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Abstract: Since the description of femoroacetabular impingement (FAI) by Ganz in 2003,

our understanding of the pathophysiology, management options, and outcomes has evolved

and literature continues to be generated on this condition at a rapid rate. FAI has been

identified as a primary source of hip pain as well as a generator of secondary osteoarthritis.

Improvements in the radiographic detection of cam and pincer morphologies as well as a

better understanding of the structural impact of these morphologies have led to improved

preoperative planning. Advancements in hip arthroscopy techniques have also led to a higher

rate of arthroscopic management of this condition over the initially described open surgical

dislocation technique. While arthroscopic management of this condition has become the most

common form of surgical management for FAI, inadequate bony resection has been shown to

be a frequent source of revision surgery. Therefore, roles for open surgical dislocation and

combined mini-open approaches remain, particularly in cases where concern for the inability

to fully access the morphology arthroscopically exists.

Keywords: impingement, hip pain, femur impingement, acetabular impingement, cam
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Background
Over the past 20 years, femoroacetabular impingement (FAI) syndrome has

emerged as a source of pre-arthritic hip pain as well as a source of secondary hip

osteoarthritis (OA). While early work dating back to 1936 had speculated that

abnormal proximal femur and acetabular anatomy could lead to OA, it was not

until the work by Ganz et al in 2003 that the term FAI was coined and identified as

a leading source of early OA.1–3 Ganz et al proposed FAI as a “mechanism for the

development of early osteoarthritis for most nondysplastic hips” based on their

clinical experience performing and analyzing over 600 surgical hip dislocations.4

They described both proximal femoral lesions (“cam” lesions) and acetabular rim

lesions (“pincer” lesions) as contributing factors to early OA and initial treatment

involved an open surgical hip dislocation through a trochanteric flip approach with

femoral and/or acetabular osteotomy.

Since 2003, extensive research around FAI has been published and our under-

standing of the condition has substantially evolved. A systematic review in 2014

demonstrated a 5-fold increase in publications related to FAI from 2005 to 2010.5

Advancements in pathophysiology, imaging, management, and outcomes have all

been demonstrated and continue to grow. Here, we present a review of the literature

regarding the current understanding of FAI pathophysiology, physical exam, ima-

ging, nonoperative management, operative management, and outcomes.
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Pathophysiology
FAI involves a spectrum of structural morphologies that

contribute to a misshapen hip joint which can lead to

eccentric loading, breakdown of intra-articular structures,

pain, and early osteoarthritis.6,7 FAI is defined as:

abnormal contact between the proximal femur and acet-

abular rim that occurs during terminal motion of the hip

leading to lesions of the acetabular labrum and/or the

adjacent acetabular cartilage.8

Three different types of impingement have been identified

including cam (femoral), pincer (acetabular), and com-

bined. While initially these were referred to as lesions

and/or deformities, in 2015, Frank et al performed a sys-

tematic review of asymptomatic volunteers and found that

in 2114 asymptomatic hips, 37% demonstrated a cam

deformity, and 67% demonstrated a pincer deformity.

This has led us to favor the terms cam and/or pincer

“morphology” over the term “lesion” given it prevalence

in the asymptomatic population.9 Furthermore, FAI should

not be used synonymously with cam or pincer morphology

but rather used to refer to patients with symptomatic cam,

pincer, or combined morphologies.

Cam morphology refers to the loss of sphericity at the

femoral head–neck junction which leads to a decrease in

the head–neck ratio resulting in impingement.6,7 Pincer

morphology refers to an excessive prominence of the

anterolateral rim of the acetabulum resulting in impinge-

ment. The cam morphology is most commonly located

along the anterosuperior aspect of the proximal femur

which generates damage to the anterolateral acetabular

articular cartilage with repetitive deep flexion and internal

rotation.10 The pincer morphology results in compression

of the labrum between the prominent rim of the acetabu-

lum and the femoral neck during deep flexion. Beck et al

found that in cam impingement, the shear forces on the

articular cartilage lead to chondral injury and delamination

with relative preservation of the labrum in the early stages.

