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Background: With recent improvements in transducer strength, image resolution, and operator training, ultrasound (US) provides
an excellent alternative imaging modality for the diagnosis of rotator cuff tears.

Purpose: To evaluate the diagnostic accuracy of US for partial- and full-thickness rotator cuff tears and biceps tendon tears,
compare diagnostic values with those of magnetic resonance imaging (MRI) using arthroscopy as the reference standard, assess
longitudinal improvements in accuracy, and compare diagnostic values from operators with different training backgrounds.

Study Design: Systematic review; Level of evidence, 3.

Methods: The PubMed and Cochrane Library databases were systematically searched for full-text journal articles published
between January 1, 2010, and April 1, 2020. The inclusion criteria were studies that evaluated the diagnostic accuracy of US for
rotator cuff tears or biceps tendon tears utilizing arthroscopy as the reference standard. The exclusion criteria were studies with
<10 patients, studies including massive tears without reporting diagnostic data for specific tendons, and studies lacking diagnostic
outcome data. Extracted outcomes included diagnostic accuracy, sensitivity, specificity, negative predictive value, and positive
predictive value. The mean difference and 95% confidence interval were calculated for both US and MRI diagnostic values, and
meta-analysis was conducted using the Mantel-Haenszel random-effects model.

Results: In total, 23 eligible studies involving 2054 shoulders were included. US demonstrated a higher median diagnostic
accuracy for supraspinatus tendon tears (0.83) and biceps tendon tears (0.93) as compared with subscapularis tendon tears (0.76).
US was found to have a higher median accuracy (0.93) for full-thickness supraspinatus tears than partial-thickness tears (0.81). US
had superior median sensitivity for partial-thickness supraspinatus tears when performed by radiologists as opposed to surgeons
(0.86 vs 0.57). Meta-analysis of the 5 studies comparing US and MRI demonstrated no statistically significant difference in
diagnostic sensitivity, specificity, or accuracy for any thickness supraspinatus tears (P¼ .31-.55), full-thickness tears (P¼ .63-.97),
or partial-thickness tears (P ¼ .13-.81).

Conclusion: For experienced operators, US is a highly sensitive and specific diagnostic modality for the diagnosis of supraspi-
natus tears and demonstrates statistically equivalent capability to MRI in the diagnosis of both full- and partial-thickness rotator
cuff tears.
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Rotator cuff tears may cause significant pain, decreased
shoulder mobility, and irreparable damage to the gleno-
humeral joint.37 Rotator cuff disorders are highly prevalent
and represent the most common cause of shoulder disabil-
ity in the United States. They are responsible for approxi-
mately 30% to 70% of shoulder pain-related conditions
and 70% of shoulder-related physician visits while
accounting for >4.5 million annual visits in the United
States.33,39,45 Additional population-based studies of

symptomatic and asymptomatic individuals with a mean
age of 58 years (range, 22-87 years) found a 21% prevalence
of rotator cuff tears in the general population.55,59 With
>270,000 rotator cuff surgeries performed annually, the
diagnosis and management of rotator cuff injuries accounts
for >$3 billion in annual health care costs in the United
States.8,49,51 Given the high prevalence and economic bur-
den of rotator cuff injury, accurate and cost-effective diag-
nostic modalities are critically important for efficient
patient evaluation.

Accurate evaluation of rotator cuff pathology is necessary
in the development of an algorithmic approach to guide
treatment strategies. Although magnetic resonance imaging
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(MRI) is the preferred imaging modality for rotator cuff tears
in the United States, ultrasound (US) has emerged as a con-
venient, viable, cost-effective alternative to MRI as a result
of recent improvements in transducer strength, image reso-
lution, and operator training.31,48,56 Reimbursement from
the Centers for Medicare & Medicaid Services for a
hospital-based shoulder MRI (Current Procedural Terminol-
ogy code 73221) ranges from $303.51 to $387.01, while reim-
bursement for a hospital-based shoulder US (Current
Procedural Terminology code 76881) ranges from $144 to
$189.37. Studies have suggested that this difference may
be even greater within private insurance, where the average
MRI reimbursement is $999.67 per patient.60 US has also
been shown to reduce patient wait times, increase efficiency,
and reduce health care expenditure.6 Therefore, US has
been increasingly utilized in the diagnosis of both partial-
and full-thickness rotator cuff tears.5,43

Although US has demonstrated promising potential for
evaluating rotator cuff tears, significant heterogeneity
exists in the literature regarding the accuracy, sensitivity,
and specificity of US in the diagnosis of full-thickness and
partial-thickness tears. In a meta-analysis from 2015, Roy
et al46 found the specificity and sensitivity of US to be sim-
ilar to those of MRI for the diagnosis of rotator cuff tears.
Previous systematic reviews have also supported this find-
ing, although these meta-analyses varied in their study
inclusion criteria.25,42,46 The most recent systematic review
by Liang et al26 in 2020 found the sensitivity and specificity
of US to be 0.95 and 0.72, respectively, for any-sized rotator
cuff tear but did not separately evaluate diagnostic values
for full- and partial-thickness tears. Moreover, this review
was limited by a small study size and the inclusion of both
arthroscopy and MRI as the reference standards.26 Given
the rapid growth of US training and evolution of technol-
ogy, an updated and comprehensive systematic review is
essential to examine the diagnostic accuracy of US for both
full-thickness and partial-thickness rotator cuff tears.
Here, we present a systematic review of US in the diagnosis
of full-thickness and partial-thickness rotator cuff tears
and biceps tendon tears with arthroscopy used as the ref-
erence standard.

