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Abstract

Background  Arthroscopic approaches for the diagnosis
and treatment of hip disorders are well established; however,
there are limited data regarding revision hip arthroscopy.
There have been several studies evaluating the findings of
MR arthrography with primary hip arthroscopy, but to our
knowledge, no study has evaluated the diagnostic value of
MR arthrography before revision hip arthroscopy.
Questions/purposes We obtained sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of MR arthrography to detect labral lesions,
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chondral lesions and loose bodies before revision hip
arthroscopy.

Methods We performed a single-surgeon, retrospective
review of 70 revision hip arthroscopies (62 patients) and
assessed the association between MR arthrography findings
and intraoperative findings. There were 43 females and
19 males with a mean age of 36 years (range, 17—
59 years). Radiographic interpretation was performed by
one of four fellowship-trained musculoskeletal radiologists
at three institutions, who had at least 5 years of experience.
Radiographic findings were compared with surgical find-
ings by one of the authors for calculation of sensitivity,
specificity, PPV, and NPV.

Results The sensitivity, specificity, PPV, and NPV of MR
arthrography for detecting labral tears were 82%, 70%, 94%,
and 39%, respectively. The sensitivity, specificity, PPV, and
NPV of MR arthrography for detecting chondral damage were
65%, 90%, 94%, and 50%, respectively. The sensitivity,
specificity, PPV, and NPV of MR arthrography for detecting
loose bodies were 33%, 100%, 100%, and 88%, respectively.
Conclusions Our study showed the utility of MR arthrog-
raphy to assist in the diagnosis and treatment of patients with
ongoing or recurrent symptoms who have had prior hip
arthroscopy. Our data show that MR arthrography is superior
at ruling in, rather than ruling out, labral lesions, chondral
lesions, and loose bodies, as there were studies interpreted as
normal which in fact showed disorders.

Level of Evidence Level III, diagnostic study. See the
Instructions for Authors for a complete description of
levels of evidence.

Introduction

Arthroscopic surgery of the hip has gained popularity during
the past decade for various hip disorders, including labral
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tears, chondral damage, femoroacetabular impingement
(FAI), synovial chondromatosis, loose bodies, foreign body
removal, and crystalline hip arthropathy [20, 30]. Although
many patients do well with these procedures [1, 4, 19, 22,
23, 26], a certain cohort of patients never fully experience
relief after surgery or they have recurrent symptoms of hip
disorders. Multiple factors can contribute to a failed proce-
dure, including untreated bony abnormality, soft tissue
laxity, poor patient selection, inadequate surgical procedure,
or a new injury [2, 29]. Further, the presence of advanced
degenerative arthritis has been associated with inferior out-
comes when compared with the presence of isolated labral
tears and/or only mild chondral disorder [9, 18, 28].

Numerous studies associating the findings of MR
arthrography with primary hip arthroscopy have shown
sensitivity of 71% to 100% [3, 7, 8, 10, 27, 31] and
specificity of 44% to 100% [10, 14, 21]. Byrd and Jones [5]
reported improved sensitivity of MR arthrography com-
pared with MRI using arthroscopic hip findings as the gold
standard. The use of MR arthrography improved the rate of
false-negative results from 42% with MRI to 8% with MR
arthrography. Some studies have been performed to eval-
uate the utility of MR arthrography compared with surgical
findings at revision knee arthroscopy (evaluating menisci
and chondral damage/repair) [6, 11, 15, 17] and revision
shoulder arthroscopy [16, 24] (evaluating rotator cuff and
labral disorders), but to our knowledge, no study has
evaluated the diagnostic value of MR arthrography before
revision hip arthroscopy.

The purpose of our study was to evaluate the sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) of MR arthrography in detecting
(1) labral lesions, (2) chondral lesions, and (3) loose bodies
in patients with continued or recurrent symptoms sched-
uled for revision hip arthroscopy.

Patients and Methods

Institutional review board approval was obtained before the
start of the study. We performed a single-surgeon, retro-
spective review of revision hip arthroscopies performed
between August 1993 and August 2009 to determine the
association between MR arthrography and intraoperative
findings. All patients who underwent a revision hip
arthroscopy and had a complete medical record, includ-
ing MR arthrography with radiologist report, operative
notes, and operative photographs, were included. In the
62 patients (70 hips), there were 43 females and 19 males,
with an average age of 34 years (range, 17-59 years)
(Table 1). This represented 89.7% (70 of 78) of the revi-
sion hip arthroscopy procedures performed during the
period in question, with the balance of the patients not
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Table 1. Select data collected via chart review
Variable Value
Sex (number of female/male patients) 43/19
Age (years)* 36 (17-59)
Side (number on left/right hips) 28/42
Preoperative groin pain (%) 100
Preoperative mechanical symptoms (%) 81

