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editors, and publishers have made every effort to ensure
that such references are in accordance with the state of
knowledge at the time of production of the book.
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Preface

The evaluation and management of patients with
hip pain has undergone enormous growth in re-
cent times. Our understanding of both arthritic
and nonarthritic conditions has led to meaning-
ful improvements for the care of individuals with
both acute traumatic and chronic ailments. In-
ternational collaborations have developed mul-
tiple agreements and guidelines that help clini-
cians assimilate patient symptoms and physical
examination findings with imaging. Short- and
midterm outcomes of both surgical and non-
surgical treatment of nonarthritic hip condi-
tions continue to expand the evidence base for
hip preservation. Advanced imaging techniques
and longer follow-up will determine if our treat-
ments stand the test of time and truly preserve
the joint with high-quality prospective registries
and randomized trials. Long-term published out-
comes of hip arthroplasty confirm high degrees
of success and satisfaction, with considerable
benefits bestowed upon the patient and society.
Reinhold Ganz and his team have contribu-
ted immensely to the field of hip preservation
surgery, both open and arthroscopic techniques.
Their efforts paved the way for understanding the
effects of morphological abnormalities on hip de-
generation. Their seminal work on femoroaceta-
bular impingement and dysplasia predominates
the literature and forms the basis for current and
future research in hip preservation. Open proce-
dures, including surgical dislocation and periace-
tabular osteotomy, have demonstrated consistent
high reliability for excellent, durable subjective
and objective outcomes. Arthroscopic and endo-
scopic procedures have revolutionized the surgical

printed on 2/11/2023 2:14 AMvia .

treatment of nearly all hip conditions. These
minimally invasive approaches have shown out-
comes as good, and in some cases better, as open
approaches in the management of intra-articular
chondrolabral and osseous pathology and extra-
articular peritrochanteric and deep gluteal space
problems.

Hip arthroplasty outcomes continue to de-
monstrate the highest levels of success within
all of orthopedic surgery and musculoskeletal
medicine. Improved understanding of surgical
techniques and enormous progress in technolo-
gy have truly refined the art and science of the
procedure to the highest level. As our active po-
pulation has generated a group of very young
individuals with advanced hip disease undergo-
ing arthroplasty, patients are returning to active,
healthy lifestyles and continuing to be contribu-
ting members to society. Improved evidence on
managing revision arthroplasty has led to durable,
excellent outcomes even in these challenging
multifactorial clinical scenarios.

It is with utmost excitement and optimism that
we, the editors of Synopsis of Hip Surgery, present
this text. Our students, residents, fellows, surge-
ons, physicians, researchers, therapists and, most
importantly, our patients, will find this book to be
a terrific resource for quick acquisition of know-
ledge on everything related to the hip. We are truly
indebted to the authors of all the chapters in this
book, whose efforts made this vast work possible.

Shane J. Nho, MD, MS
Joshua D. Harris, MD
Brett R. Levine, MD, MS
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Anatomy of the Hip and
1 Surgical Approaches

Brian R. Waterman, Edward C. Beck, Gift Echefu, lan Clapp, William H. Neal,
Shane J. Nho

Basic Anatomy of the Hip and Pelvis

Femur

I.  The femur bone is a near-cylindrical long bone with high cortical bone density,
separated from each other by the breadth of the pelvis. The anterior femoral bow is
angled medially for relative valgus alignment. There is a gender difference in pelvic
breadth, with it being wider in females.

II. Itis divided into the body and two extremities, upper and lower (Fig. 1.1).
A. The upper extremity consists of the head, neck, and greater and lesser trochanter:
1. The head:

a. It is globular, convex, and hemispheric. It is superiorly, medially, and
slightly anterior directed.

b. It has a smooth, articular surface covered in hyaline cartilage normally.

c. The fovea capitis is a small, concave, depression within the medial side of
the head, directed superior to posteroinferiorly. It is deficient in articular
cartilage and provides attachment for the ligamentum teres: the acetab-
ular branch of the obturator artery runs within and disruption results in
avascular necrosis of the head.

2. Neck:

a. The neck is relatively flat and pyramidal. It connects the head to the shaft
of the femur.

b. Itis flattened anterior to posterior, constricted in the middle, and broad-
ens from medial to lateral.

c. The anterior surface is perforated by numerous vascular foramina. Along
the junction of the anterior surface with the head is a shallow groove. It
is prominent in the elderly and provides attachment to orbicular fibers
of the hip joint capsule.

d. The inferior border, long and narrow, curves slightly posteriorly and ends
at the lesser trochanter.

e. The angle of inclination is formed by intersection of a line drawn along
the shaft of the femur and a line drawn down the neck of the femur. It is
widest in infancy and decreases with age. The normal angle is between
120 degrees and 125 degrees. It shows height and gender variability: less
in shorter individuals and right angle in females than in males. Angle
greater than 125 degrees results in coxa valga, and decreased angle results
in coxa vara.
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Fig. 1.1 The right femur: anterior (a) and posterior (b) views. (Source: Schuenke M, Schulte E, Schum-
acher U. Thieme Atlas of Anatomy. General Anatomy and Musculoskeletal System. 2nd edition, ©2014,
Thieme Publishers, New York. lllustrations by Voll M and Wesker K.)

3. The trochanter is divided into lesser and greater trochanters; they are con-
nected by the intertrochanteric line.

a. The lesser trochanter is a conical eminence. From its apex, three borders
extend: medial, lateral, and inferior. The inferior border is continuous
with the middle division of the linea aspera. The apex provides attach-
ment to the psoas major muscle.

b. The greater trochanter is a large, irregular, quadrilateral eminence. It is
located at the junction of the neck with the upper part of the body. It
has two surfaces (medial and lateral surfaces) and four borders (superior,
inferior, anterior, and posterior borders).

B. Lower extremity:

1. The distal end of the femur is cuboid and has a greater transverse diameter
than the anteroposterior diameter. It is prominent on both sides as the me-
dial and lateral condyles, separated by the intercondylar fossa.
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2. Inferior to the lateral condyle is an oblique groove that provides attachment
to the popliteus muscles.

C. Body:

1. The body of the femur is cylindrical, broader superiorly, flattens, and nar-
rows downward. It is convex anteriorly and concave posteriorly. The promi-
nent longitudinal ridge, linea aspera, lies posteriorly.

2. It has three borders (posterior, lateral, and medial) and three surfaces, sepa-
rated by the borders.

3. The linea aspera is a crest on the posterior aspect of the femur. It is com-
posed of the medial and lateral lips, and an intermediate line. The lateral
ridge extends upward from the lateral lip to the base of the greater trochan-
ter, forming the gluteal tuberosity and providing attachment to the gluteus
maximus. The intermediate ridge extends upward as the pectineal line to-
ward the base of the lesser trochanter, providing attachment to the pectine-
us muscle.

4. The lateral border runs from the greater trochanter to the anterior extremi-
ty of the lateral condyle. The medial border runs from the intertrochanteric
line to the anterior extremity of the medial condyle.

5. The anterior surface is situated between the lateral and medial borders. it is
smooth, convex, broader superiorly and inferiorly with a narrow center. It
provides attachment for the vastus intermedius.

6. The lateral surface is the portion between the lateral border and the linea
aspera. The superior three-fourths provide attachment for the vastus inter-
medius.

7. The medial surface includes the area between the medial border and the
linea aspera; it provides attachment for the vastus medialis.

Pelvis and Acetabulum

Fig. 1.2 shows a three-dimensional reconstruction of the hip.

. The pelvis is formed by the bones of the ilium, ischium, and pubis. It is a large and
flat bone.

II. Ossification is from three primary centers for the ilium, ischium, and pubis.

IIl. The primary centers fuse by age 13 to 14 at a Y-shaped triradiate cartilage at the
center of the acetabulum.!

IV. The right and left hemipelvis articulate with each other anteriorly at the pubic sym-
physis and posteriorly at the sacral ala to form the sacroiliac joint.

V. The pelvis offers the primary connection between the axial skeleton and the bones
of the lower limb, forming a bridge for structures passing from the axial skeleton to
the lower limb.

VI. Bones of the hip offer stability and attachment for soft tissues.
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Fig. 1.2 (a-c) 1. The pelvis (example shown here is male). (Source: Schuenke M, Schul-
te E, Schumacher U. Thieme Atlas of Anatomy. General Anatomy and Musculoskeletal
system. 2nd edition, ©2014, Thieme Publishers, New York. Illustrations by Voll M and
Wesker K.)

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



EBSCOhost -

Anatomy of the Hip and Surgical Approaches 7

Hlium

.  Theilium is the widest and the largest of the three parts of the hemipelvis.

II. Itisdivided into the ala and the body, which are separated by the arcuate line ante-
riorly and the acetabular margin externally.

[II. Ala:
A. The ilium expands superiorly to form the ala:

1. The concave inner surface of the ala forms the iliac fossa, giving attachment
to the iliacus.

2. The convex external surface forms the gluteal fossa from which originates
the gluteal muscles.

B. The superior margin thickens to form the iliac crest. The crest projects forward
and backward, forming the anterior and posterior iliac spines.

1. The superior margin provides an inferior attachment for the abdominal wall
muscles.

2. The anterior and posterior iliac spines further subdivide into the superior
and inferior spines.

3. The anterosuperior iliac spine (ASIS) is an important landmark; it provides
attachment for the inguinal ligament and the sartorius muscle.

4. The anteroinferior iliac spine (AIIS) projects outward from the wing of the
ilium. The superior portion of the AIIS provides attachment to the direct
head of the rectus femoris. Avulsion fracture may occur at this site of attach-
ment. The inferior portion provides attachment to the iliofemoral ligament
of the hip joint, slightly superior to the acetabular rim. In some individuals,
the AIIS may project distally to impinge on the femoral neck during motion.
Subspine impingement may limit hip motion and cause labral injuries.?

IV. Body:

A. The body of the ilium forms a part of the acetabulum and provides attachment to
the obturator internus.

Ischium
. Itisinferior to the ileum and posterior to the pubis. The superior portion forms one-
third of the acetabulum.
II. Parts: superior, inferior rami, and the body:
A. Superior ramus:
1. It extends inferiorly and posteriorly from the body.
2. Its three surfaces are the posterior, inner, and external surfaces.

3. It extends anteriorly to form the posteroinferior margin of the obturator
foramen.

4. It expands posteriorly to form the ischial tuberosity.
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B. Inferior ramus:
1. It is flat and thin and ascends from the superior ramus to join the pubis
anteriorly.
2. It has two surfaces, inner and external, and two borders, medial and lateral.
C. Body of the ischium:
1. It contributes to the formation of the acetabulum.
2. It has two surfaces, external and inner surfaces, and two borders, posterior
and anterior.

Pubis

. The anterior aspect of the hip and pelvis comprises three parts: the body and the
inferior and superior pubic rami.

A. The body forms a part of the acetabulum; it projects anteromedially toward mid-
line to connect with the opposite body of the pubis at the pubic symphysis.
B. The superior and inferior rami form a part of the obturator foramen.

Acetabulum

. Itis formed by the fusion of the three hip bones marked by the triradiate cartilage.

I[I. The acetabular rim surrounds the fossa and is limited inferiorly by the acetabular
notch.

[II. The fossa provides attachment for the ligamentum teres.

IV. The acetabular notch is converted into a foramen by the transverse acetabular
ligament.

V. The acetabular labrum is attached to the rim. The labrum deepens the acetabular
surface for articulation with the femoral head.

VI. The standard clock-face reference provides reliable surgical landmark of the
intra-articular hip structures.? Irrespective of laterality, the 3 o’clock position always
marks the anterior aspect, the 9 o’clock position the posterior aspect, the 12 o’clock
position the superior aspect, and the 6 o’clock position the inferior aspect (Fig. 1.3).

Joints

L.

Hip joint:

A. Osseous structures: The ball-and-socket synovial joint is formed by the head of
the femur and the acetabulum.
1. The articular surfaces are lined by the hyaline cartilage.

2. The acetabulum is deepened by the acetabular labrum and articulates with
the head of the femur.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



Anatomy of the Hip and Surgical Approaches 9

Fig. 1.3 Clock face of the acetabulum.

3. The hip joint connects the trunk and pelvis to the bones of the lower ex-
tremity.

B. Capsule: It is attached to the acetabulum superiorly and the neck of the femur in-
feriorly, and blends anteriorly with the iliofemoral ligament.* It is composed of two
sets of fibers: circular fibers (that invest the femoral neck) and longitudinal fibers.

C. Ligaments:

1. The hip joint ligament is divided into the intracapsular and extracapsular
ligaments (Fig. 1.4).

2. The extracapsular ligaments are divided into the “Y”-shaped iliofemoral
(anterior), ischiofemoral (posterior), and pubofemoral (inferior) ligaments.

3. The ligamentum teres forms the intracapsular ligament.
D. Angles:
1. Lateral center-edge angle:

a. The angle between a vertical line and a line from the center of the femo-
ral head to the most lateral bony part of the acetabulum.

b. Normal: 25 to 40 degrees; less than 20 degrees indicate developmental
dysplasia of the hip (DDH).®

c. Itisused in femoroacetabular impingement syndrome (FAIS) diagnosis.
d. It evaluates the acetabular lateral coverage.
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Fig. 1.4 (a—c) The ligaments of the hip joint. (Source: Schuenke M, Schulte E, Schumacher U. Thieme
Atlas of Anatomy. General Anatomy and Musculoskeletal System. 2nd edition, ©2014, Thieme Pub-
lishers, New York. Illustrations by Voll M and Wesker K.)

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.conlterns-of-use



Anatomy of the Hip and Surgical Approaches 11

2. Anterior center-edge angle:

a. Onfalse profile, the angle formed by intersection of a vertical line through
the center of the femoral head and a line extending through the center of
the femoral head to the anterior sourcil.”

b. Itis obtained from the false profile view (allows assessment to the degree
of femoral head anterior coverage), measures anterior dysplasia.

c. Normal: 25 to 40 degrees; less than 20 degrees indicates DDH.®
d. It evaluates the acetabular anterior coverage.

3. Transverse (acetabular) angle: It is the angle between a line drawn from the
superior to the inferior acetabular rim and the horizontal plane.

4. Femoral version:
a. Each limb is measured individually.

b. On axial computed tomography (CT), find the slice that best reveals the
femoral neck and the condylar alignments.

c. Measure the condyle-horizontal angle (CH) and the neck horizontal
angle (NH) (Fig. 1.5).
d. Calculate the angle of the neck relative to the condyles (NC = NH - CH).

e. In internal rotation, the CH is added to the NH. In external rotation, the
CH is subtracted from the NH angle.

5. Tonnis angle: on anteroposterior (AP) plain radiograph. The angle is formed
between a horizontal line and a line extending from the medial to lateral
edges of the sourcil. Normal: less than 10 degrees.5°

6. Acetabular version:

a. On axial CT, each limb is measured individually. Find the slice that best
reveals the deepest floor of the acetabulum.

b. The angle is measured between a line drawn tangent to the anterior and
posterior walls of the acetabulum and a true sagittal line.

7. Acetabular angle (of Sharp):
a. It measures the acetabular inclination on the AP plain radiograph.

b. The angle is formed between a horizontal line and a line from the tear-
drop to lateral acetabulum. Normal: 33 to 38 degrees.

-

Fig. 1.5 Analysis of the femoral version. Abbreviations: CH, condyle-horizontal angle; NH, neck-horizontal
angle.
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8. Femoral neck angle: It is the widest in infancy and reduces to average of
125 degrees in the adult. It varies among individuals and gender.

a. Coxa vara: reduced angle (<120 degrees).
b. Coxa valga: increased angle (>135 degrees).

E. Movements: Varying ranges of motion—flexion, extension, abduction, adduction,
medial, and lateral rotations and circumduction.

F.  Blood supply: Medial and lateral circumflex arteries; branches off the deep artery
of the thigh. Sometimes it may directly branch off the femoral artery. The foveal
artery lies within the ligamentum teres, branches off the posterior division of the
obturator artery, and supplies the femoral head. Disruption of blood supply from
the foveal artery may lead to avascular necrosis.

I. Sacroiliac joint:

A. It is formed by the sacrum (triangular bone formed from fused lower vertebrae)
and the ilium on either side of the posterior midline.

B. Movement about the joint is planar. Reinforced by joint capsule and numerous
ligaments: anterior, posterior, and interosseous sacroiliac ligaments, and sacrotu-
berous and sacrospinous ligaments.'®

C. Itconnects the axial skeleton to the pelvis and transmits upper body weight to the
lower extremities.

III. Sacrococcygeal symphysis:

A. Itis formed between the coccyx and the sacrum. The interosseous ligament con-
necting both structures is analogous to the intervertebral disk.!

B. Itisreinforced by the anterior, posterior and lateral sacrococcygeal ligaments.
C. Movements are limited to flexion and extension.!!
IV. Pubic symphysis:
A. It is an amphiarthrodial joint formed in the midline by the left and right pubic

bones. Between the articulation is the fibrocartilaginous disk that is strengthened
by the superior and inferior pubic ligaments.?

B. It allows limited movement.

Musculature

The hip is surrounded by six groups of muscles: flexors, extensors, adductors, abduc-
tors, internal rotators, and external rotators (Table 1.1).

Surgical Anatomy

Surface Anatomy (Fig. 1.6)

I. Skin:

A. Anteriorly, the skin of the abdomen and the thigh on each side is clearly demar-
cated by a line, marking the site for the inguinal ligament. The skin of the anterior
and medial thigh is thin, smooth, and elastic.
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Table 1.1 Groups of muscles, function and neurovascular supply

Group of
muscles Muscle Function Blood supply Innervation
Flexors Adductor Adducts the thigh at the  Profunda femoris, Obturator nerve
brevis hip, internally rotates the medial circumflex,
thigh, weak hip flexor and obturator
arteries
Adductor Adducts and flexes the Profunda femoris, Obturator
longus thigh, helps internally medial circumflex nerve (anterior
rotate the thigh arteries division)
Adductor Adductor part: adducts,  Femoral, profunda Adductor part:
magnus flexes, and internally femoris, and obtura-  obturator nerve
rotates the thigh tor arteries Hamstring part:
Hamstring part: extends sciatic nerve
thigh (tibial division
lliacus (ilio- Flexes the thigh and lliac branches of Femoral nerve
psoas) stabilizes the hip joint iliolumbar artery
Pectineus Adducts and flexes the Medial circumflex Femoral nerve
thigh artery, obturator and occasionally
artery anterior division
of obturator
nerve
Psoas major Flexes thigh Lumbar branches of ~ Ventral rami of
(iliopsoas) the iliolumbar artery  the first lumbar
nerve
Rectus fem- Flexes the thigh Profunda femoris Femoral nerve
oris and lateral circumflex
arteries
Sartorius Abducts, externally Femoral artery Femoral nerve
rotates, and flexes the
thigh
Tensor fasciae  Abducts, internally Ascending branch Superior gluteal
latae rotates, and flexes the of lateral circumflex nerve
thigh femoral artery
Extensors  Adductor Adductor part: adducts,  Femoral, profunda Adductor part:
magnus flexes and internally femoris, and obturator nerve
rotates the thigh obturator arteries Hamstring part:
Hamstring part: extends sciatic nerve
the thigh (tibial division
Biceps Extends the thigh Perforating branches  Long head:
femoris of the profunda sciatic nerve
femoris, inferior (tibial division)
gluteal, and medial Short head:
arcumﬂex femoral sciatic nerve
arteries (common fibular
division)
Gluteus Extends the flexed Inferior gluteal Inferior gluteal
maximus thigh, assists in external  arteries and superior  nerve
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Table 1.1 (Continued) Groups of muscles, function and neurovascular supply

Group of
muscles Muscle Function Blood supply Innervation
Semimem- Extends the thigh Perforating branch of  Sciatic nerve
branosus the profunda femoris  (tibial division)
and the medial
circumflex arteries
Semitendi- Extends the thigh Perforating branch of  Sciatic nerve
nosus the profunda femoris  (tibial division)
and the medial
circumflex arteries
Adductors  Adductor Adducts thigh at the hip, Profunda femoris, Obturator nerve
brevis internally rotates the medial circumflex,
thigh, weak hip flexor and obturator
arteries
Adductor Adducts and flexes the Profunda femoris, Obturator
longus thigh, and helps medial circumflex nerve (anterior
internally the rotate arteries division)
thigh
Adductor Adductor part: adducts,  Femoral, profunda Adductor part:
magnus flexes, and internally femoris, and obtura-  obturator nerve
rotates the thigh tor arteries Hamstring part:
Hamstring part: extends sciatic nerve
the thigh (tibial division
Gracilis Adducts thigh, and Profunda femoris Obturator nerve
flexes and internally artery, medial cir-
rotates the leg cumflex artery
Pectineus Adducts and flexes the Medial circumflex Femoral nerve
thigh artery, obturator and occasionally
artery anterior division
of obturator
nerve
Abductors  Gluteus Extends the thigh, assists Inferior gluteal Inferior gluteal
maximus in external rotation, and  arteries and superior  nerve
abducts the thigh gluteal arteries
Gluteus Abducts and internal- Superior gluteal Superior gluteal
medius ly rotates the thigh, artery nerve
steadies the pelvis when
standing only on that leg
Gluteus Abducts and internal- Main trunk and deep  Superior gluteal
minimus ly rotates the thigh, branch of the superi-  nerve
steadies the pelvis when  or gluteal artery
standing only on that leg
Obturator Externally rotates the Internal pudendal Nerve to obtura-
internus extended thigh, abducts  and obturator tor internus
the flexed thigh arteries
Piriformis Externally rotates the Superior and inferior ~ Ventral rami of
extended thigh, abducts  gluteal arteries, inter- L5, S1, 52
the flexed thigh nal pudendal artery
Sartorius Abducts, externally Femoral artery Femoral nerve
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Table 1.1 (Continued) Groups of muscles, function and neurovascular supply

Group of
muscles Muscle Function Blood supply Innervation
Internal Gluteus Abducts and internal- Superior gluteal Superior gluteal
rotators medius ly rotates the thigh, artery nerve
steadies the pelvis when
standing only on that leg
Gluteus Abducts and internal- Main trunk and deep  Superior gluteal
minimus ly rotates the thigh, branch of the superi-  nerve
steadies the pelvis when  or gluteal artery
standing only on that leg
Tensor fasciae  Abducts, internally Ascending branch of  Superior gluteal
latae rotates, and flexes the the lateral circumflex  nerve
thigh femoral artery
External Gluteus Extends the thigh, assists Inferior gluteal Inferior gluteal
rotators maximus in external rotation, and  arteries and superior  nerve
abducts the thigh gluteal arteries
Inferior Externally rotates the Medial circumflex Nerve to qua-
gemellus extended thigh artery dratus femoris
Obturator Externally rotates the Medial circumflex Obturator nerve
externus thigh artery, obturator
artery
Obturator Externally rotates the Internal pudendal Nerve to obtura-
internus extended thigh, abducts  and obturator tor internus
the flexed thigh arteries
Piriformis Externally rotates the Superior and inferior ~ Ventral rami of
extended thigh, abducts  gluteal arteries, inter- L5, S1, and S2
the flexed thigh nal pudendal artery
Quadratus Externally rotates the Medial circumflex Nerve to qua-
femoris thigh artery dratus femoris
Sartorius Abducts, externally Femoral artery Femoral nerve
rotates, and flexes the
thigh
Superior Externally rotates the Inferior gluteal and Nerve to
gemellus extended thigh internal pudendal obturator
arteries internus

- printed on 2/11/2023 2:14 AMvia .

B. Posteriorly, the skin over the gluteal region is relatively thick. The gluteal fold is a
horizontal skin crease that marks the junction of the inferior border of the gluteus
maximus muscle as it crosses oblique to the crease. Asymmetry of the gluteal
folds is pathognomonic for DDH, however may be an unreliable clinical sign for

diagnosis.”
II. Bony Landmarks:
A. Tliac crest:

1. It has lateral prominence on both sides of the pelvis. It projects anteriorly to
form the ASIS and posteriorly the posterosuperior iliac spine (PSIS).

2. It is palpable in its entire length and has many curves: convex superiorly
and concave at both the anterior and posterosuperior ends. The intermedi-
ate zone separates the inner and outer lips.

B. lliac tubercle:

1. It has lateral projection of the outer lip of the iliac crest. It is approximately
5 cm behind the ASIS.
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Fig. 1.6 (a-c) Surface anatomy of the hip.
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2. It provides attachment for the iliotibial tract. It lies at the level of L5
vertebrae.

. ASIS:

1. It projects from the iliac crest anterosuperiorly, bilateral.

2. It is useful in measuring true leg length, acts as guide when identifying
landmarks like the Roser-Nelaton line, measuring leg length, and quadri-
ceps angle. The quadriceps angle is formed by a line connecting the ASIS to
the mid-patella. The normal quadriceps angle is 140 degrees in men and
170 degrees in females. Higher quadriceps angle results in maltracking of
the patella.'

3. It provides attachment to the inguinal ligament and the sartorius muscle.

. AlIS:

1. It has interior prominence of the wing of the ilium below the ASIS.

2. It borders the acetabular rim anteriorly and provides attachment to the il-
iofemoral ligament of the hip.

PSIS:

1. It has a posterosuperior projection of the wing of the ilium.
2. It provides attachment for the posterior sacroiliac ligaments.
Posteroinferior iliac spine:

1. It has a posterior projection of the ilium below the PSIS.

2. Itisseparated from the PSIS by a notch. This notch appears as dimples on the
lower back of some individuals.

. Ischial tuberosity:

1. It has a posterior prominence on the superior ramus of the ischium.
2. It bears the weight of the body in the sitting position.

3. It lies beneath the gluteus maximus in the upright position but exposed in
the sitting position.

4. It provides attachment for the sacrotuberous ligament and the hamstring
muscles: semimembranosus, semitendinosus, and biceps femoris.

. Greater trochanter:

1. It projects laterally and posteromedially on the femur, approximately 1 cm
below the head of the femur.

2. It has lateral and medial surfaces, and posterior, anterior, inferior, and supe-
rior borders.

3. The posterior border is free and borders the trochanteric fossa posteriorly.

[II. Muscular Landmarks:
A. Sartorius:

1. Itstarts from the ASIS proximally and runs obliquely downward crossing the
anterior thigh to attach to the medial border of the proximal tibia.

The superior portion forms the lateral border of the femoral triangle.

3. It inserts into the medial border of the proximal tibia with the gracilis and
the semitendinosus via the pes anserinus.
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B. Gluteus maximus:

1. It has an extensive origin from the posterior gluteal line, posterior sacrum,
and the sacrotuberous ligament. It courses obliquely and laterally down-
ward to insert into the greater trochanter and the iliotibial band.

2. Itextends and abducts the hip joint.
C. Piriformis muscle:

1. Itarises from the anterior of the sacrum, exits the pelvis through the greater
sciatic notch dividing the notch into superior and inferior parts, and inserts
into the greater trochanter.

2. The superior gluteal vessels and nerves exit the pelvis superior to the piri-
formis and the sciatic nerve exits inferior to the piriformis.

IV. Femoral Triangle:
A. Ttis marked by a triangular depression located superiorly on the anterior thigh.

B. It has three borders: adductor longus medially, sartorius laterally, and inguinal
ligament superiorly.

C. The roof is formed by the fascia lata; the floor is formed by the iliopsoas laterally
and the pectineus and the adductor longus medially.

D. It contents, medial to lateral, are as follows: deep inguinal lymph nodes, femoral
vein, femoral artery, femoral sheath, and femoral nerve.

Surgical Approaches
Anterior Approach (Smith-Petersen) (Fig. 1.7)

. The patient is placed in the supine position and a longitudinal skin incision starts
approximately 3 cm distal and lateral to the ASIS; the incision continues along the
tensor fasciae latae.'®

Sartorius

lliacus
Hip capsule

Reflected head
of rectus

Rectus
femoris

Ascending lateral
femoral circumflex
vessels

Tensor
fascia lata

Gluteus
medius

Fig. 1.7 Anterior Approach. (Source: Femoral Neck Fractures, In: Mullis B, Gaski G, eds. Synopsis of
Orthopaedic Trauma Management. New York, NY: Thieme; 2020.)
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II. Internervous planes between sartorius (femoral nerve) and tensor fasciae latae (su-
perior gluteal nerve) are utilized. The lateral cutaneous nerve should be protected;
the ascending branch of the lateral circumflex femoral artery traversing the anterior
aspect of the hip, visible in the internervous plane, is cauterized.

IIl. The surrounding muscles are retracted and an anterior capsular incision is done
along the neck to access the joint.

Anterolateral Approach (Watson Jones) (Fig. 1.8)
. The patient is place in the supine or lateral position. Incision starts 2.5 cm posterior
and distal to the ASIS and continues posteriorly toward the greater trochanter.!®

II. The interval between the tensor fasciae latae is identified. The inferior branch of the
superior gluteal nerve is identified and preserved. The vastus lateralis is reflected
proximally 1 to 2 cm from the origin.

IIl. The retractors placed anteriorly, posteriorly, and inferiorly maximize joint visual-
ization, and capsular incision exposes the joint.

Direct Lateral Approach (Hardinge)
I. The patient is placed in the supine position. Incision starts 5 cm proximal to the
greater trochanter and ends 5 to 6 cm distal to the greater trochanter.!”

II. The tensor fascia latae is incised to expose gluteus maximus. A retractor is used to protect
the sciatic nerve from injury. The gluteus medius and vastus lateralis at the attachment to
greater trochanter is split. Precaution is taken to preserve the superior gluteal nerve.

Ill. AT-shaped capsulotomy is made to optimize joint visualization.

Vastus lateralis
TFL retracted
anteriorly

Femoral neck
and joint capsule

Gluteus medius

Fig. 1.8 The anterolateral approach. (Source: Femoral Neck Fractures, In: Mullis B, Gaski G, eds. Synopsis
of Orthopaedic Trauma Management. New York, NY: Thieme; 2020.)
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Posterolateral Approach

. The patient is placed in the lateral decubitus or prone position and outline all the
bony landmarks: the greater trochanter and the PSIS. Incision starts posterior to the
lateral side of the greater trochanter, continues downward 6 cm along the femoral
axis; it is extended proximally toward the PSIS approximately 6 cm from the greater
trochanter.'®

II. The gluteal fascia and the tensor fascia latae are incised and the underlying gluteus
maximus is bluntly divided. The posterior border of the gluteus medius is retracted
using a 90-degree-angled thin Hohmann retractor. The exposed short external ro-
tators are secured with nonabsorbable high-strength sutures before releasing their
insertion. The released short external rotators form protection for the sciatic nerve.

[Il. The gluteus minimus is split from the capsule and retracted. Capsulotomy and
full-thickness broad-based flap of the posterior hip capsule exposes the posterior
aspect of the joint.

Modified Hueter Approach

. The patient is placed in the supine position on the orthopaedic extension table with
perineal support of 10-cm diameter. Ipsilateral upper limb is placed on the chest
and stabilized with a tape. Light traction is applied with the pelvis horizontally and
balanced.

II. A 5-to 8-cm incision is made an inch lateral to the ASIS and extended obliquely
downward toward the mid area of the external condyle."®

III. Intermuscular incision separates the space between tensor fascia lata and sartorius,
taking precautions to preserve the femoral cutaneous nerve deep in the sartorius
sheath.

IV. The superficial aponeurosis of the rectus femoris is incised longitudinally to expose
the deep aponeurosis. The iliopsoas muscle is separated from the anterior side of
the joint capsule.

V. The intra-articular space is assessed by either capsulectomy or capsulotomy. The
ideal site for femoral neck osteotomy is marked by the depression formed by the
junction of the superior and inferior vastus lateralis capsular insertions.

VI. The prosthesis is set in place and operative limb reduced by returning the lower
limb into a slightly upward-sloping plane while applying traction axially.

Hip Arthroscopy

It is a minimally invasive technique. It addresses intra-articular and extra-articular
hip pathologies: labral tear, femoroacetabular impingement, greater trochanteric pain syn-
drome, piriformis syndrome, heterotopic ossification, and deep gluteal syndrome (Fig. 1.9).

. Supine approach:

A. The patient is placed in the supine position on a modified fracture table. A peri-
neal post is used and lateralized to the operative hip. The operative hip is placed
in neutral abduction, neutral flexion-extension, and the foot is internally rotated.
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Fig. 1.9 Supine position for hip arthroscopy
requires a perineal post lateralized to the
operative side. The operative hip is placed
in extension, approximately 25-degree
abduction and neutral rotation.

Traction of 25 to 50 Ibs is applied to distract the operative limb. Joint distraction
creates a negative intracapsular pressure, the vacuum phenomenon. Prolonged
traction time confers a risk of neuropraxia. Joint space is confirmed by fluoro-
scopic guidance (Fig. 1.10).

The ASIS, the greater trochanter, and the anterior and posterior borders of the
femur are marked out. A line is drawn inferiorly from the ASIS to the patella while
protecting the femoral neurovascular structures located medially.

Incisions are made anterolaterally, 1 cm anterior to tip greater trochanter, and
longitudinal incision; relatively deep in skin and fascia.

Spinal needle is inserted into the joint under fluoroscopic supervision, nitinol
wire is passed through, portal site is widened to transmit the cannula and scope,
and the anterolateral portal is established.

Three standard portals:

1. The anterolateral portal penetrates the gluteus medius and enters the lateral

aspect of the capsule at its anterior margin. The superior gluteal nerve is at
risk of injury.

2. The anterior portal is located at the intersection of a line drawn inferiorly
from the ASIS and a line bisecting across the superior margin of the greater
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22 Anatomy of the Hip and Surgical Approaches

Fig. 1.10 An X-ray image of the joint space.

trochanter. It penetrates the sartorius and rectus femoris and enters the ante-
rior capsule. The lateral cutaneous femoral cutaneous nerve is at risk of injury.

3. The posterolateral portal enters the capsule by penetrating the gluteus me-
dius and minimus muscles. The sciatic and superior gluteal nerves are at risk
of injury.

F. The mid-anterior portal is established under direct visualization using the same
technique. Capsulotomy is made connecting both portals to access the joint
space. Pincer morphology is corrected using a burr, the labrum is cleaned up
and debrided, osteochondroplasty is done for cam morphology, and labral repair
is done using anchors, fixing it to the acetabulum, occasionally utilizing a distal
anterolateral portal.

G. The capsule may be closed using high-strength sutures.
II. Lateral approach:

A. In the lateral decubitus position, surfaces are marked (greater trochanter, ASIS)
and fluoroscopic C-arm is centered over the trochanter to confirm hip positioning
and anatomy.

B. The anterolateral portal is established: A Nitinol wire is passed through a spinal
needle and skin incision is made with a no. 11 blade, passing the cannulated ar-
throscopic trocar and sheath over the wire into the joint. A 70-degree arthroscope
is introduced.
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C. The anterior and posterolateral portals are made using the same technique. The
lateral cutaneous nerve is at risk of injury while establishing the anterior portal.

D. Capsulotomy is made along the femoral neck in line with the zona orbicularis
fibers of the Iliofemoral ligament.

E. Pincer morphology is corrected using a burr, the labrum is cleaned up and de-
brided, osteochondroplasty is done for cam morphology, and labral repair is done
using anchors, fixing it to the acetabulum.

F. The capsule may be closed using high-strength sutures.
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2 History and Physical Examination

Edward C. Beck, Brian R. Waterman, Gift Echefu, Jahanzeb Kaikaus,
William H. Neal, Kyleen Jan, Alexander Newhouse, Shane |. Nho

History
Diagnosing Disorders of the Hip

I.  Comprehensive history and physical examination are essential in evaluating the
patient:
A. They allow one to establish a preliminary differential diagnosis.
B. They help determine course of the physical examination and special testing.

II. Presentation of hip pathologies can be broad and vague, requiring thorough
investigation into the course of the disease process.

IIl.  Pathologies arising from sites other than the hip such as knee or back may present
as hip pain.!

IV.  Characterizing the patient complaint:

A. Symptoms of hip disease include pain, stiffness, deformity, mechanical
(e.g., popping, snapping, locking, etc.), and limping.

V. Progression of degenerative hip disease:
A. Typically, external rotation is the first motion to be lost:
1. Patients will complain of difficulty putting their shoes on.?
B. This is followed by loss of abduction/adduction.
C. Flexion is generally well preserved until more advanced stages.

Mechanical Symptoms

. Painin the presence of locking, catching, or popping indicate better prognostic outcome:
A. Itimplies a mechanical problem that is typically correctable.

B. It is not a pathognomonic, injury-specific finding, as the hip can be completely
normal.

II.  Painin the absence of other symptoms is a poorer prognostic indicator.
IIl. Characterize specific movements precipitating pain:
A. Patient typically lacks symptoms in straight plane activity.
B. Pain arises in direction change and twisting motions.
IV. Classic activities triggering symptoms:
A. Sitting, particularly with excess flexion.
Standing up from the seated position.
Ascending or descending stairs.
Entering/exiting automobile.

m YN w

Putting on shoes and socks involves rotation.
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Physical Examination

Inspection

I.  Assessment of gross appearance:
A. Lesions, bruising, and visible trauma.
B. Symmetry and pelvic obliquity.
C. Atrophy.
D. Visible signs of variable limb length.
II.  Assessment of stance:
A. Signs of abnormality:
1. Slight flexion of the symptomatic hip with associated ipsilateral knee flexion.

Ill. Assessment of gait. The patient is asked to walk normally and in a toe-and-heel
gait in the examination room.

A. Normal gait:

1. Gait is steady, even, and with equal stride length with normal trunk and
pelvis control.

2. Indication that legs are of equal length and motion is intact.
B. Antalgic gait:
1. A possible consequence of hip pain.

2. The patient will alter position to avoid placing body weight over the
affected hip.

C. Short leg limp: seen in limb length discrepancy. During walking, the body lands
onto the short leg and takes off with the long leg.

D. Trendelenburg gait:

1. It indicates abductor muscle weakness and inability to support pelvic
weight.

2. Unaffected hip shifts downward when the affected leg is in midstance of
the gait cycle (Fig. 2.1).

Motion Assessment

I.  Ensure the patient’s pelvis remains stationary by keeping a hand on the antero-
superior iliac spine.

II.  Flexion:

A. In the supine position and with the knee flexed, bend the patient’s leg into the
abdomen until resistance is met.

B. Normal range is 120 to 135 degrees.
[Il. Extension:

A. In the prone or upright position, draw the leg backward until pelvic movement
is detected or resistance is met.

B. Normal range is 20 to 30 degrees.
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Gluteus medius Insufficient
and minimus small gluteals

Pelvis
sags

Stance leg

Swing leg

b

Fig. 2.1 (a) Normal gait, (b) Trendelemburg gait. (Source: Schuenke M, Schulte E, Schumacher U.
General Anatomy and the Musculoskeletal System: Thieme Atlas of Anatomy. New York: Thieme;
2005. Illustrations by Voll M and Wesker K.)

IV. Abduction:

A. In the lateral decubitus position, place a hand on the iliac crest, and pull the leg
away from midline until pelvic movement is detected or resistance is met.

B. Normal range is 40 to 50 degrees.
V. Adduction:

A. Tt is assessed with the patient in the supine or lateral decubitus position, with
the test leg resting on the table. The upper leg is abducted to 25 degrees with
resistance hand placed on the distal medial femur of the test leg while the
patient actively adducts.

B. Normal range is 20 to 30 degrees.
VI. Internal rotation:

A. In the supine position, the knee and hip are both flexed at 90 degrees, and the
leg is rotated outward while stabilizing the knee in position.

B. Normal is 30 degrees. It is positive in femoroacetabular impingement (FAI)
syndrome.
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VII. External rotation:

A. In the supine position, the knee and hip are both flexed at 90 degrees, and the
leg is rotated inward while stabilizing the knee.

B. Normal is 50 degrees.

Range of Motion Assessment

L. Supine:

A. Flex the hip with the knee extended.

B. Pull the knee toward the chest while the opposite leg is kept straight.
C. Move the leg medially and laterally while maintaining a straight knee.
D

. Side of the foot is placed on the opposite knee, moving the flexed knee toward
the table.

II.  Prone or standing:

A. The straightened leg is swung behind the body to assess extension (Fig. 2.2).

€ External Rotation

Fig. 2.2 (a) Hip flexion with straight knee. (b) Hip extension. (c) Hip flexion with knee flexed.
(d) Abduction and adduction. (e) External rotation.
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Special Signs and Tests

I.  Straight leg raise:

A.
B.

C.

The examiner actively flexes the hip by raising the leg with the knee extended.

Test is positive with back, leg, or buttock pain elicited at 60 degrees or less
with radiation distal to the knee. Dorsiflexion at the ankle worsens pain and
flexion at the knee or hip relieves the pain.

Positive test indicates lumbosacral nerve root irritation and/or radiculopathy.?

II. Leg-length test:

A.

E.

F

G.

Ensure consistency in the angle between the limb and the pelvis. Note the
height of the iliac crests.

True leg length is measured from the anterosuperior iliac spine or the greater
trochanter of the femur to the medial malleolus of the ipsilateral ankle with
the patient in the supine position, using a tape measure.*

Repeat the assessment with the patient going from lying to the sitting po-

sition. It is useful in excluding sacroiliac joint dysfunction or a fixed pelvic
rotation, which can give the false impression of a leg-length discrepancy.

. In the case of shortening, determin e whether the discrepancy occurs above or

below the trochanteric level.

Variations above the trochanteric level are indicative of abnormality in the hip.
Apparent leg length: umbilicus to the medial malleolus of the ipsilateral leg.
In hip fractures, the affected leg appears shortened and externally rotated.

IIl.  Allis’ (or Galeazzi's) sign:

A.
B.

C

It is used primarily for assessing developmental dysplasia of the hip.

The patient is in the supine position and the knees are flexed with ankles
touching the buttocks. If the knees are not level, then the test is positive,
indicating a potential congenital hip malformation or apparent limb-length
discrepancy.

Positive test is indicative of hip dislocation and femoral or tibial structural defect.®

IV.  Ludloff’s sign:

A.
B.

C.
D.

It is a test for iliopsoas tendinitis or bursitis.°®

Instruct the patient to assume a seated position with the feet hanging free of the
examination table.

Ask the patient to raise the affected leg from the table surface.

The test is positive when a patient fails to raise the leg and there is associated
swelling and ecchymosis in Scarpa’s triangle.

V. Ober’s test (Fig. 2.3):

A.
B.

Instruct the patient to lie on the side of the unaffected hip.

Place one hand on the patient’s pelvis for stability and grab the ankle with the
other hand, maintaining a 90-degree angle of the knee.

Abduct and extend the thigh. A positive sign occurs if the leg remains abducted.

Positive test is indicative of iliotibial band tightness.”
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Fig. 2.3 Ober’s test.

VI. FABER (flexion, abduction, and external rotation) or Patrick’s test
A. Instruct the patient to lie supine.
B. Grab the patient’s ankle and flex the knee.

C. Once the knee is bent, proceed to flex, abduct, externally rotate, and extend the
hip. Apply downward pressure in order to further extend the hip. A positive sign
is indicative of a coxa pathologic condition.

VII. Thomas's test:
A. Instruct the patient to assume the supine position.

B. Request that the patient flex the unaffected knee and pull the knee toward
the abdomen. As the patient holds this position with both hands, examine the
lower back posture and the affected leg.

C. Ifthe spine remains in lordosis and the affected leg does not remain flat on the
table, a positive test is obtained, indicating hip flexion contracture.’

VIII. Stinchfield’s test:

A. The patient is in the supine position, with the leg raised off the table with knee
in extension, against resistance at the shin.

B. Presence of weakness or pain indicates iliopsoas or intra-articular hip
pathology.!®

[X. Ely’s test:

A. With patient in the prone position, the knee is passively flexed to 120 to 130
degrees.
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B.

The pelvis coming off the examination table indicates tight rectus femoris
muscle.

X.  FADIR (flexion, adduction, and internal rotation) test:

A.

B.

The patient is placed in the supine position and the examiner passively flexes
patient’s hip to 90 degrees; while holding the ipsilateral knee and ankle, the
hip is adducted and internally rotated.

Pain is highly sensitive but not specific for diagnosis of FAI syndrome.'?

XI.  Gillet’s test:

A.

With patient in upright position, the examiner stands behind the patient and
places each hand on the posterosuperior iliac spine with thumbs placed along
the sacrum.

The patient is then asked to pull the knee to the chest while holding it in place
with both hands. Each side is tested for comparison.

Inability of the sacrum to move posteriorly during hip and knee flexion
indicates a positive test.!?

XII. Fulcrum test:

A.

D.

Assessment is done with the patient in the sitting position with the lower legs
off the examination table.

One arm is placed under the symptomatic thigh and the palm of the hand serves
as a fulcrum.

The arm is then moved toward the proximal thigh while pressure is applied to
the back of the knee.

In the setting of stress fracture, pressure on the dorsum of the knee produces
sharp pain, often accompanied by apprehension.

XIII. Ortolani’s tests:

A.

D.

It is performed on newborns and infants for assessment of developmental
dysplasia of the hip.

The infant is placed in the supine position, with the hips and knees are flexed
to 90 degrees. The examiner applies anterior pressure to the greater trochanters
and the hips are abducted gently using the thumbs.

A “clunk” is present when the femoral head relocates anteriorly into the
acetabulum and is indicative of posterior hip dislocation.

The test is done in conjunction with Barlow’s maneuver and reduces the hip
dislocation previously elicited.™

XIV. Barlow’s maneuver:

A.
B.

It is an assessment of developmental dysplasia of the hip.

Infant hips are adducted and slight pressure applied on the anterior knee,
directing the force posteriorly and reproducing posterior hip instability.

Posterior dislocation is indicative of developmental dysplasia of the hip.'>

False-negative findings may be encountered if the hip is already in a subluxated
or dislocated position.'
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Radiographic Anatomy of The Hip

Gift Echefu, Brian R. Waterman, Edward C. Beck, Jahanzeb Kaikaus, Shane J. Nho

General Considerations

I.  Comprehension of the normal radiographic anatomy of the hip is helpful in the
interpretation of hip pathology on radiographs (Fig. 3.1).

Plain Film Radiographs

[.  Primary imaging for adult hip. Routine: anteroposterior (AP) and lateral views.
Specialized views: frog-leg lateral, anterior and posterior oblique (Judet’s views),
false profile, Ferguson’s view (pelvic outlet), and the pelvic inlet view.!

II.  Alignment is evaluated by visualization of symmetry. Important landmarks are as
follow: iliopectineal line, ilioischial line of Kohler, Shenton’s line, sourcil, teardrop
sign, and acetabular floor.?

[Il.  Evaluation of plain radiographs:

A. AP pelvis and hip radiograph (Figs. 3.1, 3.2):
1. Neutral alignment of the hip and pelvis is confirmed by measuring the
distance from the sacrococcygeal junction to the superior symphysis
pubis. Distance of 3 to 5 cm is considered normal.3#

Fig. 3.1 Plain radiograph of the hip and pelvis

(anteroposterior view). 1, the fifth lumbar ver-
tebrae; 2, sacrum; 3, iliac crest; 4, ilium; 5, an-
terosuperior iliac spine; 6, anteroinferior iliac
spine; 7, acetabulum; 8, superior pubic ramus; 9,
obturator foramen; 10, ischial tuberosity; 11, pubic
symphysis; 12, fovea; 13, lesser trochanter; 14, shaft
of femur; 15, greater trochanter; 16, intertrochan-
teric crest; 17, neck of femur; 18, head of femur; 19,
posteroinferior iliac spine.
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Fig. 3.2 Plain radiograph evaluation. 1, coccyx;
2, pubic symphysis; 3, sacrum; 4, sacroiliac
joint; 5, iliac crests; 6, obturator foramen;
7, acetabular sourcil; 8, teardrop; 9, superior
pubic ramus; 10, inferior pubic ramus; 11, ischial
ramus; 12,alaofilium; 13, fifthlumbarvertebrae;
14,fourthlumbarvertebrae; 16,lessertrochanter;
17, greater trochanter.
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10.

11.

12.

The pubic symphysis should be in line with the center of the sacrum. The
symphyseal joint space should be <5 mm.

The sacroiliac joint widths should be equal. Normal sacroiliac joint appears
as a thin white line. Sclerosis and joint space narrowing characterize
sacroiliitis. Arcuate lines should be symmetrical; angular lines indicate
sacral fracture.

Iliac crests should both be on the same level.
The obturator foramen should be symmetric bilaterally.

The acetabular walls: the posterior wall should be lateral to the anterior
wall. In acetabular retroversion, anterior and posterior walls cross each
other. Positive crossover sign indicates presence of femoroacetabular im-
pingement or developmental dysplasia of the hip.

Iliopectineal line: this line extends posteriorly from the sacral promontory,
arcuate line, and ends anteriorly at the pectineal line. It divides the pelvis
into major (false) and minor (true) pelvis. Disruption indicates anterior
column fracture (Fig. 3.3).

Ilioischial line: this line represents the posterior column. On each side, the
line is drawn from the medial border of the iliac wing to the medial border
of the ischium, ending at the ischial tuberosity (Fig. 3.3). Location of the
femoral head medial to the pectineal line indicates acetabular bone loss or
possible medial femoral head migration in the acetabulum.’

The sourcil should be clearly defined. Teardrop sign should be assessed: it
marks the convergence of the pubis, the ischium, and the ilium. Asymme-
try of the teardrop sign may indicate occult acetabular fracture.’

Shenton’s line: this line is drawn from the inferomedial neck of the femur

to the inferior border of the superior ramus (Fig. 3.3). A discontinuation of
this line may indicate femoral neck fracture.®

The cortex of the femoral head and neck should be smooth and continuous
with a normal trabecular pattern. Disruption may indicate a fracture.

The greater and lesser trochanters should be clearly visible and symmetric
on both sides.

Fig. 3.3 Pelvic lines on anteroposterior plain
radiograph. 1, sacral arcuate lines; 2, iliopectineal
line; 3, ilioischial line; 4, Shenton’s line.
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IV. Pediatric plain radiograph:

A. Assessment is done on AP and frog-leg lateral views of both pelvis (Figs. 3.4, 3.5).
The pelvic bones are not fused and appear separated on radiographs. Knowledge
of the patient’s age is important in order to differentiate open epiphysis from
fractures.

V. Two main features help distinguish male and female pelvis (Fig. 3.6):
A. The pubic angle is obtuse in females and acute in males.
B. The iliac crests appear flared in males and broad in females.
VI. Lateral pelvis radiograph (Fig. 3.7):

A. Cross-table view: this view provides visualization of the anterior and posterior
aspects of the femoral neck, and the lateral aspect of the femoral head and the
proximal femur.

B. Femoral head, neck, and shaft; greater and lower trochanters and ischial
tuberosity should be visible on the lateral view.

Fig. 3.4 Anteroposterior plain radiograph of the Fig. 3.5 Lateral plain radiograph of the hip.
pediatric hip.

Pelvis AP

Fig. 3.6 Anteroposterior plain radiograph comparing female and male pelvis. (a) Female pelvis. Note
the more obtuse pubic angle and broad iliac crests. (b) Male pelvis. Note the acute pubic angle and
flared iliac crests. 1, pubic angle; 2, iliac crests.
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C. The ischial tuberosity is posterior and aids in orienting the image.

D. Posteroinferior migration of the femoral head on the lateral view indicates
posterior dislocation.

E. The femoral head and neck should be continuous. The femoral neck appears
shorter and discontinuous in displaced fracture.

VIL. Fat planes: visible on AP plain radiograph (Figs. 3.8, 3.9):

A. The gluteal fat stripe is represented by a line parallel to the upper part of neck
of the femur. It is formed by fat between the gluteus minimus tendon and the
ischiofemoral ligament. In hip joint effusion, the line is directed superiorly.

Fig. 3.7 Plain radiograph of the hip and pelvis
frog-leg view. 1, lesser trochanter; 2, shaft of
the femur; 3, greater trochanter; 4, neck for the
femur; 5, head of the femur; 6, ischial tuberosity;
7, acetabulum; 8 pubic symphysis.

Hip DUNN

Fig. 3.8 Fat planes on anteroposterior plain Fig. 3.9 Anteroposterior plain radiograph osteo-
radiograph. 1, gluteal fat stripe; 2, iliopsoas fat arthritis. The asterisks (**) indicate the narrow
stripe; 3, obturator fat stripe. joint space characteristic of osteoarthritis.
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B. The iliopsoas fat stripe is represented by a line that runs below the iliopsoas
tendon.

C. The obturator fat stripe is a line that runs parallels to the iliopectineal line and is
formed by the pelvic fat adjacent to the obturator internus muscle.

Computed Tomography

I.  Three-dimensional reconstruction of CT images (digital subtraction) provides the
rotational profile of the acetabulum, the proximal femur, the posterior condylar
axis, the tibial tubercle, and the tibial plafond.

II. CTevaluation: assessment is done on axial CT and begins with investigation of the
integrity of the obturator ring, iliac wings, ilioischial line, iliopectineal line, ante-
rior and posterior columns, and anterior and posterior walls to rule out fracture
(disruption indicates fracture; Figs. 3.10, 3.11).

Magnetic Resonance Imaging

. Structures (Fig. 3.12):

A. Cartilage.

B. Osseous structures:
Femoral neck.
Head.
Acetabular rim.
Anterosuperior iliac spine.
Anteroinferior iliac spine.
Pubic rami.

N o Uk W=

Sacral ala.

C. Soft tissue:
1. Labrum.
2. Ligament:

a. Ligamentum teres femoris.

b. Iliofemoral ligament.

Fig. 3.10 Axial CT of the pelvis. 1, sacroiliac joint; Fig. 3.11 Axial CT of the pelvis. 1, head of the
2, sacrum,; 3, ala of ilium; 4, Iliac fossa; 5, sacral femur; 2, acetabular floor; 3, anterior wall; 4,
promontory; 6, lateral mass of the sacrum. posterior wall; 5, rectus femoris; 6, urinary bladder.
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Fig. 3.12 MRI axial T2 hip and pelvis. 1, head of
the femur; 2, neck of the femur; 3, greater tro-
chanter; 4, femoral vein; 5, obturator internus;
6, femoral artery; 7, anus; 8, rectus abdominis;
9, sartorius; 10, iliacus; 11, iliofemoral ligament;
12, rectus femoris; 13, tensor fascia lata.

lliopsoas.

Gluteus medius/minimus.
Tensor fascia lata and iliotibial band.

S

Piriformis.
7. Rectus femoris.
D. Neurovascular structures:
1. Sciatic nerve.
2. Femoral nerve/artery/vein.

Ultrasound

A. Provides visualization of possible intra-articular effusion/infection.
B. Pediatric indication in assessment of developmental dysplasia of the hip.6
C. Can be used for dynamic examination in cases of snapping hip.
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General Considerations

Hip Imaging and Diagnostic Tests

Gift Echefu, Brian R. Waterman, Edward C. Beck, Kyleen fan, Shane J. Nho

Modalities

. Hip imaging modalities (Table 4.1):

A. Plain radiographs.

m o N w

Ultrasound.
Computed tomography (CT).

Scintigraphy.

Magnetic resonance imaging (MRI).

Table 4.1 Comparison of different hip imaging techniques.

Indications

Advantages

Limitations

Plain .
radiographs .

cT .

MRI

.
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Osteoarthritis

Trauma (initial imaging)
Femoroacetabular
impingement

Hip dysplasia

Hip fracture

Neoplasm

Dislocation
Developmental
disorders of
acetabulum and femur
(dysplasia, FAI)
Fractures of hip and
pelvis

Bone tumors

Labral tear
Tumors
AVN

Synovial proliferative
disorders

Cartilage disorders

Muscle tear and
bursitis (gluteal muscle
tears, trochanteric
bursitis)

e Fast and easy to
obtain

Convenient and
relatively
inexpensive

High bony detail
Multiplanar, with
3D reconstruction
capabilities

e Useful for
radiographic guided
procedures

* Noninvasive

High soft-tissue
resolution and
accuracy

¢ No radiation

Multiplanar images

* Operator
independence
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e Low soft-tissue
resolution and
accuracy

¢ 30-40% bone loss
required for detection

Contraindicated in
pregnancy

Risk of radiation
exposure

Contraindicated in
pregnancy

Poor soft-tissue
contrast

Contraindicated in
individuals wearing
metallic objects

* Expensive

Lower bony detail

Sedation for
claustrophobic
patients

(Continued)
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Table 4.1 (Continued) Comparison of different hip imaging techniques.

Indications Advantages Limitations
MRA e Labral tear  Noninvasive * Minimally invasive
 No radiation  Contrast allergy
¢ Operator
independence
Ultrasound * Pediatric hip disorders ¢ Fast and easy to  Operator dependence
(DDH) obtain * Poor tissue contrast
 Therapeutic imaging- ¢ Inexpensive
guided injections and o Noninvasive

joint aspirations
¢ Bursitis

* Joint effusion

Functional causes of hip
pain (e.g., snapping hip

Bone * Infections « Early detection of * Allergic reactions to
scintigraphy e Stress fractures stress fractures radioactive substance
* Localizes infection * Contraindicated in
pregnancy

Abbreviations: AVN, avascular necrosis; DDH, developmental dysplasia of the hip; FAI, femoro-
acetabular impingement; MRA, magnetic resonance angiography

II.  Hip pain often indicates an underlying pathology. Pain may be primary or referred
from spine, sacroiliac joint, pubic symphysis, or knee (Fig. 4.1).

I[ll. Comprehensive history and physical examination will suggest possible clinical
diagnosis and determine the appropriate confirmatory diagnostic tests.

IV. Disease process, patient age, general health condition, and type of tissue involved
(soft tissue or bone) can determine the imaging modality to be employed (Table 4.2).

AP Pelvic & Hip

Frog Leg Lateral Hip

Investigate other
-rays?
Normal X rays.

Assess anterior &
posterior acetabular
walls

+ Crossover sign - Crossover sign

Disrupted
FAI, DDH ilioschial/iliopectineal
lines, teardrop,sourcil

MRA confirmation of
labral tear

Trauma, pelvic/hip

fracture Joint space narrowing

Symmetric
+ pannus,

Asymmetric
- pannus

CT imaging

Fig. 4.1 Hip pain assessment algorithm. Abbreviations: AP, anteroposterior; DDH, developmental
dysplasia of the hip; FAI, femoroacetabular impingement; RA, rheumatoid arthritis.
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Table 4.2 Imaging for hip conditions.

Conditions rad?(lzlrnaph Ultrasound cT MRI Bone scan
Trauma v* 7 v v 7
Avascular necrosis v # v v #
Fracture v 7 v v v (stress)
Acetabular disorders v 7 v 7 7
Degenerative v 7 N N v
disorders

Osteoporosis v v 7 v
Soft tissue disorders 7/ v # v* 7
Tumors v # v v* v

v =sensitive for condition.
#=low/no sensitivity for condition.
* =imaging of choice.

Plain Radiographs

. First-line imaging to evaluate hip complaints.

II. Initial radiograph includes an anteroposterior and false profile view of the pelvis,
as well as a frog-leg lateral or modified Dunn view of the symptomatic hip.!?

[Il. Appropriate image examination and understanding of standard radiographic
techniques are necessary for diagnostic accuracy.

IV.  Plain radiographic techniques:

A. Anteroposterior (AP):

1.
2.

AP hip radiographs may be taken in the supine or prone position.

Images of both hips are taken on the same film. The X-ray tube projects to-
ward the middle of a line from the pubic symphysis to the anterosuperior
iliac spine of femur.

AP view in supine position: feet in 15 degrees of internal rotation with
both patellae.

Femoral anteversion and flexion contracture may distort image magnification.?

Imaging in patients with flexion contracture is done with the legs posi-
tioned perpendicularly to in a flexed position.

AP oblique (Judet): hip should be in 45-degree oblique position. Anterior
oblique (obturator oblique) positioning captures anterior column and pos-
terior acetabular wall. Posterior oblique (iliac oblique) position captures
the posterior column and anterior acetabular column. It is obtained for
assessment of acetabular fracture.

The coccyx and pubic symphysis must be in a straight line and in the mid-
line of the image.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

42

Hip Imaging and Diagnostic Tests

8.

10.

11.

Distance from the superior border of the pubic symphysis and the sacro-
coccygeal junction of 3 to 5 cm is considered normal.#> Obturator foramen
and wings of the ilium on both sides must be symmetric.

. The lesser, greater trochanters and calcar femoris should be clearly

visible.

Both patellae should be directed upward or limbs internally rotated by 10
degrees; this prevents the greater trochanter from overlapping with the
femoral head.? This is important in fracture diagnosis.

Leg length, neck shaft angle, acetabular depth, acetabular inclination, ace-
tabular coverage, acetabular version, and joint space are evaluated on the
AP plain radiograph.

B. Lateral hip radiographs:

1.

2.

These are useful in the assessment of the femoral head-neck junction
offset, the alpha angle (AA). Anterior femoral head-neck junction: In normal
cases, the anterior and posterior concavities are symmetric. In cam deformity, it
is convex anteriorly. Decreased head-neck offset is characterized by decrease
in anterior concavity. Head-neck offset ratio and AA are used to determine
the femoral head-neck junction.
Lateral hip radiographic views:
a. Frog-leg lateral view:
i. Both sides are shown on the same film. The knee is flexed to ap-
proximately 40 degrees in the supine position, with the hip exter-
nally rotated by 45 degrees.?

ii. Image is taken with X-ray tube projecting to the middle of the line con-
necting the upper pubic symphysis and the anterior superior iliac spine.

iii. It evaluates joint congruency, sphericity of femoral head, and femoral
head-neck junction offset.

iv. It is useful in diagnosis of femoroacetabular impingement syn-
drome (FAIS).

b. Cross-table lateral view:

i. Symptomatic limb is internally rotated by approximately 20 de-
grees in the supine position, while the opposing limb is flexed at
the knee and hip.

ii. The greater trochanter is positioned in such a way that the femoral
head-neck junction is visible.

c. False profile view:

i. The foot of the symptomatic limb is placed parallel to the cassette,
and then the pelvis is rotated approximately 65 degrees to the wall
stand.

ii. It evaluates the anterior coverage of the femoral head.
d. Radiographic patterns of the pathologic and developmental conditions.
i. Trauma.
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Pelvic Fractures

I.  The Young and Burgess classification system categorizes pelvic fractures into types
based on mechanism of injury (high-impact injuries).6
A. Anteroposterior compression (APC I-IIl): radiograph shows an open book frac-
ture of the pubic ramus or symphysis.

B. Vertical shear (VS): radiograph shows fracture of the superior and inferior pubic
rami with contralateral sacroiliac joint disruption/dislocation (bucket handle
fracture or Malgaigne’s fracture).

C. Lateral compression (LC I-III): radiograph shows unilateral anteroposterior compres-
sion injury with or without a contralateral compression injury (i.e., wind-swept
pelvis fracture).

D. Combined pattern.
II.  Duverney’s fracture: fracture of the iliac wing is seen on plain radiograph.

IIlI.  Acetabular fractures: fractures are classified into anterior column, anterior acetab-
ular rim, posterior column, posterior acetabular rim, transverse, posterior column
and wall, transverse and posterior wall, anterior column, and posterior hemitrans-
verse fractures based on the Judet and Letournel classification system (Table 4.3).

IV. CT is more sensitive in diagnosing pelvic fractures.”

Femoral Head Dislocation

I.  Anterior dislocation: the head of the femur is seen lying below to the acetabulum;
the lesser trochanter appears more visible due to external rotation of the affected
limb and disruption of Shenton’s line is noted. Two radiographic features distinguish
the superoanterior hip dislocation from the posterior hip dislocation.?

A. The head of the femur appears larger on the affected side.
B. The lesser trochanter is more visible in the anterior dislocation.

II.  Posterior dislocation: radiograph reveals femoral head that is displaced posterior,
superior, and lateral to the acetabulum. On AP plain radiograph, the lesser trochanter
is obscured and the head of the femur of the affected limb appears smaller.

Femoral Neck Fractures

AP pelvis and lateral views are obtained. Neck fractures are classified as subcapital,
transcervical, and basicervical fractures. On plain radiograph, the lesser trochanter ap-
pears more prominent, fracture plane appears sclerotic, and the bone trabeculae are
disrupted and angulated. Subcapital fractures are the most common and are graded I to
IV based on the Garden system.®

I.  Garden grade I: incomplete, nondisplaced fracture; medial trabeculae may
demonstrate a greenstick fracture.
II.  Garden grade II: complete, undisplaced fracture; no trabeculae displacement.

[Il.  Garden grade III: partial displacement with complete fracture. The femoral head is
in the varus position, with trabeculae disruption.

IV. Garden grade IV: characterized by complete, displaced fracture. The femoral head
still remains in the acetabulum without trabeculae disruption.
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Nontraumatic Hip Conditions
. Arthritis:

A.

Osteoarthritis: radiographic findings include concentric joint space narrowing,
cyst formation, subchondral sclerosis, osteophytes, and superolateral sublux-
ation of the femoral head.

Rheumatoid arthritis: plain radiograph shows symmetric or concentric joint
space narrowing and erosion by pannus.

II.  Acetabular developmental deformities:

A.

D.

Protrusio acetabuli: the medial acetabular wall is seen superior to the ilioischial
line on the AP view. Associated with acetabular overcoverage defined as lateral
center edge angle (LCEA) greater than or equal to 40 degrees.°

Coxa profunda: characterized by deep acetabular socket. Plain pelvic radiograph
reveals the acetabular fossa lying medial to the ilioischial line.

Femoroacetabular impingement: plain radiographs are obtained initially to as-
sess the joint and rule out other causes of hip pain (avascular necrosis [AVN],
degenerative joint diseases). MRI or MR arthrography can subsequently be used
to assess the integrity of the labrum, cartilage damage, and other pathologic
signs of internal hip derangement.

1. Images include two views: AP pelvic view and cross-table lateral view of
the proximal femur. The Dunn/Rippstein view (the patient is in 45 degrees
of flexion) can be obtained for further evaluation of deformities of anterior
femoral head-neck junction.

2. The AP view is obtained with the patient in the supine position and legs 15
degrees internally rotated. This compensates for femoral anteversion and
provides visualization of the lateral femoral head-neck junction.

3. Pincer deformity: It is characterized by deep acetabulum, with overcover-
age of the head of femur. The anterior acetabular rim is seen projecting lat-
erally over the posterior rim (positive crossover sign). It is quantified with
LCEA or the acetabular index. Normal range LCEA is 25 to 390, > 40 Normal
range LCEA is 25 to 39 degrees, with >40 degrees indicating acetabular
overcoverage. Pincer deformity may be seen in the setting of acetabular
retroversion, coxa profunda, and protrusio acetabuli.!®

4. Cam deformity: the head of the femur loses it sphericity. Radiograph
demonstrates reduced femoral head-neck junction offset (i.e., pistol grip
deformity). Cam deformity is quantified by AA. AA is the angle formed be-
tween the femoral neck axis and a line from the center of the femoral head
to the transition of the femoral head into the femoral neck. Normal value is
less than 55 degrees, with evidence strongly associating 57 degrees as a cut
off-value for cam impingement resulting in symptomatic hip pathology.".
Cam deformity may be seen in the setting of relative or absolute retrover-
sion, coxa valga, coxa profunda, or protrusio acetabuli.

Acetabular dysplasia: diagnosis is done using the lateral center edge angle
(LCEA) of Wiberg, which is determined by measuring the angle formed between
a line drawn vertically from the center of the femoral head and a line from the
center of the femoral head through the edge of the acetabulum. LCEA measuring

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

46

Hip Imaging and Diagnostic Tests

1L

IV.

VL

20 to 25 degrees indicates borderline hip dysplasia, while less than 20 degrees
indicates dysplasia'? (see Table 4.1).

E. DDH: radiographic signs are shallow acetabulum, acetabular sclerosis, loss of
Shenton’s line, femoral head migration above Hilgenreiner’s line and lateral to
Perkin’s line, small capital femoral epiphysis, and delayed ossification of femoral
head. LCEA measuring less than 20 degrees is indicative of DDH.'?

Femoral stress fractures: plain radiographs have low sensitivity for stress frac-
tures; CT confirms the presence of stress fractures. Later radiographic signs in-
clude graying of the cortex, sclerosis (linear and perpendicular to the trabeculae),
and progressive periosteal reaction. MRI is more sensitive for evaluating femoral
stress reaction or fractures.'

Slipped capital femoral epiphysis (SCFE): assessed using AP and frog-leg views.
Fracture is through the physis (Salter type I fracture). The femoral head migrates
inferiorly and medially to the neck. The physis appears widened with loss of
epiphyseal height on the AP view (Fig. 4.2).

Legg-Calvé-Perthes disease (LCPD): The Catterall classification groups the pathology
into four stages based on radiographic findings. Plain radiograph has high sensitivity
for detecting LCPD (Fig. 4.3; Tables 4.4,4.5).">

A. Early signs: radiographic findings are subtle joint space widening, small joint
effusion, small femoral epiphysis, femoral head sclerosis with sequestration and
collapse, and failure of epiphyseal growth.

B. Late signs: coxa plana, loose bodies, radiolucent crescent line indicating sub-
chondral fracture, fragmentation of the femoral head and femoral neck cysts,
and coxa magna (wide and flat femoral head).

Osteonecrosis: radiographs are normal in early stages. Based on radiographic find-
ings, there are four stages (0-IV) based on Ficat classification.'¢

A. Stage 0: normal radiographic findings.

Stage I: loss of clarity and blurring of the trabeculae.

Stage II: femoral head sclerosis and cysts.

Stage III: crescent line, segmental flattening of the femoral head.

mo nw

Stage IV: deformed femoral head, loss of articular cartilage, acetabular osteo-
phytes, and osteoarthritis.

Fig. 4.2 Anteroposterior plain radiograph demon-
strating slipped capital femoral epiphysis.
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Table 4.4 Catterall classification of Legg-Calvé-Perthes disease

Fig. 4.3 Legg-Calvé-Perthes disease.

