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Foreword

Femoroacetabular impingement is one of the areas of greatest interest to specialists
in the hip joint. This pathology first attracted attention at the beginning of the twenty-
first century, after passing unnoticed for a considerable time. Building on the experi-
ences of the Berne school, recent publications have contributed to our understanding
of the physiopathology and diagnosis of this condition, of related biomechanical dis-
orders and their development, as well as the need and indications for early non-
aggressive treatment.

In Spain, a group of young orthopedic surgeons took an interest in this pathology
and acquired considerable clinical experience comparable to that of the best centers
worldwide. For this reason, and particularly given the fact that this is a new area, even
though it is undoubtedly essential to make the results of such work known through
the most influential journals of our specialty, it is also important to gather together
these experiences and the principles that underlie our work in a volume like the pres-
ent one.

I have been involved in the preparation of this book from the outset, since
Dr. Oliver Marin first started to plan its publication; the challenge, as always, was to
avoid last-minute haste. The result has well repaid us for all our time and effort. This
book deals with all the most pressing issues in hip surgery, laying the foundations for
future developments. The field outlined and the techniques discussed here must then
be left to pass the test of time.

Be this as it may, the first stone has been laid, and it remains for us to congratulate
the authors, Springer editorial and Spanish orthopedic surgery as a whole and to
thank them for all their work. We hope it will be useful for hip surgeons and enable
them to offer better treatment to their patients.

Francisco Forriol



Preface

Femoroacetabular Impingement (FAI) is a compilation of the work of many hip
surgeons interested in this pathology. The ultimate goal of this work is to provide an
updated knowledge of diagnostic and treatment aspects of this disease, collecting dif-
ferent points of view from experts around the world.

The classical publication of Smith Petersen in 1936, inadvertently favored the
birth of a disease. Professor Reinhold Ganz in Berne became the father of FAI, clearly
describing the mechanisms of injury and treatment. Since the first articles of Bern
group, hundreds of publications have deepened in diagnostic and therapeutic aspects
and have contributed to a rapid advance in knowledge of FAIL This book involves
many of these FAI experts, who described different approaches to the injured hip
joint. I greatly appreciate all their generous collaboration and patience with the dif-
ficulties in publishing the work. This book would not have been published without
the invaluable support of MAPFRE Foundation. It would be a great satisfaction if the
effort made by all authors, finally serves to facilitate understanding of femoroac-
etabular impingement.

Madrid, Spain Oliver Marin-Pefia

vii



Acknowledgements

I would like to thank Fernando Corella for his collaboration in the illustrations of the
book and Alejandro Caffarini for the excellent translation. Also thanks to the Spanish
Society of Hip Surgery (SECCA) and the Spanish Society of Orthopedic Surgery and
Traumatology (SECOT), especially to Professor Francisco Forriol, for their support.
Finally, I would like to thank my wife Marta and my son Pablo for their infinite
comprehension.

Madrid, Spain Oliver Marin-Pefia



Contents

PartI Concept and Physical Exam in FAI

1

Historical Evolution of the Concept of Femoroacetabular
Impingement as a Cause of Hip Osteoarthritis . .................
Martin Lavigne, Laffosse Jean-Michel, and Vendittoli Pascal-André

Mechanism of Femoroacetabular Impingement .................
Martin Beck, Slaman Chegini, Stephen Ferguson, and Harish S. Hosalkar

Physical Examin FAL . ........ ... ... .. ... ... ... ... .......
Oliver Marin-Pefia

Part I Imaging in FAI

4

X-Ray Examinationin FAL . .................................
Klaus A. Siebenrock and Philipp Henle

MRI/CTin FAL . . ... i
Kawan S. Rakhra

Future Strategies for the Assessment of Cartilage and Labral
Lesions in Femoroacetabular Impingement. . ...................
Ara Kassarjian, Luis Cerezal, and Eva Llopis

Part II FAI Surgical Treatment

7

10

Evidence-Based Medicine in the Treatment of Femoroacetabular
Impingement . . ....... .. ... .. .. . ...
Ricardo Larrainzar Garijo, R. Garcia-Bégalo, and E. Diez-Nicol4s

Bone Resection: First Step for Treatment,

Rodrigo Mardones and Fernando Nemtala

Open Surgical Treatment of FAI: Safe Surgical Dislocation
ofthe FemoralHead ........................................
Michael Leunig, Anil Ranawat, Martin Beck, and Reinhold Ganz

Mini-Anterior Approach .......... ... ... ... ... ... ..
Manuel Ribas and Oliver Marin-Pefia

23

31

41

57

65

73

77

87

Xi



Xii

Contents

11

12

13

14

15

16

17

18

Arthroscopic Treatment of FAI: Position, Portals,
and Instrumentation. . ............. ... ... ... ... ... . ... ...... 99
Victor M. Ilizaliturri

Normal and Pathological Arthroscopic View
in Hip Arthroscopy . ........ .. .. . 113
Damian Griffin and Shanmugam Karthikeyan

What Goes on During the Learning Curve? .................... 123
Luis Perez-Carro and Marc Tey

My Experience of Hip Arthroscopy in the Lateral Position. . ... ... 131
Alexandros P. Tzaveas and Richard N. Villar

Arthroscopic Treatment of FAI: Supine Position,
My First Option. . . ......... ... ... . i, 141
Marcelo Quieroz, Katrina DelaTorre, and Bryan T. Kelly

Complications and Revision Surgery in Hip Arthroscopy ......... 147
Bruno G.S. e Souza and Marc J. Philippon

Combined Techniques in FAI: Hip Arthroscopy Followed
by Mini-Anterior Approach. ....... ... ... ... ... .. .. .. ..., 159
Nader A. Nassif and John C. Clohisy

Femoroacetabular Impingement Management Through a

Mini-Open Anterior Approach and Arthroscopic Assistance:

Technics and Mid-Term Results . ............................. 167
Frédéric Laude and Elhadi Sariali

Part IV FAI and Hip Dysplasia

19

20

21

Differentiating FAI from Dysplasia............................ 181
Wadih Y. Matar and Javad Parvizi
Advances in PAO Surgery: The Minimally Invasive Approach . . . .. 189

Anders Troelsen and Kjeld Sgballe

Retroverted PAO or Rim Trimming
in the Dysplastic Hip with FAL. . ... ... .. ... ... .. .. .. ..., 201
Philipp Henle and Klaus A. Siebenrock

Part V Hip Arthroplasty in Young Adult

22

23

24

Current Arthroplasty Options in the Young AdultHip ........... 207
Eduardo Garcia Cimbrelo, Eduardo Garcia-Rey, and Ana Cruz-Pardos

Resurfacing Arthroplasty for Femoroacetabular Impingement. . . . . 219
Matfas J. Salineros and Paul E. Beaulé

How to Do Resurfacing in Hip Dysplasia....................... 229
Koen De Smet



Contents

xiii

Part VI Postoperative Management (POM)

25 Rehabilitation Following Femoroacetabular
Impingement Surgery. ........ ... ... .. ... 241
Lafayette de Azevedo Lage

26 Postoperative Management of Hip Resurfacing ................. 255
Alfonso Valles and Carlos Gebhard

Part VII. Outcome in FAI Treatment

27 Clinical Scores in Femoroacetabular Impingement. .. ............ 265
Néstor Moreno and Oliver Marin-Pefia



Partl

Concept and Physical Exam in FAI



Historical Evolution of the Concept
of Femoroacetabular Impingement
as a Cause of Hip Osteoarthritis

Martin Lavigne, Laffosse Jean-Michel,
and Vendittoli Pascal-André

Nowadays, discoveries of the pathomechanisms respon-
sible for disease development are made mostly at the
molecular level. The potential biomechanisms evoking
primary degenerative hip joint changes are still being
investigated intensively. With improved imaging tech-
niques and novel treatment modalities, accumulating
evidence supports the hypothesis that a simple mechan-
ical conflict is the primary instigator in a large propor-
tion of cases labeled as primary hip joint osteoarthritis
(OA), without primary dysfunction at the molecular
level. This chapter examines the series of events that
have resulted in femoroacetabular impingement (FAI),
being nowadays considered a cause of secondary hip
joint OA.

