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Review

Femoroacetabular Impingement Syndrome:
An Underrecognized Cause of Hip Pain and
Premature Osteoarthritis?
GRAHAM D. REID, CALLUM G. REID, NADIA WIDMER, and PETER L. MUNK

ABSTRACT. Acetabular dysplasia is well recognized as a potential predisposing factor to the development of hip
osteoarthritis (OA). In the orthopedic literature, other dysmorphic and orientation abnormalities of
the femoral head, femoral head-neck junction, and the acetabulum have been reported, with increas-
ing frequency in recent years, under the term femoroacetabular impingement syndrome (FAI). The
studies have shown a clear association of these structural anomalies with patients’ symptoms and
signs, radiographic and pathologic abnormalities, and the development of degenerative hip arthritis.
FAI is now believed to be a very important predisposing factor for the development of degenerative
hip arthritis, particularly in younger adults. Although the results of longterm studies are awaited, the
hope is that early surgical intervention in patients with FAI will change the course or prevent the
development of hip OA. It is well documented that early recognition of potential FAI surgical can-
didates, before OA is advanced, determines the postsurgical outcome. FAI has not been reported in
the rheumatology literature, but since patients with FAI likely often initially present to rheumatol-
ogy clinics for assessment of hip pain, it is important for rheumatologists to be aware of this condi-
tion and refer to orthopedics when appropriate. The objective of this review is to provide an outline
of the basic concepts of FAI, including clinical presentation and radiographic findings, so that
rheumatologists become more familiar with this important emerging entity. (First Release June 1
2010; J Rheumatol 2010;37:1395–404; doi:10.3899/jrheum.091186)
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Osteoarthritis (OA) of the hip is not a diagnosis but a
description of a degenerative condition that has many pre-
cipitating etiologies. Harris stated, “either osteoarthritis of
the hip does not exist at all as a primary disease entity or, if
it does, it is extraordinarily rare”1.

The complex development of the hip provides the poten-
tial for many possible dysplasias of both the acetabulum and
the femoral head-neck components of the joint. It has been
stated that if secondary causes of hip OA such as rheumatoid
arthritis, calcium pyrophosphate disease, etc., are excluded,
morphological developmental abnormalities account for
90% of cases of hip OA1. This is particularly true in patients
who develop symptomatic hip OA before the age of 50
years. Others have suggested that the data to support this

claim are not yet conclusive2. Acetabular dysplasia has been
recognized as a cause of hip OA for many years3,4.

The concept of femoroacetabular impingement (FAI)
was first reported in 1936 by Smith Petersen, who reported
on his surgical results5. Only in recent years, however, has
the concept been developed further. Study of the complex
interaction of the structural hip abnormalities that can result
in FAI, the radiographic signs, and the treatment of FAI was
pioneered by Ganz, and many current researchers have
trained with him6,7,8. Variations in the size, shape, and con-
figuration of the acetabulum, femoral head, and femoral
neck are responsible for FAI9. It is now recognized that FAI
is a common cause of hip OA10.

The purpose of this report is to describe an illustrative
case and provide an overview of the anatomical basis and
clinical features of the FAI syndrome. The radiologic assess-
ment techniques are reviewed and the current orthopedic
surgical treatment options discussed. Although FAI is
increasingly reported in the orthopedic and radiologic liter-
ature, the entity is likely underrecognized by rheumatolo-
gists. Early recognition and intervention for the FAI syn-
drome may delay or prevent the development of progressive
hip OA.
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Anatomy of FIA Syndrome
FAI describes a syndrome in which there is abutment of the
femoral head-neck junction with the acetabular rim and
labrum (Figure 1).

The syndrome of FAI can be divided into 2 major sub-
groups11. In the so-called “pincer” type FAI the primary
abnormality is in the acetabulum. In the “cam” type sub-
group the abnormality is at the femoral head-neck junction.
Cam-type FAI syndrome is the more frequent12, but the
majority of patients will have a mixed presentation with
components of both subtypes13.

