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Background: Many imaging techniques have been developed for the detection of rotator cuff tears (RCTs). Despite numerous
quantitative diagnostic studies, their relative accuracy remains inconclusive.

Purpose: To determine which of 3 commonly used imaging modalities is optimal for the diagnosis of RCTs.
Study Design: Systematic review; Level of evidence, 4.

Methods: Studies evaluating the performance of magnetic resonance imaging (MRI), magnetic resonance arthrography (MRA),
and ultrasound (US) used in the detection of RCTs were retrieved from the PubMed/MEDLINE and Embase databases. Diagnostic
data were extracted from articles that met the inclusion/exclusion criteria. A network meta-analysis was performed using an arm-
based model to pool the absolute sensitivity and specificity, relative sensitivity and specificity, and diagnostic odds ratio as well as
the superiority index for ranking the probability of these techniques.

Results: A total of 144 studies involving 14,059 patients (14,212 shoulders) were included in this network meta-analysis. For the
detection of full-thickness (FT) tears, partial-thickness (PT) tears, or any tear, MRA had the highest sensitivity, specificity, and
superiority index. For the detection of any tear, MRI had better performance than US (sensitivity: 0.84 vs 0.81, specificity: 0.86 vs
0.82, and superiority index: 0.98 vs 0.22, respectively). With regard to FT tears, MRI had a higher sensitivity and superiority index
than US (0.91 vs 0.87 and 0.67 vs 0.28, respectively) and a similar specificity (0.88 vs 0.88, respectively). The results for PT tears
were similar to the detection of FT tears. A sensitivity analysis was performed by removing studies involving only 1 arm for FT tears,
PT tears, or any tear, and the results remained stable.

Conclusion: This network meta-analysis of diagnostic tests revealed that high-field MRA had the highest diagnostic value for
detecting any tear, followed by low-field MRA, high-field MRI, high-frequency US, low-field MRI, and low-frequency US. These
findings can help guide clinicians in deciding on the appropriate imaging modality.
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A rotator cuff tear (RCT) is a common source of shoulder
pain and disability. Early diagnosis can help determine the
treatment strategy to best prevent further loss of func-
tion.>1**! Imaging, along with physical examinations and
clinical history, provides vital information for diagnosis®®
and possible surgical interventions.!'® Imaging modalities
commonly used for the detection of RCTs include magnetic
resonance imaging (MRI), magnetic resonance arthrogra-
phy (MRA), and ultrasound (US).

The finding of a full-thickness (FT) tear is a strong indi-
cation for surgical intervention.®®'%® MRA utilizing a con-
trast agent has high diagnostic accuracy for detecting FT
tears, and some authors have even used it as the reference
standard when comparing imaging modalities.** However,
the combination of patient characteristics, history, and
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clinical shoulder tests for the diagnosis of FT tears could
improve the ability of MRL,'"! and a meta-analysis con-
firmed that 3.0-T MRI appeared equivalent to 3.0-T MRA.%®

In recent years, technological advances in arthroscopic
shoulder surgery have made the surgical management of
partial-thickness (PT) tears much less invasive and thereby
more cost-effective. Consequently, the identification of a PT
tear has become more meaningful.2>% The diagnostic accu-
racy of MRI and MRA for PT tears is similar, and because
MRA is an invasive modality, MRI is routinely used as the
first-choice imaging option.25-40:60:141

The initial results of US in the detection of RCT's varied,
probably because of low-frequency transducers and limited
examiner experience.!"111142 However, as US technology
continues to advance, the advantages of US, including its
low cost and capability for real-time dynamic assessments,
become more evident.'® US is still not as widely used in clin-
ical practice as it could be, both because of its steep learning
curve and the uncertainty regarding its diagnostic
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accuracy.'® Therefore, a synthesis of the literature is war-
ranted to compare the accuracy of US with MRI and MRA.

Several traditional meta-analyses have been published on
the accuracy of medical imaging for the detection of
RCTg34.80,96,185,149.163. 1 wever, their relative accuracy
remains inconclusive, which may be because a traditional
meta-analysis allows only for comparisons between 2 diag-
nostic tests. If multiple modalities are assessed simulta-
neously, a traditional meta-analysis only compares directly
the numerical value of sensitivity and specificity, which,
while still informative, is not rigorous or ideal.!”” Recently,
Nyaga et al''® developed a Bayesian network meta-analysis
using an arm-based model based on the assumption that the
missing arms occur at random. This method has been
applied in several studies®®!!® because it not only allows
analysis of the variability in the accuracy of multiple tests
within and between studies simultaneously but also pro-
vides more natural variance-covariance matrix structures,
making it more appealing than either a traditional meta-
analysis or the contrast-based network meta-analysis model
introduced by Menten and Lesaffre.®®

The purpose of this study was to compare the diagnostic
accuracy of 3 imaging techniques (US, MRI, and MRA) for
the diagnosis of RCTs using an arm-based model of a net-
work meta-analysis based on multiple diagnostic tests. The
hypothesis was that MRI was equal to US in the diagnosis
of RCTs.

METHODS

This network meta-analysis was conducted in accordance
with the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) statement (PROSPERO
identifier: CRD42018118538) and the PRISMA-DTA (Pre-
ferred Reporting Items for a Systematic Review and Meta-
Analysis of Diagnostic Test Accuracy Studies) statement.®”

Search Strategy

A comprehensive literature search of 2 electronic data-
bases, PubMed/MEDLINE and Embase, was performed.
An initial search was made using the following keywords:
“systematic review” or “meta-analysis” AND “rotator cuff.”
The full text of every article listed in the references of each
identified systematic review or meta-analysis was pro-
cured. A second search was performed using the following
keywords: “diagnostic,” “diagnostic imaging,” “diagnostic
test,” or “diagnosis” AND “ultrasound,” “ultrasonography,”
“US,” “MRI,” “magnetic resonance imaging,” “MRA,” or
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“magnetic resonance arthrography” AND “rotator cuff,”
“supraspinatus,” “infraspinatus,” “subscapularis,”
“labrum,” “shoulder joint,” “subacromial impingement,”
“tendinopathy,” “shoulder,” “shoulder pain,” “shoulder
impingement syndrome,” or “bursitis.” The search was lim-
ited to the English language, and the search date was from
database inception to August 31, 2018.

” « ” &«

Inclusion and Exclusion Criteria

The inclusion criteria were studies that (1) involved human
patients; (2) assessed the diagnostic performance of imag-
ing modalities for RCTs; (3) provided raw data to calculate
diagnostic parameters, including the true positive, false
positive, false negative, and true negative; and (4) included
a surgical (open or arthroscopic) reference standard, that is,
surgical findings to prove/disprove the imaging findings.
The exclusion criteria were the following: (1) commentar-
ies, letters, case reports, reviews, or congress proceedings;
(2) studies involving animal and cadaveric experiments; (3)
studies providing insufficient data to calculate diagnostic
parameters; and (4) non—English language studies.

Data Extraction

The following information was extracted from each study:
the first author’s surname, publication year, country of ori-
gin, participant characteristics (number, age, and sex),
study design, reference standard (arthroscopic or open sur-
gery), time from MRI/MRA to reference standard, blinding,
number of readers, readers’ experience, final diagnoses of
included patients, muscle tendon involved, tear site, clini-
cal findings of the shoulder, technical parameters of MRA
(administration of contrast agent [intravenous: indirect or
intra-articular: direct], vendor, model, magnetic strength,
method, sequence, slice thickness, analyzed image plane),
technical parameters of MRI (vendor, model, magnetic
strength, sequence, slice thickness, analyzed image plane),
technical parameters of US (vendor, transducer specifica-
tions), and diagnostic data (true positive, false positive,
true negative, and false negative). If the studies had >2
modalities and permitted multiple comparisons, all the
information and outcomes of interest were extracted. If
>2 readers evaluated a diagnostic test in a single study,
we calculated the mean average of the diagnostic data.

Risk of Bias

The risk of bias for the included trials was assessed inde-
pendently by 2 researchers (F.L. and F.X.) utilizing
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Individual Studies

3,050 Records identified in PubMed (1,6 70) &
Embase (1,380)

12,976 Records identified in PubMed (7,769)
& Embase (5,207)

702 Excluded (duplicates) |4—

A

—.l 2,991 Excluded (duplicates)

Y

2,348 Records screened through
titles and abstracts

9,985 Records screened through
titles and abstracts

2,236 Excluded
(did not meet eligibility &
criteria)

A

9,696 Excluded
- (did not meet eligibility
criteria)

Y

112 Studies (included in 6 systematic
reviews or meta-analyses)
considered potentially eligible

289 Records considered potentially
eligible and full text for
reviewed

401 Studies considered potentially eligible

R

112 Excluded (duplicates)

289 Studies considered potentially eligible

Reasons for exclusion:
42 Trrelevant studies 3 Non-English
18 Meeting abstracts 2 Case-reports

o 13 Physical tests 1 Cadaver study

13 No golden standard 1 Commentary

11 Reviews

41 Insufficient data to calculate TP, FP, FNand TN

Y

144 Studies met inclusion criteria

-

0 Additional study identified through
references (included studies) manually

Y

144 Studies included in the network meta-analysis

Figure 1. Selection flowchart for studies included in the network meta-analysis. FN, false negative; FP, false positive; TN, true

negative; TP, true positive.

