
acute SUFE there should theoretically be no greatly
increased risk of AVN from reduction (BOYER et al.
1981; ARNOLD et al. 2002; EXNER et al. 2002).

Some surgeons use the classification of stable
(patient can weight bear) and unstable (patient can
not weight bear, even with crutches) for the decision
whether reductionis safe (yes in unstable, no in stable)
(HArRLAND and KrAPPEL 2002). However, many sur-
geons will not try to reduce SUFE at all because of the
risk of AVN (HACKENBROCH et al. 2002; CARNEY et al.
2003; TokMAKOVA et al. 2003) especially in unstable
SUFE (BALLARD and COSGROVE 2002).

12.6.2.3
Osteotomy

For corrective osteotomy after SUFE there are four
principal techniques. These are subcapital, neck

191

of femur, intertrochanteric and subtrochanteric
approaches. The intertrochanteric approach is usu-
ally favoured (SouTHWICK 1967; ARNOLD et al. 2002;
EXNER et al. 2002; ScHAI and EXNER 2002) though
some surgeons prefer the subtrochanteric approach
(BOYER et al. 1981).

The intertrochanteric technique achieves better
realignment than the subtrochanteric technique
and does not demonstrate the increased risk of AVN
that is seen in the subcapital and neck of femur tech-
niques (ARNOLD et al. 2002a,b; EXNER et al. 2002).

12.7
Treatment Philosophies

The previous paragraph outlined common treat-
ments of SUFE, each with its own problems. The
treatment choice is partly guided by different phi-
losophies and partly by personal preference.

Inthe United States most cases of SUFE are treated
with in situ surgical fixation only. No attempt of
reduction is made (though reduction does often
occur with closed fixation) and primary osteotomy
is unusual. Most centres opt now for a single can-
nulated screw for fixation (ARONSON and CARLSON
1992; LoDER et al. 1993b; BALLARD and COSGROVE
2002; CARNEY et al. 2003; TokMAKOVA et al. 2003;
JOFE et al. 2004).

In central Europe and in particular in the German
speaking countries the treatment of SUFE is more
aggressive. There are guidelines from orthopaedic
and trauma surgeon organisations advising in situ
fixation for slips < 30° in situ fixation plus sub-
trochanteric osteotomy for slips between 30° and
50°-60° and for slips of > 50°-60° open reduction
and subcapital osteotomy with neck of femur short-
ening is advised. Some surgeons still try to achieve
active reduction before fixation. A single cannulated
screw is usually preferred to two Kirschner pins or
a DHS (ARNOLD et al. 2002a—c; ENGELHARDT 2002;
EXNER et al. 2002; HACKENBROCH et al. 2002; HAR-
LAND and KrRAPPEL 2002; LEUNIG et al. 2002; SCHAI
and EXNER 2002).

Whether removal of surgical fixation screws is
advisable is controversial (ARONSON and CARLSON
1992).

Differences in philosophy can partly explain the
difference in treatment approaches. The surgical
philosophy favoured in the US aims for minimal
trauma at the time of slip to reduce the risk of imme-
diate complication. This results in an increased risk
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of long term arthrosis. The approach favoured in
central Europe is aggressive at the time of slip with a
view of reducing long term complications.

Similar differences in approach are seen with
regards to prophylactic pinning of the contralateral
normal hip joint in patients with unilateral SUFE.
While this is not the norm in the US, it is in German
speaking countries. A recent extensive review,
weighing up the possible advantages and disadvan-
tages now recommends prophylactic pinning also in
the US (ScHULTZ et al. 2002).

Whichever general philosophy a surgeon follows,
the treatment chosen always has to weigh up the pros
and cons for each individual case and guidelines can
not be completely prescriptive.

