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OBJECTIVE. The purpose of our study was to evaluate MRI in the identification of labral and
articular cartilage lesions in patients with a clinical suspicion of femoroacetabular impingement.

MATERIALS AND METHODS. Preoperative MRI was performed in 46 consecutive pa-
tients (26 men, 20 women; age range, 21–45 years; mean age, 32.3 years) for whom femoroace-
tabular impingement was clinically suspected. Two musculoskeletal radiologists independently
assessed the MR images for the presence and anatomic site of labral disorders, labral–chondral
transitional zone disorders, femoral cartilage lesions, and acetabular cartilage lesions. Surgical
correlation was obtained in all cases by two surgeons who were experienced in hip arthroscopy.

RESULTS. Seven patients showed labral tears on MRI that were confirmed surgically in
all cases. Thirty-seven patients (97%) of the 38 surgically confirmed cases had lesions of the
labral–chondral transitional zone on MRI. The sites of labral–chondral transitional zone abnor-
malities at arthroscopy were 50% anterosuperior, 36% anterosuperior and superolateral, 11%
superolateral, and 3% superolateral and posterosuperior. The site was identified correctly in
92% (reviewer 1) and 95% (reviewer 2) of cases on MRI. Separate acetabular cartilage abnor-
mality was surgically identified in 39% of cases, and femoral cartilage lesions were found in
20%. The acetabular chondral lesions were correctly identified in 89–94% of cases.

CONCLUSION. MRI provides a useful assessment of patients in whom a femoroacetabular
impingement is clinically suspected. A high-resolution, nonarthrographic technique can provide pre-
operative information regarding the presence and anatomic site of labral and cartilage abnormalities.

or some time, there has been signif-
icant interest in identifying the un-
derlying cause of idiopathic osteoar-
thritis in young patients. A number

of studies have identified abnormalities in the la-
brum early in the disease process of osteoarthri-
tis [1–4]. The mechanism of osteoarthritis and
labral degeneration in dysplastic hips has been
attributed to chronic shear stresses caused by in-
creased contact forces at the superolateral edge
of the acetabulum [5–7], but less work has been
performed on nondysplastic hips [5].

In recent years, the concept of femoroac-
etabular impingement has become increas-
ingly recognized as a potential cause of
early-onset osteoarthritis in the nondysplas-
tic hip [1, 8]. In essence, this impingement
consists of repetitive abutment between the
femur and the acetabular rim during terminal
hip motion secondary to reduced joint clear-
ance. It has been postulated that this im-
pingement process may be caused by either
femoral or acetabular factors, although the
exact cause of the spectrum of findings seen

in patients with femoroacetabular impinge-
ment is not completely understood.

Our study aims to elucidate the MRI fea-
tures of patients in whom femoroacetabular
impingement is clinically suspected. Previous
imaging studies have focused on the role of
MR arthrography in the investigation of labral
and chondral hip disorders [5, 9–14]; few stud-
ies have used unenhanced techniques [15, 16].
We attempted to discriminate labral tears from
lesions confined to the acetabular rim (la-
bral–chondral transitional zone), and we used a
high-resolution nonarthrographic technique to
do so. We then compared our imaging interpre-
tations with arthroscopic findings.

Materials and Methods
Patients

The study group was collected over a 2-year period
and constituted 46 patients: 26 men (57%) and 20
women (43%). The mean patient age was 32.3 years
(range, 21–45 years). There were 25 right hips (54%)
and 21 left hips (46%). A history of chronic hip or
groin pain and a clinical examination with findings
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consistent with femoroacetabular impingement were
present in all cases. The mean duration of symptoms
was 16.8 months (range, 4–48 months). Patients with
radiographic evidence of abnormal lateral coverage of
the femoral head had previously been excluded, and
all patients had a center edge Wiberg angle greater
than 25° on preoperative radiographs. All patients re-
ferred with a clinical suspicion of femoroacetabular
impingement underwent preoperative MRI to identify
labral and chondral abnormalities and to exclude co-
existing disorders such as stress fractures or osteone-
crosis. None of the patient group had undergone pre-
vious hip surgery. Institutional review board approval
was not required for the preoperative MRI and retro-
spective data analysis used in this study.