QUADAS-2,'®! a quality assessment tool for diagnostic
accuracy studies. This system is composed of 11 items, and
each item is graded as yes, unclear, or no.

Statistical Analysis

The whole process of searching, filtering, data extraction,
and quality assessment was implemented by 2 researchers
(F.L. and F.X.) independently and repeatedly. For any dis-
crepancy, a consensus was reached by discussion with a
third researcher (J.D.).

A Bayesian network meta-analysis using an arm-based
model, developed by Nyaga et al,!'® was performed by run-
ning 3 chains in parallel until there was convergence. Trace
plots were used to visually check whether the distributions of
the 3 simulated chains mixed properly and were stationary.
We used the potential scale reduction factor, the effective
number of independent simulation draws, and the Markov
chain Monte Carlo error to assess convergence. To assess the
relative performance of the reviewed diagnostic tests, the
definitions of superior, inferior, equal, and not comparable
were drawn. A diagnostic test that is pairwise superior to a
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TABLE 1
Studies Included in Network Meta-analysis (N = 144)*
Variable n (%)
Publication year
1980-1999 40 (27.8)
2000-2005 31(21.5)
2006-2010 23 (25.1)
2011-2015 29 (16.0)
2016-2018 21 (14.6)
No. of shoulders
Any tear 109 (75.7)
0-50 34
51-100 40
>100 35
FT tear 87 (60.4)
0-50 30
51-100 30
>100 27
PT tear 87 (60.4)
0-50 25
51-100 35
>100 27
Age range, y 15.9-66.0
Female sex 5996 (56.6)
No. of participants
Any tear 11,032
FT tear 8542
PT tear 8575
No. of patients
Any tear 109 (75.7)
0-50 35
51-100 40
>100 34
FT tear 87 (60.4)
0-50 31
51-100 30
>100 26
PT tear 87 (60.4)
0-50 26
51-100 35
>100 26
Imaging modality
MRA 51 (35.4)
MRI 64 (44.4)
US 65 (45.1)
Radiography 1
Computed tomography 1
2D MRI 1
3D MRI 1
(continued)

relatively large number of other tests and pairwise inferior to
a relatively small number of other tests should have a high
superiority value and be ranked higher than those tests that
do not perform as well. In this study, the superiority index
was pooled to quantify rank probabilities of each diagnostic
test. All network meta-analyses were performed using R
(Version 3.4.3; Comprehensive R Archive Network), package
rstan (Version 2.17.3), package loo (Version 2.0.0), and pack-
age plyr. Sensitivity analyses for the detection of FT tears, PT
tears, and any tear were implemented according to at least 2
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TABLE 1 (continued)

Variable n (%)
2D MRA 9
3D MRA 8
2D US 1
3D US 2
Direct MRA 31
Indirect MRA 9
3.0-T MRI 13
1.5-T MRI 41
1.0-T MRI 5
0.5-T MRI 4
0.2-T MRI 4
0.18-T MRI 1
3.0-T MRA 15
1.5-T MRA 22
1.0-T MRA 6
0.2-T MRA 15
Any tear/FT tear/PT tear 144/87/87 (100.0/60.4/60.4)
No. of arms
1 107/60/66
2 36/27/21
3 1/0/0
Gold standard
Arthroscopic surgery 75/44/49
Open surgery 35/21/14
Arthroscopic or open surgery 34/22/24
No. of readers
1 16/8/10
2 56/37/36
>3 21/15/14
Not reported 51/27/27
Reader experience, y
<10 24/12/14
>10 65/46/46
Not reported 55/29/27
Design
Prospective 42 (29.2)
Retrospective 74 (51.4)
Not reported 27 (18.8)
Prospective and retrospective 1(0.6)
QUADAS-2 score
7 17 (11.8)
8 18 (12.5)
9 53 (36.8)
10 34 (23.6)
11 22 (15.3)

2D, 2-dimensional; 3D, 3-dimensional; FT, full-thickness;
MRA, magnetic resonance arthrography; MRI, magnetic reso-
nance imaging; PT, partial-thickness; US, ultrasound.

arm-based tests. Subgroup analyses were performed based
on the different tendons injured, gold standard (arthroscopic
or open surgery), study design, QUADAS-2 score, and publi-
cation year.

RESULTS
Studies Retrieved and Characteristics

A selection flowchart for the studies chosen is presented in
Figure 1. After comprehensive searching of 2 electronic
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Figure 2. Network meta-analysis results including sensitivity, specificity, and superiority index values of imaging methods for the
detection of rotator cuff tears. FT, full-thickness tear; MRA, magnetic resonance arthrography; MRI, magnetic resonance imaging;

PT, partial-thickness tear; US, ultrasound.

databases, excluding duplicate records, screening remain-
ing titles and abstracts, and identifying related full text, a
total of 144 studies involving 14,059 patients (14,212
shoulders) were included in this network meta-analysis.
The pooled characteristics are presented in Table 1.

Data Extraction and Quality Assessment

Appendix Table Al presents the detailed QUADAS-2 score
results from each included study.

Comparison of MRA, MRI, and US

For the detection of FT tears, PT tears, or any tear, MRA
had the highest sensitivity, specificity, and superiority
index. For the detection of any tear, MRI had a better diag-
nostic value than US (sensitivity: 0.84 vs 0.81, specificity:
0.86 vs 0.82, and superiority index: 0.98 vs 0.22, respec-
tively). With regard to FT tears, MRI had a higher sensi-
tivity and superiority index than US (0.91 vs 0.87 and 0.67
vs 0.28, respectively) and a similar specificity (0.88 vs 0.88,

respectively). The results for PT tears were similar to the
detection of FT tears (Figure 2 and Table 2).

High- or Low-field MRA, High- or Low-field MRI,
and High- or Low-frequency US

For the detection of FT tears, the diagnostic value rank
(from high to low) of these 6 imaging modalities was 3.0-T
MRA, 1.5-T MRA, 3.0-T MRI, >7.5-MHz US, 1.5-T MRI,
and <7.5-MHz US (superiority index: 8.66 vs 4.73 vs 2.21
vs 0.88 vs 0.64 vs 0.14, respectively). For the detection of
PT tears, the diagnostic value rank (from high to low) was
3.0-T MRA, 3.0-T MRI, 1.5-T MRA, >7.5-MHz US, 1.5-T
MRI, and <7.5-MHz US (superiority index: 8.15 vs 5.25 vs
2.44vs 0.95vs 0.35 vs 0.18, respectively). For the detection
of any tear, the diagnostic value rank (from high to low)
was 3.0-T MRA, 1.5-T MRA, 3.0-T MRI, >7.5-MHz US, 1.5-
T MRI, and <7.5-MHz US (superiority index: 5.85 vs 5.36
vs 2.71 vs 1.39 vs 0.83 vs 0.16, respectively) (Figure 3
and Table 3). A sensitivity analysis was performed by
removing studies involving only 1 arm for FT tears, PT
tears, or any tear, and the results remained stable.
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TABLE 2
Comparison of MRA, MRI, and US®
Diagnostic Odds Superiority Relative Relative Data  Studies,
Tests Absolute Sensitivity = Absolute Specificity Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n n
Any tear
MRA 0.89 0.91 79.72 4.92 1.00 1.00 60 50
(0.85-0.91) (0.88-0.93) (49.55-121.35) (3.00-5.00) (1.00-1.00)  (1.00-1.00)
(1] [1]
MRI 0.84 0.86 32.65 0.98 0.95 0.94 87 69
(0.82-0.87) (0.83-0.88) (23.99-43.54) (0.33-3.00) (0.91-1.00)  (0.90-0.99)
(2] [2]
Us 0.81 0.82 20.14 0.22 0.92 0.90 76 66
(0.78-0.85) (0.78-0.85) (14.04-27.79) (0.20-0.33) (0.87-0.98)  (0.85-0.95)
(3] [3]
FT tear
MRA 0.95 0.96 548.55 4.96 1.00 1.00 31 30
(0.93-0.97) (0.92-0.98) (198.58-1177.55) (4.50-5.00) (1.00-1.00)  (1.00-1.00)
(1] [1]
MRI 0.91 0.88 85.49 0.67 0.96 0.92 45 45
(0.88-0.94) (0.84-0.92) (49.85-133.95) (0.33-1.00) (0.92-0.99)  (0.88-0.97)
[2] [2]
US 0.87 0.88 52.71 0.28 0.91 0.93 41 41
(0.82-0.90) (0.84-0.92) (30.34-83.37) (0.20-0.33) (0.86-0.95)  (0.88-0.97)
(3] [3]
PT tear
MRA 0.81 0.90 40.79 4.79 1.00 1.00 31 28
(0.74-0.86) (0.86-0.93) (21.33-69.11) (3.00-5.00) (1.00-1.00)  (1.00-1.00)
(1] [1]
MRI 0.67 0.86 12.68 0.74 0.83 0.95 43 41
(0.60-0.73) (0.81-0.89) (7.95-19.11) (0.20-3.00) (0.74-0.93) (0.89-1.01)
[2] [2]
US 0.62 0.85 9.91 0.35 0.77 0.95 39 39
(0.53-0.71) (0.80-0.89) (5.79-15.74) (0.20-1.00) (0.65-0.89)  (0.89-1.01)
[3] [3]

“Data are reported as mean (95% CI) unless otherwise indicated. FT, full-thickness; MRA, magnetic resonance arthrography; MRI,
magnetic resonance imaging; PT, partial-thickness; US, ultrasound.