There is still much debate about the etiology of hip
OA [1]. The term secondary OA applies to degenera-
tive hip joint disease attributable to a known cause,
such as trauma, septic arthritis, and acetabular dyspla-
sia, among others. Although the relationship of hip OA
with a specific etiological factor can sometimes be
established, the reverse is even more frequent, and
most patients suffering from hip joint OA are left with
no precise cause. In this situation, hip OA is catego-
rized as primary or idiopathic. In the absence of a pre-
cise identifiable cause, the osteoarthritic process is felt
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to result from primary dysfunction at the subchondral
bone and/or cartilage levels, although it may involve
several other factors, some related to the patient (e.g.,
age, gender, hormone levels, genetics, and nutrition),
the joint (subtle anatomical variants, muscle weakness,
misalignment, and joint laxity), or lifestyle (repetitive
physical activities and obesity).

As early as 1933, Elmslie [2] observed that although
several causes of hip joint OA were well established in
certain patients, in many of them, the disease was not
accompanied by any identifiable factors. He postulated
that people who developed hip OA by the age of 40-50
may have had undiscovered preexisting hip joint defor-
mity. In particular, he drew attention to femoral head
changes resembling coxa plana in early adult life that
may produce degenerative alterations due to a mechan-
ical misfit in the joint and felt that the best way of
avoiding these was to keep the mechanics as normal as
possible. Elmslie’s findings seemed to pave the way
for a quest to better understand the pathomechanisms,
or abnormal mechanics, involved in the development
of hip OA. It is somewhat surprising to realize that
despite Elmslie’s hypothesis dating back more than
seven decades, the etiology of so-called primary or
idiopathic hip OA is still not fully grasped.

In accordance with Elmslie’s findings, four studies
published between 1947 and 1961 were not able to
identify the cause of radiographic hip OA in 24.3-65%
of cases [3—7]. However, several subsequent studies
shed more light on the potential etiology of some hip
OA cases labeled as “idiopathic.” In 1965, Murray [6]
revisited the concept of primary hip joint OA, postulat-
ing that most primary hip OA cases were, in fact, sec-
ondary to minimal anatomical variations “so slight that
their radiological appearance was regarded as being

DOI 10.1007/978-3-642-22769-1_1, © Springer-Verlag Berlin Heidelberg 2012
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within normal limits.” He described what he called “tilt
deformity” of the femoral head as its abnormal rela-
tionship to the femoral neck, characterized by a residual
varus tilt of the femoral head vis-a-vis the femoral neck,
shortening of the femoral neck, and remodeling of the
lateral part of the femoral head. After reviewing 200
anteroposterior radiographs of patients with primary
OA, he concluded that 65% of cases were, in fact, sec-
ondary to preexisting, asymptomatic anatomical abnor-
malities: acetabular dysplasia identified in 25.5% and
tilt deformity in 39.5%. He postulated that tilt defor-
mity could be the result of premature femoral head epi-
physeal plate fusion, mild trauma, transient synovitis,
or minor epiphysiolysis. Murray considered that tilt
deformity rendered patients prone to hip OA develop-
ment because of joint incongruity and concluded that
early intervention could be a valuable treatment strat-
egy to arrest joint deterioration.

These hallmark findings by Murray were supported
in the mid-1970s by three other studies. In 1974,
Stulberg and Harris [8] reported subtle forms of acetab-
ular dysplasia in more than 40% of patients with so-
called idiopathic arthritis. In 1975, Stulberg et al. [9]
described the “pistol-grip deformity” of the proximal
femur, similar to the tilt deformity of Murray, charac-
terized by flattening of the lateral neck surface, hook-
ing at the inferomedial femoral head—neck junction,
and loss of height with widening of the femoral head.
After reviewing 75 radiographs of primary hip OA,
Murray found 39% of cases with subtle acetabular
dysplasia and 40% of cases with pistol-grip deformity.
Finally, in 1976, Solomon [10] hypothesized that hip
joint OA was always secondary to some underlying
abnormality of the hip joint, after finding a predispos-
ing factor in all but 27 of 327 cases of hip OA. Besides
known secondary causes of OA, he also found evi-
dence of subtle acetabular dysplasia, tilt deformity,
and postinflammatory OA in most cases of idiopathic
or primary hip joint OA. He stated that “OA occurs in
joints to which other things happen first.” He con-
cluded that studies on the natural history of these pre-
disposing joint abnormalities and the precise manner
in which they sensitize to cartilage degeneration were
important to define in which patients surgical correc-
tion of the deformity would be justified to prevent OA
from developing.

Decades before subtle femoral and acetabular
changes were considered potential etiologies of primary
idiopathic hip OA, painful conditions were described in

relation to gross hip joint deformity with restriction of
motion. Smith-Petersen observed that the pathological
anatomy of the acetabulum and/or the proximal femur
may produce pain with hip joint motion [11]. He pro-
posed a plastic procedure for the relief of hip joint con-
ditions resulting from interference with normal hip joint
mechanics. Such conditions were described as malum
coxae senilis, intrapelvic protrusion of the acetabulum,
old slipped upper femoral epiphysis, femoral neck frac-
tures with malunion, Legg—Calvé—Perthes disease, and
acetabular fractures [11]. Smith-Petersen postulated that
the source of pain was “impingement of the femoral
neck on the anterior acetabular margin.” Such impinge-
ment would result in “traumatic arthritis with character-
istic alterations of the joint surfaces as well as of the
synovia.”

Therefore, by the mid-1970s, many authors adopted
the concept that mechanical conflict (due to subtle
femoral or acetabular deformity) was the pathomecha-
nism responsible for many cases of pain in the hip joint
with or without OA rather than a primary dysfunction
at the molecular level. However, the relationship
between the subtle acetabular and femoral deformities
described by Stulberg and Harris [8], Solomon [10],
and Murray [6] and the development of hip joint OA
was still not clearly established. The drawback of
Stulberg’s, Solomon’s, and Murray’s studies was their
retrospective review of radiographs, which showed
already damaged hip joints. This led Resnick [12] to
propose in 1976 that the tilt deformity described by
Murray could simply be the consequence of the
osteoarthritic process rather than its cause.

Primary OA usually occurs later in life, and a defect
in cartilage structure or function might play a role.
However, if primary hip joint OA resulted from a
defect in cartilage structure and/or function, it would
be intuitive to assume an association between hip joint
OA and OA at other locations. The fact that joints such
as the ankle and elbow rarely develop OA unless they
are traumatized tends to go against this assumption. To
confirm that subtle joint deformities do contribute to
the development of hip OA, more clinical evidence
was clearly needed.

In the 1980s and 1990s, acetabular labral tears were
frequently described in the orthopedics literature. The
role of the acetabular labrum in normal and abnormal hip
joint mechanics was not yet fully understood. Most labral
tears were related to traumatic events [13], but tears occur-
ring without a history of injury were also encountered and
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felt to predispose to coxarthrosis [14—16]. With the fur-
ther development of hip arthroscopy, the diagnosis of
labral tears became easier [17], and its association with
hip joint articular damage was reported. Up to 95% of
labral tears were identified by Santori and Villar [18] and
Farjo et al. [19] along with substantial damage to acetabu-
lar cartilage. Labral pathology was addressed at the time
of hip arthroscopy without clearly understanding the
pathogenesis of joint damage. Based on their experience
with hip arthroscopy and cadaver dissections, McCarthy
et al. [20] proposed that labral tears alter the biomechani-
cal environment of the hip, leading to articular cartilage
degeneration and eventually to OA. Thus, until a decade
ago, the pathomechanism by which labral tears and carti-
lage damage occurred was still not elucidated.

