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Case Report

Femoral Neck Exostosis, a Manifestation of Cam/Pincer
Combined Femoroacetabular Impingement

Anto T. Fritz, M.D., Deepak Reddy, B.S., John P. Meehan, M.D., and Amir A. Jamali, M.D.

Abstract: We present 2 cases of cam/pincer combined femoroacetabular impingement treated
arthroscopically with labral debridement, acetabuloplasty, and femoral head recontouring. In both
cases there was essentially no evidence of osteoarthritis of the hip. However, in both cases raised
exostoses were evident on the anterolateral femoral neck in the region that commonly comes into
contact with the acetabular rim. On the basis of 3-dimensional dynamic reconstructions, we surmise
that these exostoses are a direct result of linear contact between the femoral neck and acetabular rim.
We recommend that the presence of these exostoses be carefully noted by the arthroscopic hip
surgeon and that they be a geographic marker of the zone of contact between the head-neck junction
and the acetabular rim and a guide for the area of head osteochondroplasty in combination with
appropriate treatment of the acetabular rim.
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emoroacetabular impingement (FAI) is a recently
recognized clinical syndrome that results from

bnormal contact between the femoral head/neck and
he acetabulum. This entity has been subclassified into
types by Ganz et al.1 (Table 1). Abnormal morphol-

gies of the femoral head termed the “tilt deformity”2

r the “pistol-grip deformity”3 have been recognized
s potential risk factors for osteoarthritis for decades,
lthough the pathologic mechanism was not clearly
nown. Cam type FAI occurs from an excessively
arge femoral head leading to abnormal shear forces
n the acetabular cartilage in positions of flexion and
nternal rotation. This cartilage damage is the inciting
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vent, culminating in full-blown osteoarthritis of the
ip. Pincer type FAI is caused by overcoverage of the
emoral head by the acetabulum. Risk factors for
incer FAI include acetabular retroversion4-6 or an
xcessively deep acetabulum (coxa profunda or pro-
rusio). Despite this classification system, approxi-
ately 50% of patients have elements of both the cam

nd pincer types of FAI.7

Radiographic findings of pincer FAI on the acetab-
lum include osseous metaplasia (ossification) and
ears of the labrum, labral ganglia,8 and acetabular
etroversion. On the femoral side, the herniation pits
ere described by Pitt et al.9 before the recognition of
AI as cystic structures on the anterolateral femoral
eck. Leunig et al.10 have further studied the etiology
f these cysts and have described them as intraosseous
anglia, using the term “fibrocystic change” of the
nterior-superior femoral neck. They provided a
athomechanical explanation for these cysts as being
aused by direct impaction of the femoral neck on the
cetabular rim.

Recently, both femoral pathology and acetabular
athology have been addressed by use of the tech-
ique of hip arthroscopy.11-14 Examination of the pe-

ipheral compartment of the hip along the femoral
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122 A. T. FRITZ ET AL.
eck is particularly important for eliminating impinge-
ent because this area is the point of contact of the

roximal femur with the acetabular rim.15 The abnor-
al morphology of the femoral head and herniation

its can be seen and addressed with peripheral com-
artment arthroscopy. In this article we discuss a
linical and radiographic finding associated with cam/
incer combined FAI in 2 nonarthritic arthroscopic
ases. This finding consists of solitary or multiple
aised osseous lesions with a circular shape and a
eight of between 1 and 2 mm along the anterior
emoral neck. We have termed these “femoral neck
xostoses” and consider them an alternative reactive
esponse of the femoral neck to direct impaction on

TABLE 1. Radiographic Sig

emoral
Herniation pit9/fibrocystic

change10

These were first described by Pit
by Leunig et al.10 as “fibrocys

Aspherical femoral head Initially, aspherical femoral head
deformity.”3 However, the con
lead to hip osteoarthritis.1 Nöt
oblique magnetic resonance im
covered femoral head and draw
neck. A second line is drawn f
head exits the confines of the
higher. Normal values for the
type of imaging, and the locati
abnormal.

Femoral neck exostosis These exostoses were noted in th
direct contact on the acetabula
with a sharp demarcation from
diameter and were between 1

cetabular
Crossover sign5,17 This finding is indicative of acet

radiograph, which must be stan
when the anterior rim contour
superior aspect of the joint. Th
of acetabular retroversion.

