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Background: Currently, there is no consensus regarding the accuracy of magnetic resonance imaging (MRI) in the detection of
acetabular chondral delamination (ACD) in patients with femoroacetabular impingement (FAI), and, correspondingly, the preop-
erative diagnosis of ACD remains challenging.

Hypothesis: It was hypothesized that MRI would have relatively high accuracy in detecting ACD in patients with FAI.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: We retrospectively evaluated patients who attended the sports medicine clinic of our department and underwent
arthroscopic surgery for the diagnosis of FAI between January 2018 and December 2020. All patients underwent preoperative
3.0-T MRI. ACD was evaluated by 2 raters on 3.0-T MRI scans, and interrater and intrarater reliability was assessed. Sensitivity,
specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of MRI for diagnosis of ACD were cal-
culated, using arthroscopic surgery as the standard.

Results: A total of 233 patients (mean age, 37.4 years; 99 male and 134 female) were included in this study. The presence of ACD in
101 (43.3%) patients was confirmed during hip arthroscopy. The intraobserver reliability of both of the observers in detecting ACD
using 3.0-T MRI scans was almost perfect (observer 1, kappa coefficient [k] ¼ 0.909 [95% CI, 0.854-0.964]; observer 2, k ¼ 0.937
[95% CI, 0.890-0.984]), and the interobserver reliability between the observers (k ¼ 0.801 [95% CI, 0.723-0.879]) was substantial.
The overall sensitivity, specificity, PPV, and NPV of preoperative MRI to detect ACD were 83.7%, 82%, 74.2%, and 89.1%,
respectively.

Conclusion: It was found that 3.0-T MRI had a relatively high sensitivity, specificity, PPV, and NPV for diagnosis of ACD in patients
with FAI and could be a reliable method of diagnosing ACD preoperatively.
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Acetabular chondral delamination (ACD) occurs when
the cartilage separates or debonds from the underlying
subchondral bone plate and forms an unstable cartilage
flap. ACD is commonly presented in patients diagnosed
with femoroacetabular impingement (FAI),2,7,16 and the
reported incidence of ACD in FAI varies from 31.5% to
86.5%.2,9,14,16,17,19,22 Accurate diagnosis of ACD is impor-
tant since it has the propensity to progress into full-
thickness defects and eventually results in degenerative
arthritis.4,9,13,18

Magnetic resonance arthrography (MRA) has high sen-
sitivity in detecting labral abnormalities in patients with
FAI; however, there are conflicting reports regarding the
accuracy of MRA in the detection of ACD in patients with
FAI.21,23 The sensitivity of MRA for diagnosis of ACD in
patients with FAI varies from 6% to 97%.2,9,16,19,25 The
results of current research are quite different, and preop-
erative diagnosis of ACD in FAI remains challenging and
uncertain.

As far as we know, there is little research on the use of
magnetic resonance imaging (MRI) in the diagnosis of ACD.
Therefore, the purpose of this study was to investigate the
diagnostic accuracy of MRI in ACD in patients with FAI.
We hypothesized that 3.0-T MRI would have a high diag-
nostic accuracy in ACD in patients with FAI.
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METHODS

Patients

We retrospectively evaluated patients who attended the
sports medicine clinic of our department and underwent
arthroscopic surgery for the diagnosis of FAI between
January 2018 and December 2020. The inclusion criteria
were as follows: patients who (1) were diagnosed with FAI
via clinical findings, plain radiography, computed tomogra-
phy, and MRI; and (2) underwent hip arthroscopy for FAI.
The exclusion criteria were as follows: (1) previous hip
surgery, (2) avascular necrosis, (3) Legg-Calve-Perthes
disease, (4) Ehlers-Danlos syndrome, (5) pigmented villo-
nodular synovitis, (6) osteoid osteoma, (7) synovial chondro-
matosis, and (8) rheumatologic disease. The ethics
committee of our hospital approved the protocol for this
study, and all participants signed informed consent forms.

