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Introduction

Hip surgery has come a long way in the last 2 decades.
Several new conditions affecting the hip joint have been
described, as well as new treatment techniques. Among
these conditions, femoroacetabular impingement (FAI) and

acetabular labrum injury warrant highlight. Femoroacetab-
ular impingement is a major cause of hip pain in young
people, especially those practicing sports. In addition, FAI is
the leading cause of hip osteoarthritis (OA) in the young
population.
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Abstract Femoroacetabular impingement (FAI) is an important cause of hip pain, and the main
etiology of hip osteoarthritis in the young population. Femoroacetabular impingement
is characterized by subtle alterations in the anatomy of the acetabulum and proximal
femur, which can lead to labrum tearing. The acetabular labrum is essential to the
stability of the hip joint. Three types of FAI were described: cam (anespherical femoral
head), pincer (acetabular overcoverage) and mixed (characteristics of both cam and
pincer). The etiology of FAI is related to genetic and environmental characteristics.
Knowledge of this condition is essential to adequately treat patients presenting with
hip pain.
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Resumo O impacto femoroacetabular (IFA) é uma importante causa de dor no quadril, e a principal
etiologia da osteoartrose do quadril no jovem. O IFA é caracterizado por alterações sutis da
anatomia do acetábulo e do fêmur proximal que podem causar lesões do complexo
condrolabial. O lábio é uma estrutura fibrocartilaginosa essencial na estabilidade articular.
Três tipos de IFA são descritos: came (onde há uma anesfericidade da cabeça femoral),
pincer (onde há uma sobrecobertura acetabular) e misto (que apresenta características de
ambos). A etiologia do IFA está relacionada com característica genéticas e ambientais. O
conhecimentodestadoençae suafisiopatologia é essencial para o tratamentodepacientes
que apresentam dor no quadril.
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Femoroacetabular impingement and labrum injury diag-
noses are increasingly common in orthopedics offices, and hip
arthroscopy is among the fastest growing orthopedic proce-
dures.As such, it is essential thatorthopedists arefamiliarwith
this condition and understand its pathophysiology.

Background

In 1936, Smith-Petersen1 was the first to describe a femoral
and acetabular osteotomy for hip pain treatment. In this
article, the author asks: “what is the origin of the patient’s
pain?”, and answers: “impingement between femoral neck
and the anterior acetabular wall”. The surgical technique
consisted of hip joint exposure through a Smith-Petersen
approach. Part of the anterior acetabular wall was resected
along with a portion of the femoral head-neck junction.
Although this technique is similar to the one described
decades later for FAI surgical treatment, it was used in
hips with established arthrosis.

In 1968, Carlioz et al.2were thefirst to use the term cam to
describe femoral deformity, in this particular case associated
with an epiphysiolisthesis sequelae. In 1975, Stulberg et al.3

described a pistol grip deformity, observed in 40% of hip OA
patients.

Years later, in 1991, Klaue et al.4 described the acetabular
rim syndrome, in which hip dysplasia causes an acetabular
labrum lesion that would be a precursor of OA. Reynolds
et al.,5 in 1999, demonstrated the association between
acetabular retroversion and hip pain, whereas Myers
et al.,6 in the same year, reported five patients with pain
after periacetabular osteotomy due to residual impingement.

All this knowledge accumulated over decades culminated
in the pivotal 2003 article, in which Ganz et al.7 established
the concepts of modern FAI. The authors suggested that mild
femoral and acetabular deformities associated with move-
ment are responsible for the development of OA, proposed a
FAI classification, and described its clinical and radiographic
findings, as well as its treatment by surgical hip dislocation.

Pathophysiology

The acetabular labrum is a triangular fibrocartilaginous struc-
ture located around the acetabular rim. It is interrupted
inferiorly by the transverse ligament. The labrum has been
the focus of several recent articles demonstrating its role in
joint stability. The labrum plays an important role at the
suction seal, which is responsible for maintaining negative
pressure within the joint. Crawford et al.8 demonstrated that
43% less force is required to distract the hip after joint
ventilation (by introducing a needle between the labrum
and acetabulum) compared with the intact state. In addition,
after performing a 3mm acetabular lesion, 60% less force is
required to create the same distraction. Finite element analy-
ses and biomechanical studies in cadavers have shown that
acetabular labrum resection increases the rate of cartilage
consolidation.9,10 Consolidation is defined as the cartilage
layer compression when load is applied. These studies rein-
force the idea of the acetabular labrumsealing function,which

maintains a fluid film between the acetabulum and the femo-
ral head, decreasing intra-articular solid-solid pressure.