Projection of ischial spine
into pelvis

Kalberer et al.18 noted that many
ischial spine into the pelvis. T
This sign has a sensitivity of 9
using the crossover sign on sta

Labral tears8 Direct impaction of the femoral
were initially believed to be th
were suboptimal in some patie
direct impaction in the setting
combination with labral debrid

Osseous metaplasia In cases with an element of pinc
acetabular rim and is thought t
ossification usually starts on th
of the labrum, occasionally lea

Paralabral cysts and
intraosseous ganglia

In some cases the direct impactio
These cysts can be extraosseou
he acetabular rim. Recognition of this finding at the r
ime of peripheral compartment arthroscopy can alert
he surgeon that there may be direct linear contact
etween the femoral neck exostosis and the acetabular
im and guide the surgeon to perform an adequately
istal decompression of the femoral head/neck region.

CASE 1

Patient 1 was a 52-year-old woman who presented
ith severe hip pain of 4 years’ duration that started

fter she flexed her hip beyond 120° while exiting a
ravel trailer (Table 2). She fell and landed on her
uttock and right leg. The pain was located in the
nterior groin, medial and lateral thigh, and gluteal

Combined Cam/Pincer FAI

Comments

before the recognition of FAI. These cysts were later described
ge” within the bone, essentially an intraosseous ganglion.
termed as having a “tilt deformity”2 and/or “pistol-grip
to FAI provided an explanation of how these deformities could

l.20 quantified the degree of deformity using the � angle on
he � angle is calculated by placing a circle over the cartilage-

line from the center of the head to the center of the femoral
e center of the femoral head to the point where the femoral
n the case of an aspherical femoral head, this angle will be
depend on a variety of factors including the imaging axis, the

he head being evaluated. Typically, values �60° are considered

report as reactive regions of the femoral neck likely caused by
n our 2 patients the exostoses were round, raised bony lesions
rrounding tissue. They measured between 6 and 8 mm in
m in height.

retroversion and is noted on the anteroposterior pelvis
ed for rotation and flexion.16 The crossover sign is positive
lateral to the posterior rim contour. This is most common at the
distal the position of the crossover, the more severe the degree

ith a positive crossover sign also showed projection of the
cribed this sign as “a new sign for acetabular retroversion.”
d a specificity of 98% for diagnosis of acetabular retroversion
zed films as the gold standard.
ck junction on the labrum can result in labral tears. These tears

ary pathology. However, results of labral debridement alone
timately, the work of Ganz et al.1 linked the labral injury to
and led to the recommendation of morphologic correction in

or repair.
FAI, the femoral neck comes into direct contact with the

e direct trauma to the labrum, resulting in ossification. The
f the bony acetabulum and progressively enters into the body
complete conversion of the labrum to bone.

he acetabular rim can lead to acetabular rim ganglion cysts.
ralabral cysts or exist as intraosseous ganglion cysts.
ns of

t et al.9

tic chan
s were
nection
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123FEMORAL NECK EXOSTOSIS
on, external and internal rotation, and abduction. The
nterior impingement test was positive.10 The standard
nteroposterior pelvic radiograph16 (Fig 1) showed a
rossover sign,17 a posterior wall sign,17 and ischial spine
rojection into the pelvis.18 The femoral head was
spherical with reactive changes on the anterolateral
eck and the presence of a herniation pit9 (Fig 1). The
atient was diagnosed with combined pincer/cam FAI.

computed tomography scan showed acetabular ret-
oversion and labral ossification (Fig 2A) along with

TABLE 2. Co

Patien

ge (yr)/sex 52/F
uration of hip pain (yr) 4
nterior impingement sign Positive
osterior impingement sign Negative
ain location Anterior groin, medial
ain severity 8/1
osterior wall sign Yes
rossover sign Yes
aximum � angle 67°
erniation pit 5.7 mm, anterolateral n

schial spine projection into pelvis Yes
emoral neck exostosis Two measuring 1.5 mm

diameter each
abral tear Yes, 11- to 1-o’clock p
cetabular chondral damage Chondromalacia of ace

adjacent to labral tea

IGURE 1. Anteroposterior pelvis radiograph of patient 1 showing
nterior acetabular wall (solid line), posterior acetabular wall (dot-
ed line on acetabular rim), herniation pit (arrow), and projection of
schial spine into pelvis. The configuration of the anterior and
osterior acetabular walls shows a crossover sign and posterior
p
all sign (posterior wall medial to center of femoral head). Data