When progression to a labral tear does occur, it is typically

a detachment from the transition-zone cartilage rather than

an intrasubstance tear.10 This is in contrast with pincer

morphology which was found to initially result in injury

to the anterosuperior labrum including degeneration, ossi-

fication, and tearing.7,10

Epidemiology
With the increasing awareness of femoroacetabular impin-

gement as a source of hip pain, it is being diagnosed in

patients ranging from early childhood through late adult-

hood. Cam morphology is most commonly seen in young

active male patients while pincer morphology is most

commonly seen in middle-aged women.11 Clohisy et al

performed a multicenter prospective longitudinal cohort

study to assess the epidemiology of FAI morphologies

and found that in 1130 hips reviewed, 47.6% demonstrated

cam morphology, 44.5% combined morphology, and 7.9%

had pincer morphologies.12

The origin of FAI is likely multifactorial including both

a genetic predisposition and activity-related risk factors.

Pollard et al looked at genetics as a source of this mor-

phology through analysis of siblings and did find a corre-

lation including a relative risk of 2.8 and 2.0 for cam-type

and pincer type deformities, respectively.13 Other studies

have demonstrated a higher rate of FAI in elite athletes

compared to the general population and further analysis of

adolescent athletes, in particular, have actually shown that

cam deformities can be generated through sport activities

and increase in size through the time of physeal

closure.14,15

Presentation
FAI typically initially present as an insidious onset of

anterior groin pain that is exacerbated with rigorous activ-

ities such as sports or prolonged walking.4 Patients may

report pain with deep flexion or self-describe the positions

that generate impingement. When asked where they are

having pain the patient may display a “C” sign in which

the patient’s hand is cupped above the greater trochanter

with the fingers gripping into the anterior groin.7 Often,

the presentation is vague and requires a high index of

suspicion, a thorough physical exam, and proper imaging

studies to identify the morphology.

Physical exam
Young patients presenting with hip pain can make for a

difficult diagnosis and require a thorough physical exam to

elucidate the underlying pathology. When assessing the

patient’s hip range of motion, typically, decreased internal

rotation is noticed secondary to alterations in the bony

architecture of the hip.7 It should also be noted that some

patients may have decreased internal rotation with the hip

flexed to 90° without actually having clinical impinge-

ment. If patients present with a symptomatic hip, the

range of motion should be compared to the contralateral

side as the morphology of the bony hip deformity is often

present bilaterally.7
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There have been many described physical exam tests to

help with the diagnosis of FAI, several of which are out-

lined below. Often times, a diagnosis of FAI is difficult to

be elicited by a single test. Although these tests may

suggest FAI to a clinician, it has been shown that physical

exam tests alone are not sufficient enough to readily con-

firm or exclude FAI as a diagnosis.16

The anterior impingement test is performed by flexing

the hip to 90°, adducting and internally rotating the hip.

With this test, the anterior femoral neck impinges upon the

anterosuperior acetabulum which results in reproduction of

the pain seen in femoroacetabular impingement. This test

has been shown to have high specificity and positive pre-

dictive value for intra-articular hip pathology.17,18 The

posterior impingement test can elicit posterior impinge-

ment and is performed with the patient supine on the

exam table, the leg is maximally extended and externally

rotated resulting in posterior hip pain. Global pathology or

over coverage may result in a positive posterior impinge-

ment test.

The FABER test of the hip is performed with the

patient lying supine and the hip is placed into the figure

of four position with the hip flexed, abducted, and exter-

nally rotated with the contralateral pelvic being stabilized.

A downward, external rotation force is applied to the leg

being tested and the distance from the ipsilateral knee to

the exam table is measured. This distance is compared to

the distance on the contralateral side. This test is consid-

ered positive if there is any difference in the distance

between either hip. Maslowski et al showed the FABER

test to have high sensitivity (81%) and low specificity

(25%) for intra-articular hip pathology.19

Internal rotation over pressure (IROP test) is performed

with the patient lying supine and the affected leg is

brought into flexion and internal rotation with an axial

force directed through the knee. A positive test produces

pain. Maslowski et al showed high sensitivity (88%) and

low specificity (17%) with this test for intra-articular hip

pathology.19

Lateral rim impingement test is performed by taking

the affected leg from flexion to extension with the leg

abducted and externally rotated. Reproduction of pain sig-

nifies a positive test.