The acetabular labrum has great tensile strength. Its
tensile modulus, a measure of its stiffness and tensile
strength to stretching, is six times greater compared to
rubber.11 This feature is also important for its function as a
hip suction seal. On the other hand, the acetabular labrum
has no important role in supporting the axial load of the hip.
The labrum supports only 1 to 2% of normal joint load, rising
to 4 to 11% in dysplastic hips.11–13

Hip capsule-ligament structures are also essential for joint
stability. Myers et al.14 demonstrated that the iliofemoral
ligament plays an important role in limiting the external
rotation and anterior translation of the femur, and that the
acetabular labrumhas a secondary stabilizing function during
such movements. Iliofemoral ligament section increased the
externalhip rotation (from41.5° to54.4°),while the acetabular
labrum section did not increase rotation significantly (45.6°).
Another importantfinding of this studywas that ligament and
labrum repair restored initial rotation. The authors suggested
that a capsulotomy performed during hip arthroscopy should
be repaired at the end of the procedure.

Classification

Femoroacetabular impingement isdivided in threetypes: cam,
pincer andmixed (►Figure 1).7,15 Pincer-type FAI is caused by
an acetabular cavity change. The normal acetabulum is ante-
verted and it covers the femoral headwithin a narrownormal-
ity range. Both the lack of coverage associated with dysplasia
and theexcess coverageobserved inpincer-typeFAI causejoint
pain and degeneration. Pincer-type FAI presents an acetabular
overlay relative to the femoral head. This over-coveragemaybe

Fig. 1 Femoroacetabular impingement types.
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focal in acetabular retroversion or global in cases of increased
center-edge angle. Pincer labrum injury results from the
labrum being crushed between the femoral neck and the
acetabular rim. As such, the labrum in pincer-type FAI is
degenerated and it can present intrasubstantial cysts. Pin-
cer-type FAImayalso be accompanied bya contre-coup injury.
In this case, the femoral head is posteriorly levered by the
prominent anterior acetabular wall, damaging the posterior
acetabular cartilage.

Cam-type FAI is caused by a femoral abnormality. For the
hip to move without conflict, the femoral head must be a
perfect sphere. Cam-type deformity occurs at the transition
between the femoral head and neck, resulting in local loss of
sphericity. The acetabular labrum damage caused by this
deformity is located at the transition between the acetabular
cartilage and the labrum. As the aspheric femoral head enters
the acetabular cavity, the acetabular cartilage is avulsed from
the labrum due to a shear force between the head and the
cartilage. As such, carpet-like acetabular cartilage injury
(initially healthy-looking cartilage but detached from the
subchondral bone) are common in cam-type FAI. In early
lesions, the labrum tissue remains healthy.

The third FAI type is referred to asmixed since it presents an
association of pincer and cam changes. Mixed FAI is the most
commontype,with an incidenceof up to77%.16However, even
inmixed-type FAI, the patient usually presentsmore predom-
inant characteristics of cam- or pincer-type morphologies.

Seldes et al.17 described a histological classification for
acetabular labrum injury. Type 1 consists in acetabular carti-
lage labrum detachment at the transition between fibrocarti-
laginous labrum and acetabular hyaline cartilage. In contrast,
type 2 presents one or more cleavage plans within the
acetabular substance. Type2 is related toendochondral labrum
ossification. A later article modified the Seldes classification
and included a type 3 lesion, with mixed features, associating
labrum detachment and labrum substance cleavage plans.18

Etiology

The development of FAI is influenced by genetic and environ-
mental features. Pollard et al.19 studied siblings of FAI patients.
Siblingsofcam-orpincer-type FAIpatientspresenteda2.8 and
2.0 times higher relative risk of having the same deformity,
respectively. In the sibling group, the presence of grade 2 hip
OA according to the Kellgren and Lawrence classification was
significantly higher compared with the control group (11
versus. 0). The authors concluded that there is a genetic
influence on FAI development. Sekimoto et al.20 studied the
association between genetic polymorphism and acetabular
over-coverage and demonstrated that genetic variations are
significantly associated with acetabular coverage.

Cam-type deformity development is related to a lateral
extension of the growth physis.21 Intense participation in
sports activities during late adolescence, near epiphyseal
closure, may be related to cam-type FAI development second-
ary to a mechanical stress on the femoral head growth plate.
Murray et al.,22 in 1971, suggested an association between
sports activity in adolescence and hip OA in adulthood. The

authors questioned whether idiopathic hip OA had an unde-
fined etiology or resulted fromminor changes at the hip joint.
An interesting study evaluated the presence of cam deformity
in adolescent basketball players compared to non-athlete
controls.23 The average alpha angle was 47.4° in control sub-
jects and 60.5° in athletes. The differences were even more
pronounced in femurs with growth plates already closed. The
authors interpreted this result as a suggestion that cam-type
FAI development occurs during epiphyseal closure. A similar
survey evaluated adolescent pre-professional soccer players.24

A total of 63 athletes (average age, 14.43 years old) were
followed for at least 2years. A significant increase in alpha
anglewas observed. Growth plate extensionwas also associat-
edwith the alpha angle. The authors also concluded that cam-
type deformity develops during skeletal maturation and sta-
bilizes after epiphyseal closure. A recent literature review
concluded that adolescentmale athletes involved in icehockey,
basketball and soccer, training at least three times aweek, have
a higher risk of developing FAI.25

Epidemiology

TheWarwick consensus suggests the term FAI syndrome.26 The
diagnosis of this syndrome is based on clinical symptoms,
changes at the physical examination, and imaging findings.
Thisconsideration is importantbecauseseveralepidemiological
studies evaluate the presence of FAI in asymptomatic controls.
The prevalence of FAI-like changes in controls is important, but
it is worth noting that these volunteers do not have FAI
syndrome because they do not present hip symptomatology.

