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Magnetic Resonance Arthrogram Improves
Visualization of Hip Capsular Defects in Patients

Undergoing Previous Hip Arthroscopy

Kelly M. Tomasevich, B.A., Megan K. Mills, M.D., Hailey Allen, M.D.,

Amanda M. Crawford, M.D., Alexander J. Mortensen, M.D., Angela P. Presson, Ph.D,
Chong Zhang, M.S., and Stephen K. Aoki, M.D.
Purpose: To compare magnetic resonance imaging (MRI) with magnetic resonance arthrogram (MRA) in the identifi-
cation of hip capsular defects in patients who previously underwent hip arthroscopy. Methods: Patients who underwent
revision hip arthroscopy for capsular insufficiency by a single surgeon between March 2014 and December 2019 were
identified by Current Procedural Terminology code. Patients with arthroscopically confirmed capsular defects treated
surgically who underwent both MRI and MRA between their primary and revision surgeries were identified. Imaging
studies were blinded, randomized, and distributed to two fellowship-trained musculoskeletal radiologists. Radiologists
evaluated 14 components of different anatomic structures, including the presence of capsular defect and defect grading,
over 2 months, with a 2-week washout period between 4 sets of reads to obtain 2 complete reads from each radiologist.
Data were analyzed in R version 4.0.2. Results: Two hundred thirty patients underwent revision hip arthroscopy be-
tween March 2014 and December 2019. Twelve patients had both an MRI and an MRA of the operated hip performed
between their primary and revision surgeries. Time between primary and revision hip arthroscopy was 2.0 � 1.5 years (R:
.3-6.3). Time between MRI and MRA was .6 � .6 years (R: .0-1.6). Sensitivity for detecting hip capsular defects was
significantly higher for MRA than for MRI (87.5%, 95% CI: [68,96] vs 50%, 95% CI: [31,69], respectively; P ¼ .008).
Conclusions: This retrospective review demonstrates that MRA has higher sensitivity than MRI in detecting surgically
confirmed capsular defects. MRA may be more helpful in identifying capsular defects in patients presenting with hip
instability symptoms who have had a previous hip arthroscopy. Level of Evidence: Level IV, diagnostic case series.
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Introduction
ip instability as a cause of persistent pain and
Hdisability following hip arthroscopy is a subject of

current controversy and interest. During hip arthros-
copy, a capsulotomy is frequently performed to facili-
tate access to the hip joint. Various techniques have
been described, including periportal, interportal, and T-
type capsulotomies. Among hip arthroscopists, there is
continued discussion regarding capsular management
and the utility of routine capsular repair. Numerous
capsular repair techniques have been described, and
both cadaveric and clinical biomechanical studies
demonstrate that capsular repair restores normal
biomechanical capsular function.1e11

In patients who previously underwent hip arthros-
copy, symptoms of postsurgical capsular instability,
such as pain with activities of daily living and exercise,
must be differentiated from other hip pathologies.2

Concurrent pathologies may include primary or resid-
ual femoroacetabular impingement (FAI), chondrola-
bral pathology, adhesions, and acetabular dysplasia.
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Fig 1. Arthroscopic image of a right hip from the anterolateral
portal, superior view demonstrating a 2.5 � 2 cm capsular
defect. CA, acetabular-sided capsule; CF, femoral-sided
capsule; FH, femoral head.
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The patient’s history, physical examination findings,
and studies should be used to help make a diagnosis.2

Imaging evaluation of postsurgical capsular changes
has been previously studied. One study comparing
primary hip arthroscopy patients with repaired versus
unrepaired capsulotomy demonstrated no significant
difference in capsular appearance at 24 weeks post-
operatively on magnetic resonance imaging (MRI).12

Another study demonstrated no significant difference
in the number of capsular defects among asymptomatic
Table 1. Evaluated Components of MRI and MRA