Number of patients with labral tears

By MR arthrography 49

At surgery 60
Number of patients with chondral injuries

By MR arthrography 32

At surgery 49

* Values are expressed as mean, with range in parentheses.

meeting inclusion criteria because repeat MR arthrography
was not performed (n = 7) or records were missing
(n = 1). For 11 hips in 11 patients (16%), the index pro-
cedure was not performed by the senior author. There were
28 arthroscopies of the left hip and 42 of the right hip. All
patients had preoperative groin pain. Fifty-seven of 70 hips
(81%) had mechanical symptoms of locking or catching.
All patients had nonoperative management that failed,
including rest, NSAIDs, activity modification, physical
therapy, and intraarticular steroid injections (33 of 70 hips).

The radiographic interpretations were compared with
the surgical findings, as hip arthroscopy is considered the
gold standard for diagnosis. The imaging studies were
performed and interpreted by one of four fellowship-
trained musculoskeletal radiologists at three institutions,
who had at least 5 years of experience. All readings were
performed preoperatively, without the radiologist knowing
a specific diagnosis for the patients. The reports were
evaluated for the presence or absence of labral tears,
cartilage injury, loose bodies, and location of the disorder.

The imaging protocol involved injecting a 15-mL
mixture of 0.9% normal saline, Marcaine™ 0.5% with
epinephrine (Hospira, Inc, Lake Forest, IL, USA),
Isovue®-300 (Bracco Diagnostics Inc, Monroe Township,
NJ, USA), and ProHance® (Bracco Diagnostics Inc) into
the joint space, followed by imaging with a 1.5-Te GE MR
scanner (GE Healthcare, Milwaukee, WI, USA), using the
following sequences: coronal T1, coronal T1 with fat
suppression, coronal T2 with fat suppression, coronal short
tau inversion recovery (STIR), sagittal oblique T1 with fat
suppression, axial proton density with fat suppression, and
axial oblique T1 with fat suppression.

The hip arthroscopies were performed with the patient in
the lateral position under general anesthesia. The patients
were placed in the hip positioner and Innomed® hip dis-
tractor (Innomed, Inc, Savannah, GA, USA). Satisfactory
distraction was confirmed with fluoroscopy. After preparing
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and draping, two 6-inch (15-cm) spinal needles were
introduced through the lateral portal, directly into the joint.
This was followed by creating two skin incisions and
introducing our arthroscope and outflow cannula. A pres-
sure-sensitive inflow pump was used during the course of
the case. Intraarticular evaluation was performed using
30° and 70° arthroscopic cameras. The labral tears were
identified based on location and the cartilage injuries based
on location and Outerbridge grade. The operative reports,
operative images, and MR arthrography images with reports
were evaluated by a fellowship-trained hip surgeon (PJG)
not directly involved in the care of the patients.

We obtained sensitivity, specificity, PPV, and NPV of
MR arthrography in the detection (presence or absence) of
labral lesions, chondral lesions, and loose bodies for revi-
sion hip arthroscopy.

Results

The comparison of MR arthrography and intraoperative
findings showed good accuracy in detecting labral disor-
ders, with a sensitivity of 82%, specificity of 70%, PPV of
94%, and NPV of 39% (Table 2). There were 11 patients
whose MR arthrography images were read as a normal
labrum but were found to have a labral tear intraoperatively.
Six of these tears were anteromedial, four were anterior,
and one had diffuse fraying located anterior, posterior, and
lateral (Table 3). An axial oblique T1 MR arthrography
image depicts an anteromedial labral tear, confirmed at the
time of arthroscopy (Fig. 1).

For detecting chondral disorders, MR arthrography
revealed similar sensitivity but better specificity than with
detecting labral disorders: sensitivity of 65%, specificity of
90%, PPV of 94%, and NPV of 50% (Table 2). Seventeen
patients had their MR arthrography images read as showing
normal articular cartilage. These patients in fact had
chondral damage in at least one location at the time of
arthroscopy. Overall, 32 of 49 hips with at least one
chondral injury were identified by MR arthrography.
However, when looking at all injuries (ie, in patients with a
chondral injury in more than one location), MR arthrog-
raphy appears to be more accurate for detection of chondral
damage of the femoral head (20 of 21) (Table 4) than for

detection of acetabular chondral damage (36 of 65)
(Table 5). A coronal STIR MR arthrography image shows
a superior femoral head cartilage lesion, correlating with
intraoperative findings of a chondral flap lesion of the
superior femoral head (Fig. 2). Further, MR arthrography
appears to be superior at detecting Grades III and IV ace-
tabular chondral injuries as compared with Grades I and 11
injuries (18 of 22 [82%] versus 15 of 31 [48%], respec-
tively). Two patients had positive findings on MR
arthrography but neither chondral injuries nor labral tears
were identified at the time of surgery.