Catterall stages

Radiographic findings

Stage |

Stage Il

Stage Ill
Stage IV

Early stage, normal radiographic findings

Sclerosis # cystic changes with preservation of the contour and of

the femoral head

Loss of structural integrity of the femoral head

Loss of structural integrity of the femoral head and acetabulum

Table 4.5 Modified Herring pillar classification of Legg-Calvé-Perthes disease

Group Characteristics Height maintained Outcome

Group A Lateral pillars with no disease 100% Positive outcome
involvement, no density changes

Group B Pillars with disease involvement >50% Positive outcome

Group B/C  >50% height + narrow column >50% Intermediate outcome

(2 to 3 cm width), > 50% height +
poor ossification, 50% height +
depressed compared to central pillar

Group C <50%

<50%

Poor prognosis
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VIL

VIIL

IX.

Hip joint infections: MRI or, more commonly, ultrasound-guided aspirations offer su-
perior sensitivity in cases of periarticular infections. Radiographic signs are increased
teardrop distance (effusion) and displacement of the gluteus minimus fat stripe on the
AP radiograph. Bone erosions and loss of joint space indicate chronic joint infection.

Paget’s disease: plain radiographs show sclerosis of the iliopectineal and ishiopu-
bic lines with cortical thickening and enlargement of the ischium and pubic rami.

Synovial osteochondromatosis: multiple uniform size juxta-articular chondroid
bodies, joint erosions, and scalloped femoral head may be seen on radiographs.

Tumors:

A. Simple bone cyst: plain radiograph shows well-defined centrally located lucent
lesions with sclerotic margins. The endosteum appears thin without disruption
of the cortex. Osseous septa may be seen as pseudotrabeculations on plain ra-
diograph. Fracture in this setting appears as bony fragment in the cyst.

B. Fibrous dysplasia: plain radiograph shows ground-glass matrix and well-delin-
eated lesions, and lucent or sclerotic margins (rind sign) may be present.

C. Osteochondroma: sessile or pedunculated lesion located in the metaphyseal
area with an ossified core and a cartilage cap.

D. Chondrosarcoma: plain radiograph shows lytic lesions with intralesional calcifica-
tions, endosteal scalloping, cortical remodeling, thickening, and periosteal reaction.

Osteoid osteoma: small well-circumscribed and sclerotic lesion.

Osteosarcoma: radiograph shows evidence of medullary and cortical bone de-
struction, Codman'’s triangle, lamellated reaction (onion skin), wide zone of
transition (moth-eaten appearance), remarkable periosteal reaction, sunburst
appearance, and cloudlike chondroid lesions.

Computed Tomography

L.

II.

1L

IV.

VL

CTis performed in acute settings, after plain radiograph, especially where there is
high suspicion of a fracture. It has high accuracy in characterizing matrix calcifica-
tions (bone tumors) and acute fractures.

It may be obtained with or without contrast. It is useful in radiographic-
guided procedures (percutaneous instrumentation, bone and soft-tissue bi-
opsy and aspiration procedures, and closed reduction of dislocations) and
preoperative planning.

Radiation risk limits its use. CT is of minimal concern to claustrophobic patients
and does not discriminate against patients with metallic implants, pacemakers,
and the use of life-support equipment compared to MRI

3D reconstruction of CT images offer effective characterization of location and
extent of FAI deformities, acting as preoperative guide for proper bone resection.

Dual-energy CT (DECT): scans an area of the body at two different energies. It is
useful in differentiating materials with similar densities (e.g., bone and iodine)
and precise in differentiating soft-tissue masses.

CT patterns of pathologic and developmental conditions:

A. Developmental conditions affecting bones of the hip are evaluated by CT; femo-
ral and acetabular versions; FAIS.
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Fig. 4.4 Femoral version on axial CT. Femoral anteversion is performed by measuring the angle formed
between the long axis of the femoral neck (a) and a line parallel to the dorsal aspect of the femoral
condyles (b). Femoral anteversion is performed by measuring the angle formed between the long axis
of the femoral neck and a line parallel to the dorsal aspect of the femoral condyles.

1. Femoral version: measured as the relationship of the axis of the femo-
ral neck to the transcondylar axis of the distal femur. Normal values of
anteversion are 5 to 25 degrees (Fig. 4.4)."7

a. Anteversion: femoral neck axis is oriented anteriorly in relation to the
transcondylar femoral axis at the level of the knee. Values are 30 to
40 degrees at birth and 8 to 14 degrees in adults.’® Females have a
slightly higher femoral anteversion than males.' It is increased in DDH
and FAL

b. Retroversion: femoral neck axis is oriented posteriorly and in relation
to the transcondylar femoral axis at the level of the knee.

2. Acetabular version: measured as the angle between a line joining the
anterior and posterior edges of the acetabulum and a line perpendicular
to the line joining the posterior acetabular edges. Normal acetabulum is
anteverted between 15 and 20 degrees; retroversion is defined by an angle
less than 15 degrees (Fig. 4.5).2°

3. FAI syndrome: 3D CT can provide better assessment of pincer and cam
deformities. Femoral neck deformities (femoral retroversion and coxa
vara) are reliably evaluated on the axial CT view of the neck.

B. Bone tumors: CT provides detailed assessment of bone tumors, especially
matrix calcifications; chondroid calcification (punctate popcorn pattern on CT),
osteoid mineralization, fibrous calcification (ground-glass-like appearance),
nidus (osteoid osteoma). It is effective for evaluating cortical destruction by
metastatic lesions.
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Fig. 4.5 Acetabular version measured as the angle between (a) a line joining the anterior and posterior
edges of the acetabulum and (b) a line perpendicular to the line joining the posterior acetabular edges.

C. Osteoarthritis: CT reveals joint space narrowing, subchondral cysts and sclerosis,
and osteophyte formation.

D. Fractures:

1. Acetabular fractures. Axial CT and 3D reconstructed images provide excel-
lent visualization of acetabular fractures.

a. Anterior column fracture: on CT, superior pubic ramus is seen entering
the inferior portion of the acetabulum.

b. Posterior column fracture: displaced fracture appears to be separating
the posterior column from the sciatic buttress.

c. Anterior wall: fracture involves the anterior acetabular rim with no
involvement of the anterior column.

d. Both columns: iliopectineal and ilioischial lines appear disrupted. The spur
sign (posterior displacement of the sciatic buttress of iliac wing fragment) is
pathognomonic. Sciatic buttress appears separate from the acetabular roof.

e. T-shaped fracture: obturator ring, and iliopectineal and ilioischial line
disruption. The transverse component of the fracture is sagittally orient-
ed and is medial and superior in relation to the acetabulum.

f. Transverse fracture: fracture is best visualized on 3D reconstructed
image. It has three forms: transtectal fracture (medial displacement
of the femoral head and fracture fragment; juxtatectal fracture (frag-
ment traverses inferior to the weight-bearing acetabular dome, at the
junction of the articular surface and the cotyloid fossa; and infratectal
fractures (fragment traverses the cotyloid fossa and the anterior and
posterior horns of the acetabular articular surface).?!
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2. Stress fractures: CT and, to a greater extent, MRI, are highly sensitive in
detecting stress fractures or stress reactions. Imaging shows sclerosis, new
bone formation, periosteal reaction, and/or fracture line propagation.

Magnetic Resonance Imaging

I. MRI provides excellent soft-tissue contrast and detailed evaluation of articular and
physeal cartilage, synovium, subchondral bone. There is no risk of radiation as ob-
served with CT. Multiplanar images of structures surrounding the hip can be obtained.

[I. Nonferromagnetic implants (e.g., titanium) permit better imaging.

[Il. Itis expensive and provides lower osseous detail than CT; claustrophobic patients
may require be sedation.

IV. Special indications and patterns of pathologic disorders:

A. Labral tear: study reveals paralabral cysts, advanced cartilage lesions, and mu-
coid or cystic degeneration on T2. MRA has superior accuracy than MRL

B. Tumors: MRI provides distinction between reactive bone edema from tumor
extension in malignancy and quantifies degree of tumor necrosis.

C. Avascular necrosis: MRI is the most sensitive study (71-100%) for AVN. 22 Findings
include areas of low intensities (edema) surrounded by hyperintense areas (blood).
The “double line sign” seen on T2 is pathognomonic for AVN: hyperintense inner
line between normal marrow and ischemic marrow.??

D. SCFE: study reveals high signal in epiphysis and metaphysis with joint effusion
on short tau inversion recovery (STIR). T1 shows metaphyseal displacement.

E. Cartilage injuries and disorders: focal or global areas of degeneration and
cartilage loss.

F. Synovial proliferative disorders:

1. Synovial chondromatosis: synovial thickening with intermediate-signal
cartilaginous bodies and low-signal calcified bodies.

2. Pigmented villonodular synovitis: low-signal hemosiderin deposits on T1-
and T2-weighted images.

G. Contraindications:

Implanted hearing aid.

Heart pacemakers.

Insulin pumps.

Neurostimulators.

Intracranial metal clips or implants.

o Uk W=

Metallic bodies in the eye.

Magnetic Resonance Arthrography

. Imaging provides excellent diagnosis of labral tears.
I[I.  Itis minimally invasive compared to arthroscopy.

IIl. The procedure is carried out using diluted intra-articular gadolinium injection
(0.0025 mmol/mL) with adequate joint distension and allows proper assessment
of the labrum on fat-saturated T1 sequences.
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IV.  Findings in labral tears include longitudinal, bucket handle tear patterns, labral
detachment, and cartilage delamination.

Ultrasound

I.  Ultrasonography diagnoses tendonitis, bursitis, identifying joint effusions and
functional causes of hip pain.

II. Itisespecially useful for safely and accurately performing imaging-guided injections
and aspirations around the hip.

IIl. Itisasubjective examination and accuracy depends on the dexterity of the sonog-
rapher. There is limited to soft-tissue diagnosis.

IV. DDH: In infants (<6 months), ultrasound is the test of choice due to nonossified
proximal femoral epiphysis.

V.  Ultrasonographic acetabular alpha angle is used in the assessment of DDH. It is formed
between the acetabular roof and the vertical cortex of the ilium and thus reflects the
depth of the bony acetabular roof. This is a similar measurement to the acetabular
angle. Normal value is >60 degrees. A value less than 60 degrees suggests dysplasia of
the acetabulum.?®

Bone Scintigraphy

L. It involves the use of small amounts of nontoxic, radioactive materials
(e.g., technetium-99), usually injected into the bloodstream, inhaled, or swallowed.

II. Itidentifies areas of active osteoblastic activity and localizes infections.
I[Il. Bone scan can detect early stress fracture not visualized on plain radiographs.?*
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5 Hip Biomechanics

Brian R. Waterman, Kyle Kunze, Edward C. Beck, Kyleen [an, Shane |. Nho

General Considerations

Functional Anatomy

The hip joint is a multiaxial ball-and-socket joint that provides support and balance to
the upper body during stance and gait. Soft tissues and osseous structures of the hip
contribute to the equilibrium of forces that provide controlled hip motion.

. Stability of hip joint is provided by the articular surfaces of the acetabulum and
the head of the femur alongside the ligaments, capsule, and labrum.

II.  Hip joint orientation: the neck of the femur is angulated in the sagittal and coro-
nal planes in relation to the shaft.

A. The femoral neck shaft angle is formed by the femoral shaft axis and a line
drawn along the axis of the femoral neck through the center of the head of the
femur. Normal angle is 120 to 135 degrees in adults, and can be 20 to 25 degrees
greater at birth.!

B. The femoral anteversion is the orientation of the neck in relation to femoral
condyles. Normal angle is 30 to 40 degrees at birth and 8 to 14 degrees in
adults.?

I[Il. Long axis of the acetabulum is directed forward, and has 15 to 20 degrees of
anteversion with 45-degree inferior inclination.?

IV.  Upper body weight is transmitted to the lower limb through the sacroiliac (SI) joint.
V. The narrower femoral neck in relation to the head aids mobility of the lower limb.

Hip Joint Motions

There is high degree of congruency of the articulating surfaces. Motion between the
femoral head and the acetabulum is mostly rotational with minimal or no translation.
The pelvis contributes to the hip joint motion to (Table 5.1).4

[.  Normally, the hip joint moves an average of 120-degree flexion and 15-degree
extension. In a position of 90 degrees and neutral adduction, internal rotation
(FADIR) ranges from 30 to 40 degrees. External rotation ranges from 40 to
60 degrees. Normal hip abduction and adduction are 30 to 50 degrees and
20 to 30 degrees, respectively.’

II.  Hip flexion is limited by the iliofemoral ligament, anterior capsule, and hip flex-
ors. Hip extension puts soft-tissue structures of the hip under tension and limits
internal and external rotation.

I[II. Pelvic Motions

A. Anterior pelvic rotation: it includes anterior movement of superior pelvis with
the iliac crest tilting forward in a sagittal plane.
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Table 5.1 Pelvic motion.

Pelvic motion

Left hip motion

Right hip motion

Anterior rotation

Posterior rotation

Right lateral rotation

Left lateral rotation

Flexion Flexion
Extension Extension
Abduction Adduction
Adduction Abduction

Right transverse rotation

Left transverse rotation

External rotation Internal rotation

Internal rotation External rotation

Posterior pelvic rotation: the superior pelvis moves backward and the iliac crest
tilt backward in a sagittal plane.

Left lateral pelvic rotation: the left pelvis moves distally in relation to the right
pelvis in the frontal plane and rotates downward.

Right lateral pelvic rotation: the right pelvis moves inferiorly in relation to the
left pelvis in the frontal plane and rotates downward.

Left transverse pelvic rotation: in the horizontal plane, the pelvis rotates to the
left; the right iliac crest moves anteriorly in relation to the left iliac crest; the iliac
crest moves posteriorly.

Right transverse pelvic rotation: in the horizontal plane, the pelvis rotates to the
body’s right; the left iliac crest moves anteriorly in relation to the right iliac crest,
which moves posteriorly.

IV. Intrapelvic Motions

There are three classes of intrapelvic motions:

A.

Posteroanterior and anteroposterior rotations of the ilia in relation to the sacrum
and the pubis.

Sacral movement in relation to the ilia. The SI motion occurs superiorly, inferiorly,
anteriorly, and posteriorly, and axial rotation occurs about a transverse axis.

The sitting-standing changes that affect the relationship of the movement of the
ilia in relation to each other and the sacrum.

Hip-Spine Kinematics

I.  Flexion of the lumbar spine to 45 degrees relies on lumbar muscle activity, while
flexion greater than 45 degrees requires pelvic rotation. The spine contributes
greatly to early stage of hip flexion and extension. Lateral flexion of the lumbar
spine elicits ipsilateral hip abduction; contralateral hip adduction while twisting
movement of the trunk is contributed mostly by the hip.

Lower Limb Axis

I.  Mechanical axis of the femur: this is assessed by a line passing from the center of
the femoral head to the center of the tibial plafond of the ankle joint. Normal is 3
degrees to the vertical axis.”
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II.  Anatomic axis of femur: this is assessed by a line drawn from the piriformis fossa
to the center of the knee joint. It depends on the length of the femur; it increased
in shorter femurs and decreased in longer femurs. Normal is 6° from mechanical
axis and 9° from the vertical axis.

Gait

Normal gait is characterized by rhythmic, alternating propulsive, and retropulsive motions
of the lower limbs. It comprises of double- and single-leg support patterns.

. Gait cycle classification: gait cycle is a repetitive process that begins from heel
strike to heel strike of a limb and includes the stance and swing phases.

Initial contact.

Loading response.

Mid-stance.

Terminal stance.

Preswing.

Initial swing.

Mid-swing.

TOoOmmoONw e

. Late swing.
II.  Gait phases:

A. Stance phase: it begins with heel strike (the heel makes initial contact with
the ground without the toes), followed by foot flat, mid-stance, and progress-
es to heel-off (terminal stance). The toe-off phase (propulsive phase) begins
after the termination of the heel-off. This marks the end of the stance phase.
The hip is adducted and internally rotated; the center of gravity is closer in
line with the hip joint. This phase lasts approximately 60% of normal gait
duration.®

B. Swing phase: the swing phase is between the toe-off phase and the heel
strike phase. It begins right after the stance phase. In this phase, the hip is
abducted and externally rotated. It makes up 40% of the normal gait cycle.?
The pelvis rotates forward in the horizontal plane to about 8 degrees in
the swing phase. Acceleration and deceleration phases are observed in the
swing phase.

1. The acceleration phase extends from toe-off to mid-swing. The swing leg
makes an accelerated forward movement that propels the body weight for-
ward.

2. The deceleration phase extends from mid-swing to heel strike. It decreases
the velocity of the forward body movement.

[Il.  Gait cycle phases (Table 5.2):

A. Heel strike: it is the initial contact of a limb in motion. In this phase, the knee
is in full extension with the hip slightly flexed to about 30 degrees.'® The ankle
goes from the neutral position to plantar flexion.

B. Foot flat: the foot is pronated with slight ankle plantar flexion, the hip is extend-
ed, and the knee is flexed to about 20 degrees.!®
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Table 5.2 Eight phases of the gait cycle

Cycle
Phase of gait Hip position Muscles involved duration (%)
Stance
Initial contact 30-degree flexion Gluteus maximus and 0-2
hamstrings
Loading response  30-degree flexion, 5- to Hamstrings and 0-10
10-degree adduction, 5- to gluteus maximus
10-degree internal rotation
Mid-stance Neutral flexion—extension, Gluteus medius, 10-30
neutral abduction-adduction gluteus minimus, and
tensor fascia lata
Terminal stance 10-degree extension lliacus 30-50
Preswing 0 degrees of flexion—extension lliacus and adductor 50-60
longus
Swing
Initial swing 20-degree flexion, Rectus femoris, 60-73
5-degree abduction iliopsoas, gracilis, and
sartorius
Mid-swing 20- to 30-degree flexion Gracilis, iliopsoas, and ~ 73-87
sartorius
Terminal swing 30-degree flexion Hamstrings and 87-100
gluteus maximus
C. Mid-stance: In this phase, the body is supported on one leg. The hip moves from

H.

minimal flexion to extension, the knee returns from maximal flexion to extension,
and the ankle is supinated and dorsiflexed. The body moves from force absorption
at impact to force propulsion forward.

Heel-off: The heel leaves the floor and the body weight is dispersed over the
metatarsal heads. The hip goes into hyperextension, and then flexion. The knee
undergoes flexion followed by ankle supination and plantar flexion.

Toe-off: In this phase, the knee is flexed, the ankle undergoes plantar flexion,
and the toe leaves the ground.

Early swing: The hip is slightly extended to 10 degrees, then 20-degree
flexion with lateral rotation of the hip; the knee flexes to about 60 degrees;
the ankle undergoes plantar flexion to dorsiflexion and then ends in the
neutral position.°

Mid-swing: The hip is flexed to about 30 degrees, the ankle undergoes dorsiflex-
ion, and the knee flexes to 60 degrees with 30-degree extension.

Late swing: In this phase, the hip undergoes 30-degree flexion, the knee is ex-
tended, and the ankle ends in the neutral position.

IV.  Run cycle: This cycle is short with high ground reaction force and high velocity.

The

re is just one stance phase in the run cycle. The float phase (feet off the ground)

duration is increased.
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Hip Joint Forces and Equilibrium
. Static hip loading:

A. The weight of the body, during standing, is borne on the legs, while the center of
gravity is projected to the midline and force exerted on both hips.

B. The weight of the body to the knees is borne equally on the femoral heads, and
the resultant vectors are vertical.

C. Little or no muscular force is required to maintain equilibrium.

II.  Dynamic hip loading:

A. Single-leg stance: Single-leg stance accounts for 60% of the gait cycle.® Three
times the body weight is transmitted to the joint.

1.

Lower limb constitutes two-sixths of the body weight and the upper limbs
and trunk constitute four-sixths of the body weight. In the single-leg stance,
the stance leg carries five-sixths of total body weight. The effective center of
gravity shifts distally and away from the supporting leg to produce a down-
ward force that tilts the pelvis. The nonsupporting leg adds to the total body
weight during the single-leg stance.

The distally directed force exerts turning motion around the center of the
femoral head on the stance leg. The body weight (K) provides the moment
of the turning motion and the distance from the femur to the center of
gravity forms the moment arm (a).

The abductors of the supporting leg exert downward counterbalancing
force with the hip joint acting as a fulcrum.
Force exerted by the abductor muscles creates a moment around the cen-
ter of the femoral head.
The hip joint reaction force (JRF) is the total force generated within the hip
joint in response to forces acting across the hip joint (Fig. 5.1).
a. The JRF is determined by the body weight and the abductor force. It
maintains the pelvis in equilibrium.
b. The JRF is increased in slow gait, due to increased abduction force re-
quired to maintain the pelvis in equilibrium during stride."!
c. The magnitude of JRF varies depending on the activity
i. JRFis three times the weight of the body in the single-leg stance.
ii. JRF is five times the body weight during walking and stair ascent.
iii. JRF is 10 times the weight of the body while running.
d. The JRF is reduced by deepening the acetabulum to centralize the

femoral head, increasing the neck length and subsequent lateral
reattachment of the trochanter.

The magnitude and direction of the compressive forces are determined by
the lever arm ratio (i.e., ratio between the weight of body moment arm
and the abductor muscle moment arm) and the position of the center of
gravity. Increasing the lever arm ratio also increases the abductor muscle
force required for gait.
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Fig. 5.1 Hip joint reaction force.

7. Variations in the osseous structures determine the magnitude of forces
acting across the hip joints.!?

a. Individuals with short femoral neck have increased abductor demand
and joint loading.

b. Individuals with a wide pelvis structure have increased hip joint forces.

c. Shortened lever arm that overpowers the abductors predisposes to a
Trendelenburg gait or gluteal lurch.

8. The magnitude of the forces acting at the hip during walk is biphasic. The
force across the acetabulum peaks at heel strike and at terminal stance of

the gait cycle.
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General Considerations

[.  Alterations of bony structures of the hip (femoroacetabular impingement, hip dyspla-
sia) alter the equilibrium of forces and contact areas of the articular surfaces resulting
in instability.! Joint contact pressures are significantly increased in abnormal osseous
morphology and dysplastic conditions, causing early onset hip osteoarthritis.>?

II. Neck deformities:

A. Coxa valga: the neck shaft angle is increased (normal value: 125 degrees; valgus
> 135 degrees) on imaging.* As greater trochanter migrates distally, the abduc-
tor moment arm is increased with resultant increase in the joint reaction force.

B. Coxa valga: the neck shaft angle is decreased (<120 degrees), the greater tro-
chanter is at a higher level, and the abductor lever arm is reduced with resultant
reduction in joint reaction force.*

C. Femoral torsion: normal value is 10- to 15-degree anteversion in adults. Ret-
roversion or anteversion greater than 15 degrees may result in changes in the
position of the femoral head within the acetabulum, which may precipitate hip
joint instability. Anteversion greater than 15 degrees results in greater internal
rotation.? In-toeing is a compensatory gait mechanism seen in individuals with
excessive anteversion, while out-toeing compensates for retroversion.

[II. Pathomechanics and maneuvers of lower limb disorders:

A. Weight gain increases the total compressive forces applied to the hip joint.
Abductor muscle forces increase in reaction to the increased body weight. The
increase in the joint reaction force may contribute to joint degeneration along
with other factors.

B. Limping reduces hip joint load by bringing the center of gravity closer to the
moment arm of the femoral head. Limping entails lateral acceleration of body
mass, deceleration during stance phase, and subsequent acceleration back to
midline. Energy expenditure is increased and movement is less efficient.

C. Cane walking: the abductor muscles and walking cane together produce a mo-
ment that is equal to the moment of the body weight. Cane reduces the joint
force reaction because the cane-ground reaction force acts at a much larger
distance from the center of the hip.

IV. Pathomechanic patterns of structural hip disorders:
A. Hipdysplasia: individuals with hip dysplasia experience limitation in hip exten-
sion during walking, reduced net activity of the hip flexors in preswing phase,
and compensatory increase in pelvic excursion.

B. Femoroacetabular impingement (FAIS): limitations in all planes of motion. Indi-
viduals with symptomatic FAIS have diminished squat depth, external moments
during hip flexion and external rotation, hip abduction, and pelvic frontal plane
motion during the swing phase of walking. Abductor moment arm is reduced
and joint reaction force is increased.>¢
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Hip-spine syndrome: This refers to hip pathology in the setting of degenera-
tive disease of the spine. Individuals with hip pathology show increased lum-
bar lordosis and sloping of the sacrum. Flexion contracture of the hip results
in pelvic rotation and increases lumbar lordosis, consequently increasing
loading of the lumbar facets and ligaments.” Individuals with unilateral de-
generative disease of the hip have increased bend of the lumbar spine on
the side of the joint disease and increased movement in the sagittal plane
with decreased coronal plane movement.® Osseous deformities and soft-
tissue pathology of the hip that limit hip motion can also increase compensa-
tory lumbopelvic motion.®

Gait pathomechanics: abnormal gait patterns may be adopted in compensation
for injury to the lower extremity.

A. Osteoarthritis: individuals show loss of hip range of motion during gait and
sagittal plane reversal motion as the hip goes into extension. The muscle force
output is reduced and the hip joint reaction force is increased.

B. Hip contracture: individuals flex the hip during the stance phase, with marked
posterior pelvic tilt and reduced stride length.

C. Hip abductor weakness: During the one-leg stance, gluteal muscles normally
abduct the contralateral limb, preventing the pelvis from tipping toward the
swing leg. Injury to the superior gluteal or obturator nerves results in weakness
of the abductor muscles. Weak gluteus medius is unable to stabilize the unaf-
fected pelvis. During the stance phase, the trunk leans over the affected side,
while the unaffected pelvis drops. This is clinically seen as the Trendelenburg
sign (see Fig. 2.1).

D. Antalgic gait: a compensatory gait pattern reflective of intra-articular or ex-
tra-articular hip pain. The duration of the stance phase is reduced in the affected
limb with decrease in the swing phase of the unaffected limb. Body weight is
shifted laterally to the unaffected limb.

E. Hamstring weakness: Hamstring muscles function normally to slow down the
swing phase. Weakness causes the knee to snap into extension during the swing
phase.

F. Gluteus maximus gait: the trunk leans backward during early stance phase;
the center of gravity shift posterior to the hip to reduce demand on the hip
extensors.

G. Psoatic gait: psoatic limp in patients with the Legg-Calvés-Perthes disease may
be caused by weakness or reflex inhibition of the psoas major muscle. The af-
fected leg moves in external rotation, flexion, and adduction. The limp may be
accompanied by exaggerated trunk and pelvic movement.

H. Weak hip flexors: the lower extremity is unable to shorten for proper foot clear-
ance off the floor; the unaffected pelvis rises during the swing phase elongating
the limb to provide extra clearance for the affected leg.

I. Leglength discrepancy results in compensatory tilting of the pelvis to the shorter
limb.

J.  Scissors gait is the abnormal gait from hip adductor spasticity. During the swing

phase, the trunk leans over the stance leg.
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Biologic injections are indicated for focal and diffuse chondral disease of the hip.

A. Hyaluronic acid (HA): intra-articular injection of HA reduces pain and inflam-
mation.! HA binds to receptors on the cluster determinant 44 (CD44), intracel-
lular adhesion molecule-1 (ICAM-1), and the receptor for hyaluronate-mediated
motility (RHAMM) to effect anti-inflammatory and chondrogenic changes.

B. Platelet-rich plasma (PRP): peripheral blood undergoes centrifugation to
produce concentrated sample of platelets. Endogenous (calcium chloride) or
exogenous activators cause the release of plasma contents (growth factors,
proteins, and chemokines). These factors may promote healing, reduce pain,
and suppress inflammation. However, preparation techniques and compo-
sitions vary widely, which may lead to the inconsistent efficacy observed in
the literature.?

C. Bone marrow concentrates (BMCs): mesenchymal stem cells (MSCs) are isolat-
ed from BMCs. MSCs are chondrogenic, anti-inflammatory, and very effective as
early as the first few weeks. Use of stem cell therapy for hip osteoarthritis and
chondral defects is still in its infancy, offering promising short term results.?

Microfracture: This is a single-step procedure used to treat chondral defect with
full-thickness outer bridge grade 3 or 4 defect and no minimal evidence of os-
teoarthritis (Tonnis grade < 1).4 Small puncture holes are created at the site of
the chondral damage deep enough to allow for bone marrow bleed through the
holes, which promotes healing. Fibrin adhesive is used to secure the chondral flap
if applicable.

Autologous chondrocyte transplantation (ACT): this is a two-stage cartilage repair
procedure. Viable chondrocytes are extracted from an individual, cultured, and
then implanted. Indications include chondral defects > 3 cm? with focal, full-thick-
ness outer bridge grade 3 or 4 defect and no minimal evidence of osteoarthritis
(Tonnis grade < 1).

Autologous matrix-induced chondrocytes (AMIC) is a single-step procedure that
recreates hyaline cartilage. Indications for AMIC are chondral defects >3cm? with
focal, full-thickness outer bridge grade 3 or 4 defect and no minimal evidence of
osteoarthritis (Tonnis grade < 1).

Osteochondral graft: the indication is subchondral plate involvement >0.5 cm?
thickness. The procedure includes surgical hip dislocation, femoral or acetabular
lesion debridement completely exposing the subchondral bone, and finally the
defect is packed with bone graft.
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Implant Prosthesis

Hip implants for total hip arthroplasty consists of three parts: acetabular cup, femoral
component, and the articular interface.

I.  Acetabular cup: the part that fits into the acetabulum. Cups come as one-piece
shells (monobloc) or modular.

A. One-piece shells: shells are either metal or ultra-high-molecular-weight poly-
ethylene (UHMWZPE). The metal cup is held in place by metal coating and UHM-
WPE requires cement fixation.

B. Modular cups consist of a metal shell and liner. The outer part of the shell has
porous coating for friction fitting. Two types of porous coating; foam metal and
sintered beads, form friction fittings, which are designed to mimic the trabec-
ulae of cancellous bone. Implant stability is determined by insertion force, un-
der-rimming, and bone growth into the porous coating.’

Il.  Femoral component: implant stem is fitted into the femur. The femoral head is attached
to the stem. Stem fixation methods consist of cemented and uncemented fixations.

A. Cemented stems use acrylic bone cement to form mantle between the bone and
stem. In uncemented stems, fixation is achieved by bone remodeling around the
implant.

B. Femoral stems may be monolithic or modular. Modular components have vari-
able head dimensions and neck orientations that permit variability in leg length,
offset, and version.

IIl.  Articular interface: it fits between the femoral head and the acetabular compo-
nents. Interface size is determined by the outside diameter of the head or the in-
side diameter of the socket.?

Hip Replacement Implant Materials

Implant materials may be metal, polyethylene, or ceramic. The type of material used
depends on the activity level and age; all ceramic hip joint may be used for very active
or relatively young patients.5

I.  Metal ball and metal liner: metal-on-metal bearings (stainless steel or cobalt chro-
mium alloy) have potential for bone loss and inflammation and are now rarely used.”

II.  Metal ball and polyethylene liners: the metal ball is made of cobalt chrome. Highly
cross-linked polyethylene liners are more durable and superior to the earlier tra-
ditional polyethylene liners.?

[Il. Ceramic balls and ceramic liners have more wear potential compared to ceramic
balls and polyethylene liners.’

IV.  Ceramic ball and polyethylene liner: ceramic heads are hard and have ultrasmooth
surfaces, with less wear rates and superior scratch resistance.’

Types of Hip Implants and Fixation

I.  Fixed-bearing implants: the femoral stem is inserted into the shaft of the femur;
a ball replaces the head of femur and a shell lines the acetabulum. Fixation is
achieved by cement or by bone ingrowth (cementless fixation).
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I[I.  Hybrid total hip implant: it consists of one component (cup or stem) fixed without
cement, while the other component is fixed with cement.

IIl. Mobile-bearing total hip implant: it uses a mobile-bearing design that fits into the
acetabular shell. This fitting system offers the hip joint two points of articulation.
The liner is able to move in the fitted acetabular shell to provide multidirectional
movement and increase range of motion (RoM).!

IV. Total hip implant fixation (cemented or cementless): it may be either a cement-
ed or a cementless fixation. Polymethyl methacrylate (PMMA) acrylic polymer is
used in cemented fixation.

Hip Implant Biomechanics

Flexibility of hip implants depends on type of material and cross-sectional geometry.
Implant stability is contributed by component design and alignment, soft-tissue func-
tion, and tension.

I.  RoM: it is influenced by the size of the head of the femur, position of the femur in
relation to the pelvis, and the geometry of the stem taper, not by the individual’s
active or passive RoM. The true RoM is achieved by the orientation of the implant
components. Occasionally, during motion the head of the femur impinges on the
acetabulum. Repetitive impingement with daily activities culminates in sublux-
ation or dislocation.

[I. Component orientation: improper component positioning reduces the effective
jumping distance and directly affects implant wear, friction, and risk of dislo-
cation. Anteversion greater than 15 degrees and cup inclination greater than 50
degrees often result in malpositioning in large metal on metal bearings. Shorter
femoral prostheses have less lever arm: if joint reaction force is greater than the
load capacity of the bone, the implant may migrate into varus orientation or result
in calcar fracture.

Implant-Bone Interface Biology

Implant materials are modified to prevent damage to the surrounding cells. Implant-
mediated periprosthetic osteolysis and aseptic loosening are complications of hip
arthroplasty. UHMWPE, ceramics, and metals are materials used for gliding surfaces
and they provide low friction. Constant artificial joint gliding culminates in peripros-
thetic osteolysis and debris from implants. Abnormal implant motion, wear-mediated
osteolysis, and altered mechanical loading are predisposing factors to osteolysis.!!

. Implant motion: abnormal implant motion as a result of inadequate fixation may
lead to osteolysis or component migration.

II.  Altered mechanical loading: arthroplasty alters hip joint load distribution and
direction. Femoral stem redistributes stress from the proximal femur to the
diaphyseal cortex. This redistribution leads to stress shielding of proximal femur
and bone resorption. Bone resorption often stabilizes, but may progress to loos-
ening or osteolysis.

[II. Wear-mediated osteolysis: the particulate debris generated by wear of the im-
plant migrate into surrounding bone (effective joint space) and induce cellular
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response. Implant debris and cement particles are phagocytosed by body macro-
phages, inducing macrophage-mediated foreign body reaction in the surrounding
tissues. This inflammatory response weakens the surrounding connective tissues
and contributes to periprosthetic osteolysis.
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Biomechanics

Hip Joint Stability

Hip joint stability is maintained by the relationship between the static osseous struc-
tures (acetabulum and the head of the femur), soft tissues (capsule, ligaments, and
labrum) of the hip joint, and surrounding hip musculature.

I.  Acetabulum:

A. Itapproximately creates a hemisphere that allows approximately 170 degrees of
femoral head coverage.!

B. It is oriented with 40 to 45 degrees of lateral inclination and 18 to 21 degrees of
anteversion allowing for greater posterior coverage.?

II. Proximal femur:

A. The head is considered as two-thirds of a sphere, while the neck is inclined
superiorly 130 degrees relative to shaft and 10 degrees anteverted relative to
the femoral transcondylar axis.?

B. The coxa valga and coxa anteversion are associated with hip instability.
IIl.  Soft-tissue structures contribute the static and dynamic stabilizers of the hip.

A. Static stabilizers: these are the labrum, capsuloligamentous complex (iliofemo-
ral ligament, pubofemoral ligament, ischiofemoral ligament, zona orbicularis),
and the ligamentum teres.

1. Labrum:
a. Itis in continuity with the bony acetabular rim.

b. It provides stability to the hip by increasing the acetabular volume by
20% and the acetabular surface area by 25%.4

c. It increases the intra-articular negative hydrostatic fluid pressure,
causing a “suction cup” effect.

d. It more evenly distributes stresses placed on the hip.
2. Capsuloligamentous complex:
a. lliofemoral ligament:
i. Itis the strongest ligament of the body.

ii. It runs from the anteroinferior iliac spine to the femoral neck cre-
ating a fan-shaped “Y” at insertion proximally and distally along
the intertrochanteric line; it takes a spiral trajectory across anterior
side of the capsule.

iii. It is taut in extension and external rotation and resists anterior
translation.
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b. Pubofemoral ligament:

i. It has its origination on the iliopectineal eminence of the superior
pubic ramus, courses inferoposteriorly, and wraps under the fem-
oral head; it blends with the ischiofemoral ligament with no bony
femoral attachment.

ii. It limits external rotation in hip extension and hyperabduction.
c. Ischiofemoral ligament:

i. It has a broad triangular origin on the ischial acetabular margin and
spirals superolaterally to insert at the base of the greater trochanter.

ii. It restricts internal rotation (in flexion and extension) and posterior
translation.

d. Zona orbicularis:

i. This is formed by confluent fibers from the medial arms of the il-
iofemoral ligament and the pubofemoral ligament that run longi-
tudinally in parallel with the femoral neck; it encircles the femoral
neck creating the narrowest part of the capsule.

ii. It resists axial distraction; helical orientation of capsuloligamentous
fibers creates “screw-home” effect when the hip is in extension.

e. Ligamentum teres:

i. It has a pyramidal shape and originates from the acetabular notch
and inserts into the fovea capitis of the femur; it has a great length
variability.

ii. Itistautin hip adduction, flexion, and external rotation; it the least
stable position of the hip.

iii. Its role in hip stability is controversial.

B. Dynamic stabilizers: these include the iliopsoas, iliocapsularis, rectus femoris,
gluteus minimus, and the gluteus medius. The iliocapsularis is the greatest con-
tributor to hip stability in this group.

Etiology

Traumatic

I. Pathomechanism:

High-impact trauma with can cause injury to the soft tissues and/or the osseous
structures of the hip.

A. Posteriorly directed forces through the knee with hip flexed and in neutral
adduction may result in pure hip dislocation, subluxation, or, more commonly,
fracture-dislocation.

B. Anteriorly directed forces on externally rotated and extended hip can cause
anterior hip instability.

C. Repetitive microtrauma is seen in sports requiring continuous hip joint rotation
and axial loading.

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



EBSCOhost -

Hip Instability 73

Atraumatic

L. Pathomechanism:

A. Repetitive hip joint rotation and axial loading in the setting of anatomic abnor-
malities of the hip result in damage to the soft-tissue stabilizers of the hip.

B. Connective tissue disorders such as Ehler-Danlos syndrome, Marfan’s syndrome,
and osteogenesis imperfecta confer the risk of developing microinstability.

C. latrogenic instability may present as a postoperative complication in patients
without prior history of instability.

I[I.  Causes of atraumatic hip instability:

A. Bony abnormalities: conflicts due to abnormal osseous morphology may lead to
subluxation or dislocation of the hip, often with repetitive injury to the adjacent
soft-tissue stabilizers.

1. Developmental dysplasia of the hip (DDH).

2. Femoroacetabular impingement (FAI): CAM or pincer impingement.
3. Legg-Calvés-Perthes disease.

4. Acetabular retroversion.

B. Connective tissue disorders: abnormalities in the formation of collagen can re-
sult in capsuloligamentous insufficiency and laxity.

1. Down’s syndrome.

2. Ehlers-Danlos syndrome.

3. Marfan’s syndrome.

4. Benign hypermobility syndrome.

C. latrogenic: unrepaired capsulotomy, overzealous acetabular rim resection, or
component malposition during prior hip surgery may predispose to secondary
hip instability.

1. Total hip arthroplasty.

2. Open hip procedures (hip dislocations required trochanteric osteotomy
and capsulotomy).

3. Hip arthroscopy without capsular repair.
D. Idiopathic:

1. Generalized laxity.

2. Subclinical connective tissue disorder.

3. Borderline and hip dysplasia.
E. Extra-articular causes of hip instability:

1. Pelvic malalignment (e.g., ankylosing spondylitis; instability is due to in-
creased pelvic tilt classically with increased risk of anterior instability).

Iliopsoas tendinitis.
Abductor/gluteal insufficiency.
Sacroiliitis.

ook N

AlIS (anteroinferior iliac spine) impingement with prior rectus avulsion or
proximal injury.
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Diagnosis
History

I.  Patients often present with complaints of hip pain and apprehension or subjective
feeling of the hip giving way during certain at-risk activities (rising from seated
position, rolling over in bed).

A. Insidious onset and gradually worsening symptoms without a specific precipi-
tating event is more characteristic of atraumatic causes of instability.

B. Pain most often reported in the inguinal fold or anterolateral hip.

C. Posterior instability can present as posterior hip/buttock pain. This typically
occurs with rise from seated position or position of sleep (adduction, IR [internal
rotation]), or with anterior impingement that permits levering out of the head.

D. History of clicking, locking, and giving way should be investigated.

E. Attention should be given to symptoms elicited by activities with repetitive hip
rotation, axial loading, or the extremes of motion.
F.  Any previous ipsilateral hip injuries or surgeries should be noted.
G. Patients with hip dislocation should be immediately identified based on sub-
stantial symptoms and difficulty with weight bearing.
I[I.  Medical and family history should be explored for connective tissue disorders and
hypermobility.

[Il. Referred pain from the sacroiliac joint and/or lumbar spine with radicular symp-
toms can be confused with primary hip pathology and should be ruled out.

Physical Examination

. Ifthe patient is ambulatory, gait and posture should be initially inspected to iden-
tify limp.

II.  Active and passive range of motion (ROM) of the hip should be evaluated and com-
pared against unaffected side.

A. Painful, audible, or visible popping of the hip during movement from flexion to
extension is among the most obvious signs, and it may indicate labral pathology,
intra-articular loose body, or snapping of the iliopsoas tendon or the iliotibial band.

I[ll. The patient should be evaluated for signs of generalized ligamentous laxity using
the Beighton-Horan criteria, which is scored on a scale from 0 to 9.

A. One point is annotated if there is hyperextension of each elbow beyond 10 de-
grees (maximum, 2), hyperextension of the knee (2), excessive passive dorsi-
flexion (>90 degrees) of the fifth metacarpophalangeal joint (2), passive flexion
of both thumbs to the forearm (2), and ability to rest the palms and hands flat
on the floor during trunk forward flexion with the legs straight (1).

B. Scores >4 indicate general joint hypermobility.

IV.  Hip strength should be evaluated and attention to the lumbosacral spine, abdo-
men, and knee is required to rule out associated pathology.
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V. Hip should be assessed for signs of frank instability:

A. Posteriorly dislocated hip typically shows a flexed, internally rotated, adducted,
and shortened limb.

B. Inanterior dislocation, the hip is usually externally rotated, extended, and abducted.

VI. Specific tests should be performed to assess for more subtle hip stability, with the
goal of reproducing corresponding patient symptoms.

A. Anterior impingement test® (Fig. 8.1):

1. The patient lies supine while the examiner flexes the patient’s hip to 90
degrees and then places the hip in 25-degree adduction. The examiner
then medially rotates the hip to end range. The test is positive if pain is
reproduced in the anterior hip.

2. Itmay also be used to diagnose FAI, acetabular retroversion, and labral tear.

B. Posterior impingement test” (Fig. 8.2):

1. The patient lies supine and the examiner places the patient’s hip in exten-
sion and external rotation.

Fig. 8.3 Log roll test.

Fig. 8.1 Anterior impingement test.

Fig. 8.2 Posterior impingement
test.
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2. Discomfort or apprehension signifies positive finding and implies posteri-
or impingement.

C. Logroll test/dial test® (Fig. 8.3):

1. The patient lies supine in the neutral position and the examiner internally
rotates the limb. The limb is then released and allowed to externally ro-
tate. The test is positive when patient’s limb passively rotates greater than
45 degrees from vertical in the axial plane and lacks a mechanical end
point.

2. Positive test indicates anterior capsular laxity or iliofemoral ligament in-
sufficiency.
D. Anterior apprehension test/hyperextension—external rotation test’:
1. The patient lies supine with buttocks just to the edge of the examination
table. The patient holds one knee with hip in flexion, while the affected

lower extremity is then extended and externally rotated. Positive test
reproduces anterior hip pain and/or apprehension.

2. Maneuver stresses the anterior hip capsules. Positive test indicates anteri-
or labral lesion or anterior instability.

E. Posterior apprehension test':

1. The patient lies in the supine position with the affected hip in 90 degrees
of flexion, adduction, and internal rotation with a posteriorly directed,
downward force applied on the knee. Positive test reproduces pain and/or
apprehension.

2. Positive test indicates posterior labral lesion or posterior instability.

F. Prone external rotation test:

1. “The patient lies prone. The affected hip is maximally externally rotated
with anteriorly directed pressure on posterior greater trochanter to trans-
late femoral head anteriorly. Positive test reproduces pain.

G. Abduction-extension-external rotation test'':

1. The patient is placed in the lateral decubitus position with the affected side up,
abducted to 30 degrees and externally rotated. Anteriorly directed pressure is
placed on the posterior greater trochanter and the leg is slowly extended from 10
degrees of flexion to full extension. Positive test reproduces patient symptoms.

2. Positive test indicates anterior labral lesion or anterior instability.

H. Thomas’ test for hip flexion iliopsoas contracture and Ober’s test for iliotibial band
tightness can also be positive as the muscles try to stabilize an unstable hip.!!

Imaging

I.  The objective of radiological assessment is to screen for risk factors for joint insta-
bility.
A. Plain radiographs including the anteroposterior (AP) view of the pelvis and the

lateral view of the hip should be obtained initially to rule out trauma and any
osseous abnormality.'

1. Evaluate for concentric reduction of the hip joint. Assess for fractures and
incarcerated or intra-articular bony fragments.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Hip Instability 77

2. Lateral center-edge angle of Wiberg should be used to assess appropriate
acetabular coverage of the femoral head and rule out hip dysplasia (normal
> 25 degrees).

3. Abnormalities in the femoral head-neck offset may imply FAIL
Retroversion of the acetabulum can be suggested by posterior wall sign
and/or ischial spine sign (seeing ischial spines on the AP pelvis).

5. Degenerative changes should be noted.

B. Computed tomography is useful in evaluation of traumatic instability and slight
dysplasia.

1. Small nondisplaced fractures of the acetabulum can be missed by plain

radiograph. CT is routinely done following traumatic or atraumatic hip
dislocation and subsequent reduction.

C. Magnetic resonance imaging allows for detailed evaluation of soft-tissue ab-
normalities, such as labral pathology, cartilage defects, or capsuloligamentous
deficiency or attenuation.

Diagnostic Intra-articular Injection

. Injection test with local anesthetic can be used to confirm the intra-articular origin of
pain.'? Injection is often performed under radiographic guidance (e.g., ultrasound, fluo-
roscopy). If pain is of intra-articular origin, majority of symptoms dramatically improve.

Treatment

I.  Presentation following acute traumatic event with hip dislocation should prompt
reduction to reduce risk of worsening chondral injury or avascular necrosis.
Immediate postreduction imaging is important to confirm concentric reduction
and stability throughout a ROM is necessary to assess the integrity of the joint
and risk for recurrent instability.

II.  Conservative:
A. Nonsurgical treatment is the first line of management in atraumatic instability.
1. The patient should be enrolled in an activity modification module.

2. Physical therapy should be initiated; focus should be on strengthening the
lower back, core abdominal muscles, and hip stabilizers, primarily the hip
external rotators and abductors.

3. Anti-inflammatory medication and intra-articular injections help alleviate
pain and existing inflammatory process.

4. Patient progress should be reviewed after 6 weeks of physical therapy and
activity modification. Persistent pain and symptoms should then be man-
aged with surgical intervention.

[II.  Surgical:

A. Acute surgery is required if entrapped bony fragments from the posterior ace-
tabular wall are noted after closed reduction of a dislocated hip.

B. Open hip surgery: this provides enhanced visualization and access. It requires
proper capsular management.
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C.

Hip arthroscopy: minimally invasive evaluation and repair of soft-tissue sta-
bilizers of the hip (labral tears, capsular plications, ligamentum teres tears)
are necessary to restore joint stability. It is considered the first-line treatment
when intra-articular pathology is accessible with standard surgical technique.
Several forms of capsular management techniques exist and include the
following:

1. Arthroscopic capsular closure by approximation of the capsular leaflets.
2. Arthroscopic capsular plication by overlapping of capsular leaflets.

3. Arthroscopic thermal capsulorrhaphy: hip capsular volume is reduced with
the use of thermal energy by laser or radiofrequency. Used less frequently
in practice.

Bony realignment procedures: these are more invasive and include acetabular
osteotomy and derotational femoral osteotomy. This is usually required in
patients with severe acetabular dysplasia or retroversion.

IV. Postoperative rehabilitation':

A. ROM immediately in hip brace that prevents external rotation, extension
beyond neutral, and abduction beyond 20 degrees.
B. Ambulation in brace using crutches with only 30% of weight on the affected hip

at 4 weeks; this should gradually increase to full weight bearing over the next
2 weeks.

At 6 weeks, ROM restrictions are lifted with the goal of full ROM by 3 months.

D. Return to full activity is allowed at between 4 and 6 months.
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9 Pelvic Fractures

Joshua D. Harris, Robert A. Jack Il

Introduction

Pelvic Ring Fractures

I.  Mechanism of injury: high-energy blunt trauma':
A. Motorcycle collision.

B. Auto-pedestrian collision.

C. Fall

D. Motor vehicle collision.

E. Crushinjury.

II.  Associated with other high-energy injuries:
Chest/thoracic injury.

Long bone fracture.

Reproductive organ injury.

Head injury.

Abdominal injury.

mm g N w >

Spine fracture.
[Il. Mortality rate:
A. 10-50%.3-8
B. Hemorrhage is leading cause.’"
C. Associated with'?:
1. Systolic BP less than 90 on presentation.
2. Age older than 60 years.

3. Increased injury severity scale (ISS): an anatomical scoring system providing
overall score for patients with multiple injuries, based on assignment of
an Abbreviated Injury Scale (AIS) score to each of six body regions—score
range 3 to 75.

a. Head and neck.
b. Face.
c. Chest.
d. Abdomen.
e. Extremity.

f. External.
4. Need for greater than 4 U of pure red blood cells.
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Acetabular Fractures

I.  Mechanism of injury: bimodal:
A. High energy in young patients.
B. Low energy in elderly patients."
C. May be seen with concomitant hip dislocation (Fig. 9.1).
I[I.  Associated injuries (up to 50% of patients)'#-17:
Extremity injury: 35%.
Head injury: 19%.
Chest injury: 18%.
Nerve palsy: 13%.
Abdominal injury: 8%.
Genitourinary injury: 6%.

Om Mmoo ®w

Spine injury: 4%.

IIl.  Fracture pattern defined by's:
A. Force vector.
B. Position of the femoral head (hip position).
C. Bone mineral density.

Anatomic Considerations

Pelvic Ring (Fig. 9.2)

I.  Osteology:
A. Sacrum and two innominate bones.
B. Stability dependent on strong surrounding ligamentous structures.
C. Displacement with obligatory disruption of ring in minimum of two places.

Fig. 9.1 Anteroposterior (AP) pelvis radiograph
demonstrating a posterior left hip dislocation with
associated posterior wall acetabulum fracture.
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Sacroiliac
joint

Pubic
symphysis

I[I. Ligaments (Fig.9.3):

Hip bone

Sacrum

Fig 9.2 The pelvic girdle and pelvic ring.
Anterosuperior view. The pelvic girdle consists
of the two hip bones (coxal bones). The SI joint
and the cartilaginous pubic symphysis unite the
bony parts of the pelvic girdle with the sacrum to
form a stable ring called the pelvic ring (indicated
by color shading). It allows very little mobility,
because stability throughout the pelvic ring is
an important prerequisite for transmitting the
trunk load to the lower limbs. (Source: Schuenke
M, Schulte E, Schumacher U. Thieme Atlas of
Anatomy. General Anatomy and Musculoskeletal
System. 2nd edition, ©2014, Thieme Publishers,
New York. [llustrations by Voll M and Wesker K.)

A. Anterior symphyseal (resist external rotation):

B. Pelvic floor:

1. Sacrospinous ligaments (resist external rotation).

2. Sacrotuberous ligaments (resist shear and flexion).

C. Posterior sacroiliac (SI) complex: most important for stability:

1. Anterior SI ligaments (resist external rotation).

2. Interosseous SI (resist anteroposterior [AP] translation).

3. Posterior SI (resist cephalad-caudad translation).

4, Iliolumbar (resist external and internal rotation).

Ill. Neurovascular structures (Fig. 9.4):

A. Lumbosacral plexus.

B. Internal iliac vessels.

C. Numerous neurovascular structures intimately associated with posterior pelvic

ligaments.

Acetabulum
I.  Osteology:

A. Based on two-column theory (Fig. 9.5):

1. Acetabulum supported by two columns of bone.

2. Inverted Y configuration.

3. Anterior column:

a. Anterior ilium.

b. Anterior wall and dome.
c. lliopectineal eminence.

d. Lateral superior pubic ramus.
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Anterior longitudinal
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lliolumbar ligament

Anterior
sacroiliac
ligaments

Sacrum

Anterior
7 \ 3 A superior
\ \ iliac spine
Sacrotuberous
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ligament
Anterior inferior

Sacrospinous
iliac spine ligament
Coccyx
Ischial spine
Pubic symphysis
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a Obturator membrane
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lliolumbar ligament
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ligament
Lesser sciatic
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tuberosity

Fig. 9.3 (a, b) Ligaments of the male pelvis. (Source: Schuenke M, Schulte E, Schumacher U. Thieme

Atlas of Anatomy. General Anatomy and Musculoskeletal System. 2nd edition, ©2014, Thieme Publish-
ers, New York. [llustration by Karl Wesker/Markus Voll.)
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Genitofemoral

nerve,
genital branch

Abdominal
aorta
SymEathetic
trun
Inferior
vena cave
lliolumber
vessels
Common
iliac artery
Internal
iliac artery

Laterral
sacral artery

Fig. 9.4 Neurovascular structures on the anterior side of the posterior trunk wall. (a) Lumbar fossa
on the right side after removal of the anterior and lateral trunk wall, the intra- and retroperitoneal
organs, the peritoneum, and all the fasciae of the trunk wall. The inferior vena cava has been partially
removed. (b) Lumbar fossa with the lumbar plexus of the right side after removal of the superficial
layer of the psoas major. (Source: Schuenke M, Schulte E, Schumacher U. Thieme Atlas of Anatomy.
General Anatomy and Musculoskeletal System. 2nd edition, ©2014, Thieme Publishers, New York.
Illustrations by Voll M and Wesker K.)

4. Posterior column:
a. Quadrilateral surface.
b. Posterior wall and dome.
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c. Ischial tuberosity.
d. Greater and lesser sciatic notches.
II.  Vascular structures:
A. Obturator artery and vein.
B. Corona mortis:
1. Anastomosis of the external iliac and internal iliac vessels.
2. Atrisk during injury and operative intervention.

Classification
Pelvic Ring

I.  Young-Burgess Classification (Table 9.1; Fig. 9.6)."°

II.  Tile classification (Table 9.2).2

Acetabulum

I.  Letournel classification (Table 9.3).'516.1821.22

History and Examination

Information from Emergency Medical Transport
Professionals

I.  Mechanism of injury.
II.  Level of consciousness:

A. Glasgow Coma Scale (score range 3-15; eye opening, verbal, and motor
responses).

[Il.  Initial physical examination.

Anterior

Posterior
a column b

Fig. 9.5 Column principle of the hip bone.
(a)Lateral and (b) medial views. (Source: Schuenke
M, Schulte E, Schumacher U. Thieme Atlas of
Anatomy. General Anatomy and Musculoskeletal
System. 2nd edition, ©2014, Thieme Publishers, ~Fig. 9.6 Anteroposterior (AP) pelvis radiograph of
New York. [llustrations by Voll M and Wesker K.) an APC (anteroposterior compression) Il injury.
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Table 9.1 Young-Burgess classification system of pelvic ring injuries

Type Description

Anterior posterior compression (APC)

APCI Symphysis widening <2.5 cm

APC I Symphysis widening >2.5 cm, anterior Sl joint diastasis. Posterior Sl ligaments

intact, disruption of sacrospinous and sacrotuberous ligaments

APCIII Disruption of anterior and posterior SI ligaments. Disruption of sacrospinous
and sacrotuberous ligaments

Lateral compression (LC)

LC typel Oblique or transverse ramus fracture and ipsilateral anterior sacral ala
compression fracture

LC type Il Rami fracture and ipsilateral posterior ilium fracture dislocation
(crescent fracture)

LC typellll Ipsilateral lateral compression and contralateral APC (windswept pelvis)

Vertical shear

Vertical shear Posterior and superior displacement of the hemipelvis

Abbreviation: Sl, sacroiliac.

Table 9.2 Tile classification system of pelvic ring injuries

Type Description

A: rotationally and vertically stable

Al Fracture not involving the ring (avulsion or iliac wing)
A2 Stable or minimally displaced fracture of the ring

A3 Transverse sacral fracture

B: rotationally unstable, vertically stable

B1 Open book injury (external rotation)

B2 Lateral compression injury (internal rotation)

B2-1 Anterior ring displacement through the ipsilateral rami
B2-2 Anterior ring displacement through the contralateral rami
B3 Bilateral

C: rotationally and vertically unstable

cl Unilateral

(@B lliac fracture

ci1-2 Sacroiliac fracture-dislocation

c1-3 Sacral fracture

c2 Bilateral with one side type B and one side type C
a Bilateral with both sides type C
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Table 9.3 Letournel classification system for acetabulum fractures

Type Notes Frequency

Elementary

Posterior wall Most common 25%

Posterior column Detachment of ischioacetabular segment from the 3-5%
innominate bone

Anterior wall Rare 1-2%

Anterior column Anterior border of the innominate bone displaced 3-5%
from the intact ilium

Transverse Only elementary fracture to involve both columns 5-19%

Associated

Associated both column Acetabulum is completely separate from axial 23%
skeleton. “Spur sign” on obturator oblique

Transverse and posterior Transverse component may be transtectal, 20%

wall juxtatectal, or infratectal

T-shaped T portion is an inferior vertical fracture 7%

Anterior column/wall and 75% will involve anterior column and not wall 7%

posterior hemitransverse

Posterior column and Only associated fracture that does not involve both ~ 3-4%

posterior wall columns

Initial Assessment

I.  Airway.

II.  Breathing.

[Il.  Circulation.

IV. Disability/neuro status.

V.  Exposure and environment.

Symptoms
[.  Pain.
II.  Inability to bear weight.

Physical Examination

I.  Inspection:
A. Abnormal lower extremity positioning:
1. External rotation of one or both extremities.
2. Leglength shortening.
B. Skin:
1. Degloving injury (Morel-Lavalée).
2. Flank hematoma.
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I[I.  Palpation:
A. Evaluate for crepitus.
B. Test pelvis stability with gentle lateral compressive or rotational force.
I[Il. Neurological examination:
A. Lower extremity motor examination.
B. Lower extremity sensory examination.
C. Rectal examination.
IV. Vascular examination:
A. Palpate and/or Doppler dorsalis pedis and posterior tibial arteries.
V. Urogenital examination:
A. Scrotal/labial or perineal hematoma.
Blood at urethral meatus.
Traumatic laceration of perineum.
Hematuria.

Mmoo N

Vaginal/rectal examination for open fracture.

Diagnostic Imaging

Radiographs
I. AP pelvis (Fig. 9.7).
I[I.  Pelvic ring injuries:
A. Inlet radiograph:
1. Beam directed 45 degrees caudad.
B. Outlet radiograph:
1. Beam directed 45 degrees cephalad.
C. Flamingo view—more useful in chronic setting, rather than acute:
1. Standing single-leg stance AP view useful for evaluating pubic symphysis
instability.
IIl.  Acetabulum injuries—Judet’s views:
A. Tliac oblique (Fig. 9.8):
1. Beam directed 45 degrees oblique toward noninjured side.
B. Obturator oblique (Fig. 9.9):
1. Beam directed 45 degrees oblique toward injured side.

Computed Tomography (Fig. 9.10)

I.  Routine for evaluation of pelvic ring or acetabulum fractures.
I[I. Defines comminution, marginal impaction, and rotation.

[Il. Identifies loose bodies.

IV. Three-dimensional reconstruction.
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Fig. 9.7 Normal anteroposterior (AP) pelvis radio-
graph with radiographic markers.

-
Fig. 9.9 Obturator oblique radiograph showing
a patient who underwent open reduction and

internal fixation of a right both-column acetab-
ulum fracture.

Treatment

Pelvic Ring Injuries
I Initial management:
A. Stabilization and resuscitation:

Fig. 9.8 Iliac oblique radiograph showing a patient
who underwent open reduction and internal fix-
ation of a right both-column acetabulum fracture.

Fig. 9.10 An axial computed tomography (CT)
scan showing a right-sided lateral compression
2 (LC-2) injury.

1. Appropriate immobilization should be applied to spine and extremities.

2. Transfuse pure red blood cells and fresh frozen plasmain 1:1 ratio as needed.

3. Twenty-four to 36 hours of observation in the intensive care unit for
potential rapid deterioration from internal hemorrhage.

B. Pelvic binder or sheet:

1. Initial management of an unstable pelvic ring injury.?*?*

2. Decreases intrapelvic volume.

3. Center over greater trochanters.
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4. Tape ankle together if necessary to prevent external rotation.
5. Asheet can be cut prior to operative fixation without removing completely.
II.  Nonoperative:
A. Indications: mechanically stable pelvic ring injuries:
1. LC1.
2. APCI1.
3. Isolated pubic ramus fractures.
4. Postpartum symphyseal widening less than 4 cm.
IIl. Operative:
A. External fixation:
1. Indications:
a. Ring injuries with external rotation component.
b. Continued blood loss in unstable patient.
2. Contraindications:
a. Acetabulum fracture.
b. Ilium fracture.
B. Open reduction and internal fixation:
1. Indications:
a. Open fracture.
b. Displacement with rotation of hemipelvis.
c. Symphyseal diastasis greater than 2.5 cm.
d. SIjoint diastasis greater than 1 cm.
e. Sacral fracture with displacement.
f. Postpartum diastasis greater than 6 cm.
2. Technique:
a. Anterior ring stabilization (Figs. 9.11 and 9.12):
i. Superior plate.

ii. Pfannenstiel incision.

110 kVp:
502 mA
2

Fig. 9.11 Intraoperative fluoroscopy image in the  Fig. 9.12 Intraoperative fluoroscopy image in the
inlet view showing pubic symphysis open reduc-  outlet view showing pubic symphysis open re-
tion and internal fixation. duction and internal fixation.
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b. Posterior ring stabilization:

i. Iliosacral screws: safe zone through S1 vertebral body and use
inlet/outlet fluoroscopy for placement.

ii. Anterior SI screws.
iii. Posterior SI plating.

Acetabulum Fractures

. Initial management:
A. Skeletal traction:
1. Unstable fractures.
2. Involving weight-bearing dome.
3. Subluxating or dislocating femoral head.
II.  Nonoperative:
A. Indications?:
1. Patient factors:
a. High operative risk.
b. Morbid obesity.
c. Late presentation.
2. Fracture characteristics:
a. Minimally displaced (<2 mm).
b. Less than 20% involvement of posterior wall fracture:
i. Examination under anesthesia to determine stability.
c. Femoroacetabular joint congruity.
B. Protocol:
1. Toe-touch weight bearing?627;
a. Less joint reactive forces than non-weight-bearing.
2. Activity as tolerated with walker.
[Il.  Operative:
A. Open reduction and internal fixation (Fig. 9.13):
1. Indications:
a. Patient factors:
i. Acute injury.
ii. Physiologically stable.
iii. No local infection.
b. Fracture characteristics:
i. Acetabular dome displacement greater than 2 mm.
ii. Unstable fracture pattern.
iii. Posterior wall fracture greater than 40%.
iv. Marginal impaction.
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A AR

Fig. 9.13 Anteroposterior (AP) pelvis radiograph
demonstrating plate and screw fixation of a right
both-column acetabulum fracture.

v. Intra-articular loose body.

vi. Irreducible fracture-dislocation.

c. Approach?:

i. Kocher-Langenbeck:

1.

Posterior wall,
Posterior column,

. Transverse,

. Posterior column and posterior wall,
. Transverse and posterior wall, and
6.

T-shaped (infra- or juxtatectal).

ii. Ilioinguinal:

=

ii

1. Anterior wall,

2. Anterior column,
3.
4
5

Transverse (infra- or juxtatectal),

. Interior wall/column and posterior hemitransverse, and
. Both columns.
. Iliofemoral: anterior wall and anterior column.

iv. Extended iliofemoral:

1.
2.
3.

Transverse (transtectal)
Transverse (transtectal) and posterior wall, and
Both columns.

v. Combined: T-shaped and both columns.

vi. Stoppa: medial wall.

B. Percutaneous fixation with column screws:

1. Antegrade (iliac wing to ramus).

2. Retrograde (ramus to iliac wing).

3. Posterior column screw.
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C. Total hip arthroplasty:
1. Indications:

a. Elderly patients with significant comminution or poor bone mineral
density.

b. Preexisting arthritis.

Complications

Pelvic Ring Injuries
I.  Urogenital®:
A. Posterior urethral tear.
B. Bladder rupture.
I[I.  Chronic instability:
A. Rarely seen in nonoperative cases.
B. Use pain during weight bearing as sign of instability.
C. Mechanical symptoms.
IIl.  After operative intervention:
A. Neurologic injury:
1. L5 nerve root injury if SI screw perforates anterior cortex.
2. Lateral femoral cutaneous nerve injury after external fixation.
B. Hardware failure.
C. Nonunion.

Acetabulum Fractures

I.  Posttraumatic degenerative joint disease’>'829;
A. Quality of fracture reduction is the main determinant.
B. Higher risk with greater than 1 mm of displacement.
II.  Heterotopic ossification3’3';
A. Reported in up to 90% of patients after acetabular fracture surgery.
B. Up to 50% have greater than 20% loss of hip range of motion.
C. Increased incidence with extensile approach.
[Il. Osteonecrosis of femoral head:
A. Associated with fracture dislocation injury patterns.
B. May also be caused by malreduced fractures.'>'8
IV. Intra-articular hardware placement.
V. Venous thromboembolism.
VI. Abductor weakness.
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1 O Intracapsular Hip Fractures

Carlos |. Meheux, Luis F. Pulido-Sierra

Femoral Head Fractures

Introduction

I.  Associated with hip dislocations'-*:
A. True orthopaedic emergency.
B. Shear type fractures.
C. Indentation or crush type.
II.  Anatomy and blood supply to the femoral head®:
A Medial femoral circumflex artery (MFCA).
B. The MFCA branches from the deep femoral artery:
1. Five constant branches: superficial, ascending, acetabular, descending, deep.
C. The deep branch supplies the blood to the femoral head:
1. Perforates the posterior capsule.
2. Proximal to the superior gemellus.
3. Distal to the tendon of the piriformis.
D. Terminates in the posterolateral retinacular branches:
1. Covered by synovium.
2. Enters the femoral head: 2 to 4 mm lateral to the bone-cartilage junction.
E. Anastomosis of the inferior gluteal artery and the MFCA:
1. Inferior border of the piriformis.
2. Constant anastomosis.
3. Must be preserved with surgical approaches.

Mechanism

I.  High-energy motor vehicle collision (84%)’:

A. Posterior hip dislocation:
1. Twelve percent are associated with femoral head fractures.
2. Axial load with hip flexed and adducted.
3. Knee to dashboard.?

B. Associated injuries in hip dislocation and femoral head fractures:
1. Acetabular fracture.®
2. Femoral neck fracture.
3. Femoral shaft fracture.
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4, Ipsilateral knee injuries (25%)%:
a. Meniscus tear (22%).
b. Bone marrow edema (33%).
c. Knee effusion (37%).
d. Cruciate ligament injury (25%).
e. Collateral ligament injury (21%).
f. Periarticular knee fracture (15%).
5. Sciatic nerve injury (10-23%)%12:
a. Peroneal division.
b. Sixty to 70% recover.!?
6. Pelvis, abdomen, chest, head, and spine injuries.

Diagnosis
I.  History:
A. Limited.

B. High-energy trauma.
II.  Physical examination:
A. ATLS (Advanced Trauma Life Support):
1. Prioritize (life, limb, function).
2. Primary survey:
a. Airway and cervical spine control.
b. Breathing and ventilation.
c. Circulation and hemorrhage.
d. Disability.
e. Exposure.
3. Secondary survey:
a. History.
b. Head to toe examination.
c. Extremity:

i. Posterior dislocation: Hip position'*: Flexed, adducted, and inter-
nally rotated.

ii. Anterior dislocation: Hip position'>: abducted, externally rotatated,
flexed (inferior or obturator, and extended - superior or pubic), vas-
cular examination. neurologic examination: motor and sensory to
lower extremity and always before and after reduction attempts.

[Il. Imaging:
A. Plain radiographs:
1. Supine anteroposterior (AP) pelvis:
a. Routine imaging in polytrauma.
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. Symmetric femoral heads.

Femoral head fragment in acetabular fossa.
. Femoral neck.
. Limb position.

- o AN o

Pelvic ring injury:
i. Inlet and outlet views.
ii. CTscan.
g. Acetabular fractures:
i. Judet’s views (iliac and obturator oblique).
ii. CTscan.
2. Cross-table lateral:
i. Orthogonal imaging.
B. CT:
1. Frequently performed in polytrauma patients:
a. Chest, abdomen, pelvis.
b. Cervical, thoracic, and lumbar spine.
2. Prereduction CT:
a. Should not delay hip reduction.
b. Indicated in irreducible dislocation.
3. Postreduction evaluation:
a. Always CT scan following closed reduction.
b. Multicut detector, high-collimation, 1- to 2-mm cuts.
c. Evaluation:
i. Concentric reduction.
ii. Intra-articular loose bodies.
iii. Femoral head fracture: size and location.
iv. Acetabular fractures:
a. Posterior wall fracture.
v. Femoral neck.