Anatomy Evaluated Co

Labrum Tear Presenc
Tear Location

Acetabular cartilage Severity
Delamination
Subchondral
Subchondral

Femoral cartilage Severity
Delamination
Subchondral
Subchondral

Hip capsule Defect presen
Grade*

Osteoplasty Completion
Intraarticular adhesions Presence

MRA, magnetic resonance arthrogram; MRI, magnetic resonance imagi
*As described by O’Neill et al.2
versus symptomatic patients 1 year following primary
hip arthroscopy, suggesting that imaging should be
used to confirm clinical diagnoses. Still, another study
demonstrated that all patients undergoing revision hip
arthroscopy had capsular irregularities on magnetic
resonance arthrogram (MRA).13

The purpose of this study was to compare MRI with
MRA in the identification of hip capsular defects in
patients who previously underwent hip arthroscopy.
We hypothesized that MRA would be more sensitive
than MRI for this purpose.
Methods

Cohort Selection
Following Institutional Review Board approval (IRB

approval no. 55341), patients who underwent revision
hip arthroscopy by a single surgeon (S.K.A.) between
March 2014 and December 2019 were identified by
Current Procedural Terminology (CPT) codes. Inclusion
criteria were patients who underwent revision hip
arthroscopy with a clinical diagnosis of hip instability,
had an arthroscopically confirmed capsular defect, un-
derwent surgical treatment for the capsular defect, and
had both an MRI and MRA of the symptomatic hip
obtained between the primary and revision surgeries.
Presence of capsular defects was confirmed via opera-
tive note and arthroscopic imaging review for each
patient (Fig 1). Electronic medical record review was
performed to identify patients who had undergone both
MRI and MRA of the operated hip after primary hip
arthroscopy, but prior to revision hip arthroscopy. Once
patients were identified, electronic medical record
mponent Response Options

e Yes/No
Anterosuperior
Posterosuperior
Posteroinferior
Normal/Partial/Full
Yes/No

Edema Yes/No
Cyst Yes/No

Normal/Partial/Full
Yes/No

Edema Yes/No
Cyst Yes/No
ce Yes/No

Normal - 0
Redundancy -1
Focal Rent - 2
Gross extravasation - 3
Yes/No
Yes/No

ng.



Fig 2. Capsular grading in T1 axial oblique magnetic resonance arthrographic studies of four right hips as described by O’Neill et al.2

(A) Grade 0: normal capsular anatomy and volume. (B) Grade 1: intact continuous anterior capsule with increased capsular volume
and redundancy. (C) Grade 2: focal capsular rent with increased contrast signal anteriorly indicating high capsular volume and a
focal defect in the capsule. (D) Grade 3: highly irregular capsular contour and gross fluid extravasation.
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review was performed to collect demographic
information.

MR Evaluation
All MRIs and MRAs were randomized and anony-

mized into four groups in PACS IntelliSpace (Philips,
Amsterdam, Netherlands). Each group contained both
MRIs and MRAs, but no group contained both scans
from the same patient. Reads of the first two groups and
the second two groups provided two complete sets of
reads to facilitate analysis of intra-rater reliability. Two
fellowship-trained musculoskeletal radiologists (H.A.,
A.M.C.) were recruited as readers to facilitate analysis
of inter-rater reliability. Reads of each group of scans
were 2 weeks apart, to allow for a washout period.
Readers were instructed to analyze 14 different

components that are typically evaluated in a post-
operative hip MRI and were blinded from the primary



Fig 3. Capsular thickness measurements used in the calculation of intraclass correlation coefficients, similar to the methods used
by Strickland et al.12 Capsular thickness was measured proximally at the level of the labrum (solid line); distally through the
thickness of the zona orbicularis (dashed line), and at the midpoint between the proximal and distal measurements (double line).
(A) Capsular thickness as measured on MRI in a left hip. (B) Capsular thickness as measured on MRA in a left hip.
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purpose of the study. Evaluation of multiple hip struc-
tures prevented readers from solely focusing on the
capsule (Table 1). For each of these components,
readers were asked to rate their diagnosis confidence on
a scale of 1-4, with 1 being “not confident” and 4 being
“very confident”. Capsular defects were graded using
the scale described by O’Neill et al. (Fig 2).2 The pres-
ence of a capsular defect was then defined as a capsular
grade greater than 0 and rated on a yes/no basis.