Scour test is performed with the patient flexing the

affected hip to approximately 90°. An axial force is

applied to the leg, and the hip is abducted and externally

rotated, the leg is then taken to adduction and internal

rotation. Pain or diminished motion represents a positive

test. This test has been shown to have low sensitivity and

specificity for FAI in the literature.19

Stinchfield test may also be positive in FAI and is

performed with the affected leg raised to approximately

45° and the patient resists a downward force with repro-

duction of pain signifying a positive test. This test has

been shown to have low sensitivity and specificity for FAI

in the literature.16

When examining a patient with suspected FAI, the

clinician should keep in mind some conditions can

mimic FAI such as trochanteric bursitis, athletic pubalgia,

snapping hip syndrome, tight IT band, flexor muscle

strain, hip subluxation in hip dysplasia, soft tissue tumors,

and femoral neck stress fractures.

Imaging
If the symptoms and exam suggest FAI may be present,

then imaging can be considered. Typically, radiographs are

obtained first. Standard imaging includes anteroposterior

(AP) radiograph of the pelvis and lateral view of the

involved hip. It should be noted that it is very important

for the AP view to be well balanced in terms of rotation

and tilt (Figure 1). Proper rotation is seen with the tip of

the coccyx being in line with the pubic symphysis. Proper

tilt is confirmed by the tip of the coccyx being approxi-

mately 1–2 cm from the superior border of the pubic

symphysis. Radiographs can provide valuable information

to the clinician in regards to a patient’s hip pain. The

presence or absence of signs of arthritis should be noted

by the physician.

In FAI, patients may have over coverage of the anterior

superior acetabulum which is referred to as a pincer lesion.

Figure 1 Anteroposterior pelvis radiograph in good position and orientation.
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The pincer lesion can then impinge on the femoral neck.

Acetabular retroversion has been associated with this over

coverage. Radiographically, acetabular retroversion is sug-

gested by a crossover sign. The crossover sign has been

shown to be the most cited radiographic sign used to

assess for pincer type impingement, although recent litera-

ture has suggested the crossover sign may overestimate

acetabular retroversion.20 Acetabular retroversion may

also be suggested by a shallow posterior wall.

Radiographically, this appears as the border of the poster-

ior wall lying medially to the center of rotation of the

femoral head. A prominent ischial spine is another radio-

graphic sign that can be seen with acetabular retroversion.