Classifications

I.  Pipkin' (Fig. 10.1):
A. Femoral head fracture with posterior hip dislocations:
1. Typel:
a. Fracture below the fovea.
b. Fracture outside the weight-bearing joint area.
2. Typell:
a. Fracture cranial to the fovea.
b. Fracture within the weight-bearing joint area.
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Fig. 10.1 The Pipkin classification system of femoral head fractures with posterior hip dislocations.
The relationship to the fovea determines the type of fractures in types I and II (a, b). Type I fractures
are caudal to the fovea. Type Il fractures are cranial to the fovea and are usually in the weight-bearing
zone. Type IlI (c) fractures are associated with a femoral neck fracture. Type IV (d) fractures are asso-
ciated with additional acetabular fractures.

3. Typelll:
a. Associated ipsilateral femoral neck fracture.
4. TypelV:

a. Associated ipsilateral acetabular fracture.
I[I.  Orthopaedic Trauma Association (OTA):
A. 31-C, articular fracture head's:
1. 31-C1, split fracture (Pipkin types I-II):
2. 31-C2, with depression.
3. 31-C3, with femoral neck fracture.

Treatment

I.  Nonoperative'>'°:
A. Emergent closed reduction.
B. Touchdown weight bearing for 4 weeks.
C. Knee immobilizer or hip abduction brace.
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D. Indications:

oW N

5.

Pipkin type [ with articular incongruity of 1 mm or less.
Pipkin type Il without articular incongruity.

No interposed fragment.

Concentrically reduced joint.

Patients that are unable to tolerate surgery.

I[I.  Surgical treatment:

A. Open reduction and internal fixation (ORIF)?:

1.

Indications:
a. Pipkin type I with greater than 1 mm articular incongruity.
b. Pipkin type II with any displacement.
c. Pipkin types IIl and IV.
d. Interposed fragment.
e. Nonconcentrically reduced joint.
Surgical approaches:
a. Smith-Peterson approach.
b. Trochanteric flip osteotomy.
c. Surgical hip dislocation.
d. Transgluteal approaches.
e. Arthroscopic-assisted percutaneous fixation.
Method of fixation:
a. Mini or small fragment screws?:
i. Cancellous biosabsorble.
ii. Herbert screw fixation.
iii. Countersunk screws.
b. Pelvis reconstruction plate.
Pipkin type III fractures:
a. Femoral head and neck ORIF.
b. Hip arthroplasty:
i. Elderly.
ii. Comminution.
Pipkin type IV:
a. Femoral head and acetabulum ORIF.
b. Restore acetabular stability.
Rehabilitation:
a. Immediate mobilization.
b. Touchdown weight bearing with two crutches:
i. Six to 8 weeks: isolated femoral head fixation.
ii. Eight to 12 weeks: femoral neck or acetabulum.
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B. Prosthetic replacement’:

1. Total hip arthroplasty:
a. Active.
b. Longer life expectancy.

2. Hemiarthroplasty:
a. Older patient.
b. Limited mobility.

3. Indications:
a. Pipkin type Il in the elderly.
b. Evidence of advanced hip arthritis.

Complications

. Posttraumatic arthritis (20%)?':
A. Osteochondral lesion:
1. Larger size.
2. Weight-bearing location.
3. Comminution.
B. Acetabulum or femoral head bone loss.
C. Incongruent reduction:
1. Soft-tissue interposition.
2. Incarcerated bone fragment.
II.  Avascular necrosis (AVN; 12%)?:
A. Hip dislocations with associated femoral head fractures:
1. High-energy trauma disrupts vascular supply.
2. Delay in treatment.
3. latrogenic injury:
a. Closed reduction.
b. Surgical approaches: i. Preferable anterior or trochanteric flip.
[Il. Heterotopic ossification (6-64%)>111223-25;
A. Muscle and soft-tissue injury:
1. Mechanism of trauma.
2. Surgical exposure.
B. Acetabular fracture (Pipkin type IV):
C. Associated head injury.
IV. Malunion.?®

V. Hip instability.
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Femoral Neck Fractures

Introduction
I.  Epidemiology:

A. Higher in patients older than 70 years.”’
B. Common in the elderly patients.
C. Uncommon in young patients.
D. Osteoporosis major risk factor:
1. Risks increases with decreasing bone mass.
2. More common in women.
3. Bone density in the proximal femur declines with age.
4. Low bone mineral density:
a. Chronic diseases:
i. Hypothyroidism.
ii. Rheumatoid arthritis.
b. Menopause.
c. Tobacco use.
d. Alcohol use.
e. Medications:
i. Corticosteroids.
ii. Seizure medications.
[I. Anatomy:
A. Osseous?29:
1. Femoral neck shaft angle is approximately 130 + 7 degrees.
2. Femoral neck anteversion is approximately 10 + 7 degrees.
3. Femoral head diameter varies between 40 and 60 mm.
B. Vascular®:
1. MEFCA:

a. Lateral epiphyseal branch.

b. Main blood supply to the femoral head.
2. Lateral femoral circumflex:

a. Inferior metaphyseal branch.

Mechanism of Injury

I.  Young adults:

A.

High-energy trauma.

B. Axial load.
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II.  Elderly:
A. Low-energy trauma.
B. Fall from height.
[Il. Femoral neck stress fractures:
A. Pathologic:
1. Rheumatoid arthritis.
2. Osteoporosis.
3. Postcam osteoplasty (either arthroscopic or open).
B. Nonpathologic:
1. Overuse injury caused by repeated submaximal stress°:
a. Long distance runners.
b. Military recruits.
One to 7.2% of all stress fracture injuries.>
Associated with coxa vara.
Low risk:
a. Inferomedial aspect of the femoral neck.
b. Compression type.
c. Lower risk of delayed union.
5. High risk:
a. Superolateral aspect of the femoral neck.
b. Tension type.
c. Higher risk of delayed union.
d. Long-distance runners.
e. Radiographs are negative in up to 80%.3
Diagnosis
[.  History:
A. Groin pain.
B. Nonambulatory.
C. Mechanism of injury:
1. High energy versus low energy.
D. Preinjury:
1. Level of activity.
2. Ambulatory status.
3. Cognitive status.
E. Prior fragility fractures:

1. Prior hip pain.
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F. Painin other locations.
G. Comorbidites:
1. Prognosis.
I[I.  Physical examination:
A. Extremity®:
1. Shortened.
2. Externally rotated.
3. Slightly flexed at the hip.
B. Assess for associated injuries.
C. Neurovascular examination.
D. Skin.
[Il. Imaging:
A. Plain radiographs:
1. AP pelvis:
a. Fracture pattern.
b. Displacement.
2. Cross-table lateral:
a. Posterior head displacement.
3. Do not perform frog leg laterals:
a. Risk to displace nondisplaced fractures.
B. CT:
1. Multicut detector, high-collimation, 1- to 2-mm cuts.
2. Evaluate posterior head displacement.
3. Non displaced femoral neck fractures:
a. Unable to get MRI.
b. High-energy femoral shaft fracture.
C. MRI:
1. Test of choice in occult femoral neck fractures.
2. Test of choice in femoral neck stress fractures:
a. High sensitivity: 86 to 100%.>
b. High specificity: 100%.>3

Classification Systems

I.  Garden’s classification® (Fig. 10.2):
A. AP pelvis.
B. Poor interobserver agreement.
C. Four types based on degree of displacement:
1. Typel:
a. Incomplete.
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c d

Fig. 10.2 The Garden classification of femoral neck fractures.
Type I (a) is incomplete or valgus impacted. Type II (b) is complete
and nondisplaced. Type I (c) is a complete fracture, partially dis-
placed in varus alignment. Type IV (d) is completely displaced.

b. Valgus impacted.
c. Nondisplaced.

2. Typell:

a. Complete.

b. Nondisplaced.
3. Typelll:

a. Complete.

b. Varus alignment.
c. Functionally considered as displaced.
4. TypelV:
a. Completely displaced.
D. Nondisplaced versus displaced for practical purposes.
II. Pauwels’ classification (Fig. 10.3):
A. AP pelvis.
B. High-energy femoral neck fracture.
C. Three types based on the fracture angle from the horizontal plane:
1. Shear versus compression at fracture site.
2. Typel:
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<30° 300-50° C>50°

)

a b C

Fig. 10.3 The Pauwels classification of femoral neck fractures. This system is based on the angle for the
fracture from the horizontal plane. Type I (a) is more horizontal with an angle less than 30 degrees.
Type 11 (b) is between 30 and 50 degrees. Type III (c) is more vertical with an angle greater than
50 degrees.

a. Less than 30 degrees.

b. Compression forces predominate across fracture site.

3. Typell:
a. Thirty to 50 degrees.
4. Type lll:

a. Greater than 50 degrees.
b. Shear forces predominate across fracture site.
[II. OTA':
A. Research purposes.
B. 31-Bextraarticular fracture, neck:
1. 31-B1 subcapital, with slight displacement.
2. 31-B2 transcervical.
3. 31-B3 subcapital, displaced, nonimpacted.

Treatment

I.  Nonoperative treatment®?:
A. Very ill patient.
B. Unacceptable surgical risks.
C. Low-risk and nonpathologic femoral neck stress fractures:
1. Compression medial neck fractures.
2. Toe-touch weight bearing for 8 weeks.
II.  Surgical treatment®?:
A. Indicated for most femoral neck fractures:
1. Decreases morbidity and mortality.
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2. Facilitates patient mobilization.
3. Improves patient outcomes.
4. Urgent or emergent surgery:
a. Surgical emergency:
i. High energy.
ii. Displaced fracture.
iii. Young patient.
B. Nondisplaced femoral neck fractures:
1. Insitu internal fixation®>-3":
a. Cannulated screws:
i. Cancellous partially threaded screws.
ii. 6.5-,7.0-, and/or 7.3-mm screws.
iii. Inverted triangle configuration.
iv. Three screws:
1. Inferior:
a. Start proximal to lesser trochanter and
b. Lower the risk of subtrochanteric fracture;
2. Anterosuperior.
3. Posterosuperior.
v. Within 5 mm of subchondral bone.
vi. Washer for poor osteoporotic bone.
vii. Four screws (Fig. 10.4):
1. Posterior neck comminution and

[ |
Fig. 10.4 (a) Vertically oriented and nondisplaced femoral neck
fracture. The fracture angle is greater than 50 degrees (Pauwels III).
(b) Healed fracture following in situ cannulated screw fixation. A
fourth horizontally aligned screw was used.
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2. Horizontal screw for Pauwels III:
a. Antishear.
b. Sliding hip screw:
i. Pauwels IIL
ii. Basicervical femoral neck fractures:
1. Derotational screw.
iii. Tip apex distance less than 25 mm.
iv. Higher risk of AVN.
2. Displaced femoral neck fractures:
a. Surgical treatment is determined by the following:
i. Patient:
1. Age,
2. Activity level,
3. Life expectancy, and
4. Medical comorbidities.
ii. Fracture:
1. Location,
2. Orientation, and
3. Comminution.
b. Treatment options:
i. Closed ORIF*-37;
1. Young adults,
2. Elderly nonambulatory unfit for arthroplasty,
3. Acceptable reduction criteria:
a. Neck shaft angle 130 to 150 degrees;
b. Anteversion O to 15 degrees;
c. Valgus angulation up to 15 degrees;
4. Unacceptable reduction:
a. Varus angulation;
b. Retroversion;
c. Higher risks—nonunion, AVN, and hardware failure;
5. Approach for open reduction:

a. Anterior—Heuter, Smith-Peterson, and separate incision for
fixation;

b. Anterolateral.
ii. Hemiarthroplasty?3>-3 (Fig. 10.5):
1. Indications:
a. Elderly patient;
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Fig. 10.5 Hemiarthroplasty for treatment of femoral neck fracture.
(a) Uncemented hemiarthroplasty with unipolar femoral head.
(b) Cemented hemiarthroplasty with bipolar femoral head.

2.

3.

4.

b. Low demand;

c. Demented;

Approach:

a. Anterior;

b. Anterolateral;

c. Posterior—higher dislocation rate;
Method of fixation:

a. Cemented—risk of fat/cement embolism;
b. Uncemmented—risk of fracture;
Unipolar versus bipolar heads:

a. No difference on dislocation rate;
b. Higher cost with bipolar heads.

iii. Total hip arthroplasty (THA)*>-38 (Fig. 10.6):

1.

Indications:

a. Older patient;

b. Active and high demand;

c. Preceding hip pain and arthritis;

2. increased use of THA over hemiarthroplasty;

3. Advantages over hemiarthroplasty:
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a. Better pain scores;
b. Better function scores;
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Fig. 10.6 (a) Completely displaced femoral neck fracture. (b) Left
uncemented total hip arthroplasty.

4, Disadvantages over hemiarthroplasty:
a. Dislocation risk;
b. Longer surgical time;
c. Increased blood loss;
5. Approach: same as hemiarthroplasty;
6. Cemented and uncemented femoral fixation.
iv. Hip resection “Girdlestone”:
1. Failed surgical treatment;
2. Painful hip:
a. Low-demand patient;
b. Poor reconstruction candidate.

Complications

I.  AVN of the femoral head:
A. Six months from injury.
B. Collapse 1 to 2 years from surgery:
1. Displaced fractures (20-30%).394
2. Nondisplaced fractures (15%).394
I[I.  Nonunion:
A. Younger, high energy, and displaced fractures (10-30%)3°4°:
1. Vertical fractures.
2. Varus collapse.
B. Elderly nondisplaced (5%).3%4°
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[Il. Impaired mobility:
A. Elderly: 1 year after hip fracture:
1. Fifty percent fail to regain preinjury level of mobility.3°4
2. Physical and mental condition.
3. Loss of independent living.
IV. Medical complications*':
A. Deep vein thrombosis.
B. Pulmonary embolism.
C. Delirium.
D. Pulmonary complications.
V.  Mortality:
A. Elderly: 1-year mortality rate of 20 to 30%.3%4!
B. Risk factors:
1. General anesthesia.
2. Delayed surgical intervention:
a. More than 72 hours after injury.
3. Anemia.
4. Prior femoral neck fracture.
5. Multiple comorbidities.
VI. Arthroplasty complications:
A. Lower reoperation rates compared to ORIF.394243
B. Dislocation.
C. Periprosthetic fractures.
D. Mortality:
1. Thirty-day mortality of 2.4%.4445
2. Six times higher than elective THA.*
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Carlos |. Meheux, Luis F. Pulido-Sierra

Introduction

Incidence and Etiology

I. Intertrochanteric femur fractures:

A.
B.
C.

H.

Increasing incidence and will likely approach 500,000 per year by 2040."
More common in women older than 65 years of age.

About one-third of women reaching the age of 90 years will sustain a hip
fracture.?

Patients with osteoporosis are at increased risk for intertrochanteric femur
fractures.

Increased incidence of falls in the elderly population.
1. Multifactorial:
a. Postural and gait disturbances.
b. Decreased visual and hearing acuity.
c. Usage of one (or multiple) disorienting medications.
Associated fractures include the following:
Distal radius.
Proximal humerus.
Spine.
Ribs.
Pubic rami.

vk N =

Young patients:

1. High-energy mechanisms:
a. Usually have grossly displaced fractures.
b. Reverse obliquity.
c. Subtrochanteric extension.

Pathologic fractures from metastasis.

II.  Subtrochanteric femur fractures:

A.

Asymmetric age- and gender-related bimodal distribution:
1. High-energy mechanism:

a. Young patients.

b. Mostly males.

c. Usually motor vehicle accidents.

d. Fall from heights.

e. Penetrating trauma.
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2. Low-energy mechanism:
a. Elderly patients.

o

. Mostly females.?
Falls.
. Pathologic fractures:

o o

(i) Atypical fractures.
(ii) Bisphosphonate use greater than 3 to 5 years.
B. Associated injuries involving other extremities:
1. Commonly seen in high-energy mechanisms.?
C. Subtrochanteric femur fracture can result from prior surgery:
1. Screw fixation of ipsilateral femoral neck fracture:
a. Screw starting point distal to the lesser trochanter.

2. Core decompression and vascularized free fibula autografting for avascular
necrosis of the femoral head:

a. Lateral cortical defect is below the lesser trochanter.
D. Pathologic fractures from bisphosphonate use or metastasis.

Anatomy

Intraosseous Scaffold of Trabecular Bone Supports
Femoral Head and Neck (Fig. 11.1)

[.  Primary compressive group:
A. Dense cancellous bone.

II.  Secondary compressive, tensile, and greater trochanter groups:
A. Oriented along stress lines in the lateral femoral neck.

B. Relative paucity of trabecular scaffolding in the central area also called Ward’s
triangle.#

IlI. Changes in the trabecular pattern affects bone density.

Numerous Muscle Attachments to the
Intertrochanteric Area

I.  Brings rich and abundant blood supply.
II.  Very conducive to fracture healing.

Principal tensile
Greater trochanter

group
group

Principal compressive

group Secondary tensile

Secondary compressive group

group

Fig. 11.1 Trabecular groups and Ward’s triangle of the prox-
imal femur.
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Muscular Forces Dictate Direction of Displacement

I.  Iliopsoas:
A. Pulls on its insertion at the lesser trochanter.
II.  Abductors and external rotators:
A. Act through their attachments at the greater trochanter.

B. Leads to shortened and externally rotated extremity in displaced fractures,
especially intertrochanteric femur fractures with subtrochanteric extensions
or subtrochanteric femur fractures.

Classification Systems

Intertrochanteric Femur Fractures®

. Stable fracture:
A. Posteromedial cortex:
1. Fractured in only one place.
B. Lateral cortex: intact.

N

Obliquity: standard.
D. Withstands axial loads:
1. Without displacement after anatomic reduction.
I[I.  Unstable fracture:
A. Posteromedial cortex:
1. Large fragment or comminuted.
B. Lateral cortex:
1. Fracture below the vastus ridge.
C. Obliquity:
1. May be standard or reverse.
D. Fracture collapses with axial loading after reduction.

Subtrochanteric Femur Fractures

I.  Russel-Taylor classification® (Fig. 11.2):
A. TypelA:
1. Does not involve piriformis fossa.
2. Does not involve lesser trochanter.
B. TypeIB:
1. Does not involve piriformis fossa.
2. Involves less trochanter,
C. TypellA:
1. Involves piriformis fossa.
2. Does not involve lesser trochanter.
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(AR

Fig. 11.2 Russell-Taylor classification of subtrochanteric femur fractures. In type I fractures, the piriform-
is fossa remains intact and in type Il fractures, the piriformis fossa is involved. In subtype A fractures, the
lesser trochanter is not involved and in subtype B fractures, the lesser trochanter is involved.

D. Type IIB:
1. Involves the piriformis fossa.
2. Involves the lesser trochanter.

Diagnosis
I.  History:
A. Elderly patient:
1. Most commonly a slip and fall mechanism.
a. Preexisting pain may indicate pathologic lesion or arthritis.
2. Evaluate for other injuries, including the following:
a. Femoral shaft.
. Proximal humerus.
Distal radius.
. Ankle.
e. Knee.

a0 o

3. Evaluate preexisting medical condition:
a. Preinjury functional status.
B. Young patients:
1. High-energy mechanism:
a. Fracture likely involves the subtrochanteric region.
II.  Physical examination:
A. Extremity:
1. Short and externally rotated.
2. Local ecchymosis:
a. Posterolateral aspect of the trochanteric area.
B. Inspect pressure points for possible skin breakdown:

1. Sacrum.
2. Buttocks.
3. Heel.
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C. Examine other extremities for occult injuries.
D. Neurovascular examination of the extremity.
IIl. Imaging:
A. Plain radiographs:
1. Anteroposterior (AP) radiographs of the pelvis:
a. Apply gentle traction and internal rotation to the affected extremity.
Cross-table lateral view of the hip.
Orthogonal views of the femur (AP and lateral radiographs):
a. Evaluate for subtrochanteric fractures.
b. Extension of intertrochanteric fractures.
c. Other femur fractures.
d. Presence of implants in the femur.
4, Radiographs of contralateral hip and femur:
a. Can aid with preoperative planning.
5. Evaluate radiographs for:
a. Osteopenia.
b. Metastasis.
c. Cortical irregularities.
B. Computed tomography (CT) scans:
1. Frequently performed in polytrauma patients:
a. Chest, abdomen, pelvis.
b. Cervical, thoracic, and lumbar spine.
2. Delineate more complex fractures.
C. Magnetic resonance imaging (MRI):
1. High suspicion for occult fracture.
2. Plain films are negative.

Treatment

L. Nonoperative treatment:
A. Pain control:
1. Indications:
a. Unable to tolerate surgery due to medical condition.
b. Intertrochanteric and subtrochanteric femur fractures.
B. Skeletal or skin traction:
1. Indications:
a. Unable to tolerate surgery due to medical condition.
b. Intertrochanteric and subtrochanteric femur fractures.
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2. Treatment:
a. Skeletal traction:
(i) Steinmann pin to distal femur or proximal tibia.
b. Skin traction:
(i) Apply soft padding to ankle.
c. Apply 10 to 15 Ib of traction.
I[I.  Operative:
A. Sliding hip screw’ (Fig. 11.3):
1. Indications:
a. Stable intertrochanteric femur fractures.
2. Treatment:
a. Position supine on a fracture table.

b. Reduce fracture with gentle traction and internal rotation under
fluoroscopy.

c. Lateral approach to the proximal femur.
d. Starting at the level of the lesser trochanter:
(i) Insert guide pin into neck and head.
(ii) Aim for the apex of the femoral head.
(iii) Tip-apex distance.
e. Measure length and ream appropriately.
f. Insert lag screw:
(i) Tip—apex distance (Fig. 11.4):
(1) goal—less than 25 mm;
(2) greater than 25 mm-—high failure rates.®
g. Apply plate with barrel and apply screws to plate.
B. Short cephalomedullary nail:
1. Indications:
a. Intertrochanteric femur fractures.
2. Treatment:

a. Position supine on a fracture table.

Fig. 11.3 (a) Anteroposterior (AP) view of the pelvis of a 68-year-old man with left intertrochanteric
femur fracture. (b, ¢) AP view of the pelvis and lateral view of the left hip of the same patient after
fixation with a sliding hip screw.
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Fig. 11.4 Tip-apex distance (TAD) is

the sum of the distance in millime-
DIAat ters from the tip of the lag screw to
T the apex of the femoral head on the
i
lateral view of the hip (Xlat), after
correction has been made for magni-
TAD - (Xap x [Dtrue/ Dap}) + (Xlat x [Dtrue | Dlat]) can be performed as the oFiginal de-
scribed using the known diameter of

anteroposterior view (Xap) and the
Q
Xlat

fication. Correction for magnification
TAD = (Xap + Xlat (once corrected for magnification) the lag screw used (Dtrue)

b. Reduce fracture with gentle traction and internal rotation under
fluoroscopy.

c. Percutaneous approach to proximal femur for nailing.
d. Identify proper starting point under fluoroscopy:
(i) Tip of the trochanter on the anteroposterior view of the hip.
(ii)In line with the femoral neck on the lateral view.
e. Insert guide pin into proximal femur and ream over guide pin.
f. Insert nail.

g. Use guide on nail-inserting jig to insert lag screw and distal locking
screw:

(i) Insert lag screw such that the tip—apex distance is <25 mm.
(ii) Use fluoroscopy for guidance.
C. Long cephalomedullary nail:
1. Indications:
a. Intertrochanteric femur fractures (Fig. 11.5):
(i) Stable.
(ii)Unstable.
b. Subtrochanteric femur fractures® (Fig. 11.6).
c. Pathologic pertrochanteric femur fractures.
2. Treatment:
a. Position supine on a fracture table.
b. Can position lateral on a radiolucent table:
(i) Displaced subtrochanteric femur fractures.
(ii) Lateral position helps with fracture reduction.
c. Reduce fracture with aid of fluoroscopy:

(i) May need to do provisional reduction with pins, clamps, wires, or
other devices.

(ii)May need to do an open reduction depending on the complexity of
the fracture:

(1) Lateral approach to proximal femur.
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Fig. 11.5 (a) Anteroposterior (AP) view of the right hip showing an intertrochanteric femur fracture in
a 63-year-old woman after a fall. (b) AP view of the right hip after cephalomedullary nail placement.
(c) Lateral view of the right hip after cephalomedullary nail placement.

Fig. 11.6 Preoperative (a) anteroposterior (AP) and (b) lateral views of a 59-year-old woman with right
atypical subtrochanteric femur fracture associated with bisphosphonate use. The patient was treated
successfully with a left long cephalomedullary nail fixation. Postoperative (¢) AP and (d) lateral femur
radiographs at 3 months from surgical treatment. The patient also received teriparatide injections,
calcium, and vitamin D.
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d. Percutaneous approach to proximal femur for nailing.
e. Identify proper starting point under fluoroscopy:
(i) Tip of the trochanter on the anteroposterior view of the hip;
(ii)In line with the femoral neck on the lateral view.
f. Insert guide pin into the proximal femur and ream over the guide pin.

g. Insert ball-tip guidewire into the femoral canal and aim for the distal
femur:

(i) Measure the length of the guidewire in the femur to determine the
length of the nail.

h. Ream over ball-tip guidewire to prepare canal:
(i) Over-ream by 1.5 to 2 mm to allow for easy insertion of the nail.
i. Insert nail.
j. Use guide on nail-inserting jig to insert lag screw:
(i) Insert lag screw such that the tip—apex distance is <25 mm.
(ii) Use fluoroscopy for guidance.
k. Apply distal interlocking screw(s) under fluoroscopic guidance.
D. Prosthetic replacement:
1. Not a primary treatment option for extracapsular hip fractures:
a. Greater trochanter:
(i) Difficulty with greater trochanter fixation.
(ii) Success and stability of endoprosthesis rely on the greater trochanter.

b. Conversion hip arthroplasty is successful after failed primary open re-
duction and internal fixation techniques.

2. Indications:
a. Elderly:
(i) Preexisting symptomatic degenerative arthritis.
(ii) Pathologic fractures.
(iii) Open reduction and internal fixation (ORIF) likely to fail:
(1) Comminution.
b. Type of endoprosthesis:
(i) Cemented hemiarthroplasty:
(1) Calcar replacement prosthesis.
(2) Proximal femoral replacement.

Complications

I.  Loss of fixation and implant failure:
A. Screw cutout:
1. Tip-apex distance greater than 25 mm:
a. Higher and accumulative incidence.
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[I. Nonunion:
A. Higher incidence with displaced fractures.
[II.  Malunion:
A. Nonanatomic reduction during fixation.
B. Inadequate fixation.
IV. Infection.
V.  Fracture around the implant:
A. Higher incidence with short cephalomedullary nails.
VI.  Anterior perforation of the distal femur:
A. Mismatch of the radius of curvature of the implant (longer) and femur (shorter).
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1 2 Pediatric Hip Fractures

Joshua D. Harris, Robert A. Jack Il

Introduction

Proximal Femur Fractures

I.  “Hip fractures” account for less than 1% of all pediatric fractures.!?
II. Mechanism of injury:
A. High-energy trauma (75-80%)
B. Breech delivery.
Ill.  High rate of complications due to age-dependent challenging blood supply.

Acetabular Fractures

I.  Comprise 1 to 15% of pediatric pelvic fractures.?

II. Triradiate cartilage injuries (below age 12-14 years) can cause growth arrest and
deformities.

[Il.  Often lower energy than adult fractures.
IV.  Associated with femoral head fractures and dislocations.

Pelvic Ring Fractures*

I.  Result of high-energy trauma
II. Commonly motor vehicle collision or automobile-pedestrian collision.
IIl. Differences from adult fractures:

A. Lateral compression injuries greater than anteroposterior (AP) injuries.
Higher rate of single ring break than adults.
Increased plasticity.
More robust and absorbent cartilage.

mo N w

Sacroiliac (SI) joint and pubic symphysis are more elastic:
1. Different injury patterns.

2. Prior to triradiate closure: bone weaker than ligament, resulting in isolat-
ed pubic rami or iliac wing fracture, rather than pelvic ring disruption.

F. Thickened periosteum stabilizes fractures.
G. Lower rate of hemorrhage:
1. Smaller blood vessels.
2. Higher capacity for vasoconstriction.
3. Lower likelihood of “open book” injuries.
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Pelvic Avulsion Fractures®’

. Result of low-energy trauma.

I[I.  Tendon is disrupted from origin or insertion during explosive exercises:
A. Eccentric contraction of muscle causing traction injury to cartilaginous apophysis.
B. Sprinting.
C. Jumping.

I[II. Multiple origins/insertions (Fig. 12.1):

A. Ischial tuberosity avulsion: hamstring (semimembranosus superolaterally and
conjoint semitendinosus/biceps femoris inferomedially) or adductors.

Psoas major

Psoas
major

lliacus lliacus

Sartorius

Tensor Sartorius
fas"%i}?éﬂi Piriformis ﬂ‘éﬁ?ﬂi Piriformis
medius

Rectus Gluteus

Gluteus 2 i
femoris minimus

minimus

Piriformis Piriformis
Hlﬁgear%%ﬁt[ Obturator Viactiis Obturator
llliopsoas extemls lateralis EXtemus
Vastus Pectineus |lliopsoas Adductor

lateralis Adductor brevis
Vastus minimus
medialis Adductor Vastus
brevis medialis Adductor
Adductor longus
longus
Gracilis Gracilis
. Vastus Vastus Adductor
intermedius intermedius magnus
Adductor
magnus
Articularis
Adductor genus Adductor
hiatus hiatus
Vastus Articularis
lateralis genus
Vas(tjgsr
lliotibial medialis
tract Iliotibial )
tract Semimembranosus
Patellar ligament i
Biceps p ; Common
Pes anserinus femoris W) Sartorius | tendon of
Quadriceps Semi- insertion
femoris tendinosus | (Pes anserinus)

a b
Fig. 12.1 (a, b) 1. The muscles of the thigh, hip, and gluteal region. (a) Shows anterior superficial and
(b) shows anterior deep. The origins and insertions of the muscles are indicated by color shading
(red = origin; blue = insertion). (Source: Schuenke M, Schulte E, Schumacher U. Thieme Atlas of Anatomy.
General Anatomy and Musculoskeletal System. 2nd edition. ©2014, Thieme Publishers, New York.
[llustrations by Voll M and Wesker K.)
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B. Anterior inferior iliac spine (AIIS) avulsion: direct head of the rectus femoris.

C. Anterior superior iliac spine (ASIS) avulsion: sartorius, tensor fascia lata, and
inguinal ligament.

D. Lesser trochanter avulsion: iliopsoas.
Pubic symphysis.

Iliac crest avulsion: abdominal musculature; also crest apophysitis is a repeti-
tive overuse traction injury; differentiate per Risser’s staging (U.S. system):

1. Stage 0: no ossification of apophysis.

2. Stage 1: most anterior one-fourth of apophysis ossified.

3. Stage 2: most anterior half of apophysis ossified.

4, Stage 3: most anterior three-fourths of apophysis ossified.

5. Stage 4: apophysis ossified, but not yet fused to the iliac wing.

6. Stage 5: completely ossified apophysis fuses to the iliac wing.
G. Greater trochanter avulsion: hip abductors.

Anatomic Considerations

I.  Unique blood supply of proximal femur (Fig. 12.2)8°:
A. Infants:

1. Metaphyseal vessels originating from the medial and lateral femoral cir-
cumflex arteries':

a. Transverse femoral physis and supply the proximal epiphysis.
2. Artery of ligamentum teres.
B. Age older than 2 years'’:

1. Cartilaginous physis of the proximal femur is barrier to the femoral head
blood flow.

Retinacular arteries Ligamentum teress
superior, anterior, inferior and artery

y—"

Lateral femoral
circumflex artery
Ascending, transverse, and
descending branches Medial femoral
circumflex artery

Deep femoral artery

Fig. 12.2 Anterior view of the right proximal femur demon strating the arterial blood supply.
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2. Main blood supply is via the lateral epiphyseal vessels from the medial
femoral circumflex artery:

a. Posterosuperior and posteroinferior epiphyseal vessels.
b. Lie on the femoral neck.
c. Vulnerable to injury with fracture.
C. Age older than 4 years'"'?;
1. Artery of the ligamentum teres diminishes.
2. Lateral femoral circumflex artery regresses by late childhood.
II.  Proximal femur physes':
A. Proximal femoral epiphysis:
1. Thirteen percent to 15% of leg length.
2. Thirty percent length of the femur.
3. Grows 3 mm per year.
B. Trochanteric apophysis:
1. Contributes to femoral neck growth.
2. Injury can lead to coxa vara or valga.
IIl.  Pelvis ossification'%13-16:
A. Primary ossification centers (triradiate cartilage): endochondral ossification:
1. Ilium appears on radiographs at 3 weeks.
2. Ischium appears on radiographs at 16 weeks.
3. Pubis appears on radiographs at 20 weeks.
4. Fusion of centers at 12 years in females and at 14 years in males.
B. Secondary ossification centers of the acetabulum:
1. Os acetabuli (anterior wall).
2. Acetabular epiphysis (superior acetabulum).
3. Secondary ossification center of the ischium (posterior wall).
4. Appear at 8 years.
5. Fuse at 17 to 18 years.
C. Secondary ossification centers of the pelvis:
Iliac crest: appears at 13 years and fuses at 15 to 17 years.
Ischial apophysis: appears at 15 years and fuses at 19 to 25 years.
AIIS: appears at 14 years and fuses at 16 years.
Pubic tubercle.
Angle of pubis.
Ischial spine.

N o Uk W=

Lateral wing of the sacrum.

Classification

I.  Delbet’s classification of pediatric proximal femur fractures'’ (Table 12.1).
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II.  Bucholz’s classification of pediatric acetabulum fractures'® (Table 12.2).
IIl. Letournel’s classification of acetabulum fractures'#->* (Table 12.3).
IV. Torode-Zieg classification of pediatric pelvic ring injuries** (Table 12.4).

History and Examination

I.  Information from emergency medical transport professionals:
A. Mechanism of injury.
B. Level of consciousness.
C. Initial physical examination.
I[I.  Initial assessment:
A. Airway.
Breathing.
Circulation.
Disability/neuro status.

mo 0w

Exposure and environment.
[II. Symptoms:
A. Pain.
B. Inability to bear weight.
C. Hearing a “pop” during exercise.

IV.  Physical examination:
A. Inspection:
1. Abnormal lower extremity positioning:
a. External rotation of one or both extremities.
b. Leg length shortening.
2. Skin:
a. Degloving injury (Morel-Lavallée).
b. Flank hematoma.
B. Palpation:
1. Evaluate for crepitus and tenderness.
2. Test pelvis stability with gentle lateral compressive or rotational force.
3. Point tenderness for avulsion injuries.
C. Neurological examination:
1. Lower extremity motor examination.
2. Lower extremity sensory examination.
3. Rectal examination.
D. Vascular examination:
1. Palpate and/or Doppler dorsalis pedis and posterior tibial arteries.
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Table 12.1 Delbet’s classification of pediatric proximal femur fractures

Type Description

Incidence (%)

AVN rate (%)

| Transphyseal separation 8
1A Without dislocation of epiphysis from acetabulum

1B With dislocation of epiphysis

Il Transcervical fracture 40-50
1l Cervicotrochanteric (basicervical) fracture 30-35
\% Intertrochanteric fracture 10-20

80

50
25
<10

Abbreviation: AVN, avascular necrosis.

Table 12.2 Bucholz’s classification for pediatric acetabulum fractures

Type

Fracture pattern

Shearing

Crushing/impaction

Salter Harris | or Il

Salter Harris V

Table 12.3 Letournel’s classification system for acetabulum fractures in skeletally mature patients

Type Notes Frequency (%)

Elementary

Posterior wall Most common 25

Posterior column Detachment of ischioacetabular segment from 3-5
innominate bone

Anterior wall Rare 1-2

Anterior column Anterior border of innominate bone displaced 3-5
form intact ilium

Transverse Only elementary fracture to involve both 5-19
columns

Associated

Associated both columns Acetabulum is completely separate from axial 23
skeleton. “Spur sign” on obturator oblique

Transverse and posterior wall ~ Transverse component may be transtectal, 20
juxtatectal, or infratectal

T-shaped T portion is an inferior vertical fracture 7

Anterior column/wall and 75% will involve anterior column and not wall 7

posterior hemitransverse

Posterior column and Only associated fracture that does not involve 3-4

posterior wall

both columns

Table 12.4 Torode-Zieg classification for pediatric pelvic ring fractures

Type Description

| Avulsion injury

Il Fracture of the iliac wing

1 Fracture of the pelvic ring without segmental instability

\% Fracture of the pelvic ring with segmental instability
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E. Urogenital examination:

1. Scrotal/labial or perineal hematoma.
Blood at urethral meatus.
Traumatic laceration of perineum.

oW N

Hematuria.
5. Vaginal/rectal examination for open fracture.

F. Special tests:
1. For low-energy mechanisms, suspicion of avulsion fracture.
2. Resisted activation of muscle group implicated.

Diagnostic Imaging
I.  Radiographs:
A. Anteroposterior (AP) of the pelvis (Fig. 12.3).
B. AP and cross-table lateral of the affected hip.
C. Pelvic ring injuries:
1. Inlet radiograph:
a. X-ray beam 45 degrees caudad.
2. Outlet radiograph:
a. X-ray beam 45 degrees cephalad.
D. Acetabulum injuries: Judet:
1. Iliac oblique:
a. X-ray beam 45 degrees oblique toward the noninjured side.
2. Obturator oblique:
b. X-ray beam 45 degrees oblique toward the injured side.
E. Plain radiographs will miss about half of the pediatric pelvic fractures.
[I. Computed tomography (CT):
A. Routine for evaluation of pelvic ring or acetabulum fractures.
Defines comminution, marginal impaction, and rotation.

B
C. Identifies loose bodies.
D

. Three-dimensional reconstructions.

Fig. 12.3 Anteroposterior (AP) radiograph of an
8-year-old skeletally immature girl.
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[II. Magnetic resonance imaging (MRI):
A. Occult fracture.
B. Stress fracture.
C. Pathologic fracture.

Differential Diagnosis

[.  Traumatic:

Proximal femur fracture.
Femoral shaft fracture.
Pelvic fracture.
Acetabulum fracture.
Traumatic hip dislocation.
Apophyseal avulsion.

Ommo N w >

Slipped capital femoral epiphysis.
I[I.  Nontraumatic:

Developmental dysplasia of the hip.
Legg-Calvé-Perthes disease.
Developmental coxa vara.

Stress fracture.

Transient synovitis of the hip.
Septic arthritis of the hip.

Septic arthritis of the knee.

Lyme’s disease.

~IommoON® e

Osteomyelitis.

Treatment

. Proximal femur fracture:
A. Nonoperative'?:
1. Indications:
a. Nondisplaced types IA, II, 11, and IV.
b. Younger than 4 years.
2. Spica cast in abduction.
3. Weekly radiographs.
B. Operative:
4. Indications'?2>%;
a. Open fracture.
b. Vessel injury requiring repair.
c. Concomitant hip dislocation.

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



Pediatric Hip Fractures 135

d. Significant displacement of fracture.

5. Emergent open reduction and internal fixation and capsulotomy:
a. Type IB.

6. Closed reduction and internal fixation:
a. Types I, III, and IV displaced.

7. Percutaneous pinning:
a. TypesII, 11, and IV displaced.

8. Open reduction and internal fixation:
a. Type IB.

9. Pediatric dynamic hip screw:
a. Type IV.

II.  Acetabulum fracture31°:
A. Nonoperative:

1. Indications:
a. Stable fracture, less than 2 mm displacement.
Protected weight bearing to the affected side for 2 to 4 weeks.
Physical therapy.

Close observation with frequent radiographs to evaluate displacement and
premature closure of triradiate cartilage.

B. Operative:
1. Indications:
a. Open fracture.
. Unstable fracture, greater than 2 mm displacement.
. Comminuted fracture.
. Central fracture-dislocation.
. Joint incongruity.

S a N o

Joint instability.
g. Intra-articular fragments.
2. Open reduction and internal fixation:
a. Physeal sparing when able.
b. Smooth pins across physis if necessary.
¢. Removal of pins in 4 to 6 weeks.

IIl.  Pelvic ring fracture*:
A. Nonoperative:
1. Indications:
a. Symphysis or SI joint dislocation with minimal displacement:
i. Potential for intact thick periosteal healing.
b. Type I and Il injuries with less than 2 cm displacement.

c. Type Ill injury without segmental instability.
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2. Protected weight bearing for 2 to 4 weeks.
3. Physical therapy.
B. Operative:
1. Indications:
a. Type I and Il injuries with greater than 2 to 3 cm displacement.
b. Type Ill injury with displaced acetabulum fracture greater than 2 mm.

c. Type IV injury with instability and greater than 2 cm pelvic ring
displacement.

2. External fixation followed by definitive open reduction and internal fixation.
3. Open reduction and internal fixation.
IV.  Pelvic avulsion injury?°:
A. Nonoperative:
1. Indications:
a. Less than 2 cm of displacement.
2. Protected weight bearing initially with weight bearing as tolerated.
3. Physical therapy.
B. Operative:
1. Indications:
a. Greater than 2 cm of displacement.
b. Failure of nonoperative treatment.
2. Open reduction and internal fixation.

Complications

. Proximal femur fractures''7:27:
A. Overall complication rate of 60%.
B. Avascular necrosis rate of 50%:
1. Highest (100%) for Delbet type IB1225,
2. Treatment is core decompression or vascularized fibula graft.
C. Malunion rate of 30%:
1. Coxa vara:
a. Most commonly seen with type III.
b. Treatment:
i. 0-3 years: nonoperative (will remodel).
ii. Younger than 6 to 8 years: trochanteric epiphysiodesis.

iii. Older than 8 years: subtrochanteric/intertrochanteric valgus
osteotomy.

2. Coxa valga:
i. Most commonly seen with type IV.
D. Nonunion.
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E. Physeal arrest.
F. Limb length discrepancy.
G. Infection.
I[I.  Acetabulum fractures:
A. Premature closure of triradiate cartilage:
1. Leads to shallow, dysplastic acetabulum.
2. Hip subluxation.
3. Treatment:
a. Pelvic osteotomy.
B. Physeal cartilage injury:
1. Specifically with Bucholz’s crushing-type injury.
2. May lead to shallow acetabulum and hip subluxation.
3. Leglength discrepancy.
4. Treatment:
a. Physeal bar excision.
b. Pelvic osteotomy.
Post traumatic arthrosis.
Avascular necrosis of the femoral head.
Malunion/nonunion.

mmog N

Heterotopic ossification.
IIl.  Pelvic ring fractures*:
A. Hemorrhage: rare.
B. Death: rare:
1. Most often with accompanying head or visceral injury.
C. Pelvic asymmetry:
1. Lessthan 1 to 2 cm can lead to scoliosis, low back pain, and SI joint pain.
D. Neurovascular injury.
IV.  Pelvis avulsion injury:
A. Symptomatic nonunion.
B. Muscle spasm/weakness.
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Adult Hip Dysplasia

Luis F. Pulido-Sierra, Carlos |. Meheux

Introduction

I.  Common structural hip disorder':

A.
B.
C.
D. Acetabular rim syndrome?:
1.
2.

3.
4.

Acetabular deficiency is the primary component in adult hip dysplasia.

Decreased anterior and lateral coverage of the femoral head.

Symptoms are related to level of activity and severity of dysplasia.

High peak stresses at the superior anterior and lateral rim.
Early failure of the labrum.

Femoral head subluxation.

Early osteoarthritis.

Established cause of hip osteoarthritis®:

1.

Tonnis grade:

a. Grade 0: normal.

b. Grade 1: mild osteoarthritis.

c. Grade 2: moderate osteoarthritis.
d. Grade 3: severe osteoarthritis.

2. End-stage hip osteoarthritis secondary to hip dysplasia*:

a. Adult hip dysplasia.
b. Low-grade dislocation.
c. High-grade dislocation.

II. Epidemiology of adult hip dysplasia:

A. The prevalence of adult hip dysplasia varies from 2 to 20%.

B. Multifactorial disease with genetic and environmental risk factors.

C. Risk factors for adult hip dysplasia:

1.

Residual congenital hip dysplasia:

a. Female.

b. Breech presentation.
c. Oligohydramnios.
d. Primiparity.

2. Family history.

3. First-degree relatives with developmental dysplasia of the hip (DDH):

a. Twelvefold increase in risk for DDH.
b. Twenty-seven-fold increase risk for adult hip dysplasia.

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



140  Adult Hip Dysplasia

4. Genetics®®:
a. Multiple susceptibility genes.
b. Gene CX3CR1 (variants rs3732378 and rs3732379):
i. 2.25-fold increase risk after adjusting for gender.
ii. Consistent in different ethnics (Utah and China).
iii. Affects chondrocyte maturation and bone formation.
c. GDF5 (growth differentiation factor 5):
i. CDMP1(cartilage-derived morphogenetic protein-1).
d. ASP (Asporin).
5. Higher prevalence in certain ethnicities:
a. Asians:
i. Japan.
ii. China.
b. Norway.
c. Italy.
d. Native Americans.
I[Il. Common cause of osteoarthrosis:
A. Edge-loading stresses.
B. Acetabular rim syndrome.
C. Multiple studies have shown association of dysplasia and osteoarthrosis.
D

. High prevalence (25-50%) of hip dysplasia in patients younger than 50 years
who undergo total hip arthroplasty (THA).

Anatomic Considerations

I.  Acetabular dysplasia’*:
A. Classic acetabular dysplasia:
1. Decreased anterior femoral head coverage.
Decreased lateral femoral head coverage.
Steep upsloping acetabular sourcil.

oW N

Lateralized femoral head.
5. Small acetabular volume.
B. Acetabular retroversion:
1. Different acetabular pathology.

2. Prevalence of acetabular retroversion is one out of six to one out of three
symptomatic hips.

3. Posterior insufficiency and anterior overcoverage.
Cause of anterior femoroacetabular impingement (FAI):
a. Anterior labral pathology from impingement.
b. External rotation of the hemipelvis.
c. Increased anterior coverage.
d. Decreased posterior coverage.
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[I. Femoral abnormalities'®-'3:
A. Femoral neck shaft angle:
1. Increased neck shaft angle:
a. More common in adult hip dysplasia (44%).
b. Coxa valga: neck shaft angle greater than 135 degrees:
i. Decreased femoral head coverage.
ii. Decreased femoral lateral offset.
iii. Decreased abductor moment arm.
iv. Increased abductor force.
v. Increased joint contact forces.
2. Decreased neck shaft angle:
a. Less common in adult hip dysplasia (4%).
b. Coxa vara: neck shaft angle less than 120 degrees:
i. Increased femoral head coverage.
ii. Increased risk for anterior impingement.
iii. Increased femoral lateral offset.
iv. Increased abductor moment arm.
v. Decreased abductor force.
B. Femoral version:
1. Normal femoral version: 5 to 20 degrees.
2. Large variability in adult hip dysplasia:
a. Ranges from 0 to 80 degrees of anteversion.
3. Increased femoral anteversion: greater than 20 degrees:
a. More common in adult hip dysplasia:
i. Decreased abductor lever arm.
ii. Increased abductor force.
iii. Increased joint contact forces.
4. Decreased femoral anteversion or retroversion: under 5 degrees:
a. Less common in hip dysplasia.
b. Increased risk of anterior impingement.
C. Femoral head and neck deformity:
1. Ten percent to 42% prevalence of cam deformity in hip dysplasia.
2. Elliptical femoral heads.

History and Examination'

I.  Symptoms present in adult hip dysplasia:
A. Painonset:
1. Insidious (97%).
2. Acute (1%).
3. Traumatic (1%).
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B. Pain severity:

1.
2.
3.

Severe (26%).
Moderate (51%).
Mild (23%).

C. Pain location:

Groin (72%).
Lateral hip (66%).

1
2
3. Anterior thigh (29%).
4.
5
6

Buttock and groin pain (18%).
Isolated buttock pain (0%).

More than one location (63%).

D. Pain quality:

1
2
3
4.
5
6

. Activity related (87%).

Dull (ache) (78%).
Sharp (72%).
Intermittent (53%).
Constant (42%).
Night pain (59%).

E. Pain duration:

1.
2.

Common delay in diagnosis.

Average 5 years from onset of symptoms to diagnosis.

F.  Associated symptoms:

1.

2.
3.
4

Snapping/popping (67%).
Locking (23%).
Subluxation (22%).
Limping (85%):

a. Mild limp (54%).

b. Moderate limp (25%).

c. Severe limp (6%).

G. Exacerbating factors:

N o oA W=

Walking (81%).

Running (80%).

Standing (70%).

Impact (55%).

Pivoting (45%).

Sitting (44%).

Standing from sitting (31%).
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H. Relieving factors:
1. Rest (75%).
2. Oral nonsteroidal anti-inflammatory drugs (56%).
3. Oral narcotics (8%).
II.  Physical examination':
A. Inspection:
1. Deformity.
2. Gait:
a. Limp (85%).
b. Intoeing.
c. Negative foot progression angle.
3. Single leg stance:
a. Positive Trendelenburg sign (38%).
B. Range of motion:
1. Unrestricted.
2. Internal rotation with hip flexion of 90 degrees:
a. Limited:
i. Associated FAI cam morphology.
b. Excessive:
i. Increased femoral anteversion:
(1) evaluate in prone position.
C. Strength:
1. Abductor weakness and abductor fatigue.
D. Special testing:
1. Impingement test (flexion, adduction, and internal rotation [FADIR])
2. Apprehension test (extension, abduction, and external rotation).
3. Hip adduction and axial load.
4. Stinchfield’s test (resisted hip flexion during straight leg raise).

Diagnostic Imaging
I.  Plain radiographs's:
A. Weight-bearing anteroposterior (AP) pelvis and false profile:
1. Better acetabular morphology evaluation.
B. Lateral and Dunn views:
1. Better femoral head and neck morphology evaluation.
C. AP pelvis (Fig. 13.1):
1. Technique:
a. Beam at the center of the pelvis.
b. Bilateral feet in 15 degrees of internal rotation.

c. Tube perpendicular to the film.
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Fig. 13.1 Standing anteroposterior pelvis radiograph
showing mild bilateral hip dysplasia.

d. Tube-to-film distance of 120 cm:
i. Standing:
(1) better assessment of the joint space
(2) functional view:
(a) spinopelvic.
ii. Supine:
(1) underestimation:
(a) hip joint space
(b) osteoarthritis.
2. Evaluation:
a. Joint space.
b. Degree of osteoarthritis:
i. Tonnis classification.
c. Acetabular inclination:
i. Tonnis angle.
d. Lateral coverage:
i. Lateral center edge angle (LCEA) of Wiberg.
e. Hip congruity.
f. Cranial subluxation of the femoral head.
i. Shenton’s line.
g. Femoral head lateralization:
i. Femoral head relative to lateral teardrop.
ii. Distance greater than 10 mm.
h. Acetabular depth:
i. Protrusio acetabuli:
(1)medial femoral head crosses the ilioischial line.
ii. Coxa profunda.
i. Acetabular version:
i. Anterior and posterior walls:
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(1) acetabular retroversion:

(a) crossover sign (may be prominent subspine rather than focal
retroversion),

(b) posterior wall sign,
(c) ischial spine sign.
j. Femoral head and neck:
i. Shape: deformities:
(1) associated cam morphology
(2) head sphericity.
ii. Angle:
(1) coxa vara.
(2) coxa valga.
D. False profile (Fig. 13.2):
1. Technique:
a. Standing.
b. Affected hip against the film.
c. Pelvis rotated 65 degrees.
d. Tube-to-film distance of 102 cm.
2. Evaluation:
a. Anterior coverage:
i. Anterior center edge angle (of Lequesne).

b. Anterior joint space.

Fig. 13.2 Standing false-profile radiograph illustrat-
ing anterior hip dysplasia and mildly incongruent
hip joint.
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1.

c. Degree of osteoarthritis.
d. Anterior inferior iliac spine.
e. Hip congruity.
Cross-table lateral:
1. Technique:
a. Supine.
b. Neutral extension of the affected hip and 15-degree internal rotation.
c. Contralateral hip flexion of 90 degrees.
d. X-ray beam at 45-degree angle to the affected hip.
2. Evaluation:
a. Posterior hip joint space.
b. Degree of osteoarthritis.
c. Anterior cam.
Frog leg lateral:
1. Technique:
a. Supine.
b. Affected hip abducted 45 degrees and flexed 30 to 40 degrees.
c. The heel rests on the contralateral medial knee.
d. Beam at the center of the pelvis.
e. Tube-to-film distance of 102 cm.
2. Evaluation:
a. Femoral head and neck.
b. Hip reduction with abduction.

. Dunn 45 degrees:

1. Technique:
a. Supine.
b. Affected hip abducted 20 degrees, flexed 45 degrees, and neutral rotation.
c. Beam at the center of the pelvis.
d. Tube-to-film distance of 102 cm.
2. Evaluation:
a. Femoral head and neck.
b. Sensitive for anterolateral cam detection.

. Dunn 90 degrees:

1. Technique:

a. As Dunn 45 degrees, but with the hip flexed at 90 degrees.
2. Evaluation:

a. Femoral head and neck.

Radiographs interpretation:
A. Degree of osteoarthritis:
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1. Tonnis classification:
a. Grade 0: normal.
b. Grade 1: mild:
i. Increased sclerosis.
ii. Slight joint space narrowing.
c. Grade 2: moderate:
i. Small cysts.
ii. Moderate joint space narrowing.
iii. Moderate loss of femoral head sphericity.
d. Grade 3: severe:
i. Large cysts.
ii. Severe joint space narrowing.
iii. Joint space obliteration.
iv. Severe deformity of the femoral head.
B. Evaluation of acetabular dysplasia':
1. Tonnis angle (Fig. 13.3):
a. Acetabular roof angle of Ténnis.
b. Evaluation of acetabular inclination.
¢. Measurement of the angle of Tonnis:
i. AP pelvis radiograph.

%%

TAC ( /_\ "

® Fig. 13.3 Anteroposterior pelvis ra-

diograph illustration on how to mea-
sure the acetabular inclination using

- /\/s the acetabular roof angle of Tonnis.
Draw a horizontal inter teardrop line
(line 1) to correct the pelvic obliquity.
Bring line 1 at the level of the inferior
sourcil (IS). Identify the lateral margin

/v v

of the sclerotic sourcil (LS) and draw
line 2 connecting the inferior sourcil
with the lateral sourcil. The Toénnis
angle (TA) is formed by the intersec-
tion of lines 1 and 2.
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d.
e.

ii. Line 1:

(1) horizontal inter-teardrop line,

(2) raise line 1 to the inferior sourcil,

(3) corrects pelvic obliquity.
iii. Line 2:

(1) inferior point of the sclerotic sourcil;

(2) lateral point of acetabular sourcil:

(a) lateral margin of the sclerotic sourcil;

(3) connect the lateral and inferior sourcil.
iv. Angle is formed by the intersection of lines 1 and 2.
Normal angle is 0 to 10 degrees.

Hip dysplasia if angle is greater than 10 degrees.

2. LCEA (Fig. 13.4):

a.
b.
C.

Evaluation of the femoral head lateral coverage.
LCEA of Wiberg.
Measurement:
i. AP pelvis.
ii. Mark the center of the femoral head.
iii. Line 1:
(1) horizontal inter-teardrop line.

%%

N

Fig. 13.4 Anteroposterior pelvis il-
lustration on how to measure the
acetabular lateral center edge angle
(LCEA) of Wiberg. Identify and mark
90°, 1 the center of the femoral head. Draw a

/ |

to correct the pelvic obliquity. Draw a
vertical line (line 2) perpendicular to
the inter-teardrop line and through
the center of the femoral head. Draw
a line from the center of the femoral
head to the lateral margin of the scle-
rotic sourcil (line 3). The lateral center
angle of Wiberg is formed by the in-
tersection of lines 2 and 3.

\_/ C\\> horizontal inter-teardrop line (line 1)
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d.

e.

iv. Line 2:

(1) vertical line through the center of the femoral head
(2) perpendicular to line 1 inter-teardrop (90 degrees).

v. Line 3:

(1) center femoral head.

(2) lateral margin of the sclerotic sourcil.
vi. Angle formed by the intersection of lines 2 and 3.
Normal angle is between 25 and 45 degrees.
Hip dysplasia if angle is less than 25 degrees:
i. Twenty to 25 degrees = borderline dysplasia.
ii. Less than 20 degrees = dysplasia:

(1) mild—15 to 20 degrees.

(2) moderate—5 to 15 degrees.

(3) severe: less than 5 degrees.

f. Overcoverage if angle is greater than 40 degrees (pincer morphology).

3. Hip joint congruity:

a. Relationship of the femoral head contour to the acetabulum.
b.

C.

Hip congruity:

i. The femoral head matches the arc of the acetabulum.

Hip incongruity:

i. The femoral head does not match the arc of the acetabulum:

(1) shape of the femoral head,
(2) shape of the acetabulum,

)
(3) severity of acetabular dysplasia,
(4) prognostic factor in surgical treatment,
)

(5) skeletally immature:
(a) salvage or shelf osteotomy.

4. Anterior center edge angle (Fig. 13.5):

a N oo

. Evaluation of the femoral head anterior coverage.
. Anterior center edge angle of Lequesne and de Seze.

Affected by the spinopelvic position.

. Measurement:

i. False-profile view.
ii. Mark the center of the femoral head.
iii. Line 1:
(1) vertical line through the center of the head.
iv. Line 2:
(1) anterior margin of the sclerotic sourcil.
v. Angle formed by the intersection of lines 1 and 2.
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\

ACEA°

Fig. 13.5 False-profile illustration
on how to measure the acetabular
anterior center edge angle (ACEA)
of Lequesne. Identify and mark the
center of the femoral head. Draw a
vertical line through the center of
the femoral head (line 1). Draw a line
from the center of the femoral head
to the anterior margin of the sclerotic
sourcil (line 2). The ACEA of Lequesne
is formed by the intersection of lines
1and 2.

e. Normal angle is >20 degrees.
f. Anterior instability or dysplasia if angle is less than 20 degrees.
III. Computed tomography (CT):
A. Supplementary diagnostic test:
1. Not routinely performed.
B. Useful in the evaluation of:
1. Femoral torsional deformity.
2. Mild hip dysplasia.
C. Pelvis with distal femur acquisition:
1. Femoral version.
2. Acetabular version.
D. Three-dimensional reconstructions.
IV. Magnetic resonance imaging (MRI):
A. Supplementary diagnostic test:
1. Not routinely performed.
B. Useful in the evaluation of:
1. Mechanical hip symptoms.
2. Associated cam morphology.
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C. Hipat3.0T.
D. MRI arthrogram:
1. Better labral evaluation.
E. Biochemical MRI'S:
1. Delayed gadolinium-enhanced MRI of the cartilage (DGEMRIC).
2. Limited access:
a. Not routinely used in clinical practice.
3. Measures the glycosaminoglycan content of the cartilage.
4. Low biochemical index may precede structural cartilage damage.

Treatment

. Factors to consider:

Age.

Severity of hip dysplasia.
Severity of hip arthritis.
Obesity.

Physical activity.

m g nw>

II.  Nonoperative:
A. Activity modification.
B. Physical therapy.
1. Strengthening:
a. Abductors.
b. Core.
2. Increase lumbosacral lordosis:
a. Improve anterior and lateral acetabular coverage.
C. Medical treatment:
1. Oral anti-inflammatory medications.
[Il.  Operative:
A. Hip arthroscopy:
1. Does not address hip dysplasia pathomechanism.
2. High risk of failure due to instability.
3. Potential role at the time of osteotomy:
a. Associated cam morphology and labral injury.
4. Indication in borderline dysplasia (LCEA of 20-25 degrees):
a. Predominant cam morphology.
b. Labral injury due to impingement.
B. Periacetabular osteotomy (PAO):
1. Ganz’s or Bernese’s PAO:
a. Developed by R. Ganz and JW Mast."”
b. Performed since 1982.
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2. Forefront of pelvic osteotomies for adult hip dysplasia:

d.

Young patients with closed triradiate cartilage.

3. Advantages:

a.
b.

jo= = I ]

—

J.

k.

Realignment hip preservation procedure.
Allows acetabular correction of the main dysplastic features:
i. Anterior coverage:
(1) avoid retroversion.
ii. Lateral coverage.
iii. Medialization.
Decreased acetabular rim load.

. Intact posterior column:

i. Early ambulation and rehabilitation.
ii. Stable osteotomy:
(1) fixation with two to three screws.

. Does not alter the shape of the pelvis:

i. Allows vaginal childbirth delivery.
Single incision.

. Abductors intact.
. Preserved vascularity of the acetabular fragment.'®

Access to anterior hip capsule.
Does not compromise results of THA.'
Durable and reliable clinical results.

4. Indications:

a.
b.

Symptomatic hip dysplasia.
Mild or no arthritis (Ténnis grades 0 and 1).

5. Surgical technique (Fig. 13.6):

a.
b.

Patient supine on radiolucent table.

Check hip range of motion before surgery:

i. Internal rotation at 90 degrees of flexion.

Modified Smith-Petersen approach:

i. Incision of 10 to 12 cm:
(1) C-shaped over anterior superior iliac spine (ASIS),
(2) oblique skin crease distal to ASIS.

. Fluoroscopy:

”

i. AP and lateral at 60- to 65-degree “supine false profile.

. Osteotomies:

i. Four bone cuts:
(1) ischial osteotomy,
(2) superior pubic rami osteotomy,
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Posterior

Anterior

Lateral

b

Fig. 13.6 (a) Anteroposterior illustration. (b) False-profile illustration. The periacetabular osteotomy
consist of four bone cuts: (1) ischial osteotomy, (2) superior pubic rami osteotomy, (3) iliac osteotomy,
(4) retroacetabular osteotomy, and (5) mobilization of the acetabular fragment and dysplasia correc-
tion of lateral coverage, anterior coverage, and medialization of the acetabular fragment.

(3) iliac osteotomy,
(4) retroacetabular osteotomy.
f. Correction of acetabular dysplasia:
i. Acetabular fragment mobilization and correction:
(1) lateral coverage,
(2) anterior coverage,
(3) medialization of the fragment.
ii. Radiographic evaluation of correction:
(1) goals (Fig. 13.7):
(a) flat sourcil: angle of Toénnis of 0 to 10 degrees;
(b) lateral coverage: LCEA of 25 to 35 degrees;
(c) medialization;
(d) avoid impingement: retroversion and overcoverage.
g. Check the hip range of motion following correction:
i. Internal rotation at 90 degrees of flexion.
h. Fixation of mobile fragment:
i. Two to three screws:
(1) 4.0 to 4.5 mm,
(2) long screws (60-110 mm),
(3) from stable ilium to mobile fragment.
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Fig. 13.7 Radiographs of a 16-year-old adolescent girl with symptomatic left hip dysplasia treated
successfully with left periacetabular osteotomy (PAO). (a) Preoperative anteroposterior (AP) pelvis ra-
diograph with the angle of Tonnis of 20 degrees and lateral center edge angle (LCEA) of 17 degrees. (b)
Preoperative false profile with an anterior center edge angle (ACEA) of 17 degrees. (c) Postoperative
AP pelvis radiograph 2 years following PAO with healed osteotomy. Angle of Tonnis of 4 degrees and
LCEA of 30 degrees. (d) Postoperative false profile following PAO with ACEA of 28 degrees.

i. Anterior capsular exposure:
i. Originally described in all cases.
ii. Controversial.
iii. Rectus takedown.
iv. Longer incision.
6. Postoperative care after PAO:
a. Clinical and radiographic evaluation:
i. Three weeks:
(1) wound evaluation.
ii. Six weeks:
(1) stable fixation,
(2) no fractures,
(3) advance to weight bearing as tolerated (WBAT).
iii. Twelve weeks:
(1) healed osteotomy
(2) advance return to sports and physical therapy.
b. Rehabilitation:
i. Protected weight bearing for first 4 to 6 weeks:
(1) two crutches,
(2) partial weight bearing of 25 Ib for 4 weeks,
(3) partial weight bearing of 50 Ib for the next 2 weeks (weeks 4-6),
(4) WBAT after 6 weeks:
(a) satisfactory evaluation.
ii. Off walking aids at 8 to 10 weeks.
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c. Rehabilitation program:
i. Twelve weeks: return to low-demand activities.
ii. Twenty-four weeks: return to higher demand activities.
7. Outcomes:
a. Level IV evidence:
i. Retrospective.
ii. Single center.
iii. Single institution.
b. Complications®:
i. Nerve injury?':
(1) sciatic femoral nerve (2%):
(a) 50% recover;
(2) lateral femoral cutaneous nerve palsy (5%).
ii. Superficial and deep surgical site infection (1%).
iii. Hematoma.
iv. Blood loss:
(1) allogenic blood transfusion (20%),>
(2) lower with use of tranexamic acid,
(3) blood salvage:
(a) intraoperative autotransfusion
(b) blood loss of 200 mL to 4 L.23
v. Intra-articular extension:
(1) fluoroscopy to avoid this complication.
vi. Disruption of the posterior column:
(1) fluoroscopy to avoid this complication,
(2) aggressive early rehabilitation:

(a) early full weight bearing associated with insufficiency frac-
tures of the ischium.

vii. Overcorrection of acetabular deformity:
(1) iatrogenic impingement,
(2) cause of failure.
viii. Undercorrection of acetabular deformity:
(1) residual dysplasia.
ix. Nonunion of the superior pubic ramus osteotomy.
¢. Survivorship:
i. All patients:
(1) 73% at 10 years,
(2) 60% at 20 years,*
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(3) 44% at 30 years®:
(a) 70% of patients at 30 years:
* increase pain,
 hip osteoarthritis,
» conversion THA.
ii. No preoperative hip arthritis:
(1) improved survivorship,
(2)88% at 10 years,
(3) 75% at 20 years.*
iii. Poor prognostic factors:
(1) preoperative:
(a) hip in congruency,
(b) obesity,?¢
(2) postoperative:
(a) anterior over-correction:
 acetabular retroversion,
* anterior impingement.
(3) hip osteoarthritis:
» Tonnis grades 2 and 3%4;
» age older than 40 years.”’
d. Functional outcomes:
i. Improved functional scores following PAO%:
(1) University of California, Los Angeles (UCLA) function score,

(2) WOMAC (Western Ontario and McMaster Universities) pain
scores,

(3) Harris’ hip scores,
(4) abductor strength,
(5) gait improved but not normal.
8. Prospective level Il outcomes:
a. Prospective multicenter cohort study.?
. ANCHOR (Academic Network of Conservational Hip Outcomes Research).
Four hundred and twenty-three hips and 391 patients.
. Early outcomes scores: minimum follow-up of 2 years.
. Ninety-three percent satisfied with result.

-0 a0 o

Improvement in functional outcomes scores:

i. Harris’ hip score.

ii. UCLA activity score.

iii. HOOS (Hip disability and Osteoarthritis Outcome Score):
(1) symptoms,
(2) pain,
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(3) activities of daily living,
(4) sports and recreation,
(5) quality of life.
iv. SF-12 (12-item Short Form Survey):
(1) mental
(2) physical.
g. Reoperations:
i. THA (0.8%).
ii. Hip arthroscopy for persistent pain (2%).
C. THA for hip dysplasia:
1. Indications:
a. Symptomatic hip dysplasia:
i. Failed nonsurgical treatment.
ii. Moderate and severe arthritis (Tonnis grades 2 and 3).
2. C(lassifications:
a. Hartofilakidis*:
i. Adult hip dysplasia:
(1) femoral head contained within the acetabulum.
ii. Low dislocation:
(1) false acetabulum comes in contact with true acetabulum.
iii. High dislocation:
(1) false acetabulum has no connection with true acetabulum.
b. Crowe and Ranawat*:

i. Ratio between the height of the pelvis and the distance between
the inferior border of the teardrop and the union of the neck and
head on the medial aspect:

(1) type I is less than 0.10,
(2) type I1is 0.10 to 0.15,
(3) type Il1'is 0.15 to 0.20,
(4) type 1V is greater than 0.20.

ii. Displacement of the head in relation to the true acetabulum:
(1) type I is less than 50%,
(2) type Il'is 50 to 75%,
(3) type Il is 75 to 100%.

3. Anatomic considerations:
a. Soft tissues:

i. Abductors shortening.

ii. Hamstrings shortening.

iii. Hypertrophic capsule.
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b. Acetabulum:
i. Small.
ii. High hip center.
iii. Elongated.
iv. Shallow.
v. Superior anterior and lateral deficiency.
vi. Neoacetabulum.
c. Femur:
i. Small femoral head.
ii. Increased anteversion.
iii. Narrow medullary canal
d. Previous surgery:
i. Previous incision.
ii. Deformity.
iii. Retained hardware
e. Technical tips for THA:
i. Template:
(1) small cup size available.
ii. Acetabulum:
(1) true hip center of location:
(a) avoid high hip center;
(2) improve lateral coverage:
(a) acetabular medialization: avoid protrusion;
(b) femoral head autograft;
(3) screw fixation for better stability.
iii. Femur:
(1) uncemented:
(a) version:
*  Wagner stem,
* S-ROM stem.
(b) shortening osteotomy:
* Wagner stem,
¢ S-ROM stem,
* cylindrical fully coated.
(2) cemented:
e version,
= Charnley trochanteric osteotomy.
iv. Maximum lengthening of 2 cm:
(1) avoid nerve-stretching injury,
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(2) short femoral neck cut:
(a) avoid trochanteric impingement;
(3) consider shortening femoral osteotomy.
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1 4 Legg—-Calvé-Perthes Disease

Introduction
I.  Pathophysiology:

A.

Generally accepted that disruption of the vascular supply to the femoral head is
the key pathogenic event.!?3

Pathologic processes affect articular cartilage and the osseous epiphysis and, in
some patients, the metaphysis and the physis*>:

1. Articular cartilage changes observed in deep layer of cartilage.

2. Cessation of endochondral ossification at the articular cartilage-
subchondral bone junction.

3. Changes in the bony epiphysis include the following:
a. Necrosis of the marrow space and trabecular bone.
b. Compression fracture of the trabeculae.
c. Osteoclastic resorption.
d. Fibrovascular granulation tissue invasion of the necrotic head.