Statistical Analysis
An a priori power analysis demonstrated that with 12

samples, there is 80% power to detect a 52% absolute
decrease from 90% sensitivity using MRA and 38%
sensitivity using MRI using a two-tailed paired t-test
with a .05 significance level. Data were analyzed using
R version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria). Times between primary
and revision hip arthroscopy and between MRI and
MRA were summarized as means � SD and range (R).
Sensitivities at detecting capsular defects were
compared between MRI and MRA using a generalized
estimating equation logistic regression. Sensitivity for
detecting hip capsular defects using MRA vs. MRI were
reported for each rater separately with 95% exact
binomial confidence intervals (CIs). A generalized
estimating equation (GEE) logistic regression model
assumes an “exchangeable” correlation structure within
subjects was used to compare sensitivity between MRA
and MRI, adjusting for rater. From the same model, the
average sensitivity of the two raters was estimated for
each method (MRA and MRI) with 95% CIs. The
average confidence of the two raters in the assessment
of each of the 14 components was compared between
MRA and MRI, using GEE linear models with 95% CIs.
An intraclass correlation coefficient (ICC) with a 95%

confidence interval was calculated to determine inter-
rater reliability between the two sets of measure-
ments. Similar to the methodology used by Strickland
et al.,12 measurements consisted of proximal, middle,
and distal capsular thickness performed on midcoronal
T2 or proton density fat-saturated images; ICCs were
reported as point estimates. Capsular thickness was
defined proximally at the level of the labrum and
distally through the thickness of the zona orbicularis,
with middle defined as the capsular thickness at the
midway point between the proximal and distal mea-
surements (Fig 3). An ICC value greater than .9 was
considered excellent, .75-.9 was considered good, .5-.75
was considered moderate, and less than .5 was
considered poor.14

Results

Cohort
Two hundred thirty patients who underwent revision

hip arthroscopy between March 2014 and December
2019 were identified. Review of these 230 patients



Table 2. Patient Demographics

Variable n ¼ 12

Age at revision surgery, years 30.3 (9.6)
Range 17.7, 48.0

Sex, n (%)
Female 10 (83%)
Male 2 (17%)

Time between index and revision surgeries, years 2.0 (1.5)
Range .3, 6.3

Time between MRI and MRA, years .6 (.6)
Range .0, 1.6

Variables are reported as means (SD) unless otherwise specified.
MRA, magnetic resonance arthrogram; MRI, magnetic resonance
imaging.
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identified 12 patients who met inclusion criteria with
arthroscopically confirmed capsular defects that had
both a dedicated hip MRI and an MRA between the
Fig 4. Comparison of MRI and MRA of the left hip in a 34-ye
differences in capsular appearance. MRI (A) and MRA coronal T2
(D).
primary and revision surgeries. Demographics of pa-
tients who met inclusion criteria are detailed in Table 2.
There were 10 females (83%) and 2 males (17%). Age
at the time of revision hip arthroscopy was 30.3 � 9.6
years. Time between primary and revision hip
arthroscopy was 2.0 � 1.5 years. Time between initial
surgery and MRI was 1.4 � 1.7 years. Time between
initial surgery and MRA was 1.8 � 1.6 years. Time
between MRI and MRA was .6 � .6 years.

MR Evaluation
Sensitivity (rater average) for detecting hip capsular

defects was higher for MRA than for MRI (87.5%, 95%
CI: [68,96] vs 50%, 95% CI: [31,69], respectively; P ¼
.008). MR appearance of capsular defects was modality
dependent (Fig 4). Confidence ratings for both MRI and
MRA for identification of capsular defects averaged 2.8
on a scale of 1-4, with 4 being the most confident. The
ar-old female, demonstrating modality-dependent visualized
sequences (B); MRI (C), and MRA oblique axial T2 sequences
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differences between these ratings were not significant
(P ¼ .76).