12.8
Imaging Assessment of Surgical
Intervention and Complications of SUFE

The most feared immediate complications of SUFE
are chondrolysis and AVN. Chondrolysis is diag-
nosed if thereisloss of cartilage thickness of > 2 mm
compared to the contralateral normalhip or an abso-
lute cartilage thickness of < 3 mm in cases of bilater-
ally abnormal hips. Cartilage thickness of normal
hip joints is assumed to be 4-5 mm (ARONSON and
CARLSON 1992; LoDER et al. 1993b; HUGHES et al.
1999). The incidence of chondrolysis after SUFE
ranges from 1.1%-11.8% (LuBicky 1996; Tupisco
et al. 1999). Chondrolysis after SUFE leads to pre-
mature closure of the femoral capital growth plate
and the apophysis of the greater trochanter. Peri-
articular osteopenia on radiographs, bone marrow
oedema on MR imaging and generalised increased
periarticular activity in bone scintigraphy are seen
(MANDELL et al. 1992; WARNER et al. 1996). Chon-
drolysis can be the result of long term immobilisa-
tion, direct impingement of the bared metaphysis
on the acetabulum or due to surgical intervention
with cartilage injury either at the time of surgery
or later due to migration of metalwork. An autoim-
mune mechanism is also controversially discussed,
the exact mechanism leading to chondrolysis is not
established yet (STERNLICHT et al. 1992; STOVER et
al. 1994; LuBICKY 1996; WARNER et al. 1996; ARNOLD
et al. 2002a,b; EXNER et al. 2002; HACKENBROCH et
al. 2002; LEUNIG et al. 2002; JorE et al. 2004).

The acute stage of chondrolysis after SUFE lasts
about 6 months and presents with joint space nar-
rowing. In the longer term 3 outcomes are seen. There
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is joint destruction with painful or painless ankylosis
or there can be resolution of the pathological find-
ings with joint space restoration. The latter outcome
is seen in 50%-60% of cases (LUBICKY 1996).

AVN presents radiographically with patchy areas
of radiolucency and sclerosis and finally epiphyseal
collapse (Figs. 12.3, 12.12) (GEKELER 2002). On MR
imaging initially oedema like signal is seen within
the femoral head. This becomes demarcated by a
serpiginous single or less frequently double line, the
area enclosed usually demonstrates initially oedema
like signal and later fat signal (KAPLAN et al. 2001).
The risk is increased in unstable SUFE (LODER et al.
1993b; BALLARD and CoSGROVE 2002; TOKMAKOVA
et al. 2003) and neck of femur or subcapital osteot-
omy (ARNOLD et al. 2002). High grade slips are a risk
factor for long-term arthrosis but whether they are
also a risk factor for AVN is controversial (LODER et
al. 1993b; ARNOLD et al. 2002; BALLARD and Cos-
GROVE 2002; TOKMAKOVA et al. 2003). Active closed
reduction is thought to be a risk factor for AVN
by many (ArRoNsoN and CARLSON 1992; BOERO et
al. 2003; TokMmAKoOVA et al. 2003) and for chronic
slip this is universally accepted (BOYER et al. 1981;
ARONSON and CARLSON 1992; ARNOLD et al. 2002;
EXNER et al. 2002; Bogro et al. 2003).

Fracture and migration of metal implants, subtro-
chanteric femur fractures and infection are cited as
further complications of surgical treatment (HACk-
ENBROCH et al. 2002). However, no case of infection
after closed reduction has been described in the lit-
erature (SCHULTZ et al. 2002).

When assessing operative and postoperative
images the following features should be checked
(Table 12.3).

What is the postoperative slip angle? Has there
been reduction?

Has there been an intraoperative or is there a
postoperative chondral injury by surgical implants
(risk of chondrolysis)?

Ifasingle cannulated screwis used, is it positioned
centrally in the femoral head and is it perpendicular
to the growth plate (ARONSON and CARLSON 1992)?
Are five threads of the screw in the femoral head (the
fewer threads the higher the risk of instability and
secondary slip; CARNEY et al. 2003)?

Is there possible impingement of the femoral
metaphysis onto the acetabulum?

In longer term follow up (Table 12.4), is there
implant migration? Is there evidence of instability
of a surgically fixed slip? Is there evidence of AVN or
chondrolysis? Is there evidence of secondary degen-
erative change?
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Table 12.3. Checklist for reporting immediate postoperative
SUFE cases

e Approximate slip angle post op, reduction of slip?

¢ Intraoperative or postoperative injury to the femoral head
cartilage by metal implants?

e Position of metal implants, if single cannulated screw
used: five threads beyond the physis? Cartilage injury
intraoperative or even persisting postoperative?

e Impingement acetabulum/metaphysis?

Table 12.4. Checklist for long term follow up of SUFE cases

Impingement?

Stability of epiphysis?

Implant migration?

AVN or chondrolysis?
Secondary degenerative change?

12.9
Conclusion and Outlook

Slipped upper femoral epiphysis is not a frequent
disease but it is potentially well treatable and early
diagnosis is important. In undiagnosed hip, groin,
thigh or knee pain, AP and frog lateral radiographs
(ideally after Imhduser) can be diagnostic or reas-
sure a normal status.