METHODS

Literature Search

This systematic review was done in accordance with
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines.34 The PubMed

and Cochrane Library databases were systematically
searched for full-text journal articles in English published
in the past 10 years, between January 1, 2010, and April 1,
2020. The search strings are shown in Appendix Table A1.
Previous systematic reviews identified via the PubMed and
Cochrane Library search were also assessed for relevant
studies. These studies were also considered for inclusion
in this systematic review.

Study Selection

The inclusion criteria were studies that evaluated the diag-
nostic accuracy of US in rotator cuff tears utilizing arthros-
copy as the reference standard. The exclusion criteria
included review articles, meta-analyses, systematic reviews,
case reports, cadaveric studies, non-English text, studies with
<10 patients, studies including massive tears without report-
ing diagnostic data for specific tendons, and studies lacking
diagnostic outcome data.

Two authors (A.S.F. and A.L.) screened all journal arti-
cles identified via the PubMed and Cochrane Library data-
base search as well as studies included in previous
systematic reviews on the topic. Initial study inclusion was
based on title and abstract review. The same 2 authors then
assessed the full text of each eligible study for inclusion in
the systematic review, with any disagreements resolved by
discussion with a third author (R.L.P). Author names and
institutional affiliations were used to determine the
research group responsible for each included study. Multi-
ple studies published by the same research group were
included if patient overlap was considered unlikely based
on study methodology.

A total of 804 articles were identified from the initial
PubMed and Cochrane Library database search (Figure
1). An additional 367 studies were considered because of
inclusion in relevant systematic reviews identified during
the database search. Of the 1171 total studies reviewed,
1113 were excluded based on title and abstract, while 58
were further assessed for eligibility. Of these studies, 15 did
not use arthroscopy as the reference standard, 4 were not in
English, 2 included massive tears, and 4 lacked sufficient
outcome data. After the removal of duplicates, 23 eligible
studies involving 2054 shoulders were included in this sys-
tematic review.

Data Extraction

The characteristic and diagnostic outcome data from each
eligible study were extracted and inserted into predefined
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Excel (Version 2018; Microsoft Corp) spreadsheets by 2
authors (A.S.F. and A.L). The characteristic data included
publication year, patient characteristics, study design,
reference standard, injury type, time from US evaluation
to arthroscopic evaluation, operator experience, and
affected tendons. Diagnostic outcomes included the US
diagnostic accuracy, sensitivity, specificity, negative predic-
tive value (NPV), and positive predictive value (PPV) for
any-sized, full-thickness, and partial-thickness rotator
cuff tears. If additional MRI or magnetic resonance angi-
ography (MRA) imaging was performed with arthroscopy
as the standard, the same diagnostic outcomes for MRI/
MRA were also extracted from the studies. If outcome
data from �2 operators with different levels of experience
were shared separately within the same study, only the
diagnostic and outcome data from the most experienced
operator were included. Similarly, when studies shared
the outcome data from multiple cohorts of patients con-
ducted by the same operator at various levels of experi-
ence, such as before and after a training intervention,
only the outcome data from the latest cohort were
included. One author (A.L.) extracted the raw diagnostic
data (true positive, true negative, false positive, and false
negative) when available and independently verified the
reported diagnostic outcome data within the studies. Any
discrepancies between raw diagnostic data and diagnostic
outcomes data were resolved by deferral to the raw diag-
nostic data. In studies that included both MRI and
arthroscopy as the reference standard, only the shoulders
with arthroscopy as the reference standard were
included.

Quality and Bias Assessment

The quality and risk of bias for each included study was
assessed by 2 authors (A.S.F. and A.L.) using the Quality
Assessment of Diagnostic Accuracy Studies–2 (QUADAS-2)
tool.58 The QUADAS-2 tool assesses studies across
4 domains for risk of bias: patient selection, index test,
reference standard, and flow and timing; and 3 domains for
clinical applicability: patient selection, index test, and ref-
erence standard. For each domain, studies were assigned a
score of low (low risk of bias or low concern regarding appli-
cability), unclear, or high (high risk of bias or high concern
regarding applicability). Studies that used both US and
MRI as the index test were evaluated for risk of bias in each
index test. Studies that did not use MRI as an index test
were not assigned a score for this domain.

In an effort to assess for publication bias, we constructed
funnel plots for each type of tear (any, full, and partial thick-
ness) utilizing RevMan Version 5.3 (The Nordic Cochrane
Centre; The Cochrane Collaboration, 2009). The plot depicts
the relationship between sample size (y-axis) and the preci-
sion in estimating treatment effect (x-axis). Each individual
point indicates a mean difference, and the outer dashed
lines indicate a region within which 95% of studies are
expected to fit into in the absence of bias. In the absence of
bias, the plot resembles an inverted funnel with points sym-
metrically distributed about the pooled standard difference
in means (dotted line centered about 0 on the x-axis).

