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Purpose: To retrospectively characterize magnetic resonance (MR)
arthrographic findings in patients with cam femoroac-
etabular impingement (FAI) and in those with pincer FAI.

Materials and
Methods:

Institutional review board approval and informed consent
were not required. MR arthrographic studies obtained in
50 consecutive patients (30 men, 20 women; mean age,
28.8 years) with FAI were analyzed for labral abnormali-
ties, cartilage lesions, and osseous abnormalities of the
acetabular rim. The nonspherical shape of the femoral
head at the head-neck junction was measured in eight
positions around the femoral head and neck and used to
calculate the � angle. Acetabular depth was measured.
Surgical diagnosis served as the reference standard. The
Wilcoxon rank sum test was used for statistical analysis.

Results: At surgery, hips in 33 patients were classified as having
cam FAI and hips in 17 patients were classified as having
pincer FAI. In both groups, the mean age of patients was
28.8 years. There were significantly more men (n � 27)
with cam FAI and more women (n � 14) with pincer FAI.
The � angle was significantly larger in patients with cam
FAI at the anterior and anterosuperior positions. The ace-
tabulum was significantly deeper in patients with pincer
FAI than in patients with cam FAI. Cartilage lesions at the
anterosuperior and superior positions were significantly
larger in patients with cam FAI than in patients with pincer
FAI. Cartilage lesions at the posteroinferior position were
significantly larger and labral lesions at the posterior and
posteroinferior positions were more pronounced in pa-
tients with pincer FAI than in patients with cam FAI.
Osseous abnormalities were not significantly different be-
tween the groups. Osseous bump formation at the femoral
neck was significantly more common in patients with cam
FAI than in patients with pincer FAI.

Conclusion: Characteristic MR arthrographic findings of cam FAI in-
clude large � angles and cartilage lesions at the anterosu-
perior position and osseous bump formation at the femoral
neck; characteristic findings of pincer FAI include a deep
acetabulum and posteroinferior cartilage lesions.
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Femoroacetabular impingement (FAI)
occurs when there is a conflict be-
tween the proximal femur and the

acetabular rim (1). FAI is a cause of
premature osteoarthritis in the hip (2).
Cam FAI and pincer FAI can be differ-
entiated on the basis of a predominance
of either a femoral or an acetabular ab-
normality (1,3,4). In cases of cam FAI,
the nonspherical shape of the femoral
head at the femoral head-neck junction
and reduced depth of the femoral waist
leads to abutment of the femoral head-
neck junction against the acetabular rim
(5). In cases of pincer FAI, acetabular
overcoverage limits the range of motion
and leads to a conflict between the ace-
tabulum and the femur (1). It is impor-
tant to identify the type of FAI because
surgical treatment differs for each type.
In cases of cam FAI, the surgical ap-
proach is to reshape the femoral waist
and restore the spherical shape of the
femoral head. In cases of pincer FAI,
the surgical approach is to reduce ace-
tabular overcoverage by trimming the
acetabular rim. Magnetic resonance
(MR) imaging is used to assess the de-
gree of damage within the joint (6). It is
important to differentiate cam FAI from
pincer FAI and to know the distinct pat-
tern of joint damage before intracapsu-
lar hip surgery. Thus, the purpose of
our study was to retrospectively charac-

terize MR arthrographic findings in pa-
tients with cam FAI and in those with
pincer FAI.

Materials and Methods

Patients
Fifty consecutive patients (30 men, 20
women; mean age, 28.8 years; age range,
19–48 years) who met our inclusion cri-
teria were included after a review of the
radiology information system and the
electronic patient record. Patients were
included if (a) MR arthrography was per-
formed in accordance with the standard
protocol at our institution, (b) they had
not undergone previous surgery, (c) sur-
gical hip dislocation for treatment of FAI
was performed within 3 months after MR
imaging, and (d) classification of the type
of FAI (cam or pincer) was included in the
surgical report. Surgical diagnosis served
as the reference standard.

Our institutional review board does
not require its approval or informed
consent for the retrospective review of
patients’ records or images. Patients’
rights are protected by a law that re-
quires that they be informed that their
charts and images might be reviewed
for scientific purposes and grants them
the opportunity to forbid such use of
their data. All patients included in our
study agreed to the use of their data.