MRI Technique
A standardized high-resolution MRI protocol was

used for all examinations in this series. MRI was per-
formed using a 1.5-T superconducting unit (Signa
LX, GE Healthcare). A phased-array surface coil
(Shoulder Array, Medrad) was strapped over the hip
and centered over the region of the femoral head. An
axial localizing image was obtained and then the fol-
lowing sequences: axial and coronal proton den-
sity–weighted fast spin-echo imaging (TR/TE,
4,000/34); a sagittal oblique fast spin-echo sequence
plotted from the axial images 10° oblique from the
midline (4,000/34); and coronal STIR imaging
(4,500/24). The fast spin-echo images used a field of
view of 15–17 cm, a 512 × 384 matrix for the coronal
and sagittal images, and a 512 × 256 matrix for the
axial images, a 3-mm slice thickness with no inter-
slice gap, echo-train length of 8–12, and 3 excita-

tions (NEX). The inversion recovery sequence used
a field of view of 15–17 cm, a 256 × 256 matrix,
echo-train length of 8–10, 2 NEX, a 3-mm slice
thickness with no interslice gap, and an inversion
time of 150 milliseconds. Bandwidth was 31 kHz for
sagittal and coronal sequences and 20 kHz for the ax-
ial surface coil sequence.

MR Image Interpretation
Two musculoskeletal radiologists independently

reviewed the MR images of all 46 patients in this se-
ries. The senior author preoperatively assessed the
images as part of his routine clinical practice, and his
report was available to the surgeon at the time of op-
eration. A second musculoskeletal radiologist subse-
quently performed a further retrospective review of
the MR images. Both radiologists were aware of the
clinical suspicion of femoroacetabular impingement
but did not have access to the surgical findings. Im-
age interpretation was recorded using a standardized
form in all cases. The presence and anatomic site of
labral disorders, labral–chondral transitional zone
disorders, femoral cartilage lesions, and acetabular
cartilage lesions were recorded.

Labral tears were classified by site and type (radial
or flap tear). Figure 1 shows the normal MRI appear-
ance of the labral–chondral transitional zone. La-
bral–chondral transitional zone pathology was subdi-
vided using the following classification: grade 1,
labral separation, a distinct plane between the labrum
and the acetabular cartilage, identified as a high-signal
cleft between the low-signal fibrocartilage and the in-
termediate-signal hyaline articular cartilage (Fig. 2);
grade 2, articular cartilage fraying, thinning, or sepa-

ration immediately adjacent to the labral attachment
(Fig. 3); and grade 3, full-thickness loss of articular
cartilage leading to bare bone exposure immediately
adjacent to the labral attachment (Fig. 4). Abnormal-
ity in the acetabular cartilage at the labral–chondral
transitional zone was defined as occurring within 5
mm of the labral attachment on MR images.

The labral–chondral transitional zone was subdi-
vided into three regions for descriptive purposes: an-
terosuperior, superolateral, and posterosuperior (Fig. 5).
The presence of full-thickness acetabular articular
cartilage lesions, separate from those within 5 mm of
the labral–chondral transitional zone, was also noted
(Fig. 6). The anatomic sites of acetabular chondral le-
sions were also subdivided into three regions for de-
scriptive purposes: anterosuperior, superolateral, and
posterosuperior (Fig. 5). The presence of full-thick-
ness femoral head articular cartilage abnormalities
was recorded (Fig. 7), with the femoral head being
subdivided into four regions: anteromedial, anterolat-
eral, posteromedial, and posterolateral (Fig. 5).

Involvement of the femoral and acetabular artic-
ular cartilage was further classified with respect to
the size of the area involved. An estimate was made
as to whether the cartilage abnormality was < 10%,
10–25%, or > 25% of the femoral head or acetabular
area. No attempt was made to grade the cartilage
abnormality. Furthermore, both radiologists recorded
the presence of other MRI findings such as hernia-
tion pits, acetabular cyst formation, acetabular ret-
roversion, os acetabuli, femoral waist deficiency,
paralabral cyst formation, and acetabular protru-
sion that were thought to be of relevance in femo-
roacetabular impingement.

Fig. 1—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 28-year-old 
woman shows normal appearance of labral–chondral 
transitional zone. Intermediate-signal acetabular 
hyaline articular cartilage can be seen blending with 
low-signal fibrocartilage of acetabular labrum (arrow).