These radiographic findings have been shown in the lit-

erature to have only moderate intra-observer reliability.21

Global over coverage of the acetabulum can be seen

with coxa profunda and acetabular protrusio and may be

associated with pincer type impingement. Coxa profunda

is suggested if the floor of the acetabular fossa is medial to

the ilioischial line. Additionally, a false profile view can

show anterior acetabulum over coverage. Recent studies

have suggested coxa profunda can be a normal finding in

patients and is not necessary nor sufficient to diagnose

pincer type impingement.22 Radiographically, acetabular

protrusio is seen when the femoral head is medial to the

ilioischial line. Protrusio is important to note on pre opera-

tive radiographs as it has been shown to be associated with

worse outcomes following surgical intervention for FAI.23

When evaluating the acetabulum, lateral center-edge

angle (LCE) is measured by the angle formed from a

line from the center of the femoral head to the lateral

edge of the acetabulum and a vertical reference line from

the center of the femoral head. Although there is contro-

versy regarding the threshold values for this angle, it has

been suggested that between 35° and 40° may suggest

pincer type impingement and any value >40° may suggest

protrusio.20 The LCE has been shown to have high inter-

observer reliability and has been shown to correlate with

pincer type impingement.24,25

Acetabular index is defined by the angle of a line from

the medial to the lateral edge of the acetabulum and a

horizontal reference. Tannast et al suggested a normal

range of 3°–13° for acetabular index.26 Values less than

3° suggest acetabular over coverage.26

Cam lesions are often seen in patients with FAI and are

represented by a convex lesion on the anterosuperior por-

tion at the femoral head–neck junction where there is

typically a concave slope. Evaluation of the femur for

cam lesions should include AP and lateral views of the

involved hip. (Figures 1 and 2). Some controversy exists

about the optimal lateral radiograph. Cross-table lateral

and Dunn views are popular views to evaluate the spheri-

city of the femoral head. Meyer et al showed that a Dunn

view in 45° or 90° of flexion and a cross-table lateral in

internal rotation best show the femoral head/neck

junction.27 It should be noted that because of the varia-

bility of the shape and location of a cam lesion, no radio-

graph is consistently reliable and may not show the extent

of a cam lesion.

When evaluating a cam lesion radiographically, the

classic “pistol grip” deformity is seen on the AP radio-

graph. The alpha angle is typically used to quantitate the

severity of the cam lesion. On a lateral view, a circle is

drawn around the femoral head, a line is drawn down the

axis of the femoral neck, and a second line is drawn from

the center of the femoral head to the point where the

femoral head is outside of the circle (Figure 2). Notzli et

al showed a value above 50° is associated with cam lesion

impingement in FAI.28 Femoral head–neck offset is

another measurement used to define cam lesions and is

the distance between a parallel line down the center of the

femoral neck and a parallel line that passes through

the point where the femoral head–neck contour exceeds

Figure 2 A lateral radiograph demonstrates a prominent head–neck junction,

indicating a CAM lesion (arrow). The alpha angle is 85 degrees.
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the femoral head radius divided by the diameter of the

femoral head.29 A ratio of less than 0.17 is suggestive of a

cam deformity.

Magnetic resonance imaging
Magnetic resonance imaging (MRI) is often used in the

pre operative evaluation of patients with FAI. When con-

sidering MRI for evaluation of FAI, physicians should

consider MRI with intra-articular gadolinium (MRA) as

this provides intra-articular contrast which allows better

sensitivity for evaluating and detecting intra-articular

pathology, especially with 1.5 Tesla MRIs. Additionally,

injection of long-acting anesthetic with the contrast can

provide useful information for the physician depending on

if the patient experiences relief of their symptoms after the

injection. If the physician has access to a 3.0 Tesla MRI,

then contrast may not be necessary to visualize intra-

articular pathology as the 3.0 Tesla MRI has been shown

to be at least equivalent and possibly superior to 1.5 Tesla

MRA for identifying hip pathology.30

MRI/MRA allows for evaluation of pathology asso-

ciated with FAI that is unable to be seen on radiographs.

Labral lesions are common with FAI and are able to be

evaluated with MRI/MRA (Figure 3A). Cartilage lesions

are also common in FAI and can be seen and characterized

by MRI/MRA, with a higher sensitivity of detection with

MRA.29 Bony morphology of the acetabulum and femur

can also be evaluated with MRI/MRA (Figure 3B).

Non operative management
Conservative management of FAI has been described in

the literature. Emara et al showed short-term improvement

with adapting of activities of daily living to a safe range of

motion as to avoid impingement.31 Asymptomatic patients

should be treated with conservative management with

follow-up for the development of impingement symptoms.

In patients who have mild symptoms, early conservative

management can be considered with an emphasis on phy-

sical therapy and activity modification.32 With physical

therapy, focus should be on improving core strength and

identifying and improving any decompensatory disorders

secondary to compensation for chronic impingement.7

Identifying and modifying any activities that cause impin-

gement, such as squats, is crucial for conservative manage-

ment of FAI. Patients with severe FAI or athletes who may

not be able to modify their activities in a way to prevent

impingement should be identified early by physicians as

they may fail conservative management leading to contin-

ued symptomatology and potentially deleterious effects on

the joint.

Operative management
Indication for surgical management for FAI is a compli-

cated issue for surgeons. Literature has shown there is

inconsistency regarding indications for surgery.33 Some

commonly cited reasons for proceeding with surgery

include failure of non operative management, symptoms

and pain for greater than 6 months, series of positive

special tests, signs of FAI on radiographs, MRI and/or

CT scans.33 For hip arthroscopy, an absolute contraindica-

tion includes joint space narrowing <2 mm. Relative con-

traindications for surgery include osteoarthritis of the hip,

advanced age, ligamentous laxity and morbid obesity.34–36

It should be discussed with patients prior to surgery that

due to the diagnosis of FAI, they may develop further

progression which could lead to osteoarthritis necessitating

a total hip arthroplasty in the future.