Meta-Analysis

Diagnostic values were extracted from studies that directly
compared US and MRI with arthroscopy as the gold stan-
dard. Extracted diagnostic values included sensitivity,
specificity, and diagnostic accuracy for any sized–thickness,
full-thickness, and partial-thickness supraspinatus tendon
tears. Heterogeneity among the studies was evaluated using
the I2 statistic, where I2 represents an estimated percentage
of error attributed to interstudy variation.21 Using the
Mantel-Haenszel random-effects model, we calculated the
mean differences and 95% confidence intervals (CIs) for
each study and a cumulative weighted mean effect for all
studies involved. The results are illustrated using forest
plots. The meta-analysis was conducted with the utilization
of RevMan Version 5.3. Significance was set at P <.05.

RESULTS

Study Characteristics and Bias Assessment

Characteristic data from the 23 included studies are sum-
marized in Table 1, and specifications of the US scanners
from the studies are included in Table 2. A cohort of
patients were excluded from 2 studies because MRI was
used as the reference standard.9,10 Two studies compared
US capability between operators with different training
backgrounds. In the study by Rutten et al,48 the operators
were a general and a musculoskeletal (MSK) radiologist,
while in the work of Cole et al,7 the operators were a MSK

Figure 1. Study screening and selection process used to
determine study eligibility and inclusion into the systematic
review.
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ultrasonographer and a general ultrasonographer. For
these 2 studies, US results from only the MSK expert oper-
ator were included. Three studies compared the US diag-
nostic outcomes of cohorts at different points in time as
surgeon ultrasonographers gained experience with the
examination.22,24,30 For these studies, the US results from

only the final cohort of patients were included. Murphy
et al35 compared the performance of surgeons at different
points in their training and tracked their improvement
over time. For this study, we only included the diagnostic
outcome data from the final cohort of patients evaluated
by fellowship-trained shoulder surgeons.

TABLE 1
Characteristic Data of the Included Studies (N ¼ 23)a

Study (Year)
Mean Patient

Age, y
No. of

Shoulders Tear Type Tendons Evaluated Tear Thickness US Operator

Sabharwal (2019)50 45 60 Primary Supraspinatus Full, partial Radiologist (general)
Apostolopoulos (2019)4 56 19 Primary Supraspinatus Any Radiologist (MSK)
Gilat (2018)17 66 39 Revision Supraspinatus Any, full Surgeon
Ward (2018)57 59 93 Primary Supraspinatus,

subscapularis, biceps
Any Radiologist (MSK),

sonographer
Elmorsy (2017)15 52 125 Primary Supraspinatus Any, full, partial Radiologist (MSK)
Cole (2016)7 NS 238 Primary Supraspinatus Any, full, partial Sonographer (MSK and

general)
Kurz (2016)24 62 155b Primary Supraspinatus Any, full, partial Sonographer
Narasimhan (2016)36 NS 236 Primary Subscapularis Any Radiologist (MSK)
Guo (2016)19 53 192 Primary Supraspinatus Any, full, partial NS
Day (2016)10 55 19c Primary Supraspinatus Any, full, partial Surgeon
Iossifidis (2014)22 NS 70b NS Supraspinatus Full Surgeon
Görmeli (2014)18 51 50 Primary Supraspinatus Any, full, partial Radiologist (MSK)
Punwar (2014)44 NS 64 Primary Supraspinatus Any, full, partial Radiologist (MSK)
Murphy (2013)35 NS 51b NS Supraspinatus Any, full, partial Surgeon
Ok (2013)40 NS 51 NS Supraspinatus Full, partial Surgeon
Abd-ElGawad (2013)2 55 40 Primary Supraspinatus Any, full, partial Radiologist (general)
McCulloch (2012)30 NS 66 Primary Supraspinatus Any Surgeon
Cowling (2011)9 45 122c NS Supraspinatus, biceps Any, full, partial Sonographer
Skendzel (2011)54 55 67 NS Biceps Any, full, partial Radiologist (MSK)
Singisetti (2011)52 42 96 NS Supraspinatus,

subscapularis
Any, full, partial Radiologist (general)

Rutten (2010)48 49 71 Primary Supraspinatus Any, full, partial Radiologist (MSK)
El-Kouba (2010)14 46 101 Primary Supraspinatus Any, full, partial Radiologist (MSK)
Rutten (2010)47 48 68 Primary Supraspinatus Any, full, partial Radiologist (MSK)

aNS, not specified; MSK, musculoskeletal; US, ultrasound.
bSome shoulders from the study were excluded because an inexperienced operator was involved.
cSome shoulders from the study were excluded because magnetic resonance imaging was used as reference instead of arthroscopy.