MR Arthrography
A musculoskeletal radiologist (C.W.A.P.,
B.M., M.Z., J.H., with 7, 3, 12, and 21
years of experience in musculoskeletal ra-
diology, respectively) injected intraarticu-
lar contrast material in a standardized
fashion. One milliliter of a local anesthetic
(mepivacaine hydrochloride 2%, Scandic-
ain; AstraZeneca, London, England), 1
mL of an iodinated contrast agent (iopam-
idol 200 mg/mL, Iopamiro 200; Bracco,
Milan, Italy), and 6–14 mL (mean, 8 mL)
of a diluted MR contrast agent (gado-
pentetate dimeglumine, Magnevist; Scher-
ing, Berlin, Germany) at a concentration of
4 mmol/L were injected with fluoroscopic
guidance.

MR imaging was performed with a
1.5-T system (Symphony; Siemens Medi-
cal Solutions, Erlangen, Germany). A

flexible wraparound receive-only surface
coil was used. A coronal T1-weighted
spin-echo sequence (section thickness, 3
mm; intersection gap, 0.6 mm; repetition
time msec/echo time msec, 524/14; field
of view, 16 cm; matrix, 512 � 512; one
signal acquired), a coronal intermediate-
weighted fast spin-echo sequence with fat
saturation (section thickness, 3 mm; in-
tersection gap, 0.6 mm; 2500/42; flip an-
gle, 180°; field of view, 16 cm; matrix,
512 � 512; turbo factor, seven; one signal
acquired), a sagittal water excitation
three-dimensional double-echo steady-
state sequence (section thickness, 1.7
mm; no intersection gap; 24.0/6.5; flip
angle, 25°; field of view, 15 cm; matrix,
512 � 512; one signal acquired), a sagittal
T1-weighted spin-echo sequence (section
thickness, 4 mm; intersection gap, 0.8
mm; 350/14; field of view, 16 cm; matrix,
512 � 512; two signals acquired), and a
transverse oblique (parallel to the long
axis of the femoral neck) water excitation
three-dimensional double-echo steady-
state sequence (section thickness, 1.25
mm; no intersection gap; 24.0/11.8; flip
angle, 25°; field of view, 17 cm; matrix,
512 � 512; two signals acquired) were
performed. The transverse oblique three-
dimensional data set was used to recon-
struct radial reformations by using the
long axis of the femoral neck as a rotation
axis.

Image Analysis
Two musculoskeletal radiologists (B.M.,
C.W.A.P., 3 and 7 years of experience,
respectively) analyzed all MR images in
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Advances in Knowledge

� Characteristic acetabular cartilage
lesions are located at the antero-
superior postion in patients with
cam impingement, whereas char-
acteristic cartilage lesions are lo-
cated at the posteroinferior posi-
tion in patients with pincer im-
pingement.

� The � angles are significantly dif-
ferent at the anterior and antero-
superior positions between pa-
tient groups, whereas differences
are not significant at any other
position around the femoral neck.

� The acetabulum is significantly
deeper in patients with pincer
impingement than in patients with
cam impingement.
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consensus. The MR images were mixed so
that they did not appear in an ordered fash-
ion for analysis. Readers were blinded to
the surgical diagnosis.

The nonspherical shape of the femo-
ral head-neck junction was measured in
eight positions around the femoral head
and neck by using the radially reformat-
ted images to calculate the � angle in
accordance with the method described
by Notzli et al (7). The first line defining
the � angle was located between the
center of the femoral head and the point
where the distance from the center of
the femoral head to the peripheral con-
tour of the femoral head exceeded the
radius of the femoral head. The second
line defining the � angle was the axis of
the femoral neck, which was defined as
a line that passed through the center of
the femoral head and the center of the
femoral neck at its narrowest point.
Thus, a larger � angle corresponded to
a more pronounced nonspherical shape
of the femoral head.