4. Physeal changes seen most frequently in the anterior femoral head, areas
of cartilage extending below the endochondral ossification line.

I[I.  Pathogenesis of femoral head deformity:

A.

B.

Mechanical: femoral head begins to deform when forces applied are greater
than the ability to resist deformation.*®

Healing potential better in younger children: better outcomes in children
younger than 6 years at age of onset compared to older than 8 years.’

[Il.  Natural history:

A.
B.
C.

Limited by small sample sizes.
Long-term outcomes better in patients with spherical femoral heads.*

Degree of femoral head deformity at skeletal maturity is associated with onset
of osteoarthritis.?

IV. Epidemiology:

A.

m o N w

o]

Males are five times more likely to be affected.>®

Highest documented incidence in Northern European invidivuals.’
Lower incidence among African Americans versus Caucasians.®

Multiple studies showing variations within regions of the same country.®

Significant variation even found within small areas (variations between
children in different social classes within Merseyside, UK).>-!!

Variation patterns indicate environmental influence on cause of disease.>'?
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Imaging

I.  Plain radiographs include weight-bearing anteroposterior (AP) and frog leg lateral
views of bilateral hips.

I[I.  May be radiographically silent for the first 3 to 6 months.'

IIl. Classifications:

A. Waldenstrom'’s classification: defines stages, no prognosis*'* (Fig. 14.1):

1.
2.
3.
4.

Initial stage.
Fragmentation stage.
Reossification stage.
Residual stage.

B. Salter-Thompson classification: prognostic based on extent of subchondral
fracture (crescent sign)+'>:

1.
2.

Group A: less than 50% femoral head involvement.
Group B: greater than 50% femoral head involvement.

C. Catterall’s classification: prognostic based on extent of epiphyseal involvement,
recognized during the fragmentation stage'>'¢ (Fig. 14.2).

1.
2.

el
a\
s

Group I: 25% involvement—better outcomes.
Group II: 50% involvement—better outcomes.

b

S
il
II

o
’ ?\& el
a 11 b

1V, complete healing. (Source: Femoral Neck Fractures, In:
Mullis B, Gaski G, eds. Synopsis of Orthopaedic Trauma

% & Fig. 14.1 Waldenstrom chronological stages of Perthes: I,
00 sclerosis of epiphysis; II, fragmentation; lI, early healing;
a v

Management. New York, NY:. Thieme; 2020.)
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3. Group III: 75% involvement—worse outcomes
Group IV: 100% involvement—worse outcomes.
5. Simplification into groups I and II and III and IV improves interobserver

reliability.!”
D. Lateral pillar classification: based on the femoral head of the lateral pillar (the
lateral 15-30%) radiolucency during fragmentation'® (Fig. 14.3):
1. Group A: normal height.
2. Group B: less than 50% height loss.
3. Group B/C: around 50% height loss.
4. Group C: greater than 50% height loss.

E. Stulberg’s classification: applied at skeletal maturity to prognosticate long-term
outcomesd:

1. [: normal hip.
2. II: spherical head with enlargement, short neck, or steep acetabulum.
3. III: nonspherical head, aspherically congruent joint.

)"

>

90% good

\Wﬂ \ Fig. 14.2 Schematic representation of femoral head
involvement in the Catterall classification. (Source:

Articular Osteochondroses. In: Bohndorf K, Anderson

v M, Davies E, et al., eds. Imaging of Bones and Joints: A

90% poor Concise, Multimodality Approach. Stuttgart, Germany:

Thieme; 2016)

Fig. 14.3 (a-c) Schematic representation showing the lateral pillar involvement during the fragmenta-
tion phase. (Source: Herregods N, Vanhoenacker FM, Jaremko ]JL, et al. Update on Pediatric Hip Imag-
ing. Seminars in Musculoskeletal Radiology 2017;21(05):561-581)
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4, 1V: flat head, aspherically congruent joint.
5. V:flat head with incongruent joint.

6. Simplification proposed: groups I and Il with spherical heads have good
outcomes, while groups Il to V with aspherical heads are much more like-
ly to progress to osteoarthritis.'

F. The problem with all the radiographic/prognostic classification systems is that
they cannot be applied until fragmentation, although this may be changing with
proposed modifications to the Waldenstrom classification.?®
1. In patients requiring treatment, outcomes may be better if initiated prior

to fragmentation.
IV. Conway'’s classification using bone scintigraphy at diagnosis and again 4 to 5
months later: precedes radiographic changes by 3 months'?':

A. Type A: early and rapid revascularization.

B. Type B:
1. Centrally located activity or absence of activity in the epiphysis after
5 months.

2. Higher risk of a poor prognosis.
C. Type C: regression from a type A to a type B, very rare.
V. Magnetic resonance imaging (MRI): can provide a good anatomic picture>3:
A. Flat or round femoral head.

B. Degree of extrusion of the femoral head.

C. Extent of necrosis.

D. Not accurate enough to describe stages of healing.

E. When progressive subluxation of the femoral head is suspected, MRI can be
used instead of arthrography.

F. Dynamic gadolinium-enhanced subtraction MRI allows early detection of isch-

emia and revascularization patterns, excellent agreement with bone scintigra-
phy to determine favorable prognosis or not.

VI.  Arthrography: useful to evaluate coverage and mobility under direct visualization
prior to treatment for containment.'?

VII. Ultrasonagraphy:
A. Likely will show hip effusion.
B. Nonspecific.

Prognostic Factors

I.  Age atonset of symptoms: strong prognostic factor with best prognosis in children
younger than 5 years.???3

II.  Gender: conflicting results on whether outcomes are worse in girls.!622-24

IIl.  Salter-Thompson size of crescent sign: strong prognostic factor but only present
in one-third of plain radiographs.'>

IV. Epiphyseal involvement (Catterall): strong prognostic factor, only moderate repro-
ducibility.'®
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V. Lateral pillar involvement: strong prognostic factor, good reproducibility.'®

VI. Metaphyseal abnormalities (osteoporosis, cysts, widening), poor prognostic
indicators.??

VII. Altered acetabular contour (bicompartmentalization), poor prognostic factor.?
VIII. Catterall’s “head-at-risk” signs'®:

Diffuse metaphyseal reaction.

Calcification lateral to the epiphysis: questionable.

Gage’s sign: triangular lucent are on the lateral epiphysis.

Horizontal capital femoral epiphysis: questionable.

monw>

Epiphyseal extrusion.
IX. Femoral epiphyseal extrusion: most important?2:
A. Loss of containment.
B. Lateral subluxation.
C. Predisposes to femoral head deformation.
D

. When more than 20% of the width of the femoral head extrudes, there is high
chance of the femoral head becoming deformed.

E. More pronounced in older children and with more epiphyseal involvement.
F.  Only modifiable factor.

X. Long-term factors associated with poor outcomes in adulthood/development of
osteoarthritis®?2:

A. Femoral head asphericity.
B. Steepness of the acetabular roof.

Early Interventions

I Self-limiting disease, but with potential to develop long-term deformities.

II.  Early treatments are undertaken in an attempt to prevent long-term femoral head
deformities.?
[Il. Extrusion:

A. Important because if more than 20% of the width of the epiphysis extrudes out-
side the acetabular margin, there is very high risk of irreversible femoral head
deformation.?

B. Most vulnerable during late fragmentation stage and early reconstitution.

C. Treatment to prevent deformation should be initiated prior to late fragmenta-
tion stage: odds ratio is 16.6 times higher to avoid deformation if containment
achieved in early fragmentation stage as opposed to later.?’

IV. Children older than 8 years invariably develop extrusion and should be offered
containment; children younger than 8 should be monitored closely for develop-
ment of extrusion.>2>-28

V. Adequate range of motion must be present prior to containment treatment; can be
achieved by traction or casting if needed.?
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VI. Options to prevent femoral head deformation>?°:

A. Prevent/reverse extrusion (containment):

1. Femoral approach: proximal varus osteotomy:

a.
b.
C.

d.

Outcomes equal to acetabular osteotomies.
May be less suitable in children 29 years as remodeling is less reliable.

Disadvantage: limb shortening, coxa breva, and trochanteric promi-
nence.

May be combined with acetabular procedure.

2. Acetabular approaches:

d.

b.

C.

Salter osteotomy:

i. Osteotomy from sciatic notch to just above AlIS (anterior inferior
iliac spine).

ii. Increases anterior and lateral coverage.
Increases lever arm of the abductor muscles.

=

iii.
Shelf procedure:

i. Extend weight-bearing surface of the acetabulum.
ii. Does not change orientation.

Triple osteotomy:

i. May be useful in patients with more severe disease.
ii. Provides greater containment.

iii. May be used in more advanced cases if hinge abduction can be
avoided.

3. All surgical approaches may allow weight bearing and resumption of light
activities by 8 weeks.

B. Bracing/minimize weight bearing is controversial; its use is not supported by
the literature>?:

1. Petrie casting or bracing including the thigh and leg holding the hip in
abduction and internal rotation.

Must be continued until the end of the fragmentation stage.
May be 12 to 18 months.
Community mobility may be challenging.

Interventions after Early Fragmentation

I.  Femoral head deformity and collapse are already present.

II.  Hinge abduction:

A. Abnormal pattern of movement where the outer portion of the femoral head
impinges on the lateral acetabulum.*-3?

B. Reducible®:

1. Femoral head will re-center under the acetabulum when the leg is brought
into abduction.
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2. May still be appropriate for containment procedures, although odds of
achieving a spherical head are worse than those done earlier in the disease.

3. May be best in younger children with more remodeling potential.
C. Irreducible (salvage):

1. Radiographic measures do not improve with hip abduction; arthrogram
shows medial dye pooling and deformation of the lateral labrum.3°

2. Femoral valgus osteotomy: useful to realign the femoral head and acetabu-
lum in a best-fitting configuration (restore congruity with weight bearing)*:

a. Useful when joint is congruent in adduction, but incongruent in pro-
gressive abduction.

b. Restores congruent motion in a functional range.

¢. Improves abductor lever arm.

d. May be combined with an acetabular osteotomy simultaneously or staged.
e. Femoral head should be in the healing or healed stage.

3. Acetabular augmentation: remove impingement by extending the effec-
tive edge of the acetabulum laterally (Chiari or shelf).>

4, Articulated hip distraction3:

a. Attempt to neutralize deforming forces on the epiphysis and prevent
further femoral head deformation.

b. Maintained until adequate ossification of the lateral pillar seen (4-5 months).
c. Studies with small number of patients and short follow-up.

Sequela of Healed Perthes Hip

I.  Presents similar to hip pain in other young adults:
A. Groin pain after activities or extended periods of sitting.
B. Instability symptoms during activities such as walking or running.
C. Mechanical symptoms of locking or catching.

I[I. Coxa magna/impingement (Fig. 14.4): may be cam morphology or combined im-
pingement. May be treated in isolation or in combination with other procedures
to treat other residual deformities.

IlI. Coxa breva®:
A. Trochanteric abutment.

B. Due to trochanteric overgrowth or as a result of varus osteotomy for contain-
ment.

C. Relative femoral neck lengthening/trochanteric advancement* (Fig. 14.5):
1. Resolves trochanteric impingement.
2. Improves abductor lever arm.
3. Does not improve any existing leg length discrepancy:
a. Mean 8-year follow-up in 38 patients (39 hips).
b. All included open osteochondroplasty.
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Fig. 14.4 Anteroposterior (a) radiograph and (b) CT scan of Stulberg type II healed right hip with coxa
breva and coxa magna. The patient shows coxa breva on the contralateral hip as well and had a normal gait.
This hip is amenable to treatment of impingement alone through either open or arthroscopic methods.

.\ o N

Fig. 14.5 (a) Pre- and (b) postoperative radiographs of a patient with a Stulberg type II right hip treat-
ed with relative femoral neck lengthening, open femoroplasty, open labral repair, and periacetabular
osteotomy for concomitant hip dysplasia.

c. Four converted to total hip arthroplasty.
d. Range of motion improved.
e. Proportion with a limp decreased from 76 to 9%.
f. Normal abductor strength increased from 17 to 91%.
g. Ten-percent complications resulting in reoperation.
h. Forty-percent progression of osteoarthritis.

D. Correction of coxa breva and leg length discrepancy:

1. Femoral valgus osteotomy combined with trochanteric advancement
(Wagner’s osteotomy): useful when joint more congruent in adduction.

2. Morcher’s osteotomy: coxa breva, congruent joint, leg length discrepancy
greater than 2 to 3 cm.>’
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IV. Femoral head deformity:

A. Femoral heads with good central portion amenable to open or arthroscopic
femoral osteochondroplasty?:

1. Two-year outcomes on 22 patients treated with hip arthroscopy.

2. Mean improvement in Modified Harris Hip Score (mHHS) of 28 points
(56.7 to 82).

3. No complications.
4, No difference in mHHS from Stulberg stages I to IV.

B. Femoral head reduction osteotomy, for femoral heads with central deformity or
wear**4 (Fig. 14.6).

V. Labral tears: may be treated in conjunction with other procedures, either
arthroscopic or open techniques.*!

VI. Acetabular dysplasia: treatment with periacetabular osteotomy.

VII. Acetabular retroversion: may be corrected by acetabular rim trimming (open or
arthroscopic) or acetabular reorientation.

VIII. Osteochondritis dissecans lesion: amenable to open or arthroscopic treatment.

Development of Osteoarthritis

. Related to the shape of the femoral head when healed (Stulberg’s classification?;
Fig. 14.7).

II.  Hip resurfacing:
A. Good short- to mid-term results.

B. May be more technically demanding in these patients given femoral head/neck
deformity.

Fig. 14.6 Three-dimensional rendering of a femoral
head with a large central defect.

Fig. 14.7 Stulberg type 5 hip with a high likelihood
of progression to osteoarthritis.
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C. May be combined with trochanteric advancement to correct trochanteric
abutment and improve abductor function.

Total hip replacement*:
A. Good outcomes reported; revision rate may be slightly higher than standard cohort.

B. May be more technically challenging due to previous osteotomy or distorted
anatomy:

1. Rate of fracture is 11% when using standard stems.

2. Use of reamed/modular or custom stems may decrease intraoperative
fracture rate.

C. May correct leg length discrepancy and trochanteric abutment if present:
1. Higher rate of sciatic nerve palsy than standard cohort.
2. All sciatic nerve palsies were in patients with previous hip surgeries.
D. May be technically more challenging in patients with previous surgery.
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1 5 Slipped Capital Femoral Epiphysis

Robert C. Kollmorgen, Brian D. Lewis

Introduction

. Slipped Capital Femoral Epiphysis
A. Etiology:
1. Most common hip disorder affecting adolescents:
a. 1.5:1 male-to-female ratio:
i. Unstable slips: 1:1 male-to-female ratio.
b. Strong association with socioeconomic level and obesity.
c. Bilateral 20 to 80%:

i. Second slipped capital femoral epiphysis (SCFE) usually occurs
within the first year after index slip.

d. Racial variability:

i. Increased incidence in African Americans, Native Americans,
Hispanics, and Polynesians.

e. Age of onset:
i. Boys: 12.7 to 13.5 years.
ii. Girls: 11.2 to 12.1 years.
f. Incidence:
i. 4.8/100,000 (0-16 years of age).
B. Pathogenesis:
1. Multifactorial and unknown:

a. Slippage secondary to collagen disturbance around the pubescent
growth spurt: at hypertrophic zone of physis.

b. Metabolic, endocrine, and mechanical postulates for cause of SCFE:
i. Metabolic:
(1) Serum leptin levels:
(a) Elevated in obese patients.

(b) According to Halverson et al, regardless of body mass index
(BMI), leptin greater than 4.9 increases the odds ratio of SCFE.

ii. Endocrine disorders.
iii. Mechanical factors:
(1) Obesity:
(a) Eighty percent of SCFE patients.

(b) May be due to increased loads on physis, morphology, and
endocrine disorders in obese patients.
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(2) Morphology:
(a) Relative femoral retroversion.
(b) Acetabular retroversion.
(c) More vertically orientated physis.
C. Histopathology and pathomorphology:
1. Proximal capital physiolysis.
2. Damage occurs at the zone of provisional calcification (hypertrophic).
3. Deformity:
a. Anterior translation, external rotation of the femoral neck (metaphysis).
. Posterior, inferior displacement of femoral head (epiphysis).
Variable posterior tilt of the femoral epiphysis.
. Varus, extension, and external rotation deformity of the femoral neck.

P an o

. Rare “valgus slip”:
i. Anterior, medial neck translation.
ii. Posterior, valgus inclination of the femoral head.
D. Natural history:
1. Directly related to degree of slip and durations of treatment:
a. According to Loder et al’s retrospective study of 328 “stable” SCFE:
i. Older children had more severe slip (age):
(1) Mild: 12.3 years.
(2) Moderate: 13 years.
(3) Severe: 13.8 years.
ii. Duration of symptoms (months):
(1) Mild: 3.5.
(2) Moderate: 7.7.
(3) Severe: 8.8.
iii. Regression analysis:
(1) Stable SCFE:

(a) Two times more likely for moderate or severe slip if older
than 12.5 years.

(b) If duration longer than 2 months, 4.1 times more likely for
moderate or severe slip.

1. Femoroacetabular impingement (FAI) after SCFE:
a. Remodeling occurs at head-neck junction:
i. Variable degrees.
ii. Cam morphology occurs.
iii. Regardless of remodeling, damage to anterior chondrolabral junction.
b. Multiple studies report chondrolabral injury even after mild slips.
c. Thirty-one percent painful hips in the first decade after pinning.
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d. Hundred percent decreased head-neck offset = 100% cam morphology:

i. Less physically demanding lifestyle after remodeling may improve
symptoms.

ii. Recommended to closely monitor SCFE patients in adulthood for
FAI syndrome.

iii. Leads to anterior chondrolabral injury:
(1) Severity of damage depends on:
(a) Duration of slip.
(b) Deformity severity.
(c) Activity level.
(2) Damage occurs early:

(a) Basheer et al reviewed 18 patients at mean 29-month
follow-up: significant correlation between outcome scores
and time to arthroscopy following SCFE; recommend early
FAI treatment after painful presentation.

(b) Leunig et al found damage in 13 consecutive adolescent
SCFE hips with FAI chondrolabral damage when the
metaphysis extends beyond the epiphysis.

iv. FAI syndrome may be risk factor for osteoarthritis.
2. Avascular necrosis of the femoral head:
a. Devastating and can lead to osteoarthritis.
b. Associated with physeal stability.
c. Unstable slips are at 9.4 times greater risk.
3. Osteoarthritis:
d. SCFE deformity role in osteoarthritis:
i. Castafieda et al:

(1) One hundred and twenty one stable slips treated with pinning
at 20-year follow-up.

(2) Hundred percent had signs of osteoarthritis.
II.  Classification System
A. Southwick’s classification system:
1. Based on head (epiphyseal)-shaft (diaphyseal) angle (Fig. 15.1).
Preslip (widening of the physis; no displacement).
Mild: less than 30 degrees, up to one-third displacement.

HowoN

Moderate: 30 to 60 degrees, one-third to one-half displacement.
5. Severe: greater than 60 degrees; greater than one-half displacement.
B. Loder’s classification system: weight-bearing status:
1. Unstable:
a. Severe pain.
b. Unable to bear weight with crutches:
i. Fourteen of 30 (47%) unstable hips developed avascular necrosis (AVN).
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Fig. 15.1 Frog-leg lateral left hip radiograph of a
9.7-year-old boy who presented with 3 weeks of
vague left knee pain, after which he fell and was
unable to bear weight. Southwick’s angle is formed
by tracing an epiphyseal line (1), a line perpendic-
ular to the epiphyseal line (2), and a line parallel to
the center of the femoral shaft (3). The asterisk rep-

‘ resents the angle to be measured. Image is classified
as a severe slip greater than 60 degrees.

2. Stable:
a. Can bear weight with or without crutches:

i. Zero percent of stable slips developed AVN.
C. Duration:
1. Acute: symptoms less than 3 weeks.
2. Chronic: symptoms greater than 3 weeks.

3. Acute-on-chronic: acute exacerbation of symptoms in the setting of a
chronic slip.

D. Prognosis:
1. Mild: good prognosis.
2. Moderate and severe have increased chance of developing arthritis.

[Il. Physeal stability:
A. Standard is based on inability to bear weight:
1. Ziebarth et al questioned this:
a. Retrospective analysis of 82 patients:

i. Complete physeal disruption observed in 28/82 hips (34%) at
surgery.

ii. Acute versus chronic classification: 82% sensitive and 44% specific.
iii. Stable versus unstable classification: 39% sensitive and 76% specific.

iv. Calls into question current SCFE classification systems and there are
more unstable hips than expected based on ability to weight bear.
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Anatomical Considerations

I.  Proximal femoral Physis
A. Zone of provisional calcification (in hypertrophic zone) is damaged.
B. Proximal femur responsible for 3 mm of growth per year.
II.  Blood supply:
A. Deep branch of the medial femoral circumflex artery:
1. Most important blood supply to the femoral head/epiphysis.

2. Lesser contributions from lateral femoral circumflex artery, artery of liga-
mentum teres.

History and Physical Examination

I.  History
A. Symptoms:
1. Vague pain:
a. Groin, hip, and knee pain.
b. May be severe enough to prevent ambulation.
2. Limp:

a. Children presenting with knee pain have a longer diagnostic delay than
those with hip pain.

B. Past medical history: evaluate for endocrinopathy:
1. Strong association with SCFE.
C. Obesity:
1. Increased awareness in all preadolescent patients with pain.
I[I.  Physical Examination
A. No pathognomonic finding for SCFE.
B. Gait:
1. Antalgic gait.
C. Seated or supine:

1. Limited flexion and internal rotation (most frequent finding).

Diagnostic Testing
[.  Imaging
A. Radiographs:
1. Anteroposterior (AP) pelvis and frog-leg lateral (Fig. 15.2):
a. Orthogonal radiographs: gold standard for diagnosis:
i. Southwick’s angle (SA):

(1) Also known as the slip angle, epiphyseal-diaphyseal angle,
(2) Measured on frog-leg lateral.
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(3) Angle between a line connecting the corners of the femoral
epiphysis and a line perpendicular to the longitudinal axis of
the femoral shaft.

(4) Difference is taken between affected and normal side.

(5) When there is bilateral involvement, 12 degrees are subtracted
from the angle measured.

b. Lateral view head-neck index (LVHNI):
i. Developed to measure residual head-neck deformity.

ii. Forty-five-degree flexion/45-degree abduction/30-degree external
rotation view.

iii. Threshold of 9%:

(1)Index greater than 9% is 89% sensitive and 82% specific for
detecting pistol grip deformity.

B. Ultrasound:
1. Can detect effusion of initial slip and quantify degree of slip.
2. Reliable for moderate and severe SCFE detection.
3. Radiographs best served to follow remodeling over time.
C. CTscan:
1. Limited utility.

2. May be useful in cases of chronic slips where fusion of physis or fracture is
in question (Fig. 15.3).

D. MRI:
1. Can show abnormalities in “preslip” time frame.

Differential Diagnosis

I.  Early Diagnosis
A. Foundation of better outcomes:

B. Delay is common due to:

Fig. 15.2 Anteroposterior radiograph of the pel-  Fig. 15.3 Axial hip CT of chronic slipped capital
vis of a 16-year-old adolescent boy with acute-  femoral epiphysis in a 16-year-old adolescent boy.
on-chronic bilateral slipped capital femoral

epiphysis.
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1. Lack of awareness.
2. Vagueness of pain complaints not localizing to the hip.
3. Obesity alone can be the cause of lower extremity pain.
II. Differential
A. Legg-Calvé-Perthes disease.
Avascular necrosis.
Infection.
FAL
Dysplasia.

monw

Nonsurgical Management

I.  Indicated only in a completely asymptomatic patient
A. Controversy exists regarding prophylactic pinning.
B. Monitor closely:
1. No established criteria for follow-up.
2. The authors recommend follow-up every 3 to 6 months if pain free.

Surgical Management: Acute

I.  Stable
A. Commonly managed with in situ fixation.
B. Goalis to stabilize femoral head and reducing risk of chondrolysis and AVN.
C. Bilateral (prophylactic) pinning:
1. Controversial.
2. Relative indications:
a. Young age at diagnosis.
b. Unstable SCFE.
c. Endocrine disorders.
d. Unreliable patient.
D. Percutaneous single-screw fixation:
1. Recommended screw placement (Fig. 15.4):
a. Center of epiphysis.
b. Perpendicular to physis.
c. No consensus on elective screw removal:
i. Surgeon preference based on practice experience:
(1) Less than 10 years’ practice: 16% remove screws.
(2) 210 years’ practice: 7% remove screws.

(3) Our current recommendation is for screw removal: secondary
FAl is a concern.
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D C

Fig. 15.4 Frog-leg lateral radiograph (a) of an 11-year-old girl who presented with 4 weeks of left hip
pain after modified Dunn’s procedure on the right side. The patient was unable to bear weight on the
left side. Left side demonstrating mild slipped capital femoral epiphysis. Anteroposterior (b) and frog-
leg lateral (c) radiograph demonstrating single screw placement.

2. Techniques described with oblique screw placement to allow for femoral
neck osteoplasty.

II.  Unstable
A. Urgent gentle reduction with internal fixation.
B. [Initial open reduction with internal fixation.
C. Modified Dunn’s osteotomy.

[ll. Osteotomies

A. Several osteotomies described to improve dysfunction and malposition of the
femoral head:

1. Southwick’s osteotomy through the lesser trochanter.
2. Imhauser’s intertrochanteric femoral osteotomy:
a. Goal is to decrease impingement.
b. Combines an intertrochanteric osteotomy with epiphysiodesis.
3. Dunn’s osteotomy:
a. Subcapital osteotomy.
4, Modified Dunn’s osteotomy (Fig. 15.5):

a. Combines surgical dislocation greater trochanteric osteotomy (SDO)
with Dunn’s osteotomy:

i. Allows for anatomic reduction.

b. Goal is to preserve blood supply, decrease risk of AVN, and increase
offset:

i. Procedure:
(1) Standard SDO.
(2) Femoral head separated from neck through the physis.

)
(3) Femoral neck callus removed without excessive shortening.
(4) Remaining physis removed with curet.

)

(5) Head reduced, provisionally fixed with threaded pin through
the fovea.

(6) A second pin is placed distal to proximal.
(7) Pins cut and trochanteric fragment fixed.
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IV. Vascularized Free Fibula Graft
A. Hip preservation option for AVN from SCFE.

Surgical Management: Chronic

I.  Goalis to preserve native hip if possible
A. If open physis and greater than 2 mm of joint space:
1. Osteotomy for realignment and containment (Fig. 15.6).
B. FAI following SCFE management:
1. SDO or hip arthroscopy are options to correct FAI:

a. Arthroscopic treatment of FAI at short-term follow-up shows signifi-
cant improvement in all patient-reported outcomes.

Fig. 15.5 (a) Anteroposterior (AP) pelvis radiograph of a 9.7-year-old girl with acute severe slipped
capital femoral epiphysis after a fall. (b) Operative photograph of surgical hip dislocation, with (c)
subperiosteal flaps created to protect the blood supply to the femoral head. (d) Head is reduced.
(e) Fluoroscopic image illustrating head reduction, fixation of epiphysis, and trochanteric osteotomy.
(f) Postoperative AP pelvis radiograph showing healed epiphysis and trochanter.

Fig. 15.6 (a) Anteroposterior pelvis radiograph of the same 16-year-old boy as in Fig. 15.2 illustrating
bilateral healed modified Dunn’s osteotomies and subtrochanteric osteotomies at 2-year follow-up
(18 years of age). Right (b) and left (c) Dunn’s 45-degree plain radiographs. Patient was ambulating
without assistive device and had 0/10 pain.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of -use



182  Slipped Capital Femoral Epiphysis

C. Osteoarthritis secondary to SCFE:
1. Total hip arthroplasty (THA):

a. Reliable option for pain relief and shows improved patient-reported
outcomes.

b. Reported higher revision rate with cementless prosthesis as compared
with non-SCFE cohort at 11 years’ follow-up (19-50%).

¢. We recommend a ceramic femoral head bearing on highly cross-linked
acetabular bearing surface for this young population to decrease wear
rate over time.

Outcomes

I.  InSitu Pinning
A. Leads to decreased head-neck offset.
B. Long-term follow-up studies have shown evidence of remodeling.
C. Internal rotation deficit occurs, but not clinically relevant:
1. Mean follow-up of 19.6 years.
2. Seventy-two percent obese.
3. No association between initial slip angle and outcome.
4, Male sex and lower BMI predicted better long-term scores.

D. Patients with severe slips have significantly worse long-term outcomes (18-year
follow-up):

1. Severe SCFE: 75% developed arthritis.
2. Moderate SCFE: 11% developed arthritis.
3. Mild SCFE: 1% developed arthritis.

I[I. Osteotomies

A. Imhauser’s versus modified Dunn’s osteotomy for moderate to severe stable
SCFE:

1. Higher rate of AVN in modified Dunn’s osteotomy (29 vs. 0%).
2. Similar complication rate (33% Imhauser vs. 36% modified Dunn).
3. Similar reoperation rate (33% Imhauser vs. 21% modified Dunn).
[Il.  Vascularized Free Fibular Graft
A. Hip preservation option for AVN after SCFE:
1. At short-term follow-up, 8% converted to THA and 2% to hip fusion.

2. Significant patient-reported outcome improvements in those without re-
operation.

IV. Femoroacetabular impingement after Slipped Capital Femoral Epiphysis

1. Systematic review of the efficacy of surgical management of FAI follow-
ing SCFE comparing arthroscopy, surgical dislocation, open osteotomy
(150-level IV studies with 266 hips):

a. Treatment groups:
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i. Arthroscopic osteochondroplasty.
ii. Surgical hip dislocation.
iii. Traditional open osteotomy.

b. Major complication rate lowest after arthroscopy (1.6%), followed by
osteotomy (6.7%) and surgical dislocation (11%).

b. Alpha angle significantly improved after arthroscopy (32 degrees) and
surgical dislocation (41 degrees), but not after osteotomy (6 degrees).

Future Directions

I.  Early detection and increasing awareness among musculoskeletal care providers.
II.  Obesity epidemic in the United States correlated to SCFE.

III. Long-term studies on postsurgical FAI correction to alter natural history of arthri-
tis are needed.
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1 6 Femoroacetabular Impingement

Joshua D. Harris

Introduction

I.  Femoroacetabular impingement (FAI) refers to hip joint pathomorphology.
A. FAl does not necessarily imply symptoms of pain or dysfunction.

1. First defined by Professor Reinhold Ganz and colleagues as abnormal
contact that may arise as a result of either of the following!:

a. Abnormal morphological features.
b. Subjecting the hip to excessive supraphysiological motion.
2. Definition expanded by (American Academy of Orthopaedic Surgeons
(AAOS)*:
a. Abnormal morphology of femur and/or acetabulum.
b. Abnormal contact between femur and acetabulum.

c. Especially vigorous supraphysiological motion that results in such
abnormal contact and collision.

d. Repetitive motion resulting in the continuous insult.
e. Presence of soft-tissue damage.
B. Presence of symptoms = FAI syndrome (Warwick Agreement):

1. Defined by Warwick Agreement International Consensus Statement
(Fig. 16.1).2

2. Motion-related clinical disorder of the hip with a triad of:
a. Symptoms.
b. Clinical signs.
c. Imaging findings.

3. Represents symptomatic premature contact between proximal femur and
acetabulum.

C. No role for prophylactic surgery in asymptomatic FAL*
II.  Two main types of FAI pathomorphology:
A. Cam:
1. Proximal femoral asphericity:
a. Loss of head-neck junction offset.
B. Pincer:
1. Acetabular overcoverage:
a. Retroversion:
i. Focal loss of cranial acetabular anteversion.
ii. Global retroversion.
b. General overcoverage (protrusio acetabula).
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Fig. 16.1 Warwick Agreement diagnosis of femoroacetabular impingement syndrome including the
triad of clinical symptoms, signs, and imaging findings. Management involves a triad of nonsurgical
observation and education, physical therapy, or surgery. (Reproduced with permission of BMJ Pub-
lishing Group Ltd.)

C. Combined cam and pincer:
1. More common than either cam or pincer in isolation.
IIl. Prevalence of FAIl morphology:
A. Common in asymptomatic individuals.
B. Cam:
1. Ranges from 29° to 376 to 76%.”
2. 2.4 times more common in athletes than nonathletes.®

3. Participation in competitive sports as young adult associated with in-
creased prevalence of FAI pathomorphology (odds ratio 1.49).”
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C.

Pincer:
1. Ranges from 287 to 57° to 67%.5

D. Mixed cam and pincer.

IV. Common cause of labral injury:

A.

B.
C.

Plain radiograph- and CT-based studies have shown high prevalence of FAI
structural abnormalities in patients with labral tears (>90%).5-"!

Cam leads to primarily delamination articular surface chondrolabral junction injury.
Pincer leads to primarily labral pinching, crushing, tearing injury.

V.  Common cause of osteoarthrosis:

A.

Dynamic, motion-related femoral abutment against acetabular rim leads to
joint damage in nondysplastic hips.!

Multiple large-scale, population-based, longitudinal or cross-sectional investi-
gations have shown significant association of FAI and osteoarthrosis:

Cohort Hip and Cohort Knee (CHECK)."

Chingford."

Rotterdam.!®

Sumiswald.'®

Genetics of Osteoarthritis and Lifestyle (GOAL) (Nottingham).”
Copenhagen.'s

Korean Longitudinal Study on Health and Aging (KLoSHA)."®

N o Uk W

Anatomic Considerations

I.  The “layer” concept of hip pain generators:

A.
B.
C.
D.

Layer I: osteochondral (femur, acetabulum/pelvis).

Layer II: static soft tissue (labrum, capsule).

Layer III: dynamic soft tissue (muscles, tendons).

Layer IV: neurokinetic, neuromechanical (nerves, vessels).

II.  The hip is a multiaxial, diarthrodial synovial, deep, highly congruent joint:

A.
B.

Convex femur.
Concave acetabulum.

IIl.  Shape largely believed as spherical (“ball-and-socket”). This is not exactly true.

A.

Actually, shape is elongated in neck axis, “egg-shaped,” or conchoidal:*
1. Femoral head forms two-thirds of a sphere.!
2. Acetabulum has slightly smaller diameter than the femoral head?*:
a. Covers approximately 170 degrees of femoral head.”
b. Globally covers 40 + 2%.%
Primarily a rotational joint, with minimal rolling or gliding (translation).

Greater degrees of incongruity (such as those observed in FAI) may increase the
translational (shearing stress) motion of the joint, leading to articular cartilage
injury, and eventual joint degeneration (osteoarthrosis).
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IV.  Extra-articular femoral and pelvic anatomy plays significant role in FAI syndrome:
A. Femur:
1. Neck-shaft angle:

a. Decreased (coxa vara): increases femoral offset (and abductor moment
arm) and femoral head coverage.

b. Increased (coxa valga): decreases femoral offset (and abductor mo-
ment arm) and increases abductor force and joint contact forces.

2. Version:

a. Increased (excessive anteversion): decreases abductor lever arm and
increases abductor force and joint contact forces.

b. Decreased (relative retroversion): increases impingement risk due to
insufficient head-neck offset during flexion and rotation.

B. Pelvis:
1. Spinopelvic parameters:

a. Normal sagittal balance: C7 plumb line from center of C7 to posterosu-
perior corner of S1 superior end plate:

i. Also known as sagittal vertical axis (SVA).
b. Negative sagittal balance: axis falls posterior to sacrum:
i. In patients with lumbar hyperlordosis.
c. Positive sagittal balance: axis falls anterior to sacrum:
i. In patients with hip flexion contracture or flat back.
d. Pelvic incidence (PI; fixed, position independent):
i. Sacral slope (SS; positional).
ii. Pelvic tilt (PT; positional).
iii. PI = SS + PT:
(1) Mean normal Pl is 53 + 7 degrees in men and 49 + 7 degrees in
women.?
(2) In general, PI = lumbar lordosis + 9 degrees.

e. Normal sagittal balance aligns forces behind lumbar spine and femoral

heads:

i. When standing, the pelvis tilts anteriorly, PT decreases, and SS
increases, but Pl remains constant.

ii. When supine, lumbar lordosis increases, PT decreases (more than
standing), and SS increases (more than standing).

iii. When sitting, lumbar lordosis decreases, PT increases, and SS
decreases.

iv. With hip flexion contracture, the body tilts forward, and lumbar
lordosis must increase to maintain sagittal balance.

v. Increased PI associated with increased lumbar lordosis, forcing
posterior PT to maintain sagittal balance: reduces anterior im-
pingement.
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vi. Decreased PI associated with decreased lumbar lordosis, forcing
anterior PT to maintain sagittal balance: increases anterior im-
pingement:26

(1) May cause “dynamic” pincer FAL?"28

(2) Essentially, patients with decreased PI cannot posteriorly tilt
the pelvis more to open the anterior acetabulum, increasing
impingement.

f. T1 pelvic angle (position independent):

i. The angle formed by the line formed from the femoral head axis to
the centroid of T1 and the line from the femoral head axis to the
middle of the S1 superior end plate.?®

ii. Sum of T1 spinopelvic inclination and PT.
iii. Does not change with PT.

History and Examination
I.  History:

A.

A thorough history and physical examination, without any imaging, may diag-
nose an intra-articular hip problem (FAI syndrome, dysplasia, and arthritis) in
majority of cases.

Warwick Agreement: primary symptom of FAI syndrome is motion- or posi-
tion-related pain in the hip or groin. Pain may also be felt in the back, buttock, or
thigh. Patients may also complain clicking, catching, locking, stiffness, restricted
range of motion, or giving way.?

Pain onset:
1. Acute.
2. Chronic.

3. Acute on chronic.

Pain location:

1. Typically deep groin, rather than superficial.
2. “C”sign (Fig. 16.2a).

3. “Between the fingers” sign (Fig. 16.2b).

4

Anterior most common location (groin), followed by lateral, posterolateral,
and posterior.

Pain duration:

1. May go undiagnosed for significant duration, frequently mistaken for other
cause of groin pain (gastrointestinal, genitourinary, obstetric, gynecologic,
pelvic floor disorder, neurovascular, extra-articular impingement, and oth-
er musculoskeletal pains).

2. Patients have a mean duration of symptoms 32.0 months prior to diagnosis
of labral tear and FAI, see a mean of 4.0 health care providers, mean of 3.4
diagnostic imaging tests, attempted mean of 3.1 treatments prior to diag-
nosis, and mean amount spent prior to diagnosis of $2,456.97.3°
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Fig. 16.2 (a) The “C” sign, with the patient making the letter “C” with the hand and reaching around
the hip, indicative of intra-articular source of hip pain. (b) The “between the fingers” sign, with the
patient pointing with two fingers in the front and back of the hip, indicative of intra-articular source
of hip pain.

F. Exacerbating factors:
1. Deep flexion, rotational maneuvers.
2. Sports: six categories®':
a. Cutting.
b. Flexibility.
c. Contact
d. Impingement.
e. Asymmetric/overhead.
f. Endurance.
3. Sitting typically affects patients more than standing.
G. Relieving factors:
1. Rest, activity modification, oral medications (nonsteroidal anti-inflammatory).
H. Associated symptoms:
1. Low back or sacroiliac (SI) joint pain (“hip-spine syndrome”).
2. Coughing, sneezing (athletic pubalgia, core muscle injury, sports hernia).
3. Stiffness, loss of hip motion.
4. Weakness.
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5. Snapping:
a. Deep, audible: usually iliopsoas.
b. Deep, palpable: iliopsoas, labral tear.
c¢. Superficial, lateral, visible: usually iliotibial band.
6. Difficulty sleeping.
II.  Physical examination:
A. Inspection:
1. No deformity, no cutaneous abnormalities.
2. Gait, single leg stance, single leg squat.
B. Palpation:
1. All bony and soft-tissue landmarks.

2. Typically no peritrochanteric, proximal hamstring, adductor, inguinal,
pubis, rectus abdominis, deep gluteal space, SI tenderness.

C. Motion:
1. Always remember to assess contralateral limb for symmetry.

2. Typically, a loss of motion: usually hip flexion, internal rotation in 90 de-
grees of flexion, total arc sum of rotational motion (internal and external).

D. Strength:
1. Typically not limited, unless by pain.
E. Special testing:

1. FADIR (flexion, adduction, and internal rotation): most sensitive test for
FAI syndrome, but poorly specific.

2. Impingement maneuvers: assure that an affirmative response to pain
during the maneuver reproduces the patient’s symptoms prompting the
evaluation:

a. Anterior: taking hip from flexed, abducted, and externally rotated
position to a position of FADIR:

i. Note clockface arc perception and localization of pain (typically
12 o’clock to 3 o’clock position).

b. Subspine: straight hip flexion in sagittal plane.

c. Lateral: straight hip abduction in coronal plane, with permissive limb
external rotation:

i. Once end of abduction is reached, internal rotation to a gentle stop
indicates trochanteric-pelvic impingement.

d. Posterior: extension, external rotation causing pain:

i. Differentiate from apprehension, fear: indicative of anterior hip
instability, microinstability.

3. FABER (flexion, abduction, and external rotation): assess for asymmetry
in distance of lateral knee to table (vs. contralateral hip)—inquire with
patient if pain is deep in the hip (anterior groin) versus SI joint.
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Fig. 16.3 Four defined clinical entities

[ 1. Adductor-related groin pain for groin pain: (1) adductor related,

[02. lliopsoas-related groin pain ~ (2)iliopsoas related, (3) inguinal relat-

[ 3. Inguinal-related groin pain  €d. and (4) pubic related. (Reproduced

[0 4. Pubic-related groin pain with permission of BM] Publishing
Group Ltd.)

[II. The Doha agreement resolved the problem of heterogeneity in terminology and
definitions in groin pain in athletes.??

A. Defined clinical entities for groin pain (Fig. 16.3):
1. Adductor related.
2. Pubic related.
3. Iliopsoas related.
4. Inguinal related.
B. Hip-related groin pain.
C. Other causes of groin pain in athletes.

Diagnostic Imaging
[.  Plain radiographs:
A. At aminimum, two orthogonal views necessary:
1. Anteroposterior (AP) pelvis (standing; Fig. 16.4a):

a. Detects lateral/posterolateral cam, lateral acetabular coverage, and
joint space (Fig. 16.4b).

b. Crossover sign: focal retroversion (loss of cranial acetabular antever-
sion) pincer morphology (Fig. 16.4c):

i. Fifty percent of positive crossover signs due to prominent antero-
inferior iliac spine (AIIS) in the presence of anteverted acetabulum.

¢. Prominent ischial spine sign and posterior wall sign: global acetabular
retroversion pincer morphology.
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d. General overcoverage pincer morphology:
i. Protrusio acetabula.
ii. Lateral center edge angle greater than 40 degrees.
iii. Coxa profunda poorly sensitive for pincer.
2. Lateral view(s):

a. Dunn 45-degree view: most sensitive for typical anterolateral cam
detection (Fig. 16.4d).

b. Dunn 90-degree view: detects more anterior cam.

c. False profile: detects AlIS type, anterior center edge angle (greater than
40-degree anterior pincer FAI), anterior joint space, cam, and posterior
joint congruity.

d. Frog leg: detects more anterior cam.

e. Cross-table: detects more anterior cam.

3. Spinopelvic views:
a. EOS:
i. AP (Fig. 164e):

(1) Measurement of any coronal plane spinopelvic deformity or
lower extremity mechanical axis malalignment.

Alpha angle Alpha angle
69 degrees 36 degrees

Fig. 164 (a) Standing anteroposterior (AP) pelvis view. Angle A is the lateral center edge angle, angle B
is the neck-shaft angle, and angle C is the Tonnis angle. The two vertical lines are perpendicular to the
most inferior aspect of the ischial tuberosities to account for any coronal plane pelvic tilt (alternatively,
the teardrops may be used). Single arrowhead indicates a far lateral cam and double arrowhead indicates
a prominent ischial spine sign. (b) Standing AP pelvis view with increased magnification at joint space
at medial, middle, and lateral sourcil. (c) Standing AP pelvis view illustrating a positive crossover sign
with the anterior wall (black dotted line) crossing over the posterior wall (white dotted line). (d) Dunn
45-degree lateral radiograph with o angle measurements on bilateral hips; right hip with symptomatic
femoroacetabular impingement syndrome (o angle 69 degrees); left hip 6 weeks following arthroscopic
hip preservation surgery, cam osteoplasty (o angle 36 degrees). (e) AP full-body EOS radiograph illus-
trating lower extremity mechanical axis measurement, between the medial and lateral tibial spines
bilaterally. It also permits leg length discrepancy analysis, coronal plane spinal deformity (scoliosis). (f)
Lateral full-body EOS radiograph illustrating measurement of pelvic incidence at 41 degrees.
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ii. Lateral (Fig. 16.4f):
(1)Measurement of SS, PT, PI, and T1 pelvic angle.
[I. MRI(magnetic resonance imaging):
A. Minimum of 1.5-T magnet strength; preferred magnet strength is 3.0 T.
B. Hip versus pelvis MRI:
1. Hip: increased resolution; greater detail for ipsilateral hip.

2. Pelvis: permits assessment of bilateral hips, at expense of decreased dedi-
cated detailed hip resolution:

a. Intrapelvic disorders (gynecologic, genitourinary, gastrointestinal,
oncologic, and pelvic floor).

b. Adductor, iliopsoas, inguinal canal, rectus abdominis, pubis, pubic
symphysis, proximal hamstring, SI joint, ischiofemoral space, L5-S1
disk, and possible L4-L5 disk.

C. Nonarthrogram:
1. Permits assessment of effusion.
2. Less expensive than arthrogram.
3. Easier scheduling for patient.
4

No pain from an injection. However, misses possible diagnostic component
of injection.

D. Arthrogram:
1. Better assessment of capsular integrity.
2. Better assessment of capsular volume.
3. Increased sensitivity of labral tear detection.
E. Series: combination of T1, proton density, and T2 weighting:
Axial (Fig. 16.5a).
Sagittal.
Coronal.
Axial oblique: original description of a« angle measurement.>
Sagittal oblique.

IS o

Radial: best 360-degree circumferential cam, labral assessment (Fig. 16.5b):

a. Can measure omega angle, where o angle exceeds considered normal
threshold (45 degrees) and begins to be abnormal and where it returns
to normal.?*

Fig. 16.5 (a) Axial T2-weighted mag-
netic resonance image illustrating an
acetabular labral tear (white arrow-
head). (b) Radial magnetic resonance
image illustrating an acetabular labral
tear (white arrowhead).
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E

Helps rule out stress fracture, soft tissue, or osseous mass.

G. Assessment of subchondral edema, paralabral cyst (acetabular, femoral

impingement; synovial herniation pit), capsular thickness, synovial disorders
(synovial chondromatosis), and loose bodies.

Three-dimensional (3D) reconstructions improving with advanced MR
technologies.

Advanced MRI primarily research application, not everyday clinical care:
1. dGEMRIC (delayed gadolinium-enhanced MRI of cartilage).

2. T2 mapping.
3. T2*%

4. Naimaging.
5. T1 rho.

[lI. Computed Tomography (CT):

A.
B.
C.

Best evaluation for osseous anatomy, including complex deformities.
Several low-dose protocols exist to reduce radiation exposure.
Pelvis with distal femur acquisition:
1. Acetabular version:

a. Cranial (1-3 o'clock position).

b. Central.

c. Caudal.
2. Femoral version.
3D reconstructions commonplace at most facilities:

1. Various proprietary and public hardware and software programs exist to
independently manipulate femur and acetabulum/pelvis to evaluate FAI
(Fig. 16.6).

2. Permits 3D printing of femur, pelvis to manipulate hip joint for illustration
of motion, impingement.

Fig. 16.6 (a—c) Computed tomography three-dimensional reconstructions of left hip with complex
anterior osseous deformity, osteochondroma, creating a cam effect impingement.
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Table 16.1 Differential diagnosis of patients with intra-articular hip pain and possible FAl syndrome
Intra-articular Extra-articular
e FAl syndrome * Peritrochanteric pain syndrome
e Labral tear * Trochanteric bursitis
 Dysplasia * Gluteal tendinopathy
 Osteoarthritis * Deep gluteal space syndrome
« Hip instability, microinstability * Ischiofemoral impingement

lliopsoas impingement

Proximal hamstring syndrome

AlIS subspine impingement * Trochanteric-pelvic impingement
Inflammatory arthritis * Athletic pubalgia

Avascular necrosis * Muscle strain

Pigmented villonodular synovitis * Nerve or vessel injury

Synovial chondromatosis  Lumbosacral spine pathology

Fracture, stress fracture

Sacroiliac joint pathology

» Nonmusculoskeletal (obstetric, gynecologic,
gastrointestinal, genitourinary)

Abbreviations: AllS, anteroinferior iliac spine; FAI, femoroacetabular impingement.

Differential Diagnosis

Imaging-guided (ultrasound, fluoroscopy), intra-articular diagnostic (and therapeu-
tic) injection beneficial in establishing presence or absence of joint (FAI syndrome,
labrum) as source of symptoms (Table 16.1).

Treatment

L.

Nonoperative:

A. Education, rest, activity modification, and avoidance of provocative maneuvers.

B. Physical therapy:

1.

Improves hip strength, motion, stability, neuromuscular control, and
movement patterns.

Very little evidence on success of physical therapy, as it does not alter hip
morphology or heal labral injury.*

Only one evidence-based nonsurgical physical therapy program currently
exists; contains four core components.>

Core 1: patient assessment—formalizes individualization, personalization,
and customization of therapy program.

Core 2: patient education and advice—identify, receive advice on, and
avoid provocative (deep flexion, rotation) activities (behavior modifica-
tion) and encourage posterior PT.

Core 3: help with pain relief—oral nonsteroidal anti-inflammatory medi-

cations for 2 to 4 weeks; commencement and commitment to an exercise
program.
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7. Core 4: exercise-based hip program—begins with muscle control and sta-
bility (pelvis, hip, abdominals, and gluteals) and progresses to strengthen-
ing and stretching:

a. Primary muscles: gluteus maximus, abdominals, abductors, and short
external rotators.

8. Key avoidance: vigorous stretching (no painful hard end stretches).
9. Requires minimum of 12 weeks (minimum of six visits with therapist).
C. Medical (oral anti-inflammatory; intra-articular anti-inflammatory).
D. Education, observation.
II.  Operative:
A. Surgical goal: perfect correction of FAI morphology, labral preservation:
1. Labral repair significantly better outcomes than debridement:

a. Nosignificant difference in looped versus pierced labral base refixation
technique.?63”

2. Cam correction: improve femoral head-neck offset, improve a angle (<45
degrees) on all views (Fig. 16.7a).

3. Pincer correction: convert offending retroverted acetabulum to
anteverted—use lateral center edge angle, anterior center edge angle, and
femoral head extrusion index (Fig. 16.7b):

a. Change in lateral center edge angle = 1.8 + (0.64 x rim reduction in
millimeters).>

b. One-millimeter resection = 2.4-degree lateral center edge reduction.
c. Five-millimeter resection = 5.0-degree lateral center edge reduction.
B. Open: includes surgical hip dislocation, mini-open anterior approach.
C. Arthroscopic:

1. General anesthesia; complete muscle relaxation permits easier distraction
and fewer traction-related complications (perineum, nerve).

Fig. 16.7 Dunn 45-degree (a) preop-
™ erative and (b) 6 weeks postoperative
| lateral radiographs illustrating left hip
cam correction using hip arthroscopy,
labral repair. Radiographically, signif-
icant reduction in o angle, increased
head-neck offset, and resection of
head-neck junction sclerosis are ob-
served. (¢, d) Standing anteroposterior
preoperative and 6 weeks postopera-
tive radiographs illustrating far lateral
and posterior pincer correction using
hip arthroscopy, labral repair. Radio-
graphically, significant reduction in
lateral center-edge angle and posteri-
or/lateral coverage are observed.
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2. Multiple available portals: most techniques utilize:
a. Anterolateral (Fig. 16.8a).
b. Modified mid-anterior.
c. Accessory portal(s): distal anterolateral.
d. Posterolateral.

3. Seventy-degree arthroscope more commonly used than 30-degree
arthroscope.

4, Central compartment—in traction—requires variable degree of interportal
capsulotomy:

a. Acetabular rim treatment: rim resection.

o

. AlIS decompression.
Labral treatment (Fig. 16.8b-d): repair, debride, reconstruction.

a o

. Articular cartilage management: debridement and marrow stimula-
tion (microfracture, drilling).

m

. Ligamentum teres (debridement, reconstruction).
f. lliopsoas (tenotomy).

Fig. 16.8 (a) Set-up for right hip arthroscopy. Three-portal technique with anterolateral, modified
mid-anterior, and distal anterolateral accessory portal. (b) Right hip arthroscopy, anterolateral view-
ing portal, instrumenting via modified mid-anterior portal. Labral tear is visualized in a 16-year-old
adolescent girl with cam femoroacetabular impingement. (c) Right hip arthroscopy, anterolateral
viewing portal, passing suture around labrum at chondrolabral junction via modified mid-anterior
portal (same patient as in Fig. 16.8b). (d) Right hip arthroscopy, anterolateral viewing portal, com-
pleted labral repair with five suture anchors and looped technique (same patient as in Fig. 16.8b). (e)
Right hip arthroscopy, modified mid-anterior viewing portal, comprehensive cam correction from
12:00 to 6:00, visualized via “T” capsulotomy. (f) Right hip arthroscopy, anterolateral viewing portal,
completed capsular closure with three sutures in the “T” capsulotomy and three additional sutures
in the interportal capsulotomy.
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5. Peripheral compartment—no traction—can be visualized with either an
interportal or “T” capsulotomy:
a. Comprehensive cam correction (Fig. 16.8e).
b. Dynamic arthroscopic and/or fluoroscopic examination to confirm
head-neck offset correction, retention of labral suction seal.
c. With lateral and posterolateral cam resection, avoid lateral ascending
vessel iatrogenic injury (lateral synovial fold).
6. Capsular closure: repair/plication is controversial:
a. Growing evidence demonstrates better outcomes with repair®*4°
(Fig. 16.8f).
b. If the capsulotomy is left open, the hip is susceptible to instability
(microinstability to dislocation).#!-4
Outcomes

I.  Generally excellent short- and mid-term improvements in multiple patient-
reported outcome measures*:

A. Utilized and recommended outcome scores:

1.

2.
3.
4

7.

iHOT-12 (International Hip Outcome Tool), iHOT-33.

HAGOS (The Copenhagen Hip and Groin Outcome Score).

HOOS (Hip Dysfunction and Osteoarthritis Outcome Score).

HOS (Hip Outcome Score), ADL (Activities of Daily Living), and SSS
(Sport-Specific subscale).

mHHS (Modified Harris Hip Score).

General health (SF-12 [12-item Short-Form Survey|, SF-36, Patient-
Reported Outcomes Measurement Information System (PROMIS);
EQ-5D = EuroQol 5 Dimensions

Activity (UCLA [University of California, Los Angeles], Marx, Tegner).

II. No long-term investigations yet define natural history of FAI syndrome and
progression to osteoarthrosis and the role treatment may have on altering that
progression:

A. Without treatment (surgical or nonsurgical).

B. With treatment (surgical or nonsurgical).

III. Most common reason for failure of FAI surgery: incomplete correction of FAI mor-
phology, leaving residual FAIL

IV. Complication rate?47:
A. Major: 0.45 to 0.58%.
B. Minor: 7.5 to 7.9%.
C. Reoperation: 6.3%.

D. Conversion to total hip arthroplasty: 2.9%.

V. Although most early FAI literature was retrospective, small case series without
comparator groups, now there are several ongoing prospective, well-designed,
high-quality randomized and nonrandomized international investigations:
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A. Feasibility of Arthroscopic Surgery for Hip Impingement compared with
Non-operative Care (FASHIoN) (UK): arthroscopic treatment of FAl/labrum ver-
sus nonsurgical treatment (physical therapy).

B. FASHIoN (Australia): arthroscopic treatment of FAl/labrum versus nonsurgical
treatment (physical therapy).

C. Femoroacetabular Impingement Trial (FAIT) (UK): arthroscopic treatment of
FAl/labrum versus nonsurgical treatment (physical therapy).

D. Femoroacetabular Impingement Randomized Controlled Trial (FIRST) (Canada
and Finland): arthroscopic treatment of FAl/labrum versus washout sham.

E. HIPARTI (HIP ARThroscopy International) (Australia and Norway): arthroscopic
treatment of FAI/labrum versus diagnostic arthroscopy.

F. U.S. MHS (US Military Health System) (United States): arthroscopic treatment of
FAI/labrum versus nonsurgical treatment (physical therapy).
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Joshua D. Harris

Introduction

I.  Femoroacetabular impingement (FAI) syndrome has been defined, via the War-
wick Agreement International Consensus statement, as a motion-related clinical
disorder of the hip with a triad of':

A. Symptoms.
B. Clinical signs.
C. Imaging findings.

II.  FAI syndrome represents symptomatic premature contact between the proximal
femur and the acetabulum.

. Similarly, extra-articular impingement refers to other osseous or soft-tissue
sources of abnormal contact, with symptoms, clinical signs, and imaging findings
consistent with the two impinging structures around the hip.

IV. Several different sources of extra-articular impingement have been described:
A. Subspine (anteroinferior iliac spine [AIIS]) impingement.
B. Ischiofemoral impingement.
C. Iliopsoas impingement.
D. Trochanteric-pelvic impingement.

Anatomic Considerations

I.  Subspine impingement:

A. Contact between AlIS and distal anterior femoral neck (or anterior edge of the
greater trochanter).

B. AIIS is origin for direct head of rectus femoris and iliocapsularis:
1. Composed of two facets, divided by horizontal AlIS ridge (Fig. 17.1):

a. Superior: occupied entirely by direct head rectus femoris (teardrop-shaped
attachment, tapered proximally).

b. Inferior: occupied by iliocapsularis origin (iliocapsularis lies immedi-
ately superficial, and adherent, to anteromedial iliofemoral ligament).*

II.  Ischiofemoral impingement:

A. Contact between the lesser trochanter and the ischium?® in the ischiofemoral
interval (narrowest distance between the apex of the medial cortex of the lesser
trochanter and the lateral cortex of the ischial tuberosity)®:

1. Lesser trochanter is insertion of the iliopsoas tendon (Fig. 17.2).

2. Ischium is origin of the hamstring (superolateral semimembranosus and
central-inferomedial conjoint tendon semitendinosus and biceps femoris
long head).
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: // superior facet AllS
@ <137.6 mm?[110.5,164.7] Fig.17.1 Right hip illustrating AlIS mor-
Labrum—7 \ phology, with superior facet occupied

N AllS ridge by direct head rectus femoris, separat-
8.9 mm [7.7,10.0]
‘ ’ V

ed from the inferior facet, occupied by

iliocapsularis, by the AIIS ridge. White

arrowhead represents 3:00 o’clock po-

: - sition, indicated by the most superior

/ InIfI:;ii)arF:‘zliEtr ';'”S aspect of the psoas “U.” (Reproduced

\ 108.0 mm? [92.5,123.5] with permission of Wolters Kluwer
Health, Inc.)

”

Psoas footprint
"
“Ss<*————lliacus footprint

< Bald anterior wall

Fig. 17.2 Left hip, view from distal, posterior. The bald anterior wall can be observed clearly on this
dissection as well as its relationship with the tendinous footprint and lesser trochanteric height. The
mean ratio between the bald anterior wall and the lesser trochanteric height is ~38%. (Reproduced
with permission of Oxford University Press.)

3. Up to 84% of cadaveric specimens may demonstrate ischiofemoral im-
pingement in 10-degree extension, 10-degree adduction, and 29-degree
external rotation.?

B. Leads to compression of the quadratus femoris and the sciatic nerve (Fig. 17.3).

C. May also occur between the posterior edge of the greater trochanter and the
lateral ischium in extreme hip external rotation.’

D. Deep gluteal space borders®:
1. Posterior: gluteus maximus.
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Fig. 17.3 Posteroinferior view of left hip. En-
trapment of the sciatic nerve (SN) between the
ischium (Isch) and the lesser trochanter (LT) in
the ischiofemoral impingement test position—10-
degree extension, then 10-degrees adduction, and
then maximal external rotation. (Reproduced with
permission of Springer.)

2. Anterior: posterior column of the acetabulum, posterior hip capsule, prox-
imal posterior femur.

Lateral: linea aspera and gluteal tuberosity.

Medial: sacrotuberous ligament, falciform fascia.

Superior: inferior margin of the sciatic notch.

Inferior: proximal origin of the hamstring at ischial tuberosity.

N o ok W

Contains sciatic nerve, piriformis, blood vessel containing fibrous bands,
gluteal muscles, hamstring tendons, gemelli-obturator internus complex:

a. Sciatic nerve excursion 28 mm during hip flexion.’

IIl. Iliopsoas impingement:

A.

Contact between iliopsoas and anterior hip (3 o’clock position on acetabular
clockface with 3 o’clock denoting the superior margin of the psoas-u) with com-
pression on the labrum.>'°

Iliopsoas tendon is a confluence of the psoas and iliacus muscles:

1. Psoas major muscle originates from transverse processes and bodies of
T12-L5 and their intervertebral disks.

2. [lliacus muscle originates from the iliac fossa, overlying the anterior sacroiliac
joint, and the lateral sacrum.

3. lliopsoas is composed of 40% tendon and 60% muscle at the level of the
labrum.'"12

Iliopsoas tendon may be multibanded (single tendon, bifid, trifid)':

1. Single banded: 28.3%.

2. Double banded: 64.2%.

3. Triple banded: 7.5%.

Iliopsoas tendon is an anterior stabilizer from 0 to 15 degrees of hip flexion'4:

1. Astheiliopsoas crosses the superior pubic ramus (at an angle of 35-45 degrees),
the relative anterior position increases its leverage for hip flexion (Fig. 17.4):

a. As the hip flexes, the iliopsoas loses contact with the femoral head at
approximately 14 degrees (7-19 degrees) and loses contact with the
iliopectineal eminence at 54 degrees (42-67 degrees).!*

b. Increased lesser trochanteric retroversion (further posterior relative
position of the lesser trochanter) observed in patients with symptom-
atic iliopsoas impingement.'>
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Fig. 17.4 Lateral plain radiograph of the spinopelvic
association with the psoas major (blue) illustrat-
ed. lliopsoas contraction (or contracture) leads to
anterior pelvic tilt as the pelvis rotates anteriorly
(dotted line) over an axis of rotation between the
femoral heads.

E. Iliopsoas contraction (or contracture) causes anterior pelvic tilt.

F.  Psoas tunnel is the groove in which the iliopsoas tendon passes, medial to the
AIIS and iliopectineal eminence’®:

1. For suture anchor placement during labral repair between 2 and 4 o’clock
positions, there is concern for perforation through the anteromedial cortex
of the acetabular dome: the psoas tunnel.’6'?

IV. Trochanteric-pelvic impingement:

A. Contact between the greater trochanter and ilium with the hip abducted and
extended:

1. Repetitive impingement will cause both compressive and tensile injuries
to the abductor (gluteus medius, minimus) insertion.

2. Repetitive impingement will cause a levering effect with greater femoral
head translation (vs. rotation).

B. Abductor (gluteus medius and minimus) tension is decreased.

History and Examination

I.  Subspine impingement:
A. Four diagnostic criteria’®:
1. Anterior hip pain aggravated by hip flexion, kicking, and sprinting.
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3.
4,

Positive subspine impingement test (straight sagittal plane flexion, with
limited terminal hip flexion motion)' and tender AlIS:

a. Greater degrees of flexion loss with increasing AlIS type'®:
i. Typel: 120 % 12 degrees.
ii. TypeII: 107 £ 10 degrees.
iii. Type III: 93 £ 20 degrees.

b. Greater degrees of internal rotation loss at 90 degrees of hip flexion
with increasing AlIS type'®:

i. Typel: 21+ 10 degrees.

ii. Typell: 11 £ 9 degrees.

iii. Type III: 8 + 9 degrees.
Negative response to intra-articular injection.
Prominent AIIS (type I or III) on radiographs and/or CT.

B. Frequently observed in one of five possible clinical scenarios:

1.

HowoN

5.

0ld rectus femoris avulsion/AlIIS avulsion as adolescent.!820.!
Hypermobile dancers.?02>-24

Acetabular retroversion.202>

Post-periacetabular osteotomy (post-PAQO) overcorrection.
Valgus neck, anteverted femur.26

II.  Ischiofemoral impingement:

A. Patients typically complain of chronic, insidious onset, atraumatic, deep poste-
rior buttock pain (100%), especially with sitting (88%), with radiation distally,
with or without sciatica?’:

1.
2.

Shortened stride during gait is frequently observed (avoidance of hip extension).

If Trendelenburg gait with abductor weakness, there is relative limb ad-
duction in extension, exacerbating pain due to lesser trochanter impinge-
ment on the lateral ischium.

Patients may have a variety of relevant past orthopaedic history issues:
a. Ischial tuberosity avulsion.

b. Medialized total hip replacement (or low offset).

c. Previous peritrochanteric hip fracture.

d. Prior valgus proximal femoral osteotomy.

e. Legg-Calvé-Perthes disease.

Patients tend to be older than cam and pincer FAI syndrome patients
(~47 years of age), greater female distribution (~82%), with a long duration
of symptoms (~30 months).?’

B. Physical examination should assess for tenderness of the ischiofemoral space
and the presence/absence of Tinel’s sign of the sciatic nerve:

1.

Ischiofemoral impingement test involves hip extension, adduction, and
maximal external rotation: reproduction of the symptoms accounting for
the chief complaint of pain’s location is a positive test.
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2. Long-stride walking test: pain reproduction and forced stride shortening
due to pain when attempting to take long strides.

3. The active piriformis (sensitivity 0.78; specificity 0.80; positive likelihood
ratio 3.9; diagnostic odds ratio 14.4) and seated piriformis stretch test
(sensitivity 0.52; specificity 0.90; positive likelihood ratio 5.22; diagnostic
odds ratio 9.8) combined (sensitivity 0.91; specificity 0.80; positive likeli-
hood ratio 4.57; diagnostic odds ratio 42.0) are the optimal tests to identi-
fy sciatic nerve entrapment in deep gluteal space.?

C. Diagnostic injection (ultrasound or CT guided) into ischiofemoral space with lo-
cal anesthetic with or without steroid is useful adjunct in accurate diagnosis of
ischiofemoral impingement.?®

IIl. TIliopsoas impingement:

A. Patients typically complain of deep anterior hip or groin pain (with a “C” sign
or “between the fingers” sign), with focal iliopsoas tenderness (body habitus
permitting), sitting pain, and infrequently with internal snapping:

1. Audible “pop” is usually iliopsoas.

2. Visible lateral “pop” (patient will report “my hip is dislocating”) is usually
iliotibial band.

B. Patients tend to be athletic, younger, greater female distribution.

C. Physical examination reveals a similar examination to that of FAI syndrome with
positive anterior impingement maneuver:

1. Positive Stinchfield, positive hip extension pain, positive Ludloff, positive
iliopsoas test,* positive FABER (flexion, abduction, and external rotation).

IV. Trochanteric-pelvic impingement:

A. Patients typically are bimodally distributed:

1. Young hypermobile female patients who frequently perform high-flexibil-
ity sports (ballet, gymnastics, rhythmic gymnastics, figure skating, yoga,
cheerleading).>!*

2. Older female patients with chronic lateral peritrochanteric pain.

B. Pain is located deep anterior, lateral, and posterior with provocative activities,
including excessive abduction (in variable degrees of rotation determining the
location of impingement).

C. Alimp (with Trendelenburg gait and/or sign) is frequently present.

D. Physical examination should scrutinize range of motion, especially the amount
of abduction (in several different degrees of internal/external rotation), and ab-
ductor muscle strength (manual muscle testing, hand-held dynamometry)?3:

1. Typically less abduction in internal rotation (vs. external).??

2. Pain within 30 seconds of single leg stance is highly specific (100%, positive
likelihood ratio ~12) of gluteal tendinopathy.**

3. No pain on palpation of greater trochanter highly sensitively (80%) rules
out gluteal tendinopathy.**

E. Beighton score should be assessed for joint hypermobility syndrome, as it has
been shown to significantly influence hip motion.?
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Diagnostic Imaging
I.  Subspine impingement:
A. Plain radiographs:
1. False profile is useful for evaluation of AIIS morphology.
2. Anteroposterior (AP) pelvis may illustrate prominent AIIS (crossover sign):

a. Caution: only 50% of subjects with a positive crossover sign actually have
aretroverted acetabulum on CT (the other 50% have a type Il or Il AIIS).?

B. CT scan is optimal imaging modality for visualization of AIIS morphology.
C. Three types of AlIS morphology':

1. Type I: smooth section of the ilium (without bony prominences) be-
tween the most caudal aspect of the AIIS and the most cranial aspect of
the acetabular rim.

2. Type II: AlIS sits at the level of the acetabular rim, appearing as “rooflike”
prominence over the anterior hip (at the level of the sourcil on the AP
radiograph).

3. Type III: AlIS extends distally to the anterosuperior rim (extends distal to
the sourcil on the AP radiograph; Fig. 17.5).

II.  Ischiofemoral impingement:
A. Definitions (Torriani’s classification®¢*’; Fig. 17.6):

1. Ischiofemoral space: smallest distance between the lateral cortex of the
ischial tuberosity and the medial cortex of the lesser trochanter:

a. Greater than 17 mm is normal.

2. Quadratus femoris space: smallest space for passage of the quadratus femoris
muscle defined by the superolateral surface of the hamstring tendons and
the posteromedial surface of the iliopsoas tendon or the lesser trochanter:

a. Greater than 8 mm is normal.