TABLE 2
Ultrasound Scanners Used in the Included Studies

Study (Year) Scanner Portable Scanner Release Date Dates Used in Study Linear Array Frequency, MHz

Sabharwal (2019)50 GE Voluson P8 No 2012 NA 7-12
Gilat (2018)17 Sonosite 180 Yes 1998 1/2006 to 12/2011 3-11
Cole (2016)7 GE LOGIQ E9 No 2009 1/2013 to 6/2015 6-15
Kurz (2016)24 GE LOGIQ 9

GE LOGIQ E9
No
No

2005
2009

1/2007 to 5/2009
5/2009 to 6/2011

6-15
6-15

Narasimhan (2016)36 Phillips iU 22 No 2004 1/2011 to 12/2012 5-17
Guo (2016)19 Hitachi Preirus No 2009 5/2010 to 12/2014 5-13
Iossifidis (2014)22 Mindray DP 6600 Yes 2007 5/2010 to 6/2011 10
Görmeli (2014)18 GE Logiq S6 No 2007 8/2009 to 12/2010 7-12
Murphy (2013)35 GE Volusion i Yes 2006 6/2009 to 12/2010 4.7-13
Abd-ElGawad (2013)2 GE Logiq 5 No 2002 2/2009 to 10/2012 12
Skendzel (2011)54 Phillips iU 22

GE LOGIQ 9
No
No

2004
2005

1/2007 to 2/2009
1/2007 to 2/2009

10-17
10-17

Cowling (2011)9 Philips HDI 5000 No 1997 1/2005 to 7/2009 5-12
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The overall risk of bias among the included studies
was low, with 2 studies2,47 exhibiting a high risk of bias
in patient selection, 1 study9 not reporting what docu-
mentation they used for US scan results, 3 studies2,15,44

exhibiting >6 months of mean time between US and sur-
gery, and 2 studies9,17 using US technology from before

the year 2000. The full results of the QUADAS-2 quality
and bias assessment can be found in Figure 2. As there
were a relatively small number of studies available for
comparison, the funnel plots (Figure 3) could not truly
distinguish chance from real asymmetry. However, from
the available data for comparison, the plots indicated

Figure 2. Results of Quality Assessment of Diagnostic Accuracy Studies–2 quality and bias assessment. MRI, magnetic resonance
imaging; NA, not applicable; US, ultrasound.
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slight asymmetry and, therefore, a minimal amount of
publication bias.

The diagnostic capabilities of US in detecting any-thick-
ness tears of the supraspinatus, subscapularis, and biceps
tendons were evaluated (Table 3). US was identified as
being more specific in the diagnosis of biceps tendon tears
(0.99) and subscapularis tears (0.97) as compared with
supraspinatus tears (0.73). However, US was the most sen-
sitive in the diagnosis of supraspinatus tears (0.89) as com-
pared with biceps tendon tears (0.61) and subscapularis
tears (0.30). US also had a higher diagnostic accuracy for
biceps tendon tears (0.93) and supraspinatus tears (0.83)
as compared with subscapularis tears (0.76). US diagnosis
of supraspinatus tears was further analyzed by tear thick-
ness (Table 3). US was found to have a higher median
sensitivity (0.88) and specificity (0.93) in the diagnosis of
full-thickness supraspinatus tears as compared with
partial-thickness tears, which demonstrated a median sen-
sitivity and specificity of 0.65 and 0.86, respectively. US
was also more accurate for full-thickness supraspinatus
tears (0.93) than partial-thickness tears (0.81).

Five studies compared the diagnostic capability of US and
MRI for supraspinatus tears using arthroscopy as the refer-
ence standard and were included for meta-analysis (Figure
4).2,10,15,48,50 Median sensitivity and specificity for full-
thickness tears was 0.94 and 0.94 for US and 0.94 and 0.89
for MRI, respectively. When diagnosing partial-thickness

tears, median sensitivity and specificity were 0.89 and
0.89 for US and 0.85 and 0.87 for MRI, respectively. No
significant heterogeneity was observed among the studies
in US and MRI diagnostic outcomes when evaluating any
size–thickness tears (I2 ¼ 0%-43%; P ¼ .16-.59), full-
thickness tears (I2 ¼ 0%; P ¼ .89-.99), or partial-thickness
tears (I2¼ 0%-41%; P¼ .15-.50). After pooling the results, no
significant difference was found for the sensitivity, specific-
ity, or accuracy of US as compared with MRI in the diagnosis
of any sized–thickness tear (mean differences: sensitivity ¼
–5.86 [95% CI, –17.69 to 5.97], P ¼ .33; specificity ¼ 7.39
[95% CI, –6.86 to 21.65], P ¼ .31; diagnostic accuracy ¼ –
2.31 [95% CI, –9.97 to 5.35], P ¼ .55), full-thickness tear
(sensitivity ¼ –0.19 [95% CI, –10.11 to 9.72], P ¼ .97;
specificity ¼ 2.30 [95% CI, –8.08 to 12.68], P ¼ .66; diag-
nostic accuracy ¼ 1.48 [95% CI, –4.57 to 7.54], P ¼ .63), or
partial-thickness tear (sensitivity –2.36 [95% CI, –21.51
to 16.79], P ¼ .81; specificity ¼ 4.30 [95% CI, –7.06 to
15.66], P ¼ .46; diagnostic accuracy ¼ 5.25 [95% CI, –
1.60 to 12.10], P ¼ .13), respectively.

