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�Introduction

The volume of arthroscopic surgery of the hip has increased 
dramatically over the past decade for multiple hip disorders, 
including labral tears, chondral damage, femoroacetabular 
impingement (FAI), synovial chondromatosis, loose bodies, 
foreign body removal, and crystalline hip arthropathy [1, 2]. 
For primary hip arthroscopies, in the absence of joint arthritic 
changes, patients generally have excellent outcomes with 
return to active lifestyles. Numerous papers have shown 
90–93 % good to excellent results [3–6] with resolution of 
mechanical symptoms and improved modified Harris hip 
scores [7, 8]. Still, there are patients who never fully experi-
ence relief following surgery, or develop recurrent symptoms 
of hip pathology. This may be from a new injury or due to an 
inadequate surgical procedure. Further, studies have shown 
that patients with degenerative arthritis (more specifically 
Grade 3–4 cartilage wear on the Outerbridge classification) 
have significantly worse outcomes than those with isolated 
labral tears and/or only mild chondral pathology [9–11].

Long-term studies have demonstrated the condition of 
articular cartilage to be the most important factor related to 
long-term outcome [4]. Several studies have correlated the 
findings of magnetic resonance arthrography (MRA) with 
primary hip arthroscopy, demonstrating sensitivity of 
71–100 % [12–17] and specificity of 44–100 % [15, 18, 19]. 

Byrd and colleagues demonstrated an improved sensitivity 
of MRA compared to MRI using arthroscopic hip findings as 
the gold standard, improving the rate of false-negative results 
from 42 % with MRI to 8 % with MRA [20]. Further, for 
other orthopedic diagnoses, studies have evaluated the utility 
of MRA compared to surgical findings at revision knee 
arthroscopy (evaluating menisci and chondral damage/
repair) [21–24] and revision shoulder arthroscopy [25, 26] 
(evaluating rotator cuff and labral pathology), but there is 
limited data on the prognostic value of MRA before revision 
hip arthroscopy.

There have been some recent studies that evaluated the 
utility of MRA in the diagnosis and treatment of ongoing or 
recurrent symptoms in patients who have had a prior hip 
arthroscopy. There have also been some recent studies that 
evaluated the use of 3D Cat Scans (CT) and delayed 
gadolinium-enhanced magnetic resonance imaging of carti-
lage (dGEMRIC) scans for an attempt at more precise evalu-
ation of bone and cartilage defects of the hip [27, 28]. This 
chapter will review this data and how it can be used to better 
care for hip arthroscopy patients.

�Data from Imaging Studies

Following a thorough patient history and examination, stan-
dard AP and frog-lateral radiographs should be the initial 
evaluation of any patient who has recurrent or ongoing symp-
toms of hip pain after hip arthroscopy. At times a false profile 
view to assess anterior femoral head coverage can be useful. 
This is taken standing, with the affected hip against the cas-
sette, the ipsilateral foot parallel to the cassette, and the pelvis 
rotated 65° from the plane of the cassette. Ideally, these 
images should be compared to any radiographs taken prior to 
the original hip arthroscopy to assess for any change. If there 
has been a substantial progression of degenerative joint dis-
ease, with narrowing of the joint space, osteophytes, or sub-
chondral cysts, then no further imaging may be necessary. In 
these patients with worsening cartilage wear, it is at times 
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best to manage them with anti-inflammatory medications, 
exercises, activity modification, and injections with a discus-
sion of a future total hip arthroplasty (THA) as an option. 
Further, it is always necessary to evaluate the patient for other 
sources of pain that could be hindering their recovery, such 
as  the knee or spine, or at times an inguinal hernia [29]. 
When  there is no apparent referred source of pain, and no 
obvious change on basic radiographs, then advanced imaging 
is necessary.

As noted earlier, plain MRI can be used for evaluation of 
the painful hip, but studies have shown MRA to increase sen-
sitivity to assess labral and chondral injuries in patients who 
have not had prior hip surgery. An MRI can show basic mus-
cle pathology in patients with suspected extra-articular 
pathology or to assess the bone in those patients where there 
is a concern for avascular necrosis (AVN) of the femoral 
head [30, 31]. If there is more of a clinical concern for intra-
articular pathology, then MRA should be considered.

The standard MRA imaging protocol involves injecting a 
15 cm3 mixture of 0.9 % normal saline, Marcaine 0.5 % with 
epinephrine, and contrast (i.e., Isovue 300 and Prohance) 
into the hip joint space, followed by imaging with a 1.5 T, or 
higher, MR scanner. The following sequences are performed: 
coronal T1, coronal T1 with fat suppression, coronal T2 with 
fat suppression, coronal STIR, sagittal oblique T1 with fat 
suppression, axial proton density with fat suppression, and 
axial oblique T1 with fat suppression.