Fig. 17.5 Three-dimensional CT scans of right hip of a 40-year-old man with type III AlIS, extending
below the level of the anterosuperior acetabular rim. Left is a lateral to medial view, center is an ante-
rior to posterior view, and right is a medial to lateral view.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



210  Extra-Articular Impingement

B. FNVLTV (femoral neck version lesser trochanteric version) angle is a measure of
the angle between the femoral neck version and the lesser trochanter (Fig. 17.7):

1. FNVLTV angle is significantly increased in patients with symptomatic
ischiofemoral impingement.
2. Femoral neck version is significantly increased in patients with symptom-
atic ischiofemoral impingement.
C. Statics measurements from axial MRI significantly overestimate ischiofemoral
space (distance) in comparison to dynamic measurements from dual fluorosco-
py during walking, hip adduction, extension, and external rotation.>

D. Static measurements:

1. Plainradiographs: AP pelvis may illustrate a narrowed ischiofemoral space,
decreased femoral offset, coxa valga (neck-shaft angle >135 degrees®):

a. Important to rule out other more common diagnoses (e.g., osteoarthri-
tis, FAI syndrome, hamstring tendon pathology).

2. CT: best bony evaluation for ischiofemoral space.

Fig. 17.6 Axial MRI zoomed in on the left hip of a 40-year-old man with posterior hip pain with
T1-weighted (left), T2-weighted (middle), and volumetric interpolated breath-hold sequence exam-
ination (VIBE; right) sequences demarcating ischiofemoral space measurements (dotted lines) and
quadratus femoris space measurements (solid lines).

FN axis

Fig. 17.7 The angle between the

femoral neck version and the lesser

trochanter (FNVLTV angle) was calcu-

FNVLTV angle lated through the following formula:
FNVLTV angle = FNV + LTV. (FN, fem-
oral neck; FNV, femoral neck version;
GT, greater trochanter; LT, lesser tro-
chanter; LTV, lesser trochanteric ver-

GT  sion.) (Reproduced with permission
of Elsevier.)

LT axis
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3. MRI:
a. Quadratus femoris edema (Torriani’s classification)?:
i. Grade 1: mild.
ii. Grade 2: moderate.
iii. Grade 3: severe.

4. No significant difference in ischiofemoral space dimensions exist using
static ultrasound versus MRI in healthy volunteers.*

Dynamic measurements:
1. Dual fluoroscopy?:

a. Ischiofemoral space decreases during hip external rotation (minimum),
adduction, and extension.

2. Ultrasound:

a. Ischiofemoral space increases maximally in abduction and internal ro-
tation (mean 5.2 cm) and decreases maximally in adduction and exter-
nal rotation (3.1 cm) in healthy volunteers.®

3. Full range-of-motion (FROM) MRI:

a. In zero degrees of hip flexion, external rotation up to 60 degrees may
yield greater trochanteric impingement on the lateral ischium, with
compression of the quadratus femoris between—distinguish from lesser
trochanter versus ischium ischiofemoral impingement and greater tro-
chanteric tip versus pelvis trochanteric-pelvic impingement.

Patients with symptomatic ischiofemoral impingement demonstrate signifi-
cantly smaller ischiofemoral space and quadratus femoris space in comparison
to controls (14.9 vs. 26.0 mm and 9.6 vs. 16.0 mm, respectively).*!

IIl. Iliopsoas impingement:

A.

MRI (with arthrography) should be scrutinized for:

1. Increased signal intensity between iliopsoas and capsule at the 3 o’clock
position,

2. Edema within the iliopsoas tendon or adjacent capsule.
3. Labral tear at the 3 o’clock position.

4. Irregularity of the deep margin of the iliopsoas tendon.

5. Dimensions of iliopsoas tendon.

6. Location of iliopsoas tendon as it passes over the labrum.

IV. Trochanteric-pelvic impingement:

A.

Plain radiographs should be scrutinized for:

1. Neck-shaft angle (coxa vara defined as angle <120 degrees or trochanteric
tip >7 mm above the head center?°).

2. Femoral offset (distance from the center of the femoral head rotation to a
line bisecting the center of the long axis of the femur).

3. Trochanteric height (also known as center-trochanteric distance) relative
to the femoral head center).

4. “Splits” radiograph may demonstrate impingement above the superior rim
at approximately 12 o'clock position with the limb maximally internally
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rotated, while permissive external rotation may demonstrate impingement
behind the posterior rim at approximately 9 o’clock position (Fig. 17.8)*2:

a. This may cause a levering of the femoral head out of the acetabulum
(translation) with loss of the suction seal and a vacuum sign in approx-
imately 36% of patients.’'

Differential Diagnosis

I.  Selective diagnostic injections are useful in differentiating both the source and
magnitude of pain around the hip (Table 17.1):

A. Intra-articular:

1. Ultrasound, fluoroscopic, or landmark guided.*®
B. Extra-articular:

1. Trochanteric bursa.*

2. Ischiofemoral space.*

Fig. 17.8 Trochanteric-pelvic impingement observed in a 22-year-old woman ballet dancer with
bilateral deep anterior and posterior groin pain. Splits radiograph with the limb permissively externally
rotated (left radiograph) demonstrates bilateral vacuum signs with hip subluxation as a result of lateral
and inferior femoral head translation due to trochanteric levering effect behind the posterior acetabular
rim (trochanteric-pelvic impingement). Splits radiograph with the limb forcefully internally rotated
(right radiograph) demonstrates trochanteric-pelvic impingement over the superior acetabular rim.
(Reproduced with permission of SLACK Inc.)

Treatment

[.  Nonoperative:

A. Education, observation, rest, activity modification, and avoidance of provocative
maneuvers:

1. AlIIS subspine impingement: avoidance of deep straight hip flexion.
2. lliopsoas impingement: avoidance of frequent active hip flexion.

3. Ischiofemoral impingement: avoidance of extension, adduction, and exter-
nal rotation.

4. Trochanteric-pelvic impingement: avoidance of excessive abduction and
avoidance of limp with walking and standing.
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Table 17.1 Differential diagnosis of patients with hip pain and extra-articular impingement

Intra-articular Extra-articular

* FAl syndrome, labral tear AlIS subspine impingement

» Cam and/or pincer morphology Ischiofemoral impingement

Osteoarthrosis
Chondral defect
Dysplasia

lliopsoas impingement

Trochanteric-pelvic impingement

Peritrochanteric pain syndrome

Femoral head avascular necrosis Trochanteric bursitis

Hip instability, microinstability Gluteal tendinopathy

e Inflammatory arthritis Snapping iliotibial band (external coxa saltans)

Pigmented villonodular synovitis Proximal hamstring tendinopathy

Synovial chondromatosis Athletic pubalgia

Fracture, stress fracture Muscle strain

Lumbosacral spine pathology

Sacroiliac joint pathology

Nonmusculoskeletal (neurovascular, obstetric, gyne-
cologic, gastrointestinal, genitourinary)

Abbreviations: AllS, anteroinferior iliac spine; FAI, femoroacetabular impingement.

B. Physical therapy:
1. Improves core, pelvis, hip strength, motion, stability, neuromuscular con-
trol, and movement patterns.
C. Medical:
1. Oral and injectable nonnarcotic medications.
I[I.  Operative:
A. AlIIS subspine impingement:
1. Arthroscopic subspine decompression (Fig. 17.9):
a. Pearls: preoperative imaging (plain radiograph, CT) to fully character-
ize the location and size of the subspine inferior facet.
b. Pitfalls:

i. Capsular management is critical, as larger and more proximal
decompression necessarily violates the acetabular side of the
interportal capsulotomy.

ii. Avoidance of direct head rectus femoris release (superior facet of AlIS).

Fig. 17.9 Preoperative (left) and
6-week postoperative (right)
false-profile radiographs of a 17-year-
old adolescent ballerina with sub-
spine impingement. At 1 year fol-
lowing surgery, she had returned to
elite dance with complete symptom
resolution.
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Fig. 17.10 Intraoperative images (view-
ing anterolateral portal, 70-degree
arthroscope) of revision left hip
arthroscopy in a 16-year-old female
dancer with iliopsoas impingement, a
3 o'clock labral tear (left) and looped
suture repair (right).

B. Iliopsoas impingement:
1. Arthroscopic labral repair (3 o’clock position; Fig. 17.10) and treatment of
iliopsoas:

a. Pearls: thorough subspine assessment and decompression to reduce
iliopsoas excursion angle.*

b. Pitfalls: iliopsoas tenotomy has significant risk of hip flexor decrease in
size (up to 25%), loss of strength (up to 20% with irreversible atrophy),
and pain.?’

C. Ischiofemoral impingement:
1. Open or arthroscopic ischiofemoral decompression via lesser trochanter
resection:

a. Pearls: preoperative angiogram or 3D CT angiogram to define medial
femoral circumflex artery course near the lesser trochanter.

b. Pitfalls: iatrogenic sciatic nerve injury:

i. Monopolar radiofrequency use for 2, 5, and 10 seconds of continu-
ous activation at 10-, 5-, and 3-mm distance from the sciatic nerve
is safe during endoscopy with maximum temperature of 28°C well
below minimal reported temperature necessary to cause nerve
changes (40-45°C).%8

ii. Normal nerve appearance upon endoscopic inspection demonstrates
presence of blood flow and epineural fat (Fig. 17.11). Abnormal sciatic
nerve appearance demonstrates a white shoestring appearance with-
out epineural fat.

Fig. 17.11 Deep gluteal space endoscopic image of
normal sciatic nerve with blood flow and epineural
fat in a 48-year-old woman with deep gluteal space
syndrome.
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D. Trochanteric—pelvic impingement:
1. Open trochanteric osteotomy:

a. Open lateral approach with greater trochanteric distalization (“relative
neck lengthening”).

b. Goalis to place tip of trochanter level to the center of the femoral head.

Outcomes

L.

IL.

Evidence via a large systematic review suggests high rates of success with
arthroscopic treatment of subspine and iliopsoas impingement (Table 17.2)%:

A. Successful endoscopic management of ischiofemoral impingement.

B. For both ischiofemoral and trochanteric-pelvic impingement, open surgical
treatment has provided anecdotal patient symptom improvement without for-
mal patient-reported outcome score utilization.

No long-term investigations define natural history of extra-articular impingement
and the role nonsurgical and surgical treatments may have on that natural history.
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1 8 Soft-Tissue Hip Injuries

Joshua D. Harris

Introduction

I.  Soft-tissue injuries are very common athletic and nonathletic injuries.
II.  Layered concept of hip pain generators:
A. Layer I: osteochondral.
B. Layer II: inert soft tissue—static stability.
C. Layer III: contractile soft tissue—dynamic stability.
D. Layer IV: neuromechanical—kinetic and kinematic chain.
IIl.  Soft-tissue structural hierarchy: layer III:
A. Skeletal muscle:
1. Muscle bundle:
a. Surrounded by epimysium.
b. Contains multiple fascicles.
2. Muscle fascicle:
a. Surrounded by perimysium.
b. Contains multiple fibers (cells).
3. Muscle fiber:
a. Surrounded by endomysium.
b. Contains multiple myofibrils.
4, Myofibrils:
a. Surrounded by sarcolemma.
b. Contains multiple myofilaments.
c. Sectioned into sarcomeres:
i. Z-line forms each end of a sarcomere.
ii. H-zone contains only myosin; bisected by M-line.
iii. I-band contains only actin; bisected by Z-line.
iv. A-band is the length of the myosin myofilaments.
5. Myofilaments:
a. Thick: myosin.
b. Thin: actin.
6. Muscle types:
a. Type I: slow twitch; red fibers; oxidative:
i. Aerobic metabolism; fatigue resistant.
ii. More mitochondria and myoglobin than type II fibers.
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iii. Endurance, posture, balance.
iv. Low power, low strength.
b. Type Ila: fast twitch; red fibers; oxidative and glycolytic:
i. Anaerobic metabolism (up to 30 minutes).
ii. Medium power, medium strength.
c. Type IIb: fast twitch; white fibers; glycolytic:
i. Anaerobic metabolism (up to 1 minute); fatigue prone.
ii. Sprinting, heavy weightlifting.
iii. High power, high strength.
7. Muscle contraction types:
a. Isometric: muscle length remains the same during contraction:
i. Static strength.
ii. Plank or bridge exercise.
b. Isotonic: muscle tension remains the same during contraction:
i. Dynamic strength.
ii. Hamstring curl exercise.
iii. Concentric: muscle shortens during contraction.
iv. Eccentric: muscle lengthens during contraction:
(1) Greatest strengthening potential.
(2) Greatest injury risk.
c. Isokinetic: muscles contract and joints move at constant velocity:
i. Dynamic strength.
ii. Requires special equipment.

B. Tendon:
1. Tendon:
a. Two types:

i. Paratenon covered:
(1) Better vascular supply than sheathed tendon.
(2) Majority of tendons around hip and pelvis.
ii. Sheathed.
b. Surrounded by epitenon.
¢. Contains multiple fascicles.
2. Tendon fascicle:
a. Surrounded by endotenon.
b. Contains multiple fibers.
3. Tendon fiber:
a. Surrounded by endotenon.
b. Contains multiple fibrils:
i. Contains multiple microfibrils.
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4. Osseous attachment:
a. Tendon.
b. Fibrocartilage.
¢. Mineralized fibrocartilage.
d. Bone.

C. Injury location:
1. Most frequently at musculotendinous junction.
2. Second most frequently at tendon-bone junction.

Anatomic Considerations

I.  Muscle groups:
A. Biarticular (cross two joints):
1. Cross hip and knee.
2. Hamstring.
3. Quadriceps.
B. Uniarticular (cross one joint):
1. Adductors.
2. Abductors.
II.  Anterior (Figs. 18.1 and 18.2):
[liopsoas.
Rectus femoris.
Sartorius.
Rectus abdominis.

monNnw>

External oblique, internal oblique, transversus abdominis.
IIl. Posterior (Figs. 18.3 and 18.4):
A. Gluteus maximus.
B. Hamstring.
C. Piriformis.
D. Short external rotators.
IV. Medial (Fig.18.5):
Adductor longus.
Adductor brevis.
Adductor magnus.
Gracilis.

mo N w >

. Pectineus.

V.  Lateral (Fig. 18.3):
A. Gluteus medius.
B. Gluteus minimus.
C. Tensor fascia lata.
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lliopectineal Ischial ~ pubic Pubic
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Fig. 18.1 Anterior view of the pelvis: the iliacus and the psoas major unite to form the iliopsoas
tendon immediately anterior to the hip joint and insert onto the lesser trochanter. (Source: Schuenke
M, Schulte E, Schumacher U. Thieme Atlas of Anatomy. General Anatomy and Musculoskeletal System.
2nd edition, ©2014, Thieme Publishers, New York. Illustrations by Voll M and Wesker K.)

VL. Pelvic floor:
A. Levator ani (pubococcygeus, puborectalis, iliococcygeus).
B. Transversus perineum.
C. Obturator internus.
VII. Muscle action (Table 18.1).
VIIIL. Sagittal pelvic balance:
A. Anterior pelvic tilt:
1. Tight iliopsoas.
2. Tight rectus femoris/quadriceps.
3. Tight hip adductors.
4. Weak gluteus maximus.
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Anterior superior
iliac spine——

Anterior inferior
iliac spine
Acetabular roof

Greater
trochanter

Sartorius

Rectus
femoris

Vastus
medialis

Vastus
lateralis

Tendon of
insertion of
quadriceps

femoris

Patella
Patellar
ligament
Pes
anserinus ™
Tibial
tuberosity

Fibula
Tibia

Fig. 18.2 Anterior view of the right hemipelvis
and thigh, illustrating the quadriceps and sarto-
rius. The rectus femoris crosses both the hip and
knee joints, acting as a hip flexor and a knee ex-
tensor. (Source: Schuenke M, Schulte E, Schumach-
er U. Thieme Atlas of Anatomy. General Anatomy
and Musculoskeletal System. 2nd edition, ©2014,
Thieme Publishers, New York. [llustrations by Voll
M and Wesker K.)

5. Weak hamstring.
6. Weak rectus abdominis.
7. Increased lumbar lordosis:

Gluteus

medius
Thoraco-
lumbar
fascia

Tensor

Gluteus ¢ ‘ fasciae
maximus/s‘\ \ latae
Sacrum <~ | \
Axis of abduction/
adduction
L lliotibial
tract
Lt Fibula
Interosseous
membrane

Fig. 18.3 Posterior view of the right hemipelvis.
The gluteus maximus is the primary hip exten-
sor, uniting with the tensor fascia lata laterally
to form the iliotibial tract. (Source: Schuenke M,
Schulte E, Schumacher U. Thieme Atlas of Anat-
omy. General Anatomy and Musculoskeletal Sys-
tem. 2nd edition, ©2014, Thieme Publishers, New
York. lllustrations by Voll M and Wesker K.)

a. Exacerbated by tight psoas major.

B. Posterior pelvic tilt.
1. Tight hamstring.
2. Weak iliopsoas.
3. Rectus abdominis activation.
4. Gluteus maximus activation.
5

Decreased lumbar lordosis.
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Ischial spiane
Greater
trochanter
Sacro-
tuberous Intertrochanteric
ligament - crest
. '\ Lesser trochanter
Ischial
tuberosity Gluteal tuberosity
Biceps femoris,
Semi- short head
tendinosus Biceps femoris,
long head
Semi-
membranosus

Semimembranosus %

tendon Head of fibula

Popliteus
Pes anserinus

Tibia Fibula

Classification

L Acute:
A. Traumatic mechanism.

Fig. 18.4 Posterior view of the right
hemipelvis and thigh, illustrating the ham-
string muscle group. (Source: Schuenke M,
Schulte E, Schumacher U. Thieme Atlas
of Anatomy. General Anatomy and Mus-
culoskeletal System. 2nd edition, ©2014,
Thieme Publishers, New York. Illustrations
by Voll M and Wesker K.)

B. Eccentric contraction more common mechanism than concentric contraction.

II.  Chronic:
A. Overuse mechanism.
B. Tendinosis.
[II.  Strain:
A. Mechanism frequently noncontact.

B. Commonly in muscle(s) that are biarticular, at musculotendinous junction.

C. Grade 1: mild injury:

1. Minimal loss of strength and motion.

2. MRI may show little to no edema in muscle.

D. Grade 2: moderate injury:

1. More extensive damage—partial muscle fiber disruption.

2. MRI may show edema, partial fiber tear, without retraction.
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Fig. 18.5 Anterior view of the pelvis and thigh, illustrating the hip adductors. (Source: Schuenke M,
Schulte E, Schumacher U. Thieme Atlas of Anatomy. General Anatomy and Musculoskeletal System.
2nd edition, ©2014, Thieme Publishers, New York. Illustrations by Voll M and Wesker K.)

E. Grade 3: severe injury:
1. Complete tear of muscle or tendon.
2. MRI may show complete tear, with retraction.

IV.  Contusion:

A. Mechanism: direct contact.
B. Quadriceps.
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Table 18.1 Muscle actions relative to the hip in the anatomic position

Flexion Extension Abduction Adduction External Internal
rotation rotation
lliopsoas Gluteus Gluteus Adductor Piriformis None
Sartorius maximus medius longus Superior
Tensor fascia  Semimembranosus  Gluteus Adductor gemellus
lata Semitendinosus minimus brevis Obturator
Rectus Biceps femoris Tensor fascia Adductor internus
: lata magnus :
femoris Adductor magnus 9. ‘ Inferior
Adductor Gracilis gemellus
longus Pectineus Quadratus
Pectineus femoris
Obturator
externus
Gluteus
maximus

C. Hamstring.

D. Lateral hip—Morel-Lavallée lesion.
V. Muscle quality:

E. Goutallier/Fuchs classification:

1. Grade 0: normal muscle.

Grade 1: fatty streaks.
Grade 2: fatty infiltration, more muscle than fat.
Grade 3: equal amounts muscle and fat.

A

Grade 4: more fat than muscle.

History and Examination

[.  Adetailed history and physical examination is required.
II.  History alone may be able to accurately diagnose most soft-tissue hip injuries.
[II. Mechanism of injury:
A. Contact versus noncontact.
B. Sport or activity of causation.
C. Feeling of a “pop” or “tear” or “rip.”
D. Pain with coughing, sneezing, Valsalva, abdominal crunch.
IV. Location of pain:
A. Deep anterior, groin, “C” sign: iliopsoas, core muscle injury.
B. Medial, groin: adductor, core muscle injury.
C. Lateral: abductor.
D. Posterior: proximal hamstring.
V.  Location of deformity or bruising:
A. Medial: adductor tear (Fig. 18.6).
B. Posterior: proximal hamstring tear (Fig. 18.7).
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Fig. 18.6 Coronal T2-weighted MRI of the right
hip adductor tear with intratendon hemorrhage 8
days following injury (arrow), with significant sub-

Fig. 18.7 Coronal T2-weighted MRI of the left
proximal hamstring complete three-tendon tear
with significant distal retraction and surround-

cutaneous swelling and ecchymosis (arrowhead).

ing hematoma.

VI. Presence or absence of snapping:
A. Internal coxa saltans: iliopsoas:
1. Can “hear” the snap.
B. External coxa saltans: iliotibial band:
1. Can “see” the snap laterally.
C. Intra-articular coxa saltans: labral tear:
1. Can “feel,” but not hear or see the snap.
VIL. Physical examination.
VIII. Appearance:
A. Ecchymosis, deformity, atrophy.
IX. Tenderness:
A. Bony prominences, muscles, tendons.
X.  Motion:
A. Spine, hip, knee (bilateral).
XI.  Strength:
A. All muscle groups, assess for symmetry.
XII. Special testing:
A. Impingement: anterior, subspine, lateral, posterior.
B. Instability:
1. Anterior: iliofemoral ligament:
a. External rotation recoil, dial, apprehension.
2. Posterior: posterior acetabular wall, labrum, capsule:
a. Flexion, adduction, posterior load and shift.
C. Snapping iliopsoas: flexed, external rotation to extension, internal rotation.
D. Snapping iliotibial band: Ober’s test, lateral decubitus bicycle test.
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Fig. 18.8 Supine clinical photograph of the same patient as in Fig. 18.6 with large amount of swelling
and ecchymosis 8 days following a right adductor injury sustained while kicking during a soccer match.

Diagnostic Imaging
I.  Plain radiographs:
A. Inacute situation, helpful to evaluate for osseous avulsion:
1. Lesser trochanter: iliopsoas tendon.
2. Ischial tuberosity: proximal hamstring.
3. Anterosuperior iliac spine: tensor fascia lata, sartorius.
4, Anteroinferior iliac spine: rectus femoris.
B. In chronic injuries, helpful to evaluate for bony pathomorphology:
1. Femoroacetabular impingement.
2. Osteoarthritis.
3. Stress fracture.
II. MRI:
A. Contrast (intravenous, intra-articular) unnecessary.
B. Helpful to diagnose injury location, severity (Figs. 18.8 and 18.9).
C. Assess atrophy, fatty degeneration of muscle.
[Ill.  Ultrasound:
A. Dynamic examination capabilities, user dependent.
B. Helpful to evaluate tendon/muscle tear, snapping, hematoma.
C. Helpful to facilitate accurate injection (joint, tendon sheath).

Differential Diagnosis

. Diagnostic intra-articular injection useful to quantify pain contribution from joint
(Table 18.2).
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Fig. 18.9 Prone clinical photograph of the same
patient as in Fig. 18.7 with large amount of swelling
and ecchymosis 3 weeks following a left proximal
hamstring complete three-tendon tear. The patient
additionally complained of left foot paresthesias
secondary to sciatic nerve compression from the
hematoma.

Treatment

I.  Nonoperative:

A. Generally indicated for most hip soft-tissue injuries.
B. Rest.
C. Activity modification:
1. Avoid provocative painful activity(ies).
2. Immobilization generally not recommended.
D. Oral anti-inflammatory medications:
1. Avoidance of fluoroquinolone antibiotics (tendon compromise).
Ice cryotherapy for soft-tissue swelling, ecchymosis.
Physical therapy:
1. Proper pelvic posture:
a. Gluteus maximus activation.
b. Hamstring strengthening and stretching.
¢. Abductor strengthening, avoidance of Trendelenburg:
i. Especially if dysplasia (abductor fatigue).
d. Iliopsoas stretching.
e. Rectus femoris stretching.
f. Quadriceps strengthening.
g. Rectus abdominis strengthening.
h. Transversus abdominis activation.
2. Improve muscular strength for objective weakness.
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Table 18.2 Differential diagnosis of soft tissue hip injuries

Pathology Differential

Soft tissue: Muscle strain (iliopsoas, rectus femoris, adductor, hamstring, rectus abdominis)
acute Muscle/tendon tear (proximal hamstring, adductor, rectus femoris, iliopsoas)
Soft tissue: Anterior enthesopathy (iliopsoas, rectus femoris)

chronic lliopsoas impingement (iliopsoas-induced labral tear)

Medial enthesopathy (adductor/rectus abdominis tendinopathy: core muscle
injury, “athletic pubalgia,” osteitis pubis)

Lateral enthesopathy (peritrochanteric pain, gluteus medius/minimus tendinopathy/
tear)

Posterior enthesopathy (proximal hamstring syndrome, “piriformis syndrome,”
deep gluteal space syndrome)

Hip microinstability (generalized ligamentous laxity, capsular insufficiency,
ligamentum teres injury, labral insufficiency)

Bony: acute Fracture (proximal femur, acetabulum, pelvis)
Dislocation (hip)
Bony: chronic  Femoroacetabular impingement (cam, pincer) with labral injury

Extra-articular impingement (subspine, ischiofemoral, trochanteric—pelvic,
pectineofoveal)

Stress fracture (femoral neck, pubis, iliac crest, iliac wing, sacrum, proximal
femoral shaft)

Nonhip Obstetric: gynecologic system
causes Ovarian cyst

Pregnancy

Uterine fibroid

Malignant/benign tumor
Infection
Gastrointestinal
Hernia (direct, indirect, femoral)
Appendicitis
Diverticulitis
Inflammatory bowel disease
Genitourinary
Nephrolithiasis
Infection
Nervous system
Meralgia paresthetica (lateral femoral cutaneous)

Neuralgia (iliohypogastric, ilioinguinal, genitofemoral, pudendal, obturator,
femoral)

Vascular
Claudication

Musculoskeletal
Lumbosacral spine

Sacroiliac joint
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3. Improve motion for objective loss of motion in the absence of osseous
impingement.
4. Modalities as needed:
a. Active release therapy.
b. Dry needling, acupuncture.
c. Ultrasound.
d. Neuromuscular electrical stimulation.

II.  Operative:
A. Tendon tear:
1. Proximal hamstring:

a. Indications: two or three tendon tears with >2 cm of retraction, with or
without sciatic nerve involvement.

b. Acute repair (less than 4 weeks from injury date) with transverse
incision in gluteal crease, anatomic suture anchor repair to ischial
tuberosity.

c. Chronic repair (>4 weeks from injury date) with possible longitudinal
(or “L”-shaped) incision (depends on magnitude of retraction, neces-
sary mobilization, possible sciatic neurolysis), assessment of primary
repair tension, utilization of Achilles bone block allograft if unable to
primarily repair without significant tension.

2. Gluteus medius/minimus:
a. Indications: failure of nonsurgical treatment for partial tear.
b. Endoscopic or open suture anchor repair.

c. Gluteus maximus rotation and advancement in chronic retracted
irreparable tear.

3. Adductor origin:
a. Indications: no absolute indications.
b. Suture anchor repair to pubis.

c. In combination with rectus abdominis (core muscle injury), multiple
techniques exist:

i. Debridement of devitalized tissue.
ii. Repair of torn tendon(s).
iii. Decortication, marrow stimulation for tendon-bone healing.
iv. Decompression of contracted, swollen compartments.
v. Neurolysis (genitofemoral, ilioinguinal, iliohypogastric).

B. Postoperative management:

1. Avoidance of tension on repaired musculotendinous unit:
a. Proximal hamstring:

i. Knee brace (locked in relative flexion).
ii. Hip brace (locked in relative extension).
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iii. Rolling walker (permits mobilization, knee flexed, hip extended).
iv. Avoid passive hip flexion and knee extension.
v. Avoid active knee flexion and hip extension.
vi. Progressive return to activities after 3 months.
b. Abductor:
i. Hip brace (avoid passive abduction).
ii. Partial weight bearing for 6 to 8 weeks.
iii. Avoid Trendelenburg gait.
iv. Progressive return to activities after 3 months.
c. Core muscle injury:

i. Address other concomitant surgically treated (if any) pathology
(femoroacetabular impingement, labral injury).

ii. Avoid passive hip abduction.
iii. Avoid active adductor/rectus abdominis.
iv. Ensure optimal pelvic tilt.
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Hip Osteoarthritis
Brian M. Culp, Brett R. Levine

Etiology of Hip Osteoarthritis

. Primary “idiopathic” hip osteoarthritis (OA):

A.
B.

Historically described as “wear and tear” or overuse.

Common age-related changes, although routine use over time does not account
for all aspects of the pathology.

Genetic predisposition':
1. More common in females.
2. Possible link to Collagen IX gene (Col9A) phenotype.

II. Secondary OA:

A.
B.

Post slipped capital femoral epiphysis.

Dysplasia of the hip: shallow acetabular socket resulting in edge loading and
increased articular contact forces.

Sequela of Legg-Calvé-Perthes disease with resulting femoral head irregulari-
ties (the square peg in a round hole):

1. Development often depends on containment of the femoral head and
congruency of the ultimate joint through adolescence and adulthood.
Posttraumatic arthritis: prior damage to chondrocytes, labrum, or osseous

structures.
Septic arthritis: infection and inflammatory response resulting in articular
damage.

I[ll. Femoroacetabular impingement (FAI):

A.

Cam impingement: prominent bone present at the femoral head-neck junction
leading to cartilage damage with hip motion.

Pincer impingement: excessively deep socket or retroversion leading to bony
impingement.

Combination FAI frequently demonstrates features of both aspects of the
impingement spectrum:

1. Ganz and several others have suggested that subtle changes in hip anato-
my, such as that seen in FAI, lead to abnormal contact forces and progres-
sive changes of the osteochondral and labrocapsular structures.

2. This concept proposes that idiopathic OA is unrecognized or subtle forms
of these secondary diagnoses.

IV. Differential diagnosis: other conditions leading to hip degeneration:

A.

Avascular necrosis of the femur:

1. Vascular compromise to the femoral head resulting in subchondral osteo-
necrosis and collapse, cartilage damage, and deterioration.
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2. Risk factors include trauma, corticosteroid use, alcohol abuse, hematologic
conditions, irradiation, and cytotoxic insults.

Inflammatory arthritis: constellation of conditions leading to joint destruction
in the setting of varying degrees of inflammation:

1. Rheumatoid arthritis: polyarthropathy with characteristic stigma includ-
ing prolonged morning stiffness and morphology changes to hands/feet.

2. Systemic lupus erythematosus: “lupus”:

a. Systemic inflammatory condition that affects multiple body parts
including skin, brain, kidney, heart, lungs, and joints. Malar rash is a
common facial finding.

3. Ankylosing spondylitis:
a. Hallmark stiffness at multiple body parts most notably in the sacroiliac
joints and spine.

Referred back pain:

1. Often presents as pain in the buttocks and follows a radiating pattern
below the level of the knee.

2. This can present with back pain, or neurologic changes of motor or sensory
or both.

3. A corticosteroid injection into the hip can be useful to distinguish hip
versus referred spinal pathology.

Basic Science

I.  Macroscopic changes:

A.

Loss of articular cartilage leading to increased contact forces and high
coefficient of friction.

Results in eburnation of bone, activation of ossification centers, osteophyte
formation, and labral degeneration.

Coxarthrosis—"hip joint inflammation”—misnomer as inflammatory process is
not always a major factor:

1. Loss of proteoglycan content within articular cartilage.?

II.  Microscopic changes:

A.

Loss of proteoglycan bonds to hyaluronic acid:
1. Increased type VI collagen replaces normal type II collagen.

Increased keratin sulfate-decreased chondroitin sulfate composition of glycos-
aminoglycans.

INCREASED water content up to 90%.
Elevated proteolytic enzymes?:

1. Metalloproteinases present in joint fluid.
2. Cathepsins B and D overexpression.
Nitric oxide synthase pathway activation.
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Fig. 19.1 Osteoarthritis pathway. (Source: Introduction and Synopsis. In: Bohndorf K, Imhof H, Pope T,
eds. Musculoskeletal Imaging. A Concise Multimodality Approach. Stuttgart: Thieme; 2001.)

F. Inflammatory cytokines upregulated:
1. Interleukin 1-beta (IL-1j3)
2. Tumor necrosis factor o (TNF-a).
G. Upregulation of growth factors:

1. Fibroblast growth factor-2 (FGF-2) decreases aggrecanase activity and
upreglulates metalloproteinases.

2. Transforming growth factor B1 (TFG-B1).
H. The end result is articular cartilage changes and chondrocyte apoptosis (Fig. 19.1).

Patient History

. Pain quality:

A. Most frequently patients present with deep groin pain—progressively worsen-
ing with the severity of the disease.

B. “Csign” canrepresent a deep and difficult-to-localize pain: vague pain described
by cupping hand around the lateral hip in a “C” shape to describe the location.

C. Buttocks, thigh, or knee pain may also be present but may represent oth-
er pathologies such as lumbar pathology, trochanteric bursitis, or vascular
compromise.

D. Worsened by increased activity or trauma:
1. Tends to be worse with prolonged inactivity and then attempted motion.

2. Too much of any one activity is difficult (standing too long, sitting too
long, etc.).
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I[I.  Character of symptoms:

A.
B.

The patient may note leg length differences as the disease pattern progresses.
Motion restriction:
1. Forward flexion through pelvis—hip contracture.
2. Poor rotational motion is common—particularly internal rotation:
a. Difficulty donning socks or shoes.

b. Hard time getting into/out of low chairs or toilet, stair climbing, getting
in and out of cars.

Notable feeling with weather and barometric pressure changes.
Symptoms present in the morning or the first few steps after sitting for too long:
1. Additional symptoms such as:

a. Radiating pain into the knee.

b. Throbbing while at rest.

c. Prolonged stiffness in the morning may suggest inflammatory arthritis
or avascular necrosis.

d. Night pain should trigger thoughts of tumor or infection.

Physical Examination

Clinical evaluation of the hip should take a systematic approach. This requires in-depth
knowledge of the local anatomy, as well as a variety of techniques to localize the cause.
These specialized examination techniques, when combined with a good clinical history,
can allow accurate diagnosis.*

. Gait pattern changes and limping:

The patient’s gait should be observed without the use of a walking aid if the pa-
tient can manage. This may reveal specific patterns of disease as follows:

A.

Antalgic gait: shortened stance phase on affected leg to minimize joint reactive
forces on painful joint.
Trendelenburg gait: consequence of abductor weakness manifesting as leaning

(shifting body weight) over the weak side to prevent the need of pelvic support
by the affected gluteal muscles.

Positive foot progression angle: foot externally rotated (suggests external rota-
tion contracture).

Requirement of an assistive device to maintain balance or minimize pain (best
when used in the contralateral hand).

Look for lumbar hyperlordosis with walking or hunched-over gait due to hip
flexion contracture.

II. Range of motion:

A.

Limited hip motion:

1. Hip rotation should be assessed at 90 degrees of flexion and compared
with contralateral hip.
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B.

Pelvis should be stabilized to prevent lumbosacral motion with examination.

Difficulty with external rotation, hip extension, adduction, abduction, or
hip flexion often with obligate external rotation.

4, Limited internal rotation: posterior capsular contracture, FAL
5. Obligate external rotation (sits with legs crossed).

Hip flexion contracture (Thomas’ test): both hips are flexed up and the affected
side is allowed to extend until the end point or pelvic tilt is noted.

I[lI. Provocative maneuvers:

A.

B.
C
D.

Trochanteric tenderness may signal bursitis or abductor tendonitis and may
occur simultaneously with hip OA.

Passive straight leg raise sign performed to rule out referred back symptoms.
Resisted straight leg raise (Stinchfield’s test) with reproduction of pain.
Pain with “figure 4” position (Patrick’s test).

IV. Leg length differences: noted at either the iliac crests, the tibial tubercles, or the
malleoli:

A.

This can be measured using calibrated blocks with subjective or radiographic
assessment for length equality.

Direct palpation of the iliac crests in a neutral stance.

Measurement of the medial malleoli with respect to one another or by
measuring from a fixed distance (such as anterosuperior iliac spine [ASIS]) to
the malleoli:

1. Apparent leg length—measure from the umbilicus to the medial malleoli.
2. True leg length—measure from the ASIS to the medial malleoli.

Radiographic Evaluation®
I.  Optimal X-rays views (Fig. 19.2):

A.
B.

Anteroposterior (AP) pelvis (weight bearing).

AP hip with leg in 15 degrees of internal rotation—optimizes visualization of the
femoral neck.

Frog-leg lateral.

Additional views: may be used to assess signs of aspherical femoral head, ace-
tabular retroversion, or signs of impingement:
1. Lumbar spine standing views—in conjunction with the AP pelvis view may
indicate resting pelvic flexion or extension as well as lumbar flexibility.
2. Emerging radiographic technology may ultimately be predictive of func-
tional pelvic position and risk factors for dislocation (EOS Imaging, Inc.).
3. Cross-table lateral.
Dunn’s view—good to look for FAI with good visualization to detect fem-

oral head-neck asphericity; patient’s hip is flexed 45 or 90 degrees and
abducted 20 degrees with a neutral pelvis.
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Fig. 19.2 (a) Anteroposterior (AP) pelvis. (b) AP, (c) frog-lateral, and (d) shoot-through lateral of the
hip—part of the standard radiographs to assess hip osteoarthritis, along with a templating radiograph
(e) prior to total hip arthroplasty.

5. False-profile view—obtained with the patient standing, pelvis rotated approx-
imately 65 degrees in relation to the film holder, and the foot parallel to the
cassette; helps with head coverage and acetabular depth.

II.  Features to assess:

A. Joint line:
1. Marginal osteophytes.
2. Joint space loss.
3. Sclerosis of subchondral bone.
4, Cystic changes.

B. Pelvic morphology on standing view:
1. Inlet/outlet: indicates standing pelvic tilt.
2. Ischial spine prominence may indicate acetabular retroversion.
3. Lumbar spine hardware.
4, Acetabular coverage:

a. Lack of acetabular coverage over the femoral head can indicate subtle
or overt hip dysplasia.

b. This can be assessed using center-edge angle measurements as well as
assessing a plumb line from the lateral acetabular edge with respect to
the femoral head.

C. Femoral morphology:
1. Prominent lesser trochanter reveals leg rotation/anteversion.

2. Canal width (Dorr’s classification)®—described in categories (A, B, and C)
to assess mismatch between the diaphyseal width and the metaphyseal
width:
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a. Type A: “champagne flute” femur with a wide proximal metaphysis
and narrow shaft.

b. Type B is standard radiograph—essentially between an A and a B.

¢. Type C represents “stove pipe” femur with large proximal and distal
cavities in the metaphysis and diaphysis.

d. These may have surgical implications on implant choice—may mean
you have to ream to prepare the femur with a tighter canal or consider
cemented fixation.

D. Varus or valgus angulation of the neck:
1. Normal range: 120 to 135 degrees.
2. Coxavara less than 120 degrees.

3. Coxa valga greater than 135 degrees: can affect implant choice should
surgery be required.

E. Flexed or neutral position may affect measurements: can affect magnification
or apparent size of structures such as femoral canal width. It can be difficult to
identify without clinical correlation.

F. Advanced imaging:

1. CT: Three-dimensional imaging that can be used to assess femoral and
acetabular morphology, adjacent bone loss, and adjacent neurovascular
structures. Less valuable in assessing soft tissues such as cartilage or labral
pathology.

2. MRI: It may show features such as edema within the femoral head or ac-
etabulum, cystic changes, labral tears, or cartilage thickness. It can also
be used to assess bone morphology. It may also reveal edema within the
proximal femur, subchondral collapse, or cartilage irregularities, which
can aid in the diagnosis of avascular necrosis.

Treatment Options

L. Conservative:
A. Activity modification’:

1. Avoiding activities that provoke pain, using shoe aids, decreasing stair
climbing, adding toilet or chair lifts to minimize squatting.

2. When carrying loads, they should be carried with equal distribution over
both sides, or if unilateral loads are carried, then carried toward the affect-
ed hip.

B. Weight loss:
1. Decreases joint reactive forces across diseased hip joint surface.
2. Most reliable/safe way to improve symptoms.

C. Assistive devices to decrease joint reaction forces:
1. Cane: used in the hand opposite the painful side:

a. This decreases joint reactive forces by using the rotational force
created by the cane to decrease needed forces on the affected “hip
abductor moment” complex.
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2. Crutches/walkers also function to decrease load across the affected hip by
transferring load bearing to upper extremities.

D. Oral medications:

1. Nonsteroidal anti-inflammatory medications: function by suppressing
prostaglandin generation by cyclooxygenase (COX) enzymes decreasing
pain and inflammation:

a. Oral steroids: more potent form of anti-inflammatory effect that
decreases cytokine production in the affected joint.

2. Acetaminophen—avoid concomitant liver toxic medications and be wary
of those with alcohol abuse.

3. Tramadol/opioids: central nervous system blockade of pain perception.

E. Physical therapy®: questionable efficacy as disease progresses; can teach the
patient body mechanics and educate the patient regarding safe exercises to stay
active without worsening pain.

F. Injection therapy:

1. Corticosteroids: local anti-inflammatory effect within the diseased joint.
Often placed with imaging adjunct such as ultrasound or radiography; can
show short-term relief in moderate to severe disease.’

2. Hyaluronic acid: off-label use; nonspecific mechanism of action; thought
to work via restoring joint homeostasis via introduction of more “normal”
synovial fluid.

3. Alternative injections: stem cells, platelet-rich plasma (PRP) injections;
role not clearly defined in treatment of arthroplasty with no supportive
data at this point; thought to aid “regeneration” of articular surfaces by
introduction of pluripotent cells capable of differentiation into cartilage,
thus restoring normal anatomy:

a. Encouraging early data have been noted with PRP and stem cells, but
long-term success and large studies have not been completed yet.

I[I.  Surgical treatment:
A. Hip hemiarthroplasty for arthritis:

1. Indications: primarily historical use for OA with little utility in present
treatment of arthritic conditions; currently used for displaced femoral
neck fractures in patients with low functional demands.

2. Contraindications: active infection, highly functional patients.

B. Hip resurfacing:

1. Less frequently used given concerns for metal debris reactions; involves
placement of acetabular shell with smooth metal bearing surface; femoral
neck is maintained while cemented surface is applied to the prepared fem-
oral side.

2. Indications include younger patients (typically male) who are physically
active/demanding on their joint.

3. Contraindications: avascular necrosis, active infection, females of child-
bearing age, those at risk of a hip fracture:
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a. Outcomes: Hunter et al reported on 121 hip resurfacing cases with a
91% 10-year survivorship.'® Revisions were more common in the cases
with smaller sized implants. (Note: this was a nondesigner study.)

C. Resection arthroplasty (“Girdlestone”)!':

1.

2.

Indications: severe hip disease in nonambulator, active infection, flail limb
(Fig. 19.3).

Contraindications: functionally ambulatory patients.

D. Hip fusion:

1.

ook N

Limited role in present treatment of OA."?

Classic treatment for young manual male laborers.
Unilateral disease: cannot fuse both.

Can lead to earlier breakdown in adjacent joints.

Position of function: approximately 20 degrees of flexion, slight external
rotation, neutral abduction.

E. Total hip arthroplasty:

1.

Indications include advanced arthritic disease with failure of conservative
treatment.

Contraindications include presence of active infection, patients who are
not medically fit for surgery.

Gold standard of care with replacement of both femoral head with fixation
into the remaining femur and resurfacing of acetabulum.

Bearing surface options include hard on hard (metal on metal/ceram-
ic on ceramic) or “hard on soft” (metal on polyethylene/ceramic on
polyethylene).

Fig. 19.3 (a—c) Preoperative and (d-f) postoperative radiographs of a nonambulatory patient with
chronic, unrelenting hip pain that underwent a Girdlestone resection arthroplasty.
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5. Implant fixation options include biologic fixation surfaces versus acrylic
cement fixation:

a. In-growth/on-growth surfaces use textured forms of metal that permit
the body to primarily adhere to the implants with new bone growth.
This design can be used on either the acetabular or the femoral side.
Initial fixation provided via a “press fit” or additional fixation (such as
screws placed into the acetabular component) until ingrowth fixation
is achieved.

b. Cement fixation, which was previously more commonplace, obtained
immediate fixation to the host bone surface upon “curing” of the ce-
ment. This bonded the prosthesis of the femur or acetabulum to the
prepared receiving bone. Longevity of this type of fixation is some-
what less due to its lack of ability to remodel; however, femoral cement
fixation still stands as a reliable form of fixation especially with poor
bone quality or for certain types of anatomy (i.e., Dorr’s type C femur
shape). Cement fixation for acetabular components is rarely used with
currently available implant designs.
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History

. Typical patient complaints:
A. Pain located in the groin, anterior thigh, lateral thigh, and sometimes buttocks.

B. Limitations in activities of daily living, such as ambulating longer distances,
walking up and down the stairs, putting on socks and shoes, getting up from a
sitting position, and getting in and out of a car.

C. Limp sometimes necessitating assistive devices for ambulation.

D. In later stages of degenerative joint disease of the hip, patients will awaken at
night from pain.

E. Presentation and duration of symptoms may vary somewhat based on the
disease process leading to surgery.

Surgical Indications

I.  Significant limitations in activities of daily living secondary to hip pain and
dysfunction.

II.  Failure of nonsurgical treatments: activity modification, weight loss, nonsteroidal
anti-inflammatory drugs (NSAIDs), physical therapy, and use of assistive devices.

IIl. Typical disorders presenting for primary total hip arthroplasty (THA) include the
following (expand as needed):

Osteoarthritis.

Inflammatory arthritides (rheumatoid arthritis, psoriatic arthritis, lupus, etc.).
Osteonecrosis.

Posttraumatic degenerative joint disease.

Displaced subcapital femoral neck fracture in active and independent individuals.

mm g N w e

Acute THA for acetabular fractures with preexisting arthritis (evolving).
IV. Radiographic changes consistent with end-stage hip degenerative joint disease.

V.  Medical optimization and complete preoperative risk assessment has been
performed:

A. All modifiable risk factors (BMI [body mass index], smoking cessation, diabetes,
chronic opioid dependence, etc.) need to be optimized.

B. Expectations, anticipated restrictions, and outcomes discussed preoperatively.

Radiographic Evaluation

. Radiographic examination:
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Fig. 20.1 Typical radiographic chang-
es of degenerative joint disease. (a)
Osteoarthritis: joint space narrowing,
subchondral sclerosis, subchondral
cysts, and osteophyte formation. (b)
Rheumatoid arthritis: symmetric
joint space narrowing, periarticular
osteopenia, bony erosions, periartic-
ular cysts, and protrusion acetabuli.

A. Plain radiography:

1. Low anteroposterior (AP) pelvis: assess leg lengths, offset, and compare
with the other side.

2. AP of affected hip: typically obtained with a marker for digital templating
or to calibrate for acetate templating/planning.

3. Lateral of affected hip: frog-leg lateral and shoot thru: can assess acetabu-
lar version, columns, and femoral deformities.

B. Advance imaging:

1. CT scan: rarely necessary unless there is the need to assess an acute
fracture or acetabular anteversion.

2. MRI: rarely necessary to plan for THA.
II.  Degenerative joint disease:

A. Osteoarthritis: joint space narrowing, subchondral sclerosis, subchondral cysts,
osteophyte formation (Fig. 20.1a).

[Il. Inflammatory arthropathy:

A. Rheumatoid and general inflammatory arthritis: symmetric joint space narrow-
ing, periarticular osteopenia, bony erosions, periarticular cysts, and coxa pro-
funda/protrusio acetabuli (Fig. 20.1b).

B. Ankylosis spondylitis: symmetric joint space narrowing, protrusio acetabuli,
and bony ankylosis.

Surgical Approaches

I.  Direct anterior (Smith-Peterson) approach’2:
A. Interval: sartorius/tensor fascia latae, rectus femoris/gluteus medius.

B. Dangers: lateral femoral cutaneous nerve, ascending branch of the lateral femo-
ral circumflex artery.

C. Advantages: extensile to anterior column of the pelvis and true internervous
plane.
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D. Disadvantages: difficult femoral exposure, technically demanding, specialized
equipment needed, heterotopic ossification, periprosthetic femoral fractures,
learning curve.

E. Can be performed supine on regular table (radiolucent) or on traction/fracture
table.

F.  Outcomes: no long-term differences in clinical outcome between direct anterior
and posterior approaches®# or direct anterior and the direct lateral approaches.>¢
No statistical difference has been described in dislocation rates in direct anterior
versus posterior approach (0.84 vs. 0.79%, respectively).”

II.  Anterolateral (Watson-Jones) approach:

A. Interval: tensor fascia latae/gluteus medius.

B. Dangers: femoral nerve, branch of superior gluteal nerve, superior gluteal
artery.

C. Advantages: lower dislocation rates, good acetabular and femoral exposure.

D. Disadvantages: abductor damage—postoperative limp, difficult femoral expo-
sure, technically demanding.
Positioning can be lateral decubitus or supine.

Outcomes: no differences in clinical outcome between anterolateral, direct lat-
eral, and posterior approaches.? Dislocation rates have been described as similar
rates between anterolateral (3%) and posterior (4%) approaches. Rates of aseptic
loosening are reported to be higher in the anterolateral approach (24%) com-
pared to the posterior approach (20%).°

IIl. Lateral (Hardinge) approach:

A. Interval: none. Modified Hardige approach divides the anterior one-third from
the posterior two-thirds of the gluteus medius: the split through the gluteus
medius can be in line with its fibers straight superiorly, or may involve the ante-
rior one-third of the gluteus medius to minimize muscle damage.

B. Dangers: femoral nerve, branch of superior gluteal nerve and artery.

C. Advantages: lowest dislocation rate out of all approaches, good exposure to
acetabulum and femur.

D. Disadvantages: postoperative abductor weakness (Trendelenburg gait, up to
18%), high rate of heterotopic ossification (up to 47%).

Positioning can be lateral decubitus or supine.

Outcomes: no differences in clinical outcome between direct anterior, antero-
lateral, direct lateral, and posterior approaches.>* No significant difference
between dislocation rates between posterior (1.3%) and direct lateral surgical
(4.2%) approaches has been describeD. The risk of nerve palsy appears to be
significantly higher among the direct lateral approaches (20 vs. 2% for the poste-
rior approach).’

IV. Posterolateral:
A. Interval: none: gluteus maximus split.
B. Dangers: sciatic nerve.

C. Advantages: abductor preservation, good exposure, easy to extend exposure,
low overall complication rates, “workhorse approach.”
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D. Disadvantages: leg length discrepancy (to minimize dislocation risk), risk of foot
drop and dislocation.

E. Outcomes: no differences in clinical outcome between the anterolateral,
direct lateral, and posterior approaches. With the advent of a posterior capsular
repair, dislocation rates of the posterior approach have been described as 0.79%
(vs. 0.84% for direct anterior, vs. 4.2% for direct lateral vs. 3% for anterolateral
approaches).”-10

Preoperative Templating

I.  Goal: restore native hip biomechanics—offset, leg length, center of femoral head
rotation.

II. Radiographic templating (Fig. 20.2)':
A. Choose appropriate implants—Assess Dorr’s classification'?:

1. Dorr’s classification forms the ratio of the inner canal diameter at midpor-
tion of the lesser trochanter divided by the diameter 10 cm distal to it.

a. Dorr A: ratio less than 0.5—consider uncemented stem , with a narrow
distal geometry.

b. Dorr B: ratio 0.5 to 0.75—consider uncemented stem.
c. Dorr C: ratio greater than 0.75—consider cemented stem.
B. Determine component positioning:

1. Acetabulum usually set for 45 degrees of abduction and at the level of the
inferior teardrop. Medialize to or near the teardrop.

2. Femoral neck cut length is measured, assure implant will wedge where
coating exits, and assess the need for adjunct reamers.

C. Restore leg length, femoral offset—use other side if normal.
D. Assess for limb length and need for shortening osteotomy.
E. Evaluate any proximal femoral deformities that may need to be addressed.

Implant Fixation

I.  Cemented THA":
A. Utilizes polymethyl methacrylate (PMMA):
1. PMMA components'4:
a. Liquid MMA monomer.
b. Powered MMA-styrene copolymer.
c. Stabilizer/inhibitor: hydroquinone (prevents premature polymeriza-
tion).
d. Initiator: dibenzoyl peroxide.

e. Accelerator: N, N-dimethyl-p-toluidine (encourages polymer and
monomer to polymerize at room temperature).

f. Opacifying agents: zirconium dioxide (ZrO,) or barium sulfate (BaSO,).
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Fig. 20.2 Basics of preoperative templating a total hip arthroplasty. (a) Goal of templating: restore
leg length and offset. Note how the center of rotation of the acetabular component and the femoral
component matches. (b) If the center of rotation of the femoral component does not match the center
of rotation of the acetabular component, then changes on leg length and offset result. (c) Example of
increasing leg length: note how the center of femoral rotation is superior to the center of acetabular
rotation. (d) Example of decreasing leg length: note how the center of femoral rotation is inferior to
the center of acetabular rotation. (e) Example of increasing offset: note how the center of femoral
rotation is medial to the center of acetabular rotation.

g. Mixing of liquid MMA monomer and a powered MMA-styrene copoly-
mer results in exothermic polymerization around the prepolymerized
powder particles, generating a “PMMA grout.”

2. Stronger in compression than tension.
3. Produces interlocking between surfaces (“grout”).
B. First described by Gluck in 1891 and popularized by Charnley in the 1950s.
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C. Indications:

1. Dorr’s type C femur (Fig. 20.3).

2. Elderly patients with osteoporotic bone.
3. Irradiated bone.
4

Controversial for acetabular component fixation due to higher rate of loos-
ening at 9 to 12 years (31% cemented vs. 0% cementless).'>

D. Technique:
1. Generations:
. First: hand mixed and finger packed.
. Second: cement restrictor, cement gun, and canal preparation.
Third: vacuum mixing and cement pressurization.

an oo

. Fourth: heating the stem—greater interface shear strength of stem-
cement interface, improvement of fatigue lifetimes, and decrease in
interface porosity.'®

2. Cement mantle:
a. Avoid varus positioning of the stem.
b. Increased rate of fracture with mantle less than 2 mm.
c. Radiographic grading of the femoral cement technique'’:
i. Grade A: complete filling of medullary canal (“white out”).
ii. Grade B: minimal radiolucency at the bone-cement interface.
iii. Grade C:
(1) C1:radiolucency greater than 50% at the bone-cement inter-
face.
(2) C2: mantle less than 1 mm thick or stem touches bone.

iv. Grade D: major defects in the mantle, or multiple large voids in
the mantle, no cement distal to the stem tip.

v. Significance: femoral cement mantle less than 1 mm, stem abut-
ment against the femur and defects in the cement mantle — early
loosening.'819

Fig. 20.3 Dorr’s type C femur configuration. Note
the wide canal with thin cortical walls (“stove
pipe” femur).
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3.

Femoral stem:
a. Surface morphology:

i. Polished: Ra less than 1 um, minimal abrasion, allows for stem
subsidence and compressive loading of the cement mantle.

ii. Matte: Ra less than 2 um, no excessive abrasion unless micromo-
tion, mechanical interlocking with cement.

iii. Rough: Ra greater than 2 pm, excessive abrasion.

iv. Outcomes: increased aseptic loosening with matte finish (10% at
10 years vs. 4% at 20 years with polished stem).?°

b. Implant design:

i. Smooth surfaces without sharp edges to avoid stress concentration

on implant-cement interface.

ii. Wider laterally than medially to diffuse the compressive loads me-
dially and tapered from proximal to distal to allow for subsidence
within the cement mantle (“triple taper concept”).

iii. Mostly cobalt-chromium alloy stems — stiffer, generate less
particulate debris than titanium implants (compared with mostly
titanium implants in uncemented femoral stems).

[I. Cementless THA stems and cups:

A. Biologic fixation in which bone formation secures the implant:

1.
2.

Bone ingrowth: bone grows into the porous coating.

Bone ongrowth: bone grows onto the roughened surface (grit blasting vs.

plasma spraying):

a. Grit blasting: abrasive particles (aluminum oxide or corundum) create
a textured surface.

b. Plasma spraying: molten material is sprayed onto an implant to create
a more textured surface.

c. Hydroxyapatite (calcium phosphate compound): osteoconductive
surface sprayed onto implant enhances bone growth.

B. First FDA (Food and Drug Administration) approved implant in 1983 (anatomic
medullary locking [AML] stem).

C. In 2012, over 90% of THA in the United States were cementless.
D. Technique:

1.

2.

Press-fit: implant slightly larger than prepared surface (0.5-1 mm):
a. Increased risk of fracture.
Line-to-line: implant size equal to prepared surface.

E. Biologic fixation and optimization (latest data show, for new implants is 60 to 70%
porosity, interconnecting pores and pore sizes approximately 200 to 400 pm):

1.

2.
3.
4

Pore size: 50 to 150 pm.
Porosity: 40 to 50%.

Gaps: less than 50 pm.
Micromotion: less than 150 pm.
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5. Coefficient of friction: would like to be close to 1; it is ideal for the early fixa-
tion to have a coefficient of friction that will aid in limiting early micromotion.

F. Implant options:
1. Acetabular components:

a. Historically all-polyethylene cemented acetabular components were
used.

b. It transitioned to noncemented acetabular components in the 1980s
and has shown greater than 90% survivorship.

c. Contemporary components utilize a titanium porous coating:
i. Screw fixation is optional depending on stability.

ii. Hydroxyapatite coating may enhance bone ongrowth but use has
been limited by cost.

2. Femoral components:

a. Names of sections of a femoral stem include:
i. Head, neck, trunnion, body.

b. Standard/primary femoral components:
i. Neck sparing stems: preserve bone and may limit stress shielding.
ii. Single taper stems (blade type): metaphyseal fixation.
iii. Double taper stems: metaphyseal fixation.
iv. Extensively porous-coated stems: metaphyseal/diaphyseal fixation:

(1) May increase stress shielding.

(2) Often laterality specific with anteversion built in to the
prosthesis.

v. Anatomic stems: metaphyseal/diaphyseal fixation.

vi. Excellent clinical results with each subtype of noncemented femo-
ral stems.

¢. Modular/revision components:

i. Inaddition to modular heads, these implants incorporate at least
one additional modular interface: may include stem, body, neck,
and head.

ii. Allow for adjustment of femoral version, offset, length.

iii. Disadvantage: increased potential for motion, corrosion, and
failure at additional interfaces, and price.

Bearing Surfaces

Bearing surfaces include the following?':
I.  Metal on polyethylene:
A. Most common bearing surface with the longest track record.
B. Types of polyethylene:
1. Standard.
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2. Ultra-high-molecular-weight polyethylene (high cross-linked): cross-linking
provides improved wear properties but results in decreased toughness:

a. Free radicals are removed through remelting or annealing:

i. Remelting: thermal processing above the melting temperature
(~150°C).

ii. Annealing: thermal processing just below melting temperature
(~110°C).

b. Standard of care in most THAs.

3. Antioxidant impregnated: may decrease free radicals and improve wear
characteristics but evidence is limited:

a. Vitamin-E-impregnated polyethylene has been used clinically since
2007:

i. Implanted at a rate of 1.6% of all THAs, according to the AJRR 2016
report.

ii. At5 years, vitamin E-diffused highly cross-linked polyethylene lin-
ers had similar wear as previous generation medium cross-linked
polyethylene.?

I[I. Ceramic on polyethylene:
A. Composition of ceramic heads:
1. Alumina (aluminum oxide).
2. Zirconia: improved burst strength and toughness.
3. Biolox delta: 17% zirconia and 82% alumina.
B. Improved wear characteristics:

1. Ceramic has excellent geometric form and wettable surface, enhances
hardness, thereby maintaining lubrication, and increases resistance to
third-body wear.

C. Increased cost of ceramic.
D. Outcomes:

1. When compared with metal-on-polyethylene bearings, ceramic-
on-polyethylene bearings have reduced risk of infection (hazard ratio
[HR]: 0.86) and reduced risk of dislocation (HR: 0.81) and mortality (HR:
0.92), but no significant difference in risk of revision 8 to 9 years after
surgery.?

[ll. Metal-on-metal (MoM):
A. Cobalt chromium alloy, titanium alloy, and very early stainless steel.

B. Improved wear characteristics compared with metal-on-polyethylene bearings
with lower volume of wear particles.

C. Increased metal ion level may lead to a delay type IV hypersensitivity reaction:
1. Cell-mediated, not antibody-mediated response.

2. CD4* Th1 helper T cells recognize antigen/MHC (major histocompatibility
complex) class Il on the surface of antigen-presenting cells.
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3. CD4* T cells induce further release of other Th1 cell cytokines, triggering
an immune response.

4. Activated CD8* T cells destroy target cells on contact.

Pseudotumor formation.

No proven cancer link.

Potential for delayed hypersensitivity reactions and organ toxicity.

Metal particles may cross the placental barrier but no evidence of teratogenicity.
Largely abandoned due to “MoM” complications.

~TIommo

Metal particles can induce local tissue reactions:
1. Inflammatory responses, necrosis, and pseudotumor.

2. Aseptic lymphocyte-dominant vasculitis-associated lesion (ALVAL)/
adverse local tissue reaction (ALTR):

a. ALVAL: a 10-point histologic scoring system predicting the degree of
ALVAL via examination of synovial lining, inflammatory cells, and tissue
organization has been developed.*

b. ALTR: includes all adverse responses resulting from wear-related and
biologic causes. Can occur in asymptomatic, well-functioning MoM hip
arthroplasties.

c. Metal artifact reduction sequence MRI is used to detect ALTR.
[V. Ceramic on ceramic:
A. Lowest wear rate of all currently available bearing surfaces.
B. Risk of “squeaking”:
1. Associated with malpositioned components (edge loading):
a. May be caused by abnormalities in fluid film lubrication.

2. Australian National Joint Registry demonstrated a 4.2% incidence of
squeaking.

C. Risk of fracture: decreased with modern, fourth-generation, ceramic heads®:
1. Alumina ceramic heads: 0.021%.
2. Biolox delta heads: 0.003%.
3. Fracture risk of acetabular lines stable at 0.03%.
4, Fracture risk decreases as head diameter increases.

Hip Hemiarthroplasty

I.  Replacement with femoral component only, with retention of native acetabulum.
II. Indications (controversial):

A. Femoral neck fractures in the elderly with low functional demands and activity
level:

1. Lower dislocation rate than THA.
2. Contraindicated in the presence of acetabular disease:

a. Acetabular cartilage damage/wear may result in pain, requiring
conversion to a THA.
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Hip Resurfacing

I.  Resurfacing of the femoral head without significant bone resection:
A. MoM bearing surface.
B. Increased femoral head size (improved stability).

II.  Best outcomes in young males with good bone stock.

IIl. Contraindications:

A. Absolute: advanced age, osteoporosis, bone stock deficiency (prior fracture/
infection, osteonecrosis, rapidly progressive osteoarthritis), cystic changes, hip
dysplasia, small acetabulum.

B. Relative: female gender, coxa vara or leg length discrepancies.
IV. Complications:
A. Periprosthetic fracture:
1. Significantly higher than THA (up to 4%).
B. Elevated metal ion levels and pseudotumor.
C. Largely abandoned due to “MoM” complications.

Complications

L. Periprosthetic joint infection (PJI)?’:
A. Incidence: 1% primary THA; 3 to 5% revision THA.

B. Risk factors: immunosuppression, prior wound infection, poor wound healing,
rheumatoid arthritis, psoriasis, diabetes, smoking, obesity.

C. Clinical presentation:
1. Pain: every painful THA should be considered infected until proven otherwise.
2. Acute onset swelling, erythema, tenderness, warmth.
3. Draining wound or draining sinus.
D. Workup:
1. Serum screening tools:
a. Erythrocyte sedimentation rate (normalizes 3 months after surgery).
b. C-reactive protein (normalizes 3 weeks after surgery).

2. If one or both are elevated: joint aspiration—greater than 3,000 WBC/uL
and greater than 80% (PMN) differential concerning for infection.

3. Radiographs can present with generalized bone resorption, periosteal
reaction. In acute infection, often not helpful.

E. Classification:

1. Acute postoperative PJI: within 3 weeks of surgery. Often Staphylococcus
aureus, B-hemolytic strep, gram-negative bacteria.

2. Chronic PJI: 3 months to years after surgery. Often coagulase-negative
Staphylococcus, gram-negative bacteria.

3. Acute hematogenous PJI: acute onset pain in a previously well-functioning
THA.
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F. Treatment:

1.

4.

Irrigation and debridement with head/liner exchange: consider for acute
postoperative PJI and acute hematogenous PJI. Depending on offending
organism, approximately 50% success rate.

Two-stage exchange (initial resection arthroplasty with antibiotic
spacer placement, 6 weeks of organism-directed iv antibiotics, revision
THA when infection cleared): gold standard in the United States for chronic
PJI; approximately 80% success rate.

Chronic antibiotic suppression: patients who are unfit for or refuse
surgery. Success rate of 10 to 25%.

Hip disarticulation/Girdlestone’s procedure: recalcitrant infections.

II. Dislocation:

A. Incidence: 1% after primary THA.
B. Risk factors:

1.

Prior hip surgery, female gender, older than 80 years, drug/alcohol abuse,
posterior approach.

Component positioning: acetabular component—40-degree abduction,
15-degree anteversion.

Component design: decreased head-to-neck ratio.
Soft-tissue tension: decreased offset.

Soft-tissue function: neuromuscular dysfunction (Parkinson’s, multiple
sclerosis, stroke, etc.), prior muscle trauma/injury.

C. Clinical presentation:

1. Often directly related to “at-risk” activities.

2. Anterior dislocation: external rotation and hip extension.

3. Posterior dislocation: internal rotation and hip flexion.

4. Infection parameters.

D. Imaging:
1. Diagnostic: AP pelvis, AP/frog-leg lateral/cross-table lateral hip.
E. Treatment:

1. Closed reduction: two-thirds of early hip dislocations are successfully
treated with closed reduction.

2. Revision THA: indicated for recurrent dislocations due to component mal-
positioning (vertical and retroverted acetabular component), polyethylene
wear.

3. Resection arthroplasty with antibiotic spacer: for PJI.

[II. Neurovascular injuries:

A. Nerve injuries:

1.
2.
3.

Incidence: up to 3%.
Causes: aberrant retractor placement, compression, excessive tension.
Peroneal branch of the sciatic nerve most commonly affected.
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4, Risk factors: revision THA, female, lengthening of extremity greater than
4 cm, congenital hip dysplasia.

5. Outcome: one-third full recovery, one-third partial recovery, one-third
permanent palsy.
B. Vascular injuries:
1. Causes: during screw insertion, penetrating instruments/retractors.
2. Incidence: less than 1%.
3. Hip quadrant system for safe insertion of screws?:
a. Posterosuperior quadrant: “safe zone.”

b. Posteroinferior quadrant: risks injury to sciatic nerve, inferior gluteal
vessels/nerve, inferior pudendal vessels/nerve.

c. Anteroinferior quadrant: risks injury to obturator vessels/nerve.

d. Anterosuperior quadrant: “zone of death”—risks injury to external iliac
vessels.

IV. Heterotopic ossification:
A. Traditionally common complication: up to 80%.

B. Risk factors: aggressive soft-tissue handling, traditional Hardinge approach,
long surgical time.

C. Prophylaxis: NSAIDs (classically—indomethacin 25 mg three times a day for
6 weeks), single-dose postoperative radiation within 72 hour postoperative (700 Gy).

V. Venous thromboembolic events (VTE)?:
A. Up to 60% after THA WITHOUT any postoperative VTE prophylaxis.

B. Risk factors: Virchow’s triad (venostasis, endothelial damage, hypercoagulable
state), previous VTE, cancer, old age, oral contraceptives, hypercoagulable states,
obesity.

C. Clinical presentation: leg swelling, redness, calf tenderness, shortness of breath,
tachycardia, chest pain, hypotension, cyanosis.

D. Diagnosis: venography, ultrasonography, CT angiogram for pulmonary embolism.
E. Prophylaxis:
1. Intraoperative: reduced surgical time, regional anesthesia/spinal.

2. Postoperative: early mobilization, pneumatic leg compression devic-
es, and chemical prophylaxis. Chemical prophylaxis may include aspi-
rin, warfarin, LMWH (low-molecular-weight heparin), or novel factor
X-inhibitors.

VI. Polyethylene wear/osteolysis:

A. Pathogenesis: particulate debris — macrophage activation — osteolysis — pros-
thesis micromotion — component loosening.

B. Risk factors: long shelf life of polyethylene liners, air sterilization, young age.
C. Diagnosis:
1. Plain radiographs (often underestimate degree of osteolysis).

2. MRI and CT with metal artifact reduction protocols have been developed
to effectively visualize osteolytic lesions and measure wear.>
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D. Treatment: revision THA if symptomatic, imminent wear liner through, recur-
rent dislocations/instability.

VII. Corrosion reactions in metal-on-polyethylene THA3!32;

A. Mechanically assisted corrosion at the trunnion — metallic debris — hypersen-
sitivity reaction — joint effusion, ALTRs, pseudotumors, tissue destruction.