rom reference 17.
he herniation pit (Fig 2B). Three-dimensional recon-
truction of the pelvis was performed with a commer-
ially available software program (Mimics; Materi-
lise, Ann Arbor, MI). This showed an abnormal focal
levation, or exostosis, of the femoral head-neck junc-
ion (Figs 3A and 3B). The proximal femur was then
otated virtually in flexion and internal rotation by use
f the software program around the center of the
cetabulum, simulating the “impingement sign.”19

he femoral neck exostosis came into direct contact
ith the acetabular rim in this position (Fig 3C). At

he time of arthroscopy, extensive labral damage was
oted. This was treated with labral debridement of the
esidual anterior labrum and acetabuloplasty with a
otorized burr. As part of the peripheral compartment

rthroscopy, the femoral neck was examined, showing
well-circumscribed, raised exostoses (Fig 4). These

ach measured approximately 6 mm in diameter and
ad a height of approximately 1.5 mm. The femoral
ead and neck were recontoured with a motorized burr
ith fluoroscopic guidance. The patient has reported a
igh degree of satisfaction with the procedure at early
ollow-up of 6 months.

CASE 2

Patient 2 was an 18-year-old man with bilateral hip
ain first felt in the right hip after performing a round-
ouse kick during martial arts training (Table 2). He
elt a pop in his hip, followed by increasing pain. Hip
ange of motion was diminished in internal and
xternal rotation. There was a positive anterior im-

son of Cases

Patient 2

18/M
4

Positive
Negative

eral thigh Anterior groin
7/10

Yes
Yes

63°
6.0 mm, anterolateral neck
Yes

and 6 mm in One measuring 2 mm high and 8 mm in
diameter

Yes, 11- to 3-o’clock position
rim cartilage Chondromalacia of acetabular rim cartilage

adjacent to labral tear
mpari

t 1

and lat
0

eck

high

osition
tabular
ingement test.10 The standard anteroposterior pel-
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124 A. T. FRITZ ET AL.
is radiograph16 (Fig 5) showed a crossover sign,17 a
osterior wall sign,17 ischial spine projection into the
elvis,18 a herniation pit, and an aspherical femoral
ead-neck junction. The patient was diagnosed with
am/pincer FAI. On magnetic resonance arthrography,
here was an area of acute prominence on the antero-
ateral femoral head-neck junction that appeared as
clerotic bone on the T1 axial oblique images (Fig 6).
t hip arthroscopy, the patient was noted to have an

xostosis in the region of the anterolateral femoral
eck with a height of approximately 2 mm and a
iameter of approximately 8 mm (Fig 7). He also had
ssification of the anterior-superior acetabular labrum.
e underwent femoral head recontouring and labral
ebridement at arthroscopy. He has continued to have
oderate pain since the procedure and is being con-

idered for an open surgical hip dislocation.

DISCUSSION

On the basis of a detailed study of pincer impinge-
ent, 4 factors appear to be extremely common, if not

athognomonic, of this condition. These are the her-
iation pit,9 crossover sign,17 projection of the ischial
pine into the pelvis,18 and the posterior wall sign.17

he critical finding in cam type FAI is an aspherical
emoral head.20 The purpose of this report is to discuss a
ew manifestation of cam/pincer type FAI—an exostosis
ocated on the anterolateral femoral neck—that has

IGURE 2. (A) Axial computed tomography section through su
cetabulum. The angle between the white lines represents the an
osterior rims of the acetabulum. (B) The axial computed tomogra
arrow).
eceived little previous attention in the literature. e
hese exostoses are distinct from the cystic herniation
its in that they are raised circular structures com-
osed of cortical bone. They may share their patho-
enesis with the entity referred to by Pitt et al.9 as the
reaction zone.” However, the reaction zone, as de-
cribed by Pitt et al., did not have any elements
haracteristic of an exostosis, which is a spur or out-
rowth from a bone.
Leunig et al.10 compared the incidence of fibrocys-

ic change in hips with radiographic findings of FAI
ith the incidence in hips with developmental dyspla-

ia (DDH). They found these cysts in 39 of 117 hips
ith FAI and none of the 132 hips with DDH. They

hus challenged the previous contention that these
ysts were due to contact and abrasion of the iliofem-
ral ligament or iliopsoas that might be associated
ith hip instability in an extended position as might be

