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Abstract

Purpose To compare the diagnostic performance of multi-
detector CT arthrography (CTA) and 1.5-T MR arthrography
(MRA) in detecting hyaline cartilage lesions of the shoulder,
with arthroscopic correlation.

Patients and methods CTA and MRA prospectively obtained
in 56 consecutive patients following the same arthrographic
procedure were independently evaluated for glenohumeral car-
tilage lesions (modified Outerbridge grade >2 and grade 4) by
two musculoskeletal radiologists. The cartilage surface was
divided in 18 anatomical areas. Arthroscopy was taken as the
reference standard. Diagnostic performance of CTA and MRA
was compared using ROC analysis. Interobserver and
intraobserver agreement was determined by  statistics.
Results Sensitivity and specificity of CTA varied from 46.4 to
82.4 % and from 89.0 to 95.9 % respectively; sensitivity and
specificity of MRA varied from 31.9 to 66.2 % and from 91.1 to
97.5 % respectively. Diagnostic performance of CTA was sta-
tistically significantly better than MRA for both readers (all p<
0.04). Interobserver agreement for the evaluation of cartilage
lesions was substantial with CTA (x=0.63) and moderate with
MRA (k=0.54). Intraobserver agreement was almost perfect
with both CTA (k=0.94-0.95) and MRA (x=0.83-0.87).
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Conclusion The diagnostic performance of CTA and MRA

for the detection of glenohumeral cartilage lesions is moder-

ate, although statistically significantly better with CTA.

Key points

* CTA has moderate diagnostic performance for detecting
glenohumeral cartilage substance loss.

* MRA has moderate diagnostic performance for detecting
glenohumeral cartilage substance loss.

* CTA is more accurate than MRA for detecting cartilage
substance loss.
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Introduction

Over the past few years, glenohumeral cartilage has raised
interest in the radiology as well as the orthopaedic commu-
nities owing to the widespread use of imaging and arthros-
copy, which have shown that cartilage lesions are more
common in the shoulder than previously thought [1, 2].
As an example, cartilage lesions are reported to be present
in 29 % of patients with subacromial impingement syn-
drome, with some arthroscopic series presenting cartilage
lesions in more than 45 % of cases [2—4]. The presence of
cartilage lesions may impact the management and progno-
sis of shoulder pathology [1, 3]. While treatment options for
both focal and diffuse cartilage lesions are developed, the
optimal imaging technique, which will allow not only di-
agnosis of these lesions but also help evaluate their impli-
cations on patient management and the efficacy of thera-
peutics, still needs to be defined [1].

Compared to magnetic resonance imaging (MRI) of other
joints such as the knee, MRI of the glenohumeral cartilage is
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challenging. This is in part because of the relative thinness of
glenohumeral cartilage, but also because of the configuration
of the shoulder, away from the isocentre of most magnets and
from the coils [5—7]. As a consequence, the diagnostic perfor-
mance of MRI in the diagnosis of glenohumeral cartilage
lesions is only moderate [4, 8].

Compared to MRI, magnetic resonance arthrography
(MRA) and computed tomography arthrography (CTA) may
have the potential to improve the visualization of cartilage
lesions. Both benefit from the intra-articular injection of con-
trast material, while CTA has the advantage of a high spatial
resolution as well as a high contrast between the hypodense
cartilage and hyperdense surrounding bone and contrast
material [9, 10].

Both MRA and CTA have proven to be valuable diagnostic
tools for the evaluation of internal derangement of the shoul-
der, particularly in the preoperative setting [11-16]. Their
accuracy has been previously compared in the same patients
for the assessment of rotator cuff tears and shoulder instability
lesions, with the diagnostic performance of CTA being similar
or better compared to MRA [11, 17].

The purpose of this work was to compare the diagnostic
performance of CTA and MRA in assessing the entire
glenohumeral cartilage, by prospectively acquiring examina-
tions with the two techniques in the same series of patients,
with arthroscopic findings taken as a reference.