In both categories damage to the labrum occurs from
repetitive impingement stress. Labral tears and degeneration
occurring at the superior aspect of the acetabulum are com-
monly associated with FAI syndrome12,14,15.
Pincer-type FAI. In this category, problems arise as a result
of abnormalities in either the shape of the acetabulum and/or
its orientation within the pelvis. When the hip is in full flex-
ion the femoral head-neck junction abuts the anterosuperior
aspect of the acetabulum (Figure 1C). Pincer-type FAI can
result as a consequence of a deep acetabular socket with
over-coverage of the femoral head. This would be classified
as coxa profunda or protrusio acetabuli (Figure 2). A more
common cause is retroversion of the acetabulum16,17, in

which the opening of the acetabular cup is oriented more
posteriorly within the pelvis in the sagittal plane (Figure 3).
Anterior rotation of the pelvis (pelvic version, inclination) in
the coronal plane (Figure 4) has been recognized as a poten-
tial confounding variable in radiological assessment of
retroversion18,19, and may contribute to FAI syndrome17,20.
The “tilt” of the acetabulum within the pelvis needs to be
considered in addition to pelvic rotation9. Pincer-type
impingement most commonly is recognized in women in the
30–40 year age group.
Cam-type FAI. In regard to etiology, abnormalities of the
femoral head-neck junction (Figure 1B) in this group can be
either developmental or acquired. The common result is a
reduced clearance distance between the femoral head-neck
junction and the anterior acetabular margin when the hip is
in flexion and internal rotation (Figure 5).

Cam-type impingement syndrome is more commonly
reported in young men, and subclinical physeal damage
from aggressive sporting activities in young men is suggest-
ed as a possible explanation for this gender difference21.

The “pistol grip” hip deformity (Figure 6) occurs in
8%–10% of the male population22. There is debate whether
this arises as a primary developmental dysplasia or results
from a subclinical slipped capital femoral epiphysis.
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Figure 1. Normal configuration (A). In “cam-type” femoroacetabular impingement syndrome (FAI) the femoral
head-neck junction is abnormal (B). In “pincer-type” FAI the acetabulum shape or its configuration within the
pelvis is abnormal (C). Frequently FAI may have components of both types (D).
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Figure 2. A deep acetabulum is defined as protrusio acetabulum if the acetabulum extends
medial to the ilioischial line (A-B) and coxa profunda if it extends to the A-B line.

Figure 3. In acetabular retroversion (A) the opening of the acetabulum is oriented posteriorly, in contrast to the more normal
anterior orientation (B).
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Abnormally increased anteversion of the femoral neck
has been associated with an increased risk of OA23,24. This
and a decreased femoral head-neck offset are usually also
developmental in origin.

FAI is also described as an acquired problem following
abnormal femoral head-neck alignment after hip fracture
fixation25 and periacetabular osteotomy11,26. Additionally,
cam-type FAI has been reported as a consequence of prior
Legg-Calvé-Perthes disease27.

Role of FAI in Hip OA
Increasing clinical experience has demonstrated that FAI is
frequently associated with premature development of OA8.
It is postulated that in the cam-type FAI there is initial chon-
drolabral damage from asymmetric shear forces at the

anterosuperior acetabular rim. The acetabular cartilage fails
and there is then reciprocal damage to the femoral head car-
tilage28,29,30,31. The extent of the anomalies at the femoral
head-neck junction has been correlated with the extent of
hip labrum and chondral damage28. Loss of physiological
functioning of the labrum might be a factor contributing to
hip OA in the same way that knee meniscectomy contributes
to OA of the knee8.

In contrast, in pincer-type FAI, although there is antero-
superior labral and acetabular cartilage damage from these
same shear forces, contra-coup forces also result in pos-
teroinferior hip OA at a comparatively later age13. The
abnormal radiographic morphology of the hip joint current-
ly associated with FAI may not be the sole predictor of pro-
gressive hip OA. Bardakos and Villar reported that the rate
of progression of OA is very variable and that the femoral
shaft-neck angle and retroversion may be important factors
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Figure 4. The pelvis may be rotated anteriorly (C) or posteriorly (B). The
acetabular tilt (A) defines the angle of the acetabulum in relation to the
pelvis.

Figure 5. The anterior impingement test, with the hip internally rotated and
adducted in the flexed position.
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that predict a more rapid deterioration10. The level of phys-
ical activity may also be a factor.

Patients who have had a total hip arthroplasty for
“osteoarthritis” on the basis of FAI usually have signs of
FAI in the contralateral hip and develop progressive degen-
erative changes in the nonoperated hip32.

Clinical Presentation
The lack of recognition of this disorder often results in long
delays in achieving the correct diagnosis, multiple misdiag-
noses, and ineffective treatment interventions. Patients are
young33 and often active in sports. The clinical presentation
is typically with groin pain of insidious onset, with only a
minority of patients recalling a specific precipitating trau-
matic or sporting injury34. A “click” or snapping sensation is
common. Physical activity aggravates symptoms but pain
with prolonged sitting is common.