In the last 10 years, clinical tests and imaging tech-
niques have been refined to facilitate the detection of
morphologies at risk of FAIL In particular, magnetic
resonance imaging (MRI) has become the preferred
modality for investigating labrum, cartilage, and joint
space pathology by multiplanar image acquisition,
such as radial imaging. Magnetic resonance arthrogra-
phy permits the identification of the associated femoral
head—neck junction abnormalities frequently seen in
FAI [21]. However, the pathomechanism involved in
FAI could not be recognized until after the technique
of surgical hip dislocation could be executed without
morbidity. With the development of safe access to the
hip joint, avoiding avascular necrosis of the femoral
head and allowing a full view of the hip joint, Ganz
et al. [22] were able to better define the pathogenic
mechanism involved in FAIL

A series of observations by Ganz further supported
the concept that mild deformation of the proximal
femur or acetabulum could be responsible for a clinical
syndrome characterized by pain, reduced range of
motion, and damage to the acetabular labrum and artic-
ular cartilage. The term pincer FAI was first described
in 1999 [23] as a complication observed in some
patients after periacetabular osteotomy (PAO) per-
formed for acetabular dysplasia. Groin pain and limited
range of motion were noted in five patients following
pelvic osteotomy. MRI in some patients revealed labral
tears and cartilage damage not present before PAO.
These patients were reoperated to improve reduced
head—neck offset with clinical amelioration. In 2000,
Leunig [24] noted the presence of early OA changes
related to varying degrees of slipped capital femoral
epiphysis (SCFE) in 13 patients treated by open hip

joint dislocation. All patients demonstrated evidence of
acetabular labrum and acetabular cartilage damage on
direct inspection of the joint. The deformed anterior
femoral head and neck junction was seen entering the
hip joint and pressing against the labrum and articular
cartilage. These were the first two studies that intui-
tively led Ganz and collaborators to postulate that FAI
played a role in the development of hip joint OA [25].
In a cadaveric investigation, Goodman et al. [26]
observed that mild slipped-like deformity of the femo-
ral head was associated with arthritic hip joint changes.
With computer modeling, Rab [27] further illustrated
the concept of FAI secondary to SCFE which predicted
hip joint damage. Finally, in 2003, Ganz et al. proposed
that many cases of idiopathic hip joint OA may be
explained by the FAI concept [25]. Based on dynamic
evaluation and direct observation of more than 600
cases undergoing surgical hip joint dislocation, they
postulated that the pathomechanics of FAI lead to OA.
Since then, there has been an exponential increase in
the number of studies published on FAIL

Several studies have reported detailed direct or
arthroscopic visualization of joint damage in FAI
patients [28-34]. In a series of 30 cases of FAI oper-
ated with surgical dislocation, Peters and Erickson
[34] found damage to the acetabular labrum or the
underlying articular cartilage in 26 cases located in the
anterior-superior quadrant of the acetabulum. Tannast
et al. [35] demonstrated that the labral and cartilage
lesions observed intraoperatively in a group of patients
correlated with the damage predicted by computer
simulation. Joint damage was greatest in the anterosu-
perior area of the labrum—cartilage complex. In his
computer model, Rab [27] showed that abutment of
the deformed metaphysis typical of SCFE against the
acetabular rim was responsible for increased intra-
articular pressure, which, in turn, ultimately led to irre-
versible joint damage. This has come to be called cam
impingement, which is characterized by deep chondral
injuries and secondary damage to the labrum. The
other FAI form, pincer impingement, first attacks the
labrum, with subsequent lesions occurring in articular
cartilage.

The concept of hyaline cartilage damage as a conse-
quence of mechanical conflict is not unique to the hip
joint, and pathological mechanical conflicts during
motion of other joints have prompted the description
of well-accepted clinical syndromes. For example, in
1957, O’Donoghue [36] reported a condition called
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impingement exostosis of the talus and tibia. In a nor-
mal ankle joint, the concavity of the neck of the talus
provides impingement-free dorsiflexion until the ante-
rior tibial articular surface comes in contact with the
neck of the talus. This is much like what is found in
extreme hip joint motion, when the femoral neck
comesinto contact with the acetabularrim. O’ Donoghue
observed patients who developed reactive bone on the
anterior surface of the tibia and talar neck secondary to
mild chronic trauma caused by forceful dorsiflexion.
With continuing trauma, more osteophytes were pro-
duced, which further increased pain and limited
motion. A surgical procedure was described to remove
osteophytes to restore impingement-free range of
motion. In all but 1 case, the articular surface showed
degenerative changes.

With accumulating knowledge on the pathomecha-
nisms involved in FAI, various treatment methods have
become available, and the positive clinical outcome of
patients who have undergone surgery to restore normal
joint mechanics has further supported the relationship
between hip OA and FAI. Prospective longitudinal
studies of normal subjects and patients suffering from
FAI would confirm that FAI leads to hip joint OA.
These investigations may also help to define the origin
of the abnormal anatomies involved in FAI, such as
suboptimal femoral head-to-neck offset and anterior
acetabular overcoverage. Prospective studies of
patients treated for FAI should demonstrate if the dis-
ease can be arrested by restoring normal hip joint
mechanics. Animal experiments may help determine if
FAI and its consequences can be reproduced. Based on
accumulating clinical evidence, it seems reasonable to
affirm that FAI is among the most frequent causes of
degenerative hip joint disease.
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Mechanism of Femoroacetabular

Impingement

Martin Beck, Slaman Chegini, Stephen Ferguson,

and Harish S. Hosalkar

Historical Background

In 1965, Murray [1] suggested for the first time the
relation of the so-called tilt deformity, a rather subtle
deformity of the proximal femur, to the subsequent
development of osteoarthritis of the hip. Sometime
later, Solomon and his team from South Africa [2, 3]
as well as Harris and his coworkers [4, 5] from the
United States performed some additional work on the
theory that subtle deformities of the proximal femur
are responsible for later degeneration of the hip joint.
However, the causative factor that eventually leads to
joint degeneration remained unrecognized until the
work of Ganz and coworkers [6-8]. The development
of the technique of surgical dislocation of the hip [6],
based on recent anatomical data on the blood supply
to the femoral head [9], made it possible to examine
hip joint degeneration at early stages of the disease.
All of these observations eventually led to a new
hypothesis on the etiology of hip osteoarthritis (OA),
one proposing that these previously unrecognized or
ignored developmental deformities or abnormalities
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in morphology lead to arthritis through the mecha-
nism of femoroacetabular impingement (FAI) [7].

Femoroacetabular impingement is currently recog-
nized as a precursor to osteoarthritis of the hip. It is
characterized by an abnormal morphology of the hip
leading to abutment of the proximal femur against the
acetabulum during joint motion (flexion and internal
rotation in particular). This repeated pathologic con-
tact eventually leads to the development of symptom-
atic FAI, a precursor to osteoarthritis [7].

Evidence in Support of the Theory

Two key facts that support the theory are (1) the recog-
nition of the mechanism leading to hip OA and (2) the
possibility that correction of that mechanism could
delay the development of the OA [7].

First pioneered and stimulated by Ganz and cowork-
ers and subsequently confirmed by a variety of observa-
tions from several centers across the world, amechanism
as to how these often subtle developmental abnormali-
ties adversely affect the joint and lead to OA in many
cases has been described [7]. The principal mechanism
is a femoroacetabular impingement induced by motion
of the well-constrained hip.

The recognition of this pathomechanism could not
be proven until after the technique of surgical disloca-
tion of the hip had been developed to the extent that it
could be executed without risk of avascular necrosis or
other morbidities [6, 9]. Surgical dislocation of the hip
subsequently allowed for in situ observation of the FAI
process and also for the attribution of the various dam-
age patterns within the joint to different FAI morphol-
ogies [10]. Although FAI can take place anywhere
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around the femoroacetabular joint, the most common
site is anterolateral and is produced by flexion and
variable degrees of internal rotation of the hip.