MRI Diagnosis and Follow-up

As described in a previous study,10 hip MRI was performed
using a 3.0-T magnetic resonance scanner (Magnetom Trio
with TIM system; Siemens Healthcare) and a dedicated
flexible surface coil around the affected hip joint. In
brief, conventional MRI of the affected hip joint was per-
formed when patients were in the supine position. A
fat-suppressed turbo spin-echo (TSE) intermediate- and
T2-weighted sequence was performed separately in the
axial, oblique transverse, and oblique coronal planes using
the following parameters: repetition time (TR), 3000 ms;
time to echo (TE), 32 ms and 76 ms; field of view (FOV),
180 mm � 180 mm; slice thickness, 3.0 mm; slice gap, 0.3
mm; and matrix, 256 � 230. Imaging in the oblique trans-
verse plane was performed parallel to the axis of the fem-
oral neck, while that in the oblique coronal plane was
performed perpendicular to the line through the anterior
and posterior acetabulum edge on the axial images. TSE
T1-weighted sequence was also performed routinely in the
oblique coronal plane using the following parameters: TR,
820 ms; TE, 10 ms; FOV, 180 mm � 180 mm; slice thick-
ness, 3.0 mm; slice gap, 0.3 mm; and matrix, 256� 230. The
total time taken for MRI of a single hip ranged from 30 to 35
minutes.

All MRI scans were analyzed by 2 authors who were
blinded to the results of hip arthroscopy: observer 1 (G.G.,
a surgeon) with >5 years of experience with hip MRI
and arthroscopy and observer 2 (Y.X., a surgeon) with
>15 years of experience with hip MRI and arthroscopy.
ACD was considered to be present when both of the follow-
ing criteria were met2,5,6: (1) at least 2 consecutive slices in
the same plane or in the same location in 2 different planes

showed focal discontinuity of cartilage and fluid located
between the acetabular cartilage and subchondral bone
plate, and (2) the area of delaminated cartilage was not com-
pletely detached from the adjacent cartilage (Figure 1A). The
preoperative alpha angle and lateral center-edge angle
(LCEA) were measured as described previously.1,3 The eva-
luations were performed twice by both surgeons at different
times to determine the intraobserver and interobserver
variability.

Arthroscopic Surgery

Hip arthroscopy was performed by a single surgeon with
>10 years of experience (Y.X.). All patients underwent
standard hip arthroscopy. All surgeries were performed
using a standard supine approach as described previ-
ously.11 Arthroscopic findings of ACD for comparison with
findings on MRI scans (Figure 1B) included (1) an area of
degenerated cartilaginous surface at the chondrolabral
junction, (2) a partial detachment of the articular cartilage
from the subchondral bone without exposing it, and (3) no
interruption of the articular surface.2,18 This finding is the
so-called wave sign, also known as bubble sign or carpet
phenomenon.8,13,18 Arthroscopic findings and procedures
were recorded. There was no special treatment for ACD.

Statistical Analysis

Continuous variables with a normal distribution in the
baseline data between patients with and without ACD were
examined using the independent-samples t test, and per-
centages were compared using the chi-square test. Differ-
ences with P < .05 were considered statistically significant.

Figure 1. (A) Acetabular chondral delamination (arrow) shown
on preoperative 3.0-T magnetic resonance imaging scan.
(B) Acetabular chondral delamination identified during
arthroscopy. A, acetabulum; ACD, acetabular chondral
delamination; L, labrum.

†Address correspondence to Yan Xu, MD, Institute of Sports Medicine, Beijing Key Laboratory of Sports Injuries, Peking University Third Hospital,
49 North Garden Road, Haidian District, Beijing 100191, China (email: yanxu@139.com).

*Institute of Sports Medicine, Beijing Key Laboratory of Sports Injuries, Peking University Third Hospital, Beijing, China
Final revision submitted May 10, 2022; accepted June 6, 2022.
The authors declared that there are no conflicts of interest in the authorship and publication of this contribution. AOSSM checks author disclosures

against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility
relating thereto.

Ethical approval for this study was obtained from Peking University Third Hospital.

