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Abstract

Introduction: To analyze the X-ray and magnetic resonance imaging (MRI) fea-
tures of acetabular labral tears, so as to improve the recognition of the disease.
Material and methods: Imaging features of 19 patients with acetabular labral
tears confirmed by arthroscopy were analyzed retrospectively. All cases were
examined by X-ray. Fourteen patients underwent MRI examinations.

Results: Seventeen of the 19 patients had at least one osseous abnormality con-
sistent with femoroacetabular impingement (FAI) under arthroscopy; among them
7 cases were cam impingement, 3 cases were pincer impingement and 7 cases
were mixed impingement. X-ray manifestations: 12 of the 19 patients had FAI;
among them 6 cases were cam impingement, 2 cases were pincer impingement
and 4 cases were mixed impingement. Five cases showed various degrees of degen-
erations of hip joint. Two patients had no identifiable structural abnormalities. Mag-
netic resonance imaging showed various degrees of injury of labrum in 6 patients,
joint effusion in 5 cases, and bone marrow edema of femoral head in 3 cases.
Conclusions: The FAl has much to do with acetabular labral tears. X-ray exami-
nation is important for FAI diagnosis. Given its high sensitivity and accuracy, MRI
is an effective preoperative tool for defining the location and extent of labral tears.
Combined with X-ray imaging and clinical manifestation, MRI can provide a re-
liable basis for clinical diagnosis and treatment of acetabular labral tears.

Key words: acetabular labral tears, femoroacetabular impingement, magnetic reso-
nance imaging, arthroscopy.

Introduction

The acetabular labrum is triangular in cross section, with the base
attached to the acetabular rim and the apex being the free margin [1]. Its
function is to deepen the acetabulum, making it more difficult for the head
of the femur to slip out of place. Acetabular labral tears are a potential
cause of hip pain, especially for young people [2]. These tears are associ-
ated with trauma, classic hip dysplasia, Legg-Calve-Perthes disease, and
osteoarthritis (OA). McCarthy et al. performed a study in which 436 patients
who had hip symptoms consisting of pain localized to the groin were
enrolled. Two hundred and forty-one of the 436 patients (55.3%) in the
study group had 261 labral tears on arthroscopic examination [3]. Although
lesions of the acetabular labrum were considered a rarity, the prevalence
of labral lesions has become more related to the development of hip joint
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OA, which can seriously impair the life of people. Mo-
reover, the rates of misdiagnosis and missed diag-
nosis were high. In order to further enhance the
understanding of imaging characteristics of acetab-
ular labral tears, X-ray and magnetic resonance ima-
ging (MRI) findings of cases with arthroscopically
proven acetabular labral tears in our hospital were
retrospectively analyzed. We hope that this study can
play an important role in clinical diagnosis, progno-
sis and assessment of the treatment effect.

Material and methods
Study population

We retrospectively evaluated 19 patients of
arthroscopically acetabular labral tears who were
admitted to the sports medical department of
Huashan Hospital affiliated to Fudan University
from July 2008 to July 2010. There were 9 males and
10 females (mean age: 40.9 years, 8 left hips and
11 right ones). The course of acetabular labral tears
ranged from 1 month to 5 years, with an average
of 22 months. All patients presented with a histo-
ry of hip pain, characterized by pain in groin,
trochanter or buttock. Among these cases, 4 cases
had locked joint. The operations were performed
by doctors who are specialized in hip arthroscopy.
All patients received X-ray examination before the
operation. Fourteen cases were examined by MRI.

Imaging examination

Nineteen cases underwent X-ray examination
before the operation. All of them had the frog-leg
lateral view of the hip and anteroposterior pelvic
(AP) radiograph. Examinations of plain MRI scan
were performed on a Siemens Trio Magnetom Verio
3.0T MRI scanner. The MRI using T1-weighted imag-
ing (TIWI), short Tl inversion recovery (STIR) se-
quence and Fast Relaxation Fast Spin Echo se-
quence T2 weighted imaging with fat suppression
(fs-FRFSE-T2) on axial and coronal sections was per-
formed in 14 cases, using 4 mm slice thickness,
with 1 mm interval.