MR arthrography is better at ruling in loose bodies, with
a specificity and PPV of 100%, while sensitivity is only
33% (Table 2). The NPV is 88%; however, the reason the
NPV is good is that the prevalence of loose bodies was low
(12/70 cases), as compared with the prevalence of labral
tears or chondral injuries. With such a low incidence, the
high NPV is misleading and does not indicate that MR
arthrography is a good test for ruling out loose bodies. Of
the four loose bodies detected on MR arthrography, two
were in the anterior acetabulum and two were in the fovea.
At the time of hip arthroscopy, two of the loose bodies
were identified in the anterior acetabulum and 10 were in
the fovea. The two anterior loose bodies were identified
correctly, but only two of 10 foveal loose bodies were
identified correctly by MR arthrography.

Discussion

Although arthroscopic hip procedures have become more
common, and so revision arthroscopy is becoming an
increasingly important procedure, there are limited data
regarding diagnostic tools that can help guide the decision
to perform revision hip arthroscopy. There have been
several studies evaluating the findings of MR arthrography
with primary hip arthroscopy [3, 7, 8, 10, 27, 31], but to our
knowledge, no study has evaluated the diagnostic value of
MR arthrography before revision hip arthroscopy. We
therefore obtained sensitivity, specificity, PPV, and NPV of
MR arthrography to detect labral lesions, chondral lesions,
and loose bodies for revision hip arthroscopy.

Our study has some limitations. First, we recognize that
the retrospective design is not as powerful as a prospective

Table 2. Comparison of MR arthrography with intraoperative findings at revision hip arthroscopy

Parameter Labral tear Chondral injury Loose bodies
Sensitivity 49/60 (82%) 32/49 (65%) 4/12 (33%)
Specificity 7/10 (70%) 17/19 (90%) 58/58 (100%)

PPV 49/52 (94%)
NPV 7/18 (39%)

32/34 (94%)
17/34 (50%)

4/4 (100%)
58/66 (88%)

PPV = positive predictive value; NPV = negative predictive value.
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analysis. This prevented us from assessing interrater and
intrarater reliabilities of the four radiologists; however,
although we recognize some variability might exist in each
radiologist’s interpretation of the presence or absence of
labral disruption, chondral injury, or loose bodies, we
believe they are representative of what would be reason-
ably expected in clinical practice. In addition, all MR
arthrography images were reviewed by one of four
fellowship-trained musculoskeletal radiologists at a major
referral center for hip arthroscopy, therefore they were
experienced in performing and interpreting these images to
evaluate for labral tears and chondral injuries. Second, we
did not include a control group, as all patients who received
MR arthrography had persistent pain and underwent a revi-
sion hip arthroscopy. Third, we acknowledge the limitations
associated with using MR arthrography to distinguish new
lesions from old postoperative lesions; however, all patients
presented with persistent pain and mechanical symptoms.
Fourth, as not all the MR arthrography imaging reports
contained detailed descriptions of the findings, we were able
to base our comparisons only on the presence or absence of a
tear, chondral injury or loose body; so it is possible that the
MR arthrography findings were not concordant with the
findings at arthroscopy. This information, along with the

Table 3. Comparison of location of labral tear location*

Labral tear location MR arthrography Scope
Anteromedial 1 33
Anterior 29 25
Anterosuperior 11 2
Superior 1
Posterosuperior 0
Posterior 1
Not specified 0
Total 53 62

* All tears, not just hips, ie, some hips with multiple tears.

Fig. 1A-B (A) An axial oblique
T1-weighted MR arthrography
image shows an anteromedial labral
tear (arrow), (B) confirmed at the
time of arthroscopy (arrow).

findings on MR arthrography, was used to make the decision
to treat with revision arthroscopy.