The diagnostic capability of US by operator experience
was also analyzed (Table 4). US conducted by surgeons and
radiologists demonstrated similar specificity and sensitiv-
ity for full-thickness supraspinatus tears, but radiologists
were identified as having a superior median sensitivity
(0.86) as compared with surgeons (0.57) in detecting
partial-thickness supraspinatus tendon tears. Moreover,

Figure 3. Funnel plots of publication bias regarding ultrasound vs magnetic resonance imaging for supraspinatus tears. MD, mean
difference.

TABLE 3
Ultrasound Diagnostic Values for Any-Sized Tear and for Partial- vs Full-Thickness Supraspinatus Tearsa

Any-Sized Rotator Cuff or Biceps Tear Partial- vs Full-Thickness Supraspinatus Tears

Supraspinatus Subscapularis Biceps Full Thickness Partial Thickness

No. of studies (shoulders) 17 (1448) 3 (425) 3 (282) 17 (1516) 15 (1407)
Diagnostic values

Diagnostic accuracy 0.83 (0.66-0.97) 0.76 (0.68-0.80) 0.93 (0.88-0.97) 0.93 (0.67-0.97) 0.81 (0.45-0.93)
Sensitivity 0.89 (0.70-1.00) 0.30 (0.13-0.39) 0.61 (0.58-0.80) 0.88 (0.50-0.96) 0.65 (0.08-1.00)
Specificity 0.73 (0.29-1.00) 0.97 (0.93-1.00) 0.99 (0.98-1.00) 0.93 (0.59-1.00) 0.86 (0.56-0.96)
NPV 0.80 (0.11-1.00) 0.76 (0.68-0.78) 0.94 (0.86-0.99) 0.91 (0.64-0.98) 0.91 (0.57-1.00)
PPV 0.93 (0.61-1.00) 0.73 (0.67-1.00) 0.92 (0.67-1.00) 0.89 (0.67-1.00) 0.68 (0.10-0.93)

aDiagnostic values are reported as median (range). NPV, negative predictive value; PPV, positive predictive value.
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the median PPV for partial-thickness supraspinatus tears
was low for both radiologists (0.43) and surgeons (0.44).

In addition, we compared the diagnostic capabilities of
US between articles published in the first (2010-2015) and
second (2016-2020) halves of the database search period
(Table 5). US demonstrated greater diagnostic accuracy for
full- and partial-thickness tears among studies published
between 2016 and 2020 than among studies published

between 2010 and 2015. Only 12 out of 23 studies reported
the US technology and linear-array frequency used
(Table 2).{ Among this limited sample, linear-array fre-
quency was observed to be similar among studies from both

Figure 4. Meta-analysis of ultrasound (US) and magnetic resonance imaging (MRI) diagnostic capabilities. Individual data points
within each subgroup represent the mean difference and 95% CI of US and MRI diagnostic values for each included study. The
results of each study were then pooled and weighted by the number of shoulders evaluated to determine overall effect.

TABLE 4
Comparison of US Diagnostic Values for Supraspinatus Tear Operator Experiencea

Full-Thickness Tear Partial-Thickness Tear

Radiologist Surgeon Radiologist Surgeon

No. of studies (shoulders) 8 (579) 5 (230) 8 (579) 3 (121)
Diagnostic values

Diagnostic accuracy 0.94 (0.67-0.97) 0.92 (0.74-0.97) 0.81 (0.63-0.93) 0.79 (0.45-0.84)
Sensitivity 0.91 (0.58-0.96) 0.87 (0.50-0.95) 0.86 (0.08 -1.00) 0.57 (0.46-0.71)
Specificity 0.92 (0.74 -1.00) 0.98 (0.86 -1.00) 0.84 (0.56-0.93) 0.83 (0.75-0.89)
NPV 0.93 (0.66-0.98) 0.90 (0.64-0.98) 0.94 (0.78 -1.00) 0.83 (0.83-0.93)
PPV 0.86 (0.67 -1.00) 0.95 (0.89 -1.00) 0.43 (0.10-0.86) 0.44 (0.33-0.71)

aDiagnostic values are reported as median (range). NPV, negative predictive value; PPV, positive predictive value; US, ultrasound.