Definition of femoroacetabular
impingement syndrome (FAI)

Arthroscopic appearances

Cam impingement characterized by a nonspheri-
cal femoral head and an abnormal prominence of
the head-neck junction. The prominence produces
a cam effect as the prominence of the femoral head
impinges against the associated region of the
acetabulum when the femoral head rotates into the
hip joint. Pincer impingement results from local or
global over-coverage of the femoral head by the
acetabulum with no abnormal sphericity of the
femoral head. Any morphologic anomaly that re-
sults in relative deepening of the socket can lead

to pincer impingement, including retroversion of
the acetabulum and coxa profunda. The combina-
tion of cam and pincer impingement is mixed im-
pingement.

X-ray manifestations

Cam impingement can be defined as a angle
> 50°C or head-neck offset < 7.2 mm on the cross-
table lateral view of the hip [4, 5]. Pincer impinge-
ment can be defined as retroversion of the aceta-
bulum or coxa profunda on the anteroposterior
pelvic (AP) radiograph [6, 7]. The acetabular retro-
version exists when any part of the anterior aceta-
bular wall is more lateral than the posterior wall in
the proximal region of the acetabulum (the so-called
crossover or figure-of-eight sign). Coxa profunda is
present when the floor of the acetabular fossa con-
tacts or overlaps the ilioischial line on the AP view.
As mentioned above, the combination of cam and
pincer impingement is mixed impingement.

Image analysis

The radiological data of 19 cases were collected
and analyzed retrospectively by experienced doc-
tors with high professional title. Measurement:
(1) o angle: The angle was obtained by placing
a circle around the oblique axial circumference of
the femoral head, a line in the center of the femoral
neck along its longitudinal axis, and by placing
a second line that extended from the intersection
of the first line and the center of the femoral head
to the point where the osseous anterior femoral
head intersected the circle [8]. (2) Femoral head-
neck offset: a line was drawn through the center of
the long axis of the femoral neck (line 1). A parallel
line was drawn through the anterior most aspect of
the femoral neck (line 2) and another parallel line
was drawn along the anterior aspect of the femoral
head (line 3). The distance between lines 2 and
3 was the anterior femoral head-neck offset [5].

Results
Arthroscopic appearances

Seventeen of the 19 (17/19, 89.5%) patients had
at least one osseous abnormality consistent with
FAl under arthroscopy. Among them 7 cases were
cam impingement, 3 cases were pincer impinge-
ment and 7 cases were mixed impingement. Asses-
sment of these arthrographs revealed that 68.4%
of the acetabular labral tears were located most
often in the anterosuperior part of the labrum
(n =13, 13/19), followed by the superior (n = 5), and
posterosuperior (n = 1) parts of the labrum.

X-ray manifestations

According to the diagnostic criteria of FAl men-
tioned above, o angle > 50°C or head-neck offset
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< 7.2 mm was cam impingement, retroversion of
the acetabulum or coxa profunda was pincer impin-
gement and the combination of them was mixed
impingement. Twelve of the 19 patients had FAI
(12/19, 63.2%); among them 6 cases were cam
impingement, 2 cases were pincer impingement
and 4 cases were mixed impingement (Figures 1-3).
Five cases showed various degrees of degenera-

tions of the hip joint (such as joint space narrow-
ing or acetabular rim hyperplasia, arthrosclerosis
and so on). Two patients had no identifiable struc-
tural abnormalities.

