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Abstract

rotator cuff tears.

not significant in this meta-analysis.
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Background: A precise preoperative diagnosis is important for the treatment of patients, and the extent of rotator cuff tears will
determine the patient’s choice of conservative treatment or surgical treatment.
Objectives: This paper was conducted to assess the diagnostic accuracy of magnetic resonance imaging (MRI) in the evaluation of

Materials and Methods: A computerized search using PubMed, EMBASE, Chinese Biomedical databases, Web of Knowledge, and
Cochrane Libraries was performed to identify original research studies by two independent reviewers separately.

Results: Eighteen surveys that investigated MRI to diagnose rotator cuff tears were included. Influence factors on the diagnostic
accuracy were evaluated using meta-regression analysis. For any rotator cuff tear, the pooled sensitivity and specificity were 0.93 and
0.88, respectively. Overall, MRI had higher pooled sensitivity (0.87) and specificity (0.93) of full-thickness tears, relative to sensitivity
(0.80) and specificity (0.92) of partial tears. In addition, the overall area under the curve (AUC) of MRI for identifying full-thickness
tears (96%) was close to that for any rotator cuff tear, a value that was much higher than for partial tears (86%). Threshold effects were

Conclusion: After analyzing the results of this study, we demonstrated that MRI had excellent performance regarding the diag-
nosis of rotator cuff tears. Our study showed that the diagnostic accuracy of MRI in diagnosing full-thickness rotator cuff tear is
significantly better than that of partial thickness rotator cuft tears.

1. Background

Rotator cuff tear is a common cause of shoulder pain
(1). The rotator cuff is a sleeve-like structure composed of
muscles and their tendons and is the major anatomical
structure to maintain shoulder stability (2). A precise pre-
operative diagnosis is important for the treatment of pa-
tients and the extent of rotator cuff tears will determine
the patient’s choice of conservative treatment or surgical
treatment, especially for surgeons to perform an operation
procedure (3). Clinically, there are many imaging examina-
tions that can help us diagnose rotator cuff tears, such as
ultrasound and magnetic resonance imaging (MRI).

MRI provided detailed and comprehensive informa-
tion related to various aspects of rotator cuff tears that may
be helpful to select the appropriate treatment plan (4). MRI
has been considered as a non-invasive method to evalu-
ate full-thickness rotator cuff tears, especially partial thick-

ness rotator cuff tears (5-7). Although several studies have
reported that MRI has high accuracy for the detection of
rotator cuff tears, the results were not uniform. Previous
meta-analyses have demonstrated the effectiveness of MRI
in the diagnosis of rotator cuff tears (8, 9); nonetheless,
these studies only assessed English-language publications
and retrospective studies.

2. Objectives

In this study, we included literatures published in En-
glish and Chinese language and analyzed the correlation
between factors (field strength, equipment, and language)
and the diagnostic performance of MRI. A comprehensive
evaluation of the accuracy of MRI in the diagnosis of rota-
tor cuff tears was the purpose of this study.
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3. Materials and Methods

3.1. Search Strategy

A computerized search using PubMed, EMBASE, Chi-
nese Biomedical databases, Web of Knowledge, and
Cochrane Libraries was performed to identify original
research studies by two independent reviewers sepa-
rately. The following terms and medical headings were
used: “magnetic resonance imaging”, “MRI”, “Shoulder”,
“Shoulder impingement syndrome”, “Shoulder joint”,
“Subacromial impingement”, “Rotator cuff’, “Tendinopa-
thy”, “Shoulder pain”, “sensitivity”, “specificity”, “false-
negative”, “false-positive”, “diagnosis”, and “accuracy”.

3.2. Eligibility Criteria for Study Selection

All the studies were included according to the follow-
ing criteria: (1) Studies of MRI on the human application
to evaluate rotator cuff injury; (2) Studies that used sur-
gical examination as the reference standard; (3) Only rel-
evant articles published in English and Chinese; (4) True-
positive (TP), true-negative (TN), false-positive (FP), and
false-negative (FN) values extracted from the raw data; and
(5) Number of patients greater than 40. Unpublished data,
reviews, case reports, conference abstracts, letters, com-
ments, and editorials were excluded. If there were some
overlapping studies, we chose a recent report to avoid data
redundancy.