Fig. 2—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 29-year-old 
man shows grade 1 lesion of labral–chondral 
transitional zone. High-signal cleft (black arrow) is 
identified, and adjacent articular cartilage (white 
arrow) remains intact.

Fig. 3—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 38-year-old man 
shows grade 2 lesion of labral–chondral transitional 
zone. Note thinning, hyperintensity, and fraying of 
cartilage at labral–chondral transitional zone and 
fissures extending to subchondral bone plate (arrow).
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Arthroscopic Procedure
Two surgeons, both of whom had experience

with more than 500 hip arthroscopies, performed
the procedure in all patients. The mean time be-
tween MRI and surgical intervention was 25.2 days
(range, 3–180 days). Arthroscopy was performed
with the patient positioned in the dorsal decubitus
position on a fracture table. Joint access was facili-
tated by the application of graduated distraction of
the hip under fluoroscopic control. Arthroscopy
was performed using a supratrochanteric lateral
portal and an additional anterior portal to allow in-
strumentation. The operative findings were re-
corded using the same form on which the MR im-
age interpretation was documented.

Data Collection
An author who was not involved in image inter-

pretation or surgical evaluation performed data col-
lection, analysis, and manuscript preparation.

Statistical Analysis
Interobserver reliability analysis using the

kappa statistic was performed to assess the
strength of agreement between the imaging and
surgical findings in grading abnormalities at the
labral–chondral transitional zone.

Results
Acetabular Labrum

On arthroscopic evaluation, seven patients
were identified as having labral tears: four flap
tears and three radial tears (Figs. 8 and 9). The
flap tears occurred in the anterosuperior region
in all cases. Of the radial tears, one occurred in
an anterosuperior site and two involved both
the anterosuperior and the superolateral re-
gions. Both radiologists correctly identified the
presence and site in all seven cases. No further
cases of labral tear were identified at surgery.

Labral–Chondral Transitional Zone
At the labral–chondral transitional zone, 38

cases were identified at surgery as being abnor-
mal. On MRI, both reviewer 1 and reviewer 2
correctly identified 37 (97%) of the abnormal
cases. Both reviewers reported the la-
bral–chondral zone as being normal in the sin-
gle case in which a discrepancy arose between
MRI and arthroscopy. In that case, probing of
the labral–chondral transitional zone at surgery
revealed labral separation that was not initially
evident on arthroscopic inspection.

At surgery, nine grade 1 lesions (24%), 15
grade 2 lesions (39%), and 14 grade 3 lesions

A B

Fig. 4—32-year-old woman.
A, Coronal proton density–weighted fast spin-echo sequence (TR/TE, 4,000/34) shows grade 3 lesion of 
labral–chondral transitional zone. Full-thickness loss of articular cartilage (white arrow) is shown at 
labral–chondral transitional zone. Bone prominence (black arrow) is shown at femoral head and neck junction.
B, Sagittal oblique proton density–weighted fast spin-echo sequence (TR/TE, 4,000/34) shows grade 3 lesion of 
labral–chondral transitional zone. Full-thickness loss of articular cartilage (white arrow) is evident.

Fig. 5—Schematic drawing of hip joint. 
Labral–chondral transitional zone (gray) is divided into 
anterosuperior (AS), superolateral (SL), and 
posterosuperior (PS) areas. Acetabular articular 
cartilage is also divided using same divisions. Femoral 
articular cartilage is split into quadrants: anteromedial 
(AM), anterolateral (AL), posteromedial (PM), and 
posterolateral (PL).