If SUFE is diagnosed urgent advice and treat-
ment from a specialised centre should be sought.
The radiologist’s role is to confirm the diagnosis,
help with the classification, advise on imaging in
more complex cases and to assess pre- and postop-
erative images for possible complications especially
mechanical impingement, AVN and chondrolysis.

With the growing obesity problem in the young
population SUFE is unfortunately likely to increase
in incidence.
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13.1
Introduction

Osteonecrosis and transient osteoporosis are two
clinically significant conditions that involve the
femoral head (Figs. 13.1, 13.2). Osteonecrosis has
been extensively investigated because of its poor
prognosis, its complex physiopathogenesis and the
numerous therapeutic approaches (MANKIN 1992;
CHANG et al. 1993; JoNES 1993; MALGHEM and
MALDAGUE 1981). Transient osteoporosis remains
an even more mysterious condition (VANDE BERG
et al. 1993a) and the link between both conditions
is still debated.

Magnetic resonance (MR) imaging definitely
contributed to increase the detection and staging of
those lesions by improving the depiction of specific
and non-specific lesion components and by provid-
ing new insights into their natural history.

Fig. 13.1. Femoral head osteonecrosis. Coronal T1-weighted SE
MR image shows a subchondral fat-like signal intensity lesion
surrounded by a low signal intensity rim (arrowhead). This
geographic or segmental pattern is specific for an infarct of
the femoral head



Fig.13.2. Bone marrow edema pattern of the femoral head.
Coronal T1-weighted SE MR image shows a subchondral low
signal intensity lesion (arrow). Signal change predominates in
the subchondral area and there is no clear margin around the
lesion. This lesion pattern in non-specific and can be observed
in numerous conditions including transient osteoporosis and
insufficiency fracture of the femoral head

13.2
Femoral Head Osteonecrosis

13.2.1
Definition

Threedifferenttermswillbeusedinthe currentchap-
ter; each of them corresponds to a different level of
involvement, namely cellular, tissue and organ levels
(GLiMcHER and KENzZORA 1979)(Table 13.1). Necro-
sis is the sum of the morphologic cellular changes
that follow cell death in aliving tissue or organ (RoB-
BINS et al. 1984a). In bones, coagulation necrosis is
the most common pattern of necrosis and results
in complete absence of osteocytes within the bone
trabeculae, loss of adipocyte nuclei with lipid cysts
formation, and death of hematopoietic cells (GLIM-
cHER and KENZORA 1979; SWEET and MADEWELL

Table 13.1. Terminology

B. C. Vande Berg et al.

1988). An infarct is a localized area of necrosis
in tissue resulting from reduction from either its
arterial supply or venous drainage (RoBBINS et al.
1984b). The type of vessels and their spatial arrange-
ment dictate the histopathologic changes that occur
in response to ischemia. In yellow marrow, arte-
rial occlusion produces a bloodless or white infarct,
whereas in red marrow, hemorrhagic or red infarcts
may develop (RoBBINS et al. 1984b)(Fig. 13.3). The
term “bone infarct” is generally used to describe a
metaphyseal or diaphyseal ischemic lesion, and not
an epiphyseal lesion, most likely for historical and
not for medical reasons. Epiphyseal osteonecrosis is
used to describe a radio-clinical condition charac-
terized by symptoms and functional disability of the
jointasanorgan, related to an irreversible spontane-
ous fracture of the femoral head, generally associ-
ated with an epiphyseal infarct (Fig. 13.4).

13.2.2
Epidemiology

In the US, the rate of epiphyseal osteonecrosis of
the hip is 2-4.5 cases per patient-year with approxi-
mately 15,000 new cases reported each year. Epiphy-
seal osteonecrosis accounts for more than 10% of
total hip replacement surgeries performed in the
US (KovaL 2002). A Japanese survey estimated that
2500-3300 cases of epiphyseal osteonecrosis of the
hip occur each year (ITo et al. 1999).

Age at onset of femoral head osteonecrosis
depends on the underlying cause. Idiopathic epiph-
yseal osteonecrosis most often develops in male sub-
jects aged between 35 and 55 years and is bilateral
in 40%-80% of cases. On average, women present
almost 10 years later than men. The male-to-female
ratio also depends on the underlying cause, although
idiopathic epiphyseal osteonecrosis is more common
in men, with an overall male-to-female ratio ranging
from 4 to 8:1. There is no racial predilection, except
for epiphyseal osteonecrosis associated with sickle
cell disease and hemoglobin S and SC disease, which
predominantly occur in people of African and Medi-
terranean descent.