3.3. Data Collection and Quality Assessment

Data collection of each study included the following
content: publication year, number of patients, age, applied
field strength, and MRI technique parameters. The overall
TP, TN, FP, and FN values were extracted. The quality of in-
cluded study was assessed by quality assessment of diag-
nostic accuracy studies (QUADAS) tool (10). Box 1 shows all
items of QUADAS tool.

3.4. Statistical Analysis

All data analysis was performed using Meta-DiSc and
Stata 11.0 (Stata, College Station, Tex). Two reviewers in-
dependently constructed the 2 X 2 tables. Sensitivity
(SEN), specificity (SPE), positive and negative likelihood ra-
tio, and diagnostic odds ratio (DOR) with their 95% con-
fidence intervals (CI) were calculated and analyzed. We
also calculated the summary receiver-operating character-
istic (SROC). We also used I to test the study variation
attributed to heterogeneity. Influence factors on the di-
agnostic accuracy were evaluated using meta-regression
analysis (least squares weighted by inverse variance) (11).
The parameters listed in Table 1 were used as covariates.
Publication bias was assessed using the Deek’s test (12). The
threshold of significant statistical difference was defined
as P<0.05.

4. Results

Based on the computer and manual cross check strat-
egy, initially 833 potential papers were retrieved. Five hun-
dred twenty four articles were screened after removing
the 309 duplicate literatures. On the basis of titles and
abstracts, 70 articles were selected for further evaluation.
Finally, after reading the full text, 18 eligible literature
sources (14 English and four Chinese) that met the inclu-
sion criteria were included in this meta-analysis (Table 2)
(2,13-30). The results of the selection process are presented
in Figure 1. The quality of included study is shown in Table
3.

In all the included studies (n = 18), the data of rotator
cuffinjury were acquired with 1.5-T equipment in five stud-
ies,and only three studies examined MRI at 3.0 T; four stud-
ies did not provide relevant equipment information. A fat
saturation T2 sequence was used in six studies. These 18
included studies comprised 1830 patients. The age distri-
bution was reported heterogeneously; the mean age was
shown in 16 studies and ranged from 31to 69 years. Eight of
the included studies provided the data of MRI parameters
repetition time (TR), and echo time (TE). The above data is
displayed in Table 2.

Of the 18 included studies, 12 reported the accuracy of
MRI to assess any rotator cuff tear. The sensitivity (93%, 95%
CI:0.91- 0.95) and specificity (88%, 95% CI: 0.84 - 0.91) values
of any rotator cuff tears for MRI are displayed in Figure 2.
The DOR of any rotator cuff tears by MRI was 96.58 (95% CI:
46.16 - 202.06).

Of the 18 included studies, 11 reported the accuracy of
MRI to assess full-thickness tears. The sensitivity (87%, 95%
CI:0.84-0.90)and specificity (93%, 95% CI: 0.89-0.96)value
of full-thickness tears for MRI are displayed in Figure 3. The
DOR of full-thickness tears by MRI was 128.78 (95% CI: 63.34
t0261.85).

Seven studies assessed the diagnostic accuracy of par-
tial thickness rotator cuff tears from 560 patients. The sen-
sitivity (80%, 95% Cl: 0.73-0.86) and specificity (92%, 95% CI:
0.89 - 0.94) value of partial thickness rotator cuff for MRI
are displayed in Figure 4. The DOR of partial thickness ro-
tator cuff by MRI was 36.07 (95% Cl: 7.31t0177.90).