Our results support the use of MR arthrography before
revision hip arthroscopy, given its relatively high sensi-
tivity and specificity in detecting labral disorders. Previous
studies showed the sensitivity of MR arthrography to range
between 71% to 100% [3, 7, 8, 10, 27, 31] for primary hip
arthroscopy, with our study showing 82% sensitivity in
detecting labral disorders before revision arthroscopy. In
addition, specificity of MR arthrography ranging from 44%
to 100% has been reported [10, 14, 21] for primary hip
arthroscopy, as compared with 70% in our study for revi-
sion arthroscopy. NPV has consistently been low, only
13% in a study by Keeney et al. [13] and 39 % in our study.
A potential reason for the low NPV in our study was likely
attributable to the patient population of the study; ie,
patients with a prolonged course of pain and prior hip
surgery have a higher likelihood of having intraarticular
disorders than the general population, making a true-
negative MR arthrography result less likely. In our patient
sample, a labrum tear was observed for 86% of hips at
revision arthroscopy. Similarly, our PPV for labral tears of
94% is consistent with prior studies that had PPVs ranging
from 93% to 100% [3, 13]. Given the high prevalence of
labral lesions in repeat arthroscopy in our study and in the
study by Heyworth et al. [12], a high PPV would be
expected. The use of MR arthrography to detect labral
lesions may be affected by location of the labral lesion.
Although the majority of tears were located anteriorly
(97%), we found that 53% of these tears were more spe-
cifically located anteromedial, a location that is difficult to
assess with MR arthrography and difficult to access
arthroscopically. We believe that the discrepancy regarding
the anteromedial lesions is that currently MR arthrography
cannot adequately distinguish a postsurgical change from a
new injury (specifically as intraoperatively many of the
labral tears at revision arthroscopy were adjacent to the tear
location seen anteriorly at primary surgery).
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For chondral lesions, MR arthrography is better at ruling
in than in detecting disorders. Keeney et al. [13] reported
sensitivity, specificity, PPV, and NPV of 47%, 89%, 84%,
and 59%, respectively, when evaluating the utility of MR
arthrography for detecting chondral damage before primary
hip arthroscopy. Schmid et al. [25] also evaluated the

Table 4. Comparison of location of femoral head chondral damage*

Location MR arthrography Scope
Anteromedial 2 3
Anterior 6 8
Anterosuperior 2 0
Superior 4 4
Posterosuperior 0 0
Posterior 2 6
Not specified 4 0
Total 20 21

* All chondral injuries, not just hips, ie, some hips with multiple
chondral injuries. Seven MR arthrography images read as having
isolated femoral head defect, ie, no acetabular defect; no hip scopes
with isolated femoral head involvement.

Table 5. Comparison of location of acetabular chondral damage*

Location MR arthrography Scope
Anteromedial 2 8
Anterior 11 33
Anterosuperior 7 10
Superior 10

Posterosuperior

Posterior 3 5
Not specified

Total 36 65

* All chondral injuries, not just hips, ie, some hips with multiple
chondral injuries.

Fig. 2A-B (A) A coronal STIR
MR arthrography image shows a
superior femoral head cartilage
lesion (arrow) with underlying
bone marrow edema (cursor), (B)
correlating with intraoperative
findings of a chondral flap lesion
of the superior femoral head
(arrow) with Grades II to III
wear.

@ Springer

diagnostic effectiveness of MR arthrography to detect
chondral disorders and found some variability between two
interpreting radiologists, with specificities of 79% and
50%, sensitivities of 77% and 84%, PPVs of 73% and 71%,
and NPVs of 83% and 68%. These studies are consistent
with our MR arthrography data, which showed sensitivity,
specificity, PPV, and NPV of 65%, 90%, 94%, and 50%,
respectively, for chondral damage. Keeney et al. [13] also
described the difficulty of MR arthrography in detecting
Grades I and II lesions, in which 22.8% of these injuries
were not identified. In our study, the detection of these
early lesions was even more difficult, with 52% of Grades I
and II lesions missed on MR arthrography. The large
variability in detecting Grades I and II lesions between our
study and that of Keeney et al. is most likely the result of
variability in the size and depth of detected lesions, different
imaging sequences used, and/or different radiologists inter-
preting the reports.

For loose bodies, MR arthrography exhibited 100%
specificity, but poor sensitivity. We know of no previous
study which has examined the diagnostic accuracy of MR
arthrography in detecting loose bodies in the hip. Every
loose body identified as being present on preoperative
imaging was confirmed through arthroscopy; however,
eight loose bodies observed during arthroscopy were
unidentified on MR arthrography.

We found MR arthrography to be useful in assisting in
the diagnosis and treatment of ongoing or recurrent
symptoms in patients who have had hip arthroscopy.
Our data show that MR arthrography is superior at ruling
in, rather than ruling out, labral lesions, cartilage lesions,
and loose bodies before revision hip arthroscopy. Detecting
chondral lesions, specifically early (Grade I) lesions proved
to be most difficult using MR arthrography. Future studies
could include the use of delayed gadolinium-enhanced
MRI of cartilage (AGEMRIC), which measures the bio-
chemical integrity of cartilage by detecting changes in
glycosaminoglycans.
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