Terms Target  Imaging modality definition Clinic Outcome
Necrosis Cells Microscope Empty lacunae, death adipocytes  ? ?

Infarct Tissue MR, X-ray Well delimited marrow lesion Variable  Variable
Osteonecrosis Organ  X-ray, MR Subchondral bone fracture

Epiphyseal collapse  Pain Osteoarthritis
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13.2.3
Pathophysiology and Natural History

The pathophysiology of epiphyseal osteonecrosis
is poorly understood, except when it is due to dis-
ruption of blood supply after femoral neck frac-
ture or hip dislocation given the terminal blood
supply of the femoral head. In other situations,
impaired perfusion with subsequent necrosis of
bone and marrow can be caused by several mecha-
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Fig. 13.3a-e. Femoral head infarct. a Photograph of the macro-
scopic section of a femoral head specimen shows a geographic
yellow subchondral lesion (arrow). b Radiograph of the cor-
responding section shows almost normal trabecular bone. ¢
Coronal T1-weighted SE MR image of the specimen shows a
subchondral fat-like signal intensity lesion that is separated
from the adjacent marrow by a rim of low signal intensity. d
On the corresponding T2-weighted FSE MR image, the lesion’s
signal is also equivalent to that of fat and the rim shows high
signal intensity. The interface is better depicted on the T1- than
on the T2-weighted SE image. e At histology, absence of cells in
the trabecular bone and disappearance of the adipocyte nuclei
indicate bone and marrow necrosis. The architecture of fatty
marrow is preserved and the overlying cartilage is normal

nisms including thrombotic or embolic occlusion
of blood vessel (e.g., fat embolism, sickle cell crisis,
caisson disease), injury to vessel wall (e.g., vascu-
litis, connective-tissue diseases such as systemic
lupus erythematosus, radiation, infection) and
increased pressure on vessel wall (e.g., extrava-
sated blood in marrow, inflammation caused by
lipid accumulation in osteocytes, intraosseous
hypertension from proliferating Gaucher cells in
Gaucher disease).
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Fig. 13.4a,b. Femoral head osteonecrosis. a Photograph of the macroscopic section of a resected femoral head shows a geo-
graphic yellow subchondral lesion (arrow) with a fracture (arrowhead) that runs parallel to the subchondral bone plate. b
Radiograph of the femoral head specimen with osteonecrosis shows a relatively well delimited subchondral lesion with mild
peripheral sclerosis and fracture of the subchondral bone plate (arrow) that extends horizontally (arrowhead)

Epiphyseal osteonecrosis occurs in several clini-
cal conditions, although it is frequently idiopathic
or primary. The etiological factors that have been
identified include systemic corticosteroid use,
Cushing disease, alcohol abuse, sickle cell disease,
other hemoglobinopathies, vasculitis, trauma, renal
transplantation and osteodystrophy, radiation ther-
apy, pancreatitis, gout, Gaucher disease, connec-
tive-tissue diseases (e.g., SLE), caisson disease and
cytotoxic agents (e.g., vinblastine, vincristine, cispl-
atin, cyclophosphamide, methotrexate, bleomycin,
5-fluorouracil). Several diseases including AIDS
and SRAS seem to be associated with an increased
prevalence of femoral head osteonecrosis, although
epiphyseal lesions (TEHRANZADEH et al. 2004) are
more likely related to the treatments of the diseases
than to the diseases themselves. A Japanese survey
estimated that 34.7% were due to corticosteroid
use, 21.8% to alcohol abuse, and 37.1% to idiopathic
mechanisms (ITo et al. 1999).

An understanding of the natural history of epiph-
yseal osteonecrosis is important for predicting the
fate of a hip, in choosing the appropriate treatment
and in evaluating the results of various treatments.
Numeroushistoricreviews of thenatural progression
of epiphyseal osteonecrosis in symptomatic patients
who were conservatively treated (partial non-weight
bearing ambulation), documented on 85%-92% risk
of progression (Musso et al. 1986; PATTERSON et al.
1964; SugaNoO et al. 1992; Z1zic and HUNGERFORD
1985). Conversely, recent studies of the natural pro-
gression of femoral head lesions in asymptomatic
patients screened by using in whom MR imaging
showed a 15%-20% risk of appearance of symptoms,

the majority of lesions remaining silent at follow-up
(KoPECKY et al. 1991; TERVONEN et al. 1992; MUL-
LIKEN et al. 1994; SHIMIZU et al. 1994; VANDE BERG
et al. 1994) (Fig. 13.5). Clearly, natural histories of
femoral head infarct and osteonecrosis totally differ
and largely depend on the selection criteria of the
study population.