Overall, the SROC plot (Figure 5) indicated higher
diagnostic accuracy for full-thickness tears than partial-
thickness tears. Besides, the DOR of partial-thickness tears
(DOR = 36.07; 95% CI: 7.31 to 177.90) was lower than full-
thickness tears (DOR = 128.78; 95% CI: 63.34 to 261.85), in-
dicating better diagnostic performance for full-thickness
than for partial-thickness tears on MRI.

Table 2 shows the results of factors influencing the di-
agnosis by meta-regression analysis. Meta regression anal-
ysis showed that different devices (GE or Philips) do not sig-

Iran | Radiol. 2019;16(2):€79079.


http://iranjradiol.com

LiWFetal

Box 1. Quality Assessment of Diagnostic Accuracy Studies (QUADAS) Tool

Item

1- Was the spectrum of patient’s representative of the patients who will receive the test in practice?

2- Were selection criteria clearly described?

3-Is the reference standard likely to correctly classify the target condition?

4-1s the time period between reference standard and index test short enough to be reasonable?

5-Did the whole sample or a random selection of the sample receive verification using a reference standard of diagnosis?

6- Did patients receive the same reference standard regardless of the index test result?

7- Was the reference standard independent of the index test (the index test did not form part of the reference standard)?

8- Was the execution of the index test described in sufficient detail to permit replication of the test?

9- Was the execution of the reference standard described in sufficient detail to permit its replication?

10- Were the index test results interpreted without knowledge of the results of the reference standard?

11- Were the reference standard results interpreted without knowledge of the results of the index test?

12- Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?

13- Were uninterruptable/intermediate test results reported?

14- Were withdrawals from the study explained?

Searched database for 833 studies

After removing duplicate literature, 524 studies remained

Non human studies (14 )
Review (10 )

70 articles remained based on title and abstract

Could not extract the data (13)
The number of patients was less

than 40 (7)
Research before 2000 year (8)

18 papers remained after screening the full text

Finally 18 studies were included in the meta analysis

Figure 1. Flow chart of study selection

nificantly affect the diagnosis of rotator cuff injury. Meta
regression analysis also identified that Chinese versus En-
glish language had no significant effect on diagnostic per-
formance. No correlation between other investigated co-
variates (patient number, age, and magnetic resonance pa-
rameters) and diagnostic performance was observed.
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5. Discussion

This study was conducted to assess the diagnostic ac-
curacy of magnetic resonance imaging in the evaluation
of rotator cuff tears. In our meta-analysis, quality-related
problems were identified, and only six of all studies dis-
tinguished partial and full-thickness tears. Although the
MRI scanning position and parameters were described suf-
ficiently in all studies, several studies had reported the
use of fat suppression sequences. Despite the fact that
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Figure 2. Forest plots of pooled sensitivity and specificity for MRI in the diagnosis of any rotator cuff tears (df; degree of freedom, CI; confidence interval).

Table 1. Results of Meta Regression Analysis

Pvalue
Classification of rotator cuff tear
Scanner Language B?
Partial-thickness tear 0.5899 0.9189 0.3449
Full-thickness tear 0.7984 0.6940 0.1198
Any tear 0.4566 0.0719 0.6645

? Field strength.

the fat suppression sequence displayed that the anatom-
ical structure was slightly worse than T1 weighted image
(T1WI), highlighting the characteristics of the water signal,

it is more sensitive than the conventional T2 weighted im-
age (T2WI) sequence in identifying rotator cuff tears (31).
Because fat suppression sequences affect the diagnosis, ap-
plication of the fat suppression sequence should be men-
tioned in the study.