A limp and positive Trendelenberg test may be present.
Hip range of movement is restricted in flexion to less than
100 degrees and internal rotation is decreased when
assessed in the flexed position. The combination of these 2
movements with adduction is the foundation of the provoca-
tive anterior impingement test (Figure 5), which induces the
hip symptoms in nearly all patients.

Radiologic assessment. Patients may present late with radio-
logic signs of joint space narrowing, osteophytes, sclerosis,
and cystic change consistent with a diagnosis of “osteoarthri-
tis.” In these late cases, but importantly in early cases, there
are radiologic signs that point to the diagnosis of FAI as the
precipitating cause of the osteoarthritic process. Since
patients may present to rheumatologists initially, it is impor-
tant that rheumatologists be aware of the radiologic signs of
FAI and some of the radiologic methods of assessment.

There are multiple described radiologic signs and meas-
urements for assessing the complex array of hip dys-
plasias10,35. A recent assessment, however, showed large
interobserver variability, suggesting that more work to stan-
dardize radiologic evaluation is still required36. It is impor-
tant also to emphasize that one abnormal radiologic sign in
itself does not make a diagnosis of FAI. An abnormal
aspherical femoral head may not cause abutment against the
acetabular rim if the acetabulum itself is underdeveloped
and dysplastic37.
Coxa profunda and protrusio acetabuli. Coxa profunda and
protrusio acetabuli in which the floor of the acetabulum
abuts or crosses the ilioischial line have increased CE angles
> 40 or 45 degrees, respectively (Figures 2 and 7).
Acetabular retroversion. Acetabular retroversion in a pelvis
without anterior rotation18,19 may have a “crossover” or
“figure of 8” sign in which the lines of the anterior and pos-
terior margins of the acetabulum overlap on radiographs
(Figure 8). The “posterior wall sign”17, in which the line of
the posterior acetabular margin lies medial to a point placed
at the center of the femoral head, is often easier to identify.
Aspherical femoral head. Aspherical femoral head may be
seen on anteroposterior (AP) radiographs (Figure 6), but
since the asphericity is often anterior, cross-table lateral
views or magnetic resonance images may be necessary37.
The alpha angle (Figure 9) is a measure of the extent of the
asphericity. The alpha angle should be < 55 degrees. The tri-
angular index may also be useful38.
Short femoral neck and coxa vara. Short femoral neck and
coxa vara are often seen in conjunction with the pistol grip
deformity. The superior tip of the greater trochanter lies 5
mm or more above a horizontal line drawn through the cen-
ter of the femoral head (Figure 10).
Herniation pits. Herniation pits (Figure 11) at the femoral
head junction are indicators of repetitive abutment trauma in
FAI39.

Treatment
The syndrome of FAI is a relatively newly recognized dis-
order and as a result longterm outcome studies to assess the
efficacy of the operative interventions are not yet available.
The measures used to assess outcome in FAI patients are
those used in hip arthroplasty outcome studies, and these
may not be appropriate40.
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Figure 6. Pistol grip deformity.
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Figure 7. The center-edge (CE) angle. The normal range is 20 degrees to 40 degrees.

Figure 8. In (A) the line of the posterior margin of the acetabulum lies lateral to the anterior margin of the
acetabulum at all times. In (B), with a retroverted acetabulum, the anterior margin crosses the line of the pos-
terior acetabular margin, giving a “figure of 8” crossover sign. The more easily visualized posterior acetabu-
lar margin lies medial to the center of the femoral head — “posterior wall sign.”
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The operative procedures are designed to address the
adverse mechanical effects of impingement and delay or pre-
vent the development of OA. Once advanced OA has already
developed, such interventions would thus be too late.

In cam-type FAI syndrome, surgical intervention to
reduce the bone mass at the head-neck junction is addressed
by resection of the bone. This may be performed by open
surgery with hip dislocation or arthroscopically21,41. For
pincer-type FAI the approach to the acetabular abnormalities
may be with periacetabular osteotomy42 to correct retrover-
sion, but for anterior overcoverage from a deep socket,
resection of the superior anterior acetabular rim (acetabulo-
plasty) with salvage of the labrum is suggested12. The rela-
tive benefits of open surgery with hip dislocation versus an
arthroscopic approach are not yet clarified43. Short-term
surgical results have been reported for arthroscopic FAI
decompression in adolescents44. Since FAI frequently has
components of both cam and pincer mechanisms, patients
may require both the femoral head-neck junction and the
acetabulum to be addressed simultaneously. Repair and
preservation of the labrum may improve outcome45.