Materials and methods
Patient population

This study was approved by our institutional ethical com-
mittee and informed consent was obtained from all pa-
tients. Over a 6-month period, one orthopaedic surgeon
prospectively included all consecutive patients who pre-
sented with chronic shoulder pain or shoulder instability
requiring an arthroscopic treatment, based on clinical and
imaging findings. Radiograph, ultrasound and/or conven-
tional MRI had been obtained in all patients. The exclusion
criteria were the presence of severe shoulder osteoarthritis
(Kellgren—Lawrence 3 or 4) or history of previous shoulder
surgery.

Fifty-six consecutive patients (mean age+standard devia-
tion, 46+15 years; range, 1671 years; 32 men) were prospec-
tively enrolled. The final diagnoses, based on the analysis of
arthroscopic as well as imaging findings, were rotator cuff
tendon tears in 59 % of patients (n=33), rotator cuff tendinosis
in 18 % of patients (n=10), rotator cuff calcifications in 14 %
of patients (n=8) and labroligamentous instability lesions in
29 % of patients (n=16) (more than one diagnosis per patient
was possible).
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CTA/MRA

At our institution, preoperative CTA is routinely performed
for patients who necessitate therapeutic shoulder arthroscopy
to plan the procedure. For the purpose of this study, MRA was
performed in addition to CTA in all patients, following a
single intra-articular injection of a mixture of iodine and
gadolinium-based contrast material. The average delay
between CTA and MRA examinations was 20 min.

The same radiologist performed all procedures. Following
local anaesthesia, 15 mL of a mixture of 5 mL of ionic contrast
material (meglumine ioxaglate and sodium ioxaglate,
Hexabrix 320, Guerbet, Aulnay-sous-bois, France) and
20 mL of diluted gadopentetate dimeglumine (Artirem,
Guerbet) (final concentration of 2.0 mmol/L) was injected
into the glenohumeral joint under fluoroscopic guidance,
using an anterior approach [3, 11]. After the injection proce-
dure, gentle passive mobilization of the shoulder was per-
formed to allow good diffusion of the contrast material in
the joint cavity.

Patient position was the same for both imaging modalities:
supine, head first, arm along the body, with the shoulder in
neutral position.

Spiral CT was performed immediately after joint
opacification on a 16-detector helical CT (MX 8000 IDT,
Philips Medical Systems, Best, the Netherlands). Following
a frontal projection scout image, a 10- to 15-s acquisition was
performed to image the volume from the top of the acromio-
clavicular joint to the lower margin of the axillary recess of the
glenohumeral joint. Acquisition parameters were 120 kV and
350 mAs, focal spot size, 0.8x1.2 mm; collimation beam,
12 mm; FOV, 15-20 cm; effective pitch, 0.3; effective thick-
ness, about 0.8 mm; 512x512 matrix. Images were recon-
structed using a 3D Cone Beam back projection algorithm, a
high frequency kernel, an increment of 0.4 mm (50 % section
overlap) and a zoom factor of 1.2.

Immediately following the CT examination, MRA was
performed on a 1.5-T magnet (Gyroscan Intera; Philips Med-
ical Systems), using a dedicated shoulder coil.

The imaging planes were as follows: transverse, coronal
oblique and sagittal oblique (parallel to the glenoid) planes.
Fat-suppressed T1- (TR/TE, 500/13 ms; 3 NSA; matrix,
256%x256 (384x512 coronal); acquisition times, 3°25” in
the sagittal plane, 3’31 in the coronal plane and 2°53” in
the transverse plane); proton density (PD) (TR/TE, 2,350—
2,450/20-25 ms; 3 NSA; ETL6 (coronal), ETL4 (axial);
matrix, 256 %256; acquisition times: 2°26” in the coronal
plane and 3°43” in the transverse plane) and T2-weighted
images (TR/TE, 2,650/90 ms; ETL 6; matrix, 256%256;
acquisition time, 3’10 in the sagittal oblique plane) were
obtained. Slice thickness was 3 mm with 0.3-mm gaps; the
FOV was 160x126 mm. Total MR examination time
ranged from 15 to 20 min.
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Arthroscopy

Arthroscopy, considered as our reference standard, was per-
formed at our institution by the same fellowship-trained or-
thopaedic surgeon (with 15 years of experience in shoulder
arthroscopy), within 1 month after the preoperative imaging.