Fig. 6—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 35-year-old 
man shows full-thickness loss of articular cartilage 
over anterosuperior acetabulum (white arrow). Low-
signal line of subchondral bone is visible, but no 
intermediate hyaline articular cartilage is present. 
Note associated subchondral cyst formation (black 
arrow) and bone marrow edema. Linear cleft of high 
signal at labral–chondral transitional zone (arrowhead) 
is again evident.
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(37%) were found. Reviewer 1 correctly graded
35 cases (92%) and intraobserver reliability
showed good strength of agreement (κ = 0.643,
SE = 0.085). In the three cases that were incor-
rectly graded, one was interpreted as normal
and a grade 1 abnormality was identified at sur-
gery. The two remaining cases were graded as
grades 1 and 2 on MRI and surgery revealed
grades 2 and 3 lesions, respectively. Reviewer 1
had a sensitivity of 89%, specificity of 75%,
positive predictive value of 94%, and negative
predictive value of 60%. Reviewer 2 correctly
graded 33 (87%) cases and intraobserver reli-
ability showed moderate strength of agreement
(κ = 0.522, SE = 0.092). In the five cases that
were incorrectly graded, one was interpreted as
normal and a grade 1 abnormality was identi-
fied at surgery. Two cases were identified as
grade 2 that surgically were grade 1, and two
cases were given grade 3 but were shown to be
grade 2. Reviewer 2 had a sensitivity of 89%,
specificity of 63%, positive predictive value of
92%, and negative predictive value of 56%. In-
terobserver reliability analysis between ra-
diologists showed good strength of agree-
ment (κ = 0.669, SE = 0.085).

Arthroscopy revealed that the location of the
labral–chondral transitional zone abnormality
occurred in the anterosuperior region in 19
cases (50%), in the anterosuperior and supero-

lateral regions in 14 (37%), in the superolateral
region in four (11%), and in the superolateral
and posterosuperior regions in one (3%). Re-
viewer 1 correctly identified the anatomic site
in 35 cases (92%). As previously described, one
case was not identified as being abnormal. The
remaining two cases were identified on MRI as
involving the superolateral region when at ar-
throscopy the lesion involved the anterosupe-
rior and superolateral regions. Reviewer 2 iden-
tified the site correctly in 36 cases (95%). One
case was not identified, and the other was de-
scribed as superolateral when it involved both
the anterosuperior and superolateral regions.

Articular Cartilage
Eighteen patients had focal acetabular carti-

lage lesions identified at surgery. Reviewer 1
identified 17 cases (94%) and reviewer 2, 16
cases (89%). Table 1 shows the amount of carti-
lage abnormality identified relative to the over-
all amount of acetabular cartilage cover. Over-
all, both reviewers underestimated the amount
of involvement relative to the surgical findings.
Table 2 shows the anatomic site of cartilage ab-
normality. Again, discrepancies existed in esti-
mation of the extent of cartilage abnormality.
Both reviewers described two cases as involving
the anterosuperior region that actually involved
both the anterosuperior and superolateral sites.

Interestingly, of the patients with labral tears,
only one patient had acetabular chondromala-
cia, and the remaining six patients showed no
evidence of cartilage abnormality. All of the re-
maining 17 patients had associated abnormali-
ties at the labral–chondral transitional zone (six
having grade 2, 11 having grade 3).

Femoral articular cartilage lesions were sur-
gically present in nine patients. Reviewer 1
identified all nine cases (100%) but misinter-
preted two other cases that were normal at ar-
throscopy. Reviewer 2 also correctly identified
all nine cases (100%). Reviewer 1 overesti-
mated the extent of abnormality in one case and
underestimated it in another case. Reviewer 2
underestimated involvement in two cases.
Table 3 shows the extent of femoral articular
cartilage lesions, and Table 4 identifies the an-
atomic sites of involvement. The extent of the
anatomic area involved tended to be underesti-
mated, with surgery identifying more diffuse
involvement than was identified on MRI.

A number of other MRI findings were iden-
tified: Eighteen patients (39%) showed a bone
prominence at the junction of the femoral head
and neck (Figs. 4A and 10); 11 (24%) showed
a cystic change of the femoral head and neck
junction (Fig. 11); six (13%), acetabular cyst
formation (Fig. 10); five (11%), acetabular ret-
roversion; two (4%), os acetabuli; two (4%),

Fig. 7—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 29-year-old 
man shows loss of articular cartilage (arrow) over 
femoral head. Note subchondral marrow edema 
(arrowhead) present in acetabulum.

Fig. 8—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 23-year-old 
man shows radial tear of anterosuperior labrum and 
high-signal cleft (white arrow) extending into labral 
substance.

Fig. 9—Sagittal oblique proton density–weighted fast 
spin-echo sequence (TR/TE, 4,000/34) in 30-year-old 
woman shows flap tear (white arrow) of 
anterosuperior labrum. Note normal appearance of 
labral–chondral transitional zone (black arrow).