2 Gao et al The Orthopaedic Journal of Sports Medicine

mailto:yanxu@139.com


Intra- and interobserver reliability was evaluated by calcu-
lating the kappa coefficient (k), which was interpreted as
poor (k ¼ 0), slight (k ¼ 0.01-0.200), fair (k ¼ 0.21-0.40),
moderate (k ¼ 0.41-0.60), substantial (k ¼ 0.61-0.80), or
almost perfect (k ¼ 0.81-1.00).15,24 The sensitivity, specific-
ity, accuracy, positive predictive value (PPV), and negative
predictive value (NPV) of preoperative MRI for diagnosing
ACD were calculated. All statistical analyses were per-
formed with SPSS Statistics, Version 22 (IBM).

RESULTS

A total of 233 patients (mean age, 37.4 years; age range,
15-67 years; 99 male and 134 female) were included in this
study (Table 1). A flowchart illustrating the full patient
selection process can be found in Figure 2. Among these
233 patients, 215 (92.3%) were diagnosed with cam-type
FAI, 102 (43.8%) were diagnosed with pincer-type FAI, and
228 (97.9%) were diagnosed with labral tear. The age of
patients with ACD (mean, 39.1 years) was significantly
older than that of patients without ACD (mean age, 36.4
years) (P < .05). Otherwise, there were no significant dif-
ferences between patients with and without ACD. The
intraoperative diagnoses and arthroscopic procedures are
shown in Table 2.

The intraobserver reliability for detecting ACD using
3.0-T MRI was almost perfect for both observer 1 (k ¼
0.909; 95% CI, 0.854-0.964) and observer 2 (k ¼ 0.937;
95% CI, 0.890-0.984). The interobserver reliability between
the 2 observers was substantial (k ¼ 0.801; 95% CI, 0.723-
0.879). The presence of ACD was confirmed in 101 (43.3%)
patients during hip arthroscopy. For observer 1, of 101
patients with ACD, 73 (72.3%) were correctly diagnosed
on preoperative MRI scans as shown in Table 3. Of the
132 patients without ACD, 116 (87.9%) were correctly diag-
nosed on preoperative MRI scans. Of the remaining
patients, 16 (6.9%) had a false-positive ACD and 28
(12.0%) had false-negative ACD on MRI scans.

The sensitivity, specificity, PPV, and NPV of preopera-
tive MRI to detect ACD were 82.0%, 80.6%, 72.3%, and
87.9% for observer 1 and 85.3%, 83.3%, 76.0%, and 90.2%
for observer 2, respectively. Overall, the sensitivity,

specificity, PPV, and NPV of preoperative MRI were
83.7%, 82%, 74.2%, and 89.1%, respectively.

DISCUSSION

In this study, we found that 3.0-T MRI had relatively high
sensitivity, specificity, PPV, and NPV for diagnosis of ACD
in patients with FAI. There was no significant difference in

TABLE 1
Descriptive Data of Study Patients (N ¼ 233)a

Parameter Value

Age, y, mean (range) 37.4 (15-67)
Sex, n (%)

Male 99 (42.5)
Female 134 (57.5)

Side, n (%)
Left 100 (42.9)
Right 133 (57.1)

BMI, mean (range) 22.8 (15.4-35.7)
Alpha angle, deg, mean ± SD 57.9 ± 5.8
LCEA, deg, mean ± SD 34.4 ± 7.1

aBMI, body mass index; LCEA, lateral center-edge angle.

TABLE 2
Intraoperative Diagnoses and Arthroscopic Procedures

Diagnosis n (%)

Labral tear 228 (97.9)
Cam deformity 215 (92.3)
Pincer deformity 102 (43.8)
Borderline developmental dysplasia of the hip 23 (9.9)
Ischiofemoral impingement 3 (1.3)
Subspine impingement 16 (6.9)

Arthroscopic procedure
Labral repair 218 (93.6)
Labral debridement 10 (4.3)
Femoral osteoplasty 215 (92.3)
Acetabuloplasty 102 (43.8)
Capsular plication 23 (9.9)
Lesser trochanter resection 3 (1.3)
Focal subspinal decompression 16 (6.9)

Figure 2. Flowchart illustrating patient selection process.
FAI, femoroacetabular impingement; MRI, magnetic resonance
imaging.
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alpha angle, LCEA, body mass index, and sex between
patients with and without ACD (P > .05). The age of
patients with ACD was significantly older than that of
patients without ACD (P < .05).