TABLE 5
Comparison of US Diagnostic Values for Supraspinatus Tears Between the First and Second Halves of the Study Perioda

Full-Thickness Tear Partial-Thickness Tear

2010-2015 2016-2020 2010-2015 2016-2020

No. of studies (shoulders) 11 (707) 6 (809) 9 (515) 6 (892)
Diagnostic values

Diagnostic accuracy 0.92 (0.67-0.97) 0.97 (0.81-0.99) 0.79 (0.45-0.90) 0.91 (0.79-0.93)
Sensitivity 0.88 (0.50-0.96) 0.91 (0.77-1.00) 0.71 (0.08-1.00) 0.64 (0.23-0.95)
Specificity 0.93 (0.74-1.00) 0.95 (0.59-1.00) 0.82 (0.56-0.89) 0.92 (0.69-0.96)
NPV 0.91 (0.64-0.98) 0.89 (0.73-1.00) 0.86 (0.78-1.00) 0.92 (0.57-0.97)
PPV 0.89 (0.67-1.00) 0.91 (0.77-1.00) 0.44 (0.10-0.82) 0.70 (0.21-0.93)

aDiagnostic values are reported as median (range). NPV, negative predictive value; PPV, positive predictive value; US, ultrasound.

{References 2, 7, 9, 17-19, 22, 24, 35, 36, 50, 54.

The Orthopaedic Journal of Sports Medicine Review of Ultrasound for RC Tears 7



time periods, but more recent studies tended to use scan-
ners that were more recently released.

DISCUSSION

In this review, we demonstrated that US is a reliable and
effective imaging modality for the diagnosis of rotator cuff
tears. US was found to have a median sensitivity and spec-
ificity of 0.88 and 0.93 for full-thickness supraspinatus
tears and 0.65 and 0.86 for partial-thickness supraspinatus
tears, respectively. Although US was highly specific in
diagnosing any-thickness subscapularis and biceps tendon
tears, the respective sensitivities for subscapularis and
biceps tendon tears were only 0.30 and 0.61. Moreover,
improved diagnostic accuracy of US in partial-thickness
tears was found in studies published within the most recent
5 years (2016-2020) as compared with studies published
during the first 6 years (2010-2015) of our review. Radiolo-
gists also demonstrated a superior diagnostic sensitivity of
0.86 as compared with 0.57 for surgeons in the diagnosis of
partial-thickness supraspinatus tears.

The high sensitivity and specificity of US (0.88 and 0.93,
respectively) for the detection of full-thickness supraspina-
tus tears is consistent with prior systematic reviews and
meta-analyses.25,28,41,46 In contrast, US demonstrated a
lower median sensitivity and specificity for partial-
thickness tears, at 0.65 and 0.86, respectively. In support
of these findings, 1 study reported that diagnostic accuracy
increased with tear size for full-thickness supraspinatus
tears.9 One proposed contributing factor to the lower US
sensitivity realized for partial-thickness tears may be the
variable echogenicity of synovial proliferation, granulation,
and scar tissue formation surrounding a partial tear, thus
impeding clear tissue differentiaiton.40 Because of the
lower US sensitivity for partial-thickness tears, it has been
recommended to follow a negative US examination with an
MRI in patients who do not experience symptomatic relief
following conservative treatment.53 We propose a similar
diagnostic US screening algorithm shown in Figure 5.

While the majority of previous US studies have focused
primarily on the imaging of the supraspinatus and

infraspinatus tendons, concomitant tears of the subscap-
ularis tendon are rather common, with literature reporting
their identification in around 50% of all rotator cuff
repairs.12,16 Three studies in this systematic review found
that US demonstrated high specificity (0.93-1.00) and low
sensitivity (0.13-0.39) for diagnosing the entire spectrum of
subscapularis tearing, including full or partial tears.36,52,57

One of the likely significant contributors to the low sensi-
tivity for subscapularis tears is the reduced access of US to
the subscapularis region relative to the other rotator cuff
tendons.12 Previous studies have shown that MRI demon-
strates a similarly low sensitivity for the diagnosis of sub-
scapularis tears.3 Three studies reported on the diagnostic
outcomes of US evaluation of tears of the long head of the
biceps brachii (LHB) tendon.9,54,57 Skendzel et al54 reported
high accuracy in diagnosing LHB tendons with full-
thickness tears and tendons without pathology but diffi-
culty distinguishing between partial-thickness LHB tendon
tears and other pathology, such as tendinosis and tenosyn-
ovitis. Evaluation of both the subscapularis and the LHB
tendon via US is poorly represented in the literature, and
further studies are needed to clearly define US diagnostic
accuracy. Because of the high specificity and low sensitivity
of US for subscapularis and biceps tendon tears, we suggest
using US as a confirmatory diagnostic imaging modality in
patients with suspected pathology but not for screening
patients.

Previous reports in the literature have suggested that
the diagnostic capability of US for rotator cuff pathology
is heavily dependent on operator skill for both image acqui-
sition and interpretation.32,38 Three studies demonstrated
that the accuracy, sensitivity, and specificity of US for
supraspinatus tears improved with an increased number
of scans among less experienced operators.22,30,35 Rutten
et al48 showed a limit to this increasing proficiency—an
experienced radiologist with MSK training and a less expe-
rienced radiologist without MSK training performed
equally well in identifying full- and partial-thickness
supraspinatus tears among the same 200 patients. Other
studies have suggested that receiving feedback from surgi-
cal results accelerates operator training and improves oper-
ator performance. Kurz et al24 found that an experienced