There are two recent studies that have assessed the utility 
of MRA to evaluate labral injury in patients who have had 
prior hip arthroscopy, and one of these also addressed chon-
dral pathology. The study by Aprato et  al. retrospectively 
reviewed the data on 60 patients who had undergone revision 
hip arthroscopy at a single center [32]. Patients were split 
into two groups: Group 1 was 40 patients who had under-
gone labral debridement or repair at the time of the index 
procedure; Group 2 was 20 patients (who served as the con-

trol) who did not have labral surgery at the time of the index 
procedure. They sought to determine the accuracy of MRA 
to identify labral tears at revision hip arthroscopy in Group 1. 
In regard to identifying labral pathology, they found that the 
sensitivity was only 53 % in Group 1 as compared to 71 % in 
Group 2 and that the specificity was 50 % for Group 1 and 
92 % for Group 2. The positive predictive value (PPV) was 
quite similar in both groups, 81 % and 83 %, respectively. 
However, they found that the negative predictive value 
(NPV) was only 21 % for Group 1 versus 86 % for Group 2 
and that the accuracy was also inferior in Group 1 (53 % as 
compared to 85 % for Group 2). They concluded that MRA 
was not a reliable tool for accurate diagnosis of new or recur-
rent labral tears in patients who have prior labral surgery. 
This was supported by the fact that of 21 patients who had an 
MRA read as a labral tear, 17 of these did truly have a labral 
tear at revision surgery, as compared to the 19 patients who 
had an MRA read as normal labrum, in which only 4 were 
actually intact at the time of surgery. In other words, of the 
32 patients who had labral tears at the revision surgery, 19 
(53 %) were read as normal labrum on MRA (Fig. 25.1).

In a similar study by Glassner and McCarthy, a retrospec-
tive review of 70 revision hip arthroscopies (62 patients) was 
performed to correlate MRA and intraoperative findings in 
regard to labral and chondral pathology at revision surgery 
[33]. The labral tears were identified based on location and 
the cartilage injuries based on location and Outerbridge grade 
[34]. In regard to labral pathology, the comparison of MRA 
and intraoperative findings revealed a sensitivity of 82 %, a 
specificity of 70 %, a PPV of 94 %, and an NPV of 39 %.

This study did show better sensitivity and specificity than 
the study by Aprato et al., but the positive, and more specifi-
cally the negative, predictive values were similar. The simi-
larity in the NPV was demonstrated by 11 patients with an 
MRA interpretation of a normal labrum, who were all found 
to have a labral tear intraoperatively. This low NPV is con-

Fig. 25.1  An axial oblique T1 MRA image showing an anteromedial labral tear (yellow arrow), confirmed at the time of arthroscopy (orange arrow)
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sistent with studies on primary hip arthroscopy, with an NPV 
of only 13 % in a study by Keeney et al. [35], as compared to 
21 and 39 % in the above studies. The reason for the low 
NPV in the studies of patients who had prior surgery may be 
due to the patient population of these studies; i.e. patients 
with a prolonged course of pain and prior hip surgery have a 
higher likelihood of having intra-articular pathology than 
the general population, making a true negative MRA result 
less likely.

In comparing the sensitivities and specificities between 
these two studies, the study by Aprato showed a sensitivity of 
only 53 % versus 82 % in the study by Glassner and a specific-
ity of 50 % versus 70 %. The second study is comparable to 
past studies in evaluating the labrum at primary hip arthros-
copy, which have shown a 71–100 % sensitivity [12–17]. 
Specificity has had a much broader range in prior studies, from 
44 to 100 %, making the data comparable for both studies [15, 
18, 19]. The reason for the difference in sensitivity is unclear, 
but could be related to different experience levels of the inter-
preting radiologists or simply the size and location of the tears, 
as larger tears would be easier to identify than small tears, and 
the size of the tear was not addressed in the studies.

In regard to the location of labral pathology, the second 
study was consistent with findings at primary hip arthros-
copy, with 97 % of tears being located anterior versus 
52–92 % in prior studies of primary hip arthroscopy [12, 15, 
35–38]. Interestingly, they found that 53 % of these tears 
were more specifically anteromedial, a location that is diffi-
cult to assess with MRA and difficult to access arthroscopi-
cally. The authors felt that the discrepancy regarding the 
anteromedial lesions is that currently MRA cannot ade-
quately distinguish a postsurgical change from a new injury. 
This is in agreement with the conclusion made by Aprato, 
but in contrast, largely due to the better sensitivity, the 
authors felt that MRA is a useful tool in the evaluation of 
patients with prior hip surgery.

In the evaluation of MRA to detect chondral pathology, 
they found a sensitivity of 65 %, specificity of 90 %, PPV of 
94 %, and NPV of 50 %. Seventeen patients had an MRA 
read of normal articular cartilage, who in fact had chondral 
damage in at least one location at the time of arthroscopy.