Types of FAI

Two distinct types of FAI have been identified [8]. The
first type occurs with the jamming of a nonspherical
protrusion of the femoral head into the acetabular cav-
ity; it is therefore named cam FAI. The second type is
characterized by the linear impact of the acetabular rim
against the head—neck junction in a local (e.g., acetab-
ular retroversion) or global (e.g., coxa profunda or pro-
trusio) overcoverage of the acetabulum; it is therefore
named pincer FAIL

Clinical Examination and Findings

Patients with femoroacetabular impingement are
young, usually in their 20s—40s. The estimated preva-
lence is 10-15% [11]. Patients present with groin pain
during or after sports activities that can irradiate
distally and medially toward the knee. Groin pain can
occur after prolonged sitting with the flexed hip.
Occasionally, the impingement is accompanied by
locking or catching with a sharp pain that starts in the
groin. Some patients describe trochanteric pain irradi-
ating from the lateral thigh. Typically, they are aware
of their limited hip mobility long before symptoms
appear. On clinical examination, patients with femoro-
acetabular impingement demonstrate a restricted range
of motion, particularly internal rotation in flexion [8,
12]. Occasionally, unavoidable passive external rota-
tion of the hip while performing a hip flexion is pres-
ent. This has been described previously and is termed
a positive “Drehmann’s” sign [13] The impingement
test is almost always positive [8]. This test is done with
the patient supine; the hip is rotated internally as it is
flexed passively to approximately 90° and adducted.
Flexion and adduction leads to the approximation of
the femoral neck to the acetabular rim. Additional
internal rotation induces shearing forces at the labrum,
creating pain when there is a labral lesion. Occasionally,
posterior impingement can also occur. In this situation,
the pain can be produced by external rotation of the
flexed hip if the impinging area is posterosuperior.
Another provocative test to elicit posterior impingement

is done by having the patient lie supine on the edge of
the bed with the legs hanging free from the end of the
bed to create extension. External rotation in extension
giving rise to posterior pain, often perceived in the
buttock, is indicative of posteroinferior impingement
[6, 8]. A positive impingement test has been correlated
closely to acetabular rim lesions as seen on specific
modern MRI arthrograms of the hip [14].

Cam Impingement

Cam impingement is more common in young men,
occurring commonly in the third decade of life (aver-
age age of 32 years). Cam impingement is the femoral
cause of FAI and is caused by an aspherical femoral
head where the aspherical portion gets jammed into
the acetabulum (Fig. 2.1).

The asphericity, which can manifest itself as flatten-
ing of the anterior contour of the femoral head—neck
junction or even an osseous bump, creates a decreased
femoral head—neck offset, which is defined by the dis-
tance between the widest diameter of the femoral head
and the most prominent part of the femoral neck [15].
The recurrent irritation during flexion and internal
rotation leads to abrasion of the acetabular cartilage or
its avulsion from the subchondral bone (Fig. 2.2) [16].
Cam impingement can be caused by an asphericity of
the femoral head-neck junction or by a retroverted
femoral neck or head. Osseous bumps are typically
located either in the lateral femoral head-neck junc-
tion (so-called pistol grip, seen on an anteroposterior
pelvic radiograph) or in the anterosuperior (seen on an
axial cross-table view) location of proximal femoral
head—neck junction. A pistol-grip deformity is charac-
terized on radiographs by flattening of the usually con-
cave surface of the lateral aspect of the femoral head
due to an abnormal extension of the more horizontally
oriented femoral epiphysis [4, 17-19].

Cam impingement is usually caused by a primary
osseous variant of the head—neck junction that is con-
sidered to be caused by a growth abnormality of the
capital femoral epiphysis, but it can also be the result
of several known causes, such as a subclinical slipped
capital femoral epiphysis or Legg—Calvé—Perthes dis-
ease, or it can occur after femoral neck fractures; it
may also be idiopathic [20-22].

Quantification of the amount of asphericity can be
accomplished by the angle o, the femoral offset, or the
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Fig. 2.1 Radiographs of a hip with cam impingement present-
ing as a pistol-grip deformity. (a) The anteroposterior view
showing asphericity of the femoral head as the area which
extrudes from the circle laterally. (b) The lateral cross-table
view showing asphericity of the femoral head extending from
the circle

offset ratio. Angle o is the angle between the femoral
neck axis and a line connecting the head center with
the point of beginning asphericity of the head—neck
contour [23] (Fig. 2.3a). It can be measured on radio-
graphs. There is some debate about the normal upper
value of the normal angle o.. Several studies state that
the normal angle o value is of 42-43° [23-25].
Unfortunately, the lower limit of the pathological range
is often considered a normal angle o (Fig. 2.3b).
Another parameter for quantification of cam impinge-
ment is anterior offset, which is defined as the difference

Fig. 2.2 Diagram of the mechanism of damage in cam
impingement on a lateral view of the hip. (a) During flexion, the
aspherical part of the femoral head is jammed into the acetabu-
lum, (b) compressing the cartilage and pushing it centrally at the
same time until the cartilage is sheared off the subchondral bone

in radius between the anterior femoral head and the
anterior femoral neck on a cross-table axial view of the
proximal femur [15]. In asymptomatic hips, anterior
offset is 11.6+0.7 mm; hips with cam impingement
have a decreased anterior offset of 7.2+0.7 mm. As a
general rule for clinical practice, an anterior offset less
than 10 mm is a strong indicator for cam impingement.
In addition, the so-called offset ratio can be calculated,
which is defined as the ratio between the anterior offset
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Fig.2.3 Cam impingement. (a) Axial view of normal hip with
normal offset and normal alpha angle (normal angle 0L = 43 ).
(b) Decreased femoral head-neck offset with consecutive
increased alpha angle a’)

and the diameter of the head. The offset ratio is
0.21£0.03 in asymptomatic patients and 0.13+0.05 in
hips with cam impingement [26].

Another notable cause for cam impingement is
femoral retrotorsion, which can occur as a primary
entity or post-traumatically following femoral neck
fracture healing [22, 27]. Femoral retrotorsion can be

calculated reliably only on CT scans involving the
proximal and distal parts of the femur [28]. In addi-
tion, a coxa vara (defined by a centrum collum diaphy-
seal angle [CCD] of less than 125°) has been recognized
as a cause of cam impingement [29].

Pincer Impingement

Pincer impingement is more common in middle-aged
women, occurring around age 40. It can occur with vari-
ous disorders. Pincer impingement is the result of over-
coverage of the hip and can lead to osteoarthritis [30].
Pincer impingement is also the result of a linear contact
between the acetabular rim and the femoral head—neck
junction due to general or focal acetabular overcoverage
(Fig. 2.4). In contrast to cam impingement, cartilage
damage of the acetabular cartilage is restricted in pincer
hips to a small thin strip near the labrum that is more
circumferentially located (Fig. 2.5) [10].

Causes of Pincer FAI

(a) Deep socket
i. Coxa profunda
ii. Protrusio
(b) Maloriented socket
i. Retroversion (idiopathic, DDH, Perthes, over-
correction, post-traumatic dysplasia, bladder
extrophy, PFFD)

General Acetabular Overcoverage

Normally, general or comprehensive acetabular over-
coverage is correlated with the radiologic depth of the
acetabular fossa. In a normal hip joint with an appro-
priately seated acetabulum, the acetabular fossa line
lies lateral to the ilioischial line on an anteroposterior
pelvic radiograph. When the floor of the fossa acetab-
uli touches or overlaps the ilioischial line medially, the
condition is defined as “coxa profunda.” Protrusio
acetabuli is present when the femoral head overlaps
the ilioischial line medially [31]. Both of these abnor-
mal morphological variants relate to an increased
acetabular depth. However, there is currently no evi-
dence that protrusion is a natural progression of coxa
profunda.
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Fig. 2.4 Radiographs of a hip with pincer impingement show-
ing coxa profunda with ossification of the acetabular labrum
(a) anteroposterior and (b) lateral views. The head is spherical in
both planes

Generally, a deep acetabulum is associated with
excessive acetabular coverage that can be quantified
with the lateral center edge angle or the acetabular

Fig. 2.5 Diagram of the mechanism of damage in pincer
impingement on a lateral view of the hip. (a) During flexion, the
labrum acts as a buffer between the femoral neck and the acetab-
ulum. Only a small area of acetabular cartilage is subject to com-
pression along the rim. (b) Posteriorly, the femoral head is
levered out, creating a contrecoup lesion

index [32]. The lateral center edge angle is the angle
formed by a vertical line and a line connecting the
femoral head center with the lateral edge of the acetab-
ulum. The acetabular index is the angle formed by a
horizontal line and a line connecting the medial point
of the sclerotic zone with the lateral center of the
acetabulum. In hips with coxa profunda or protrusio
acetabuli, the acetabular index (also called “acetabular
roof angle”) is typically 0° or even negative. Another
parameter for quantification of femoral coverage is the
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femoral head extrusion index, which defines the per-
centage of femoral head that is uncovered when a hori-
zontal line is drawn parallel to the inter-teardrop line
[33]. A normal extrusion index is less than 25%;
although to the best of our knowledge no study has
defined a minimum extrusion.