een in DDH. Rather, their findings suggested that
hese cysts were directly related to contact of this
egion of the femoral neck with the acetabular rim in
eep flexion. The potential enlargement of herniation
its or fibrocystic change was shown by Günther et
l.,21 who discussed 3 very large cysts in patients with
adiographic findings of FAI. Two of their patients
eceived decompression of the cyst, bone grafting, and
econdary stabilization with a screw and side plate
evice. They suggested that the large cysts originated
rom small fibrocysts that form from mechanical im-
ingement and then enlarge because of hydrodynamic

aspect of the hip showing acetabular retroversion in the cranial
ween the sagittal plane and the line connecting the anterior and
ction through the inferior aspect of the hip shows a herniation pit
perior
gle bet
phy se
xpansion of the cysts due to repetitive contact be-
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FIGURE 3. (A) Three-dimensional reconstruction of hip as seen
from anterior to posterior by use of Mimics software. The area of
prominence on the femoral neck is marked as “pincer exostosis.” (B)
Three-dimensional reconstruction of hip in a simulated frog lateral
view. (C) Three-dimensional reconstruction of hip with proximal
femur rotated in flexion and internal rotation bringing exostosis into
direct contact with acetabular rim.
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126 A. T. FRITZ ET AL.
ween the femoral head-neck junction and the acetab-
lar rim.
An ossified bar extending from the femoral head to

he trochanteric region of the femur has been well
escribed for more than a century.22,23 More recently,
femoral head “bump,” often termed a “pistol-grip

eformity” or a “tilt deformity” in this location, has

IGURE 4. Arthroscopic photograph of right anterolateral femoral
eck of patient 1 obtained in supine position, with hip flexed 45°
ith neutral ankle rotation, and viewing anterolateral femoral neck

hrough direct anterior portal. Two elevated exostoses are noted in
he field of view corresponding to the exostosis in Fig 3.

IGURE 5. Anteroposterior pelvis radiograph of patient 2 showing
nterior acetabular wall (solid line), posterior acetabular wall (dot-
ed line on acetabular rim), herniation pit (arrow), and projection of
schial spine into pelvis. The configuration of the anterior and
osterior acetabular walls shows a crossover sign and posterior

all sign (posterior wall medial to center of femoral head). Data

rom reference 17.
s
a

een associated with the development of osteoarthri-
is. The shape of the bump can be variable but is
ypically described as a broad region of excess bone
long the anterosuperior or anterolateral femoral head
ith a smooth transition to the weight-bearing zone of

he femoral head.24 The femoral head deformity has

IGURE 6. Oblique axial T1 magnetic resonance arthrogram im-
ge of patient 2 showing an anterior femoral neck bump and
nderlying area of bone sclerosis (arrow).

IGURE 7. Arthroscopic image of right anterolateral femoral neck
f patient 2 obtained in supine position, with hip flexed 45° with
eutral ankle rotation, and viewing the anterolateral femoral neck
hrough direct anterior portal. An exostosis (white arrows) is

hown corresponding to the region seen on the magnetic resonance
rthrogram image in Fig 6. (FH, femoral head.)
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127FEMORAL NECK EXOSTOSIS
een attributed to a subtle slipped capital femoral
piphysis,25 a congenital extension of the epiphysis,
nd reactive change from repetitive trauma. The car-
ilage histology of this segment of abnormal femoral
ead has also been studied, and hyaline cartilage has
een noted. However, there has been evidence of
artilage degeneration in this region as well based on
istologic scoring and upregulation of collagen type I
nd type II messenger ribonucleic acid.26 Thus the
road-based femoral head bump found in FAI is
learly distinct from the focal exostosis described in
he cases we present. An osteophyte is defined as a
ony outgrowth. According to this definition, the fem-
ral neck exostosis can be characterized as an osteo-
hyte. However, it has a number of unique character-
stics including its presence in otherwise healthy joints
ithout end-stage osteoarthritis. In addition, the exos-

osis is in a region of the femoral neck that character-
stically contacts the acetabular rim based on our
-dimensional computed tomography reconstructions,
ndicating a possible reactive etiology.

In conclusion, femoral neck exostosis as described
n this report is a clinical finding that can be noted at
rthroscopy or during open impingement surgery. It is
n exceedingly subtle radiographic finding based on
he small size of the exostosis and the need for a
erfectly tangential femoral radiograph to visualize
he exostosis.
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