This data is consistent with previous studies for primary 
hip arthroscopy. One of these, by Keeney et  al., demon-
strated the sensitivity, specificity, PPV, and NPV to be 47 %, 
89 %, 84 %, and 59 %, respectively [35]. Another, by Schmid 
et al., found some variability between two interpreting radi-
ologists, with specificities of 79 and 50 %, sensitivities of 77 
and 84 %, PPV of 73 and 71 %, and NPV of 83 and 68 %, but 
overall similar results [39].

The study by Glassner et  al. also found that MRA was 
more accurate in detection of chondral damage of the femo-
ral head (20/21) and then in detection of acetabular chondral 
damage (36/65). Further, MRA was superior at detecting 

Grade III and IV acetabular chondral injuries (18/22) as 
compared to Grade I and II injuries (15/31, i.e., 52 % of these 
early lesions were not identified). The prior mentioned study 
by Keeney, on primary hip arthroscopies, also demonstrated 
the difficulty of MRA at detecting Grade I and II lesions, in 
which 22.8 % of these injuries were not identified.

In respect to the location of chondral injuries, they found 
that 78 % of acetabular chondral injuries were found in the 
anterior acetabulum at the time of surgery. This was similar 
to a prior study by McCarthy et  al. of 457 primary hip 
arthroscopies, which showed chondral injuries in the anterior 
acetabulum in 59 % of the cases [40]. The authors concluded 
that there was utility for MRA before revision hip arthros-
copy in regard to cartilage lesions, but with the abovemen-
tioned limitations.

These limitations have led other researchers to search for 
a superior imaging study for evaluating cartilage injuries. In 
one such study with a goal of improving the detection of 
cartilage lesions, the researchers added a cartilage-sensitive 
three-dimensional spoiled gradient-recalled echo (SPGR) 
sequence with iterative decomposition of water and fat with 
echo asymmetry and least-squares estimation (IDEAL) fat-
water separation to the hip MR arthrography studies [41]. 
The study included 67 patients who underwent standard 
MRA followed by MRA with the additional IDEAL-SPGR 
sequence and subsequently had hip arthroscopy. They found 
that the IDEAL-SPGR had a similar sensitivity to traditional 
MRA, 74 % versus 70 %, but a lower specificity, 77 % versus 
84 %. Importantly, the IDEAL-SPGR was more accurate at 
grading cartilage lesions, leading them to conclude that it 
could be a useful adjunct to traditional MRA.  This could 
prove to be of benefit for patients who have had a prior hip 
arthroscopy, due to the limitations in identifying cartilage 
injuries previously mentioned.

Future studies, for more accurate detection of early chon-
dral damage, could also include the use of dGEMRIC scans 
(which measure the biochemical integrity of cartilage by 
detecting changes in glycosaminoglycans). Recent studies 
have shown that a mean dGEMRIC index in morphologically 
normal hips is 570 ± 90 ms and that levels less than this cor-
related with pain in the hip [28]. There is also data on dGEM-
RIC scans in patients with hip dysplasia and pre-radiographic 
osteoarthritis that found that age (>30) and presence of a 
labral tear were independent risk factors for developing osteo-
arthritis, as these patients had significantly lower dGEMRIC 
index [42]. For patients who have had a prior hip arthroscopy, 
and have ongoing pain, but have had an MRA that did not 
detect a cartilage lesion, dGEMRIC scans may prove to be 
useful in identifying early cartilage lesions (Fig. 25.2).

Interest in improved imaging studies can be expected, as 
the number of clinical studies focusing on reasons for failure 
of hip arthroscopy is increasing. Separate studies by 
Heyworth, Philippon, and Aprato all focused on the reasons 
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for revision, citing labral lesions and FAI that were not 
addressed, or inadequately addressed, at the initial surgery 
[43–45]. Recurrent symptoms from FAI ranged from 31 to 
95 %, and recurrent symptoms from a persistent, or possibly 
new, labral tear were found in up to 92 % of cases. While the 
majority of patients in these studies had preoperative MRA 
or MRI, the authors did not specifically evaluate the accuracy 
of the imaging studies in these revision operations.

�Conclusion

The evaluation of patients who have had a prior hip 
arthroscopy should start with a thorough clinical assess-
ment, to determine if imaging of the hip is the next appro-
priate step. If so, one should begin with plain radiographs 
and progress to advanced imaging, such as MRA for fur-
ther evaluation of the cartilage and labrum. The data on 
MRA of these patients is preliminary, but does show 
promise. Studies thus far have shown that MRA is supe-
rior at ruling in, rather than ruling out, a diagnosis, with 
PPV up to 94 % for labral and chondral pathology and an 
NPV of 21–39 % for labral tears, and 50 % for chondral 
damage. More conclusive data with larger sample sizes 
should become available as the number of primary and 
revision hip arthroscopies continue to increase. This, 
combined with innovative imaging techniques, should 
lead to a clearer understanding of the underlying pathol-
ogy and aid surgeons in the diagnosis and treatment of 
these challenging and complex patients.
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