Reliability Analysis
ICCs for proximal and middle capsular thickness on

MRI were .75 and .79, falling into the range of good.
ICCs for distal capsular thickness on MRI and proximal,
middle, and distal capsular thickness on MRA were .60,
.66, .67, and .60, which fell into the moderate range.

Discussion
MRA resulted in significantly higher sensitivity than

MRI in the identification of capsular defects. The ICCs
suggest that MRI and MRA are moderately reliable
ways to evaluate the hip capsule thickness in the setting
of a previous hip arthroscopy. However, musculoskel-
etal radiologists did not report significant confidence
differences in identifying capsular defects. Overall, our
findings suggest MRA may be more appropriate than
MRI in postoperative patients where capsular insuffi-
ciency and hip instability may be suspected. These
findings are significant given evolving options for sur-
gical management in the hip instability patient
population.15e18

Many studies examined the utility of MRA in the
diagnosis of intra-articular hip lesions.19e30 Several of
these studies simultaneously evaluated the use of MRI
in the diagnosis of intra-articular hip lesions and pro-
vided comparisons between the two.22,28,29,31 Byrd and
Jones found in their study of 40 patients that MRA had
higher sensitivity for the detection of labral tears and
that sensitivity and specificity trended higher for MRA
than MRI for the evaluation of labral tears, chondral
damage, and ligamentum teres rupture, although these
differences were not significant.22 Tian et al. evaluated
the diagnostic performance of MRI and MRA in the
diagnosis of acetabular labral tears in 34 patients and
found that MRA was superior to MRI at 3-T.28 Magee
et al. studied 3-T MRI versus 3-T MRA in the diagnosis
of acetabular labral tears and chondral defects and
concluded that sensitivity was comparable for MRI
versus MRA in the detection of acetabular labral tears,
but that MRA had higher sensitivity for the detection of
acetabular chondral defects.29 Crespo Rodríguez et al.
evaluated 3-T MRI versus 1.5-T MRA in the assessment
of labral and articular cartilage lesions in patients with
clinical suspicion of FAI and found similar diagnostic
utility between the two studies.31 Overall, prior
research has established MRA as being of equal or
greater utility than MRI in the evaluation of intra-
articular hip lesions.
Fewer studies have evaluated hip capsular imaging.

Lurie et al. stated that MRI is the imaging modality of
choice in the preoperative and postoperative assess-
ments of patients undergoing hip arthroscopy, with
specific focus on the labrum, capsule, and synovium.32
Most relevant to the current study, Strickland et al.
performed a randomized controlled trial of 15 patients
who underwent bilateral hip arthroscopy with one hip
undergoing capsular repair and the other no capsular
repair. MRI was performed at 6 and 24 weeks post-
operatively and was analyzed by two musculoskeletal
radiologists. They found that at 6 weeks post-
operatively, there were more continuous, healed cap-
sules in hips that underwent capsular repair, although
at 24 weeks postoperatively, all discontinuous capsules
at 6 weeks had demonstrated progression to healing.12

Kraeutler et al. continued this research in a multicenter
randomized controlled trial and again demonstrated
that repaired capsules healed at higher rates at 6 weeks
postoperatively, although at 24 weeks postoperatively,
this difference was normalized between the unrepaired
and repaired groups. They concluded that capsular
repair of small- to moderate-sized capsulotomy did not
provide radiographic advantage following hip arthros-
copy for FAI.33 Weber et al. evaluated 39 patients who
underwent postoperative MRI following hip arthros-
copy for FAI with routine capsular closure, and they
found that 92.5% of repaired capsules remained closed
at 1 year of follow-up.34 These studies suggest that
capsular repair does not significantly impact capsular
closure, as evaluated on a standard MRI.
Studies evaluating the hip capsule using MRA