Focal Acetabular Overcoverage

Acetabular version is best assessed on an AP pelvic
radiograph, taken with the standards defined previ-
ously [34]. Focal overcoverage can occur in the ante-
rior or the posterior part of the acetabulum. Anterior
overcoverage is called “cranial acetabular retrover-
sion” or “anterior focal acetabular retroversion” and
causes anterior femoroacetabular impingement that
can be reproduced clinically with painful flexion and
internal rotation. By carefully tracing the anterior and
posterior acetabular rims, different acetabular configu-
rations can be identified.

A normal acetabulum is anteverted and has the ante-
rior rim line projected medially to the posterior wall
line [34, 35]. Focal overcoverage of the anterosuperior
acetabulum causes a cranially retroverted acetabulum.
This is defined with the anterior rim line being lateral to
the posterior rim in the cranial part of the acetabulum
and crossing the latter in the distal part of the acetabu-
lum. This figure-of-8 configuration is called the “cross-
over” sign (Fig. 2.6).

To distinguish between a too-prominent anterior wall
and a deficient posterior wall, the posterior wall must be
depicted in greater detail. Therefore, the “posterior wall”
sign was introduced as an indicator for a prominent pos-
terior wall. This can cause posterior impingement with
reproducible pain in hip extension and external rotation.
In a normal hip, the visible outline of the posterior rim
descends approximately through the center point of the
femoral head. If the posterior line lies laterally to the
femoral center, a more prominent posterior wall is pres-
ent. In contrast, a deficient posterior wall has the poste-
rior rim medial to the femoral head center. A deficient
posterior wall is often correlated with acetabular retro-
version or dysplasia [36]; an excessive posterior wall
can often be seen in hips with coxa profunda or protru-
sio acetabuli but can also occur as an isolated entity.
Acetabular retroversion can also be caused by acetabu-
lar reorientation procedures if the configuration of the
acetabular rims is not taken into consideration [37, 38].

Fig. 2.6 Diagrammatic illustration (left) and radiographic
(right) presentations of focal anterior overcoverage of hip.
Acetabular retroversion is defined as anterior wall (AW) being
more lateral than posterior wall (PW), whereas in normal hip,
anterior wall lies more medially. This cranial acetabular retro-
version can also be described by “figure-of-8” configuration

This persistent abutment in the anterior part of the
joint can lead to a slight subluxation posteroinferi-
orly. The increased pressure between the posteroin-
ferior acetabulum and the posteromedial aspect of
the femoral head can cause chondral damage to the
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posteroinferior part of the acetabulum as a con-
trecoup lesion, which occurs in approximately one-
third of pincer cases [8, 10]. The resulting loss of
joint space can be visualized on a faux profile and is
a bad prognostic sign.

In certain hips, distinguishing between the two lines
of the acetabular rim is difficult. As a helpful guide-
line, the posterior rim line can always be readily iden-
tified when starting from the inferior edge of the
acetabulum. An anteroposterior radiograph centered
over the hip is not usable for reliable diagnosis of
acetabular retroversion. This projection will imply a
discrepancy in the appearance of the acetabular rim
compared with a standard pelvic radiograph on which
the anterior rim will be displayed more prominently
because it lies closer to the X-ray beam source [39].
Therefore, acetabular version is generally overesti-
mated when interpreting an anteroposterior radiograph
centered over the hip. In addition, a cross-over sign can
even be missed if only an anteroposterior radiograph
of the hip is available.

The appearance of acetabular morphology depends
on the individual pelvic orientation, which can vary
considerably in terms of tilt and rotation. Increased pel-
vic tilt or a rotation to the ipsilateral hip leads to a more
pronounced retroversion sign and vice versa [34, 39]. A
neutral pelvic rotation is defined as the tip of the coccyx
pointing toward the midpoint of the superior aspect of
the symphysis pubis. As a general rule, a neutral pelvic
tilt is defined as the distance of 3.2 cm between the
upper border of the symphysis and the midportion
of the sacrococcygeal joint for men and 4.7 cm for

women [23]. With the help of one additional lateral
radiograph, the radiographs of extensively rotated or
tilted pelves can be calculated back with recently devel-
oped software Hip2Norm to ensure a tilt and rotation
independent of anatomically based interpretation of
the acetabular morphologic configuration [39, 40]. If
obtained, the lateral pelvic view must be taken after the
anteroposterior projection without motion of the patient
and with the central beam directed to the upper tip of
the greater trochanter. In addition to acetabular path-
omorphologies, pincer impingement can also be caused
by excessive hip motion in patients in whom no obvi-
ous acetabular disorder is present. It occurs typically in
hypermobile young women (e.g., ballet dancers).

Typical Articular Damage Pattern
in Different Types of FAI

Pattern of damage to the acetabular cartilage and the
labrum does depend upon the shape and morphology
of the hip. We have previously reported on details of
damage patterns in acetabular cartilage in different
types of FAI [10].

In all hips with a cam impingement, the acetabular
cartilage was noted to be damaged in the anterosupe-
rior area of the acetabulum, and all these cases also
involved separation of the acetabular cartilage from
the labrum. The labrum usually had a stable attach-
ment to the bone, but the acetabular cartilage was torn
off the labrum which, in some cases, showed additional
degenerative changes (Fig. 2.7a). In a normal hip, the

Fig. 2.7 (a) Characteristic damage pattern in a cam type lesion. (b) Characteristic damage pattern in a pincer type lesion
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acetabular labrum merges with the acetabular cartilage
through a transition zone without any gap [41].

In hips with a pincer impingement, the damage was
located more circumferentially, usually including only
a narrow strip of the acetabular cartilage (Fig. 2.7b).
The changes in the labrum were colocated with the
damage to the cartilage, often presenting as ossifica-
tion of the labrum.

The patterns of damage in the cam and pincer
impingements differ considerably and require a differ-
ent pathomechanical explanation. The principal prob-
lem in the hip with a cam impingement is absent
anterior-to-anterolateral waisting of the junction of the
femoral neck and head. This is equivalent to a cam,
which is an eccentric part added to a rotating device.
During flexion, the eccentric part slides into the antero-
superior acetabulum and induces compression and
shear stresses at the junction between the labrum and
the cartilage and at the subchondral tidemark. The
labrum is stretched and pushed outward, and the carti-
lage is compressed and pushed centrally (Fig. 2.2),
causing a separation between the labrum and cartilage.
Therefore, for so-called undersurface tears of the
labrum, the correct terminology would be “separation
of the acetabular cartilage from the labrum.” This the-
ory is supported by the observation that in all hips with
a cam impingement, the labrum had a stable fixation to
the acetabular rim, but in half of the hips, the cartilage
was separated from it or was missing. If the labrum
was torn off the acetabular rim, the acetabular cartilage
could be expected to be intact.

The “pincer” does not cause an impingement because
of asphericity of the femoral head. The dominant feature
is that of a deep socket in which the range of movement
of the hip is limited by the overcovering acetabular rim.
At the limit of movement, the femoral neck abuts against
the labrum, which acts like a bumper. The labrum is
compressed between the femoral neck and the underly-
ing bone, and the force is further transmitted to the
acetabular cartilage. The transmission of force to the
cartilage is restricted to a narrow band along the acetab-
ular rim (Fig. 2.5). Repeated microtrauma induces bone
growth at the base of the labrum, which subsequently
ossifies. In cam impingement, the damage to the acetab-
ular joint is located anterosuperiorly.

In coxa profunda, the prototype for pincer impinge-
ment, the deep socket limits movement in all direc-
tions and leads to a more circumferential pattern of
damage. Since the principal direction of movement is

flexion, most of the lesions are located at the anterosu-
perior acetabular rim. When impingement occurs at
the anterosuperior rim and further flexion is enforced,
the femoral head begins to sublux posteriorly and,
because of the constrained nature of the hip, increased
pressure between the posteromedial aspect of the fem-
oral head and the posteroinferior acetabulum occurs.
This contrecoup lesion was observed in the femoral
head in 62% and in the posteroinferior acetabulum in
31% of our previously reported series.