The acetabular depth was measured
on the transverse oblique image ob-
tained through the center of the femoral
neck. The depth of the acetabulum was
defined as the distance between the cen-
ter of the femoral neck and the line con-
necting the anterior acetabular rim to
the posterior acetabular rim. The value
was positive if the center of the femoral
neck was lateral to the line connecting
the acetabular rim.

Acetabular cartilage abnormalities,
acetabular labral abnormalities, and ac-
etabular bony contours were assessed
qualitatively at six positions (position 1,
anterior; position 2, anterosuperior;
position 3, superior; position 4, pos-
terosuperior; position 5, posterior; po-
sition 6, inferoposterior). The topo-
graphic extent of the acetabular carti-
lage damage was rated as absent,
extending no more than 5 mm medially
to the acetabular rim, or extending
more than 5 mm medially to the acetab-
ular rim. The acetabular labrum was
rated as normal, degenerated (abnor-
mal signal intensity), or torn (abnormal
linear signal intensity extended to the
labral surface). Bony abnormalities of
the acetabular rim were rated as ab-
sent, as ossification of the acetabular

Figure 1

Figure 1: Graphs show mean � angles in eight positions around the femoral neck. P values were calcu-
lated with the Wilcoxon rank sum test.

Table 1

� Angle in Eight Positions around the Femoral Head in Patients with Cam and Pincer
FAI

Position
� Angle in Patients with
Cam FAI (degree)

� Angle in Patients with
Pincer FAI (degree) P Value*

Anterior 68 � 19 54 � 11 .005
Anterosuperior 81 � 15 66 � 19 .018
Superior 53 � 20 42 � 5 .264
Posterosuperior 47 � 8 44 � 10 .210
Posterior 42 � 10 40 � 10 .345
Posteroinferior 31 � 7 29 � 7 .372
Inferior 43 � 7 42 � 7 .790
Anteroinferior 36 � 10 38 � 10 .652

Note.—Data are mean � standard deviation. Mean acetabular depth was 4.8 mm � 2.6 in patients with cam FAI and 0.4
mm � 3.2 in patients with pincer FAI (P � .001). Smaller values correspond to a deeper acetabulum.

* P values were calculated with the Wilcoxon rank sum test.
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labrum (bone marrow signal intensity
extended into the substance of the ace-
tabular labrum), or as a separated ossi-
cle at the acetabular rim (os acetabuli).

Formation of an osseous bump at
the femoral neck was qualitatively rated
as present or absent by using the trans-
verse oblique sequence and radially re-

formatted images. The presence of a
herniation pit was noted. A herniation
pit was diagnosed if a round or oval
cystic area was present at the anterior
aspect of the femoral neck.

Statistical Analysis
Continuous and ordinal variables were
tested for significant differences with
the Wilcoxon rank sum test. Mean val-
ues and standard deviations were calcu-
lated for continuous data. Differences
for dichotomous variables were tested
with the Fisher exact test. A software
package (SPSS, version 10.0.7; SPSS,
Chicago, Ill) was used for all statistical
calculations. A P value of less than .05
was considered to indicate a significant
difference.

Figures 2, 3

Figure 2: Measurement of the � angle on a radial reformation MR image (water
excitation three-dimensional double-echo steady-state sequence, 24.0/11.8, 25° flip
angle) in a patient with cam FAI. The� angle was defined by a line between the center of
the femoral head and the point where the distance from the center of the femoral head to
the peripheral contour of the femoral head exceeded the radius of the femoral head and a
second line in the axis of the femoral neck that passed through the center of the femoral
head and the center of the femoral neck at its narrowest point.

Figure 3: Measurementof acetabulardepthon transverseobliqueMRimages (water
excitationthree-dimensionaldouble-echosteady-statesequence,24.0/11.8,25°flipangle)
obtainedthroughthecenterof the femoralneck inapatientwithpincerFAIduetoprotrusio
acetabuli (top)andapatientwithcamFAI(bottom).Depthof theacetabulumwasdefinedby
thedistancebetweenthecenterof the femoralneckandthe line thatconnectedtheanterior
andposterioracetabular rim.Theacetabulumisconsiderablydeeper in thepatientwith
pincerFAI (�5mm)thanin thepatientwithcamFAI(6mm).