Effect of Publication Year on US Accuracy

The stated diagnostic accuracy of US in articles published
between 2016 and 2018 was higher than that in articles
published between 2011 and 2015 for FT tears (sensitivity:
0.72vs 0.77, specificity: 0.85 vs 0.75, and superiority index:
1.49 vs 1.10, respectively), PT tears (sensitivity: 0.60 vs
0.61, specificity: 0.82 vs 0.72, and superiority index: 1.72
vs 0.95, respectively), or any tear (sensitivity: 0.71 vs 0.80,
specificity: 0.77 vs 0.67, and superiority index: 1.29 vs 1.19,
respectively).

Other Subgroup Analyses

In other analyses, 3-dimensional MRA appeared equivalent
to 2-dimensional MRA in the diagnosis of any tear (sensi-
tivity: 0.88 vs 0.87, specificity: 0.89 vs 0.88, and superiority
index: 1.86 vs 0.89, respectively), although there was a
trend toward greater accuracy in the diagnosis of F'T tears.
Meanwhile, the accuracy of direct MRA in the diagnosis of
any tear was higher than that of indirect MRA (sensitivity:
0.88 vs 0.86, specificity: 0.93 vs 0.86, and superiority index:
2.18 vs 0.63, respectively).

Other subgroup analyses for FT tears, PT tears,
and any tear based on the different muscles in-
volved (supraspinatus, subscapularis, infraspinatus,
supraspinatus-subscapularis, supraspinatus-infraspinatus,
and subscapularis-infraspinatus) (Appendix Table A2), study
design (prospective or retrospective) (Appendix Table A3),
QUADAS-2 score (7, 8, 9, 10, or 11) (Appendix Table A4),
publication year (2000-2019) (Appendix Table A5), and
gold standard (arthroscopic surgery) (Appendix Table A6)
suggested a similar direction and magnitude of effect for
studies investigating the diagnostic value.

DISCUSSION

An RCT is one of the most common causes of shoulder pain
and disability.'®® Yamamoto et al'®® found that 20.7% of
1366 shoulders had FT RCTs in a Japanese mountain vil-
lage population. Whether to proceed to arthroscopic or open
surgery for RCTs depends not only on clinical findings but
also on imaging results; additionally, findings during sur-
gery are largely affected by the availability of imaging
reports.!”® The diagnostic accuracy and effective use of
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Figure 3. Network meta-analysis results including sensitivity, specificity, and superiority index values of high- or low-field MRA,
high- or low-field MRI, and high- or low-frequency US for the detection of rotator cuff tears. FT, full-thickness tear; MRA, magnetic
resonance arthrography; MRI, magnetic resonance imaging; PT, partial-thickness tear; US, ultrasound.

imaging technology are major concerns for clinicians and
patients. Therefore, it is essential to compare the accuracy
of MRA, MRI, and US in the diagnosis of RCTs and analyze
their advantages and disadvantages under various
conditions.

It has long been debated whether to inject contrast
agents when using MRI for the detection of RCTs. With
regard to lesions of the glenoid labrum and labral capsular
ligamentous complex, MRA is thought to be the most accu-
rate.”1971:94.125,144 mho anatomic resolution is good, subtle
defects can be depicted by contrast material, and leakage of
contrast agents is usually evident, thus enhancing the diag-
nostic accuracy of FT tears.26:6068120 We found that MRA
was also the most accurate method for detecting RCTs
regardless of type (FT or PT tear). However, the injection
of a contrast agent is an invasive procedure, infections and
adverse reactions occur,** and the examination time is lon-
ger.?® The accuracy of MRA is affected by the classification

and basic properties of the contrast agent; as a result, the
sensitivity and specificity were improved only by 3% to 4%
when compared with plain MRL.?” False positive results
due to the inflamed tendon showing high intensity,>®2 leak-
age through the postoperative incompletely healed ten-
don,®° and false negative results due to the failure of
contrast to pass into the bursa can lower the sensitivity,
specificity, and accuracy of MRA.2%® Moreover, in clinical
practice, doctors and radiologists make the diagnosis based
on a combination of medical history, physical examination,
and imaging findings, unlike in a research project, during
which the investigator is deliberately blinded to the clinical
findings. The differences in specificity and sensitivity
between MRA and MRI are quite small, and that may be
a good reason to avoid the potential risk/cost of MRA, espe-
cially if one suspects an FT tear.

A PT tear is a source of surgically treatable shoulder
pain, and it may deteriorate into an FT tear; therefore, the
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TABLE 3
Comparison of High- or Low-field MRA, High- or Low-field MRI, and High- or Low-frequency US“
Absolute Absolute Diagnostic Odds Superiority Relative Relative Data
Test Sensitivity Specificity Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Any tear
3.0-T MRA 0.87 0.88 59.59 5.85 1.10 0.99 20 13
(0.80-0.92) (0.82-0.93) (25.44-115.74) (0.60-11.00) (0.95-1.38) (0.88-1.20)
(2l (1]
1.5-T MRA 0.85 0.90 62.97 5.36 1.08 1.00 15 14
(0.76-0.92) (0.81-0.95) (20.80-144.99) (0.33-11.00) (0.91-1.36) (0.87-1.22)
[1 (2]
3.0-T MRI 0.80 0.90 53.09 2.71 1.00 1.00 12 8
(0.64-0.90) (0.74-0.97) (9.75-164.12) (0.14-11.00) (1.00-1.00) (1.00-1.00)
(3] (3]
1.5-T MRI 0.84 0.81 22.76 0.83 1.06 0.91 46 37
(0.79-0.88) (0.74-0.87) (12.89-36.73) (0.11-5.00) (0.91-1.31) (0.79-1.10)
[5] (5]
>7.5-MHz US 0.85 0.81 26.44 1.39 1.08 0.91 42 39
(0.80-0.89) (0.75-0.86) (14.68-43.23) (0.14-5.00) (0.93-1.34) (0.81-1.10)
[4] (4]
<7.5-MHz US 0.76 0.61 6.87 0.16 0.97 0.69 7 6
(0.57-0.89) (0.37-0.81) (1.45-19.87) (0.09-1.00) (0.70-1.26) (0.41-0.94)
[6] (6]
FT tear
3.0-T MRA 0.95 0.97 1149.53 8.66 1.08 1.11 15 13
(0.88-0.98) (0.89-0.99) (129.82-3909.11) (1.67-11.00) (0.95-1.47) (0.97-1.54)
[1] (1]
1.5-T MRA 0.94 0.92 396.26 4.73 1.07 1.06 10 10
(0.83-0.99) (0.77-0.98) (38.23-1538.93) (0.33-11.00) (0.89-1.48) (0.84-1.47)
[2] (2]
3.0-T MRI 0.89 0.88 194.45 2.21 1.00 1.00 5 5
(0.64-0.98) (0.63-0.98) (8.52-889.32) (0.11-9.00) (1.00-1.00) (1.00-1.00)
[3] (3]
1.5-T MRI 0.89 0.85 57.06 0.64 1.01 0.99 28 25
(0.83-0.94) (0.78-0.91) (23.40-114.52) (0.11-1.67) (0.88-1.40) (0.83-1.36)
[5] (5]
>7.5-MHz US 0.89 0.88 72.46 0.88 1.01 1.01 22 22
(0.82-0.94) (0.80-0.93) (27.12-154.88) (0.14-2.33) (0.88-1.40) (0.86-1.40)
[4] (4]
<7.5-MHz US 0.76 0.70 14.75 0.14 0.86 0.81 3 3
(0.44-0.93) (0.34-0.90) (1.17-59.51) (0.09-0.43) (0.48-1.26) (0.37-1.22)
[6] (6]
PT tear
3.0-T MRA 0.83 0.93 80.10 8.15 1.09 1.06 15 12
(0.71-0.90) (0.86-0.97) (24.19-186.85) (2.33-11.00) (0.87-1.48) (0.91-1.66)
[2] (11
1.5-T MRA 0.77 0.86 24.75 2.44 1.02 0.99 14 14
(0.65-0.86) (0.76-0.92) (8.52-54.77) (0.20-9.00) (0.78-1.44) (0.80-1.54)
(3] (3]
3.0-T MRI 0.77 0.89 141.02 5.25 1.00 1.00 5 3
(0.56-0.91) (0.57-1.00) (3.72-866.40) (0.20-11.00) (1.00-1.00) (1.00-1.00)
[1 (2]
1.5-T MRI 0.64 0.80 7.85 0.35 0.85 0.92 25 25
(0.54-0.73) (0.71-0.87) (3.91-13.92) (0.11-1.00) (0.66-1.19) (0.75-1.42)
[5] (5]
>7.5-MHz US 0.66 0.87 14.17 0.95 0.87 1.00 21 21
(0.54-0.76) (0.80-0.92) (6.26-27.31) (0.14-3.00) (0.66-1.22) (0.83-1.54)
[4] (4]
<7.5-MHz US 0.49 0.73 4.32 0.18 0.66 0.84 3 3
(0.23-0.76) (0.41-0.91) (0.48-15.93) (0.09-1.00) (0.29-1.09) (0.45-1.36)
(6] (6]