Figure 5. Proposed ultrasound diagnostic screening algorithm for the evaluation of rotator cuff tears. MRI, magnetic resonance
imaging; US, ultrasound.
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MSK sonographer improved the sensitivity from 93% to
99% and specificity from 68% to 93% for detecting supras-
pinatus tears after attending arthroscopy procedures and
reviewing the associated surgical reports. Similarly, Mur-
phy et al35 and Iossifidis et al22 found that shoulder sur-
geons who operated on the same day as the US examination
were able to achieve sensitivity and specificity values for
full-thickness supraspinatus tears comparable with experi-
enced MSK radiologists within 50 to 140 scans. This
demonstrates the achievement of US proficiency far sooner
than the 250 to 300 shoulder minimum put forth by the
European Federation of Societies for Ultrasound in Medi-
cine and Biology and the Royal College of Radiologists for
radiologists who traditionally did not review the subse-
quent surgical reports.1,23

In this systematic review, surgeons who performed US
were found to identify full-thickness supraspinatus tears
with the same sensitivity and specificity as radiologists
(Table 4), consistent with results of a previous meta-anal-
ysis.46 Although surgeons identified partial-thickness tears
with the same specificity as did radiologists (0.83 vs 0.84),
they demonstrated lower sensitivity (0.57 vs 0.86). The 3
studies10,35,40 that reported sensitivity in detecting partial-
thickness supraspinatus tears among surgeon evaluators
all included surgeons with <1 year of US training. This
suggests that new US operators gain proficiency in diag-
nosing full-thickness supraspinatus tears before partial-
thickness supraspinatus tears.

In 5 of the 6 studies that reported diagnostic outcomes
for surgeon-led US shoulder examinations, the surgeon
who performed the US examination also performed the
subsequent arthroscopic examination.10,17,22,30,35 This
lack of blinding may have influenced the results of these
studies but was largely unavoidable, as operating without
first visualizing the preoperative imaging adds unneces-
sary impediment to successful surgery. Moreover, 5 of the
6 studies followed surgeons with <1 year of shoulder US
experience.10,22,30,35,40 Our results are therefore not rep-
resentative of the diagnostic sensitivity and specificity
surgeons may be capable of following several years of prac-
tice. Our findings suggested that even surgeons who are
relatively novice ultrasonographers are capable of prop-
erly assessing supraspinatus tendon tears via US evalua-
tion, consistent with the results from Murphy et al,35 who
demonstrated that surgeons could gain comparable profi-
ciency with MSK radiologists within 50 to 100 scans. The
potential for surgeons to rapidly gain US proficiency in the
diagnosis of rotator cuff tears has also led to an increased
push to include US training in orthopaedic residency
programs.27

Five studies evaluated in this review included US and
MRI diagnostic outcome data with arthroscopy as refer-
ence.2,10,15,47,50 After meta-analysis, no significant differ-
ences were found in US and MRI diagnostic sensitivity,
specificity, and accuracy for any sized–thickness, full-
thickness, or partial-thickness supraspinatus tears (Figure
4). These results are consistent with those of recent system-
atic reviews and meta-analyses.25,28,46 With the compara-
ble diagnostic capabilities of US and MRI, there are several
other factors that make US an appealing option. US is more

affordable and efficient as compared with MRI, an appeal-
ing characteristic given the recent focus on health care
expenditure and movement toward a value-based model
of care.6 Diagnostic US of the shoulder has been shown to
be more cost-effective than MRI for rotator cuff tears, with
lower Medicare and private insurance reimburse-
ments.20,60 US can also be performed in a variety of settings
where it is more convenient for the patient, such as at the
office or courtside at sporting events.9 However, the incor-
poration of US into the diagnostic pathway requires appro-
priate equipment and support staff and may place an
increased time burden on the surgeon. US also has essen-
tially no contraindications. MRI, by comparison, is contra-
indicated for patients with implanted devices with
ferromagnetic or electrically conductive materials, such as
left ventricular assist devices, electrically conductive pul-
monary artery monitoring catheters, and cochlear
implants.11,13,29 Finally, hemorrhage can give the false
appearance of a full-thickness supraspinatus tear on MRI
scans. This issue is obviated with US, as no tendon tear will
be demonstrated upon dynamic visualization.

The capability of US for diagnosing rotator cuff tears is
still improving. The median diagnostic accuracy of US for
full-thickness supraspinatus tears increased from 0.92 to
0.97 when comparing studies published between 2010 and
2015 to studies published between 2016 and 2020 (Table 5).
The median diagnostic accuracy of US for partial-thickness
supraspinatus tears also increased from 0.79 to 0.91 when
comparing studies published between 2010 and 2015 with
studies between 2016 and 2020. We hypothesize that 2 dri-
vers of this continuing improvement are improvements in
technology and training. We found that studies from both
time periods used similar linear-array frequencies but more
recent studies typically employed more recently developed
US scanners (Table 2). However, the significance of this
finding is limited by the fact that only 12 of the 23 included
studies described the US technology and frequency used.#

As US training and technology continue to improve, the
diagnostic accuracy of shoulder US should continue to be
evaluated.