The articular cartilage was graded according to a modified
Outerbridge and Noyes classification system, mainly based on
the depth of substance loss [10, 18, 19]. The grading of
cartilage lesions was performed in nine anatomic areas for both
the humeral head and glenoid cavity, and reported in diagrams
on which each articular surface was visually divided into three
thirds in both cranio-caudal and anteroposterior directions
(Fig. 1). For this study, we considered as abnormal all areas
with chondral tissue loss (grade>2). We also considered
separately full-thickness cartilage defects (grade 4).

Other associated lesions, i.e. tears of the rotator cuff,
capsulo-labral or other joint disorders were diagnosed and
treated during the same arthroscopic procedure.

Image analysis

All CTA and MRA studies were prospectively stored on our
institution’s PACS, on which the image analysis was
performed.

CTA and MRA were analysed independently by two
fellowship-trained radiologists (10 and 4 years of experience
in musculoskeletal radiology), both unaware of findings at
arthroscopy or any other imaging examination. MRA and
CTA examinations were reviewed in a random order, blinded
to the patient identification. One observer repeated the read-
ings after a 3-month period to assess the intraobserver
agreement.

For MRA, all sequences were used for the analysis. For
CTA, coronal oblique, sagittal oblique and axial multiplanar
reformats (MPR) were used, with a 0.8-mm section thickness,

Fig. 1 Schematic view of the delimitation of nine anatomic regions in
each humeral head (right) and glenoid (lefi) cartilage surface. These
surfaces are divided into three virtual thirds in both cranio-caudal and
anteroposterior directions. These diagrams were used for cartilage grades
with arthroscopy as well as CTA and MRA. Numbers in parentheses
correspond to number of cartilage lesions (grade>2) in each subarea
diagnosed by arthroscopy

and bone windowing presets (window width, 1,900 HU;
window level, 450 HU).

The cartilage surface was divided into nine anatomical
areas in the same fashion as for arthroscopy (Fig. 1). The
cartilage in each area was graded as follows: “normal” when
no clear penetration of contrast material was observed
(Outerbridge grade <1), “abnormal” when there was penetra-
tion of contrast material into the cartilage (Outerbridge
grade >2) (Figs. 2, 3, 4 and 5).

Statistical analysis

Sensitivity and specificity of CTA and MRA for the detection
of cartilage lesions were calculated for each imaging tech-
nique. The diagnostic performance was successively evaluat-
ed when considering all areas with abnormal cartilage
(grade>2), and for each glenoidal and humeral cartilage area
separately. The analysis was repeated with grade 4 lesions
only. The diagnostic performances were compared using
pairwise comparisons of ROC curves [20-22]. A significance
level of p=0.05 was considered for all tests.

Inter- and intraobserver agreement for all grades was
assessed by k statistics. As suggested by Landis and Koch,
k values were considered to represent poor agreement when
less than 0; slight agreement between 0 and 0.2; fair agree-
ment between 0.21 and 0.40; moderate agreement between
0.41 and 0.60; substantial agreement between 0.61 and
0.80; and almost perfect agreement between 0.81 and 1.0
[23].

Results
Arthroscopy

In total, 57 % (n=32) of patients had at least one grade>2
lesions in the shoulder, 50 % (#=28) at least one grade>2
lesions on the glenoid and 45 % (n=25) at least one grade>2
lesions in the humeral head.