Protrusio, acetabular retroversion, ossification of
the labrum, and a negative acetabular index angle also
lead to a pincer impingement. Cam and pincer impinge-
ment are two basic mechanisms and rarely occur in
isolation; in our study, only 26 of 149 hips presented
with an isolated aspherical head and 16 with an iso-
lated coxa profunda. Most have a combination of these
two basic mechanisms and are classified as mixed
cam—pincer impingement. The damage to the cartilage
in these cases is usually a combination of the two pat-
terns of damage.

Biomechanical Studies Analyzing FAI

Effect of Impingement on Stress
Distributions in the Hip Joint

Hip joint function is closely related to its anatomical
form. The healthy joint provides three rotational
degrees of freedom (flexion—extension, adduction—
abduction, and internal-external rotation), allowing
extensive and painless mobility. The morphology of
the hip joint varies for different individuals depending
on age, gender, race, and developmental changes [42].

Abnormal morphology of the joint, either on the
femoral head or acetabulum, is often observed in
patients with symptomatic FAI. Besides the mor-
phology of the joint, the load and motion patterns
that induce impingement are critical points to be
investigated. FAI is believed to occur due to motion,
rather than through axial overloading of the hip.
Furthermore, impingement is a problem of morpho-
logical variations of the hip joint and is not observed
within the range of “normal” acetabular and femoral
geometry. This hypothesis is well supported by clini-
cal observations and by recently published biome-
chanical data [43]. Biomechanical investigations of
the impingement phenomenon have the potential to
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provide quantitative information on the mechanical
response of the joint, which may facilitate diagnosis
and improved treatment.

Computational Simulation of Impingement

Hip Joint Morphological Variation

The anatomical parameters of the human hip that affect
the extent of impingement can be described by selected
parameters on the femoral head and the acetabulum.
The key parameter on the acetabulum is the measure of
acetabular coverage, defined by the center-edge (CE)
angle. The CE angle, also called angle of Wiberg [44],
is defined as the angle formed by the line passing from
the center of the femoral head to the lateral edge of the
acetabulum and a vertical line drawn through the cen-
ter of the femoral head (Fig. 2.8).

A relevant anatomical parameter on the femoral
head for impinging joints has been defined recently by
Notzli et al. [23] as the angle a, which describes the
relationship between femoral head and neck geometry
(Fig. 2.3a, b). By altering these two parameters, it is
possible to create computational models representing a
normal joint (CE=20°, a=50°), dysplastic joint
(CE=0°, a.=50°), cam type joint (CE=20°, a.=80°),
pincer type joint (CE=40°, a.=50°), or combination of
both cam and pincer (CE=40°, aa.=80°).

Since the morphological parameters of a patient
may fall within these extreme cases, it is important to
create joint models that cover the full range between
these extremes. Computer-aided design software pro-
vides a versatile tool for the creation of joint models
with a broad range of morphological parameters: ante-
rior CE angles of 0°, 10°, 20°, 30°, and 40° and femo-
ral alpha angles of 40°, 50°, 60°, 70°, and 80°, creating
a matrix of 25 different idealized joints. Examples of
a normal joint and a typical cam type joint are shown
in Fig. 2.9.

Material Properties

The internal stresses developed during locomotion and
impingement depend heavily on the properties of the
articulating surfaces. Representative cartilage material
properties have been selected as linear elastic, with an
elastic modulus and Poisson ratio of E=12 MPa and
v=0.45, respectively [45]. Appropriate material prop-
erties of labrum tissue have been determined in our
own previous work as E=20 MPa and v=0.4 [46]. The

Fig.2.8 Definition of the CE angle as an indication of femoral
head coverage

compliance of the underlying bony structures of the
hip joint is often neglected, as its influence on the cal-
culated contact pressures and stresses is negligible,
and therefore, these may be considered rigid bodies.
It has been experimentally verified that the contact
between cartilage layers has a very low friction coef-
ficient, providing an almost frictionless articulation of
the joint; hence, the contact between the femoral and
acetabular cartilage is defined as surface-based, finite
sliding, and frictionless contact.

Loads and Activities

The forces and motions occurring during different
daily activities induce internal deformations and
stresses in the soft tissues of the hip joint, for both the
normal and pathological hip. Some activities like walk-
ing apply high axial forces on the hip joint over a rather
limited range of motion, while other activities, like the
transition from standing to sitting, are associated with
a higher motion range but a lower peak force. The fre-
quency of the activity that a joint experiences through
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Fig. 2.9 (a) A typical normal hip joint and (b) a cam type impinging joint

daily life should also be considered as an important
factor. Standing-to-sitting and walking have been cho-
sen as frequently occurring repetitive activities of a
routine daily life, with a substantial influence on over-
all joint loading.

For the determination of appropriate kinetic and
kinematic boundary conditions for such simulations,
the in vivo studies conducted by Bergmann et al. [47]
can be considered a gold standard, as they provide
direct in situ dynamic force and motion measurements
from a relatively large selection of patient volunteers
during a variety of activities. For these novel measure-
ments, an instrumented joint endoprosthesis and a
telemetry system have been developed. The force and
motion data for standing to sitting and normal walking
was applied to the matrix of 25 different joints, and the
response of the joints was calculated using a three-
dimensional finite element analysis. In these simula-
tions, time-synchronized force and motion was applied
to the center of femoral head, which was free to trans-
late and relocate itself within the hip joint. An average
body weight was assumed as 836 N, taken as a com-
posite of the patient volunteers.

Internal Joint Mechanics

Biomechanical simulation allows the calculation of the
local contact pressure between the soft tissues of the hip
joint, as well as internal von Mises stresses, a measure

of internal distortion energy and tissue deformation.
These values were calculated during the whole cycle of
walking and standing-to-sitting for all 25 joints. A typi-
cal von Mises stress distribution in a cam type joint is
shown in Fig. 2.10.

To evaluate the influence of joint morphology on
the internal mechanical environment within the joint, it
is illustrative to calculate the peak von Mises stresses
for each joint conformation from the cycle of both
walking and standing-to-sitting, then to plot the maxi-
mum value for each representative joint geometry
(Fig. 2.11). Elevated stresses for low CE angles gener-
ally correspond to rim overloading during walking for
the dysplastic hip, whereas hip joints with acetabular
overcoverage or femoral head—neck deformity (“pin-
cer” and “cam” joints) demonstrate a substantial incre-
ase in stresses during activities with large motions. Of
particular importance, the blue zone of Fig. 2.11 shows
a range of CE and alpha angle values for which the
stresses are minimized for both types of activity
(20°<CE<30° and a.<50°).

Discussion

Nowadays, FAI is an established mechanism leading
to osteoarthritis of the hip in young adult patients
without dysplasia. This concept is based on extensive
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Fig. 2.10 (a) A clinical case with cam type impingement.
(b) Results of the finite element simulation for the case of
standing-to-sitting

clinical observations made by Ganz et al. [8] who have
performed surgical dislocations of the hip on more
than a 1,000 patients suspected of having FAI. More
recently, the concept has also been supported by bio-
mechanical studies [40, 48] and by the sophisticated
FE analysis of Chegini et al. [43].

Even before the development of the concept of FAI,
several studies suggested that milder deformities of the
proximal femur in patients without a history of devel-
opmental disease were a cause of osteoarthritis [1, 19,
49]. It was shown that a so-called “pistol-grip defor-
mity” is present in 40% of patients who develop
osteoarthritis of the hip [19]. Except for Goodmann
et al. [49], who mentioned motion as a possible initia-
tor of joint damage, no indication was given of how

these often subtle deformities resulted in OA of the
hip. Of notice is also that the secondary deformities of
the femoral neck have been described [50, 51]. It was
only the ability to dislocate the hip safely that enabled
us to examine the joint dynamically and to match dam-
age patterns with deformities and thus establish the
concept of FAI [6-8].