“Data are reported as mean (range) unless otherwise indicated. FT, full-thickness; MRA, magnetic resonance arthrography; MRI, mag-
netic resonance imaging; PT, partial-thickness; US, ultrasound.
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identification and surgical repair of PT tears have recently
gained attention.?® Our meta-analysis shows that MRI had
a similar sensitivity to MRA in the diagnosis of bursal-side
PT tears (0.73 vs 0.75, respectively). It seems not all that
beneficial to inject contrast agents when using MRI for the
detection of RCTs. However, technological innovations,
such as using fat-suppression sequences to distinguish fat
from contrast agents'®® and using intravascular injections
to achieve delineation of the bursal-side PT tears,?”18
make MRA still valuable under specific circumstances in
which US and MRI are not definitive 34154

MRI and US are currently regarded as the modalities of
choice for the noninvasive diagnosis of rotator cuff
lesions.5-12:60-114.132,161 MIRT excels in localizing and defin-
ing the extent of the RCT, which is critical for diagnosis and
for guiding treatment decisions.’®""'52 US provides a
dynamic assessment of the shoulder, but it is sometimes
impossible to achieve full visualization of the entire rotator
cuff in patients with restricted range of motion,'® which
may reduce its accuracy. MRI has been shown to be a repro-
ducible method, with low observer variability,®1®® as
opposed to US, which is considered the most operator-
dependent imaging technique in the detection of shoulder
disease.®®1°! Another barrier to the widespread use of US is
the steep learning curve.'%112136 Murphy et al*'° reported
that 300 scans are required under the supervision of an
experienced musculoskeletal ultrasonographer to become
adept, which is not feasible for most clinicians. On the pos-
itive side, US allows patient-clinician interactions and real-
time feedback!°%112 and provides opportunities for patients
to point out symptomatic areas.!!! There are no contrain-
dications and no artifacts from metal implants, making it
the first choice in patients with pacemakers and in postop-
erative evaluations.3%-85129

Low cost has always been an advantage of US. Roy et al'®®
recommended US as the best option for the detection of FT
tears, when considering economic benefits and safety, even
though MRI is more accurate. In 2014, Voigt et al*”® reported
that false positive and false negative MRI findings in the
diagnosis of RCTs resulted in an unnecessary cost of $210
million in the United States. However, Gyftopoulos et al,?®
focusing on the detection of FT tears, performed a cost-
effectiveness analysis and found MRI to be the preferred
imaging strategy rather than US. While taking all types of
musculoskeletal disorders into consideration, Bureau and
Ziegler'® recommended US as the primary tool to detect
RCTs because of its comparable accuracy and high cost-
efficiency compared with MRI.

Since the normal rotator cuff anatomy on US was first
described by Middleton et al'®® in 1984, the technical
limitations of US have always been an issue. Nowadays,
technical advancements, such as the linear array broad-
bandwidth transducers,®®'%2 and the establishment of a
standardized imaging protocol?® have increased the accu-
racy and reliability of US. Our subgroup analysis based on
the publication year found that the newer machines did
provide better diagnoses of RCTs. Similarly, the technolog-
ical innovations in MRI have improved its diagnostic abil-
ity. Additionally, the higher accuracy based on MRI and US
may be related to the improved ability to diagnose RCTs
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intraoperatively. Our subgroup analyses based on MRI and
US parameters demonstrated that >7.5-MHz US is supe-
rior to 1.5-T MRI in the detection of FT tears, PT tears, or
any tear, although it is inferior to 3.0-T MRI. The differ-
ences in specificity and sensitivity between MRI and high-
frequency US were quite small, and that may be a good
reason to avoid the potential cost of MRI. However, in mak-
ing final decisions, the available equipment (parameters of
MRI and US) and examiner experience should also be taken
into consideration.

We acknowledge several limitations in this network meta-
analysis. We assessed the diagnostic value of the imaging
modalities alone. The roles of patient history and physical
examination results were not evaluated. Real-life situations,
such as MRI with physical tests and US with physical tests,
were not analyzed side by side. Several subgroup analyses,
such as specific tendon-based analyses, were implemented
based on insufficient data, which makes the results open to
question. Insufficient data also made it impossible to conduct
several subgroup analyses, including the diagnostic value of
3 imaging modalities for different types of partial tears, such
as superficial tears, partial articular supraspinatus tendon
avulsion lesions, or interstitial tears. Unfortunately, many
other imaging diagnostic measures could not be included in
our analysis because of the limited number of studies; these
included arthro—computed tomography, which is considered
by some surgeons to be the gold standard for diagnosing FT
RCTs, and standard radiography, which is regarded as the
first choice for the diagnosis of shoulder pain. Additionally,
the diagnostic ability of these imaging modalities in evalu-
ating rotator cuff repair postoperatively was not studied.
Future advances in MRI and US technology will likely ren-
der the conclusions of older studies, and their derivative
meta-analyses, out of date. Most surgeons are already using
MRI to confirm the presence of RCTs, so this article will not
change clinical practice, but it does provide statistical evi-
dence to support the practice.

CONCLUSION

This network meta-analysis of diagnostic tests revealed
that high-field MRA had the highest diagnostic value for
detecting any tear, followed by low-field MRA, high-field
MRI, high-frequency US, low-field MRI, and low-
frequency US. These findings can help guide clinicians on
the appropriate imaging modality.
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APPENDIX

TABLE Al
Results of Quality Assessment of 144 Included Studies®

Response to QUADAS-2 Questions®

Author (Year) 1 2 3 4 5 6 7 8 9 10 11 QUADAS-2 Score
Adams! (2010) Y Y Y U Y Y Y U U Y N 7
Al-Shawi? (2008) Y Y Y U Y Y Y U Y Y Y 9
Alasaarela® (1998) U Y Y U Y Y Y Y Y N Y 8
Arend* (2014) Y Y Y Y Y Y Y Y Y N Y 10
Balich® (1997) Y Y Y U Y Y Y Y Y Y N 9
Bhatnagar® (2016) U Y Y U Y Y Y U Y Y Y 8
Binkert! (2001) Y Y Y Y Y Y Y Y Y N Y 10
Brandt'! (1989) Y Y Y Y Y Y Y Y Y Y N 10
Brenneke!? (1992) Y Y Y Y Y Y Y Y Y Y Y 11
Bretzke'? (1985) U U Y U Y Y Y Y Y Y N 7
Burk!® (1989) U Y Y Y Y Y Y Y Y Y Y 10
Burk'? (1991) U Y Y U Y Y Y U Y N Y 7
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Detecting Rotator Cuff Tears 15

Author (Year)

Response to QUADAS-2 Questions®

—

[\

w

4 5 6 7

(o]

©

—_
=]

11

QUADAS-2 Score

Carbone'® (2014)
Chang?® (2002)
Chang?! (2016)
Chen?? (2014)
Choo?® (2015)
Choo?* (2012)
Chun? (2010)
Cole?® (2016)
Crass®! (1988)
Cullen®2 (2007)
Day®? (2016)
Edmonds®® (2015)
Elmorsy®® (2017)
Etancelin-Jamet®” (2017)
Farin®® (1996)
Farshad-Amacker®® (2015)
Ferrari*® (2002)
Fitzgerald*? (2018)
Foti*? (2017)
Fotiadou** (2008)
Frei*® (2008)
Friedman®® (1993)
Fritz*" (2007)
Furukawa?® (2014)
Gaenslen?® (1996)
Gilat® (2018)
Gormeli®? (2014)
Guo® (2016)
Gyftopoulos®® (2013)
Herold®” (2006)
Hitachi®® (2011)
Hodler®® (1988)
Hodler®® (1992)
Horiuchi®! (2018)
Hussain®? (2018)
Iannotti®® (2005)
Iannotti® (1991)
Tlozue® (2014)
Jordan®” (2015)
Jung®® (2017)
Jung® (2010)
Jung” (2012)
Jung™ (2009)
Kang” (2009)
Kluger™ (2003)
Kurol™ (1991)
Lee’ (2014)
Lee” (2015)
Lee’ (2014)
Lee™ (2015)
Lin®! (2016)
Lo®2 (2016)
Loew® (2000)
Mack®* (1988)
Magee®® (2007)
Magee®® (2009)
Magee®” (2014)
Magee®® (2006)
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Author (Year)

Response to QUADAS-2 Questions®

—

[\

w

4 5 6 7

8

©

[y
(=)