Open surgical hip dislocation
Open surgical hip dislocation was the first described sur-

gical treatment of FAI and was once considered the “gold

standard”.37 This approach has shown good results in the

Figure 3 (A) MR arthrogram of the left hip demonstrating a labral tear (arrow). (B) MR arthrogram of the left hip demonstrating a large cam lesion (arrow).
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literature. Nwachukwu et al showed in a recent systematic

review that patients who underwent open hip dislocation

had equivalent medium-term survival rates when com-

pared to hip arthroscopy.38 Open hip dislocation has

advantages when compared to other approaches in that it

provides 360° visualization of the femoral head and acet-

abulum thus allowing the surgeon to address all pathology

associated with FAI and allows for templating of the

femoral aspect to allow for precise sphericity.37 It is a

larger operation when compared to other techniques and

has been shown to result in more blood loss, more exten-

sive soft tissue dissection, increased blood loss and longer

rehabilitation when compared to mini-open and arthro-

scopic techniques. It requires a trochanteric osteotomy

which may result in nonunion and hardware pain.37

Combined approach (mini-open
arthroscopic assisted)
With this technique, the intra-articular pathology asso-

ciated with FAI is addressed arthroscopically. The cam

lesion is then addressed via a mini-open approach thus

avoiding the need for a trochanteric osteotomy. This

approach is efficacious in that it has been shown to

improve hip scores postoperatively. Laude et al showed

an improvement in the non-arthritic hip score (NAHS) by

29.1 points.39 Ribas et al also showed improvement in

WOMAC scores in patients with Tonnis grade 1–2 follow-

ing mini-open treatment.40 In regards to high-performance

level activities, Tokish et al showed a low rate of return to

military active duty following mini-open arthroscopic

assisted treatment of FAI.41 A recent meta-analysis was

done which showed the combined approach was asso-

ciated with increased complication rate and increased revi-

sion surgery rate when compared to arthroscopy and open

hip dislocation. Lateral femoral cutaneous nerve neuro-

praxia was higher in the combined approach when com-

pared to arthroscopy and open hip dislocation. The most

common reason for revision surgery was continued pain.37

Arthroscopy
Arthroscopic treatment of FAI provides a less invasive

option and has become a very popular surgical option.