A total of 1,008 articular areas (504 humeral and 504
glenoidal areas) were graded in 56 patients. Thus, 65 %
(n=656) of surface areas (from 51 shoulders) were intact
(grade 0); 21 % (n=215) (from 36 shoulders) were categorized
as grade 1, 5 % (n=51) (from 24 shoulders) as grade 2, 3 %
(n=31) (from 20 shoulders) as grade 3 and 5 % (n=55) (from
17 shoulders) as grade 4.

Three patients (all with shoulder instability) underwent
specific treatment of cartilage lesions (two debridements and
one microfracture) in addition to the arthroscopic treatment of
the underlying conditions.
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Fig. 2 Fifty-one-year-old man
with grade 2 cartilage lesion at
anterior aspect of glenoid
(arrows) at arthroscopy, correctly
diagnosed by both readers at CTA
(a) and MRA (b). a CTA with
axial reformats. b MRA with fat-
suppressed T1-weighted SE
sequence

Diagnostic performance of CTA and MRA for the evaluation
of cartilage lesions

Detailed sensitivities, specificities and accuracies of CTA
and MRA in detecting cartilage lesions are reported in
Table 1 (grade>2) and Table 2 (grade 4) and illustrated in
Fig. 6.

When considering all cartilage lesions with substance loss
(grade>2), sensitivity and specificity of CTA varied from 46.4
to 82.4 % and from 89.0 to 95.9 % respectively; sensitivity
and specificity of MRA varied from 31.9 to 66.2 % and from
91.1 to 97.5 % respectively.

Diagnostic performance of CTA was statistically signifi-
cantly better than MRA for both readers, and both glenoidal
and humeral areas (p<0.04).

When comparing the diagnostic performance between car-
tilage surfaces (humeral head vs. glenoid), both CTA and
MRA performed statistically significantly better for the
glenoid cartilage than the humeral head for reader 2
(»<0.02). For reader 1, the diagnostic performance was better
for the glenoid cartilage than the humeral head for both
techniques, but statistical significance was not reached
(»p=0.29 for CTA and p=0.17 for MRA).

Fig. 3 Forty-seven-year-old man
with grade 2 cartilage lesions at
posterior aspect of glenoid at
arthroscopy, correctly diagnosed
at CTA (a) (white arrow) but
interpreted as normal by both
readers at MRA (b). a CTA with
axial reformats. b MRA with fat-
suppressed T1-weighted SE
sequence

@ Springer

‘When considering grade 4 cartilage lesions only, sensitivity
and specificity of CTA varied from 48.3 to 84.6 % and from
99.0 to 99.8 % respectively; sensitivity and specificity of
MRA varied from 17.2 to 76.9 % and from 99.4 to 99.8 %
respectively.

Diagnostic performance of CTA was better than MRA
for all comparisons, but only reached statistical significance
for the evaluation of all cartilage areas, as well as humeral
head cartilage lesions for reader 1 (both p<0.01, all other
p=>0.05).

When comparing the diagnostic performance between
cartilage surfaces (humeral head vs. glenoid), MRA per-
formed statistically significantly better for the glenoid car-
tilage areas than the humeral head areas for both readers
(»<0.01). With CTA, the diagnostic performance was bet-
ter for the glenoid cartilage than the humeral head, but
statistical significance was not reached (p=0.06 for reader
1 and p=0.15 for reader 2).

Inter- and intraobserver agreement

Interobserver agreement for the evaluation of cartilage lesions
(grade>2) was substantial with CTA (x=0.63) and moderate
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Fig. 4 Sixty-two-year-old
woman with grade 4 cartilage
lesion on glenoid (arrows) and
grade 3 cartilage lesion on
humeral head (open arrows) at
arthroscopy, correctly diagnosed
by both readers at CTA (a and b)
and MRA (c and d). CTA with
axial (a) and coronal oblique (b)
reformats. MRA with axial (¢) and
coronal oblique (d) fat-
suppressed T1-weighted SE
sequences

with MRA (k=0.54) (Table 3). Interobserver agreement was
higher for the glenoidal cartilage areas compared to the
humeral head areas (k=0.68 and 0.59 vs. 0.58 and 0.46
for CTA and MRA respectively). Intraobserver agreement
was almost perfect with both CTA (k=0.94-0.95) and MRA
(k=0.83-0.87).