B. Lymphocyte-driven reaction (vs. macrophage-driven reaction of polyeth-
ylene-associated osteolysis).

C. Presentation: hip pain.
D. Diagnosis:
1. Radiographs: often lytic lesion medial calcar.
2. Metal ion levels: cobalt and chromium:
a. Cobalt levels greater than 1 parts per billion (ppb) concerning.
b. Cobalt elevation greater than chromium elevation.
¢. MRI: assess for fluid collections, pseudotumors, abductor loss.
E. Treatment: change Co-Cr head to ceramic head with titanium option taper.

Conclusion

THA continues to be one of the most successful procedures in orthopaedics. Thorough
preoperative clinical/radiographic evaluation and preoperative planning optimize
chances of a successful outcome. Several surgical approaches can be chosen to per-
form a THA with fairly similar outcomes. THA can be performed in either cemented
or uncemented fashion; preoperative assessment of bone morphology can aid in deci-
sion-making. Numerous bearing surfaces are available for THA with intrinsic risks and
benefits, with metal-on-polyethylene and ceramic-on-polyethylene bearings being the
most commonly used surfaces. Complications following THA are rare but are potential-
ly devastating and have to be carefully discussed with the patient preoperatively.

References

1. Lewallen D. Primary total hip arthroplasty: anterolateral and direct lateral approaches. In:
Lieberman |, Berry D, eds. Advanced Reconstruction Hip. Rosemont, IL: American Academy
for Orthopaedic Surgeons; 2005:11-16

2. Pelicci P, Su E. Primary total hip arthroplasty: posterolateral approach. In: Lieberman J,
Berry D, eds. Advanced Reconstruction Hip. Rosemont, IL: American Academy for
Orthopaedic Surgeons; 2005:3-10

3. Malek IA, Royce G, Bhatti SU, et al. A comparison between the direct anterior and posterior
approaches for total hip arthroplasty: the role of an “enhanced recovery” pathway. Bone
Joint ] 2016;98-B(6):754-760

4. Poehling-Monaghan KL, Kamath AF, Taunton M|, Pagnano MW. Direct anterior versus
miniposterior THA with the same advanced perioperative protocols: surprising early clinical
results. Clin Orthop Relat Res 2015;473(2):623-631

5. Parvizi |, Restrepo C, Maltenfort MG. Total hip arthroplasty performed through direct
anterior approach provides superior early outcome: results of a randomized, prospective
study. Orthop Clin North Am 2016;47(3):497-504

6. De Anta-Diaz B, Serralta-Gomis |, Lizaur-Utrilla A, Benavidez E, Lopez-Prats FA. No dif-
ferences between direct anterior and lateral approach for primary total hip arthroplasty
related to muscle damage or functional outcome. Int Orthop 2016;40(10):2025-2030

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Primary Total Hip Arthroplasty 261

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Maratt JD, Gagnier JJ, Butler PD, Hallstrom BR, Urquhart AG, Roberts KC. No difference

in dislocation seen in anterior vs posterior approach total hip arthroplasty. | Arthroplasty
2016;31(Suppl 9):127-130

Greidanus NV, Chihab S, Garbuz DS, et al. Outcomes of minimally invasive anterolateral
THA are not superior to those of minimally invasive direct lateral and posterolateral THA.
Clin Orthop Relat Res 2013;471(2):463-471

Lindgren V, Garellick G, Karrholm J, Wretenberg P. The type of surgical approach influences
the risk of revision in total hip arthroplasty: a study from the Swedish Hip Arthroplasty
Register of 90,662 total hipreplacements with 3 different cemented prostheses. Acta
Orthop 2012;83(6):559-565

Jolles BM, Bogoch ER. Posterior versus lateral surgical approach for total hip arthroplasty in
adults with osteoarthritis. Cochrane Database Syst Rev 2006;(3):CD003828

Della Valle AG, Padgett DE, Salvati EA. Preoperative planning for primary total hip arthro-
plasty. | Am Acad Orthop Surg 2005;13(7):455-462

Dorr LD, Absatz M, Gruen TA, Saberi MT, Doerzbacher JF. Anatomic porous replacement
hip arthroplasty: first 100 consecutive cases. Semin Arthroplasty 1990;1(1):77-86

Corten K, Bourne RB, Charron KD, Au K, Rorabeck CH. Comparison of total hip arthroplasty
performed with and without cement: a randomized trial. A concise follow-up, at twenty
years, of previous reports. | Bone Joint Surg Am 2011;93(14):1335-1338

Vaishya R, Chauhan M, Vaish A. Bone cement. | Clin Orthop Trauma 2013;4(4):157-163
Clohisy |C, Harris WH. Matched-pair analysis of cemented and cementless acetabular
reconstruction in primary total hip arthroplasty. ] Arthroplasty 2001;16(6):697-705

lesaka K, Jaffe WL, Kummer F). Effects of preheating of hip prostheses on the stem-cement
interface. ] Bone Joint Surg Am 2003;85(3):421-427

Barrack RL, Mulroy RD Jr, Harris WH. Improved cementing techniques and femoral compo-
nent loosening in young patients with hip arthroplasty. A 12-year radiographic review.

] Bone Joint Surg Br 1992;74(3):385-389

Mulroy WF, Estok DM, Harris WH. Total hip arthroplasty with use of so-called second-
generation cementing techniques. A fifteen-year-average follow-up study. | Bone Joint
Surg Am 1995;77(12):1845-1852

Jasty M, Maloney W/, Bragdon CR, Haire T, Harris WH. Histomorphological studies of the
long-term skeletal responses to well fixed cemented femoral components. | Bone Joint
Surg Am 1990;72(8):1220-1229

Howie DW, Middleton RG, Costi K. Loosening of matt and polished cemented femoral
stems. | Bone Joint Surg Br 1998;80(4):573-576

Jacobs J. Bearing Surfaces. Rosemont, IL: American Academy for Orthopaedic Surgeons;
2005

Nebergall AK, Greene ME, Laursen MB, Nielsen PT, Malchau H, Troelsen A. Vitamin E dif-
fused highly cross-linked polyethylene in total hip arthroplasty at five years: a randomised
controlled trial using radiostereometric analysis. Bone Joint | 2017;99-B(5):577-584

Kurtz SM, Lau E, Baykal D, Springer BD. Outcomes of ceramic bearings after primary total
hip arthroplasty in the Medicare population. | Arthroplasty 2017;32(3):743-749

Campbell P, Ebramzadeh E, Nelson S, Takamura K, De Smet K, Amstutz HC. Histological
features of pseudotumor-like tissues from metal-on-metal hips. Clin Orthop Relat Res
2010;468(9):2321-2327

Massin P, Lopes R, Masson B, Mainard D; French Hip & Knee Society (SFHG). Does Biolox
delta ceramic reduce the rate of component fractures in total hip replacement? Orthop
Traumatol Surg Res 2014;100(6, Suppl):S317-5321

Baker RP, Squires B, Gargan MF, Bannister GC. Total hip arthroplasty and hemiarthroplasty
in mobile, independent patients with a displaced intracapsular fracture of the femoral
neck. A randomized, controlled trial. | Bone Joint Surg Am 2006;88(12):2583-2589

Della Valle C, Parvizi |, Bauer TW, et al; American Academy of Orthopaedic Surgeons. Amer-
ican Academy of Orthopaedic Surgeons clinical practice guideline on: the diagnosis of peri-
prosthetic joint infections of the hip and knee. | Bone Joint Surg Am 2011;93(14):1355-1357

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



262  Primary Total Hip Arthroplasty

28. Wasielewski RC, Crossett LS, Rubash HE. Neural and vascular injury in total hip
arthroplasty. Orthop Clin North Am 1992;23(2):219-235

29. Jacobs |J, Mont MA, Bozic K|, et al. American Academy of Orthopaedic Surgeons clinical
practice guideline on: preventing venous thromboembolic disease in patients undergoing
elective hip and knee arthroplasty. | Bone Joint Surg Am 2012;94(8):746-747

30. Ries MD, Link TM. Monitoring and risk of progression of osteolysis after total hip
arthroplasty. Instr Course Lect 2013;62:207-214

31. Cooper H], Della Valle CJ, Berger RA, et al. Corrosion at the head-neck taper as a cause
for adverse local tissue reactions after total hip arthroplasty. | Bone Joint Surg Am
2012;94(18):1655-1661

32. Jennings |M, Dennis DA, Yang CC. Corrosion of the head-neck junction after total hip
arthroplasty. ] Am Acad Orthop Surg 2016;24(6):349-356

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



Brett R. Levine

2 1 Revision Total Hip Arthroplasty

Etiology
. Instability (22.5% of revision cases in 2005-2006" and 17.3% of revision cases in
2009-20132):

A. Dislocation is often reported to occur in 1 to 3% of cases of primary cases but is
dependent on surgeon experience, approach, patient factors, and implants.

1. Early—within the first 6 weeks to 6 months postoperative:

a. Assess component position—combined anteversion of the stem and
the cup:

i. Recently, an emphasis has been placed on the total anteversion of
the hip arthroplasty construct and not necessarily on one compo-
nent in isolation.?

ii. Lewinnek’s safe zone: 40 + 10 degrees for cup inclination and 15 +
10 degrees of acetabular anteversion®:

(1) This so-called safe zone has been questioned in recent studies:

(a) Fifty-eight percent of dislocated total hip arthroplasties
(THAs) were within the aforementioned “safe zone.”

(2) Proponents of combined anteversion have published on
approximately 37 degrees as a safe number when combining
that of the stem and the cup, with a range of 25 to 50 degrees.?

b. Trauma—often an injury that extenuates the range of motion of the hip
(extension and external rotation [ER] = anterior dislocation and flexion
and internal rotation [IR] = posterior dislocation).

c. Abductor insufficiency:

i. Primary—failed repair, more common with direct lateral approach,
denervation from superior gluteal nerve (SGN) injury.

ii. Secondary—greater trochanter (GT) fracture.

d. Exceed range-of-motion parameters—impingement of neck on cup
(which is why the goal in primary abductor insufficiency is to maxi-
mize head-to-neck ratio when possible):

i. Anterior dislocation—extension and ER.
ii. Posterior dislocation—flexion, adduction and IR.

2. Late—after 6 months; if it does not occur early, it typically occurs years
later:

a. Assess component position—pay attention to combined anteversion of
the implants:

i. Serial radiographs are important as dislocation may be the first
symptoms of aseptic loosening of the implants.
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ii. Cups may migrate into more vertical and retroverted position.

iii. Stem may have subsided, leading to impingement or abductor
insufficiency.

iv. Elevated rims or prominent liners may decrease the range of
motion to impingement and lead to THA instability.

b. Trauma—may be related to altered mental status, proprioception, or
the development of neuromuscular disorders with age.

¢. Abductor insufficiency:

i. Primary—muscle weakness, failed repair (with direct lateral
approach or GT osteotomy), denervation from prior SGN injury.

ii. Secondary—Ilate GT fracture (can occur around stress-shielded
proximal bone), progressive neuromuscular disease, due to the
destruction caused by an adverse local tissue reaction (trunnion or
articular surface-generated metal debris).

d. Polyethylene (PE) wear—component fracture with highly cross-linked
polyethylene (seen with vertical component positioning and thin liner
[£3 mm)]);¢ sufficient wear to allow hip instability.

B. Subluxation:
1. Sensation of instability without frank dislocation:
a. Often a prelude to dislocation—feels a clunk or shifting inside.

b. Watch patient closely and assess parameters above for early or late
dislocation.

II. Infection’ (14.8% of revision cases in 2005-2006"' and 12.8% of revision surgeries
in 2009-20132):

A. Acute (within 3-4 weeks postoperative; controversial as far as time is con-
cerned; many will suggest up to 6 weeks is still an acute infection):

1. CDC (Centers for Disease Control and Prevention) suggest less than 90 days
is considered an acute infection.

2. Biofilms tend to form by 4 weeks and beyond on the surface of the im-
plants, greatly impacting the success of component retention.

B. Chronic (>4 weeks postoperative; again controversial; many will consider infec-
tion chronic after 6 weeks):

1. CDC suggest greater than 90 days as the cutoff for a chronic infection.

2. Infection likely has invaded deeper and can penetrate the bone-prosthetic
interface and even lead to osteomyelitis.

C. Acute hematogenous:
1. Can occur after dental procedures.
2. Any illness that may cause sepsis.
3. Bacterial load then supersedes the body defenses and seeds the replaced
joint.
[II. Component loosening (19.7% of revision cases in 2005-2006' and 16.8% of revi-

sion surgeries in 2009-20132): This is often associated with start-up pain in the
groin (cup loosening) or the thigh (stem loosening).
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A. Aseptic: failure of bone ingrowth/ongrowth—if osseointegration does not occur
early, typically a fibrous layer will form, preventing future fixation and leaving,
at best, a fibrous-stable implant:

Early micromotion—fixation failure, component subsidence.
Gap—not enough host bone-implant contact.
Fracture—acetabular or femoral fracture with loosening.
Osteolysis—wear-related bone loss leads to secondary loosening.
Poor bone quality—irradiated bone, osteonecrosis, pagetoid bone.

IS i

Poor material—not optimal ingrowth (pore: size [historically 50-150 pm,
but more recently we see 200-400 um], interconnectivity, strength)/
ongrowth surface, low surface coefficient of friction, poor biocompatibility,
higher modulus of elasticity.

B. Septic—chronic/acute infection leads to loss of fixation or prevents early fixation.

IV.  PE wear + osteolysis® (5.0% [bearing wear| and 6.6% [osteolysis] of revision cases in
2005-2006" and 4.7% [bearing wear] and 5.7% [osteolysis] of revision surgeries in
2009-20132): This is often insidious in onset and can range from minor discom-
fort to pain and loss of abductor function.

A. Bearing wear often goes hand in hand with osteolysis; local particulate-induced
synovitis can cause pain or wear can be bad enough to lead to metallosis (head
wears into the metallic cup), dislocation, or subluxation:

1. Wear is defined as the loss of material associated with two surfaces sliding
over each other during motion that involves loading:

a. Typically occurs through abrasion, adhesion, fatigue, and third-body
debris.

b. Volumetric wear is typically the most significant indicator of particle
quantity that is being generated.

c. Highly cross-linked PE has less wear, generates smaller but a greater
quantity of particles, and results in less wear-associated osteolysis.?

B. Osteolysis is typically related to wear debris being removed by the body; it can
lead to weakened bone and subsequent periprosthetic fracture or component
loosening:

1. Lower degrees of annual wear lead to less osteolysis:

a. Typically wear less than 80 mm? per year does not lead to osteolysis,
while greater than 140 mm? per year leads to significant osteolysis.’

2. Degree of bone loss is associated with the particle type, number, density,
and size:

a. Particles of PE between 0.3 and 1.0 pm are the most potent simulators
of local phagocytic cells; when smaller than 0.3 pm, they are eliminat-
ed via pinocytosis and not phagocytosis-related mechanisms.

b. Biological mechanisms associated with wear particles and removal
follow a predictable pathway involving the following:

i. Macrophages, cell receptors, an inflammatory process, and release
of cytokines—all resulting in the destructive process found with
osteolysis.
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V. Modern bearing issues (i.e., metal-on-metal [MoM] bearings; ceramic-on-ceramic
[CoC] bearings): Many times, this is a delayed diagnosis as radiographs and clinical
examination could be benign initially.

A. Metallosis can be due to component design, positioning, and stability:

1. MoM-—articular bearing surface debris is worse with a vertical cup, which
can lead to edge loading; this can be further potentiated by head-neck
corrosion/multiple trunnions; Table 21.1'°):

a. Many modern implants have been removed from the market due to
adverse reactions to MoM debris.!

2. Soft-tissue effects can occur with all bearing couples and is often related to
metallic debris from bearing or associated with mechanically assisted crevice
corrosion (MACC) or similar process (Table 21.2'0):

a. Adverse local tissue reaction (ALTR)/Aseptic lymphocyte-dominated
immunologic response (ALVAL)—represents a spectrum of soft-tissue
reactions, ranging from small masses to large fluid collections that can
be locally destructive.

b. Pseudotumor—among the worst manifestations of an adverse local tis-
sue reaction as this mass is locally destructive and difficult to manage
despite not being a malignancy.

3. Systemic responses—elevated metal levels (namely, cobaltism) have been
reported to have potential effects on end organs such as kidneys, central
nervous system, heart, thyroid, and eyes.'?

B. Ceramic bearings: Fracture and squeaking are two etiologies for ceramic bear-
ings that often can be diagnosed clinically or on follow-up radiographs.

1. Component fracture—often related to trauma, component impingement,
or incomplete seating of the femoral head or ceramic liner:

a. More common with alumina bearings and metal-backed ceramic
liners.

b. Femoral head fracture—historically reported to be between 0.021 and
0.002%"3:

i. Incidence ranges from 0.009% with most modern Biolox Delta
heads to 0.119% with the Biolox Forte heads'*:

(1) Risk factors include smaller head size (28-mm Biolox Forte heads
with 0.382% fractures) and higher body mass index (BMI).!*

c. Acetabular liner fracture:

i. Incidence ranges from 0.126% with Biolox Delta liners to 0.112%
with Biolox Forte liners.™

ii. Overall rates range from 0.028 to 2%, depending on the liner type
and case series's:

(1) Risk factors include smaller head size and higher BMI; liner
thickness did not impact the fracture rate.'*

(2) Technical errors have been noted to cause these problems as well.'®

2. Squeaking—micro-separation and alterations led to a squeaking noise in
specific designs; incidence: approximately 1.416 to 21%.1718
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Table 21.1 Metal-on-metal total hip arthroplasty classification for failures

Type Description Treatment Recommendations
1 Metal sensitivity: stable, well- aligned  Revise bearing only to metal-polyethylene
acetabular component, elevated or ceramic-polyethylene if modular cup; if
metal ions, and pain monoblock cup, revise cup with metal-
polyethylene or ceramic-polyethylene
bearing
2 Malpositioned cup: stable, malaligned  Revise cup with metal-polyethylene or
acetabular component, elevated ceramic-polyethylene bearing
metal ions, and pain
3 Loose cup Revise cup with metal-polyethylene or
ceramic-polyethylene bearing
4 Early failure cups: acetabular compo-  Revise cup with metal-polyethylene or
nents with known high early failure ceramic-polyethylene bearing
rates
5 lliopsoas impingement: ion levels lliopsoas release or revise cup to optimal

within normal limits, cup retroverted  position with metal-polyethylene or
ceramic- polyethylene bearing

Source: Adapted with permission from Fabi D, Levine B, Paprosky W, et al. Metal-on-metal total
hip arthroplasty: Causes and high incidence of early failure. Orthopaedics 2012;35(7):1009-1016.

Table 21.2 Classification system for soft-tissue complications after metal-on-metal total hip arthro-

plasty
Type Intraoperative Description Treatment Options
I Intracapsular effusion, capsule intact Revise bearing and/or cup if needed. Stability is
less of an issue.
II. Extracapsular effusion, capsule affected, Revise bearing and/or cup if needed. Stability is
abductors intact more of an issue.
IIl. Capsule affected, abductors affected Revise bearing and/or cup if needed. Stability

severely compromised. Consider a constrained
liner and other salvage options.

Source: Adapted with permission from Fabi D, Levine B, Paprosky W, et al. Metal-on-metal total
hip arthroplasty: Causes and high incidence of early failure. Orthopaedics 2012;35(7):1009-1016.

3. In general, COC bearing-related revisions occur early (within 4 years of
index procedure) and are related to squeaking or fracture. This represented
12.2% (23 cases of fracture and 6 cases of squeaking included) of the revision
cases in the COC of cohort in a study by the French Society for Orthopaedic
Surgery and Traumatology (SoFCOT) study group.'?

4. Liner dissociation has been reported to be a problem as well, as these
implants need to be correctly placed and fitted within a morse-type taper:

a. Rates have been reported to be as high as 16%."

VI. Soft-tissue impingement (i.e., iliopsoas impingement): hard to quantify percentage
from large databases based on coding; reports up to 4.3% found in the literature?:

A. lliopsoas impingement—large diameter femoral heads, retroverted cups,
prominent acetabular rim.?!
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B. Iliopsoas impingement is a potential cause for persistent groin pain after THA—
typically found with pain on resisted hip flexion:

1. Typical options to manage iliopsoas tendon impingement include injections,
tenotomy, and acetabular revision.

2. Recently, Chalmers et al reported more predictable groin pain resolution with
>8 mm of anterior acetabular component overhang and revision THA surgery.??

VII. Catastrophic failure (9.9% of revision cases in 2005-2006" and 3.3% of revision sur-
geries in 2009-20132—numbers may be underestimated as coding could overlap
with other mechanical complication or problem):

A. Stem fracture—typically a fatigue fracture related to the portion of a stem
remaining well fixed, while there is motion to the rest of the implant:

1. Often found with long, cylindrical, cobalt-chromium (CoCr) stems:

a. Cemented or cementless stem that can be potted distally without
significant support proximally.

b. Not uncommon in the cases with stem diameter <13 mm (remember the
strength of the stem is the radius to the fourth power in these scenarios).

B. Liner fracture—more common with COC bearings and highly cross-linked PE
with thin areas around locking mechanisms (see earlier sections).

C. Modular component failure—difficult to put an exact number on these cases but
typically involve an implant with a head-neck taper and a neck-body taper:

1. Titanium modular necks associated with fractures in 0.5 to 6% cases.?*-»
2. CoCr modular necks associated with corrosion and ALTRs.

3. Obesity, larger head diameters, and longer offset and length necks may be
prone to fracture and/or corrosion processes.

4. Could also be due to implant design or manufacture itself (0.2 vs. 1.5% frac-
ture rate between two companies with the same design of implant).2¢

Diagnosis

Multiple modalities are available for making the correct diagnosis prior to revision THA and
start with basic imaging and move to more advanced examinations and laboratory tests.

. Plain radiography—standard radiographs are typically the first line in making the
diagnosis after a complete history and physical examination; serial radiographs
are critical to making the diagnosis and should include preoperative, immediate
postoperative and any available follow-up radiographs?’:

A. Anteroposterior (AP) pelvis: A good AP pelvis is required to assess the pelvic ring
and SI (sacroiliac) joints as well as the hip replacement components and contra-
lateral hip.

1. Important to assess the following regions/landmarks and lines:

a. Shenton’s line—look to see if this is intact, close, or at least comparable
to the contralateral hip (if native); it can help judge offset and limb
lengths.

b. Measure component abduction angle using the interteardrop or obtu-
rator line.
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c. Assess component migration from the line at the superior obturator
foramen.

d. The ilioischial line helps determine medial migration and integrity of
the medial wall.

e. Arough estimate of limb lengths can be assessed by the relative heights
of the lesser trochanters on both sides of the hip compared with inter-
teardrop, obturator, or transischial line.

f. The ischium and ileum should be assessed for bone quality, osteolysis,
and overall integrity.

g. Assess for progressive osteolysis behind the acetabular component and

radiolucent lines in the DeLee and Charnley zones?®:

i

Udomkiat et al reported on the following criteria for cementless

acetabular loosening?°:

(1) Radiolucent line initially appearing >2 years after surgery.

(2) Progressive radiolucent lines after year 2.

(3) Circumferential radiolucent line.

(4) Component migration.

(5) Radiolucent line in any zone greater than 2 mm.

h. Acetabular defects can be graded based on the Paprosky classification®
(Table 21.3).

Table 21.3  Paprosky’s classification for acetabular defects*

Radiographic findings

Anticipated bone defects

Type 1

Minimal bone loss
Type 2

Columns intact and

No migration

Minimal osteolysis

2A: superomedial migration, no
ischial osteolysis, and teardrop intact

Completely supportive bone

Migration <2 cm superiorly
Superior dome defect, but rim intact

supportive 2B: superolateral migration, no Migration <2 cm superiorly
!Schlal osteolysis, and teardrop Superior dome defect with rim
intact defect
2C: straight medial migration, Migration <2 cm superiorly
teardrop is lost, minimal ischial Medial wall defect or absent
osteolysis

Type 3 3A: “Up and out”—superior Migration >2 cm superiorly

Columns migration, teardrop partially intact,  kohlers line is intact

; severe medial and ischial osteolysis
nonsupportive y 30-60% host bone-implant contact

3B: “Up and in”—superior migra-
tion, teardrop lost, severe medial
and ischial osteolysis, possible
pelvic discontinuity

anticipated

Severe loss of supportive
acetabular rim

Migration >2 c¢m superiorly
Kohler’s line is lost

Up to 60% host bone-implant con-
tact anticipated

Severe loss of supportive
acetabular rim
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B. AP hip—if performed correctly, it should give a good look at the GT and the
remainder of the femoral neck:

1. Along with the earlier findings on the AP pelvis, it is important to assess
the following:

a. The GT for evidence of osteolysis, stress shielding, and fracture.

b. The femoral stem should be assessed for spot welds (usually at the area
where the component coating ends), which signifies a well-fixed im-
plant as does proximal stress shielding.

¢. Radiolucent lines particularly around the coated portion of the stem
are concerning if circumferential or progressive:

i. In portions of the stem without coating, it is not uncommon to see
radiolucent lines surrounding this area.

ii. Lines and areas of osteolysis are best described by the Gruen
zones—seven on the AP and seven on the lateral radiograph (start
lateral to medial and anterior to posterior).3!

d. Calcar resorption can signify stress shielding and wear-related oste-
olysis; presence of a pseudotumor versus calcar hypertrophy under a
collared implant often means the bone is being inappropriately loaded
by a loose stem.??

e. Cemented stems are suspicious for loosening if you see subsidence, ce-
ment mantle fracture, implant-cement debonding (often at the shoul-
der of the implant), or progressive radiolucent lines between cement
and stem, stem fracture.>

f. Heterotopic ossification should be assessed and graded along the
Brooker classification®:

i. Stage I—bone islands seen within adjacent soft tissues.

ii. Stage II—bone extending from the femur and/or the pelvis with at
least 1 cm of space between them.

iii. Stage Ill—bone extending from the femur and/or the pelvis with
less than 1 cm of space between them.

iv. Stage [IV—bony ankylosis of the hip.

g. Femoral remodeling is important to ascertain, as varus or valgus remodel-
ing may mabke it hard to extract and/or implant a new femoral component.

h. Pedestal formation is a dense area of bone often at the tip of a stem
that is loose and pistons up and down against the reactive bone:

i. It can be very difficult to get through and may require a femoral
osteotomy to expose the pedestal.

i. Femoral defects can be classified by the Paprosky classification
(Table 21.4).
C. Frog-leg lateral—good to assess the proximal femur for deformity and remodel-
ing.
D. Shoot through lateral—can assess acetabular version (at least a relative esti-
mate); femoral head prominence (in large diameter THAs); can evaluate ischial
bone quality and possible discontinuity.
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Table 21.4 Paprosky’s classification of femoral defects®

Type Characteristics Treatment options
| Minimal bone loss, intact metaphysis Proximal or distal fixed stems can be
and diaphysis utilized (primary or revision style implants
are applicable)
Il Metaphyseal bone loss with an intact Distally fixed stems are preferred (modular
diaphysis and minimal bone remodeling or nonmodular implants are applicable)
1NIA Metaphyseal and diaphyseal bone loss,  Distally fixed stems are preferred (modular
significant proximal remodeling, >4 cm  or nonmodular implants are applicable):
of intact diaphysis Avoid using cylindrical cobalt-chromium
(CoCr) stems with a diameter less than 14
mm or greater than 18 mm
Avoid modular stems without proximal
bony support
1B Metaphyseal and diaphyseal bone loss,  Distally fixed stems are preferred (modular
significant proximal remodeling, <4 cm  or nonmodular implants are applicable):
of intact diaphysis Avoid using cylindrical CoCr stems with a
diameter less than 14 mm or greater than
18 mm
Avoid modular stems without proximal
bony support
\% Metaphyseal and diaphyseal bone loss Most often requires a megaprosthesis,
with a nonsupportive diaphysis (essen-  allograft-prosthetic composite, or
tially complete “stove-pipe” femur) impaction grafting
Distal fixation devices may be applicable
E. Advanced imaging:
1. Inlet/outlet views—can be used to look at the pelvic ring, not commonly
ordered.
2. Judet's views—good to look at the anterior and posterior columns; can help
with better visualizing defects and/or pelvic discontinuity.
II. CT scan—typically used to look for component version or the extent of osteolysis

111
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surrounding the hip:

A.

Pelvis: It is good to assess the acetabular component version and overhang; it
can also be used to look at the areas of osteolysis:

1. One study showed that if less than 40% of the cup is surrounded by osteol-
ysis then the component is likely not loose.?®

Femur: can assess femoral component version if it includes the distal femur as
well; can monitor femoral osteolysis and pedestal presence and quality, evaluate
femoral remodeling, and can clarify the presence of subtle periprosthetic frac-

tures.

MRI:
A. Metal artifact reduction sequence (MARS) MRI:
1. Reduces the local distortion around THA components.

2. Can assess local soft tissues for injuries (abductors, iliopsoas, etc.).
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3. Excellent to detect ALTRs associated with metal debris.

When the appropriate sequences are obtained, with a well-trained radiol-
ogist, etiologies such as aseptic loosening, wear-induced synovitis, and
MoM complications.?’

IV.  Nuclear medicine:

A.

Technetium-99 labeled diphosphonate scan (**Tc-MDP):

1. Used to assess implant loosening, HO maturity, or periprosthetic stress
fractures.®®

2. Overall nonspecific and can be positive in an uncomplicated THA for up to
2 years after the index procedure3®4;
a. Lieberman et al found that this test is no more effective than serial
radiographs in making a diagnosis.*!
b. It can also be positive with modulus mismatch, tumor, metabolic bone
disease, complex regional pain syndrome, and infection.>
Indium 111 (""'In) labeled leukocyte scan has a good negative predictive value
for ruling out infection as the source of THA pain:
1. It has now been combined with sulfur colloid scan (below) to reduce the
number of false-positive results.
Gallium-67 (7Ga) citrate scan can be used in conjunction with technetium scans
to rule out infection; although this has typically been replaced by indium scans
in the United States.
Technetium-99m sulfur colloid '"'In-labeled scintigraphy (TcSC-Ind bone marrow
[BM]/white blood cell [WBC])—the combination of tests helps account for marrow
packing that can occur in a normal scan that yields increased uptake.

Fluorodeoxyglucose positron emission topography (FDG-PET)—a newer imag-
ing modality that detects energy consumption of tissues:

1. Pill et al compared TcSC-Ind BM/WBC with FDG-PET to rule out infection*?:
a. FDG-PET resulted in 95.2% sensitivity, 93% specificity, 80% positive

predictive value, and 98.5% negative predictive value in diagnosing
infection.

b. TcSC-Ind BM/WBC resulted in 50% sensitivity, 95.1% specificity, 41.7%
positive predictive value, and 88.6% negative predictive value.

Laboratory tests:
A.

Blood work is typically used for screening test to determine likelihood for infection
and need for aspiration:

1. Complete blood count is not very accurate in diagnosing prosthetic joint
infection (PJI).3

2. Erythrocyte sedimentation rate (ESR) represents an increase in proteins
(normal and abnormal) that enhances red cell aggregation and accelerates
the settling of red blood cells, leading to an elevated sedimentation rate*:

a. Sensitive but nonspecific marker for inflammation; measured in milli-
meter per hour; normal levels vary per laboratory; current recommen-
dation is that greater than 30 mmy/h is elevated.*>
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C-reactive protein (CRP) is an acute phase protein produced by the liver
with maximum production within 36 hours of an inflammatory event*:

a. Sensitive but non-specific marker (better than ESR), measured in mg/L,
beware that unit of measure often varies between laboratories, current
recommendation is that greater than 1 mg/dL is elevated*:

Interleukin-6 (IL-6) is an inflammatory cytokine produced by monocytes and
macrophages leading to an increase in production of acute-phase proteins*:

a. Conflicting data have been reported on the utility of this biomarker
in detecting infection, with prospective studies affording ranges of 49
to 81% sensitivity and 58 to 95% specificity**; this is compared with a
meta-analysis in which the sensitivity and specificity were 97 and 91%,
respectively.*

D-dimer—a test that detects fibrinolytic activity in the body, which has
recently been suggested to be a possible marker for PJI:

a. Shahi et al reported on 245 patients, with 89% sensitivity and 93%
specificity for PJI in this cohort, which was better than ESR and CRP.#

b. Current recommendation is that greater than 860 ng/mL is elevated.*

Metal levels—assessing levels of particular metals such as titanium, cobalt,
chromium, and nickel is difficult as laboratory detection is not always stan-
dardized and varies based on trunnion corrosion and MoM debris:

a. Trunnionosis is often associated with 5:1, or greater, ratios of Co to Cr,
often in the range of 8 to 11 parts per billion (ppb) for Co and 1 to 5 ppb
for Cr; of note, a well-functioning metal on PE THA should result in less
than 1 ppb of serum metal levels.*8->

» Typically caused by mechanically assisted crevice corrosion—this
involves fretting at the head-neck junction with debris formation
and breakdown of the passivated layer of the trunnion, which
undergoes a viscous cycle of reoxidation and corrosion.

* Currently, greater than 1 ppb for Co has a sensitivity of 95% and
specificity of 94% for ALTR, while a Co/Cr ratio greater than 2 has a
sensitivity of 83% and specificity of 72%>':

- MoM serum levels—surface debris of the articulation may be
compounded by trunnion debris making levels less predictable
but often at a higher level when associated with ALTR:

- Seven ppb seems to be a reasonable number for determining
excessive wear in MoM cases.

- Co/Cr ratio of 1.4, Co > 7 ppb, and continuous Co of 2.4 ppb
were associated with ALTR in MoM patients.>?

B. Aspiration®:

Cell count—aspirated fluid should be sent for a cell count and differential:
a. Inthe setting of metal debris/corrosion, a manual cell count should be or-
dered as the necrotic tissue can falsely elevate the white blood cell count.
b. Cutoffs have varied, but typically greater than 3,000 WBC/uL is indicative
of a chronic prosthetic infection.*
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c. For acute infections, the numbers are quite a bit higher:
i. Twelve thousand eight hundred WBC/uL (with CRP of 93 mg/L and
differential of 89%).

2. Differential—when ordering a cell count, a differential should be included;
varying levels have been used, but the recent cutoff in the diagnosis of
infection is greater than 80% neutrophils on the differential.

3. Cultures—required to diagnose the offending organism:

a. Remain negative in 20% of infected cases (poor sensitivity).
b. Hold antibiotics for at least 2 weeks prior to an aspiration.
c. Consider prolonged incubation in the cases with fastidious organisms.

4. Biomarkers>*: It is thought that the body creates a predictable immune
response to pathogens that can be recognized in the form of a unique gene
expression signature:

a. This has spawned the interest in utilizing biomarkers as a more sensi-
tive, specific, and accurate means to diagnose PJI.

b. Biomarkers of interest include the following:

i. Human a-defensin 1-3, Interleukins (1a, 1B, 6, 8, 10, 17), granulocyte
colon-stimulating factor, vascular endothelial growth factor, CRP,
neutrophil elastase 2, lactoferrin, neutrophil gelatinase-associated
lipocalin, resistin, thrombospondin 1, bactericidal/permeability
increasing protein:

(1) Five of these biomarkers had a sensitivity and specificity of
100% in a study by Deirmengian et al (x-defensin, neutrophil
elastase 2, bactericidal/permeability increasing protein, neutro-
phil gelatinase-associated protein, and lactoferrin).>*

(2) Lee et al looked at 13 diagnostic tests and found that a-de-
fensin was the best synovial marker based on the highest log
diagnostic odds ratio.>

VL. Musculoskeletal Infection Society criteria for infection*>>%
A. Major criteria—one of the following is required:

1. Sinus tract that communicates with joint/prosthesis (or visualization of
the implant itself).

2. A common pathogen isolated from two sets of tissue or fluid specimens
from the joint in question.

B. Minor criteria: new scoring system—(>6 is infected, 2-5 possible infection and
0-1 not infected):

1. Elevated D-dimer (>860 ng/mL) or CRP (>1 mg/dL) = 2 points.

2. Elevated ESR (>30 mm/h) = 1 point.

3. Elevated synovial fluid white blood cell count (>3,000 cells/uL) or leuko-
cyte esterase (++) = 3 points.

4, Positive a-defensin from synovial fluid (signal to cutoff ratio >1) = 3 points.

5. Elevated synovial PMN (>80%) = 2 points.
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6. Elevated synovial CRP (6.9 mg/L) = 1 point.

C. Inconclusive pre-op score or dry tap—move to intraoperative assessment (26 is
infected, 4-5 possible infection, and <3 not infected):

1. Add preoperative score to the following:

2. Greater than 5 neutrophils per high-powered field in 5 high-power fields
on histologic analysis at x400 magnification = 3 points.

3. Positive purulence = 3 points.
Single positive culture = 2 points.

Management

. Instability: covers a spectrum of disorders including subtle impingement, sublux-
ation, and frank dislocation:

A. Impingement occurs when the neck of the prosthesis makes contact with the
edge of the cup, prominence of the PE liner, or the adjacent anatomy (bone, ten-
don, soft tissues).

B. Recurrent episodes of impingement can lead to PE wear and fatigue fracture;
metal debris and adverse local tissue reaction; pain from tendonitis, bone
impaction and soft-tissue compression; or frank dislocation.

C. Subluxation is often a precursor to dislocation and should be treated as such and
watched closely; often patients will feel a clunk or the hip moving; this should
serve as a premonition of future dislocation.

II.  Dislocation: Overall rate varies and is often quoted as 1% or less; however, Medi-
care data suggest this number is closer to approximately 4%°7:

A. Early dislocation: within 6 weeks to 3 months after surgery.
B. Wera et al reported six categories for instability>s:

1. Type I—malposition of the acetabulum (outside of 15 degrees of antever-
sion and 40 degrees of abduction +10 degrees:

a. Treat with acetabular revision—address the problem at hand.

2. Type II: malposition of the femoral component—femoral anteversion of 20
+10 degrees:

a. Treat with revision of the femoral component.

b. Type I and Il instabilities treated with revision are associated with only
6% failure rate.

3. Type IIl: abductor deficiency—absence or compromise of the abductor-
trochanter complex (gluteus tear, trochanter nonunion/absence, severe
heterotopic ossification):

a. Treat with a constrained liner if components are in the correct posi-
tion; modern day thinking is to possibly utilize dual mobility as well.

b. Twenty-two percent failure rate and the most difficult to manage.

4, Type IV: impingement—may be related to suboptimal head-to-neck ratio,
failure to restore offset, elevated liners, retained osteophytes, and malposi-
tioned implants:
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. Treat by assessing the source of impingement and removing it.

a

b. Maximize head-to-neck ratio.>

c. Reposition implants as needed; remove bony osteophytes.
d

. Avoid elevated or prominent PE liners.
e. Following these principles led to zero dislocations out of seven cases.

5. Type V: late wear of PE liner—prior well-functioning THA with eccentric PE
wear:

a. Modular headliner exchange recommended with maximum ball size.

b. Eighty percent success rate—best if femoral head is upsized at the time
of revision.

6. Type VI: unclear etiology of instability—diagnosis of exclusion:

a. Often treated with a constrained liner or now dual mobility options as
the source of instability is unclear at the time of surgery.

C. Treatment:
1. Begins with preoperative planning and prevention of dislocation.®

2. First time dislocation (typically in the first 6-12 weeks after surgery)—
treat with abduction brace and/or knee immobilizer, hip precautions, ed-
ucation, and muscle training:

a. Dewal et al found no difference in recurrent dislocation rates with
bracing acute dislocations versus no brace (61 vs. 64%); similarly
chronic dislocators showed no difference with a brace either (55 vs.
56%).5!

b. Historically, Yuan and Shih found that only 15% of their primary THA
dislocations required reoperation (out of 2,728 THAs),5? while Joshi et
al found a similar result with 81% of closed reductions being success-
ful—-most common causes of recurrent dislocation were component
malposition and abductor failure.®

c. A successful closed reduction typically results in functional results
similar to those that have not dislocated, despite a trend toward the
nondislocators being more satisfied with their surgery.5

3. Recurrent dislocation — two or more dislocations after THA — surgery is
advised and recommended:

a. Assess causation using classification above — often multifactorial in
etiology:
i. Cup malposition—assess cup position with a shoot-through lateral

radiograph as an idea of version and a CT scan for a definitive mea-
sure of cup version:

(1) Keep in mind that spinopelvic mobility must be accounted for,
as there is a growing body of literature describing alterations in
pelvic orientation with sitting, standing, and lying down in the
setting of spinal degenerative joint disease/stiffness/fusion:

(a) Forsythe et al found a dislocation rate of 5.2% in patients
with a prior spinal fusion versus 1.7% for a control group;
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multilevel fusion and those involving the sacrum were at
greatest risk.5

(2) Revise cup to optimal position + larger femoral head (maximize
head size and/or consider dual mobility):

(a) Assess impingement points intraoperatively and try to
minimize.

(b) Maximize head-to-neck ratio.

(c) Elevated and offset liners can be utilized when necessary.

(3) Do not place a constrained liner into a malpositioned acetabu-
lar component.

(4) Enhanced capsular closure is recommended when possible via
the posterior approach, as is abductor repair with direct lateral
procedures.®

ii. Poor soft-tissue tension (i.e., decreased offset and/or short leg):

(1) PE exchange: increased offset liner + larger femoral head with
increased neck length.

(2) Trochanter advancement (with well-placed components).

(3) In the absence of adequate abductors, transfer of the gluteus
maximus tendon can be performed.

iii. Multifactorial and acceptable component position — larger femoral
head with possible elevated liner if possible:

(1) Large diameter femoral heads, dual mobility, or an uncon-
strained tripolar construct are also possible solutions.

(2) Constrained liners have a role in these cases.5667

(3) If capsular repair or reinforcement is required, there are reports of
using Achilles tendon allograft or a synthetic ligament prosthesis.58%°

D. Late dislocation:
1. Treatment (follow classification algorithm mentioned earlier):
a. Assess causation:

i. PE wear — catastrophic failure or eccentric wear can lead to im-
pingement and dislocation:

(1) Liner exchange—can add an elevated lip or constrained liner as
needed; may need to cement a liner in place if locking mecha-
nism is compromised.”®

(2) Utilize a larger head size.

(3) Revise the cup if necessary to enhance implant position, liner
options, and increase femoral head options—more a last resort
if above options do not work.

ii. Abductor dysfunction — often seen with ALTR/pseudotumor
formation in MoM and trunnionosis cases, abductor repair failures,
migration of trochanteric osteotomies, and with injury to the SGN:

(1) Similar to acute dislocation scenario, the goal is to restore
abductor tension/function if possible.
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(2) Maximize head-to-neck ratio with larger femoral head or dual
mobility.
(3) Can resort to a constrained liner option.

(4) Revise cup to gain the ability to improve position and have
more liner and head options.

(5) Gluteus maximus transfer or trochanteric advancement
procedures when applicable.

iii. Multifactorial — need to make sure implant position is appropriate;
may need to evaluate spine if changes have occurred after the initial
THA:

(1) Dual mobility, PE exchange, and larger diameter femoral head
or constrained liner remain viable options.”!

Infection

. Acute: early infection within 4 to 6 weeks of the index procedure:
A. Treatment options include the following:
1. Irrigation and debridement with modular component exchange (debride-
ment, antibiotics, irrigation, and retention [DAIR]):
a. Success rates vary.
b. de Vries et al reported on 109 THAs, 84 of which underwent DAIR;

there was 74.3% component retention with acute infections compared
with late infection, (84 vs. 46.6%).72

c. Estes et al described a two-stage retention protocol where the wound
is debrided and temporary cement beads are placed, followed by mod-
ular component exchange 7 days later—this led to infection control in
18/20 patients.”

2. One-stage exchange revision—all components out and replaced at the
same surgery:

a. Hansenetalreported on 27 patients with a mean follow-up of 50 months’#:

i. They found 19/27 (70%) retained their hardware—4 did require a
repeat debridement.

ii. Overall success rate was 56%.

3. Two-stage exchange—remove implants and place a spacer (dynamic
or static), intravenous (IV) antibiotics given, drug holiday (minimum 2
weeks), followed by second-stage reimplantation if cultures are negative
(occasionally requires a second spacer).

4, Permanent Girdlestone without spacer—not great for function and does
not afford the ability to deliver local antibiotics, but is only one procedure.

B. There has been some recent thoughts that each case should be handled based
on the host and the infecting organism:

1. Methicillin-resistant Staphylococcus aureus (MRSA) — two-stage exchange.
2. MSSA (methicillin-susceptible S. aureus) — highly consider stage exchange.
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3. Other organisms — irrigation and debridement, head and poly exchange,
and IV antibiotics.
II.  Chronic — late infection, typically occurs greater than 6 weeks after the index
procedure:
A. Treatment options include the following:
1. Irrigation and debridement with modular component exchange (DAIR):

a. Bene et al have recently suggested that chronic suppression/long-term
antibiotics will lead to a decreased risk of reoperation.”

b. For well-fixed cementless THA, DAIR can be successful if no draining
sinus, healthy host, and a sensitive organism.”

c. Herman et al found a 59% infection eradication rate with DAIR, but the
patients were very satisfied with the results when it worked (equiva-
lent outcomes to those without an infection).””

2. One-stage exchange revision—all components out and replaced at the
same surgery:

a. Typically done with cemented femoral stem and cementless cup in Eu-
rope; antibiotics directed toward infecting organism are placed in the
cement:

i. Offers the advantage of one surgery, less antibiotics, reduced hos-
pitalization, reduced transfusions, and reduced overall costs.”

ii. With good selection criteria, one-stage procedures are success-
ful—100% successful for one-stage versus 97.8% for two-stage in 84
infected THAs.”

iii. Worldwide data suggest one-stage revision may be as effective as
2-stage revision for infected THAs.%°

b. Whiteside and Roy recently described a technique to remove cemented
implants and revise in one stage to cementless implants coupled with
catheter placement and intra-articular infusion of antibiotics for 6 weeks:

i. They found a 95% infection eradication rate in 21 infected THAs
with a mean follow-up of 63 months.®!

3. Two-stage exchange:
a. This is the gold standard at the moment in the United States.

b. This may be more costly and involves two surgeries; however, there
are reports of superior outcomes:
i. Infection eradication of 94.5% compared with 56.8% with one-stage
procedure.®?
¢. Whiteside et al now suggest a 3-month course of oral antibiotics after
a two-stage exchange procedure, citing a 5 vs. 19% reinfection among
those receiving extended antibiotic and those that do not.®!

d. At times, the second stage may not be performed—if doing well with
mobile spacer or patient not medically a candidate for reimplantation.

i. Berend et al found a 4% 90-day mortality rate after the first stage and
76% survival and infection control rate after a two-stage procedure.®
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e. Partial two-stage exchange—cup removed and stem retained with a
cement ball placed on the trunnion:

i. Ekpo et al found an 89% infection eradication rate at 2-year fol-
low-up with this technique.®*
4, Permanent Girdlestone—not very functional, but good pain relief and rates
of infection control; the next step is hemipelvectomy, which is severely
disabling.

Acute hematogenous — occurs in recent proximity to a surgical procedure, remote
infection, dental procedure, etc. (typically occurs many years after the index pro-
cedure but as an acute event with systemic transfer of the bacteria to the prosthet-
ic joint); big difference with this infection is that the source has to be considered
and treated appropriately.

A. Treatment options include the following:

1. Irrigation and debridement with modular component exchange:
a. The most common option for acute infection.

b. Konigsberg et al reported on 20 THAs with acute hematogenous infec-
tion treated with modular component exchange, with 76% survivor-
ship at 2 years and greater success with nonstaphylococcal infections.%

c. Fink et al found only 57.1% success rate for acute hematogenous infec-
tion compared with 82.1% for early infections treated with the same
protocol for modular component exchange.%6

2. One-stage exchange revision—all components out and replaced at the
same surgery.

3. Two-stage exchange—likely the best option with resistant and virulent or-
ganisms related to a hematogenous infection (studies show poor results
with Staphylococcus aureus infections and resistant organisms); need to
find the source of the infection and control it there.?’

Aseptic Loosening

L.

Acetabular loosening:
A. Epidemiology: advancements in technology, including osseointegration surfac-

es and PE, are lowering rates of aseptic loosening both as a primary problem and
as a secondary condition related to particulate-induced osteolysis:

1. Monoblock CoCr cups have had varying rates of success based on implant
design, with several models being recalled for not only wear concerns, but
also high rates of aseptic loosening.%?

2. Modern implants with and without adjunct fixation have extremely low
rates of aseptic loosening.

It can occur from failure of osseointegration, late PE wear sequelae, or metal-re-

lated pathology (i.e., ALTR).

Revise cup to cementless cup (highly consider highly porous components) with
augments or triflange based on amount of bone loss; in severe defects cage, cup-
cage and impaction grafting techniques can be called upon.
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D. Acetabular defects®:
1. Paprosky’s classification®° (Table 21.3):
a. Based on a common pattern of bone loss in the acetabulum.
b. Helps direct treatment based on classification type.
c. Must distinguish if there is a pelvic discontinuity and if this is acute or
chronic as that helps direct treatment®’:
i. Chronic discontinuity—no pelvic healing potential:
(1) Pelvic distraction method—place 4- to 8-mm larger cup than
the last reamer and rely on pelvic ligaments for stability.*?
(2) Stabilize the pelvis with a bridge plate and place a new cup.
(3) Custom triflange—custom implant designed to address the
defects on a preoperative CT scan®:

(a) Multicenter study of 95 reconstructions reported good
outcomes at 3.5-year follow-up, with 22% complications and
only 1 case of aseptic loosening.

(b) At a minimum of 10 years, Moore et al reviewed 37 patients with
a custom triflange and found 91% were still functioning well at
latest follow-up; they had two infections and no dislocations.**

(4) Impaction grafting—defect is contained with mesh and al-
lograft is packed into the defect with a cup that is cemented
into this bony bed:

(a) Abdullah et al reported on 47 THAs with impaction grafting
and noted 100% survivorship at the mean follow-up of 10
years; however, they did note 8 cases of lysis and migration
in 4 patients that have not been revised.®

(5) Cup-cage technique—cage is placed over the top of a porous
cup that spans the discontinuity or defect:

(a) Hipfl et al reported on 35 hips at a mean of 47-month
follow-up; they found 89% survivorship at 5 years with no
cases of aseptic loosening.*®

ii. Acute discontinuity—may be trauma related or due to an unrecog-
nized intraoperative fracture:
(1) ORIF (open reduction and internal fixation) of the pelvis and
revision of the cup:

(a) Rogers et al reviewed nine patients with an acute pelvic dis-
continuity with eight requiring posterior column compres-
sion plating and revision of the cup at a mean of 34-month
follow-up; no revisions were noted in this cohort.”!

(2) Less likely to do distraction technique or wait for a custom
triflange to be made.

Femoral Component Loosening

I.  Epidemiology: Aseptic loosening rates have decreased with modern cemented
and cementless implants. Appropriate surgical technique is required to assure
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that the implant is placed so that the fixation is solid and the porous surface is
securely against the host bone. When these principles are not respected, there is
a higher risk for persistent thigh pain and component loosening.®’*® Additionally,
many cases of early loosening are related to missed intraoperative fractures.

II. Often recommended to revise to longer stem options:
A. Can use long cemented stem with or without impaction grafting.
B. Cementless stem options:

1. Use shortest stem to bypass defect (any holes/stress risers should be by-
passed by two cortical diameters) and get into good host bone.

2. Splined, tapered stems have largely taken over this role, both in the mono-
block and modular designs.

3. Cylindrical, CoCr stems are not used as often and must be put in correctly
to avoid late fatigue fractures (stems 13 mm in diameter or less), thigh pain
(stems greater than 18 mm in diameter), and corrosion.

[Il. Femoral defects:
A. Paprosky’s classification®:
1. Assesses bone defects based on location in the bone and preservation of
the isthmus.
Guides treatment options and directs overall management (Table 21.4).

The greater the defect and more compromised the host is medically, the
worse outcomes tend to be in these difficult cases.

Bearing Wear

PE wear and particulate-induced osteolysis are common historical problems for THA.
Modern highly cross-linked and treated PEs have improved wear rates and have result-
ed in a substantial reduction in peri-implant osteolysis. The bearing surface has long
been considered the weak link for a THA construct. With younger patients now receiv-
ing THA surgeries, the future will likely hold a large number of revision surgeries for
bearing wear or implant loosening related to particulate sequelae.

I.  Epidemiology—in some series, wear and loosening secondary to wear sequelae
may be responsible for up to 40 to 60% of revision cases.

II.  Wear rates—various wear rates are reported in the literature depending on the
type of PE used.

A. Median wear rates were reported at 0.024 to 0.41 mm/y with an irradiated and
remelted highly cross-linked PE, regardless of femoral head size (26, 28, 32, 36,
or 40 mm) and with only 14% osteolysis being found.1%

B. Vitamin E-infused PE has been found to have similar wear rates that are quite
low compared with historical PE wear rates; with 32- and 36-mm heads, the
annual wear was found to be 0.02 and 0.01 mm, respectively'®!

[Il. Treatment options:
A. PE and femoral head exchange when possible:
1. Assess trunnion for taper damage.
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2. Avoid mixing manufacture head-stem combinations for fear of slight trun-
nion mismatches.

3. PE exchange when adequate options are available and locking mechanism
remains intact.

B. Revise cup if:

1. Unable to achieve adequate stability based on cup position and/or inability
to achieve larger head.

2. Occasionally, the femoral component has to be revised as well if instability
is related to the position of the femur (version, height, offset).

3. PEliners no longer manufactured—can cement PE in if cup is large enough
to accept a liner and have room for 1 to 2 mm of cement.

4. Locking mechanism damaged (can consider cementing in liner in these
cases as well):

a. Can cement an entire cup in place or a liner to avoid revising a well-
fixed and appropriately positioned acetabular component.”

C. Bone graft osteolytic lesions when accessible.'®

Metal-on-Metal and Trunnion Issues

This is a modern-day concern with alternative bearings and taper connections that
have become more prevalent in the past 10 years. MoM implants have seen a signif-
icant reduction in utilization due to these concerns, as have dual-modular femoral
components. Taper corrosion is multifactorial and is not isolated to MoM THAs.1®> A
tremendous amount of ongoing research is targeted at investigating the etiology and
prevention of such problems.

I.  Epidemiology:

A. MoM THA—revision rates of modern MoM THA have been reported to be 18 to
19% at 10 years®?:

1. Damage from metal debris can be dramatic and compromise revision
outcomes.!%

2. Early detection and a low threshold to workup is important.

B. Taper corrosion related to MACC is estimated to be the etiology of up to 3 to 4%
of all current revisions.!%51%

II.  Workup:
A. Assess component position:
1. Vertical components can lead to edge loading and focused areas of wear.
2. Excessive version can lead to impingement and metal debris.
B. Identify known implants with early failure rates:

1. There are known implants that have had trunnion or wear concerns that should
be identified and trigger earlier suspicion and workup when warranted.

C. Obtain metal ion levels:

1. Greater than 5 to 7 ppb for chromium and/or cobalt should raise concern
for MoM THA or resurfacing.
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2. Greater than 1 ppb for a metal-on-PE THA should raise red flags.
3. Look at cobalt-to-chromium ratio to assess for corrosion.

D. Investigate plain radiographs for peri-implant osteolysis that is out of propor-
tion or disproportionate to the time of implantation of the components.

E. Obtain further advance imaging such as MRI and/or ultrasound to assess for
soft-tissue damage and pseudotumor.

[lI. Treatment:

A. Revise to a hard on soft bearing surface (ceramic with a titanium sleeve on PE is
preferable).

B. Beware of possible instability due to soft-tissue damage (i.e., abductor injury).
C. The head size may need to be maximized.

D. Controversial to revise to dual mobility due to trying to remove the cobalt and
chromium from the system.

IV. Taper corrosion:
A. Revise stem based on severity of corrosion.

B. If stem is salvageable, then use a ceramic head with a titanium sleeve at the time
of revision.

Ceramic Issues

When COC bearings are utilized, we can anticipate incredibly low wear rates, but there
have been reports of squeaking and implant fracture that can be quite difficult to manage.

I.  Squeaking: In a recent study with modern COC THA, a 9.6% incidence of squeaking
was found, with a historical range of 2 to 21% being reported'?’:
A. May occur from edge loading but is likely multifactorial in nature.
B. Revise to a hard-on-soft bearing (CoCr or ceramic-on-PE).

C. May require cup revision if acetabular cup is nonmodular or does not accept a
softer bearing surface option.

II.  Fracture:

Luo et al reported on a modern COC bearing and found a 0.76% incidence of ceramic
liner fracture, with a historical range of 0 to 5.7% being reported in the literature!®’:

A. Clear debris and revise to a hard-on-soft bearing, preferably a new ceramic head
on PE.

B. May need to avoid a metal head, as if there are remaining ceramic pieces, these
will rapidly cut into the metal head and create a tremendous amount of debris.

C. Removing the ceramic debris is an incredibly tedious process and one must be
careful as the shards are sharp and will penetrate surgical gloves easily.

Summary

Revision THA surgery can range from a relatively simple diagnosis and procedure to
much more complex undertakings. It is important to follow an algorithmic approach
in making the diagnosis, so nothing is missed and the etiology of failure is made in a
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timely fashion. Once a diagnosis is made, a treatment plan must be established taking
into account bone defects, soft-tissue integrity, hip stability, patient comorbidities, and
presurgery level of function.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bozic K], Kurtz SM, Lau E, Ong K, Vail TP, Berry D|. The epidemiology of revision total hip
arthroplasty in the United States. | Bone Joint Surg Am 2009;91(1):128-133

Gwam CU, Mistry |B, Mohamed NS, et al. current epidemiology of revision total hip
arthroplasty in the United States: national inpatient sample 2009 to 2013. ] Arthroplasty
2017;32(7):2088-2092

Dorr LD, Malik A, Dastane M, Wan Z. Combined anteversion technique for total hip arthro-
plasty. Clin Orthop Relat Res 2009;467(1):119-127

Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR. Dislocations after total
hip-replacement arthroplasties. | Bone Joint Surg Am 1978;60(2):217-220

Abdel MP, von Roth P, Jennings MT, Hanssen AD, Pagnano MW. What safe zone? the vast
majority of dislocated THAs are within the lewinnek safe zone for acetabular component
position. Clin Orthop Relat Res 2016;474(2):386-391

Moore KD, Beck PR, Petersen DW, Cuckler JM, Lemons |E, Eberhardt AW. Early failure

of a cross-linked polyethylene acetabular liner. A case report. ] Bone Joint Surg Am
2008;90(11):2499-2504

Berrios-Torres SI, Umscheid CA, Bratzler DW, et al; Healthcare Infection Control Practices
Advisory Committee. Centers for disease control and prevention guideline for the preven-
tion of surgical site infection, 2017. JAMA Surg 2017;152(8):784-791

Sukur E, Akman YE, Ozturkmen Y, Kucukdurmaz F. Particle disease: a current review

of the biological mechanisms in periprosthetic osteolysis after hip arthroplasty. Open
Orthop | 2016;10:241-251

Oparaugo PC, Clarke IC, Malchau H, Herberts P. Correlation of wear debris-induced
osteolysis and revision with volumetric wear-rates of polyethylene: a survey of 8 reports
in the literature. Acta Orthop Scand 2001;72(1):22-28

Fabi D, Levine B, Paprosky W, et al. Metal-on-metal total hip arthroplasty: causes and
high incidence of early failure. Orthopedics 2012;35(7):e1009-e1016

Bolognesi MP, Ledford CK. Metal-on-metal total hip arthroplasty: patient evaluation and
treatment. ] Am Acad Orthop Surg 2015;23(12):724-731

Bradberry SM, Wilkinson |M, Ferner RE. Systemic toxicity related to metal hip prosthe-
ses. Clin Toxicol (Phila) 2014;52(8):837-847

Massin P, Lopes R, Masson B, Mainard D; French Hip & Knee Society (SFHG). Does Biolox
Delta ceramic reduce the rate of component fractures in total hip replacement? Orthop
Traumatol Surg Res 2014;100(6, Suppl):S317-S321

Howard DP, Wall PDH, Fernandez MA, Parsons H, Howard PW. Ceramic-on-ceramic
bearing fractures in total hip arthroplasty: an analysis of data from the National Joint
Registry. Bone Joint ] 2017;99-B(8):1012-1019

Baek SH, Kim WK, Kim ]Y, Kim SY. Do alumina matrix composite bearings decrease hip
noises and bearing fractures at a minimum of 5 years after THA? Clin Orthop Relat Res
2015;473(12):3796-3802

Baek SH, Kim SY. Cementless total hip arthroplasty with alumina bearings in pa-

tients younger than fifty with femoral head osteonecrosis. | Bone Joint Surg Am
2008;90(6):1314-1320

McDonnell SM, Boyce G, Baré |, Young D, Shimmin AJ. The incidence of noise generation
arising from the large-diameter Delta Motion ceramic total hip bearing. Bone Joint |
2013;95-B(2):160-165

Keurentjes |C, Kuipers RM, Wever D), Schreurs BW. High incidence of squeaking in THAs
with alumina ceramic-on-ceramic bearings. Clin Orthop Relat Res 2008;466(6):
1438-1443

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



EBSCOhost -

286

Revision Total Hip Arthroplasty

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Migaud H, Putman S, Kern G, et al; SOFCOT Study Group. Do the reasons for ceramic-on-
ceramic revisions differ from other bearings in total hip arthroplasty? Clin Orthop Relat Res
2016;474(10):2190-2199

Lachiewicz PF, Kauk JR. Anterior iliopsoas impingement and tendinitis after total hip
arthroplasty. | Am Acad Orthop Surg 2009;17(6):337-344

Henderson RA, Lachiewicz PF. Groin pain after replacement of the hip: aetiology, evalua-
tion and treatment. | Bone Joint Surg Br 2012;94(2):145-151

Chalmers BP, Sculco PK, Sierra R, Trousdale RT, Berry DJ. lliopsoas impingement after
primary total hip arthroplasty: operative and nonoperative treatment outcomes. | Bone
Joint Surg Am 2017;99(7):557-564

Gofton WT, lllical EM, Feibel R], Kim PR, Beaulé PE. a single-center experience with a
titanium modular neck total hip arthroplasty. | Arthroplasty 2017;32(8):2450-2456
Grupp TM, Weik T, Bloemer W, Knaebel HP. Modular titanium alloy neck adapter failures
in hip replacement--failure mode analysis and influence of implant material. BMC Mus-
culoskelet Disord 2010;11:3

Pour AE, Borden R, Murayama T, Groll-Brown M, Blaha |D. High risk of failure with
bimodular femoral components in THA. Clin Orthop Relat Res 2016;474(1):146-153
Shah RR, Goldstein JM, Cipparrone NE, Gordon AC, Jimenez ML, Goldstein WM. Alarm-
ingly high rate of implant fractures in one modular femoral stem design: a comparison
of two implants. | Arthroplasty 2017;32(10):3157-3162

Chang CY, Huang AJ, Palmer WE. Radiographic evaluation of hip implants. Semin Muscu-
loskelet Radiol 2015;19(1):12-20

Delee |G, Charnley ]. Radiological demarcation of cemented sockets in total hip replace-
ment. Clin Orthop Relat Res 1976;(121):20-32

Udomkiat P, Wan Z, Dorr LD. Comparison of preoperative radiographs and intraoper-
ative findings of fixation of hemispheric porous-coated sockets. | Bone Joint Surg Am
2001;83(12):1865-1870

Paprosky WG, Perona PG, Lawrence JM. Acetabular defect classification and surgical
reconstruction in revision arthroplasty. A 6-year follow-up evaluation. | Arthroplasty
1994;9(1):33-44

Gruen TA, McNeice GM, Amstutz HC. “Modes of failure” of cemented stem-type femoral
components: a radiographic analysis of loosening. Clin Orthop Relat Res 1979;(141):17-
27

Engh CA, Massin P, Suthers KE. Roentgenographic assessment of the biologic fixation of
porous-surfaced femoral components. Clin Orthop Relat Res 1990;(257):107-128
Harris WH, McGann WA. Loosening of the femoral component after use of the medul-
lary-plug cementing technique. Follow-up note with a minimum five-year follow-up.