At the acetabular rim, there is almost always a colo-
cation of labral and acetabular cartilage pathology
[8, 10]. To the observer unfamiliar with the path-
omechanism of FAI, it would seem unclear whether
the cartilage damage is secondary to labral pathology,
vice versa, or if both are part of the impingement pro-
cess. As shown previously, the damage pattern in cam
and pincer FAI is different [10]. In pincer FAI, the
labrum is squeezed between the acetabular rim and the
femoral neck and acts more as a bumper. In the initial
stages of the disease, macroscopically no damage is
observed, and it is only in the later stages that fibrilla-
tions and fissuring become visible. The pathological
changes occur in the substance of the labrum and have
been previously described as cleavage planes within
the substance of the labrum [41]. The ongoing
microtrauma finally induces bone formation at the base
of the labrum until the entire labrum becomes ossified
[8]. The acetabular cartilage damage is restricted to
only a narrow band and is observed at late stages of the
disease. In cam FAI, the problem is different. Here, the
labrum dodges the asphericity because of its elasticity.
The acetabular cartilage, however, is comparably stiff
and pushed away toward the depth of the acetabulum.
Eventually, the transition zone between the hyaline
acetabular cartilage and the fibrocartilage of the labrum
fails. On superficial observation, this may appear as an
undersurface tear of the labrum; in fact, it is the hya-
line cartilage that is ripped off and displaced. The
labrum in its substance remains unchanged, certainly
in the early stages of the process. This concept is sup-
ported by the intraoperative observation and also by
the histological study of Seldes et al. [41] who
described this as one of the two possible cartilage dam-
age patterns. Therefore, it can be summarized that pin-
cer FAI first affects the labrum, whereas cam FAI first
affects the acetabular cartilage. Solitary labral tears
arising from an acute traumatic event are rare and are
more common in societies with violent sport activities
like football or rugby. Labral tears seen during
arthroscopic examination of the hip [52], particularly
in the anterosuperior region of the acetabulum, most
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likely represent FAI This premise is supported by the
observation that most labral tears seen during hip
arthroscopy also are associated with chondral injury
[52]. McCarthy et al. reporting on more than 400 hip
arthroscopies, noted a highly significant association
between the presence of labral lesions and degenera-
tion of the articular surface. Approximately two-thirds
of their patients with fraying or a tear of the labrum
had evidence of chondral damage.

Although detailed analysis of the outcome of sur-
gical intervention is still ongoing, the preliminary
results indicate that surgical dislocation of the hip
and improvement of the head and neck offset are suc-
cessful in addressing the symptoms arising from the
underlying impingement. Surgical intervention is
more successful in patients with early FAI [14, 16].
In patients with moderate to severe loss of joint space,
the outcome is likely to be less than optimal.
Therefore, early diagnosis and timely delivery of care
are likely to retard the degenerative process and delay
the need for hip arthroplasty. Although long-term
results are awaited, surgical treatment of patients
with FAI has been encouraging to date. As hypothe-
sized, pathological morphology of the hip joint leads
to high contact pressures and internal cartilage
stresses that may be contributing factors for degen-
eration, delamination, or hypertrophy of the soft tis-
sues within the hip joint.

The results of biomechanical studies with hip simu-
lation (described above) suggest that the optimum
morphological parameters for low-stress function of
the hip joint are a CE angle between 20° and 30° and
an angle o of less than 50°. The location of high-stress
zones in the impinging joint corresponds well with
clinically observed damage zones, yet the limitations
of such simulations should also be considered. The
in vivo load and motion data are derived from patients
who have experienced major reconstructive surgery on
their joints and therefore provided a lower bound for
what may be considered physiological joint forces and
motions. Idealized hip joint models provide a conve-
nient and consistent simulation tool for completing a
parametric study of morphological factors contribut-
ing to joint degeneration; however, these simulations
could be further improved with the use of patient-spe-
cific finite element models. The high-stress zones pre-
dicted by the simulations are relevant to clinical
practice; the range of the morphological parameters
that minimize the stresses may be considered a guide-
line for joint preservation surgery and is within the
range recommend by surgeons, based on their own
clinical experience.

The current advancements in the ability of MRI to
identify chondral pathology will likely help in our under-
standing of the natural history of FAI. Better understand-
ing of the pathophysiology of impingement as a cause
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of arthritis of the hip will enable additional therapeutic
interventions to be developed. Finally, further refine-
ments of surgical procedures should not only enhance
outcome but also allow surgeons to better determine
the indications for these impingement procedures.
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References

11.

12.

13.

14.

15.

. Murray RO (1965) The aetiology of primary osteoarthritis

of the hip. Br J Radiol 38(455):810-824

. Solomon L (1976) Patterns of osteoarthritis of the hip. J

Bone Joint Surg Br 58(2):176-183

. Solomon L, Beighton P, Lawrence JS (1976) Osteoarthrosis

in a rural South African Negro population. Ann Rheum Dis
35(3):274-278

. Harris WH (1986) Etiology of osteoarthritis of the hip. Clin

Orthop Relat Res 213:20-33

. Harris WH, Bourne RB, Oh I (1979) Intra-articular acetabular

labrum: a possible etiological factor in certain cases of osteoar-
thritis of the hip. J Bone Joint Surg Am 61(4):510-514

. Ganz R, Gill TJ, Gautier E, Ganz K, Krugel N, Berlemann U

(2001) Surgical dislocation of the adult hip a technique with
full access to the femoral head and acetabulum without the risk
of avascular necrosis. J Bone Joint Surg Br 83(8):1119-1124

. Ganz R, Leunig M, Leunig-Ganz K, Harris WH (2008) The

etiology of osteoarthritis of the hip: an integrated mechani-
cal concept. Clin Orthop Relat Res 466(2):264-272

. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock

KA (2003) Femoroacetabular impingement: a cause for
osteoarthritis of the hip. Clin Orthop Relat Res 417:112-120

. Gautier E, Ganz K, Krugel N, Gill T, Ganz R (2000)

Anatomy of the medial femoral circumflex artery and its
surgical implications. J Bone Joint Surg Br 82(5):679-683

. Beck M, Kalhor M, Leunig M, Ganz R (2005) Hip morphology

influences the pattern of damage to the acetabular cartilage:
femoroacetabular impingement as a cause of early osteoarthri-
tis of the hip. J Bone Joint Surg Br 87(7):1012-1018

Leunig M, Ganz R (2005) Femoroacetabular impingement.
A common cause of hip complaints leading to arthrosis.
Unfallchirurg 108(1):9-10, 12-17

Ito K, Leunig M, Ganz R (2004) Histopathologic features of
the acetabular labrum in femoroacetabular impingement.
Clin Orthop Relat Res 429:262-271

Drehmann F (1979) Drehmann’s sign. A clinical examina-
tion method in epiphysiolysis (slipping of the upper femoral
epiphysis). Description of signs, aetiopathogenetic consid-
erations, clinical experience (author’s transl). Z Orthop Ihre
Grenzgeb 117(3):333-344

Parvizi J, Leunig M, Ganz R (2007) Femoroacetabular
impingement. ] Am Acad Orthop Surg 15(9):561-570
Eijer H, Leunig M, Mahomed M, Ganz R (2001) Cross-table
lateral radiograph for screening of anterior femoral head-
neck offset in patients with femoroacetabular impingement.
Hip Int 11:37-41

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Beck M, Leunig M, Parvizi J, Boutier V, Wyss D, Ganz R
(2004) Anterior femoroacetabular impingement: part IIL
Midterm results of surgical treatment. Clin Orthop Relat Res
418:67-73

Resnick D (1976) The ‘tilt deformity’ of the femoral head in
osteoarthritis of the hip: a poor indicator of previous epi-
physiolysis. Clin Radiol 27(3):355-363

Siebenrock KA, Wahab KH, Werlen S, Kalhor M, Leunig
M, Ganz R (2004) Abnormal extension of the femoral head
epiphysis as a cause of cam impingement. Clin Orthop Relat
Res 418:54-60