Discussion

In this study, we showed that the diagnostic performance of
both CTA and MRA in assessing glenohumeral cartilage

Fig. 5 Fifty-nine-year-old
woman with grade 4 cartilage
lesion at posterior margin of
humeral head at arthroscopy,
missed by both readers at CTA
and MRA (arrows). a CTA with
axial reformats. b MRA with fat-
suppressed T1-weighted SE
sequence

lesions was moderate, although it was statistically significant-
ly better with CTA.

The diagnostic performance of CTA and MRA for the
evaluation of cartilage has been evaluated and compared in
other joints, with most research focusing on the knee [24-26].
Few studies have focused on the thinner glenohumeral carti-
lage. Guntern et al. found “moderate performance” of MRA
for the diagnosis of all types of cartilage lesions, with sensi-
tivities and specificities varying from 53 to 100 % and 51 to
87 % respectively [3], while Hayes et al. found sensitivities
and specificities ranging from 82.3 to 86.8 % and 80.0 to
88.2 %, respectively [27]. However, these two studies on
MRA were retrospective. Lecouvet et al. evaluated the
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Table 1 Sensitivities, specificities and accuracy (%) of CTA and MRA in detecting all cartilage lesions (grade>2)

Reader 1 Reader 2
CTA MRA CTA MRA
All cartilage areas (n=1,008) Sensitivity 78.8 59.1 58.4 423
[71.0-85.3] [50.4-67.4] [49.7-66.7] [33.9-51.1]
Specificity 95.5 96.2 89.6 91.5
[93.9-96.8] [94.7-97.4] [87.3-91.5] [89.5-93.3]
Accuracy 93.3 91.2 85.3 84.8
[87.4-99.4] [85.4-97.3] [79.7-91.2] [79.2-90.1]
Glenoidal cartilage areas (n=504) Sensitivity 82.4 66.2 70.6 52.9
[71.2-90.5] [53.7-77.2] [58.3-81.0] [40.4-65.2]
Specificity 95.9 94.5 90.1 91.1
[93.6-97.5] [92.5-96.8] [86.9-92.8] [88.0-93.6]
Accuracy 94.1 91.0 87.5 85.9
[85.8-99.9] [82.9-99.8] [79.5-96.1] [78.0-94.4]
Humeral head cartilage areas (n=504) Sensitivity 75.4 522 46.4 31.9
[63.5-84.9] [39.8-64.4] [34.3-58.8] [21.2-44.2]
Specificity 95.2 97.5 89.0 92.0
[92.7-97.0] [95.5-98.7] [85.6-91.8] [89.0-94.3]
Accuracy 92.5 91.3 83.1 83.7
[84.3-99.9] [82.1-99.9] [75.4-91.5] [75.9-92.1]

Data are sensitivity and specificity and accuracy (%) followed by 95 % confidence intervals in brackets. Pairwise comparisons between the diagnostic
performance of techniques (CTA vs. MRA) and readers (reader 1 vs. reader 2) showed statistically significant differences for all comparisons: diagnostic
performance of CTA was statistically significantly higher than MRA for reader 1 and 2 for the evaluation of all, glenoidal or humeral head cartilage

lesions for both readers (all p<0.04)

Table 2 Sensitivities, specificities and accuracy (%) of CTA and MRA in detecting grade 4 cartilage lesions