Magnetic resonance imaging manifestations

On T1WI, the shape of the normal labrum was
triangular with a sharp edge and was attached to

Figure 1. Frog-leg lateral radiograph of the normal and abnormal hip joint. A— Normal hip joint: a angle was 34.9°C,
femoral head-neck offset was 13.79 mm. B — Abnormal hip joint (cam impingement): a. angle was 65.5°C

(> 50°C), femoral head-neck offset was 5.75 mm (< 7.2 mm)

Figure 2. AP radiograph of the pelvis showed normal hip joint and coxa profunda, A—Normal hip joint, the acetabular
floor (black arrow) lateral to the ilioischial line (white arrow). B — Coxa profunda, the acetabular floor (black arrow)

medial to the ilioischial line (white arrow)

Figure 3. AP radiograph of the pelvis showed normal hip joint and acetabular retroversion. A— Normal hip joint, the
anterior acetabular rim (black arrow) medial to posterior acetabular rim (white arrow); there was no crossing between
them. B — Retroverted acetabula; the anterior acetabular rim (black arrow) is more lateral than the posterior acetab-
ular rim (white arrow) (the so-called crossover or figure-of-eight sign)
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the acetabulum by the base. Homogeneous low sig-
nal intensity was observed in labral segments. Four-
teen of the 19 patients were examined by MRI. Six
patients (6/14, 42.9%) showed various degrees of
labrum tears. On STIR, the labrum was irregular in
shape and the signal intensity was inhomogeneous
with spotted or patchy anomalous high intensity
scattered around (Figure 4 B), or a linear high signal
extending to the articular surface was demon-
strated between the acetabular cartilage and the
base of the labrum (Figure 4 C). Among cases, only
5 patients presented with joint effusion (5 of 14 cas-
es, 35.7%, Figure 4 D), and in only 3 cases was there
bone marrow edema of the femoral head on fs-
FRFSE-T2 (Figure 4 E).

Discussion

Acetabular labral tears are increasingly recogni-
zed as a potential cause of hip pain. However, the
disease lacks a specific clinical manifestation and
we do not yet fully understand its imaging features.
Therefore, the rates of misdiagnosis and missed
diagnosis are high. Recently, the greater use of
arthroscopy has led to a further understanding of
this disease. Wenger et al. reported that 27 of 31
(87%) acetabular labral tear patients had FAI [5]. In
agreement with the literature report, we found that

17 of the 19 patients (89.5%) had FAI under arthro-
scopy, which indicated that FAI had much to do with
acetabular labral tears. Assessment of these arthro-
graphs revealed that 68.4% (13 of 19 cases) of the
acetabular labral tears were most often located in
the anterosuperior part of the labrum, which sug-
gested that the most common site of labrum tears
was the anterosuperior labrum. The preferential
involvement of the anterosuperior labrum may be
due to FAL Hip abnormalities in FAI limit motion, in
particular flexion and internal rotation, as repeti-
tive impact of the proximal femoral neck occurs
against the acetabular labrum and/or its adjacent
cartilage [9, 10].

The FAl occurs when the femoral head and ace-
tabulum rub abnormally, resulting in damage to the
articular cartilage and/or the labrum, as well as lim-
ited range of motion (ROM). It can be divided into
three types: cam, pincer and mixed impingement.
According to the reports of Notzli et al. and Wenger
et al,, an increase in a angle or a reduction in the
superior femoral head-neck offset was suggested
to be the cause of the cam impingement [4, 5]. Not-
zli et al. used the a angle as a measurement of the
femoral head-neck contour [4]. In 39 patients with
clinical symptoms of FAl, a mean a angle of 74°C
was found, compared with a mean a angle of 42°C