Table 2

Acetabular Cartilage Lesions in Patients with FAI

Position

Size of Lesion in Patients with Cam
FAI (n � 33)*

Size of Lesion in Patients with
Pincer FAI (n � 17)*

P Value†Normal �5 mm �5 mm Normal �5 mm �5 mm

Anterior 24 7 2 15 2 0 .196
Anterosuperior 3 12 18 5 11 1 .001
Superior 4 14 15 5 10 2 .018
Posterosuperior 19 7 7 11 5 1 .455
Posterior 31 2 0 13 1 3 .059
Posteroinferior 31 2 0 12 0 5 .017

* Data are the number of patients.
† P values were calculated with the Wilcoxon rank sum test.
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Results

Demographic Data
At surgery, hips in 33 patients were
classified as having cam FAI and hips in
17 patients were classified as having
pincer FAI. Patient age was not signifi-
cantly different between groups (cam
FAI: mean age, 28.8 years � 6.5 [stan-
dard deviation]; pincer FAI: mean age,
28.8 years � 9.4). There were signifi-
cantly (P � .001) more men (n � 27) in
the cam FAI group and more women
(n � 14) in the pincer FAI group.

Imaging Data
The � angles were significantly larger in
the cam FAI group than in the pincer
FAI group at the anterior position (68°
and 54°, respectively; P � .005) and at
the anterosuperior position (81° and
66°, respectively; P � .018) (Figs 1, 2;
Table 1). In all other positions, no sig-
nificant difference was seen. The ace-
tabulum was significantly (P � .001)
deeper in the pincer FAI group (mean
depth, 4.8 mm) than in the cam FAI
group (mean depth, 0.7 mm) (Fig 3).

Cartilage lesions (Table 2) in pa-
tients with cam FAI were significantly
larger at the anterosuperior (P �
.001) and superior (P � .018) posi-

tions than were cartilage lesions in pa-
tients with pincer FAI (Fig 4). Carti-
lage lesions in patients with pincer FAI
were significantly (P � .017) larger at
the posteroinferior position than were
cartilage lesions in patients with cam
FAI (Fig 5).

Distribution of labral lesions (Fig 6)
between the two FAI groups in six posi-
tions around the acetabulum (Table 3)

showed significantly (P � .047) more
pronounced labral lesions at the poste-
rior and posteroinferior positions in pa-
tients with pincer FAI.

Distribution of acetabular osseous
abnormalities between the two FAI
groups in six positions around the ace-

Figure 4

Figure 4: Consecutive sagittal water excitation three-dimensional double-echo steady-state MR images (24.0/6.5, 25° flip angle) moving from medial (left) to lateral
(right) in a patient with cam FAI. Note advanced acetabular cartilage damage at the anterior aspect of the acetabulum (white arrowheads). The cartilage is normal at the
posterior aspect of the acetabulum (black arrowheads). An os acetabuli (curved arrow) is present at the anterosuperior aspect of the acetabular rim. Note the herniation pit
(straight arrow) at the anterior femoral head-neck junction.

Figure 5

Figure 5: Sagittal water excitation three-di-
mensional double-echo steady-state MR image
(24.0/6.5, 25° flip angle) in a patient with pincer
FAI. Note cartilage damage (arrowheads) at the
posteroinferior aspect of the acetabulum.

Figure 6

Figure 6: Labral tear (arrow) in a patient with
cam FAI (transverse oblique section, water excita-
tion three-dimensional double-echo steady-state
MR sequence, 24.0/11.8, 25° flip angle) obtained
through the center of the femoral neck. Note the
osseous bump (arrowheads) at the anterior aspect
of the femoral head.
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tabulum (Table 4) showed that osse-
ous abnormalities at the acetabular
rim were most pronounced at the an-
terosuperior and superior positions
(Fig 7). However, no significant differ-
ences between the two groups were
observed.

Osseous bump formation at the
femoral neck was significantly (P �
.001) more common in patients with
cam FAI (15 of 33 patients) than in
patients with pincer FAI (six of 17 pa-
tients). The presence of herniation
pits (Fig 4) was not significantly differ-
ent (cam FAI, seven of 33 patients;
pincer FAI, three of 17 patients; P �
.728).