] Bone Joint Surg Am 1986;68(7):1064-1066

Brooker AF, Bowerman |W, Robinson RA, Riley LH |r. Ectopic ossification following

total hip replacement. Incidence and a method of classification. ] Bone Joint Surg Am
1973;55(8):1629-1632

Weeden SH, Paprosky WG. Minimal 11-year follow-up of extensively porous-coated
stems in femoral revision total hip arthroplasty. | Arthroplasty 2002;17(4, Suppl 1):
134-137

Egawa H, Ho H, Hopper RH Jr, Engh CA Jr, Engh CA. Computed tomography assessment
of pelvic osteolysis and cup-lesion interface involvement with a press-fit porous-coated
acetabular cup. | Arthroplasty 2009;24(2):233-239

Berkowitz JL, Potter HG. Advanced MRI techniques for the hip joint: focus on the
postoperative hip. A|R Am | Roentgenol 2017;209(3):534-543

Mittal R, Khetarpal R, Malhotra R, Kumar R. The role of Tc-99m bone imaging in the
management of pain after complicated total hip replacement. Clin Nucl Med 1997;22(9):
593-595

Dangwal TR, Aggarwal V, Malhotra V, Baveja U, Mittal SK. Clinical spectrum of chronic
liver disease in north Indian children. Trop Gastroenterol 1997;18(4):174-176

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Revision Total Hip Arthroplasty 287

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Oswald SG, Van Nostrand D, Savory CG, Callaghan ). Three-phase bone scan and indium
white blood cell scintigraphy following porous coated hip arthroplasty: a prospective
study of the prosthetic tip. | Nucl Med 1989;30(8):1321-1331

Lieberman JR, Huo MH, Schneider R, Salvati EA, Rodi S. Evaluation of painful hip arthro-
plasties. Are technetium bone scans necessary? | Bone Joint Surg Br 1993;75(3):475-478
Pill SG, Parvizi |, Tang PH, et al. Comparison of fluorodeoxyglucose positron emission
tomography and (111)indium-white blood cell imaging in the diagnosis of periprosthet-
ic infection of the hip. | Arthroplasty 2006;21(6, Suppl 2):91-97

Di Cesare PE, Chang E, Preston CF, Liu CJ. Serum interleukin-6 as a marker of periprosthetic in-
fection following total hip and knee arthroplasty. | Bone Joint Surg Am 2005;87(9):1921-1927
Saleh A, George |, Faour M, Klika AK, Higuera CA. Serum biomarkers in periprosthetic
joint infections. Bone Joint Res 2018;7(1):85-93

Parvizi }, Tan TL, Goswami K, et al. The 2018 definition of periprosthetic hip and knee infec-
tion: an evidence-based and validated criteria. | Arthroplasty 2018;33(5):1309-1314.e2
Berbari E, Mabry T, Tsaras G, et al. Inflammatory blood laboratory levels as markers of
prosthetic joint infection: a systematic review and meta-analysis. ] Bone Joint Surg Am
2010;92(11):2102-2109

Shahi A, Kheir MM, Tarabichi M, Hosseinzadeh HRS, Tan TL, Parvizi |. Serum D-dimer test
is promising for the diagnosis of periprosthetic joint infection and timing of reimplanta-
tion. | Bone Joint Surg Am 2017;99(17):1419-1427

Hothi HS, Eskelinen AP, Berber R, et al. Factors associated with trunnionosis in the met-
al-on-metal pinnacle hip. | Arthroplasty 2017;32(1):286-290

Plummer DR, Berger RA, Paprosky WG, Sporer SM, Jacobs ||, Della Valle C|. Diagnosis and
management of adverse local tissue reactions secondary to corrosion at the head-neck junc-
tion in patients with metal on polyethylene bearings. | Arthroplasty 2016;31(1):264-268
Levine BR, Hsu AR, Skipor AK, et al. Ten-year outcome of serum metal ion levels after
primary total hip arthroplasty: a concise follow-up of a previous report®. | Bone Joint
Surg Am 2013;95(6):512-518

Kwon YM, MacAuliffe |, Arauz PG, Peng Y. Sensitivity and specificity of metal ion level in
predicting adverse local tissue reactions due to head-neck taper corrosion in primary
metal-on-polyethylene total hip arthroplasty. | Arthroplasty 2018;33(9):3025-3029
Laaksonen I, Galea VP, Donahue GS, Matuszak S|, Muratoglu O, Malchau H. The cobalt/
chromium ratio provides similar diagnostic value to a low cobalt threshold in predicting
adverse local tissue reactions in patients with metal-on-metal hip arthroplasty. | Arthro-
plasty 2018;33(9):3020-3024

Ting NT, Della Valle CJ. Diagnosis of periprosthetic joint infection: an algorithm-based
approach. | Arthroplasty 2017;32(7):2047-2050

Deirmengian C, Kardos K, Kilmartin P, Cameron A, Schiller K, Parvizi |. Diagnosing
periprosthetic joint infection: has the era of the biomarker arrived? Clin Orthop Relat Res
2014;472(11):3254-3262

Lee YS, Koo KH, Kim HJ, et al. Synovial fluid biomarkers for the diagnosis of peripros-
thetic joint infection: a systematic review and meta-analysis. ] Bone Joint Surg Am
2017;99(24):2077-2084

Parvizi |, Zmistowski B, Berbari EF, et al. New definition for periprosthetic joint infection:
from the Workgroup of the Musculoskeletal Infection Society. Clin Orthop Relat Res
2011;469(11):2992-2994

Phillips CB, Barrett JA, Losina E, et al. Incidence rates of dislocation, pulmonary embo-
lism, and deep infection during the first six months after elective total hip replacement.
] Bone Joint Surg Am 2003;85(1):20-26

Wera GD, Ting NT, Moric M, Paprosky WG, Sporer SM, Della Valle CJ. Classification and
management of the unstable total hip arthroplasty. | Arthroplasty 2012;27(5):710-715
Waddell BS, Koch C, Trivellas M, Burket |C, Wright T, Padgett D. Have large fem-

oral heads reduced prosthetic impingement in total hip arthroplasty? Hip Int
2019;29(1):83-88

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

288

Revision Total Hip Arthroplasty

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Rowan FE, Benjamin B, Pietrak JR, Haddad FS. Prevention of dislocation after total hip
arthroplasty. | Arthroplasty 2018;33(5):1316-1324

Dewal H, Maurer SL, Tsai P, Su E, Hiebert R, Di Cesare PE. Efficacy of abduction bracing in
the management of total hip arthroplasty dislocation. ] Arthroplasty 2004;19(6):
733-738

Yuan L, Shih C. Dislocation after total hip arthroplasty. Arch Orthop Trauma Surg
1999;119(5-6):263-266

Joshi A, Lee CM, Markovic L, Vlatis G, Murphy |C. Prognosis of dislocation after total hip
arthroplasty. | Arthroplasty 1998;13(1):17-21

Forsythe ME, Whitehouse SL, Dick ], Crawford RW. Functional outcomes after nonrecur-
rent dislocation of primary total hip arthroplasty. | Arthroplasty 2007;22(2):227-230
Weeden SH, Paprosky WG, Bowling JW. The early dislocation rate in primary total hip
arthroplasty following the posterior approach with posterior soft-tissue repair. ] Arthro-
plasty 2003;18(6):709-713

Williams |T Jr, Ragland PS, Clarke S. Constrained components for the unstable hip follow-
ing total hip arthroplasty: a literature review. Int Orthop 2007;31(3):273-277

Makinen TJ, Fichman SG, Rahman WA, et al. The focally constrained liner is a reasonable
option for revision of unstable total hip arthroplasty. Int Orthop 2016;40(11):
2239-2245

Lavigne M|, Sanchez AA, Coutts RD. Recurrent dislocation after total hip arthroplasty:
treatment with an Achilles tendon allograft. | Arthroplasty 2001;16(8, Suppl 1):13-18
Barbosa JK, Khan AM, Andrew ]G. Treatment of recurrent dislocation of total hip
arthroplasty using a ligament prosthesis. | Arthroplasty 2004;19(3):318-321

Walmsley DW, Waddell |P, Schemitsch EH. Isolated head and liner exchange in revision
hip arthroplasty. ] Am Acad Orthop Surg 2017;25(4):288-296

Chalmers BP, Ledford CK, Taunton M|, Sierra R, Lewallen DG, Trousdale RT. Cementation
of a dual mobility construct in recurrently dislocating and high risk patients undergoing
revision total arthroplasty. | Arthroplasty 2018;33(5):1501-1506

de Vries L, van der Weegen W, Neve WC, Das H, Ridwan BU, Steens |. The effectiveness
of debridement, antibiotics and irrigation for periprosthetic joint infections after prima-
ry hip and knee arthroplasty. A 15 years retrospective study in two community hospitals
in the Netherlands. | Bone Jt Infect 2016;1:20-24

Estes CS, Beauchamp CP, Clarke HD, Spangehl M. A two-stage retention débridement
protocol for acute periprosthetic joint infections. Clin Orthop Relat Res 2010;468(8):
2029-2038

Hansen E, Tetreault M, Zmistowski B, et al. Outcome of one-stage cementless

exchange for acute postoperative periprosthetic hip infection. Clin Orthop Relat Res
2013;471(10):3214-3222

Bene N, Li X, Nandi S. Increased antibiotic duration improves reoperation free survival
after total hip arthroplasty irrigation and debridement. | Orthop 2018;15(2):707-710
Rahman WA, Kazi HA, Gollish |D. Results of single stage exchange arthroplasty with
retention of well fixed cement-less femoral component in management of infected total
hip arthroplasty. World | Orthop 2017;8(3):264-270

Herman BV, Nyland M, Somerville L, MacDonald SJ, Lanting BA, Howard JL. Functional
outcomes of infected hip arthroplasty: a comparison of different surgical treatment
options. Hip Int 2017;27(3):245-250

Zahar A, Gehrke TA. One-stage revision for infected total hip arthroplasty. Orthop Clin
North Am 2016;47(1):11-18

Klouche S, Leonard P, Zeller V, et al. Infected total hip arthroplasty revision: one- or
two-stage procedure? Orthop Traumatol Surg Res 2012;98(2):144-150

Kunutsor SK, Whitehouse MR, Blom AW, et al; Global Infection Orthopaedic
Management Collaboration. One- and two-stage surgical revision of peri-prosthetic joint
infection of the hip: a pooled individual participant data analysis of 44 cohort studies.
Eur | Epidemiol 2018;33(10):933-946

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

Revision Total Hip Arthroplasty 289

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Whiteside LA, Roy ME. One-stage revision with catheter infusion of intraarticular antibi-
otics successfully treats infected THA. Clin Orthop Relat Res 2017;475(2):419-429
Wolf M, Clar H, Friesenbichler |, et al. Prosthetic joint infection following total

hip replacement: results of one-stage versus two-stage exchange. Int Orthop
2014;38(7):1363-1368

Berend KR, Lombardi AV |r, Morris M|, Bergeson AG, Adams |B, Sneller MA. Two-stage
treatment of hip periprosthetic joint infection is associated with a high rate of infection
control but high mortality. Clin Orthop Relat Res 2013;471(2):510-518

Ekpo TE, Berend KR, Morris M|, Adams B, Lombardi AV Jr. Partial two-stage ex-

change for infected total hip arthroplasty: a preliminary report. Clin Orthop Relat Res
2014;472(2):437-448

Konigsberg BS, Della Valle CJ, Ting NT, Qiu F, Sporer SM. Acute hematogenous infection
following total hip and knee arthroplasty. | Arthroplasty 2014;29(3):469-472

Fink B, Schuster P, Schwenninger C, Frommelt L, Oremek D. A standardized regimen for
the treatment of acute postoperative infections and acute hematogenous infections
associated with hip and knee arthroplasties. | Arthroplasty 2017;32(4):1255-1261
Vilchez F, Martinez-Pastor |C, Garcia-Ramiro S, et al. Efficacy of debridement in
hematogenous and early post-surgical prosthetic joint infections. Int | Artif Organs
2011;34(9):863-869

Althuizen MN, V Hooff ML, v d Berg-v Erp SH, V Limbeek |, Nijhof MW. Early failures in
large head metal-on-metal total hip arthroplasty. Hip Int 2012;22(6):641-647
Macheras GA, Lepetsos P, Leonidou AO, Anastasopoulos PP, Galanakos SP, Poultsides
LA. Survivorship of a porous tantalum monoblock acetabular component in primary hip
arthroplasty with a mean follow-up of 18 years. | Arthroplasty 2017;32(12):3680-3684
Volpin A, Konan S, Biz C, Tansey RJ, Haddad FS. Reconstruction of failed acetabular com-
ponent in the presence of severe acetabular bone loss: a systematic review. Musculo-
skelet Surg 2019;103(1):1-13

Rogers BA, Whittingham-Jones PM, Mitchell PA, Safir OA, Bircher MD, Gross AE. The
reconstruction of periprosthetic pelvic discontinuity. | Arthroplasty 2012;27(8):
1499-1506.e1

Hasenauer MD, Paprosky WG, Sheth NP. Treatment options for chronic pelvic disconti-
nuity. ] Clin Orthop Trauma 2018;9(1):58-62

Moore KD, McClenny MD, Wills BW. Custom triflange acetabular components for large
acetabular defects: minimum 10-year follow-up. Orthopedics 2018;41(3):e316-e320
Berend ME, Berend KR, Lombardi AV, Cates H, Faris P. The patient-specific Triflange ace-
tabular implant for revision total hip arthroplasty in patients with severe acetabular de-
fects: planning, implantation, and results. Bone Joint ] 2018;100-B(1, Supple A):50-54
Abdullah KM, Hussain N, Parsons SJ, Porteous M|L, Atrey A. 11-year mean follow-up of
acetabular impaction grafting with a mixture of bone graft and hydroxyapatite porous
synthetic bone substitute. | Arthroplasty 2018;33(5):1481-1486

Hipfl C, Janz V, Lochel |, Perka C, Wassilew Gl. Cup-cage reconstruction for severe ace-
tabular bone loss and pelvic discontinuity: mid-term results of a consecutive series of 35
cases. Bone Joint ] 2018;100-B(11):1442-1448

Park CW, Eun HJ, Oh SH, Kim HJ, Lim S|, Park YS. Femoral stem survivorship in Dorr
type A femurs after total hip arthroplasty using a cementless tapered wedge stem: a
matched comparative study with type B femurs. | Arthroplasty 2019;34(3):527-533
White CA, Carsen S, Rasuli K, Feibel R], Kim PR, Beaulé PE. High incidence of migration
with poor initial fixation of the Accolade stem. Clin Orthop Relat Res 2012;470(2):
410-417

Lachiewicz PF, Soileau ES, Martell M. Wear and osteolysis of highly crosslinked
polyethylene at 10 to 14 years: the effect of femoral head size. Clin Orthop Relat Res
2016;474(2):365-371

Lachiewicz PF, O’Dell JA, Martell JM. Large metal heads and highly cross-linked
polyethylene provide low wear and complications at 5-13 years. | Arthroplasty
2018;33(7):2187-2191

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

290

Revision Total Hip Arthroplasty

101.

102.

103.

104.

105.

106.

107.

Lindalen E, Thoen PS, Nordsletten L, Hovik O, Rohrl SM. Low wear rate at 6-year
follow-up of vitamin E-infused cross-linked polyethylene: a randomised trial using

32- and 36-mm heads. Hip Int 2019;29(4):355-362

Narkbunnam R, Amanatullah DF, Electricwala A, Huddleston |I lIl, Maloney WJ,
Goodman SB. Outcome of 4 surgical treatments for wear and osteolysis of cementless
acetabular components. | Arthroplasty 2017;32(9):2799-2805

Berstock |R, Whitehouse MR, Duncan CP. Trunnion corrosion: what surgeons need to
know in 2018. Bone Joint | 2018;100-B(1, Supple A):44-49

Matharu GS, Judge A, Murray DW, Pandit HG. Outcomes after metal-on-metal hip revision
surgery depend on the reason for failure: a propensity score-matched study. Clin Orthop
Relat Res 2018;476(2):245-258

Sultan AA, Cantrell WA, Khlopas A, et al. Evidence-based management of trunnionosis
in metal-on-polyethylene total hip arthroplasty: a systematic review. | Arthroplasty
2018;33(10):3343-3353

Marinier M, Edmiston TA, Kearns S, Hannon CP, Levine BR. A survey of the prevalence of
and techniques to prevent trunnionosis. Orthopedics 2018;41(4):e557-e562

Luo Y, Sun XF, Chen |, Cui W, Wang T. Could larger diameter of 4th generation ceramic
bearing increase the rate of squeaking after THA?: a retrospective study. Medicine
(Baltimore) 2018;97(52):e13977

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



EBSCOhost -

22

Hip Rehabilitation

David J. Kaufman

Assessment of Gait Abnormalities

I. A thorough physical examination and knowledge of anatomy are key to directing
physical therapy (PT) for the painful hip.

A. Discrete evaluation of the hip actions and their involved muscle groups is a
necessary starting point:

1. Flexors: psoas, iliacus, pectineus, and rectus femoris.
2. Extensors: gluteus maximus and hamstrings.
3. Abductors: gluteus medius and gluteus minimus.
4, Adductors: adductor magnus, longus, and brevis.
5. External rotators: gluteus maximus, superior/inferior gemellus, obturator
internus/externus, and quadratus femoris.
6. Internal rotators: tensor fascia lata, gluteus minimus, and gracilis.
II. Gait anomalies can arise from the following:
. Pain.
. Weakness.

A
B
C.
D
E

Structural abnormalities.

. Loss of motion.

Combinations of the above.

IIl. Observation of gait and single leg stance provides important dynamic information
regarding function of the hip and potential pathology.

A.

Key gait features include foot progression angle, pelvic motion, stance phase,
stride length, truncal motion, and arm swing.

Gait anomalies and their associated anatomic correlates are described in
Table 22.1.

Rehabilitation Principles for the Painful Hip

I.  Requires appropriate diagnosis and differentiating spinal etiology, referred pain,
extra-articular muscle injury, intra-articular pathology, muscle imbalance, and
stiffness.

A. The hip is part of the kinetic chain extending from the lumbar spine to the feet.

1.
2.

Dysfunction at any point along this chain can impact hip function.

As the hip becomes more stiff, increased mobility demands are placed at
the lumbar spine, knees, ankles, and/or feet, and can lead to secondary
injuries.
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Table 22.1 Gait assessment

Description

Clinical Correlate

Trendelenburg gait: contralateral pelvic drop in
stance phase

Antalgic gait: shortened stance phase, lengthened
swing time

Coxalgic gait: truncal shift over painful side,
contralateral pelvic elevation

Externally rotated foot progression angle
Internally rotated foot progression angle

Quadriceps avoidance: increased knee extension

Drop foot or steppage gait: increased hip and knee
flexion with loss of ankle dorsiflexion

Abductor weakness

Lower extremity pain

Intra-articular hip pain

Femoral retroversion, torsional anomaly, hip
effusion

Excess femoral anteversion, torsional
anomaly

Quad weakness, knee pain, anterior cruciate
ligament injury

Sciatic nerve injury, ankle dorsiflexion
weakness

II.  Goals of therapy include the following:
A. Improving range of motion (ROM):

1. Manual techniques to mobilize the joint with manipulation and distrac-
tion can stretch the capsule and surrounding muscles, and can help main-

tain mobility.!
B. Decreasing pain:

1. Modalities for muscle relaxation, pain relief, and anti-inflammation.

C. Improving muscle strength:

1. Strengthening the muscles around the hip, including core abdominal mus-
cles and hip abductors, can be particularly useful to normalize gait.?

D. Minimizing detrimental effects of immobility or activity restriction:

1. Cane can be used in the contralateral hand.

i. Allows for reciprocal arm swing.

ii. Widens base of support.

iii. Reduces joint reaction force on the affected side by up to 30%, with
longer lever arm for abductor function.

E. Maintaining general fitness:

1. Weight reduction can significantly improve patient’s symptoms and in-
crease functional status, while decreasing the force on all joints.

2. Recreations such as swimming or cycling can provide fitness while mini-

mizing forces across the hip.
F. Teaching home exercise program:

1. Education and empowerment can guide patients in activities, exercise
programs, and footwear to reduce pain and optimize function.
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Preoperative Considerations

I.  Comprehensive education to set patient expectations for surgery and rehabilita-
tion course.

A. Tailored to patient’s baseline functional status, comorbidities, and postoperative
goals.

B. Preoperative education shows modest beneficial effect on anxiety before and
after surgery.

1. Effect on pain, functional outcome, and length of stay is inconclusive.?
C. Address patient and family questions or concerns.
1. Create realistic expectations.
I[I.  Organize the home environment:
A. Remove throw rugs.
B. Address bathroom—toilet seats, shower bars, chairs.
C. Stair management.
D. Minimize obstacles that may cause injury or difficulty with recovery.
IIl.  Arrange social support:
A. Meals.
B. Rides to PT or other doctor visits.

IV. A preoperative rehabilitation or “prehab” program of strengthening and gait train-
ing can improve postoperative pain control and function in the first few weeks
after surgery.*

A. Best evidence is to focus on patients with impaired mobility for preoperative
strengthening, balance, and gait training.>

B. Train patients on use of relevant durable medical equipment, including walking
assistive devices.

V.  Set a hospital discharge plan, which may be subject to change after surgery.

A. A prehab program before total hip arthroplasty (THA) has been shown to reduce
rates of discharge to skilled nursing facilities and improve rates of discharge to
home.®

Postoperative Rehabilitation after
Hip Arthroscopy
I.  Protocols for PT and return to activity vary by the arthroscopy procedure per-

formed.

A. A hip abduction brace is frequently employed to limit postoperative hip
motion.

B. CPM (continuous passive motion) machine may be used to encourage ROM.

N

Lying prone can help prevent the development of a flexion contracture.

D. Protected weight bearing may be employed for a range of hip arthroscopy
procedures.
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II.  Although there is no consensus rehabilitation protocol, specific precautions are
based on the procedures performed.’

A. Labral repair requires a period of restricted weight bearing, limited hip abduc-
tion, and no external rotation beyond neutral to protect the repair as it heals.

B. Labral resection typically is followed by a 10- to 14-day period of partial weight
bearing, and avoidance of excess flexion and abduction.

C. Cheilectomy/osteoplasty requires a period of restricted weight bearing given
risk of femoral neck fracture in the early postoperative period.

D. Microfracture necessitates up to 6 weeks of restricted weight bearing.

E. Capsular plication patients should have limited hip flexion, extension, and exter-
nal rotation in the first 3 to 4 weeks after surgery to protect the anterior capsule.

IIl. Progressive ROM and strengthening is encouraged among all postoperative hip
arthroscopy patients.”

A. Gentle isometrics typically start around postoperative day 2, with gradual pro-
gression of active ROM (AROM) starting around the third week after surgery.

B. It is important to avoid initiating activities that may lead to joint inflammation
or tendinitis.

Postoperative Rehabilitation after Total Hip
Arthroplasty

[.  Inpatient setting:
A. Typically first O to 3 days after surgery.
B. Functional goals include the following:

1. Early mobilization.

Muscle activation.

Gait training.

Stair training.

AROM and active-assisted ROM.

C. Patients receiving earlier inpatient rehabilitation demonstrate shorter hospital
stays and earlier independence.?

SUEE

1. “Fast track” clinical pathways encourage PT and mobilization on the day of
surgery.’

2. Early mobilization must balance benefits of rapid recovery with the need
for a stable environment for implants to achieve osseointegration when
cementless components are used.

D. Early mobilization is strongly encouraged as a low-risk, low-cost strategy to re-
duce the risk of deep vein thrombosis (DVT).

1. Early mobilization is a “consensus” recommended strategy for DVT pro-
phylaxis from the American Academy of Orthopaedic Surgeons Board of
Directors, reflecting expert opinion of the utility of this strategy.
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Assistive devices improve biomechanical stabilization and somatosensory
feedback:

1. Include crutches, walker, or cane depending on patient needs and sur-
geon-imposed restrictions.

Weight-bearing:
1. Full weight bearing is usually permitted after primary cementless or hy-
brid fixation:
a. Historically, protected weight bearing was required for 6 weeks.

b. Modern studies suggest this is not necessary but is still employed by
some surgeons.

2. Restricted weight bearing may be employed after trochanteric osteotomy,
complex revisions, or fracture.

. Stair training before discharge is important for safe disposition, and to avoid

torsional forces across the hip in the early postoperative period.'
1. Going up stairs: lead with nonoperative leg.
2. Going down stairs: lead with operative leg.

Hip precautions:
A. Standard posterior hip precautions involve limiting hip flexion, hip adduc-

tion, and internal rotation, particularly in the first 6 weeks after surgery as the
soft-tissue repair heals.

1. Hip flexion beyond 90 degrees should be avoided during this time period.

2. Patients are encouraged to use an elevated toilet seat, “reacher,” and “sock
aid” to avoid excess hip flexion in the early postoperative period.

3. When reaching toward the floor, patients should keep the hip externally
rotated by reaching between their legs, not out to the side.

4. The use of abduction bracing has not been shown to decrease dislocation
rate after revision THA.'2

Standard anterior hip precautions involve limiting hip extension and external
rotation:

1. Commonly occurs with quick pivot-type movements or with turning
in bed (foot rotates and relatively extends, while going from supine to
prone).

There is some evidence that hip precautions are of limited utility after anterior
THA.13'14

1. In a randomized study of 630 patients undergoing anterior THA, the
authors found the following additional hip precautions did not reduce
dislocation rate: use of abduction pillow, use of elevated toilet seat,
avoidance of lying on the side, and avoidance of driving or riding in an
automobile.’

Outpatient setting:
A. The majority of postoperative rehabilitation occurs after hospital discharge.
B. New payment methods for hip and knee replacement are driving a trend for

shorter inpatient stays and minimizing use of therapy services.'¢
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C.

1. Acute postoperative rehabilitation can safely take place in multiple
settings:

a. Outpatient PT.

b. Home PT.

c. Skilled nursing facility.

d. Inpatient rehabilitation facility.

2. No difference in functional status is conferred by inpatient versus home-
based rehab."”

3. Patients with good baseline mobility and social supports are ideal
candidates for early transition to outpatient PT.

Among certain patients undergoing THA, self-directed therapy may be as
effective as formal PT in restoring function.'®

Postacute Rehabilitation Therapy after Total
Hip Arthroplasty

. Quality of evidence:

A.

Controlled trials on post-THA therapy regimens are limited in scope design, and
by variation in outcome assessment tools.

Detailed protocols including frequency, duration, and equipment needs tend to
be based on anecdotal or limited evidence rather than strict guidelines."”

Multiple reviews show consensus for a progressive functional exercise program,
supervised by the surgeon or other health professionals.?®'?

1. Includes training in the first 6 to 8 weeks after surgery with progressive
resistance and body-weight support training.

2. As function improves, exercise program should address specific impair-
ments to include hip abductors, gait training, and core strengthening.

Transition from bilateral support, such as walker or crutches, to cane, with goal
of weaning off all assistive devices.

1. Allows for a gradual progression to normal stride length and cadence.
These devices bear partial body weight and decrease joint reactive forces:
1. Alleviate pain, compensate for weakness, and minimize fall risk.

[I. Components of a post-THA rehab program:

A.

B.

Progressive resistance training:

1. Low-intensity stimulation of skeletal muscle to lift lighter loads at fre-
quent repetitions, with early focus on the quadriceps.

2. Straight leg raises are often deferred in the first few weeks after surgery,
as these are associated with elevated joint reactive forces and can cause a
painful tendonitis that delays progress.

Abductor strengthening:
1. Crucial to normalizing gait and posture after surgery.
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2. Tend to be tight in the first 4 to 6 weeks, can cause a “leaning” stance, and
a false sense of a limb length discrepancy.

C. Core strengthening.
D. Active-assisted ROM:

1. Manual assistance is provided by the therapist as the hip is brought
through a full ROM, decreases the muscle force applied by the patient.

E. Passive ROM:

1. Primarily indicated for patients with preoperative hip flexion contractures
or other tightness around abductors, adductors.

2. Knee flexion contracture is not uncommon on the contralateral side due to
compensation for preoperative limb length discrepancies.

3. May be delayed for 6 to 12 weeks in the setting of a trochanteric osteotomy
or abductor repair.

F. Nonstandard adjuncts:
1. Neuromuscular electrical stimulation:

a. Some evidence that low-frequency electrical stimulation used in con-
junction with conventional PT may improve strength and balance.'

Postrehabilitation

I.  Begins when patients are discharged from formal, guided therapy:

A. May be from 6 weeks to 3 months after surgery, depending on baseline func-
tional status, patient comorbidities, and technical factors:

1. Includes a gradual return to more physical activities and sports.
2. Long-term exercise program to maintain body weight and general health.

I[I.  Return to driving is predicated on discontinuation of narcotics and ability to per-
form evasive maneuvers.

A. Depends on patient functions of strength, reaction time, ability to sit for pro-
longed periods, and confidence level.
B. Inone review of 130 THA patients, 81% were able to resume driving at 6 weeks.?!

[Il. Patients may progressively return to recreational activity, and low- to moder-
ate-impact activities are encouraged.

A. There is no limitation to walking, cycling, swimming, and golf; however, moder-
ation is always recommended.

IV. High-impact activity is generally discouraged, with theoretic concerns for in-
creased revision risk from bearing surface wear or fracture, implant loosening,
periprosthetic fracture, or dislocation.

A. In a 2009 survey of 139 American Association for Hip and Knee Surgeons
members, 71% discouraged jogging, 83% discouraged difficult skiing, and 49%
discouraged singles tennis.??

V. Resumption of sexual activity is rarely addressed with patients, as 86% of surgeons
state they rarely or never discuss this topic, and 45 to 60% of patients desire more
information.??
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A. Patients return to sexual activity 2 to 3 months after THA, and counseling on
safe positions is advised to reduce dislocation risks.?

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

MacDonald CW, Whitman JM, Cleland JA, Smith M, Hoeksma HL. Clinical outcomes following
manual physical therapy and exercise for hip osteoarthritis: a case series. ] Orthop Sports
Phys Ther 2006;36(8):588-599

Weigl M, Angst F, Stucki G, Lehmann S, Aeschlimann A. Inpatient rehabilitation for hip or
knee osteoarthritis: 2 year follow up study. Ann Rheum Dis 2004;63(4):360-368
McDonald S, Hetrick S, Green S. Pre-operative education for hip or knee replacement.
Cochrane Database Syst Rev 2004;(1):CD003526

Wallis JA, Taylor NF. Pre-operative interventions (non-surgical and non-pharmacological)
for patients with hip or knee osteoarthritis awaiting joint replacement surgery: a systematic
review and meta-analysis. Osteoarthritis Cartilage 2011;19(12):1381-1395

Nankaku M, Tsuboyama T, Akiyama H, et al. Preoperative prediction of ambulatory status
at 6 months after total hip arthroplasty. Phys Ther 2013;93(1):88-93

Cabilan CJ, Hines S, Munday ]. The impact of prehabilitation on postoperative functional
status, healthcare utilization, pain, and quality of life: a systematic review. Orthop Nurs
2016;35(4):224-237

Enseki KR, Martin RL, Draovitch P, Kelly BT, Philippon M|, Schenker ML. The hip joint:
arthroscopic procedures and postoperative rehabilitation. | Orthop Sports Phys Ther
2006;36(7):516-525

Munin MC, Rudy TE, Glynn NW, Crossett LS, Rubash HE. Early inpatient rehabilitation after
elective hip and knee arthroplasty. JAMA 1998;279(11):847-852

Berger RA, Sanders SA, Thill ES, Sporer SM, Della Valle C. Newer anesthesia and rehabilita-
tion protocols enable outpatient hip replacement in selected patients. Clin Orthop Relat
Res 2009;467(6):1424-1430

American Academy of Orthopaedic Surgery (AAOS). Preventing Venous Thromboembolic
Disease in Patients Undergoing Elective Hip and Knee Arthroplasty: Evidence-based guideline
and evidence report. Rosemont, IL: AAOS; 2011

Dutton M. Orthopaedic Examination, Evaluation, and Intervention. 2nd ed. New York, NY:
McGraw-Hill; 2008:1695

Murray TG, Wetters NG, Moric M, Sporer SM, Paprosky WG, Della Valle CJ. The use of
abduction bracing for the prevention of early postoperative dislocation after revision total
hip arthroplasty. | Arthroplasty 2012;27(8, Suppl):126-129

Cheng TE, Wallis JA, Taylor NF, et al. A prospective randomized clinical trial in total

hip arthroplasty comparing early results between the direct anterior approach and the
posterior approach. | Arthroplasty 2017;32(3):883-890

Tamaki T, Oinuma K, Miura Y, Higashi H, Kaneyama R, Shiratsuchi H. Epidemiology of
dislocation following direct anterior total hip arthroplasty: a minimum 5-year follow-up
study. ] Arthroplasty 2016;31(12):2886-2888

Peak EL, Parvizi ], Ciminiello M, et al. The role of patient restrictions in reducing the preva-
lence of early dislocation following total hip arthroplasty. A randomized, prospective study.
] Bone Joint Surg Am 2005;87(2):247-253

lorio R, Clair A, Inneh IA, Slover |D, Bosco JA, Zuckerman |D. Early results of Medicare’s
bundled payment initiative for a 90-day total joint arthroplasty episode of care. | Arthroplasty
2016;31(2):343-350

Galea MP, Levinger P, Lythgo N, et al. A targeted home- and center-based exercise program
for people after total hip replacement: a randomized clinical trial. Arch Phys Med Rehabil
2008;89(8):1442-1447

Austin MS, Urbani BT, Fleischman AN, et al. formal physical therapy after total hip arthroplasty
is not required: a randomized controlled trial. | Bone Joint Surg Am 2017;99(8):648-655

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



Hip Rehabilitation 299

19. Okoro T, Lemmey AB, Maddison P, Andrew ]G. An appraisal of rehabilitation regimes
used for improving functional outcome after total hip replacement surgery. Sports Med
Arthrosc Rehabil Ther Technol 2012;4(1):5

20. Di Monaco M, Vallero F, Tappero R, Cavanna A. Rehabilitation after total hip arthroplasty: a
systematic review of controlled trials on physical exercise programs. Eur | Phys Rehabil Med
2009;45(3):303-317

21. Abbas G, Waheed A. Resumption of car driving after total hip replacement. | Orthop Surg
(Hong Kong) 2011;19(1):54-56

22. Swanson EA, Schmalzried TP, Dorey FJ. Activity recommendations after total hip and knee
arthroplasty: a survey of the American Association for Hip and Knee Surgeons. | Arthroplasty
2009;24(6, Suppl):120-126

23. Issa K, Pierce TP, Brothers A, Festa A, Scillia A], Mont MA. Sexual activity after total hip
arthroplasty: a systematic review of the outcomes. | Arthroplasty 2017;32(1):336-340

24. Charbonnier C, Chagué S, Ponzoni M, Bernardoni M, Hoff meyer P, Christofi lopoulos
P. Sexual activity after total hip arthroplasty: a motion capture study. | Arthroplasty
2014;29(3):640-647

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



EBSCOhost -
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Hassan Alosh

Synovial Chondromatosis

I.  Demographics:

A. Intra-articular cartilaginous bodies that break off into individual nodules that
can calcify.

A 2:1 male-to-female occurrence.'?
The hip is the second most commonly affected joint (knee is first).
Monoarticular.

mo N w

Usually occurs between age 30 and 50 years.
II.  Presentation:
A. Clinical manifestation:

1. History: Most often patients will complain of groin and buttocks pain,
which is worsened with activity. They can also complain of mechanical
symptoms, including stiffness, grinding, and catching with motion. Most
commonly presents as pain, limited motion, and mechanical symptoms.

2. Physical examination: Provocative hip maneuvers such FABER (flexion,
abduction, and external rotation) or flexion, adduction, and internal rota-
tion (FADIR) will often illicit pain. Patients may also present with restricted
motion in the hip, especially internal rotation.

B. Imaging studies:
1. Radiographs: Loose bodies visible if calcified. In late stages, concurrent
signs of osteoarthritis are evident, that is, joint space narrowing, subchon-
dral sclerosis, and osteophyte formation®* (Fig. 23.1).
Computed tomography (CT): Osteochondral bodies may or may not be visible.
MRI: Noncalcified loose bodies are low signal T1 and high signal T2. Calcified
bodies are low signal on T1 and T2 (Fig. 23.2).
4. Little role for histology; findings include cartilaginous nodules in various
stages of calcification.
[Il. Management:
A. Surgical management:

1. Arthroscopic debridement has been described with the goal of less mor-
bidity and faster recovery. Potential disadvantages include incomplete syn-
ovectomy and inadequate visualization of loose bodies. It also requires ad-
vanced proficiency in hip arthroscopy, which may not be readily available.

i. Arecent meta-analysis of 197 patients demonstrated a recurrence rate
of 7.1% at last follow-up. Conversion to THA at follow-up was most
strongly predicted by the presence of full-thickness cartilage defects
at arthroscopy.'?#
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Fig. 23.1 (a, b) Calcified synovial chondromatosis evident on plain film. (Source: Discussion. In: Munk P,
Ryan A, eds. Teaching Atlas of Musculoskeletal Imaging. New York, NY: Thieme; 2007.)

Fig. 23.2 (a, b) Synovial chondromatosis nodules evident on MRI in two different patients. (Source:
Jaremko JL, Teh J, Weidekamm C, et al. Hip Inflammatory Conditions: A Practical Differential
Diagnosis Algorithmic Approach in Adults and Children. Seminars in Musculoskeletal Radiology
2019;23(03):1-16)

2. Open debridement and synovectomy without femoral head dislocation has
a greater recurrence rate than synovectomy with femoral head dislocation.

a. A modified Hardinge approach with care to avoid the posterior capsule
has been described to avoid compromising vascularity to the femoral
head.

b. The recurrence rate has been reported as high as 15% with open
debridement without dislocation.>®

3. Open synovectomy with femoral head dislocation demonstrated no recur-
rence in one series but resulted in a greater than 20% complication rate
including avascular necrosis of the femoral head, nerve palsy, and intraop-
erative femur fracture. A trochanteric osteotomy may be utilized to facili-
tate dislocation.’

B. Complications/pitfalls:

1. Risk of progression of degenerative joint disease exists after synovectomy.

2. Greater severity of preoperative degenerative disease joint predicts pro-
gression of osteoarthritis.

3. Hip arthroplasty with synovectomy is indicated for those with severe
degenerative joint disease and concomitant chondromatosis.’
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Pigmented Villonodular Synovitis

I.  Demographics:

Villous proliferation of synovium with hemosiderin deposition.
Associated with 5q33 chromosomal rearrangement.”$

Presents as isolated area of hypertrophic synovium or diffuse disease.
Hip the second most commonly affected joint (after knee).?

Usually monoarticular but can present as polyarticular disease.

S

Affects both genders equally, usually in third or fourth decades of life.'
II.  Presentation:
A. Clinical manifestation:

1. History: Isolated patches of PVNS in the hip will be described at discrete
mechanical symptoms with catching or locking sensations during hip
motion. Diffuse disease may also present with mechanical symptoms but
can also be described as dull and diffuse groin and buttocks pain, which is
worsened with activity.

2. Physical examination: Hip motion will often be restricted with positive
provocative hip maneuvers. Stinchfield’s (resisted hip flexion) and FADIR
tests will often illicit pain in the groin. Patients may also present with a
fixed hip flexion contracture in diffuse disease.

3. Aspiration may contain hemosiderin-laden fluid and giant cells, but may
be normal."

B. Imaging studies:

1. Plain films often normal, though hip PVNS often presents with concomi-
tant arthritis.

CT scan: PVNS appears as mass that is higher density than skeletal muscle.’

MRI: Most often contains areas of low and high signals on T1 and T2
sequences'® (Fig. 23.3):

a. Low signal demonstrates areas of hemosiderin deposition.
b. High signal on T1 indicates hemorrhage or fat deposition.

Fig. 23.3 (a, b) Hip pigmented villonodular synovitis demonstrating diffuse enhancement on contrast
MRI in the sagittal plane. (Source: Jaremko JL, Teh ], Weidekamm C, et al. Hip Inflammatory Condi-
tions: A Practical Differential Diagnosis Algorithmic Approach in Adults and Children. Seminars in
Musculoskeletal Radiology 2019;23(03):1-16)
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c. High signal on T2 indicates joint effusion.

d. Appearance on MRI may be confused for hemophilia, synovial heman-
gioma, or lipoma arborescens.

C. Additional workup:
1. Definitive diagnosis is by biopsy: percutaneous, arthroscopic, or open.

2. Pathology: Mononuclear stromal cells infiltrating synovium with hemo-
siderin laden multinucleated giant cells.’

[Il. Management:
A. Nonoperative management:
1. Minimal role for symptomatic patients.
2. Cortisone injections can provide transient relief but are not curative.
B. Surgical management:

1. Localized PVNS may be excised arthroscopically, though long-term data
regarding recurrence are lacking.'?

Diffuse PVNS requires complete synovectomy with or without arthroplasty.

Hip PVNS treated with complete synovectomy has a higher recurrence rate

(35%), when combined with arthroplasty rate declines to 8%® (Fig. 23.4):

a. Extent of degenerative joint disease is associated with higher risk
of recurrence.

b. Arthroplasty allows for dislocation of femoral head and more complete
synovectomy:

i. Inseveral series reporting on hip arthroplasty, there were no
recurrences reported of PVNS after hip arthroplasty. However,
aseptic loosening has been reported as a complication with
cemented THA.

I.nnlnlnnun”n||n|n.....|'. ...... Lol

Fig. 23.4 (a-b) Intraoperative appearance of arthroscopic hip synovectomy for pigmented villonodular
synovitis.

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



Synovial Proliferative Disorders 305

ii. A more recent series employing cementless prosthesis demon-
strated successful outcomes with revisions only required for
polyethylene wear.!?

4. Adjuvant therapy with radiation or radioactive isotopes may be effective'*:
a. May be used as an adjunct following surgical resection.
b. Can also be used for recurrent disease instead of surgery.

c. Series have demonstrated low recurrence rates when low-dose radia-
tion has been applied after radiation’®:

i. Low-dose radiation can be initiated 6 weeks after surgery.

ii. Radiation carries risk of skin breakdown, joint stiffness, and theo-
retical risk of malignancy.

d. Intra-articular radioactive isotopes can also be used to control diffuse
disease and prevent recurrence's:

i. Yttrium-90 (Y-90) and dysprosium-165 (Dy-165) also have been
used as adjuvant therapies.

ii. A series of patients who failed previous synovectomy and under-
went repeat synovectomy with intra-articular radioactive isotopes
demonstrated an 18% recurrence rate.

C. Complications/pitfalls:

1. Synovial sarcoma or synovial hemangioma may present with similar
presentation and imaging.

2. Recurrence after resection is common and routine postoperative MRI
monitoring may assist in detecting early recurrence.

Synovial Hemangioma

I.  Demographics:

1. Vascular proliferation in the synovium.

2. Rare entity in the hip.

3. Most commonly seen in children and adolescents.
4. Can present with localized or diffuse lesions.
5

Polyarticular involvement suggests a genetic syndrome such as Maffucci's
syndrome!”18:

a. Multiple enchondromas and hemangiomas.
b. High risk of malignant transformation (greater than 30%).
I[I.  Presentation:
A. C(linical manifestation:

1. History: Isolated or small lesion may be relatively asymptomatic and not
cause mechanical symptoms or pain. Diffuse disease will present with a
history of stiffness, pain, and limited motion.

2. Physical examination: May reveal limited motion, hip flexion contracture,
and groin/buttocks with provocative maneuvers.
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B. Imaging studies:
1. Plain films often negative.
2. CT scan often unremarkable.
3. MRI can often mimic findings of PVNS'719;
a. Decreased signal on T1 and T2 demonstrates hemosiderin deposition.
b. Increased signal on T1 demonstrates regions of hemorrhage.
c. Can help distinguish extra-articular involvement.
C. Additional workup:

1. Histology and history can help distinguish from PVNS.'7!® In ambiguous
cases, intraoperative specimens and histology can distinguish PVNS and
synovial hemangioma.

Hemangioma typically presents in younger patients.

Histology will demonstrate random distribution of blood vessels with
capillary and cavernous architecture with diffuse hemosiderin deposits.

[Il. Management:
A. Nonoperative management:
1. Little role for nonoperative management.
2. Nonsteroidal anti-inflammatories provide some relief of symptoms.

3. Observation of patients with genetic conditions (such as Maffucci’s syn-
drome) and polyarticular involvement may be indicated if surgical resec-
tion is not feasible.

B. Surgical management:

1. Arthroscopic resection has been described for isolated lesions successfully
in case reports.'®

2. Persistent bleeding can complicate arthroscopic resection and require
open approach."”
3. Diffuse joint destruction requires total hip arthroplasty in addition to
resection.
C. Complications/pitfalls:
1. Presentation and imaging very similar to PVNS.
2. History and histology can distinguish from other clinic entities.

3. Risk of sarcomatous transformation in patients with genetic syndromes is
high and should be monitored appropriately.
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Primary and Metastatic
24 Tumors of the Hip

Yale A. Fillingham, Matthew Colman

Benign
I.  Enneking staging system for benign bone tumors':

A. The staging system for benign bone tumors utilizes an Arabic numerical, which
differentiates the staging system from the malignant bone tumor staging system
based on Roman numerical.

B. Stages 1 to 3 of the Enneking staging system:
1. Stage 1 (latent):

a. Defined as a benign bone tumor that maintains a consistent size or has
a natural history of spontaneous resolution. Examples: enchondroma
and nonossifying fibroma (NOF).

2. Stage 2 (active):

a. Defined as a benign bone tumor that has progressively grown in size
but will be confined by anatomic barriers. Examples: unicameral bone
cyst (UBC) and aneurysmal bone cyst (ABC).

3. Stage 3 (locally invasive):

a. Defined as a benign bone tumor that has progressively grown in size
without being confined by anatomic barriers. Examples: giant cell
tumor (GCT).

II.  Synovial lesions:
A. Pigmented villonodular synovitis (PVNS)?:
1. Clinical presentation:

a. Most common age group is middle-aged adults with a higher incidence
among males than females.

b. Typically only a single joint will be involved, most commonly the hip
or knee.

c. Patients will commonly have joint pain along with intermittent joint
effusion and stiffness. A joint aspiration will typically be bloody in nature.

2. Diagnostics:
a. Radiographs:
i. Plain film radiographs can show swollen soft tissue or juxtacorti-
cal erosions and sclerotic margins.
b. MRI:
i. Intra-articular lesion with low intensity (dark) on both T1- and

T2-weighted images secondary to the large quantity of hemosiderin
in the tumor.
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c. Histopathology:

i. Disease will commonly be diffused throughout the joint, but it is
possible to have only a localized area within the joint.

ii. Histopathology will demonstrate highly cellular tissue with lipid-
laden histiocytes, giant cells, and areas of chronic inflammation. The
high cellularity will mimic sarcoma.

iii. Due to the high vascularity, the tissue will classically have large
amounts of hemosiderin.

3. Treatment and prognosis:
a. Total synovectomy is the treatment of choice.

b. Due to the difficulty of achieving a total synovectomy, the rates of
recurrence can be greater than 50%.

c. Often the natural history of PVNS will cause premature degenerative
joint disease leading to definitive management with a total hip arthro-
plasty.

B. Synovial chondromatosis?:
1. Clinical presentation:

a. Presents in a wide age range of typically 20 to 70 years. Most cases are
isolated to large joints with a relatively even split between the hip and
knee.

b. Common complaints include an insidious onset of pain and swelling of
the joint. Patients often report mechanical symptoms secondary to the
presence of loose bodies.

2. Diagnostics:
a. Radiographs:

i. Plain film radiographs will have areas of calcifications around the
joint of varying sizes representing the loose bodies (Fig. 24.1).

Fig. 24.1 Anteroposterior pelvis of a patient with synovial chondromatosis and severe degenerative
joint disease of the left hip (a) that was treated with a total hip arthroplasty (b).
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b. Histopathology:

i. The origin of synovial chondromatosis is the development of
hyaline cartilage nodules from undifferentiated mesenchymal cells
embedded in the synovium.

ii. The loose bodies will have areas of hyaline cartilage with varying
degrees of calcification secondary to endochondral ossification.

3. Treatment and prognosis:

a. Total synovectomy with removal of the loose bodies is the treatment of
choice. Due to size limitations of arthroscopic removal of loose bodies, it
can often necessitate an open synovectomy and removal of loose bodies.

b. Due to the difficulty of achieving a total synovectomy, recurrence of
the disease is common.

c. Despite removal of the loose bodies, the high rates of recurrence can
cause early degenerative joint disease requiring a total hip arthroplasty.

IIl. Fibrous lesions of the bone:
A. UBC%:
1. Clinical presentation:

a. Common among individuals younger than 20 years with a propensity
to occur in the proximal femur and humerus.

b. UBC is usually discovered incidentally or as the result of a pathologic
fracture.

2. Diagnostics:
a. Radiographs:

i. Plain film radiographs will show a centrally located single metaph-
yseal cyst (possible for cyst to appear multilobulated).

ii. Cyst will initially be located adjacent to the physis and gradually
migrate away from the epiphysis. Although the cyst can appear
expansile, it will rarely expand beyond the width of the physis.

iii. Pathognomonic symbol on plain film radiographs is the “fallen
leaf” sign that represents a fractured fragment of cortical bone that
has fallen into the cyst (Fig. 24.2).

b. MRI:

i. The cyst will have a homogeneous high intensity on T2-weighted
images. It can mimic the fluid-fluid levels of an ABC following a
pathologic fracture of the cyst.

c. Histopathology:

i. The cystic fluid will appear similar to synovial fluid with the cyst
having a thin fibrous membrane that can contain occasional giant
cells.

3. Treatment and prognosis:
a. Lesions will typically regress spontaneously with physeal closure.
b. Pathologic fractures are treated no different than a traumatic fracture.
c. Impending pathologic fractures can be treated with prophylactic fixation.
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Fig. 24.2 Radiograph of the humerus demon-
strates a fallen leaf sign representing the fractured
cortex of the unicameral bone cyst.

B. ABC:
1. Clinical presentation:

a. Usually present in patients younger than 20 years, with the proximal
femoral metaphysis, proximal tibia, and distal femur being the three
most common locations.

b. It is possible for the lesion to be discovered incidentally, but patients
will often complain of vague pain in the hip.

2. Diagnostics:
a. Radiographs:

i. Plain film radiographs will show an eccentrically located single
multilobulated expansile metaphyseal cyst (can have internal
trabeculae).

b. MRI:

i. Classically described as having fluid-fluid levels representing the
mixed blood and fluid composite of the cyst (Fig. 24.3).

c. Histopathology:

i. The cyst will have no endothelial, but the septa will have giant
cells and immature osteoid matrix.

ii. The multilobulated structures will have blood-filled areas repre-
senting the classically described “lakes of blood.”

3. Treatment and prognosis:

a. Because the lesion is considered locally aggressive, it is treated in the
proximal femur with curettage, bone grafting, and prophylactic fixation.

b. Recurrence rates are approximately 20% with higher rates of 50% in
young children with open physes.
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Fig. 24.3 Coronal T2 MRI image of a left proximal
femur demonstrating the multiple fluid—fluid lev-
els characteristic of aneurysmal bone cyst lesions.

C. Fibrous dysplasia®:

1. Clinical presentation:
a. Presents in patients younger than 30 years, most commonly in the
proximal femur.
b. Most lesions are asymptomatic and found as incidental lesions on
plain film radiographs.
¢. McCune-Albright syndrome is a combination of fibrous dysplasia,
coast of Maine café au lait spots, and endocrinopathy (usually preco-
cious puberty).
d. Mazabraud’s syndrome is a clinical entity of polyostotic fibrous dysplasia
associated with intramuscular myxomas.
2. Diagnostics:
a. Radiographs:

i. Lesions can be present in the proximal femur metaphysis or
diaphysis with a “ground-glass” appearance secondary to the
small-disseminated bony islands.

ii. The resultant weakening of the bone causes repeated microf-
ractures leading to the classically described “shepherd’s crook”
deformity.

b. Histopathology:

i. Irregular woven bone described as having an “alphabet soup” or

“Chinese letter” appearance.

ii. Unlike most benign tumors with osteoid matrix, fibrous dysplasia
will have minimal or no osteoblastic rimming of the bone.
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c. Genetics:

i. The Gs alpha protein is a transmembrane cytokine signaling protein.
Fibrous dysplasia is characterized by a mutation of chromosome
20q13 causing an activation of Gs alpha protein leading to an
increased production of cyclic adenosine monophosphate (CAMP).

ii. The mutation will cause an increased production of fibroblast
growth factor 23 (FGF-23), leading to renal wasting of phosphate.

3. Treatment and prognosis:

a. Asymptomatic lesions are treated with observation because the lesion
will stop growing after the patient reaches skeletal maturity.

b. Deformity or pathologic fractures of the proximal femur are treated
with curettage, bone grafting, correction of the deformity, and internal
fixation.

c. Patients are considered to have a 1% risk of malignant transformation.

IV. Benign cartilage lesions:
A. Chondroblastoma’$:
1. Clinical presentation:

a. Most patients presenting with a chondroblastoma will be younger
than 25 years.

b. Typically a patient will present with hip pain and limp, with the lesion
being discovered during routine radiographs.

2. Diagnostics:
a. Radiographs:

i. Chondroblastoma is one of the characteristic lesions found in the
epiphysis. Plain film radiographs will show a well-circumscribed
lytic lesion.

ii. Frequently, the lesion will involve both epiphysis and metaphysis.

iii. In the proximal femur, the lesion can be located in either the capi-
tal epiphysis or the greater trochanter apophysis.

b. Histopathology:

i. The lesions will have proliferating chondroblasts. The cells are
classically described as having a “cobblestone” or “chicken wire”
pattern.

ii. Giant cells will be scattered within the field of mononuclear chon-
droblasts.

3. Treatment and prognosis:
a. Symptomatic patients are treated with curettage and bone grafting.

b. Despite the benign classification of the lesion, it is known to have pul-
monary metastases that are treated with surgical resection.

B. Enchondroma®:
1. Clinical presentation:

a. Asolitary enchondroma will typically be an incidental finding on plain
film radiographs.
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b. The peak incidence of an enchondroma is during the third decade of
life. Although the vast majority occurs in the hand, the most common
location in a long bone is the proximal femur.

c. Ollier’s disease is a nonheritable disease characterized by multiple in-
tramedullary enchondroma lesions.

d. Maffucci’s syndrome is a condition consisting of multiple enchondro-
ma lesions with the presence of soft-tissue angiomas.

2. Diagnostics:
a. Radiographs:

i. Lesions will have variable patterns of calcifications often described
as rings, stipples, or punctate, but these patterns will have a uni-
form distribution.

ii. Scalloping that involves more than 50% of the cortical width is a
characteristic of malignant transformation to a chondrosarcoma.

iii. Enchondromas are classically observed as “hot” lesions on a bone scan.
b. Histopathology:
i. These lesions will be hypocellular with an abundance of hyaline matrix.
3. Treatment and prognosis:

a. Observation is the mainstay of treatment with painful lesions necessitat-
ing curettage and bone grafting for concern of malignant transformation.

b. A solitary enchondroma carries a 1% risk of malignant transformation.

c. Approximately one-third of patients with Ollier’s disease will have ma-
lignant transformation to chondrosarcoma.

d. All patients with Maffucci's syndrome will have a malignant transfor-
mation to chondrosarcoma with risks of other visceral organ cancers.

Malignant

I.  Staging of malignant tumors®:

1. The staging system for malignant bone tumors utilizes the Roman numerical
system.

2. Determination of the assigned stage is based on tumor grade, location, and
presence or absence of metastatic disease.

3. It includes stages I, I, and III, whereby stage I is low-grade tumors, stage
Il is high-grade tumors, and stage III is either low- or high-grade tumors
with the presence of metastatic disease. Stages I and II are further broken
down into an “A” and “B” stage, which is based on the tumor being intra-
compartmental (A) or extracompartmental (B; see Table 24.1).

II. Malignant cartilage lesions:
A. Conventional and dedifferentiated chondrosarcomas:
1. Clinical presentation:

a. Presents in a wide age range of typically 30 to 70 years with a slightly
higher incidence in males than females. Nearly 75% of cases are isolat-
ed to the trunk, hip, and shoulder.
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Table 24.1. Stages of Malignant Tumors
Stage Tumor grade Location Metastasis
Stage IA Low Intracompartmental Absent
Stage IB Low Extracompartmental Absent
Stage IIA High Intracompartmental Absent
Stage IIB High Extracompartmental Absent
Stage Il Either Either Present

b. Patients will usually present with a subjective complain of pain at the

location of the lesion.

c. Given the common location and size chondrosarcoma can reach before

the onset of symptoms, patients can present with mass effect com-
plains due to neurovascular or genitourinary issues.

2. Diagnostics:

a. Radiographs:

i. Lesion will be located in the metaphysis or diaphysis with lytic
defects in the bone.

ii. Axial and proximal lesions typically follow a more aggressive pattern
of disease.

iii. The larger tumor will appear as a soft-tissue mass with punctuated
or stippled calcification.

iv. Conventional and dedifferentiated chondrosarcoma cannot be
distinguished on plain film radiographs.

. Histopathology:

i. There will be an abundant amount of blue-gray chondroid matrix
and variable amounts of cellularity and binucleated chondrocytes.

ii. Dedifferentiated chondrosarcoma will differ from conventional
chondrosarcoma by being dimorphic with a juxtaposed demar-
cated area of low-grade chondrosarcoma neighboring an area of
high-grade mesenchymal spindle cells.

iii. Due to the size of chondrosarcoma tumors, it is possible to misclas-
sify the tumor as conventional instead of dedifferentiated due to
histopathology sampling error.

3. Treatment and prognosis:

a. Conventional and dedifferentiated chondrosarcomas are typically

treated with wide resection.

. Chondrosarcoma tumors poorly respond to adjuvant therapies of radi-

ation and chemotherapy.

. If chondrosarcoma metastasizes, it will often hematogenously spread

to the lungs.

. Conventional chondrosarcoma has 5-year survival based on histologic

grade: grade [—80 to 90%; grade 1I—50 to 80%; and grade I1I—0 to 40%.
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e. Dedifferentiated chondrosarcomas have a 5-year survival rate of
approximately 10%.

f. Rates of recurrence are higher when chondrosarcoma has increased telo-
merase activity on reverse transcriptase polymerase chain reaction testing.

B. Clear cell chondrosarcomas:
1. Clinical presentation:

a. Presents among a wide range of ages with the peak incidence during
the third decade. Males have a higher incidence at a rate of 2:1 com-
pared with females.

b. Lesions are commonly found in the epiphysis of the proximal femur.
c. The most common presenting symptom is hip pain.

2. Diagnostics:
a. Radiographs:

i. Initially, the lesion will appear benign in the epiphysis well marginated
and peripheral sclerosis similar to aseptic necrosis.

ii. Later appearance will be more malignant that is poorly marginated
and lytic.

b. Histopathology:

i. The cellular makeup will appear similar to conventional chondro-
sarcomas, but cells will have abundant clear cytoplasm.

3. Treatment and prognosis:

a. Because clear cell chondrosarcoma is considered a low-grade tumor, it
is commonly treated with wide resection alone.

b. Survival following clear cell chondrosarcoma is good with 10-year
survival rates of 80 to 85%.

[lI. Bone tumors:
A. Osteosarcoma'’:
1. Clinical presentation:

a. Osteosarcoma is vastly more common in the distal femur and proximal
tibia, but it can still be diagnosed in the proximal femur and acetabulum.

b. Primary conventional osteosarcoma is usually noted in patients young-
er than 30 years. Secondary osteosarcomas from radiation exposure or
Paget’s disease occur in the adult population.

c. Initial presenting symptoms will typically be a painful mass around
the joint. One differentiating characteristic of the pain is the presence
of pain at night that is unresponsive to anti-inflammatory medications.

d. Patients with a mutation of the retinoblastoma tumor suppressor gene
will have a predisposition to developing osteosarcoma.

2. Diagnostics:
a. Radiographs:

i. Lesions will usually be located in the metaphysis with a mixed
lytic and sclerotic appearance. The radiographs can have matrix

EBSCChost - printed on 2/11/2023 2:14 AMvia . All use subject to https://wmv ebsco. coniterms-of - use



318 Primary and Metastatic Tumors of the Hip

mineralization in a sunburst pattern and periosteal reaction form-
ing Codman’s triangle.

b. MRI:

i. Advanced imaging should include the entire femur to investigate
for the presence of skip lesions.

ii. The extent of soft-tissue involvement will be better seen on the MRI.
Due to the soft-tissue involvement, most conventional osteosarco-
mas are a stage IIB.

c. Histopathology:

i. There will be characteristics of malignant cells with cellular atypia
and high rates of mitotic figures.

ii. The tumor cells are spindle shaped with formation of osteoid
matrix. The osteoid will not have any osteoblastic riming, which is
a differentiating feature of nonmalignant osteoid matrix.

3. Treatment and prognosis:

a. After completion of a complete oncological workup, patients are treat-
ed with neoadjuvant chemotherapy, followed by wide surgical resec-
tion with adjuvant chemotherapy after surgery.

b. Historically, wide surgical resection was limited to amputation, but
significant advances in reconstructive implant designs now allow for
limb salvage. Expendable bones are never reconstructed following
wide surgical resection.

¢. Localized conventional osteosarcoma will have a 75% long-term dis-
ease-free survival with metastatic osteosarcoma having a much lower
survival rate of 25%.

d. The most common location for metastatic disease is the lungs with
other bones being the second most common location. Due to the risk
of pulmonary metastases, patients will get a CT scan of the chest.

Metastatic

I.  General considerations!"!2:
1. Typically metastatic disease occurs in patients older than 40 years.

2. Patients will not always present with a prior malignancy or history of an at-
risk activity for malignancy. The most common presenting symptom is pain.

3. Radiographic findings are described based on the number, size, location,
and type of lesion.

4. Histology of the lesion will depend on the primary source of the malignancy.
II.  Diagnostic workup for metastatic disease of an unknown primary'2'3:

1. Obtain a thorough history to assess for prior malignancies or activities that
place the patient at risk for a particular malignancy.

2. Perform a focused physical examination of the breast, prostate, thyroid,
and abdomen.
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Table 24.2. Mirel’s Criteria

Variable 1 point 2 points 3 points

Lesion site Upper extremity Lower extremity Peritrochanteric
Pain Mild Moderate Functional

Type of lesion Blastic Mixed Lytic

Size >1/3 diameter 1/3-2/3 diameter >2/3 diameter

3. Laboratory tests should include alkaline phosphatase, basic metabolic
panel (BMP), complete blood count (CBC), erythrocyte sedimentation rate
(ESR), liver function, prostate-specific antigen (PSA), and serum protein
electrophoresis.

4. Plain film radiographs should include a chest X-ray and any painful extrem-
ities or joints. A whole-body bone scan should be performed to investigate
for the presence of multiple skeletal lesions.

5. Advanced imagining should include a CT scan of the chest, abdomen, and
pelvis.

6. Biopsy should be performed to confirm lesion is not a primary bone malignancy.
IIl.  Prophylactic fixation':
1. Mirel’s criteria’:

a. Twelve-point system based on the lesion site, type of pain, type of
lesion, and size (Table 24.2).

b. The indication for prophylactic fixation is a Mirel criteria score of
greater than 8.

2. Recommend whole-bone postoperative radiation therapy:

a. Myeloma, lymphoma, and germ cell tumors are considered very radia-
tion sensitive.

b. Renal, melanoma, and non-small cell lung carcinomas are not consid-
ered radiation sensitive.

3. Ifthe patient has a prognosis of less than 3 months to survive, then nonop-
erative management can be considered.
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2 5 Osteonecrosis of the Hip

Matthew W. Tetreault, Roshan P. Shah

Epidemiology
I.  Osteonecrosis of the femoral head (ONFH) is synonymous with avascular necrosis
(AVN).
II.  Incidence:
A. Twenty thousand to 30,000 new cases per year in the United States.'
B. Approximately 10% of total hip arthroplasties in the United States are for ONFH.?
[II. Demographics®:

A. Male-to-female ratio depends upon/varies with etiology, for example, males
predominate alcohol-associated ONFH and females predominate lupus-associated
ONFH.

B. Average age at presentation is younger than 50 years.
IV. Location:
A. Usually occurs in the anterolateral femoral head.?
B. Fifty percent to 70% have bilateral hip involvement.!3
C. Three percent of patients have multifocal osteonecrosis involving >3 joints.*
D

. The hip should be evaluated in patients with osteonecrosis of the knee, shoul-
der, or other joints throughout the body.

V.  Risk factors>:
A. Traumatic:
1. Fractures about the hip can disrupt the local blood supply to the femoral head.
2. Hip dislocation:

a. Anterior dislocations are associated with an ONFH event rate of 0.09
to 0.3.

b. Posterior dislocations are associated with an ONFH at a rate of 0.1
to 0.4.

c. Delay of reduction of greater than 12 hours has an odds ratio of ONFH
of 5.6.°

3. In children, osteonecrosis can occur following a slipped capital femoral
epiphysis (SCFE) injury:
a. ONFH has been reported in 25% of cases after an unstable SCFE.
B. Atraumatic:

1. Steroids (exogenous or endogenous) are responsible for 10 to 30% of ONFH
cases.’-10

2. Alcohol intake of up to 320-g ethanol per week (five bottles of wine) raises
risk by a factor of 2.8'%-12;

a. Excessive alcohol intake and use of glucocorticoids are associated with
greater than 80% of atraumatic cases.!?
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3. Sickle cell anemia (SS) and sickle cell hemoglobin C (SC) have high rates of
ONFH, with SC occurring later in life. Sickle cell trait (S) has an intermedi-
ate risk of ONFH.'*
4. Dysbaric disorders (decompression sickness, “the bends,” Caisson’s dis-
ease).l?
5. Systemic lupus erythematosus (SLE).'6:17
6. Marrow-replacing diseases (e.g., Gaucher’s disease’s).
7. Chronic renal failure or hemodialysis.!
8. Pancreatitis.
9. Pregnancy.?
10. Hyperlipidemia.?
11. Hyperuricemia.?
12. Radiation.”!
13. Transplant patients (solid organ?? or hematopoietic cell transplantation?324).
14. Coagulation factor abnormalities (e.g., genetic defects resulting in hypo-
fibrinolysis or thrombophilia, like factor V Leiden, an autosomal domi-
nant condition with incomplete penetrance that predisposes to excessive
clotting?>-27).
15. Cigarette smoking."
16. Hematologic diseases (leukemia, lymphoma).?82
17. Human immunodeficiency virus (HIV) infection with or without antiretro-
viral treatment.'%3°
18. Idiopathic:

a. In children, idiopathic ONFH occurs as Legg-Calvé-Perthes (LCP) disease
with an incidence of around 15 per 100,000 children.?'

b. Multiple epiphyseal dysplasia (MED) is distinguished from LCP by its
symmetric disease, bilateral involvement, early acetabular changes,
and lack of metaphyseal cysts.

Anatomy

Pertinent vasculature:
A. Extracapsular arterial ring:

At the base of the femoral neck.
Consists of:

a. Ascending branch of the medial femoral circumflex artery (MFCA) pos-
teriorly.

b. Ascending branch of the lateral femoral circumflex artery (LFCA) ante-
riorly.
¢. Superior and inferior gluteal arteries have minor contributions.
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3. MFCA3:

d.

g.

Principal blood supply to the weight-bearing portion of the femoral
head in adults.®

. Arises from the profunda femoris artery.

Travels posteriorly from its origin and gives off five consistent branches
(superior, ascending, acetabular, descending, and deep). Preservation
of the deep branch is most important in prevention of ONFH.

. This branch courses between the iliopsoas and pectineus, along the

inferior border of the obturator externus (toward the intertrochanteric
crest).

. When viewed posteriorly, the deep branch can be located in the space

between the quadratus femoris and the inferior gemellus (Fig. 25.1).

The main division of the deep branch continues its course superiorly
by crossing posterior to the obturator externus tendon and then ante-
rior to the conjoint tendon.

The deep branch then perforates the hip capsule just cranial to the inser-
tion of the superior gemellus tendon (and distal to the piriformis tendon).

B. Ascending cervical vessels:

Superior ramus

Deep branch of
superior gluteal
artery
Acetabular ramus

Acetabular
branch of
inferior gluteal
artery

Obturator artery

1.
2.
3.

Arise from the extracapsular ring.

Comprised of four retinacular vessels: anterior, posterior, medial, and lateral.

These vessels are subsynovial in location beginning at the capsular attach-
ment to the femoral neck (anteriorly at the intertrochanteric line and posteri-
orly at the intertrochanteric crest).

Inferior ramus P
4th lumbar artery

lliolumbar
)" artery
Nutrient artery Superior gluteal artery
Deep iliac
Supraacetabular circumflex artery
ramus

Inferior gluteal artery

Obturator artery

Inferior ramus

Internal pudendal
artery

Fig. 25.1 (a-b) The extracapsular course of the medial femoral circumflex artery (MFCA). The area
immediately adjacent to the medial border of the greater trochanter is at risk of vascular injury, rep-
resenting the vascular danger zone. (Source: Anatomy of the acetabulum. In: Tile M, Helfet D, Kellam J,
et al., eds. AO TRAUMA Fractures of the Pelvis and Acetabulum: Principles and Methods of Management.
4th Edition. Thieme; 2015.)
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4, Lateral vessels supply the greatest volume of the femoral head.
5. LFCA gives rise to anterior vessels and MFCA often gives rise to the others.
C. Subsynovial intra-articular ring (of Chung?*):

1. Arises from the retinacular vessels as a ring on the surface of the neck at
the articular cartilage border.

2. Epiphyseal arteries enter the head from here, perforating into bone 2 to 4
mm distal to the bone-cartilage junction (Fig. 25.2):

a. Lateral epiphyseal artery, which enters the head posterosuperiorly, is
most important.

D. Artery of the ligamentum teres:
1. Usually originates from the obturator artery, occasionally the MFCA.
2. Forms the medial epiphyseal vessels.

3. Supplies the femoral head more consistently in young children; a small
and variable amount of the femoral head is nourished in adults.

1 8
a e \,\ ~-.\‘ o | \ 5 b 9“

Fig. 25.2 (a) Photograph showing the perforation of the terminal branches into the bone (right hip,
posterosuperior view). The terminal subsynovial branches are located on the posterosuperior aspect
of the neck of the femur and penetrate the bone 2 to 4 mm lateral to the bone-cartilage junction.
(b) Diagram showing (1) the femoral head, (2) gluteus medius, (3) the deep branch of the medial
femoral circumflex artery (MFCA), (4) the terminal subsynovial branches of the MFCA, (5) insertion
and tendon of gluteus medius, (6) insertion of tendon of piriformis, (7) the lesser trochanter with
nutrient vessels, (8) the trochanteric branch, (9) the branch of the perforating artery, and (10) the
trochanteric branches. (Source: Anatomy of the acetabulum. In: Tile M, Helfet D, Kellam ], et al., eds.
AO TRAUMA Fractures of the Pelvis and Acetabulum: Principles and Methods of Management. 4th
Edition. Thieme; 2015.)
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E. Intraosseous vessels:

1. Intraosseous cervical vessels (within the medullary cavity) provide a
relatively small portion of the femoral head blood supply.

II.  Age-related changes:
A. The blood supply of the femoral head changes with age3>:
1. Birth to 4 years: primary MFCA and LFCA, artery of the ligamentum teres.

2. Fouryears to adult: posterosuperior and posteroinferior retinacular vessels
from MFCA. Minimal amount from LFCA or ligamentum teres:

a. Corollary: using a piriformis starting point for antegrade nailing of
pediatric femur fractures can disrupt the posterosuperior retinacular
vessels and cause ONFH.3¢

3. Adult: MFCA to lateral epiphyseal artery.

Pathophysiology

I.  ONFH is the result of derangements that compromise blood supply to the femoral
head resulting in cell death, fracture, and collapse of the articular surface.!
A. Atraumatic osteonecrosis:

1. Pathogenesis likely multifactorial, including genetic, metabolic, and local
factors.21337

2. Proposed pathways include:
a. Vascular occlusion:
i. Lipids:
(1) Increased glucocorticoids seen in systemic diseases such as SLE

and alcohol abuse associated with changes in circulating lipids,
triggering microemboli in arteries supplying the bone.®

(2) Increased risk of fat emboli has also been attributed to an
increase in bone marrow fat cell size (adipocyte hypertrophy),
which blocks venous flow.!

ii. Intravascular coagulation and thrombus formation:

(1) Antiphospholipid antibodies, inherited thrombophilia, and hy-

pofibrinolysis affect the coagulation and fibrinolytic pathways.!

(2) Sickling of red blood cells and bone marrow hyperplasia as
seen in sickle cell conditions can cause vascular occlusion.'

(3) Accumulation of cerebroside-filled cells within the bone marrow
can occlude vessels in conditions like Gaucher’s disease.'®

(4) Decompression sickness associated with increased pressure
incites nitrogen bubble formation, which can cause arteriolar
occlusion and necrosis. This also leads to elevated plasma levels
of plasminogen activator inhibitor, increasing coagulation.>

b. Direct cellular toxicity:

i. Damage to cells may be caused by irradiation, chemotherapy, or
oxidative stress.
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ii. This may lead to a reduction in osteogenic differentiation with
diversion of mesenchymal stem cells to a fat-cell lineage.*

B. Trauma-related osteonecrosis:

1. Due to direct mechanical damage by rupture, compression, or kinking of
the extraosseous vessels as a result of injury. The location of these vessels
along the course of the femoral neck makes them susceptible to direct in-
jury in the setting of trauma.?'!

2. Intracapsular hip fractures (femoral head and neck) are at greater risk of
osteonecrosis than extracapsular hip fractures (intertrochanteric and sub-
trochanteric) secondary to potential to disrupt the blood supply described
earlier® (Fig. 25.3) and risk of intracapsular hematoma:

a. Femoral head fracture: incidence of osteonecrosis varies from 6 to
23%42-46;
i. Reported after both surgical and nonsurgical treatments.
b. Femoral neck fracture:
i. Per recent meta-analysis, overall incidence of osteonecrosis is
14.3% (range, 10-25%).4
ii. Higher risk of osteonecrosis with greater initial fracture
displacement*->° and malreduction.*>

iii. Fractures in the subcapital region of the femoral neck at particular
risk; trauma at this location disrupts the anastomosis between the
lateral epiphyseal vessels (from the MFCA) and the artery of the
ligamentum teres.!

iv. Relationship between time to fixation of intracapsular femoral
neck fractures and risk of osteonecrosis is controversial. One
retrospective study reported a lower rate of ONFH when operative

Fig. 25.3 (a-b) The prognosis of hip fractures varies by anatomic location. Intracapsular fractures are
more likely to disrupt the blood supply to the femoral head, thereby increasing the risk of avascular
necrosis, compared with extracapsular (i.e., intertrochanteric) fractures. (Source: Pediatric fractures.
In: Riiedi T, Buckley R, Moran C, eds. AO Principles of Fracture Management. 2nd Edition. Thieme;
2007.)
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fixation was performed within 12 hours of injury. Other studies
have failed to demonstrate a significant difference between timing
of fracture fixation and incidence of ONFH.>?

v. Decompression of the intracapsular hematoma has been proposed
to reduce the risk of osteonecrosis by minimizing extraosseous
compression of vessels supplying the femoral head. There is a
paucity of clinical evidence evaluating this theory,>*> with conflict-
ing results; at least one retrospective study found no relationship,*
while another found a reduced risk of osteonecrosis with hip
decompression in Garden type Il and III fractures.>

3. Extracapsular fractures of the trochanteric region have a significantly low-
er incidence of osteonecrosis as they are distal to the entry of the arterial
branches that supply the femoral head.>¢

4. Hip dislocations may also interrupt the extraosseous vascular supply of
the femoral head>’-°:

a. Deep branch of the MFCA can be injured during a posterior dislocation
as it courses posterior to obturator externus and anterior to quadratus
femoris.3>6°

b. Rate of osteonecrosis associated with posterior dislocation between
5 and 60% depending on time to reduction and severity of associated
fractures and other injuries.>’-%

c. In one case control study, 4.8 versus 52.9% rate of osteonecrosis in
patients with a posterior hip dislocation reduced before versus after
6 hours, respectively.”’

d. Lack of data on long-term outcomes of anterior hip dislocations; limited
literature suggests an osteonecrosis rate of roughly 10%.5'62

Evaluation
I.  Clinical:
A. Symptoms:

1. Pain: the most common presenting symptom of osteonecrosis*%:
a. Groin pain most common, followed by thigh and buttock pain.
b. Weight-bearing or motion-induced pain in majority of cases.

c. Rest pain present in about two-thirds of patients and night pain in
one-third.

d. Although rare, pain in multiple jointis suggestive of a multifocal process.