Reader 1 Reader 2
CTA MRA CTA MRA
All cartilage areas (n=1,008) Sensitivity 69.1 41.8 65.5 45.5
[55.2-80.97* [28.7-55.9]* [51.4-77.8] [32.0-59.4]
Specificity 99.0 99.5 99.6 99.6
[98.1-99.5]* [98.8-99.8]* [98.9-99.9] [98.9-99.9]
Accuracy 97.3 96.3 97.3 96.7
[91.3-99.9] [90.4-99.9] [91.3-99.9] [90.7-99.9]
Glenoidal cartilage areas (n=504) Sensitivity 80.8 65.4 84.6 76.9
[60.6-93.4] [44.3-82.8] [65.1-95.6] [56.4-91.0]
Specificity 99.0 99.6 99.4 99.4
[97.6-99.7] [98.5-100.0] [98.2-99.9] [98.2-99.9]
Accuracy 94.1 97.8 98.6 98.2
[89.6-99.9] [89.4-99.9] [90.1-99.9] [89.8-99.9]
Humeral head cartilage areas (n=504) Sensitivity 58.6 20.7 483 17.2
[38.9-76.57* [8.0-39.7]* [29.4-67.5] [5.8-35.8]
Specificity 99.0 99.4 99.8 99.8
[99.2-100.0]* [98.2-99.9]* [98.8-99.9] [98.8-99.9]
Accuracy 96.6 94.8 91.9 92.2
[88.2-99.9] [86.5-99.9] [83.7-99.9] [84.1-99.9]

Data are sensitivity and specificity and accuracy (%) followed by 95 % confidence intervals in brackets

*Pairwise comparisons between the diagnostic performance of techniques (CTA vs. MRA) and readers (reader 1 vs. reader 2) showed statistically
significantly better performance of CTA compared to MRA for the evaluation of all cartilage areas, as well as humeral head cartilage lesions for reader 1

(both p<0.01) (all other p>0.05)
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Fig. 6 ROC curves illustrating the comparison of the diagnostic performance of CTA and MRA for the two readers in detecting grade>2 and grade 4

cartilage lesions of the shoulder

performance of CTA in a prospective series of 22 patients,
showing the high sensitivity and specificity of this technique
for the detection of cartilage lesions with substance loss (80—
94 % and 92-94 % respectively) [28]. One study by Acid
et al., focusing on instability lesions, compared the diagnostic
performance of CTA and MRA in assessing glenoid cartilage
lesions in the same series of 40 patients [17]. The authors
concluded to the better diagnostic performance of CTA (sen-
sitivity 82 %, specificity 89 %) compared to MRA (sensitivity
73 %, specificity 94 %) for the diagnosis of glenoid cartilage
lesions in anterior shoulder instability.

Our results are in line with previous authors reporting a
moderate performance of MRA for the diagnosis of
glenohumeral joint cartilage as well as the better diagnostic
performance of CTA. In this regard, this study highlights the
importance of a high spatial resolution for the detection of
glenohumeral cartilage. Compared to other joints, especially
the knee, the lower diagnostic performance of CTA and MRA

Table 3 Interobserver and intraobserver agreement for the presence or
absence of cartilage lesions

Interobserver Intraobserver
agreement agreement
CTA MRA CTA MRA
All cartilage areas  0.63 0.54 0.95 0.86
[0.56-0.69] [0.46-0.62] [0.92-0.98] [0.80-0.91]
Glenoidal cartilage 0.68 0.59 0.94 0.87
areas [0.69-0.76] [0.49-0.70] [0.90-0.99] [0.81-0.94]
Humeral head 0.58 0.46 0.95 0.83

cartilage areas  [0.48-0.68] [0.34-0.59] [0.91-0.99] [0.74-0.92]

Data are kappa coefficients followed by 95 % confidence intervals in
brackets

in detecting cartilage lesions might be explained by the differ-
ence in cartilage thickness (approximately 1.24 mm for the
humeral head and 1.88 mm for the glenoid compared to over
5 mm for the patella) [7]. In our study, the higher in-plane
resolution with CTA (0.29-0.39 mm) compared to MRA
(0.63 mm) might explain the better diagnostic performance
of the former technique. The better diagnostic performance of
CTA and MRA found for the glenoid cartilage compared to
the thinner humeral head cartilage also suggests that the
thickness of cartilage might play a role.