Previous researchers mainly used 1.5-T MRA to diagnose
ACD. The reported sensitivity and specificity of MRA for
diagnosis of ACD in patients with FAI varies from 6% to
97% and from 40% to 100%, respectively.2,9,16,19,20,25 Zara-
goza et al25 evaluated 46 patients (48 hips) who underwent
surgical dislocation of the hip and reported the sensitivity
and specificity of 1.5-T MRA detection of ACD confirmed at
surgery were 97% and 84%, respectively. This is the highest
sensitivity reported to date. On the other hand, Konstanti-
nidis et al16 evaluated 229 patients and reported the sensi-
tivity and specificity of 1.5-T MRA detection of ACD
confirmed at surgery were 6% and 98%, respectively. It
should be noted that the researchers only reviewed radio-
logical reports of the MRA to identify ACD rather than
interpreted the images. Anderson et al2 evaluated 64 hips
that had undergone a surgical dislocation procedure for the
treatment of FAI and also reported a low sensitivity for
ACD (22%) but a high specificity (100%) using 1.5-T MRA.

In the current study, the overall diagnostic sensitivity,
specificity, PPV, and NPV of preoperative MRI were 83.7%,
82%, 74.2%, and 89.1%, respectively. In this work, we found
that3.0-TMRI had a high accuracy of diagnosis for ACD. The
intra- and interobserver reliabilities of the 2 observers for
detecting ACD on 3.0-T MRI scans were almost perfect and
substantial. The diagnostic effect of 3.0-T MRI appears to be
better than that of 1.5-T MRA, as also reported by previous
studies.2,9,16,19,25 MRA also has the disadvantages of inva-
sive nature, high cost, and risk of allergies. In addition, we
found in our daily work that MRA had poorer performance in
observation of tissue edema and soft tissue compared with
3.0-T MRI. Most patients with FAI had joint effusion, which
we thought could function as a contrast medium between
delaminated cartilage and the underlying bone.

The diagnostic sensitivity of preoperative MRI in the
current study was 83.7% rather than close to 100%, which
indicates that there were factors affecting diagnosis via
MRI. One such factor may be that the delaminated carti-
lage would sit flush on the underlying bone in patients with
less joint effusion or small-scale delamination, which could

be found only when the lateral border of delaminated car-
tilage was probed at arthroscopy. In this circumstance,
there was no joint effusion between delaminated cartilage
and the underlying bone to allow the delaminated cartilage
to be observed clearly on MRI scans, which we thought
might influence the sensitivity of MRI. Factors affecting
the accuracy of diagnosis need to be further studied.

In this study, the incidence of ACD in our case series of
233 hips was 43.3%. The reported incidence of ACD in FAI
varies from 31.5% to 86.5%.2,9,14,16,17,19,22 Our findings are
more in accordance with those in a publication from Ander-
son et al2 (44%) in 64 hips. It has been reported that ACD is
associated with increased age, male sex, increased alpha
angle, and delamination cysts.2,12-14,16 On the contrary,
there is a possible inverse correlation of ACD presence with
increased LCEA in patients with symptomatic FAI.2,16

However, we compared alpha angle, LCEA, body mass
index, and sex between patients with and without ACD and
found no significant difference. The age of patients with
ACD (mean age, 39.1 years) was significantly older than
that of patients without ACD (mean age, 36.4 years) (P <
.05), which was in accordance with previous studies.2,13 In
previous studies, there were differences in risk factors of
ACD other than age.2,12-14,16 The risk factors of ACD are
still unclear, and further study is needed.

Limitations

A limitation of this study was that it was performed retro-
spectively. Only patients who went on to surgery were
included, which created a potential for selection bias.

CONCLUSION

Study findings indicated that 3.0-T MRI has a relatively
high sensitivity, specificity, PPV, and NPV for diagnosis
of ACD in patients with FAI and is a reliable method with
which to diagnose ACD preoperatively.
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angle measurement on plain radiographs in the evaluation of cam-

type femoroacetabular impingement. Clin Orthop Relat Res. 2011;

469(2):464-469.
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