[u—y
—

QUADAS-2 Score

Magee®® (1997)
Malavolta®! (2016)
Martin-Hervas®® (2001)
Masaoka®® (1999)
Meister®® (2004)
Middleton!®! (2004)
Milosavljevict? (2005)
Misamore'® (1991)
Modil% (2013)
Mohtadil®® (2004)
Momenzadeh'®® (2015)
Moosmayer'®” (2007)
Moosmayer'®® (2005)
Motamedi'®® (2002)
Murphy*® (2013)
Nagqvi'!! (2009)
Needell**® (1997)
Nelson* (1991)
Oh'*% (2009)
Ostor!'” (2013)
Paavolainen®*® (1994)
Palmer'?! (1993)
Park!?? (2015)
Park!?? (2015)
Park!?* (2014)
Pattee!2% (1988)
Perez'?” (2018)
Pfirrmann®?® (1999)
Prickett'3® (2003)
Punwar'®! (2014)
Quinn*®? (1995)
Read!®? (1998)
Robertson'®* (1995)
Rutten®®” (2010)
Saqib®? (2017)
Schreinemachers° (2009)
Shalaby*® (2017)
Shellock*® (2001)
Shi'4® (2015)
Singh!*? (2010)
Sipola'*® (2010)
Soble!?? (1989)
Sonin'®! (1996)
Sonnabend®®? (1997)
Sperling153 (2002)
Stetson'®® (2005)
Stoppino'®® (2013)
Subhas®? (2017)
Swen'%8 (1999)
Takagishi®® (1996)
Teefey'®® (2000)
Teefey'! (2005)
Teefey'%? (2004)
Torstensen'®* (1999)
Toyoda'®® (2005)
Tuite®® (2001)
Tuite'®” (1994)

MR OO OO ORI R O OO OO OO O K< O R
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Response to QUADAS-2 Questions®

Author (Year) 1 2 3 4 5 6 7 8 9 10 11 QUADAS-2 Score
van Holsbeeck'"® (1995) U Y Y Y Y Y Y Y Y Y Y 10
van Moppes'™ (1995) Y Y Y U Y Y Y U Y N Y 8
Venu'”® (2002) Y Y Y U Y Y Y U Y Y Y 9
Vlychou'™ (2009) U Y Y Y Y Y Y Y Y N Y 9
Wagner'"® (2002) Y Y Y Y Y Y Y Y Y Y N 10
Waldt'”® (2007) Y Y Y Y Y Y Y Y Y Y Y 11
Wallny'™ (2001) U Y Y U Y Y Y Y Y Y Y 9
Ward*® (2018) Y U Y U Y Y Y U U Y Y 7
Wiener'®? (1993) Y Y Y U Y Y Y Y Y N Y 9
Wnorowski'®? (1997) Y Y Y U Y Y Y U Y Y Y 9
Yagei'®* (2001) Y Y Y U Y Y Y U Y Y Y 9
Yamakawa'® (2001) U Y Y Y Y Y Y Y Y Y Y 10
Yen™®" (2004) U Y Y U Y Y Y U Y Y Y 8
Zehetgruber!®® (2002) Y Y Y N Y Y Y N Y Y Y 9
Ziegler'®® (2004) U Y Y U Y Y Y U U Y Y 7
Zlatkin®® (2004) Y U Y Y Y Y Y Y Y U Y 9
Zlatkin'®" (1989) Y Y Y U Y Y Y U Y N Y 8
“N, no; U, unclear; Y, yes.
bQUADAS-2 questions are as follows:
1. Was a consecutive or random sample of patients enrolled?
2. Was a case-control design avoided?
3. Did the study avoid inappropriate exclusions?
4. Were the index test results interpreted without knowledge of the results of the reference standard?
5. If a threshold was used, was it prespecified?
6. Is the reference standard likely to correctly classify the target condition?
7. Were the reference standard results interpreted without knowledge of the results of the index test?
8. Was there an appropriate interval between the index test(s) and reference standard?
9. Did all patients receive a reference standard?
10. Did all patients receive the same reference standard?
11. Were all patients included in the analysis?
TABLE A2
Subgroup Analysis Based on Tendon®
Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Any tear
Any
MRA 0.88 0.93 106.43 4.61 1.00 1.00 21 21
(0.82-0.93) (0.88-0.96) (45.91-206.08) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.84 0.83 28.01 0.79 0.96 0.90 32 32
(0.79-0.88) (0.78-0.88) (16.68-44.01) (0.20-3.00) (0.88-1.04) (0.83-0.97)
[2] [2]
US 0.82 0.83 22.60 0.39 0.93 0.89 44 44
(0.77-0.86) (0.77-0.86) (14.21-33.58) (0.20-1.00) (0.86-1.02) (0.83-0.96)
[3] [3]
SSP
MRA 0.82 0.84 53.96 1.95 1.00 1.00 5 5
(0.55-0.96) (0.60-0.95) (4.02-221.20) (0.20-5.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.86 0.76 29.53 1.24 1.07 0.92 7 7
(0.70-0.94) (0.53-0.91) (4.94-91.80) (0.20-5.00) (0.80-1.59) (0.61-1.34)
(3] [3]

(continued)
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
UsS 0.89 0.73 33.18 1.49 1.11 0.88 8 8
(0.76-0.96) (0.54-0.87) (6.58-92.07) (0.20-5.00) (0.86-1.67) (0.62-1.26)
(2] [2]
SSC
MRA 0.79 0.84 22.72 2.07 1.00 1.00 8 8
(0.70-0.85) (0.75-0.91) (9.64-42.89) (0.33-5.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.70 0.87 18.45 1.54 0.89 1.03 12 12
(0.56-0.82) (0.76-0.93) (6.46-39.34) (0.33-5.00) (0.69-1.07) (0.89-1.17)
[3] [2]
US 0.35 0.85 42.60 0.86 0.45 1.01 2 2
(0.04-0.81) (0.41-1.00) (0.09-312.28) (0.20-3.00) (0.05-1.03) (0.48-1.28)
(2] [3]
ISP
MRA 0.64 0.77 43.11 1.73 1.00 1.00 2 2
(0.26-0.95) (0.33-0.98) (0.50-270.04) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[3] [1]
MRI 0.57 0.79 150.27 1.69 1.00 1.13 2 2
(0.20-0.88) (0.40-1.00) (0.40-1128.94) (0.20-5.00) (0.29-2.37) (0.47-2.43)
[2] [2]
US 0.49 0.77 6128339.61 1.50 0.88 1.09 1 1
(0.00-1.00) (0.31-1.00) (0.01-79792.75) (0.20-5.00) (0.01-2.52) (0.41-2.36)
[1] [3]
SSP-ISP
MRA 0.91 0.82 108.83 2.59 1.00 1.00 6 6
(0.71-0.98) (0.56-0.95) (8.76-424.56) (0.33-5.00) (1.00-1.00) (1.00-1.00)
(2] [1]
MRI 0.87 0.82 146.28 2.44 0.97 1.02 3 3
(0.53-0.98) (0.47-0.97) (3.61-749.30) (0.33-5.00) (0.60-1.23) (0.56-1.52)
(1] [2]
UsS 0.58 0.64 12.95 0.45 0.64 0.79 1 1
(0.15-0.93) (0.18-0.96) (0.14-87.84) (0.20-3.00) (0.16-1.06) (0.22-1.34)
[3] [3]
FT tear
Any
MRA 0.95 0.95 632.73 4.80 1.00 1.00 15 15
(0.90-0.98) (0.88-0.98) (114.29-1884.37) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.90 0.87 67.81 0.62 0.95 0.92 36 36
(0.86-0.93) (0.83-0.91) (37.58-110.73) (0.20-1.00) (0.90-1.01) (0.86-0.99)
[2] [2]
US 0.86 0.88 48.09 0.34 0.90 0.92 36 36
(0.79-0.90) (0.84-0.91) (21.99-79.30) (0.20-1.00) (0.82-0.97) (0.87-1.00)
[3] [3]
SSP
MRA 0.95 0.93 1237.91 3.89 1.00 1.00 8 8
(0.81-0.99) (0.76-0.99) (40.19-6799.52) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.88 0.83 104.66 0.93 0.93 0.90 5 5
(0.63-0.98) (0.56-0.97) (5.64-492.32) (0.20-3.00) (0.67-1.11) (0.61-1.14)
[2] [2]
UsS 0.85 0.83 68.59 0.69 0.90 0.90 5 5
(0.65-0.95) (0.54-0.97) (5.25-304.86) (0.20-3.00) (0.69-1.07) (0.58-1.13)
[3] [3]
SSC
MRA 0.61 0.76 10.22 0.81 1.00 1.00 1 1
(0.15-0.97) (0.32-1.00) (0.27-27864.06) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(2] [2]