A systematic review evaluating the prevalence of FAI-like
deformities in volunteers included 26 studies and more than
2,000 people (57.2% men and 42.8% women).27 The average
alpha angle was 54.1°, and cam deformity prevalence was
37%; however, there was a large variation between studies
(prevalence range, 7 to 100%). A major difference was also
notedwhen athletes and non-athleteswere compared.While
54.8% of athletes had cam deformity, only 23.1% of non-
athletes presented it. The prevalence of pincer-type defor-
mity was 67%. Seven studies evaluated the presence of
acetabular labrum lesion on magnetic resonance imaging
(MRI), revealing a prevalence of 68.1%.

The incidence of FAI and symptomatic labrum injury in
athletes is not known. Hip injuries are estimated to account for
5 to6%of sports injuries.28,29 InNorthAmerican college sports,
a rateof 53.06 injuries per 100,000 athlete-exposureshas been
reported30 However, these studies included muscle injuries
among hip injury epidemiology, with no joint injury distinc-
tion.A studyof football injuries from1997 to2006 founda3.1%
incidence of hip-related injuries.31 Only 5% of these injuries
resulted from joint issues. Another study with first-division
college football athletes evaluated the incidence of surgical
procedures over a 10-year period (from2004 to2014).32 There
were 254 surgical procedures, of which 15 surgeries (5.9%)
were arthroscopic acetabular labrum repairs. It is noteworthy
that the last decade saw a great increase in FAI knowledge and
the spread of such understanding among sports physicians.
Therefore, this incidence is likely to be higher now.
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Femoroacetabular Impingement and Hip
Osteoarthrosis

Hip OA affects 3% of the population>30 years old in the
United States, where more than 200,000 hip arthroplasties
procedures are performed each year.33 Understanding the
relationship of FAI with hip OA is one of the most important
aspects in counseling patients and defining treatment
strategies.

Agricola et al.34 conducted a prospective study, known as
the CHECK study, inwhich>1,000 patientswere followed for
5 years. A pelvic radiograph for alpha angle measurement
and a physical examinationwere performed. The presence of
a moderate cam-type deformity (alpha angle>60°) resulted
in an odds ratio (OR) for OA development of 3.67, while the
presence of a severe cam-type deformity (alpha angle>83°)
resulted in an OR for OA development of 9.66. The combina-
tion of severe cam-type deformity with decreased internal
rotation (< 20°) had a positive predictive value of 52.6% for
the development of severe hip OA at the end of the follow-up
period. Another study with 1,003 female patients compared
hip radiographs taken with a 20-year interval.35 Cam-type
deformity (defined as alpha angle>65°) was associatedwith
the development of radiographic OA. For each degree in-
crease in alpha angle, there was a 5% increase in the risk of
radiographic OA development and a 4% increase in the risk of
performing total hip arthroplasty.

The relationship of pincer-type FAI to OA development is
less clear. Another study from the CHECK group found no
relationship between center-edge angle>40° and OA devel-
opment.36 Gosvig et al.37 found a 2.4 times greater risk of
developing OA in patients with center-edge angle>45°.
Remember that the increased center-edge angle reflects a
global acetabular over-coverage. Specific studies on acetab-
ular retroversion (focal overlay) suggest a possible correla-
tion with hip OA. Kim et al.38 found a correlation between
decreased joint space and acetabular retroversion in a study
with computed tomography (CT) of patients examined for
non-orthopedic reasons. Giori et al.39 conducted a case-
control study comparing radiographs of OA patients submit-
ted to total hip replacement and asymptomatic controls.
Acetabular retroversion was observed in 20% of patients and
in 5% of control subjects. The authors concluded that there is
a relationship between acetabular retroversion and hip OA.

Studying the relationship between FAI and hip OA is a
growing field that requires further research. In the clinical
practice, we note that some patients with FAI have a rapid
evolution to OA, while others have a very slow evolution.
Understanding which patients are at higher risk for progres-
sion and which patients are less susceptible will be a major
advance to improve FAI treatment.

Final Remarks
Femoroacetabular impingement is a syndrome character-
ized by hip pain associated with subtle changes in hip
joint anatomy. Femoroacetabular impingement is a major
cause of damage to the acetabular labrum, an essential
structure in hip biomechanics. Knowledge of this disease

is of paramount importance to orthopedists treating
patients with hip pain.
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