Griffin et al showed, in a multicenter randomized trial,

the patients undergoing hip arthroscopy improved to a

greater degree than patients who did physical therapy.42

When treating patients arthroscopically, the articular and

labral components can be addressed through the central

compartment, whereas the cam lesion is typically more

peripherally located and can be addressed through the

peripheral compartment. Arthroscopic treatment has been

shown to be very effective at treating the pathology asso-

ciated with FAI. Byrd and Jones reported on 200 patients

who underwent hip arthroscopy for FAI and found an

average increase of 20 points in the Harris hip score.43

In a recent meta-analysis of 1981 hips, Minkara et al

showed that after hip arthroscopy, 87.7% of the patients

returned to sport after surgery with any increase in Hip

Outcome Score by 41.7 points and modified Harris hip

score by 24.4 points.44 O’Connor et al showed a return to

sports rate of 84.6% in their meta-analysis of 1442 hips in

1296 patients with an increase of modified Harris hip score

by nearly 20 points.45 Adolescent patients have also been

found to benefit from hip arthroscopy. Byrd et al also

showed arthroscopy resulted in a 25.4-point increase in

Harris hip score in adolescent patients.46 Botser et al

showed that patients who underwent hip arthroscopy had

a higher rate of return to sport in professional athletes than

patients who underwent open hip dislocation.37

In patients with labral tears, labral repair has been

shown to have improved outcomes when compared to

labral debridement.47,48 Thus, we recommend labral repair

for labral tears when able to be performed. As technology

continues to evolve, various techniques have been pro-

posed for labral repair; however, there has been no con-

sensus for optimal repair technique. When treating these

patients, in addition to labral repair, adequate acetabulo-

plasty must also be performed in order to address the

underlying pincer pathology.49 Cam lesion bony resection

is also a very important component of surgical intervention

(Figure 4A and B). As shown by previous studies, inade-

quate bony resection is a common reason for revision

surgery.50,51 For larger pincer lesions, often times the

labrum must be detached in order to fully address the

underlying pathology.52 In patients who do not have suffi-

cient labrum, an evolving treatment option that has been

shown to have success is labral reconstruction.53–55

In addition to higher rate of return to play, when com-

pared to open hip dislocation, patients who underwent hip

arthroscopy have been shown to return to sport earlier.37

Time to return following hip arthroscopy has not been well

established in the literature. O’Connor et al showed that the

average time to return to play was 7.4 months following

surgery. In the same meta-analysis, O’Connor et al showed

that the majority of studies produced recommended proto-

col for return to play between 3 and 4 months

postoperatively.45 The discrepancy was felt to be secondary
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to heterogeneous patient population with protocols and

study designs catered more for athletic populations rather

than recreational or non-athletic patients. Currently, return

to play protocols have high variability from surgeon to

surgeon and there is no validated functional assessment

for return to play following hip arthroscopy.

Management of the capsule is a topic that has been

debated in the literature. Several studies have shown that

capsular repair results in improved stability and improved

function following hip arthroscopy. Frank et al showed

that patients who had complete capsular repair had higher

sport specific outcomes when compared to patients who

had partial repair of the capsule. Additionally, there was a

13% revision rate in patients undergoing partial repair

and a 0% revision rate in the complete capsular repair

group.56 Wylie et al reported on 33 patients who required

revision hip arthroscopy due to symptomatic instability

after no capsular repair was done at the time of the index

procedure. Following capsular repair at the time of revi-

sion, all patients had improvement in patient-reported

outcomes at two years.57 Ortiz-Declet et al, in a systema-

tic review, suggested that routine capsular closure may

result in superior outcomes compared to unrepaired cap-

sulotomy. They also suggest that in patients with signs or

symptoms of instability, capsular plication may result in

improved outcomes.58 Additionally, multiple biomecha-

nical studies have shown the importance of hip capsule

integrity for the stability of the hip joint.59–63 In patients

with deficient capsule, capsular reconstruction has been

described to improve stability. Fagotti et al showed that

capsular reconstruction with iliotibial band allograft had

better outcomes at 25 months when compared to dermal

allograft.64

Hip arthroscopy has been shown in the literature to

have a lower complication rate when compared to mini-

open and open surgical dislocation.38,65 Recently, Larson

et al showed, in a prospective trial, a complication rate of

8.3% following hip arthroscopy. They noted most common

complications included lateral femoral cutaneous nerve

neuropraxia, pudendal nerve neuropraxia, chondral injury,

labral injury and heterotopic ossification. In their study,

they showed the complication rate was higher in female

patients and longer surgical and traction times with over

60 mins resulting in significantly increased complication

rate.66

Summary
In the last decade, we have learned that the pathology

around the femur-neck junction, rim of the acetabulum is

real and it may be associated with labral and cartilage

pathologies as well. Physical exam findings, radiographs

and advanced imaging allow to delineate the pathology

better and helps to plan the operative treatment more

appropriately. Although conservative management can be

an early option, literature has shown that patients under-

going hip arthroscopy for FAI have improved outcomes. If

labral tears are encountered, current literature suggests

repairing the tears results in better outcomes.

Additionally, the underlying cam and pincer lesion pathol-

ogy should be addressed with bony resection. Current

literature also supports capsular repair which provides a

stabilizer to the hip joint. If labrum or capsule is insuffi-

cient, reconstruction of these structures can be entertained.

Disclosure
The authors report no conflicts of interest in this work.

Figure 4 (A) Anteroposterior radiography of left hip demonstrating post resection of cam lesion (arrow). (B) Lateral radiograph of the same patient with clear evidence of

large cam lesion excision (arrow).
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