Discussion

FAI leads to premature osteoarthritis in
the hip joint (1,2). FAI often becomes
symptomatic in the 2nd or 3rd decade

of life in patients with increased sports
activity. The identification of FAI as a
cause of cartilage damage and labral
tears may allow surgeons to correct it
early in its natural history and delay or
prevent end-stage osteoarthritis (8). It
is important to know that surgical treat-
ment of FAI is only suitable in patients
without advanced degenerative changes
and without extensive articular cartilage
damage (6). Patients at greatest risk for
a bad outcome after surgery have ad-
vanced osteoarthritis before surgery
(9). The most important role of preop-
erative MR imaging in patients with FAI
is to assess the exact extent of the dam-
age already present within the joint. MR
arthrography is superior to MR imaging
in the detection and staging of acetabu-
lar labrum lesions (10–13).

Anatomic variations in the proximal
femur should be considered a possible
cause of cam FAI. A nonspherical femo-

ral head leads to outside-in abrasion of
the articular cartilage and damage to
the adjacent labrum. Ito et al (5) mea-
sured the depth of the femoral waist in
circumferential positions around the
femoral neck by using MR data from
patients with FAI and healthy volun-
teers. When paired according to sex
and age, patients with cam FAI showed
a significant reduction in mean depth of
the femoral waist at the anterior aspect
of the femoral neck when compared
with that in patients with pincer FAI.
This was consistent with the site of
symptomatic FAI in flexion and internal
rotation and with lesions in the adjacent
rim (5).

Notzli et al (7) compared MR im-
ages obtained in 39 patients with FAI
with MR images obtained in 35 asymp-
tomatic control subjects. They mea-
sured the nonspherical shape of the
femoral head-neck junction by measur-
ing the � angle at the anterior position.
The average � angle was 74° in patients
with FAI and 42° in control subjects
(P � .001). A cut-off angle of 55° was
proposed to diagnose FAI. The findings
of Notzli et al (7) are consistent with our
findings. At the anterior position, the �
angle was 68° in patients with cam FAI
and 54° in patients with pincer FAI.
However, the largest � angles were seen
at the anterosuperior position (mean �
angle of 81° in patients with cam FAI
and 66° in patients with pincer FAI).
This emphasizes the need for radial im-
ages rotated around the center line of
the femoral neck for optimal visualiza-
tion of the anterosuperior area of the
femoral neck. Surgical treatment of FAI
focuses on improving hip motion and
alleviating femoral abutment against the
acetabular rim (4). Cam impingement is
relieved by reshaping the nonspherical
peripheral portion of the femoral head
and the adjacent femoral neck.

In pincer FAI, the reason for the
conflict between the acetabulum and the
femur is an overcoverage of the acetab-
ulum. The acetabular overcoverage can
be general, as in a patient with protru-
sio acetabuli, or localized, as in a patient
with acetabular retroversion (14). Pro-
trusio acetabuli is diagnosed on the ba-
sis of an anteroposterior radiograph of

Table 3

Labral Lesions in Patients with FAI

Position

Labrum Condition in Patients with
Cam FAI (n � 33)*

Labrum Condition in Patients with
Pincer FAI (n � 17)*

P Value†Normal Degeneration Tear Normal Degeneration Tear

Anterior 18 11 4 9 6 2 .936
Anterosuperior 2 18 13 1 6 10 .336
Superior 4 14 15 2 9 6 .581
Posterosuperior 19 10 4 11 4 2 .673
Posterior 33 0 0 15 2 0 .047
Posteroinferior 33 0 0 15 2 0 .047

* Data are the number of patients.
† P values were calculated with the Wilcoxon rank sum test.