In this meta-analysis, 18 studies involving 984 patients
were included. Based on the results of this analysis, the
overall sensitivity of MRI for identifying any rotator cuff
tear was 93%, a value that was higher than that of full-
thickness tears (87%) and partial thickness tears (80%).
However, the overall specificity of MRI for identifying full-
thickness tears (93%) was higher than that for any rotator
cuff tear (88%). Additionally, the overall area under the
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Table 2. Characteristics of Included Studies

Study name Field strength No. of patient Mean age M/F Scanner TR TE QUADAS
Guo etal. (29) NM 53 55 4112 NM NM NM 8
Shellock et al. (26) 0.2 47 52 31/16 GE 2,200 80 11
Yamakawa et al. (27) 0.5 58 57 4315 NM 3,000 100 9
Martin-Hervas et al. (25) 0.5 61 NM 25[36 Philips NM NM 9
Changetal. (24) 15 422 50 240/182 GE 3,000 54 10
Teefey et al. (22) 15 7 59 41[30 GE NM NM 10
Zlatkin et al. (23) 0.2 160 56 91/69 GE 2,200 80 10
Magee (13) 3 150 31 109/41 GE 3,850 55 11
Hitachi etal. (15) 15 68 58 4325 Philips 3000 70 10
Iannotti et al. (21) 15 106 NM NM NM NM NM 7
Lambert et al. (20) 3 48 56 NM NM NM NM 9
Nagqyvi et al. (18) NM 55 56.6 35/20 NM NM NM 8
Vlychou et al. (17) 15 56 53.7 17/39 SMS 4000 58 n
Ostor et al. (14) NM 94 51 56/38 NM NM NM 9
Adams et al. (16) NM 120 55 75/45 NM NM NM 7
Magee (19) 3 150 55 116/34 GE 3850 55 12
Jiang etal. (30) 0.2 52 59 28[24 GE NM NM 11
Guo etal. (29) NM 59 56 25[34 GE NM NM 10
Abbreviations: F, female; M, male; NM, not mentioned; QUADAS, quality assessment of diagnostic accuracy studies; TE, echo time; TR, repetition time.

Table 3. Quality of Included Studies Tested by Quality Assessment of Diagnostic Accuracy Studies (QUADAS) Tool*
Study name Item of QUADAS tool Total score

1 2 3 4 5 6 7 8 9 10 1 12 13

Guoetal. (29) Y N Y N Y Y Y N Y N Y N Y N 8
Shellock et al. (26) Y Y Y Y N Y Y Y N Y Y N Y Y 1
Yamakawa et al. (27) Y Y Y N Y Y N Y Y N Y N Y N 9
Martin-Hervas et al. (25) Y Y Y Y N Y N Y Y N Y N N Y 9
Chang etal. (24) Y Y Y Y N Y N Y N Y Y Y N Y 10
Teefey et al. (22) Y Y Y Y Y N Y Y N Y Y Y N N 10
Zlatkin (23) Y Y Y N Y N Y Y N Y Y Y N Y 10
Magee (13) Y Y Y Y Y N Y Y N Y Y Y N Y 1
Hitachic(15) Y Y Y Y Y N Y Y N N Y Y N Y 10
Iannotti (21) Y Y Y N Y N Y N N Y N N Y N 7
Lambert (20) Y Y Y N Y N Y N Y Y N Y Y N 9
Naqvi (18) Y Y Y N Y N Y N Y Y N N Y N 8
Vlychou (17) Y Y Y Y Y N Y Y N Y Y Y N Y n
Ostor et al. (14) Y Y Y N Y Y N Y Y N Y N Y N 9
Adams et al. (16) Y Y Y N Y N Y N Y Y N N N N 7
Magee (19) Y Y Y Y Y Y Y Y N Y Y Y N Y 12
Jiang et al. (30) Y Y Y N Y Y Y Y Y Y Y N Y N 1
Liuetal. (2) Y Y Y Y N Y Y Y N Y Y Y N N 10

2 If the published research meets this requirement, fill in the form Yes (Y), otherwise fill in No (N).

curve (AUC) of MRI for identifying full-thickness tears (96%)
was close to that of any rotator cuff tear and was much
higher than that for partial tears (86%). The threshold ef-
fects were not significant in this meta-analysis.