(continued)
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
MRI 0.91 0.79 164.36 1.83 2.03 1.16 4 4
(0.57-1.00) (0.45-0.97) (3.07-174003.30) (0.33-3.00) (0.80-6.41) (0.57-2.52)
(1] [1]
ISP
MRA 0.68 0.63 4.75 1.62 1.00 1.00 1 1
(0.28-1.00) (0.29-1.00) (0.38-13899.95) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.53 0.63 2.16 1.07 0.89 1.10 1 1
(0.10-0.92) (0.30-1.00) (0.13-1049.20) (0.33-3.00) (0.15-2.14) (0.41-2.49)
[2] [2]
SSP-ISP
MRA 0.87 0.89 97.16 1.62 1.00 1.00 5 5
(0.63-0.97) (0.60-0.98) (7.63-907.87) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.82 0.88 63.07 1.05 0.95 1.00 3 3
(0.53-0.95) (0.54-0.99) (3.93-822.75) (0.33-3.00) (0.63-1.26) (0.66-1.38)
[2] [2]
SSC-ISP
MRA 0.54 0.74 4.99 1.25 1.00 1.00 1 1
(0.13-0.93) (0.26-0.99) (0.18-348.87) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(2] [2]
MRI 0.70 0.62 5.60 1.31 1.70 0.98 1 1
(0.28-1.00) (0.16-0.96) (0.21-6426.07) (0.33-3.00) (0.45-5.68) (0.21-2.64)
(1] [1]
PT tear
Any
MRA 0.80 0.91 49.27 4.77 1.00 1.00 18 17
(0.70-0.88) (0.85-0.95) (19.67-100.56) (3.00-5.00) (1.00-1.00) (1.00-1.00)
[1] [1]
MRI 0.63 0.84 9.15 0.38 0.79 0.92 33 33
(0.55-0.71) (0.78-0.88) (5.28-14.41) (0.20-1.00) (0.66-0.93) (0.84-1.00)
(3] [3]
US 0.58 0.87 9.85 0.52 0.73 0.96 33 33
(0.49-0.67) (0.82-0.91) (5.58-15.73) (0.20-1.00) (0.59-0.89) (0.90-1.03)
[2] [2]
SSP
MRA 0.75 0.81 23.56 1.63 1.00 1.00 6 6
(0.51-0.91) (0.57-0.94) (2.63-89.89) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[2] [2]
MRI 0.71 0.87 59.36 1.88 0.97 1.09 5 4
(0.44-0.88) (0.54-0.99) (2.31-304.79) (0.20-5.00) (0.57-1.49) (0.66-1.59)
(1] [1]
US 0.78 0.73 18.77 1.15 1.07 0.91 6 6
(0.51-0.95) (0.49-0.89) (2.04-76.67) (0.20-5.00) (0.66-1.63) (0.59-1.33)
[3] [3]
SSC
MRA 0.64 0.69 48.93 1.12 1.00 1.00 1 1
(0.19-0.97) (0.22-0.97) (0.22-218.15) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [2]
MRI 0.69 0.79 17.24 1.53 1.35 1.38 3 3
(0.35-0.92) (0.44-0.94) (1.09-68.87) (0.33-3.00) (0.49-3.60) (0.60-3.71)
(2] [1]
SSP-ISP
MRA 0.76 0.86 34.35 1.70 1.00 1.00 6 6
(0.55-0.90) (0.64-0.96) (4.16-114.77) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.69 0.80 28.57 1.03 0.92 0.93 2 2
(0.31-0.91) (0.39-0.97) (0.85-137.52) (0.33-3.00) (0.40-1.36) (0.45-1.27)
(2] [2]

(continued)
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TABLE A2 (continued)

Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
PT-A tear
MRA 0.74 0.90 38.42 1.90 1.00 1.00 8 8
(0.55-0.87) (0.73-0.97) (6.28-116.78) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.67 0.82 20.06 0.85 0.92 0.92 5 5
(0.41-0.85) (0.54-0.97) (1.78-85.39) (0.33-3.00) (0.56-1.32) (0.58-1.18)
[2] [2]
PT-B tear
MRA 0.75 0.92 62.96 1.80 1.00 1.00 8 8
(0.60-0.85) (0.77-0.98) (8.58-193.74) (0.33-3.00) (1.00-1.00) (1.00-1.00)
(1] [1]
MRI 0.73 0.84 27.80 0.89 0.99 0.92 6 6
(0.51-0.87) (0.57-0.97) (3.11-108.51) (0.33-3.00) (0.68-1.28) (0.63-1.12)
(2] [2]

“Data are reported as mean (95% CI) unless otherwise indicated. FT, full-thickness; ISP, infraspinatus; MRA, magnetic resonance
arthrography; MRI, magnetic resonance imaging; PT, partial-thickness; PT-A, articular-side partial-thickness; PT-B, bursal-side partial-
thickness; SSC, subscapularis; SSP, supraspinatus; US, ultrasound.

TABLE A3
Subgroup Analysis Based on Study Design®
Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Prospective
Any tear
MRA 0.90 0.88 76.41 4.10 1.00 1.00 19 15
(0.83-0.94) (0.80-0.93) (27.29-169.97) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.88 0.79 32.13 1.30 0.98 0.90 16 14
(0.80-0.93) (0.66-0.88) (10.60-72.44) (0.20-3.00) (0.88-1.08) (0.74-1.03)
[2] (2]
US 0.83 0.77 17.91 0.33 0.92 0.88 29 27
(0.75-0.88) (0.69-0.84) (8.50-32.70) (0.20-1.00) (0.83-1.03) (0.77-0.99)
(3] (3l
FT tear
MRA 0.94 0.93 387.96 4.64 1.00 1.00 14 12
(0.87-0.98) (0.83-0.98) (65.53-1222.98) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.89 0.82 44.41 0.70 0.94 0.88 11 11
(0.79-0.94) (0.67-0.91) (12.99-107.81) (0.20-3.00) (0.83-1.03) (0.72-1.02)
(2] (2]
US 0.85 0.83 31.65 0.41 0.90 0.89 19 19
(0.74-0.92) (0.72-0.90) (10.92-69.40) (0.20-1.00) (0.78-1.00) (0.77-1.01)
[3] (3]
PT tear
MRA 0.77 0.87 26.72 2.99 1.00 1.00 13 11
(0.65-0.86) (0.79-0.93) (9.75-60.58) (0.33-5.00) (1.00-1.00) (1.00-1.00)
(11 (1]
MRI 0.63 0.87 14.08 1.32 0.83 1.00 11 11
(0.46-0.76) (0.77-0.93) (4.49-31.74) (0.20-5.00) (0.59-1.05) (0.87-1.12)
(2] (2]
US 0.61 0.87 11.29 0.72 0.80 0.99 18 18
(0.47-0.74) (0.79-0.92) (4.59-22.88) (0.20-3.00) (0.60-1.02) (0.90-1.10)
(3] (3l
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Retrospective
Any tear
MRA 0.87 0.93 91.72 4.79 1.00 1.00 34 27
(0.81-0.91) (0.88-0.95) (44.31-164.17) (3.00-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.82 0.88 36.39 1.08 0.94 0.96 59 45
(0.78-0.85) (0.85-0.91) (23.47-53.45) (0.33-3.00) (0.88-1.02) (0.91-1.01)
[2] (2]
US 0.77 0.83 17.43 0.23 0.89 0.89 25 19
(0.69-0.84) (0.75-0.89) (8.65-31.14) (0.20-0.33) (0.79-0.98) (0.81-0.97)
[3] (3]
FT tear
MRA 0.94 0.96 811.66 4.66 1.00 1.00 13 13
(0.86-0.98) (0.89-0.99) (97.32-3419.22) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] [1]
MRI 0.90 0.89 80.81 0.77 0.95 0.93 29 29
(0.84-0.93) (0.83-0.93) (32.87-151.96) (0.33-3.00) (0.89-1.04) (0.86-1.01)
(2] (2]
US 0.82 0.89 46.44 0.32 0.87 0.93 11 11
(0.71-0.89) (0.80-0.95) (14.80-101.86) (0.20-1.00) (0.76-0.98) (0.83-1.02)
[3] (3]
PT tear
MRA 0.82 0.90 51.64 4.49 1.00 1.00 14 13
(0.72-0.89) (0.82-0.95) (17.15-118.56) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] [1]
MRI 0.67 0.87 14.01 0.85 0.82 0.96 26 24
(0.58-0.75) (0.80-0.91) (6.89-24.52) (0.20-3.00) (0.69-0.96) (0.88-1.05)
(2] (2]
UsS 0.67 0.78 9.57 0.40 0.81 0.87 9 9
(0.46-0.84) (0.62-0.89) (2.21-28.40) (0.20-1.00) (0.55-1.06) (0.69-1.01)
[3] (3]
Study type not reported
Any tear
MRA 0.82 0.81 50.81 2.23 1.00 1.00 6 6
(0.56-0.95) (0.51-0.97) (3.19-243.36) (0.20-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.86 0.69 17.53 0.97 1.06 0.88 11 9
(0.72-0.94) (0.51-0.83) (4.75-45.42) (0.20-3.00) (0.85-1.52) (0.59-1.37)
[3] [3]
UsS 0.82 0.80 21.53 1.45 1.02 1.01 22 20
(0.72-0.89) (0.69-0.88) (8.50-44.75) (0.20-5.00) (0.82-1.48) (0.78-1.55)
(2] (2]
FT tear
MRA 0.95 0.87 1396.42 2.67 1.00 1.00 4 4
(0.62-1.00) (0.53-0.99) (8.72-1522623.09) (0.20-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.92 0.86 137.15 0.93 0.98 1.01 5 5
(0.64-1.00) (0.65-0.95) (8.88-2350.94) (0.20-3.00) (0.66-1.51) (0.71-1.64)
[2] (3]
US 0.90 0.92 125.69 1.20 0.96 1.09 11 11
(0.76-0.96) (0.84-0.96) (29.97-379.75) (0.20-3.00) (0.77-1.49) (0.89-1.76)
[3] [2]
PT tear
MRA 0.78 0.90 116.05 4.11 1.00 1.00 4 4
(0.49-0.94) (0.63-0.99) (4.84-619.64) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]

(continued)
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TABLE A3 (continued)

Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
MRI 0.62 0.63 3.67 0.40 0.81 0.71 6 6
(0.41-0.81) (0.37-0.83) (0.77-10.82) (0.20-1.00) (0.52-1.31) (0.40-1.07)
[3] (3]
US 0.58 0.85 9.90 0.92 0.77 0.95 12 12
(0.42-0.74) (0.70-0.93) (2.87-23.58) (0.33-3.00) (0.52-1.24) (0.76-1.34)
[2] (2]

“Data are reported as mean (95% CI) unless otherwise indicated. FT, full-thickness; MRA, magnetic resonance arthrography; MRI,
magnetic resonance imaging; PT, partial-thickness; US, ultrasound.