Table 4

Ossification of the Acetabular Rim in Patients with FAI

Position
Cam FAI (n � 33)* Pincer FAI (n � 17)*

P Value†Normal Ossification Ossicle Normal Ossification

Anterior 32 1 0 15 2 .223
Anterosuperior 17 11 5 10 7 .383
Superior 21 12 0 10 7 .742
Posterosuperior 28 5 0 11 6 .107
Posterior 33 0 0 16 1 .164
Posteroinferior 33 0 0 16 1 .164

* Data are the number of patients.
† P values were calculated with the Wilcoxon rank sum test.
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the pelvis that shows a medialization of
the medial wall of the acetabulum past
the ilioischial line (15). Acetabular ret-
roversion is associated with osteoarthri-
tis of the hip. Giori and Trousdale (14)
compared pelvic radiographs obtained
in patients with (n � 131) and those
without (n � 99) primary osteoarthritis
of the hip; acetabular retroversion was
significantly more prevalent in patients
with primary osteoarthritis (20%) than
in the control group (5%). Surgical
treatment of pincer FAI includes trim-
ming the acetabular rim to reduce over-
coverage of the acetabulum (9). Periac-
etabular osteotomy is an effective way
to reorient the acetabulum in young
adults with symptomatic anterior FAI
due to acetabular retroversion (16).

Schmid et al (17) analyzed cartilage
lesions in patients with FAI. Cartilage
lesions were most commonly found at
the anterosuperior part of the acetabu-
lum. Our data are in line with this find-
ing. Wagner et al (2) histologically ana-
lyzed the cartilage in patients with FAI.
The cartilage showed clear degenera-
tive signs that were similar to the find-
ings in patients with osteoarthritic carti-
lage. The tissue alterations were dis-
tinctly different when compared with
tissue obtained in control subjects,
which substantiates the possibility that
an impingement conflict is an early
mechanism for degeneration at the hip
joint periphery (2).

MR arthrography enables accurate
detection and staging of acetabular car-
tilage lesions (18). However, acetabular
cartilage delamination may be present
in patients with FAI (19). Diagnosis of
acetabular cartilage delamination may
be difficult, even with MR arthrography.
We found that patients with pincer FAI
showed more severe cartilage damage
at the posterior and posteroinferior as-
pect of the acetabulum than did patients
with cam FAI. The typical location of
cartilage damage in cases of pincer FAI
has been attributed to countercoup car-
tilage damage (1).

Labral and bony changes of the ace-
tabular rim coincide frequently in cases
of FAI. Wenger et al (20) found that the
majority of patients with labral tears
have a hip abnormality that can be de-

tected with conventional radiography.
In our study, both labral and bony
changes were most frequently present
at the quadrant between the anterior
and superior positions. Ossification of
the acetabular rim leads to further over-
coverage of the femoral head, which ag-
gravates the FAI. The os acetabuli,
which is the epiphysis of the pubis,
starts to develop at about 8 years of age
and unites with the os pubis at about 18
years of age (21) In patients with FAI, a
separated bone fragment at the acetab-
ular rim or os acetabuli is frequently
observed (22). In cases of FAI, the ace-
tabular rim is subject to abnormal
stress, which may cause fractured bone
tissue to separate from the adjacent
bone margin (23).

FAI is often associated with an osse-
ous bump deformity on the femoral
head-neck junction; we found a bump
formation in almost half of the patients
with cam FAI and in one-third of the
patients with pincer FAI. It is unclear if
this bump is a primary deformity or if it
has developed because of chronic me-
chanical irritation. Jager et al (24) pro-
spectively investigated 17 patients who
had an osseous bump at the anterolat-

eral head-neck junction. To elucidate the
local osteogenic potential, tissue speci-
mens of the perilesional capsule were in-
vestigated immunohistochemically. Vari-
ous antigens and protein synthesis prod-
ucts served to identify osteoblastic cells
and progenitor cells. Immunohistochemi-
cal studies showed perilesional recruit-
ment of osteoprogenitor cells (24).

There are study limitations to be
considered. We did not include a con-
trol group of healthy subjects. Also, be-
cause of the inclusion criteria, only pa-
tients who underwent surgery were
studied; therefore, our study probably
included only patients with advanced
disease.

In conclusion, characteristic MR ar-
thrographic findings of cam FAI include
large � angles and acetabular cartilage
lesions at the anterosuperior position
and osseous bump formation at the fem-
oral neck; characteristic findings of pin-
cer FAI include a deep acetabulum and
posteroinferior acetabular cartilage le-
sions.
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