Limitations

While arthroscopy is the gold standard for assessing rotator
cuff pathology, its use as the reference standard in a diag-
nostic study may introduce patient selection bias.
Shoulders that go on to arthroscopic evaluation may have
more severe pathology, while those without significant
imaging findings may not be assessed arthroscopically.
Additionally, 10 studies** in our analysis did not have pre-
operative US for each patient who underwent arthroscopy,
and 2 studies2,47 only included the subset of arthroscopi-
cally evaluated patients with both preoperative US and
preoperative MRI. This selection bias could have also
potentially affected the NPV and PPV reported in this
study because those values depend on the prevalence of

#References 2, 7, 9, 17-19, 22, 24, 35, 36, 50, 54.
**References 7, 14, 17, 18, 24, 30, 36, 52, 54, 57.
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tears within the studied cohort. As a result, the NPV and
PPV reported in this study may not necessarily be repre-
sentative of the general population, which may have a
lower prevalence of rotator cuff tears.

Moreover, the mean time from US examination to arthro-
scopic evaluation was >6 months in 3 studies2,15,44 and was
not reported in another 8 studies.10,17,24,30,40,48,50,57 Vari-
ability in time from patient presentation to surgery could
influence the correlation between US results and arthros-
copy because of subsequent healing or further damage.

A few subanalyses were limited by a small sample of
studies, such as the comparison of diagnostic capability
of US and MRI, as well as the studies reporting on sub-
scapularis and biceps tendon pathology. Further studies
evaluating the diagnostic capability of US for subscap-
ularis and biceps tendon tears are needed to make more
definitive conclusions. Although meta-analysis was used
to statistically compare US and MRI diagnostic values,
meta-analysis could not be done for the other subana-
lyses in this study, as the methodology of the other
studies were incompatible for the conduction of a meta-
analysis. As such, definitive statistical conclusions could
not be made about the other subanalyses. However, this
limitation is mitigated by the fact that only readily
apparent differences and trends were reported within
this study.

CONCLUSION

This study demonstrated that US is highly sensitive
and specific in the diagnosis of supraspinatus tears and
is more accurate in the diagnosis of full-thickness tears
as compared to partial-thickness tears. Although US
was found to be highly specific for diagnosing subscap-
ularis and biceps tendon tears, the sensitivity was low,
and the diagnostic data were limited by a small number
of studies. Surgeons were found to rapidly gain profi-
ciency for US evaluation of supraspinatus tears, but
radiologists demonstrated superior sensitivity for diag-
nosing partial-thickness supraspinatus tears. US and
MRI were also found to have statistically similar diag-
nostic capabilities in the diagnosis of supraspinatus
tears. US is therefore a reliable imaging modality for
diagnosing supraspinatus tears and can be reliably
taught to orthopaedic surgeons, demonstrating the
widespread potential for US in the diagnosis of rotator
cuff tears. As US technology and operator training con-
tinue to improve, more systematic reviews will be
needed to assess the diagnostic accuracy of US for rota-
tor cuff pathology. Further studies evaluating the util-
ity of US for subscapularis and biceps tendon tears are
also needed to better analyze US diagnostic accuracy for
rotator cuff tears.
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APPENDIX

TABLE A1
PubMed and Cochrane Library Literature Search Stringsa

PubMed was searched using the following terms:
(((Ultrasonograph*[text word]) OR (Ultrasound[text word]) OR (Sonography[MeSH Terms]) OR (Sonograph*[text word]) OR (US[text word]))

AND ((sensitivity[text word]) OR (specificity[text word]) OR (diagnostic accuracy[text word]) OR (diagnostic value [text word]) OR
(accuracy [text word]) OR (reliability [text word])) AND ((shoulder[text word]) OR (biceps tendon[text word]) OR (rotator cuff[text word])
OR (supraspinatus[text word]) OR (infraspinatus[text word]) OR (Subscapularis[text word]) OR (teres minor[text word]) OR
(tendinopathy[text word]) OR (shoulder pain[text word]) OR (shoulder impingement syndrome[text word]) OR (bursitis[text word]) OR
(tendinopathy[text word]) OR (bursitis[text word]))).

Cochrane Library was searched using the following terms:
(((Ultrasonograph*) OR (Ultrasound) OR (Sonography) OR (Sonograph*) OR (US)) AND ((sensitivity) OR (specificity) OR (diagnostic accuracy)

OR (diagnostic value) OR (accuracy) OR (reliability)) AND ((shoulder) OR (biceps tendon) OR (rotator cuff) OR (supraspinatus) OR
(infraspinatus) OR (Subscapularis) OR (teres minor) OR (tendinopathy) OR (shoulder pain) OR (bursitis) OR (tendinopathy) OR (bursitis)))

aMeSH, Medical Subject Headings.

12 Farooqi et al The Orthopaedic Journal of Sports Medicine


	Diagnostic Accuracy of Ultrasonography for Rotator Cuff Tears: A Systematic Review and Meta-analysis
	METHODS
	Literature Search
	Study Selection
	Data Extraction
	Quality and Bias Assessment
	Meta-Analysis

	RESULTS
	Study Characteristics and Bias Assessment

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /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