TABLE A4
Subgroup Analysis Based on QUADAS-2 Score®
Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Score =7
Any tear
MRA 0.75 0.74 28.52 1.66 1.00 1.00 4 4
(0.42-0.95) (0.32-0.96) (0.94-160.41) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.81 0.69 12.43 1.39 1.13 1.03 9 7
(0.67-0.90) (0.48-0.86) (3.31-33.65) (0.20-5.00) (0.79-1.94) (0.58-2.20)
[3] (3]
US 0.80 0.75 15.27 1.74 1.12 1.12 13 11
(0.67-0.89) (0.56-0.89) (4.60-39.26) (0.20-5.00) (0.80-1.91) (0.67-2.37)
[2] (2]
FT tear
MRA 0.86 0.89 552.22 2.38 1.00 1.00 2 2
(0.43-0.99) (0.44-1.00) (2.40-2043809.18) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.89 0.81 58.99 0.99 1.08 0.97 4 4
(0.57-0.99) (0.48-0.94) (4.23-602.78) (0.20-3.00) (0.64-2.08) (0.50-1.93)
[3] (3]
US 0.89 0.91 103.73 1.49 1.08 1.09 7 7
(0.69-0.97) (0.80-0.96) (17.94-411.22) (0.20-5.00) (0.78-2.06) (0.82-2.10)
[2] (2]
PT tear
MRA 0.85 0.81 154.43 3.00 1.00 1.00 3 3
(0.48-0.99) (0.45-0.97) (2.62-933.62) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.69 0.73 11.40 0.86 0.83 0.94 4 4
(0.40-0.89) (0.38-0.94) (0.99-45.01) (0.20-3.00) (0.45-1.49) (0.44-1.78)
[3] (3l
US 0.69 0.80 15.68 1.23 0.84 1.02 6 6
(0.45-0.87) (0.53-0.95) (1.81-58.22) (0.20-5.00) (0.50-1.48) (0.64-1.80)
[2] (2]
Score = 8
Any tear
MRA 0.87 0.75 67.44 1.64 1.00 1.00 4 3
(0.60-0.97) (0.32-0.96) (2.48-338.83) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[2] [2]
MRI 0.90 0.88 91.21 3.36 1.05 1.28 9 7
(0.82-0.95) (0.75-0.95) (24.27-226.29) (1.00-5.00) (0.89-1.48) (0.86-2.75)
[1] (1]
US 0.82 0.76 18.28 0.45 0.95 1.11 12 10
(0.66-0.91) (0.61-0.87) (5.12-47.06) (0.20-1.00) (0.73-1.38) (0.70-2.37)
[3] [3]

(continued)
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
FT tear
MRA 0.90 0.80 1096.80 2.52 1.00 1.00 3 3
(0.46-1.00) (0.32-1.00) (1.40-18391778.49) (0.20-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.87 0.87 63.03 1.59 1.02 1.24 6 6
(0.70-0.95) (0.64-0.97) (9.36-346.21) (0.20-5.00) (0.73-1.90) (0.72-2.78)
[2] (2]
US 0.84 0.82 29.44 0.82 0.98 1.16 7 7
(0.61-0.95) (0.61-0.94) (5.33-139.67) (0.20-3.00) (0.65-1.83) (0.69-2.64)
[3] (3]
PT tear
MRA 0.81 0.81 55.50 2.75 1.00 1.00 2 2
(0.41-0.97) (0.33-1.00) (1.08-122796.87) (0.20-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.74 0.84 18.97 1.71 0.97 1.16 4 4
(0.46-0.91) (0.60-0.95) (2.89-118.01) (0.33-5.00) (0.55-1.86) (0.66-2.55)
[2] (2]
UsS 0.53 0.85 7.16 0.59 0.70 1.17 7 7
(0.32-0.75) (0.66-0.94) (1.46-30.05) (0.20-3.00) (0.39-1.34) (0.72-2.55)
[3] (3]
Score =9
Any tear
MRA 0.85 0.90 65.18 3.54 1.00 1.00 17 15
(0.76-0.91) (0.83-0.95) (22.06-146.99) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.83 0.79 20.77 0.68 0.98 0.88 29 25
(0.77-0.88) (0.72-0.85) (10.56-36.26) (0.20-3.00) (0.88-1.11) (0.79-0.97)
[3] (3]
US 0.84 0.81 24.16 1.09 0.99 0.89 28 23
(0.78-0.89) (0.73-0.87) (11.76-43.90) (0.20-3.00) (0.89-1.12) (0.80-0.99)
[2] (2]
FT tear
MRA 0.94 0.93 468.91 4.44 1.00 1.00 11 11
(0.82-0.99) (0.83-0.98) (43.76-1861.43) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.89 0.85 55.22 0.79 0.95 0.91 16 16
(0.79-0.95) (0.74-0.92) (16.11-135.21) (0.20-3.00) (0.84-1.09) (0.80-1.03)
[2] (2]
US 0.87 0.84 42.45 0.48 0.92 0.91 14 14
(0.78-0.92) (0.73-0.92) (13.19-102.77) (0.20-3.00) (0.82-1.06) (0.79-1.03)
[3] (3]
PT tear
MRA 0.75 0.90 35.77 4.28 1.00 1.00 10 10
(0.60-0.88) (0.80-0.96) (9.49-93.90) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] (1]
MRI 0.55 0.81 5.64 0.33 0.74 0.90 18 18
(0.43-0.67) (0.71-0.87) (2.65-10.64) (0.20-1.00) (0.55-0.99) (0.78-1.02)
[3] (3]
US 0.56 0.87 9.73 1.06 0.75 0.97 15 15
(0.42-0.71) (0.79-0.92) (3.92-20.02) (0.20-3.00) (0.53-1.05) (0.87-1.09)
[2] (2]
Score = 10
Any tear
MRA 0.91 0.91 130.24 3.87 1.00 1.00 17 13
(0.85-0.95) (0.85-0.95) (47.81-274.53) (1.00-5.00) (1.00-1.00) (1.00-1.00)
[1] (11
MRI 0.86 0.89 53.57 1.07 0.94 0.97 24 17
(0.79-0.90) (0.80-0.94) (20.97-108.59) (0.20-3.00) (0.86-1.01) (0.87-1.06)
[2] (2]