In addition, the rate at which the femoral head will
collapse is related among other things to the cause of
the lesion, the stage of the lesion at the initial diagno-
sis and to the size and location of the lesion in the fem-
oral head. Quantitative determination of the extent
and location of femoral head lesions on MR images
enabled to estimate the fracture risk (KoPECKY et al.
1991; SHIMIZU et al. 1994; BELTRAN et al. 1988; CHAN
et al. 1991; LAFFORGUE et al. 1993; TAKATORI et al.
1993). Femoral heads in which the infarct is either
limited or involves a limited proportion of the weight-
bearing area are less likely to collapse than those with
large lesions, whatever the treatment. Signal changes
in lesions could also indicate impending fractures
because infarcts with fat-like signal intensity show a
collapse-free survival much longer than those with
heterogeneous signal (SHIMIZU et al. 1994).

13.24
Classification Systems and Treatment

Over the years, numerous different classification
systems have been developed to evaluate patients
with femoral head osteonecrosis. Although there
is no standard unified classification system used
by all investigators, there is general agreement that
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Fig. 13.5a,b. Natural history of femoral head infarct. a Coronal T1-weighted SE MR image shows a well-delimited infarct of
the femoral head without collapse. b Coronal T1-weighted SE MR image obtained 1 year later shows a similar lesion without

fracture. The patient remains asymptomatic 5 years later

the presence of fracture of the subchondral bone
represents a pivotal position in all classification sys-
tems (generally at stage III, whatever the classifica-
tion system). Ficat and Arlet originally developed
a four-stage classification system based on radio-
graphic changes and the functional exploration of
bone (intraosseous phlebography and measure-
ment of bone marrow pressure; Table 13.2) (FICAT
1985). Steinberg’s and Arco’s classification systems
included MRI evaluation, allowing for quantifica-
tion and topography of the epiphyseal lesion (STEIN-
BERG et al. 1995; Table 13.3). Mitchell’s classification
system (MITCHELL et al. 1987) included signal pat-
tern of necrotic lesion (A, fat; B, blood; C, edema;
D, fibrosis) but it showed limited utility because of
the variability of signal intensity of the lesion within
the same lesion.

Medical management of symptomatic femoral
head osteonecrosis has not proved to be effective in
preventing or arresting the disease process (LIEBER-
MAN et al. 2002). Pain control is usually achieved
by non-steroidal analgesics and patients should be
advised to use crutches or other supports to avoid
weight bearing. Several drugs or other therapeutic
methods can be applied.

Several surgical procedures have been tried with
variable success. Core decompression of the hip with
or without bone graft is the most common proce-
dure currently used to treat the early stages of fem-
oral head osteonecrosis, and it is effective in pain
control. Although this procedure has been used for

Table 13.2. Ficat staging system of avascular necrosis of the
hip (clinic and radiographs)

Stage Clinical and radiologic findings

StageI e Normal radiographs

e Decreased or increased uptake on bone scan
e No pain
o Increased medullary pressure

Stage II e Variable change in trabecular bone appear-

ance (sclerosis, delimited area of sclerosis, cyst
changes) but preserved femoral head shape

e Variable pain

Stage III e Specific changes on radiographs include col-
lapse of subchondral bone and/or crescent sign

due to subchondral bone fracture
e Pain

Stage IV e Marked collapse of subchondral bone with

preserved joint space

Stage V. e Secondary osteoarthritis

approximately three decades and there are numer-
ous publications analyzing its efficacy, there is no
general consensus among investigators regarding
either the indication for this procedure or its effect
on the fate of the femoral head (LIEBERMAN 2004).
In late stages, characterized by collapse, femoral
head deformity, and secondary osteoarthritis, total
hip arthroplasty is the most appropriate treatment,
although several osteotomy procedures have been
tried with variable success.
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Table 13.3. Staging system based on the consensus of the
Subcommittee of Nomenclature of the International Associa-
tion on Bone Circulation and Bone Necrosis (ARCO)

Stage Clinical and laboratory findings

Stage 0 e No symptoms
e Normal radiographs and MR images
e Osteonecrosis at histology
Stage I e Presence or absence of symptoms
e Normal radiographs
e Abnormal MR images
e Osteonecrosis at histology
Stage II e Symptoms
e Trabecular bone changes on radiographs
without subchondral bone changes. Preserved
joint space
e Diagnostic MR findings
Stage III e Symptoms

e Variable trabecular bone changes with sub-
chondral bone fracture (crescent sign and/or
subchondral bone collapse). Preserved shape
of femoral head and preserved joint space

e Subclassification based on extent of crescent,
as follows:

+ Stage IIla: Crescent is less than 15% of the
articular surface
+ Stage IIIb: Crescent is 15%-30% of the
articular surface
+ Stage Illc: Crescent is more than 30% of
the articular surface
Stage IV e Symptoms

e Altered shape of femoral head with variable
joint space

e Subclassification depends on the extent of
collapsed surface, as follows:

+ Stage IVa: Less than 15% of surface is col-
lapsed

+ Stage IVb: Approximately 15%-30% of
surface is collapsed

+ Stage IVc: More than 30% of surface is
collapsed

13.2.5
Radiographs of Femoral Head Osteonecrosis

13.2.5.1
Precollapse Stage - Femoral Head Infarct

Radiographs are insensitive to the detection of early
infarcts of the femoral head for two reasons: (a) dead
bone remains normal on radiographs and (b) the
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reactive interface that separates the infarct from
the adjacent viable bone cannot be detected before
it calcifies (Figs.13.6, 13.7). Initial radiographic
changes include mild sclerosis that tends to delin-
eate a subchondral area with preserved joint space
(Fig. 13.6). Bone resorption is generally limited and
cystic change is generally lacking in non-collapsed
femoral head. Given the spherical shape of the head
and the serpiginous organization of the interface,
CT may better display the spatial organization of
the bone changes than conventional radiographs
(Fig. 13.7).

13.2.5.2
Epiphyseal Fracture

The fracture of the subchondral bone plate can
show two radiographic patterns: (a) frank and
abrupt depression of the subchondral bone plate
with subsequent loss of epiphyseal sphericity or
(b) a crescentic radiolucent line parallel to the sub-
chondral bone plate (Figs. 13.8, 13.9). These two
patterns may coexist in the same femoral head
although they usually involve different areas of the
femoral head. They may also depend on the hip
position, the crescent sign being more frequent in
the frog-leg position due to release of the compres-
sion forces on the collapsed segment. Epiphyseal
collapse generally predominates in the weight-
bearing area of the head, underneath the lateral
margin of the femoral head.

13.2.5.3
Postcollapse Stages - Femoral Head
Osteonecrosis

Radiographs are generally sensitive for the detec-
tion of collapsed femoral head osteonecrosis, and
they may suffice if conservative therapy is planned.
They usually show marked changes in epiphyseal
trabecular bone (mixed sclerosis and resorption)
with epiphyseal collapse and eventual loss of joint
space (Fig. 13.9). Generally the rate of development
of osteoarthritis is coherent with the degree of
epiphyseal deformity. In the end-stage, it may be
impossible (and without clinical significance) to dif-
ferentiate advanced osteoarthritis from advanced
osteonecrosis. In the former, the sequence of event
is loss of cartilage followed by epiphyseal deformity.
In the latter, epiphyseal deformity occurs first and
is followed by loss of joint space.
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Photo 7

Fig. 13.6a-d. Femoral head infarct and osteonecrosis. a Radiograph of the asymptomatic left hip shows normal epiphyseal con-
tour and subtle trabecular bone sclerosis (arrow). b Coronal T1-weighted SE image shows a subchondral fat-like signal intensity
lesion surrounded by a low signal intensity rim that corresponds to a non-collapsed infarct. ¢ Radiograph of the symptomatic
right hip shows mild trabecular bone sclerosis with fracture of the subchondral bone plate underneath the lateral aspect of the
acetabular roof (arrow) that indicates epiphyseal osteonecrosis. d Coronal T1-weighted SE image shows a well-delimited lesion
with abnormal signal intensity in the subchondral area. The lesion is better seen on the MR image than on the radiograph, but
the radiograph best depicts the femoral head deformity
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Fig.13.7a,b. CT images of femoral head osteonecrosis. a Axial CT image of the asymptomatic right hip shows a rim of sclerosis (arrow-
head) that delineates the infarct. The shape of the femoral head is normal. b Axial CT image of the symptomatic left femoral head shows
altered contour (arrow) with prominence of the anterior aspect of the epiphysis. A sclerotic rim surrounds the lesion (arrowhead)
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Fig. 13.8a,b. Epiphyseal fracture in femoral head osteonecrosis. a Anteroposterior radiograph shows a subchondral cleft fracture
(arrow) with trabecular bone sclerosis an