Outcome studies of surgical intervention for FAI have
recently been reviewed43. Patient selection clearly has a
very important influence on outcome. Not surprisingly,
intraoperative assessment of the extent of existent OA is a
strong predictor of poor outcome. Patients need to be iden-
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Figure 9. The alpha angle is the angle between a line drawn through the
center of the femoral neck and the line joining the center of the femoral
head to the point where the femoral head becomes aspherical.

Figure 10. The aspherical femoral head may be accompanied by a short femoral neck and
coxa vara (angleA). The superior tip of the greater trochanter lies less than 5 mm above a hor-
izontal line drawn through the center of the femoral head (measurement B).
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tified before significant degenerative changes in the carti-
lage have developed if surgical intervention is to be effec-
tive in modifying the natural history of hip OA.

Case Presentation
A 25-year-old woman presented with a 10 year history of
increasing right hip pain and “clicking.” She clearly recalled
onset of symptoms following a lunging movement while
playing soccer. Symptoms were exacerbated by sporting
activities, but on some days even 1 mile of level walking
produced pain. Pain-free walking and running could be
accomplished by restriction of stride length. Increasingly,
prolonged sitting bent forward when working at a desk pro-
duced pain in the groin. Examination revealed an anteriorly
rotated pelvis with flexion of the hip limited to 90 degrees
with pain. Internal rotation of the right hip in the flexed and
adducted position reproduced her pain and was restricted to
5 degrees, but was normal and equal to the left hip internal
rotation when assessed with the leg in the anatomic or

extended position. When extending the hip from the flexed
position an audible and palpable “click” in the groin was
inconsistently present.

Plain radiographs had the appearance of an inlet view
consistent with pelvic inclination (Figure 12). Coxa profun-
da with the floor of the acetabulum abuting the ilioischial
line was noted bilaterally. The CE angle measured 50
degrees. The “figure of 8” sign was equivocal. A magnetic
resonance arthrogram showed cystic degenerative change in
the anterior superior labrum, with no degenerative changes
identified in the femoral or acetabular cartilage.
Hyperostosis at the femoral head-neck junction was present
with an alpha angle of 55 degrees. A diagnosis was made of
pincer-type FAI with degenerative acetabular labral
changes. There was a small cam-type effect from the hyper-
ostosis. The acetabular retroversion was within normal lim-
its, but there was a “functional” retroversion secondary to
anterior pelvis rotation.

Because of increasing pain, functional restriction, and the
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Figure 11. Herniation pits appear as lucent areas at the femoral head-neck junction area in
plain radiographs.
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fear of probable premature development of hip OA, the
patient decided to proceed with surgery. A degenerated
labrum was identified and reattached following an acetabu-
loplasty in which the anterior rim was cut back. The slight
asphericity at the femoral head-neck junction was also
removed. Postoperatively, flexion was to 110 degrees with
25 degrees of internal rotation when examined with the hip
flexed at 90 degrees. At 6 month followup there was some
residual trochanteric discomfort and hip abductor weakness,
but no groin symptoms. Repeat radiographs showed no
changes of hip OA.

Conclusion
The syndrome of FAI results from several structural anom-
alies of the hip that result in repetitive pressure of the ante-
rior acetabular rim against the femoral neck. Most common-
ly this is a result of abnormal bone formation at the femoral
head-neck junction, giving the appearance of asphericity of
the femoral head (cam-type) or excessive frontal acetabular
coverage of the femoral head (pincer-type). It is now clear
that FAI is an important etiologic factor in the development
of premature OA of the hip in young adults.

FAI is frequently associated with hip labrum pathology
and an associated FAI syndrome should be considered in
patients who are diagnosed with labral tears.

It is important that rheumatologists be aware of and
recognize the pattern of symptoms and signs associated with
this newly emerging syndrome and be familiar with the
radiologic signs and methods of assessment, so that appro-
priate referral to orthopedic surgery can be made in a time-
ly manner before hip OA develops.

Surgical treatment approaches are developing, and with
time, additional outcomes studies will provide more data on
the success of surgery in preventing hip OA.
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