Figure 4. MRl manifestations of the acetabular labral tears. A— TIWI showed a normal acetabular labrum (white arrow),
B and C—STIR showed a region of increased signal in the labrum (white arrow) indicative of an acetabular labral tear,
D — Fs-FRFSE-T2 showed high signal intensity in the articular cavity representing joint effusion, E — Fs-FRFSE-T2 showed
high signal intensity in femoral head, indicating bone marrow edema
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for the control group. They proposed that an a angle
of > 50°C may be an appropriate cross-sectional cri-
terion in assessing for FAL. Wenger et al. found that
the normal anterior femoral head-neck offset is
11.6 mm and they considered an offset of < 7.2 mm
as abnormal [5]. Philippon et al. suggested that pin-
cer impingement could be defined as retroversion
of the acetabulum or coxa profunda on the AP ra-
diograph [6]. According to the diagnostic criteria of
FAI mentioned above, we analyzed the X-ray fea-
tures of 19 patients and found that 12 cases had FAI
(63.2%); among them 6 cases were cam impinge-
ment, 2 cases were pincer impingement and
4 cases were mixed impingement. Depending on
the arthroscopic findings, the accuracy of X-ray diag-
nosis in FAl reached 70.6% (12 of 17 cases). Consi-
dering that acetabular labral tears are closely rela-
ted to FAI and FAI has typical X-ray manifestations,
X-ray examination can provide an auxiliary proof in
the diagnosis of acetabular labral tears by direct
diagnosis of FAL

Although X-ray examination is very important in
the diagnosis of FAl, it cannot detect abnormal
changes in the cartilage and labrum because of the
lack of high resolution for soft tissue. The MRl is the
preferred modality for the investigation of intra-
articular hip pathology, as it provides exquisite res-
olution of the labrum, cartilage, and joint space as
well as depicting the regional soft tissues. In our
study, 14 cases were examined by MRI. Among
them 6 patients (42.9%) showed various degrees
of labrum tears. On STIR, the labrum was irregular
in shape and a high signal extending to the articu-
lar surface was found in it. Among all the cases,
only 5 patients presented with joint effusion, and
bone marrow edema of the femoral head was pre-
sent in only 3 cases on fs-FRFSE-T2. We considered
that the joint effusion might be due to wear or tear
of the labrum and the bone marrow edema of the
femoral head might be caused by FAI. The above
indicates that labrum tears should be suspected if
there is joint effusion or bone marrow edema.

There were a number of limitations in the pres-
ent study. First, the number of patients is relatively
small. A larger number of patients would increase
the power of the study, allowing for more externally
valid conclusions on the relationship between FAI
and acetabular labral tears. Second, since this was
a retrospective study, many patients with acetab-
ular labral tears were likely not included in data
analysis. It is unavoidable, however, since the
patients were selected on the basis of arthroscop-
ically confirmed acetabular labral tears. Third, not
all patients underwent preoperative MRI, which
means that the shape of the labrum was unable to
be evaluated in every patient. There might have
been selection bias.

In short, FAl has much to do with acetabular
labral tears. X-ray examination is important for FAI

diagnosis. The MRI is superior to X-ray in the diag-
nosis of acetabular labral tears, because of its speci-
ficity and the broad range of conditions which can
be detected when radiographs are negative. Espe-
cially when used without contrast, MRI is straight-
forward and, of course, does not involve exposure
to radiation. Familiarity with these structural abnor-
malities is important for early detection and diag-
nosis, which may impact development of an opti-
mal treatment plan. However, it still has low accuracy
for conventional MRI plain scan in the diagnosis of
acetabular labral tears. In this study, we could only
achieve an accuracy of 42.9%. Magnetic resonance
arthrography (MRA) is the combination of MRI with
intra-articular injection of gadolinium-based con-
trast agents and is the test of choice for evaluation
of the acetabular labrum. The meta-analysis per-
formed by Smith et al., which encompassed a re-
view of 19 papers, showed that both MRl and MRA
had moderate sensitivity and specificity (sensitivi-
ty 66%, 87%; specificity 79%, 64%), and diagnostic
accuracy of MRA appeared to be superior to MRl in
detecting acetabular labral tears on receiver oper-
ating characteristic (ROC) curve interpretation [11].
However, whether or not MRA is superior to MRl in
the diagnosis of acetabular labral tears requires fur-
ther study.
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