(continued)
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
US 0.80 0.88 37.64 0.56 0.88 0.97 14 14
(0.66-0.90) (0.80-0.94) (11.56-90.10) (0.20-3.00) (0.72-1.00) (0.87-1.06)
[3] (3]
FT tear
MRA 0.90 0.93 934.19 3.21 1.00 1.00 7 5
(0.68-0.99) (0.68-1.00) (13.30-5459.56) (0.33-5.00) (1.00-1.00) (1.00-1.00)
[1] (11
MRI 0.90 0.89 99.85 1.32 1.00 0.97 12 12
(0.81-0.95) (0.74-0.96) (20.03-291.61) (0.20-5.00) (0.86-1.33) (0.79-1.31)
[2] (2]
US 0.75 0.89 59.43 0.60 0.84 0.97 7 7
(0.49-0.92) (0.69-0.98) (4.60-263.72) (0.20-3.00) (0.53-1.18) (0.74-1.32)
[3] (3]
PT tear
MRA 0.85 0.89 54.45 3.06 1.00 1.00 8 6
(0.73-0.91) (0.77-0.94) (14.58-127.76) (0.33-5.00) (1.00-1.00) (1.00-1.00)
[1] [1]
MRI 0.73 0.88 23.44 1.05 0.87 0.99 7 7
(0.59-0.85) (0.78-0.93) (7.56-52.95) (0.20-3.00) (0.69-1.05) (0.86-1.15)
[2] (2]
US 0.66 0.88 21.32 0.95 0.78 0.99 6 6
(0.38-0.87) (0.73-0.95) (3.33-71.67) (0.20-3.00) (0.45-1.06) (0.82-1.16)
[3] (3l
Score =11
Any tear
MRA 0.83 0.89 52.94 3.56 1.00 1.00 17 12
(0.73-0.90) (0.77-0.96) (13.91-141.90) (0.33-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.77 0.87 29.63 1.68 0.93 0.98 14 10
(0.63-0.87) (0.75-0.94) (7.61-78.05) (0.33-5.00) (0.75-1.11) (0.83-1.14)
[2] (2]
US 0.74 0.70 8.82 0.36 0.89 0.79 8 7
(0.54-0.88) (0.52-0.85) (1.97-25.39) (0.20-1.00) (0.65-1.11) (0.57-0.99)
[3] (3]
FT tear
MRA 0.92 0.91 245.15 3.96 1.00 1.00 8 8
(0.80-0.97) (0.75-0.98) (28.59-905.13) (1.00-5.00) (1.00-1.00) (1.00-1.00)
(1] (1]
MRI 0.80 0.83 36.99 0.70 0.87 0.91 7 7
(0.52-0.95) (0.63-0.93) (3.95-138.87) (0.20-3.00) (0.56-1.07) (0.68-1.13)
[3] (3]
US 0.84 0.84 4251 0.85 0.91 0.93 6 6
(0.66-0.94) (0.67-0.94) (7.75-127.78) (0.20-3.00) (0.73-1.07) (0.74-1.12)
[2] (2]
PT tear
MRA 0.71 0.82 16.45 2.58 1.00 1.00 8 7
(0.55-0.82) (0.63-0.94) (3.25-51.45) (0.33-5.00) (1.00-1.00) (1.00-1.00)
[1] (2]
MRI 0.72 0.82 15.35 2.68 1.02 1.00 10 8
(0.56-0.82) (0.64-0.93) (3.34-44.48) (0.33-5.00) (0.78-1.34) (0.76-1.30)
[2] [1]
US 0.59 0.67 4.29 0.40 0.85 0.82 5 5
(0.36-0.80) (0.44-0.87) (0.76-14.45) (0.20-1.00) (0.49-1.22) (0.55-1.09)
[3] (3]

“Data are reported as mean (95% CI) unless otherwise indicated. FT, full-thickness; MRA, magnetic resonance arthrography; MRI,

magnetic resonance imaging; PT, partial-thickness; US, ultrasound.



The Orthopaedic Journal of Sports Medicine

Detecting Rotator Cuff Tears 25

TABLE A5
Subgroup Analysis Based on Publication Year (>2000)*
Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity 0Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
Any tear
3.0-T MRI 0.80 0.90 53.50 2.10 1.00 1.00 12 9
(0.65-0.90)  (0.75-0.97) (10.23-163.38) (0.20-5.00) (1.00-1.00)  (1.00-1.00)
(2l (1]
1.5-T MRI 0.85 0.83 29.08 1.51 1.06 0.93 30 24
(0.78-0.90)  (0.74-0.88) (14.12-52.18) (0.20-5.00) (0.91-1.32)  (0.81-1.12)
[4] (3]
>7.5-MHz US 091 0.76 39.46 1.91 1.15 0.86 22 21
(0.86-0.95)  (0.66-0.85) (15.69-79.17) (0.33-5.00) (0.99-1.41)  (0.71-1.04)
(3] (2]
<7.5-MHz US 0.76 0.69 93.82 1.32 0.96 0.78 1 1
(0.25-0.99)  (0.21-0.97) (0.37-590.42) (0.14-7.00) (0.31-1.38)  (0.24-1.14)
(1] [4]
FT tear
3.0-T MRI 0.87 0.90 209.97 343 1.00 1.00 5 5
(0.58-0.98)  (0.65-0.98) (7.48-1001.92) (0.20-7.00) (1.00-1.00)  (1.00-1.00)
(1] (1]
1.5-T MRI 0.90 0.86 74.25 2.26 1.06 0.98 19 19
(0.79-0.96)  (0.76-0.93) (21.27-185.38) (0.20-7.00) (0.86-1.56)  (0.82-1.34)
B (2]
>7.5-MHz US 0.89 0.87 74.88 2.25 1.05 0.98 14 14
(0.78-0.96)  (0.73-0.93) (19.86-193.84) (0.20-7.00) (0.85-1.54)  (0.78-1.36)
[2] (3]
<7.5-MHz US 0.66 0.69 27.19 0.46 0.78 0.78 1 1
(0.21-0.97)  (0.22-0.96) (0.28-182.49) (0.14-3.00) (0.23-1.30)  (0.25-1.21)
[4] [4]
PT tear
3.0-T MRI 0.77 0.86 125.81 4.43 1.00 1.00 5 5
(0.53-0.91)  (0.53-0.99) (3.04-844.86) (0.20-7.00) (1.00-1.00)  (1.00-1.00)
(1] (1]
1.5-T MRI 0.70 0.80 10.52 1.40 0.92 0.95 15 15
(0.58-0.80)  (0.68-0.88) (4.22-20.79) (0.20-5.00) (0.70-1.34)  (0.72-1.52)
[4] (3]
>7.5-MHz US 0.66 0.83 11.07 1.42 0.87 0.99 14 14
(0.51-0.78)  (0.72-0.90) (4.00-23.44) (0.20-5.00) (0.63-1.26)  (0.77-1.57)
[3] (2]
<7.5-MHz US 0.57 0.68 12.15 0.82 0.74 0.82 1 1
(0.16-0.92)  (0.23-0.96) (0.18-71.69) (0.14-5.00) (0.19-1.34)  (0.26-1.50)
[2] (4]

“Data are reported as mean (95% CI) unless otherwise indicated. FT, full-thickness; MRI, magnetic resonance imaging; PT, partial-
thickness; US, ultrasound.

TABLE A6
Subgroup Analysis Based on Gold Standard (Arthroscopic Surgery)®
Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
PT tear
3.0-T MRI 0.84 0.88 73.13 3.02 1.00 1.00 10 8
(0.68-0.93)  (0.68-0.97) (8.78-275.67) (0.20-7.00) (1.00-1.00)  (1.00-1.00)
[2] (2]
1.5-T MRI 0.82 0.78 18.41 0.68 0.98 0.90 17 15
(0.71-0.89)  (0.68-0.86) (7.41-37.57) (0.14-3.00) (0.81-1.22)  (0.74-1.18)
[3] (3l

(continued)
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Absolute Absolute Diagnostic Superiority Relative Relative Data
Test Sensitivity Specificity Odds Ratio [Rank] Index [Rank] Sensitivity Specificity Sets, n Studies, n
>7.5-MHz US 0.92 0.86 82.87 4.84 1.10 0.99 13 13
(0.85-0.95) (0.77-0.92) (30.68-173.75) (1.00-7.00) (0.96-1.36) (0.84-1.29)
(1] [1]
<7.5-MHz US 0.63 0.62 14.26 0.43 0.75 0.71 1 1
(0.17-0.94) (0.19-0.95) (0.17-82.28) (0.14-3.00) (0.20-1.21) (0.22-1.17)
[4] [4]
PT tear
3.0-T MRI 0.87 0.89 194.03 3.26 1.00 1.00 5 5
(0.59-0.98) (0.61-0.98) (6.27-1017.47) (0.20-7.00) (1.00-1.00) (1.00-1.00)
[1] [2]
1.5-T MRI 0.78 0.81 20.98 0.53 0.91 0.92 9 9
(0.56-0.92) (0.65-0.90) (3.99-58.70) (0.14-3.00) (0.62-1.34) (0.71-1.34)
[4] [4]
>7.5-MHz US 0.92 0.88 182.00 3.58 1.07 1.01 7 7
(0.72-0.99) (0.76-0.94) (16.49-666.15) (0.33-7.00) (0.81-1.54) (0.82-1.46)
[2] [1]
<7.5-MHz US 0.74 0.73 136.19 1.08 0.87 0.84 1 1
(0.25-0.99) (0.24-0.98) (0.47-821.28) (0.14-7.00) (0.28-1.45) (0.27-1.32)
[3] [3]
PT tear
3.0-T MRI 0.79 0.85 146.65 3.70 1.00 1.00 5 5
(0.58-0.91) (0.51-1.00) (3.13-1052.81) (0.20-7.00) (1.00-1.00) (1.00-1.00)
(1] (1]
1.5-T MRI 0.70 0.77 9.27 0.72 0.91 0.93 12 12
(0.55-0.81) (0.62-0.89) (3.13-19.97) (0.14-3.00) (0.67-1.26) (0.67-1.51)
[4] (3]
>7.5-MHz US 0.76 0.91 44.61 3.64 0.98 1.10 7 7
(0.57-0.89) (0.78-0.96) (9.60-110.65) (0.33-7.00) (0.71-1.35) (0.85-1.77)
[2] [2]
<7.5-MHz US 0.46 0.70 11.00 0.54 0.59 0.86 1 1
(0.08-0.87) (0.21-0.97) (0.09-69.49) (0.14-3.00) (0.10-1.18) (0.23-1.63)
[3] [4]

“Data are reported as mean (95% CI) unless

thickness; US, ultrasound.

otherwise indicated. FT, full-thickness; MRI, magnetic resonance imaging; PT, partial-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