Several other factors may explain the better diagnostic
performance of CTA compared to MRA in this study.

First, the shorter acquisition time of CTA significantly
limits motion artefacts compared to MRA, by allowing the
CT acquisition to be performed in one breath hold.

Second, in addition to the in-plane resolution, the through-
plane spatial resolution of CTA (0.8 mm slice thickness) was
higher compared to MRA (3 mm slice thickness). Because of
the thinness of glenohumeral cartilage this lack of resolution
could lead to difficulties in assessing cartilage surface lesions
[29]. This is especially true for the humeral head, which is not
only thinner but also spherical in shape.

Third, the contrast between the intra-articular iodine and
the cartilage at CTA is higher compared to MRA [26, 30, 31].

Fourth, the systematic acquisition of MRA after CTA in
our study could have caused resorption of the intra-articular
contrast material as well as imbibition of the cartilage, poten-
tially decreasing the overall contrast at cartilage surface. How-
ever, a study by Andreisek et al. showed that good quality
MRA, including good delineation of cartilage, could be ob-
tained up to 90 min after the procedure [32].

All these factors may also explain the higher interobserver
agreement of CTA compared to MRA. The fact that the
interobserver agreement was moderate to substantial with
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the two imaging techniques (x=0.63 and 0.54 for CTA and
MRA respectively) may be due to a difference in reader
experience. However, both readers were musculoskeletal ra-
diologists with previous experience in research in cartilage
imaging, suggesting that the difference in interpretation could
also be due to inherent difficulties in assessing the
glenohumeral cartilage with these techniques.

Compared to previous reports, the strengths of our study
include a relatively large series of patients, the evaluation of
the diagnostic performance of CTA and MRA performed in
the same patients, with prospective arthroscopic correlation.
Furthermore, we considered the entire glenohumeral cartilage
and divided each articular surface into nine areas for compar-
ison. Most studies evaluating the diagnostic performance of
imaging took into account the worst lesion of each articular
surface, which might artificially increase diagnostic perfor-
mance by correlating lesions that might be observed in differ-
ent areas of the articular surface [3, 4, 8, 17, 27]. Although not
perfect, we considered this visual division of the cartilage
surface as the best practical way to enable a comparison of
the same lesions between imaging and arthroscopy.

Our study has some limitations. First, to avoid compromis-
ing patient care, the orthopaedic surgeon was aware of the
findings of preoperative imaging, but unaware of the exact
topography of the cartilage lesions. Second, we did not obtain
any cadaveric correlation, which could represent a better
standard than arthroscopy. A cadaveric study would also have
the advantage of overcoming the limitation as to the accurate
correlation of the topography of cartilage lesions. However,
our patient population provided a wider and probably more
representative sample of the general population than cadaveric
studies, which are generally limited to elderly patients.

Recent review papers in the orthopaedic literature have
pointed to the lack of consensus for the therapeutic manage-
ment of cartilage lesions of the shoulder, and the need for
further research in this area [1, 2]. The moderate diagnostic
performance of CTA and MRA as shown in this study may
limit their value in the setting of such research. More accurate
imaging techniques need to be developed for the study of
shoulder cartilage, with a focus on improving spatial resolu-
tion. Despite recent achievements in dose reduction in mus-
culoskeletal CT, CTA exposes patient to ionizing radiation, so
efforts should focus on MRA [33-35]. 3-T MRA with the use
of newly developed gradient echo or spin echo based isotropic
3D sequences could be of interest, as well as more specific
imaging techniques such as the balanced steady-state free
precession (SSFP) techniques, or the use of traction imaging
[6, 8, 36-39].

In conclusion, this prospective study comparing CTA and
MRA in the same patients with arthroscopic correlation
showed that the diagnostic performance in detecting
glenohumeral cartilage lesions was moderate with both tech-
niques, although statistically significantly better with CTA.
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