2. A small proportion of patients are asymptomatic and the diagnosis of
osteonecrosis is an incidental finding. Meanwhile, asymptomatic involve-
ment contralateral to a symptomatic side is frequently noted.?

B. Examination3!3:
1. Physical findings largely nonspecif ic.
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2. May have pain with, and eventually (as the disease progresses with second-
ary acetabular involvement) limitations to, range of motion, particularly
forced internal rotation and abduction:

a. Often maintain a better range of motion than patients with chronic
degenerative joint disease.
3. Positive Stinchfield’s test: pain with resisted hip flexion in the supine
position.
4. Flexion contracture of the hip joint and resultant limp may be present in
the later courses of the disease.
II. Imaging:
A. Radiographs:
1. Recommend anteroposterior (AP) and frog-leg lateral views of the affected
hip, and AP and lateral views of the contralateral hip.
2. Lateral films are necessary to evaluate the superior portion of the femoral
head in which subchondral abnormalities are often seen.
3. Plain radiographs can remain normal for months after symptoms of osteo-
necrosis begin.
a. Earliest findings are mild density changes.
b. Followed by concomitant areas of sclerosis and cystic formation in the
femoral head as the disease progresses.
¢. The pathognomonic crescent sign (subchondral radiolucency) is evidence
of subchondral collapse.

d. Later stages include loss of sphericity or collapse of the femoral head.
Ultimate, joint space narrowing and acetabular-sided degenerative chang-
es are seen (refer to “Classification” section for imaging examples).5

B. Magnetic resonance imaging (MRI):

1. Superior to X-ray or bone scan with studies reporting sensitivity and spec-
ificity greater than 99%.3765-7 More accurate than radiographs in evaluat-
ing the size of osteonecrotic lesions.”"7?

2. Advised when osteonecrosis is suspected but radiographs appear normal
to rule out or stage osteonecrosis. Importantly, MR changes can be seen
early in the course of disease when other studies are negative.?

3. “Double-line sign” is pathognomonic3:
a. T1: Focal lesions are well demarcated and inhomogeneous on T1. Ear-

liest finding is dark/low-intensity band representing decreased signal
from ischemic bone.

b. T2: A second high-intensity line appears on T2 (within the line seen on
T1 images), representing hypervascular granulation tissue. This is the
double-line sign (Fig. 25.4).

4. Presence of bone marrow edema (as evidenced by high signal intensity on
T2-weighted MRI; Fig. 25.5) is not always seen; this finding is predictive of
worsening pain and future disease progression.”
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Fig. 25.4 Double-line sign on MR imaging of a
femoral head, pathognomonic for osteonecrosis.
On the T1-weighted coronal MR image (top), a
serpiginous line of low signal is seen anterosupe-
riorly, demarcating ischemic from fatty marrow.
On the T2-weighted coronal MR image (bottom), a
hypodense line is paralleled by an inner and outer
hyperintense line, representing hypervascular
granulation tissue at the interface between necrotic
and viable bone.

Fig. 25.5 A coronal T2-weighted MR image of a
right hip with osteonecrosis of the femoral head
and high signal intensity within the femoral neck
indicative of bone marrow edema.
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C. Bone scan:

1. Technetium-99 m bone scan: increased bone turnover at the junction of
dead and reactive bone results in increased uptake surrounding a cold
area; this has been called the “doughnut sign.”74

2. While moderately sensitive, bone scan is nonspecific. It is both less sen-
sitive and specific than MRI and its sensitivity is least in patients with
early-stage lesions.” Thus, bone scan is not generally recommended for
diagnosis of or screening for osteonecrosis.?

Diagnosis

I. A clinical diagnosis is appropriately made in a symptomatic patient when MRI or
radiographic findings are compatible with osteonecrosis and when other causes of
pain and bony abnormalities either are unlikely or have been excluded by appro-
priate testing.’

I[I.  MRI without contrast continues to be the “gold standard” for diagnosis in symp-
tomatic and asymptomatic patients, especially in early-stage disease.”>’¢ It has
largely replaced measurement of bone marrow pressure, venography, and bone
biopsy as a means of diagnosing early-stage disease.> For end-stage disease, MRI
may be unnecessary.

Differential Diagnosis®

I.  The differential diagnosis of pain with characteristics suggestive of an osteoartic-
ular origin and with imaging features compatible with osteonecrosis includes:

A. Transient osteopenia of the hip (also known as bone marrow edema syndrome):

1. May occur in isolation or along with injuries that result in neurologic dam-
age, for example, chronic pain and transient osteopenia are features of
complex regional pain syndrome.

2. When the hip is affected, MRI findings suggestive of transient osteope-
nia (decreased signal on T1-weighted images and increased intensity on
T2-weighted images) may extend from the femoral head into the femoral
neck. An effusion may also be present.

3. Absence of fever, leukocytosis, or elevated acute phase reactants (eryth-
rocyte sedimentation rate and/or C-reactive protein) is typical of both
osteonecrosis and transient osteopenia of the hip and helps exclude
infectious etiology.

B. Subchondral fracture:

1. Typically occurs in patients with preexisting osteopenia and is often
thought to represent an insufficiency fracture.

2. Such fractures may be difficult to appreciate on plain radiographs. Subtle
flattening is sometimes present with early lesions, as collapse is progressive.

3. These rare fractures are characterized by linear regions of low signal on
both T1- and T2-weighted MRI in the subchondral area paralleling the
articular surface.”””8
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Classification

I.  Several classification systems describe clinical and radiological severity/progres-
sion of disease (of note many of these are for research purposes and in reality it
comes down to the etiology of ONFH and whether or not the femoral head is
collapsed to determine treatment options).

A. Ficat and Arlet’s classification*'” (Table 25.1):
1. Early classification that is still commonly used.

2. Does not consider the extent of necrosis and therefore inadequate to assess
progression.

Table 25.1 Ficat and Arlet’s classification

Stage Pain  Radiographs
0: Preclinical and No Normal
preradiographic?
1: Preradiographic Yes Normal
2: Precollapse Yes Femoral head has normal sphericity but signs of bone remodel-

ing (porosis, sclerosis, cysts)

3: Early collapse Yes Subchondral collapse (crescent sign) or flattening of the fem-
oral head

4: Osteoarthritis Yes Degenerative change in acetabulum with reduction in joint space

BT 4

2Added later to initial classification system.
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3. Stage O (preclinical and preradiographic “silent hip”) added to the original
four-stage classification to describe patients with contralateral ONFH.

B. Steinberg’s staging system®’ (Table 25.2):
1. Incorporated MRI and percent involvement of the femoral head.

C. The Association Research Circulation Osseous (ARCO) staging system
(Table 25.3):

1. Developed in an attempt to bring uniformity to clinical trials.
2. Combines features of the Ficat and Arlet and the Steinberg systems.
3. Modified to include an early and late stage 3.8

Prognosis

I.  Kerboul's angle (Fig. 25.6)%:
A. Estimates extent of femoral head necrosis radiographically in early stages.

B. Measured as sum of the angles formed by the arc of the femoral head necrosis
on AP and lateral hip radiographs.

C. Clinical outcomes better if value less than 200 degrees.
I[I. Modified Kerboul combined necrotic angle (Fig. 25.6)%:

A. Concept of angular summation applied to MRI; calculated by adding the arc of
the femoral head necrosis on midsagittal and midcoronal MRI.

B. Predicts risk of femoral head collapse:
1. Low risk: less than 190 degrees.
2. Moderate risk: 190 to 240 degrees.
3. High risk: greater than 240 degrees.

Treatment options include nonsurgical options, joint-preserving surgery,
and hip replacement surgery. The treatment is tailored to the individual
as there is no gold standard, and patient factors like age, comorbidities,
and function influence recommendations. The main aim of nonsurgical or
joint-preserving treatment is to prevent collapse of the femoral head and
delay progression of disease.

I.  Nonsurgical:
A. Pharmacologic agents (bisphosphonates, vasodilators, statins, anticoagulants):

1. Bisphosphonates: Counteract collapse in ONFH by reducing osteoclast activi-
ty. Alendronate has been reported to prevent early collapse in Steinberg stage
II and III nontraumatic ONFH at 24- to 28-month follow-up, and to reduce

Anterior to posterior Lateral

\OA/ Fig. 25.6 The Kerboul angle is the sum of the angles
B formed by the extent of the femoral head lesion
and the center of the femoral head on anteroposte-
rior and lateral radiographs. The modified Kerboul
angle uses this concept of angular summation and
applies it to the midcoronal and midsagittal mag-
A +B = Kerboul angle netic resonance images.
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Table 25.2 Steinberg’s staging system

Stage

Features

0
|

Vi

Normal radiograph, bone scan, and magnetic resonance imaging
Normal radiograph, abnormal bone scan, and/or magnetic resonance imaging
A. Mild (involves <15% of femoral head)
B. Moderate (involves 15-30% of femoral head)
C. Severe (involves >30% of femoral head)
Cystic and sclerotic changes in the femoral head
A. Mild (involves <15% of femoral head)
B. Moderate (involves 15-30% of femoral head)
C. Severe (involves >30% of femoral head)
Subchondral collapse (crescent sign) without flattening of the femoral head
A. Mild (involves <15% of femoral head)
B. Moderate (involves 15-30% of femoral head)
C. Severe (involves >30% of femoral head)
Flattening of the femoral head/femoral head collapse
A. Mild (involves <15% of femoral head)
B. Moderate (involves 15-30% of femoral head)
C. Severe (involves >30% of femoral head)
Joint space narrowing and/or acetabular changes
A. Mild
B. Moderate
C. Severe

Advance degenerative joint disease

Table 25.3 Association Research Circulation Osseous (ARCO) staging system

Stage

Findings

0
1

Early 3

Late 3

All diagnostic studies normal and diagnosis by histology only

Plain radiographs and CT normal, scintigraph or MRI positive, and biopsy positive,

with extent of femoral head involvement 15% (A), 15-30% (B), or >30% (C), and the

location medial (A), central (B), or lateral (C)

Radiographs positive but no collapse (no crescent sign), with extent of involvement A,

B, or C and location A, B, or C

Crescent sign on the radiograph and|or flattening of articular surface of the femoral

head. No collapse. Location (A, B, or C) and extent of involvement (A, B, or C)

Collapse on the radiograph and|or flattening of articular surface of the femoral head.

Location (A, B, or C) and extent of involvement (A, B, or C)

Joint space narrowing on plain radiography and acetabular involvement, as well as

other signs of osteoarthritis
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2.

4.

pain at 1-year follow-up relative to placebo.’*% It may also be beneficial as an
adjunct to core decompression in early stages of ONFH.®> However, evidence
for slowing the progression of ONFH and preventing the need for total hip
replacement remains controversial.®®

Vasodilators: Prostacyclin may improve blood flow via a vasodilatory ef-
fect on terminal vessels. While improvements in clinical and radiographic
outcomes have been reported for early stages of ONFH, long-term benefits
are yet to be determined.?’

Statins: Lipid lowering agents are potentially beneficial given the increase
in number and size of circulating fat cells associated with ONFH.!3# Statins
are shown to have protective effects in patients taking steroids, but
capacity to reverse steroid-induced ONFH changes remains uncertain.3$°

Anticoagulants: May increase blood flow to ischemic areas of bone.
Primarily beneficial in patients with underlying coagulopathy disorders.**°!

B. Other nonoperative modalities (extracorporeal shock wave therapy, electrical
stimulation, hyperbaric 02)%:

1.

Randomized clinical trials with long-term follow-up are lacking.

I[I.  Joint-preserving procedures:

A. Core decompression:

1.

Most common procedure currently performed to treat early stages of
ONFH.*

Goal is decompression of femoral head pressure to restore vascular flow
and relieve pain.

Small-diameter drilling with multiple passes proposed as alternative to
large bore drilling given better ability to reach the anterior portion of the
femoral head (most commonly involved region) and lesser morbidity, in-
cluding risk of weakening the bone and predisposing to subtrochanteric
fracture.®

Shown to slow progression of ONFH, but ability to cause reconstitution of
a necrotic region has not yet been established.

Efficacy continues to be debated, but the larger, better-controlled series
report a low rate of complications and superior outcomes compared with
conservative therapy,” including symptomatic relief, preservation of the
femoral head, and delay of arthroplasty.®’

B. Free vascularized fibular graft (FVFG):

1.

Theorized to augment the benefit of a core decompression with the deliv-
ery of a supportive osteoinductive and osteoconductive graft.'

In certain centers, outcomes of FVFG, particularly in young patients, have
been positive; however, its role in light of favorable modern arthroplasty
outcomes is controversial.%-1%

Extensive surgical time, donor-site morbidity,'°"%2 and risk of proximal
femoral fracture'® have limited its widespread use.

C. Nonvascularized bone grafting:

1.

Used to fill necrotic area in the femoral head.
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2.

Can be performed through core decompression tract or through a window
in the femoral head or neck (trapdoor procedure).’** The latter requires a
surgical hip dislocation.

D. Tantalum implants:

1.

2.

Porous tantalum rods can theoretically provide structural support at the

time of core decompression.

a. Limited data exist regarding the success of this technique and it is no
longer routinely performed.

Concerns including the added complexity in the event of hip replacement

have limited the widespread adoption of this technique.

E. Cell-based therapy:

1.

Recent enthusiasm for biological therapies that may enhance core decom-
pression results with delivery of osteogenic (mesenchymal stem cells)
and/or osteoinductive agents (bone morphogenic protein).!%

Targets the hypothesis that ONFH is characterized by an insufficient supply
of progenitor cells required for remodeling.'%

Double-blind comparison of core decompression with and without bone
marrow aspirate found reduced size of necrotic lesions at 24 months and
protection against collapse at 5 years with bone marrow augmentation,!0”.108

Subsequent prospective randomized trials comparing core decompres-
sion with and without bone marrow aspirate have demonstrated equiv-
alent or improved pain relief and functional scores at 2 years.'9-12
Superior protection against progression on imaging was noted in three of
four studies,'®-'"! with the fourth noting no benefit in bone regeneration
or head survival.'"?

Data on biological therapies are preliminary with significant variations in
cell harvesting, processing, and delivery methods.'® Further investigation
is needed.

F. Proximal femoral osteotomy:

1.
2.

Multiple proximal femoral osteotomies have successfully treated ONFH.!13114

Generally angular intertrochanteric or rotational transtrochanteric oste-
otomies designed to shift affected areas of femoral head away from the
weight-bearing zone.!

Technically challenging.®
Subsequent conversion to a total hip arthroplasty (THA) is more compli-
cated and has poorer longevity than primary THA."1311>

Should be done only by experienced surgeons in carefully selected
patients in whom total hip replacement is not appropriate patient®®
(e.g., <45 years old with a Kerboul angle <200 degrees and no longer
taking steroids?).

IIl. Joint replacement and hemijoint replacement:

A. Hip resurfacing:

1.

Controversial for osteonecrosis. Some authors report acceptable results
in strictly selected patients,''® while others report poorer cumulative
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survival compared with other diagnoses and view ONFH as a relative
contraindication for resurfacing.'"”
B. Hemiarthroplasty:
1. Poorer results than total hip replacement in young patients with osteone-
crosis, possibly from the lack of degenerative acetabular sclerosis.''$!1°
2. Concerns include development of protrusio and polyethylene wear parti-
cles leading to osteolysis and femoral component loosening.'2012!
C. THA:
1. Generally reserved for late-stage symptomatic ONFH or older patients.'??
2. ONFH accounts for over 10% of THAs performed in the United States.?
3. Procedure that most reliably reduces pain and improves mobility.!
4

Outcomes of THA for ONFH have improved compared with early studies
reporting failure rates between 37 and 53%'%*-'?%; in the past 20 years,
use of modern implants and improved surgical techniques have yielded
encouraging results at midterm follow-up.'26127

a. Ninety-eight percent stem survivorship and 85% cementless cup survi-
vorship recently reported at mean follow-up of 17.3 years. Most common
reason for revision was cup wear or loosening.'?®

b. Dual-mobility acetabular components have demonstrated excellent
stability and outcomes at 10 years.!?
5. While outcomes after THA for ONFH are very good, they may still be inferior
to outcomes of THA for osteoarthritis.'*°
a. Renal failure and/or transplant and sickle cell disease have been asso-
ciated with poorer outcomes.3!
b. In general, the underlying etiology for ONFH impacts the outcomes,
complication rates and survivorship of THA.
6. Patients with ONFH are typically younger at the time of surgery than
patients with osteoarthritis®:
a. THA for ONFH in patients younger than 35 years had a 66% survival at

20 years. Implant survival significantly better in patients >25 years of
age at the time of surgery compared with younger patients.'?¢
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2 6 Septic Arthritis of the Hip

Native Hip

. Background'-®: Septic arthritis of the hip is a relatively rare condition in healthy
adults and is more common in the pediatric setting. Due to the destructive nature
of an infection on native cartilage, septic arthritis is typically treated emergently
to prevent future sequelae.

A.

Epidemiology:
1. Most commonly monoarticular and in large joints:
a. Hip is the second most common location, involved in 13% of cases.
b. Knee is most common (~50% of cases).
2. Low incidence of native septic hip infections in adults:
a. Two to 10 out of 100,000.
3. Higher incidence in the pediatric population:
a. 0.25% of all hospitalizations
b. Ninety-five percent single joint infections.
4. Adult risk factors:

a. Elderly, intravenous drug users, recent sepsis, malnutrition, prior
surgery, and immunocompromised (HIV/AIDS, diabetics, rheumatoid,
cirrhosis).

5. Pediatric risk factors:

a. Fifty percent occur in children younger than 2 years.

b. Immunocompromised, prematurity, and cesarean section.
6. Origins of inoculation:

a. Pneumonia, endocarditis, dermatologic, urinary tract infection,
various gastrointestinal infections.

II. Differential diagnosis'7-°:

A.
B.
C.

~EZommo

Intra-articular injury.
Osteomyelitis.

Inflammatory arthroplasty (rheumatoid arthritis, gout and pseudogout, reac-
tive arthritis, systemic lupus erythematosus, Lyme arthritis, psoriatic arthritis).

Sickle cell disease.

Transient synovitis of the hip (pediatric).
Pigmented villonodular synovitis.
Hemarthrosis.

Neuropathic arthropathy.

Osteoarthritis.
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J. Osteonecrosis of the femoral head.
K. Pediatric hip disorders (slipped capital femoral epiphysis, Legg-Calvé-Perthes,
hip dysplasia, etc.).
L. Soft-tissue infection—septic bursa, psoas abscess, or cellulitis.
[Il. Pathophysiology?*:
A. Joint inoculation occurs in one of three ways:

1. Bacteremia (e.g., pneumonia).

2. Direct inoculation (e.g., trauma).

3. Contiguous spread (e.g., nearby osteomyelitis—common with intra-articular
metaphysis of the hip).

B. Seeding pathway:

1. Bacteria enters through the highly permeable and vascular synovial membrane,
depositing on the membrane:

a. High vascularity and permeability allow for production of synovial fluid,
exchange of nutrients, and waste removal.

2. Lack of robust immunologic barriers and absence of a limiting membrane
allows bacteria to seed the synovial fluid and precipitously proliferate in
the nutrient-filled environment.

C. Bacterial proliferation results in release of destructive toxins and enzymes:

1. Alpha, B, delta toxins in the Staphylococcus species break down cell mem-
branes and proteins.

Adhesins allow for bacterial adhesion, facilitating stability and growth.
Cartilage degradation can occur within 8 hours and gross destruction is
typically apparent within 1 week following an untreated infection.

D. Bacterial cell wall and intracellular proteins initiate the inflammatory cascade:

1. B-cells, T-cells, and macrophages release inflammatory cytokines:

a. B-cell: interleukin-1 (IL-1) and IL-10.
b. T-cell: IL-4 and IL-10.
c. Macrophage: IL-1, IL-10, and tumor necrosis factor-a (TNF-a).
E. Inflammatory response from host further contributes to cartilaginous break-
down via matrix metalloproteinases:
1. Bacterial presence alters normal synovial fluid production and filtration:
a. Gradual increase of toxic enzymes and inflammatory concentrations.
b. Abnormal filtration results in increased intra-articular pressure, which
further contributes to joint destruction and increases the risk of femo-
ral head osteonecrosis.
F. Histological findings from acute to chronic inflammation show an increase from
neutrophils to mononuclear leukocytes and lymphocytes:
1. Lymphocytes are predominate cells by 3 weeks.
G. Blood supply:

1. Robust pediatric blood supply of the hip renders infants and children more
susceptible to hematogenous seeding:
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a. Medial femoral circumflex artery:
i. Dominant blood supply to the femoral head after 4 years of age.

b. Lateral femoral circumflex artery:
i. Smaller contribution to femoral head as the child ages.

c. Artery of the ligamentum teres:
i. Begins to regress at 4 years of age.

d. Metaphyseal vessels:
i. Abundant supply to metaphysis.

IV.  Microbiology?*1°:
A. Common organisms>':
1. Staphylococcus aureus (40-75%; Fig. 26.1):

a. Most common pathogen, except for:
i. Young, healthy, sexually active adults (Neisseria gonorrhoeae—75%).
ii. Haemophilus influenza in unvaccinated infants and toddlers.

b. Methicillin-sensitive S. aureus (MSSA).

i. Beta-lactamase confers penicillin resistance; however, it remains
susceptible to methicillin.

ii. Antibiotic: methicillin (or similar penicillin derivative).
c. Methicillin-resistant S. aureus (MRSA):

i. Bacteria carrying the mecA gene produce penicillin-binding protein
2A, which results in poor bacterial binding to penicillin. These
bacteria are resistant to penicillin and methicillin (MRSA).

ii. Commonly hospital or health care acquired, although becoming
more common in the public domain:

(1) Obtained from hospitals, surgery, catheters, advanced-care facilities.
(2) More commonly multiple drug-resistant forms.
iii. Community acquired; becoming a more common source:
(1) Typically less virulent with less drug resistance.
(2) At risk: intravenous (IV) drug users, athletes, military.
iv. Antibiotics: vancomycin, daptomycin, or linezolid.
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2. Other staphylococcal species:

a. Uncommon in the setting of primary infection.
3. Streptococcus species (20%):

a. Group A most common form isolated.

b. Group B: often found susceptible populations: infants, diabetics, and
elderly.

4, Gram negative (<5% of cases):

a. Escherichia coli, Salmonella, Pseudomonas, Klebsiella, and Enterobacter
species.

b. IV drug users, neonates, and elderly are at highest risk.
5. N. gonorrhoeae (10%; Fig. 26.2):
a. Most common source in young, healthy, sexually active adults (75%):
i. Incidence of 3 to 5% of all patients infected with N. gonorrhoeae.
b. Polyarticular and migratory with associated rash.

c. Diagnosis typically made by polymerase chain reaction (PCR), as joint
cultures are often negative:

i. Cultures from urethra or pharynx may be positive.
d. Less morbid and destructive than most other pathogens.

e. Responds quickly and well to antibiotics, and formal incision and
drainage is often unnecessary.

6. Special cases:
a. Salmonella—more common with sickle cell disease.
b. Bartonella henselae—common in HIV patients.
¢. Pseudomonas aeruginosa—often found in IV drug users.
d. Pasteurella multocida—typically associated with a dog or cat bite.
e. Eikenella corrodens—seen after a human bite injury.
B. Fungal:

1. Unlike bacteria, fungal infections undergo granulomatous reactions, re-
sulting in thickened synovium, effusions, and fibrin “rice bodies.”

**.. Fig.26.2 Neisseria gonorrhoeae.
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2. Cartilage progressively destroyed via infiltration of granulation tissue.

3. Risk factors: Found with substance abusers, immunocompromised, organ
transplant patients, those on broad-spectrum antibiotics, and presence of
an indwelling catheter (ref—Bariteau, JAAOS 2014).

V. Clinical presentation?9'2:

A. Acute onset of pain, swelling, stiffness, and inability or unwillingness to bear
weight through the affected extremity.

B. Pain is typically located in the groin:

1. Be aware of referred pain to thigh and knee, especially in the pediatric
population.

2. Often will not allow the hip to be taken through any range of motion.
C. Fever, chills, malaise, erythema are variable in presence and severity.
D. Concurrent infection or sepsis.
E. Kocher’s criteria for pediatrics:
White blood cell (WBC) greater than 12,000 cells/uL.
Inability to bear weight in the affected extremity.
Fever greater than 38.5°C (101.3°F).
Erythrocyte sedimentation rate (ESR) greater than 40 mm/h.

N o=

5. Sensitivity as high as 99.6% when all four criteria are met.
VI. Examination?®'2;
A. Unable to bear weight or severe antalgic gait.
B. Hip held in flexion, abduction, external rotation: affords greatest capsular volume.
C. Significant pain with short arcs of motion.
D. Systemic physical examination for primary infectious source.
VII. Diagnosis?67910.12-14;
A. Combination of clinical history, examination, and diagnostic studies:

1. Important criteria include fever — elevated inflammatory markers —
refusal to walk/bear weight.

B. Serum laboratory:

1. Serum WABC greater than 12,000/L.

2. ESR greater than 30 mm/h.

3. C-reactive protein (CRP) greater than 10.5 mg/L is predictive of infection.
C. Synovial fluid aspiration:

1. Gold standard.

2. Cell count and differential:

a. WBC greater than 50,000 cells/uL:
i. High sensitivity, low specificity.

ii. Leukocyte counts greater than 28,000/uL or less in immunocom-
promised.

b. Margaretten et al® report counts of less than 25,000/mm?, more than
25,000/mm?, more than 50 000/mm?, and more than 100 000/mm?
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gave a septic arthritis likelihood ratio of 0.32, 2.9, 7.7, and 28.0,
respectively.

c. Polymorphonuclear (PMN) neutrophils greater than 90% indicates
infection (historically >75% considered positive).

d. Glucose and protein have low sensitivity and specificity.
3. Gram stain:

a. Not a recommended tool for guidance of treatment due to variable
sensitivity and specificity.

b. Nonpyogenic arthritis often presents with false negatives.
4. Synovial culture:
a. Can be negative in up to 75% of cases.
b. Obtained prior to administration of IV antibiotics.
c. Blood cultures obtained in the cases of systemic sepsis.
5. Crystal analysis:
a. Presence of crystals does not necessarily rule out infection.
b. Urate crystals are negatively birefringent and highly suggestive of gout.

c. Calcium pyrophosphate dehydrate crystals are positively birefringent
and are highly suggestive of pseudogout.

d. Presence of crystals in the setting of concomitant septic arthritis is 1.5%
of cases.

D. Aspiration technique:
1. Sterile prep.
Fluoroscopic guidance (Fig. 26.3).
An 18-gauge needle or larger, preferably 6 inches in length.
Approaches: anterior, anterolateral, and lateral.

U

Air arthrogram upon entering joint capsule.

Fig. 26.3 Hip aspiration.
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VIII. Imaging?7912;
A. Limited role in diagnosis.
B. Plain radiographs:
1. Anteroposterior of the hip and pelvis.
2. Lateral hip.
3. May be used to monitor the response to treatment:
a. Joint destruction or degeneration, osteomyelitis, bone loss, etc.
C. Ultrasound:
1. Can determine location and extent of effusion.
2. Echo-free effusion has low false-positive rate.
3. Can also assist in aspiration.
D. Advanced imaging:
1. Computed tomography (CT):
a. Detects soft-tissue swelling, joint effusion, and abscess formation.

b. Often utilized to guide joint aspiration in small or difficult-to-access
areas.

c. More readily obtained and less costly than MRI.
2. Magnetic resonance imaging (MRI):
a. Superior soft-tissue detail compared with CT and bone scans.

b. Useful in differentiating between osteomyelitis, soft-tissue abscesses,
and joint effusion.

c. Costly and difficult to obtain in a timely fashion.
3. Radionucleotide bone scan:
a. Detect localized areas of inflammation.

b. Areas with increased technetium-99m uptake are correlated with
increased osteoblasts activity and vascularity:

i. Poor sensitivity and specificity when used alone.
c. Gallium citrate indium-111 chloride are taken up rapidly of inflammation:

i. Overall poor sensitivity for septic arthritis when used alone (60%)
with high incidence of false positives.

d. Rarely indicated in the setting of acute septic arthritis.

4. All advanced imaging modalities have the potential to delay appropriate
treatment and are best reserved for instances of diagnostic uncertainty.

IX. Treatment?810.15-18;

A. Emergent condition that is indicated for prompt fluid evacuation, irrigation and
debridement, and empiric antibiotic therapy.

B. Hip arthroscopy:

1. Native hip arthroscopy with irrigation and debridement has been shown
to be as effective as open arthrotomy.

2. Less morbid procedure with more rapid discharge and return to function.
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Open arthrotomy with irrigation and debridement:
1. Current gold standard.
2. Approach based upon surgeon preference and planned future interventions:

a. Anterior-based approaches (direct anterior, Smith-Petersen, or antero-
lateral, Watson-Jones) allow easy access to the hip joint while better
preserving the blood supply to the femoral head.

3. Increased risk of instability regardless of approach utilized.
Resection arthroplasty:
1. Necessary in the cases where the femoral head is extensively involved.

2. May be definitive in the elderly, nonambulatory, and severely immuno-
compromised patients.

3. Antibiotic spacer placement used when considering future arthroplasty:
a. May also be used as definitive treatment in select individuals.
Two-stage arthroplasty:

1. Conversion from resection arthroplasty with or without insertion of an
antibiotic spacer.

2. Second stage once:
a. Laboratory results have normalized.
b. Patient is off antibiotics for several weeks without reoccurrence.
c. Repeat aspiration is negative for infection.

3. Increased reinfection rate (7-14%) compared healthy patients without
prior infection (<1%), but overall excellent outcomes.

Antibiotics:

1. Empiric antibiotics begin immediately following aspiration and culture
and are based on the clinical condition and/or the local antibiogram:

a. Choice of coverage dictated by final culture.

b. Broad spectrum with MRSA coverage preferable.
2. Consultation with infectious disease for final recommendations.
3. Length of treatment typically ranges from 4 to 6 weeks.

X. Outcomes?!>16.19;

A.

Time to diagnosis remains most crucial element of treatment, as an exponential
rise in joint pressure and destruction continues until treatment.

Delay or missed diagnosis carries serious consequences, both locally and
systemically.

Recent literature has shown majority of patients (>95%) go on to have excel-
lent functional outcomes when treated early with either open or arthroscopy
techniques.

Negative consequences include:
1. Joint contractures.
2. Growth abnormalities—pediatrics.
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3. Osteonecrosis.
4. Gait abnormalities.

5. Postseptic arthritis degenerative joint disease.

Periprosthetic Infection of the Hip

I.  Background??°-2?;
A. Epidemiology:
1. Third most common indication for revision THA.
2. Estimated to be 0.5 to 2.2% of all THAs.
3. Estimated to approach cost of $600 million per year by 2020.
B. Risk factors?>-24;
1. Superficial wound infection.
Morbid obesity (>40 kg/m?).
Transfusion of allogenic blood.
Urinary tract infection.
American Society of Anesthesiologists (ASA) score greater than 2.

S

Extended operative time (>2 hours) and excessive room traffic during
surgery.

Recent bacteremia (<1 year).
IV drug use.
Metachronous prosthetic joint infection (PJI).

10. Skin disorders (e.g., psoriasis, chronic cellulitis, lymphedema, chronic
venous stasis, skin ulcers).

11. Active infection at other site.
12. MRSA infection within 3 years or colonization.
II.  Differential diagnosis?:
A. Aseptic loosening.
B. Osteolysis.

C. Metallosis and aseptic lymphocyte-dominant vasculitis-associated lesion
(ALVAL) reaction.

D. Hemarthrosis.
E. Periprosthetic fracture.
F.  Superficial infection.
IIl.  Pathophysiology??°:
A. Mechanisms of infection:
1. Exogenous (e.g., aspiration).
2. Contiguous (e.g., superficial surgical site infection, osteomyelitis).

3. Hematogenous (e.g., seeding of implant following dental procedure or
process associated with a bacteremic event).
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B. Prosthetic surfaces promote infection:
1. Decrease efficacy of host neutrophils.
2. Decease the number of pathogens needed for infection.
3. Surface for biofilm formation.

C. Biofilms:

1. Rapid adhesion and aggregation of pathogens with surface glycocalyx
leads to formation of biofilm.

Organisms can exist in sessile state or become free floating.
3. Antibiotic resistant:
a. Limits antibiotic diffusion.

b. Cell division targets not available to antibiotics while pathogen in
quiescent state.

c. Local chemistry changes prevents antibiotic effectiveness.
IV.  Microbiology?226-3:
A. Common organisms in PJI:
1. S. aureus (24-36%):
a. MSSA and MRSA.
b. Local epidemiology.
Coagulase-negative Staphylococci (11-51%).
Streptococci spp. (4-25%).
Gram-negative pathogens:
a. Enteric gram-negative rods (0-15%).
b. Pseudomonas (0-11%).
¢. Occur more commonly in older patients with older prostheses.
5. Anaerobic pathogens (0-25%):
a. Require anaerobic culture medium.
b. Longer incubation time.
6. Culture negative (7-26%):
a. Fastidious organisms.
b. Prior antibiotic usage.
7. Multidrug-resistant organisms (MDRO):

a. Growing incidence of multidrug resistance worldwide with very limit-
ed number of new antimicrobial agents in development.

b. Definitions:

i. MDR defined as acquired nonsusceptibility to at least one agent in
three or more antimicrobial categories.

ii. Extremely drug resistant (XDR): nonsusceptibility to at least one
agent in all but two or fewer antimicrobial categories.

iii. Pandrug resistant (PDR): nonsusceptibility to all agents in all anti-
microbial categories.
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c. MDRO:
i. MRSA.
ii. Methicillin-resistant S. epidermidis (MRSE).
iii. Vancomycin-resistant Enterococci (VRE):

(1) Increasing problem: hospitalizations with VRE-related
infections more than doubled from 2003 to 2006.

(2) Second most common cause of nosocomial infection in the
United States.

(3) Only account for 3 to 10% of PJIs, but is challenging to treat.

(4) Currently only linezolid is approved by the U.S. Food and Drug
Administration (FDA) for treatment of VRE.

d. Carbapenemase-producing Klebsiella pneumonia (CPKP) and Acineto-
bacter spp.:

i. Highly resistant gram-negative bacteria.

ii. Typically susceptible only to older, more toxic agents such as poly-
myxins.

e. Extended-spectrum B-lactamase (ESBL) producing Enterobacteriaceae.
f. MDR P. aeruginosa.

V.  Clinical presentation??22%;

A.

N

Pain is typically located in the groin:

1. Be aware of referred pain to thigh and knee.

Variable presence of fever, chills, malaise, erythema.

Concurrent infection or sepsis.

Acute hematogenous:

1. Duration of symptoms less than 3 weeks following an inciting event.
2. Acute onset of joint pain.

3. Typically preceded by systemic infection (e.g., pneumonia, urinary tract
infection [UTI], sepsis).

Acute postoperative:

1. Occurring within 6 weeks of index procedure.

2. Acute onset of joint pain, fever, malaise, possible wound drainage/effusion.
Early postinterventional:

1. Infection within 4 to 6 weeks after invasive procedure.

2. Increase or return of pain.

3. Protracted drainage.

4, Signs of local inflammation.

Chronic:

1. Infection with presence of symptoms for greater than 3 weeks or occurring
after the early postinterventional period (4-6 weeks).

2. Pain.

printed on 2/11/2023 2:14 AMvia . All use subject to https://ww.ebsco.coniterns-of-use



354  Septic Arthritis of the Hip

3. Chronic joint effusion.
4. Implant loosening on imaging.
VI. Examination??:
A. Antalgic or altered gait mechanics.
B. Incision site with signs of acute inflammation or drainage.
C. Pain with short-arc range of motion less reliable than the same in native hip.
D. Close examination for systemic infection.
VII. Diagnosis??3132;
A. Musculoskeletal Infection Society Criteria for Periprosthetic Joint Infection:
1. Greater than or equal to 1 major or >3 minor criteria.
2. Major criteria:
a. Two positive cultures with identical organisms.
b. Sinus tract communicating with joint.
3. Minor criteria:
a. ESR greater than 30 mm/hour.
b. CRP greater than 10 mg/L.
c. Elevated synovial WBC or ++ change on leukocyte esterase test strip.
d. Elevated synovial PMN%.
e. Positive histological analysis of periprosthetic tissue.
f. A single positive culture.

B. Combination of pretest probability based on risk factors, serum laboratory
markers, and synovial fluid analysis.

C. Serum laboratory:
1. CRP, ESR:
a. Screening tests: inexpensive, ubiquitous, easily obtained.
b. Sensitivity: 95% (ESR) and 94% (CRP).
2. Threshold for aspiration:
a. Acute (<6 weeks): CRP > 93 mg/L.
b. Chronic (>4-6 weeks): CRP elevation above laboratory normal value.
D. Synovial analysis:
1. Cell count with differential:
a. Acute (<6 weeks): WBC > 12,800, PMN > 89%.
b. Chronic (>6 weeks): WBC > 3,000, PMN > 80%.
2. Alpha defensin:
a. Recent data showing high sensitivity and specificity (100%, 96%).
b. Expensive and not readily available at this time.
3. Gram stain:
a. Not recommended to diagnosis PJI.
b. High false-positive rate (1-8%).
c. Low sensitivity (14-23%).
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4, Culture:
a. Sensitivity: 50 to 92.8%; specificity 91 to 94%.
b. Utility: confirm infection and antibiotic sensitivity.

5. Leukocyte esterase:
a. Moderate sensitivity and high specificity (81%; 97%).
b. Controversial screening due to moderate sensitivity.
¢. Cheap and readily available across the world.

VIII. Imaging??23133-35;
A. Plain radiographs:
1. Low accuracy for diagnosing PJI.
2. Used to assess for other cause of failure.

3. Radiographic loosening within first few years or osteolysis within first
postoperative decade should cause suspicion for PJI.

B. Nuclear medicine:
1. Expensive, requires specialized equipment and expert consultation.

2. Utility in patients with high probability of infection, but aspiration results
are inconclusive.

3. Technetium-99:
a. Unable to differentiate septic from aseptic failure.
4. Indium-111 WBC scan:
a. High negative predictive value (utility in ruling out infection).

b. Use in combination with sulfur colloid bone marrow scan to account
for marrow packing artifact.

C. MRIandCT:
1. Insufficient evidence of utility, role unclear.

2. MRIis highly sensitive for detecting osteomyelitis and soft-tissue infection
but limited to diagnosis PJI due to metallic artifact.

3. CT identification of bone abnormalities not useful to diagnose PJI.
[X. Treatment?2236-39;
A. Hold antibiotics until synovial cultures have been obtained:

1. Prophylactic preoperative antibiotics should not be withheld for patients
at low probability of infection.

B. Irrigation and debridement with head and liner exchange:
1. Controversial.

2. Typically indicated for early postoperative infections that occur within 4 weeks
of the index procedure or in the cases of acute hematogenous infection:

a. Strep species and nonresistant gram negatives have best response.
3. Lower success rate than one-stage or two-stage exchange.
C. One-stage exchange:

1. Explant of colonized implants, aggressive debridement of bone and soft
tissues, and new implant placement with antibiotic cement.
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2. Benefits over two-stage exchange:
a. Shorter hospital stay.
b. Improved post-op mobility and pain.
c. Lower cost.
d. No second-stage surgery.
D. Two-stage exchange:
1. Most common in the United States.
2. Consistently highest success rates in the literature (80-90%).
3. Recommended for patients if:
a. Chronic symptoms.
b. Draining sinus tract.
c. Virulent organisms.

4, Complete explant of implants, thorough debridement, placement of anti-
biotic eluting spacer, and minimum treatment of 6 weeks of IV antibiotics
directed by an infectious disease specialist.

E. Chronic antibiotic suppression:
1. Criteria:
a. Medical contraindications.
b. Susceptibility to oral antibiotic.
c. Patient can tolerate long-term therapy.
d. Stable prosthesis.
F. Resection arthroplasty:
1. Good results in eradicating infection.
2. Poor functional outcomes:
a. Ambulation in patients with excellent upper body strength.
b. Fifty-nine percent of patients satisfied with functional outcome.
3. Indications:
a. Recurrent infection with severe bone loss.
b. Medical comorbidities preclude complex reconstructive surgery.
X. Outcomes?2237-42;
A. TIrrigation and debridement with retention of components.
1. Variable success rates (~40-50%) in acute PJI.
2. Higher failure with:
a. S. aureus.
b. Sinus tract.
c. Duration of symptom >2 weeks prior to debridement.
B. One-stage exchange:
1. Approximately 80 to 90% success rate.
2. More successful with:
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. Monomicrobial infections.

. Low-virulence organisms.
Susceptible to common antibiotics.
. Prolonged antimicrobial therapy.

. Thorough debridement of tissues.

™o oan oo

Use of cemented implants with high dose, organism-specific anti-
biotics added.

C. Two-stage exchange.
1. Success rates of 75 to 90%:
a. Four times higher failure rate with MRSA.
b. Higher failure rate with prior irrigation and debridement.
2. Associated with substantial:
a. One series: 90-day mortality rate of 4%.
b. Medical comorbidities may preclude two-stage implantation.
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Index

A
Abdomen, skin of, 12
Abduction-extension-external
rotation test, 76
Abductors and external
rotators, 119
Acetabular alpha angle, 52
Acetabular angle, 11
Acetabular approaches, 166
Acetabular augmentation, 167
Acetabular cup, 68
Acetabular defects, Paprosky’s
classification for, 269t
Acetabular deformities
overcorrection and
undercorrection of, 155
plain radiographs of, 45
Acetabular dysplasia, 140, 153
Acetabular loosening, revision
THA for, 280-281
Acetabular retroversion, 140
Acetabular rim syndrome, 139
Acetabular version, 11, 49, 50f
Acetabulum, 5, 8, 71, 187
classification, 88
clock face of, 9f
and femoral head, motion
between, 55
osteology, 87, 87f
vascular structures, 87
Acetabulum fractures, 84, 127,
266
classification, 131t
classification system for, 90t
complications, 96, 137
computed tomography, 50
diagnostic imaging, 133
history, 88-90
physical examination, 90-91
treatment, 135
Acetabulum injuries
complications, 96
computed tomography, 92, 92f
radiographs of, 91-92, 91f
treatment, 94-96
nonoperative, 94
open reduction and
internal fixation, 94-95
percutaneous fixation
with column screws, 95
total hip arthroplasty, 96
Adult hip dysplasia
common structural hip
disorder, 139
diagnostic imaging, 143-151
epidemiology of, 139-140
physical examination, 143
symptoms, 141-142

treatment, 151-158
factors to be considered
for, 151
hip arthroscopy, 151
nonoperative, 151
periacetabular osteotomy
(PAO), 151-157
THA, 157-158
Adverse local tissue reaction
(ALTR), 266
Ala, 7
Allis’ (or Galeazzi’s) sign, 29
Amphiarthrodial joint, 12
Antalgic gait, 64
Anterior apprehension test/
hyperextension-external
rotation test, 76
Anterior approach, 18-19, 18f
Anterior capsular exposure,
153-154
Anterior center-edge angle, 11
Anterior impingement test, 75
Anteroinferior iliac spine (AIIS),
7,17
Anterolateral approach, 19, 19f
Anterolateral (Watson-Jones)
approach, 249
Anterosuperior iliac spine
(ASIS), 7,17
Arthritis, plain radiographs of
osteoarthritis, 43, 45
rheumatoid, 45
Arthrography, 164
Arthroplasty complications, 114
Arthroscopic debridement, 301
Articular interface, 68
Ascending cervical vessels,
323-324
Aseptic lymphocyte-
dominated immunologic
response (ALVAL), 266
Aspiration
revision total hip
arthroplasty, 273-274
technique, 348
Atraumatic osteonecrosis,
325-326
Autologous chondrocyte
transplantation (ACT), 67
Autologous matrix-induced
chondrocytes (AMIC), 67
Avascular necrosis (AVN), 104,
175
Avulsion fracture, 7

B

Ball-and-socket synovial
joint, 8

Barlow’s maneuver, 31
Bearing surfaces, 254-256
Bearing wear, revision THA for,
282-283
Benign bone tumors
benign cartilage lesions,
314-315
enneking staging system
for, 309
fibrous lesions of bone,
311-314
synovial chondromatosis,
310-311, 310f
synovial lesions, 309-310
Bilateral (prophylactic)
pinning, 179
Biologic injections, 67
Biomarkers, 274
Bisphosphonates, 333-334
Blood work, 272-273
Body
of femur, 5
of ilium, 7
of ischium, 8
Bone marrow concentrates
(BMCs), 67
Bone scan, 330
Bone scintigraphy, 52
Bone tumors, 49, 317-318
Bony abnormalities, 73

C
Cane walking, 63
Capsuloligamentous complex, 71
Carbapenemase-producing
Klebsiella pneumonia (CPKP),
353
Cartilage repair biology, 67
Cell-based therapy, 335
Ceramic balls and ceramic
liners, 68
Ceramic bearings, 266-267
Ceramic issues, revision THA
for, 284
Ceramic on ceramic, 256
Ceramic on polyethylene, 255
Chondroblastoma, 314
Chondrosarcoma
conventional and
dedifferentiated, 315-317
plain radiographs of, 48
Clear cell chondrosarcoma, 317
Component fracture, 266
Computed tomography (CT),
37,37f
acetabular fractures, 50
acetabular version, 49, 50f
bone tumors, 49
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3D reconstruction of
images, 48
dual-energy, 48
extracapsular hip fractures,
121
FAI syndrome, 49, 195-196,
195f
femoral head fractures, 101
femoral neck fractures, 107
femoral version, 48-49, 49f
hip instability, 77
osteoarthritis, 49
pediatric hip fractures, 133
radiation risks, 48
revision total hip
arthroplasty, 271
septic arthritis of hip, 349
stress fractures, 50
Connective tissue disorders, 73
Core decompression, 334
Core muscle injury, 234
Corona mortis, 87
Corrosion reactions, in metal-
on-polyethylene THA, 260
Coxa breva, 167-168
Coxa magna/impingement, 167
Coxa valga, 63
C-reactive protein (CRP), 272-273

D

D-dimer, 273

Developmental dysplasia of
hip (DDH), 139

Direct anterior (Smith-
Peterson) approach, 248-249

Direct cellular toxicity, 325-326

Direct lateral approach, 19

Dual-energy CT, 48

Dynamic hip loading, 59-60

Dynamic stabilizers of hip, 72

E
Early onset hip osteoarthritis,
63
Ely’s test, 30-31
Enchondroma, 314-315
Endoprosthesis, 125
Erythrocyte sedimentation
rate (ESR), 272
External fixation, 93
Extra-articular femoral and
pelvic anatomy, 188
Extra-articular impingement
anatomic considerations,
203-206, 204f, 205f, 206f
definition, 203
diagnostic imaging, 209-212
differential diagnosis, 212,
213f
history and examination,
206-208
sources of, 203
treatment

nonoperative, 212-213
operative, 213-217
outcomes, 215-216t, 217
Extracapsular arterial ring,
322-323
Extracapsular hip fractures
complications, 125-126
intertrochanteric femur
fractures
classification systems, 119
incidence and etiology, 117
subtrochanteric femur
fractures
classification systems,
119-120
diagnosis, 120-121
incidence and etiology,
117-118
treatment, 121-125
Extracapsular ligaments, 9

F
FABER (flexion, abduction,
and external rotation) test,
29, 30f
FADIR (flexion, adduction, and
internal rotation) test, 31
Femoral component loosening,
revision THA for, 281-282
Femoral defects, Paprosky’s
classification for, 271t
Femoral epiphyseal extrusion,
165
Femoral head, 187
and acetabulum, motion
between, 55
anatomy and blood supply
to, 99
dislocation, plain
radiographs, 43
and neck, trabecular bone
supports, 118, 118f
Femoral head deformity, 169
neck and, 141
pathogenesis of, 161
Femoral head fractures, 99
classifications, 101-102, 102f
complications, 104-105
diagnosis, 100-101
mechanism of, 99-100
treatment, 103-104
Femoral neck
anatomy, 105
angle, 12
shaft angle, 141
Femoral neck fractures
classification systems,
106-109, 108f, 109f
complications, 113-114
diagnosis, 106-107
epidemiology, 105
mechanism of injury, 106
plain radiographs, 43
treatment, 109-113

hemiarthroplasty, 111-112,
112f
hip resection “Girdlestone,”
113
options, 111
in situ internal fixation,
110-111, 110f
total hip arthroplasty
(THA), 112-113,113f
Femoral stress fractures, plain
radiographs of, 46
Femoral torsion, 63
Femoral triangle, 18
Femoral valgus osteotomy, 167
Femoral version, 11, 48-49,
49f, 141
Femoroacetabular
impingement (FAI)
syndrome, 63, 140, 237
after SCFE, 174-175
anatomic considerations,
187-189
computed tomography, 49
definition, 185, 203
diagnostic imaging, 192-196
computed tomography,
195-196, 195f
magnetic resonance
imaging, 194-195
plain radiographs,
192-194, 193f
differential diagnosis, 196,
196t
history, 189-191, 190f
labral injury, 187
pathomorphology, 185-186
physical examination, 191-192
prevalence, 186-187
symptoms, 185
treatment
nonoperative, 196-197
operative, 197-199, 198f
outcomes, 199-200
Femur, 3-5
anatomic axis of, 57
body, 5
bone, 3
and FAI syndrome, 188
lower extremity, 4-5
mechanical axis of, 56
right, 4f
upper extremity, 3-4
Fibrous dysplasia, 313-314
plain radiographs of, 48
Fixed-bearing implants, 68
Fluorodeoxyglucose positron
emission topography (FDG-
PET), 272
FNVLTV (femoral neck version
lesser trochanteric version)
angle, 210
Free vascularized fibular graft
(FVFG), 334
Fulcrum test, 31
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G
Gait
abnormalities, assessment of,
291,292t
cycle
classification, 57
phases, 57-58, 58t
pathomechanics, 64
pattern changes and
limping, 240
phases, 57
run cycle, 58
Gallium-67 citrate scan, 272
Gillet’s test, 31
Gluteal region, 15
Gluteus maximus, 18, 64
Greater trochanter, 17
Groin pain, defined clinical
entities for, 192

H
Hamstring weakness, 64
Head, 3
Healed perthes hip, sequela of,
167-169
Hemiarthroplasty, 111-112,
112f,335-336
Hemipelvis, 225f, 226f
Heterotopic ossification, 96,
104, 259
High-energy motor vehicle
collision, 99-100
Hinge abduction, 166
Hip, 187
musculature, 12, 13-15t
surgical approaches for (See
Surgical approaches for hip)
three-dimensional
reconstruction of, 5
Hip abductor weakness, 64
Hip arthroscopy, 78, 151, 349
lateral approach, 22-23
supine approach, 20-22, 21f
Hip biomechanics
gait, 57-58
hip joint forces and
equilibrium, 59-60
hip joint motions, 55-56
hip-spine kinematics, 56
lower limb axis, 56-57
Hip bone, column principle
of, 87f
Hip contracture, 64
Hip, disorders of
mechanical symptoms, 25
physical examination
inspection, 26
motion assessment, 26-28
range of motion
assessment, 28-29, 28f
signs and tests, 29-32, 30f
Hip dysplasia, 63
Hip fractures, 326f
Hip fusion, 245

Hip hemiarthroplasty, 244, 256
Hip imaging modalities
comparison of, 39-40t
computed tomography (See
Computed tomography
(CT)
factors determining, 39
general considerations, 39
for hip conditions, 41t
magnetic resonance
arthrography, 51
magnetic resonance imaging
(See Magnetic resonance
imaging)
plain radiographs (See Plain
radiographs)
ultrasound, 52
Hip implants
biomechanics, 69
fixation, 69
prosthesis, 68
for total hip arthroplasty, 68
types of, 68-69
Hip instability
atraumatic, 73
imaging, 76-77
patient history, 74
physical examination, 74-76,
75f
traumatic, 72
treatment, 77-78
Hip joint
angles, 10-12
blood supply, 12
capsule, 8
functional anatomy, 55
infections, plain radiographs
of, 46
ligaments, 8-9, 9f, 10f
movements, 12
orientation, 55
osseous structures, 8
stability, 55, 71-72
Hip joint forces and
equilibrium, 60f
dynamic hip loading, 59-60
static hip loading, 59
Hip joint motions
intrapelvic motions, 56
pelvic motions, 55-56, 56t
Hip joint reaction force (JRF), 59
Hip osteoarthritis, 139
basic science, 238-239
etiology of, 237-238
pathway, 239f
patient history, 239-240
physical examination, 240-241
radiographic evaluation,
241-243, 242f
treatment options, 243-246
activity modification, 243
assistive devices, 243-244
hip fusion, 245
hip hemiarthroplasty, 244

hip resurfacing, 244-245
implant fixation options,
246
injection therapy, 244
oral medications, 244
physical therapy, 244
resection arthroplasty, 245
total hip arthroplasty, 245
weight loss, 243
Hip pain
assessment algorithm, 40, 40f
generators, “layer” concept of,
187,221
Hip pathomechanics
early onset hip
osteoarthritis, 63
general considerations, 63
hip-spine syndrome, 64
lower limb disorders, 63
neck deformities, 63
structural hip disorders, 63
Hip replacement implant
materials, 68
Hip resection “Girdlestone,” 113
Hip resurfacing, 169-170,
244-245,257,335-336
Hip-spine kinematics, 56
Hip-spine syndrome, 64
Hyaluronic acid (HA), 67

I

[liac crest, 15

[liac tubercle, 15, 17

[liofemoral ligament, 71

Iliopsoas, 119, 205

Iliopsoas impingement, 267-268
anatomic considerations, 205
diagnostic imaging, 211
history and examination, 208
operative treatment, 214

Ilium, 7

Implant-bone interface
biology, 69-70

Implant fixation
options, 246
in THA, 250-254

Implant materials, hip
replacement, 68

Indium 111 leukocyte scan, 272

Infection, Musculoskeletal
Infection Society criteria for,
274-275

Inferior ramus, 7-8

Inflammatory arthritis, 238

Injection therapy, 244

In situ internal fixation
femoral neck fractures,

110-111, 110f

Interleukin-6 (IL-6), 273

Intertrochanteric area, muscle
attachments to, 118

Intra-articular injection, 77

Intracapsular hip fractures, 326

Intraosseous vessels, 325
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Ipsilateral knee injuries, 100
Irreducible (salvage), 167
Ischial tuberosity, 17
Ischiofemoral impingement
anatomic considerations,
203-205
diagnostic imaging,
209-211, 210f
history and examination,
207-208
operative treatment, 214
Ischiofemoral ligament, 72
Ischium, 7-8

J

Joint-preserving procedures,
334-335

Joint replacement and
hemijoint replacement,
335-336

K
Kerboul’s angle, 333

L
Labrum, 71
Lateral (Hardinge) approach,
249
Lateral center-edge angle, 10
Lateral hip, plain radiographs
of, 42
Lateral surface, 5
Lateral view head-neck index
(LVHNI), 178
Legg-Calvé-Perthes disease
(LCPD)
classifications, 162-163f,
162-164
early interventions, 165-166
imaging, 162, 164
interventions after early
fragmentation, 166-167
pathophysiology, 161
plain radiographs of, 46,
47f 47t
prognostic factors, 164-165
Leg length differences, 241
Leg-length test, 29
Ligamentum teres, 72, 324
Linea aspera, 5
Log roll test/dial test, 76
Long cephalomedullary nail,
123-125
Lower limb axis, 56-57
Lower limb disorders, 63
Ludloff ’s sign, 29

M

Magnetic resonance
arthrography, 51

Magnetic resonance imaging
(MRI), 37-38, 38f, 51
FAI syndrome, 194-195

femoral neck fractures, 107
hip instability, 77
Legg-Calvé-Perthes disease
(LCPD), 164
osteonecrosis of femoral
head, 328, 329f
pediatric hip fractures, 134
periprosthetic infection of
hip, 355
revision total hip
arthroplasty, 271-272
septic arthritis of hip, 349
Malignant tumors of hip
bone tumors, 317-318
malignant cartilage lesions,
315-317
staging, 315, 316t
Mechanical symptoms, 25
Medial femoral circumflex
artery (MFCA), 323, 323f
Medial surface, 5
Mesenchymal stem cells
(MSCs), 67
Metallosis, 266
Metal-on-metal and trunnion
issues, revision THA for,
283-284
Metal-on-metal (MoM)
bearings, 68, 255-256, 266
Metal-on-metal total hip
arthroplasty
classification for failures,
267t
soft-tissue complications
after, 267t
Metal on polyethylene, 254
Metastatic tumors of hip,
318-319
Microfracture, 67
Mobile-bearing total hip
implant, 69
Modified Hueter approach, 20
Motion assessment, 26-28
Multidrug-resistant organisms
(MDRO), 352-353

N
Neck, 3, 63
Neurovascular injuries, 258-259
Nontraumatic hip conditions,
plain radiographs of
acetabular developmental
deformities, 45
arthritis
osteoarthritis, 43, 45
rheumatoid, 45
chondrosarcoma, 48
femoral stress fractures, 46
fibrous dysplasia, 48
hip joint infections, 46
Legg-Calvé-Perthes disease
(LCPD), 46, 47f, 47t
osteochondroma, 48
osteoid osteoma, 48

osteonecrosis, 46
osteosarcoma, 48
Paget’s disease, 46
simple bone cyst, 48
slipped capital femoral
epiphysis (SCFE), 46
synovial
osteochondromatosis, 48
Nonvascularized bone
grafting, 334-335
Nuclear medicine, 272

0
Ober’s test, 29, 30f, 76
Open arthrotomy with
irrigation and debridement,
350
Open debridement
with femoral head
dislocation, 302
and synovectomy, 302
Open hip surgery, 77
Open reduction and internal
fixation (ORIF), 93,94-95, 103
Oral medications, 244
Ortolani’s tests, 31
Osseous structures, 8, 60
Osteoarthritis, 64, 175
computed tomography, 49
development of, 169-170, 169f
plain radiographs of, 43, 45
Osteoarthrosis, 187
Osteochondral graft, 67
Osteochondroma, 48
Osteoid osteoma, plain
radiographs of, 48
Osteonecrosis, 46
Osteonecrosis of femoral head
(ONFH), 96
classification, 331-332¢t,
331-333
diagnosis, 330
differential diagnosis, 330
epidemiology, 321-322
evaluation
imaging, 328-330, 329f
physical examination,
327-328
symptoms, 327
pathophysiology, 325-327
prognosis, 333-336
Osteosarcoma, 48, 317-318
Osteotomies, 152, 180

P
Paget’s disease, plain
radiographs of, 46
Patrick’s test. See FABER
(flexion, abduction, and
external rotation) test
Pediatric hip fractures
acetabulum fractures, 127
classification, 131t
complications, 137
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diagnostic imaging, 133
treatment, 135
diagnostic imaging, 133-134
differential diagnosis, 134
history and examination,
132-133
pelvic avulsion fractures,
128-129, 128f
complications, 137
treatment, 136
pelvic ring fractures, 127
classification, 131t
complications, 137
diagnostic imaging, 133
treatment, 135-136
proximal femur fractures, 127
classification, 130-131,
131t
complications, 136-137
diagnostic imaging, 133
treatment, 134-135
Pelvic avulsion fractures,
128-129, 128f
complications, 137
plain radiographs, 42-43
treatment, 136
Pelvic osteotomies for adult
hip dysplasia, 151
Pelvic ring
classification, 88
ligaments, 85-86, 85f, 86f
neurovascular structures, 87
osteology, 84, 85f
Pelvic ring fractures, 127
classification, 131t
complications, 137
diagnostic imaging, 133
mechanism of injury, 83
mortality rate, 83
treatment, 135-136
Pelvic ring injuries
classification system for, 89t
computed tomography,
92, 92f
history, 88-90
physical examination, 90-91
radiographs of, 91
treatment
nonoperative, 93
operative, 93-94
pelvic binder, 92
stabilization and
resuscitation, 92
Pelvis, 6f, 224f, 227f
bones, 5
and FAI syndrome, 188-189
male and female, 35
ossification, 130
Percutaneous fixation with
column screws, 95
Percutaneous single-screw
fixation, 179-180, 181f
Periacetabular osteotomy
(PAO), 151-157

Periprosthetic infection of hip
clinical presentation, 353-354
diagnosis, 354-355
differential diagnosis, 351
epidemiology, 351
examination, 354
imaging, 355
microbiology, 352-353
outcomes, 356-357
pathophysiology, 351-352
risk factors, 351
treatment, 355-356

Periprosthetic joint infection
(PJI), 257-258

Physical examination
inspection, 26
motion assessment, 26-28
range of motion assessment,

28-29, 28f
signs and tests, 29-32, 30f

Physical therapy (PT), 244, 291

Pigmented villonodular
synovitis (PVNS), 303-305,
304f, 309-310

Piriformis muscle, 18

Plain radiographs
alignment evaluation, 33
anteroposterior (AP), 41-42
evaluation, 33-34, 33f, 34f
extracapsular hip fractures,

121
FAI syndrome, 192-194, 193f
fat planes, 36-37, 36f
femoral head dislocation,
43
femoral head fractures, 101
femoral neck fractures, 43,
107
hip instability, 76-77
lateral, 35-36, 37f
lateral hip, 42
nontraumatic hip
conditions
acetabular
developmental
deformities, 45
arthritis
osteoarthritis, 43, 45
rheumatoid, 45
chondrosarcoma, 48
femoral stress fractures, 46
fibrous dysplasia, 48
hip joint infections, 46
Legg-Calvé-Perthes
disease (LCPD), 46,
47f, 47t
osteochondroma, 48
osteoid osteoma, 48
osteonecrosis, 46
osteosarcoma, 48
Paget’s disease, 46
simple bone cyst, 48
slipped capital femoral
epiphysis (SCFE), 46

synovial
osteochondromatosis,
48
osteonecrosis of femoral
head, 328
pediatric, 35, 35f
pediatric hip fractures, 133
pelvic fractures, 42-43
periprosthetic infection of
hip, 355
primary imaging, 33
revision total hip
arthroplasty, 268-271
septic arthritis of hip, 349
Platelet-rich plasma (PRP), 67
Polyethylene wear/osteolysis,
259-260
Posterior apprehension test, 76
Posterior hip dislocation, 99
Posterior impingement test,
75-76
Posterior pelvic tilt, 225
Posterior ring stabilization, 94
Posteroinferior iliac spine, 17
Posterolateral approach, 20,
249-250
Posttraumatic arthritis, 104
Posttraumatic degenerative
joint disease, 96
Primary “idiopathic” hip
osteoarthritis (OA), 237
Prone external rotation test, 76
Prosthetic replacement, 104, 125
Provocative maneuvers, 241
Proximal femoral osteotomy,
335
Proximal femur, 71
blood supply of, 129-130, 129f
fractures, 127
classification, 130-131,
131t
complications, 136-137
diagnostic imaging, 133
treatment, 134-135
physes, 130
Pseudotumor, 266
Psoatic gait, 64
Pubic symphysis, 12
Pubis, 8
Pubofemoral ligament, 72

Quadratus femoris space, 209

R
Radiographic anatomy of hip
computed tomography,
37,37f
general considerations, 33
magnetic resonance
imaging, 37-38, 38f
plain film radiographs
alignment evaluation, 33
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evaluation, 33-34, 33f,
34f
fat planes, 36-37, 36f
lateral, 35-36, 37f
pediatric, 35, 35f
primary imaging, 33
ultrasound, 38
Radionucleotide bone scan,
349
Range of motion, 28-29, 28f,
240-241
Referred back pain, 238
Rehabilitation of painful hip, 291
after hip arthroscopy,
293-294
after THA, 294-297
postrehabilitation, 297
preoperative considerations,
293
therapy goals, 292
Resection arthroplasty, 245,
350, 356
Revision total hip arthroplasty
acetabular loosening and,
280-281
bearing wear and, 282-283
ceramic issues and, 284
diagnosis prior to, 268-275
aspiration, 273-274
blood work, 272-273
CT scan, 271
MRI, 271-272
nuclear medicine, 272
plain radiography, 268-271
etiology of
bearing issues, 266-267,
267t
component loosening,
264-265
dislocation, 263-264
infection, 264
osteolysis, 265
PE wear, 265
subluxation, 264
femoral component
loosening and, 281-282
management
dislocation, 275-276
infections, 278-280
instability, 275
late dislocation, 277-278
treatment options,
276-277
metal-on-metal and
trunnion issues, 283-284
Rheumatoid arthritis, 45

S

Sacrococcygeal symphysis, 12
Sacroiliac joint, 12

Sartorius, 17

Sciatic nerve injury, 100
Scissors gait, 64

Seeding pathway, 344

Septic arthritis of hip
clinical presentation, 347
diagnosis, 347-348
differential diagnosis,
343-344
epidemiology, 343
examination, 347
imaging, 349
microbiology, 345-347,
345f, 346f
outcomes, 350-351
pathophysiology, 344-345
treatment, 349-350
Short cephalomedullary nail,
122-123
Simple bone cyst, 48
Single-leg stance, 59
Skeletal traction, 94
Sliding hip screw, 122
Slipped capital femoral
epiphysis (SCFE)
anatomical considerations,
177
classification system,
175-176, 176f
diagnostic testing, 177-178,
178f
differential diagnosis, 178-179
etiology, 173
future directions, 183
histopathology and
pathomorphology, 174
history and physical
examination, 177
natural history, 174
nonsurgical management,
179
pathogenesis, 173-174
physeal stability, 176
plain radiographs of, 46
surgical management
acute, 179-181, 180-181f
chronic, 181-182
outcomes, 182-183
Soft-tissue effects, 266
Soft-tissue impingement,
267-268
Soft-tissue injuries, 221
anatomic considerations,
223-226
classification, 226-228
diagnostic imaging, 229f,
230, 231f
differential diagnosis, 232t
history and examination,
228-229, 229f
treatment
nonoperative, 231, 233
operative, 233-234
Soft-tissue structural
hierarchy, 221-222
Soft-tissue structures, 71
Squeaking—micro-separation,
266

Static hip loading, 59
Static stabilizers of hip, 71-72
Statins, 334
Stinchfield’s test, 30
Straight leg raise, 29
Stress fractures, 50
Structural hip disorders, 63
Subspine impingement
anatomic considerations, 203
diagnostic imaging, 209, 209f
history and examination,
206-207
Subsynovial intra-articular
ring, 324, 324f
Superior ramus, 7
Surface anatomy of hip
bony landmarks
ASIS and AlIS, 17
greater trochanter, 17
iliac crest, 15
iliac tubercle, 15, 17
ischial tuberosity, 17
posteroinferior iliac
spine, 17
PSIS, 17
femoral triangle, 18
muscular landmarks
gluteus maximus, 18
piriformis muscle, 18
sartorius, 17
skin
abdomen and thigh, 12
gluteal region, 15
Surgical approaches for
hip. See also Total hip
arthroplasty (THA)
anterior approach, 18-19, 18f
anterolateral approach,
19, 19f
direct lateral approach, 19
hip arthroscopy
lateral approach, 22-23
supine approach, 20-22,
21f
modified Hueter approach,
20
posterolateral approach, 20
Synovial chondromatosis,
301-302, 302f
Synovial culture, 348
Synovial fluid aspiration,
347-348
Synovial hemangioma,
305-306
Synovial osteochondromatosis,
48
Synovial proliferative
disorders, 51

T

Tantalum implants, 335

Technetium-99 labeled
diphosphonate scan, 272,
330
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Technetium-99m sulfur colloid
MIn-labeled scintigraphy,
272

Tendon, 222-223

Thigh, 12, 225f, 226f, 227f

Thomas’s test, 30, 76

Tonnis angle, 11

Total hip arthroplasty (THA), 245
adult hip dysplasia,

157-158
bearing surfaces, 254-256
complications, 257-260
femoral neck fractures,
112-113,113f
hip hemiarthroplasty, 256
hip resurfacing, 257
implant fixation, 250-254
patient history, 247
preoperative templating,
250, 251f

radiographic evaluation,
247-248
surgical approaches, 248-250
surgical indications, 247
Total hip implant fixation,
69
Total hip replacement, 170
Transverse (acetabular) angle,
11
Trauma-related osteonecrosis,
326-327
Trochanter, 4
Trochanteric-pelvic
impingement
anatomic considerations, 206
diagnostic imaging, 211-212,
212f
history and examination, 208
operative treatment, 217
Trunnionosis, 273

U

Ultra-high-molecular-weight
polyethylene, 255

Ultrasound, 38, 52, 349

V

Vascular occlusion, 325

Vasodilators, 334

Venous thromboembolic
events (VTE), 259

w
Weight loss, 243

Z

Zona orbicularis, 72
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