Stulberg S, Cordell L, Harris W, Ramsey P, MacEwen G
(1975) Unrecognized childhood hip disease: a major cause
of idiopathic osteoarthritis of the hip. Paper presented at:
The hip: Proceedings of the Third Open Scientific Meeting
of the Hip Society, St. Louis, MO

Leunig M, Casillas MM, Hamlet M et al (2000) Slipped
capital femoral epiphysis: early mechanical damage to the
acetabular cartilage by a prominent femoral metaphysis.
Acta Orthop Scand 71(4):370-375

Snow SW, Keret D, Scarangella S, Bowen JR (1993)
Anterior impingement of the femoral head: a late phenome-
non of Legg-Calve-Perthes’ disease. J Pediatr Orthop
13(3):286-289

Strehl A, Ganz R (2005) Anterior femoroacetabular impinge-
ment after healed femoral neck fractures. Unfallchirurg
108(4):263-273

Notzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K,
Hodler J (2002) The contour of the femoral head-neck junc-
tion as a predictor for the risk of anterior impingement.
J Bone Joint Surg Br 84(4):556-560

Beaule PE, Zaragoza E, Motamedi K, Copelan N, Dorey FJ
(2005) Three-dimensional computed tomography of the hip
in the assessment of femoroacetabular impingement.
J Orthop Res 23(6):1286-1292

Neumann M, Cui Q, Siebenrock KA, Beck M (2009)
Impingement-free hip motion: the ‘normal’ angle alpha after
osteochondroplasty. Clin Orthop Relat Res 467:699-703,
Epub Nov 19, 2008

Tannast M, Siebenrock KA, Anderson SE (2007)
Femoroacetabular impingement: radiographic diagnosis —
what the radiologist should know. AJR Am J Roentgenol
188(6):1540-1552

Tschauner C, Fock CM, Hofmann S, Raith J (2002) Rotational
abnormalities of the hip joint. Radiologe 42(6):457-466
Murphy SB, Simon SR, Kijewski PK, Wilkinson RH,
Griscom NT (1987) Femoral anteversion. J Bone Joint Surg
Am 69(8):1169-1176

Millis M, Kim Y, Kocher M (2004) Hip joint-preserving sur-
gery for the mature hip: the Children’s Hospital experience.
Orthop J HMS 6:84-87

Giori NJ, Trousdale RT (2003) Acetabular retroversion is
associated with osteoarthritis of the hip. Clin Orthop Relat
Res 417:263-269

Ruelle M, Dubois JL (1962) The protrusive malformation
and its arthrosic complication. I. Radiological and clinical
symptoms. Etiopathogenesis. Rev Rhum Mal Osteoartic
29:476-489

Murphy SB, Kijewski PK, Millis MB, Harless A (1990)
Acetabular dysplasia in the adolescent and young adult. Clin
Orthop Relat Res 261:214-223



22

M. Beck et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Heyman CH, Herndon CH (1950) Legg-Perthes disease; a
method for the measurement of the roentgenographic result.
J Bone Joint Surg Am 32(A:4):767-778

Siebenrock KA, Kalbermatten DF, Ganz R (2003) Effect of
pelvic tilt on acetabular retroversion: a study of pelves from
cadavers. Clin Orthop Relat Res 407:241-248

Mast JW, Brunner RL, Zebrack J (2004) Recognizing
acetabular version in the radiographic presentation of hip
dysplasia. Clin Orthop Relat Res 418:48-53

Reynolds D, Lucas J, Klaue K (1999) Retroversion of the
acetabulum. A cause of hip pain. J Bone Joint Surg Br 81(2):
281-288

Dora C, Mascard E, Mladenov K, Seringe R (2002)
Retroversion of the acetabular dome after Salter and triple
pelvic osteotomy for congenital dislocation of the hip.
J Pediatr Orthop B 11(1):34—40

Myers SR, Eijer H, Ganz R (1999) Anterior femoroacetabu-
lar impingement after periacetabular osteotomy. Clin Orthop
Relat Res 363:93-99

Tannast M, Zheng G, Anderegg C et al (2005) Tilt and rota-
tion correction of acetabular version on pelvic radiographs.
Clin Orthop Relat Res 438:182-190

Tannast M, Goricki D, Beck M, Murphy SB, Siebenrock KA
(2008) Hip damage occurs at the zone of femoroacetabular
impingement. Clin Orthop Relat Res 466(2):273-280
Seldes RM, Tan V, Hunt J, Katz M, Winiarsky R, Fitzgerald RH
Jr (2001) Anatomy, histologic features, and vascularity of the
adult acetabular labrum. Clin Orthop Relat Res 382:232-240
Than P, Sillinger T, Kranicz J, Bellyei A (2004) Radiographic
parameters of the hip joint from birth to adolescence. Pediatr
Radiol 34(3):237-244

Chegini S, Beck M, Ferguson SJ (2009) The effects of
impingement and dysplasia on stress distributions in the hip

44,

45.

46.

47.

48.

49.

50.

S1.

52.

joint during sitting and walking: a finite element analysis.
J Orthop Res 27(2):195-201

Wiberg G (1939) Studies on dysplastic acetabular and con-
genital subluxation of the hip joint. With special reference to
the complication of osteo-arthritis. Acta Chir Scand 83
(Suppl 58):5-135

Moglo KE, Shirazi-Adl A (2003) On the coupling between
anterior and posterior cruciate ligaments, and knee joint
response under anterior femoral drawer in flexion: a finite
element study. Clin Biomech (Bristol, Avon) 18(8):
751-759

Ferguson SJ, Bryant JT, Ito K (2001) The material proper-
ties of the bovine acetabular labrum. J Orthop Res
19(5):887-896

Bergmann G, Deuretzbacher G, Heller M et al (2001) Hip
contact forces and gait patterns from routine activities. J
Biomech 34(7):859-871

Kubiak-Langer M, Tannast M, Murphy SB, Siebenrock KA,
Langlotz F (2007) Range of motion in anterior femoroac-
etabular impingement. Clin Orthop Relat Res 458:117-124
Goodman DA, Feighan JE, Smith AD, Latimer B, Buly RL,
Cooperman DR (1997) Subclinical slipped capital femoral
epiphysis. Relationship to osteoarthrosis of the hip. J Bone
Joint Surg Am 79(10):1489-1497

Angel JL (1964) The reaction area of the femoral neck. Clin
Orthop Relat Res 32:130-142

Odgers PN (1931) Two details about the neck of the femur.
(1) The Eminentia. (2) The Empreinte. J Anat 65(Pt 3):
352-362.3

McCarthy JC, Noble PC, Schuck MR, Wright J, Lee J (2001)
The Otto E. Aufranc Award: the role of labral lesions to
development of early degenerative hip disease. Clin Orthop
Relat Res 393:25-37



Physical Exam in FAI

Oliver Marin-Pefa

The patient with FAI is typically a 20-50-year-old male
with insidious hip pain but with no traumatic injury
[1, 2]. In the first appointment, the focus must be placed
on the etiology of the symptoms. These symptoms
could be divided into pain that is referred to the hip
(lumbar pain, pelvic pain), extra-articular pain (piri-
formis syndrome, trochanteric bursitis, psoas bursitis),
intra-articular pain without bone deformity (labral
lesion, chondral defects, loose bodies, synovitis), intra-
articular pain with bone deformity (dysplasia, femoro-
acetabular impingement, Perthes-type deformity,
avascular necrosis), and advanced joint degeneration.

Onset of symptoms in male FAI patients usually
occurs at ages 25-38, whereas in females, presentation
tends to be bimodal (first at puberty and subsequently
toward the end of the third decade) [1, 2].

If hip pain is observed in a teenager, Perthes’ disease
or SCFE must be ruled out. Although FAI is the most
frequent cause of hip pain in athletes involved in sports
requiring extreme ranges of motion [3], non-athlete
patients also suffer hip pain during occupational activi-
ties or weekend sport practice, albeit later in life.

Patients should be asked about any previous surger-
ies and other hip pathologies as well as about their cur-
rent occupation and daily sport activities [1, 2].
Information about the characteristics of the pain and
its provoking and alleviating factors can also be useful.
Duration of pain is usually over 6 months, and persis-
tence of symptoms is generally directly proportional to
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