A number of studies have been carried out to evaluate
MRI in detecting rotator cuff tears (4, 8, 16, 18). Liu sum-

Iran ] Radiol. 2019;16(2):€79079.

marized the specificity and sensitivity of MRI as 94% and
88.3% for rotator cuff tears (2). Naqvi et al. (18) reviewed
91 consecutive cases, the pooled estimates of SEN and SPE
for MRI were 91% and 84%, respectively. The SEN (83%) of
partial-thickness tears was lower than full-thickness tears
(85%), which was reported by Yamakawa et al. (27). There
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Figure 3. Forest plots of pooled sensitivity and specificity for MRI in the diagnosis of full thickness rotator cuff tears (df; degree of freedom, CI; confidence interval).

was a tendency towards greater accuracy in the diagnosis
of full-thickness tears compared to partial-thickness tears
(26). These results were consistent with our conclusion.

A homogeneity test of any rotator cuff tear showed in
Figure 2 with sensitivity of I* = 64.5% and specificity of I> =
83.7%. Notable heterogeneities were also presented in the
diagnosis of full-thickness tear with sensitivity of I> = 89%
and specificity of I* =74%. In this meta-analysis, the Spear-
man correlation coefficient was 0.329 (P = 0.258), indicat-
ing that the heterogeneity was unlikely to be attributable
to the threshold effect among eligible articles. We per-
formed meta-regression analysis to understand the signifi-
cant potential other factors had in affecting heterogeneity
among individual studies. No correlation between covari-
ates and diagnostic performance was observed.

Several meta-analyses have been reported in the past
few years (8, 9, 28). Our validation result is more convinc-
ing than that in the previous meta-analysis. First, our vali-

dation result could provide more comprehensive data for
diagnosisresearch, such as the sensitivity and specificity of
any rotator cuff tear and results of factors influencing the
diagnosis. Second, as far as we are concerned, the present
study has a larger sample to increase the reliability of the
study. Third, Lenza8 only analyzed several retrospective
studies prospective studies were not included in the vali-
dation test; thus, publication bias may exist in their study.
Only Smith et al. (9) reported sub-group analysis assessing
field strength, considering 3T MRI showed excellent per-
formance in the diagnosis of rotator cuff tears compared
with 1.5T MR, while we did not perform subgroup analysis.
In addition, we identified the correlation between the fac-
tors and diagnostic performance by meta-regression anal-
ysis. The QUADAS score of the 10/18 articles exceeded 10, fur-
ther showing that the high quality of our literature was in-
cluded.

There are several shortcomings in our study. First, as

Iran | Radiol. 2019;16(2):€79079.
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Figure 4. Forest plots of pooled sensitivity and specificity for MRI in the diagnosis of partial thickness rotator cuff tears (df; degree of freedom, CI; confidence interval).
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Figure 5. Pooled area under the curve (AUC) of summary receiver-operating characteristic (SROC) for MRI in the diagnosis of A, Full thickness tears and B, Partial thickness
rotator cuff tears. Q* statistic denotes the points with the same sensitivity and specificity (SE; standard error).

described above, there was no notable threshold effect,  Therefore, the pooled diagnosticaccuracy might have been
and significant publication bias has not been found in  overestimated. These results were consistent with the re-
our study. Second, 13 out of 18 studies were retrospective. cent meta-analysis. Third, different patient selection crite-
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ria of studies could result in inconsistent results. Larger
and more obvious tears were always resulting from trau-
matic injuries. The patient’s age was also a cause of het-
erogeneity. Although our study found no significant effect
of field strength on the diagnostic efficiency, we suspect
that different sequences and parameters affect our conclu-
sions (32, 33). Given this, further large sample studies are
needed, optimization of parameters and image technol-
ogy are helpful to diagnose rotator cuff tears accurately.

In conclusion, the above evidence in this meta-analysis
showed that MRI had excellent performance on the diagno-
sisof rotator cuff tears. It can accurately assess the extent of
rotator cuff tears, provide help for clinical treatment, and
ultimately make patients receive timely and correct treat-
ment. If the MRI cannot accurately distinguish the full-
thickness rotator cuff tears from partial tears, angiography
should be used as an auxiliary diagnostic method.
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