demonstrate more abnormal findings compared with
studies using MRI. McCormick et al. evaluated 9 pa-
tients who underwent MRA following revision hip
arthroscopy and found that all patients had postsurgical
capsular irregularities, and 7 had capsular and iliofe-
moral defects.13 In symptomatic patients, O’Neill et al.
characterized clinical and radiographic findings of
capsular instability and devised a capsular grading sys-
tem using MRA,2 as previously described and used in
the present study. Magerkurth et al. demonstrated that
hip joint laxity is associated with distinct findings on
MR arthrography, including widening of the anterior
hip joint recess and thinning of the adjacent joint
capsule lateral to the zona orbicularis.35 Kim et al.
evaluated imaging abnormalities in 17 asymptomatic
and 17 symptomatic patients who underwent 1.5-T MR
arthrography of the hip 1 year after undergoing
arthroscopy for FAI, and counterintuitively found that
capsular defects were more common in asymptomatic
patients (77% vs 53%). These MRA studies demon-
strate significantly more capsular defects and variations
compared with the aforementioned MRI studies.
In this study, the fellowship-trained musculoskeletal

radiologists were more accurate in the identification of
capsular defects using MRA, although they rated their
confidence similarly between the two modalities.
Several aforementioned MRI-based capsular imaging
studies demonstrated adequate capsular healing with
and without capsular repair following primary hip
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arthroscopy.12,33,34 The noncongruence between diag-
nostic accuracy and confidence for MRI demonstrated
in the present study highlights that MRI is considered
by musculoskeletal radiologists to be a reliable imaging
modality for the detection of capsular defects, despite its
apparent shortcomings in capsular visualization.
In the current study, the use of MRA resulted in

significantly increased sensitivity for the detection of
hip capsular defects compared with MRI. These findings
suggest that apparent capsular healing as visualized on
MRI may not be an adequate imaging study for the
visualization of all capsular defects and that MRA may
be more appropriate than MRI for patients presenting
with symptoms of iatrogenic hip instability to evaluate
for capsular defects. In suspected postarthroscopy hip
instability, clinical history and presentation are often
sufficient for diagnosis. To confirm the presence of
capsular defects and evaluate for other causes of post-
arthroscopy hip pain, the authors of the present study
recommend the use of MRA over MRI prior to revision
hip arthroscopy.

Limitations
There are several limitations to this study. First, this

study only evaluated patients with known capsular
defects, preventing the calculation of specificity for both
MRI and MRA. Second, because this study was per-
formed retrospectively, patients did not have both MRI
and MRA performed on the same date, and patients
may have developed a capsular defect in between their
studies. However, 11 of 12 patients underwent MRI
prior to their MRA, and all patients had a similar pre-
sentation consistent with postarthroscopic hip insta-
bility. Future research should compare capsular defect
identification using MRI, MRA, and intraoperative
visualization within a restricted timeframe. Third, the
sample size in this study is limited to 12 due to the strict
inclusion criteria. In order to evaluate the ability to
visualize a capsular defect on MR imaging, the study
inclusion criteria needed to focus on patients that had
both an MRI and an MRA following the primary sur-
gery, along with an arthroscopic confirmed capsular
defect on the revision surgery. Because of the small
sample size, inter-rater reliability as assessed by ICCs
was moderate to good. Still, a statistically significant
difference in sensitivity of detection of capsular defects
between MRI and MRA was observed. Fourth, the
limited number of patients undergoing revision hip
arthroscopy who underwent both MRI and MRA
compared with the number of patients who only un-
derwent one or zero advanced imaging modalities could
introduce bias. Finally, while most patients underwent
imaging studies at the authors’ institution, some imag-
ing was obtained from outside hospitals. MRI machines
and obtained image sequences were, therefore, not
standardized among all patients.
Conclusions
This retrospective review demonstrates that MRA has

higher sensitivity than MRI in detecting surgically
confirmed capsular defects. MRA may be more helpful
in identifying capsular defects in patients presenting
with hip instability symptoms, who have had a previous
hip arthroscopy.
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