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Abstract

Obijectives: we aimed to compare the diagnosis accuracy between US and MRI in the diagnosis of full-thickness and partial-thickness rotator cuff
tears and biceps tendon tears with arthroscopy used as the reference standard. Methodology: Comprehensive electronic search with time and
language restrictions was conducted. Several known databases were included Ex: “PubMed, The Cochrane Library, Web of Science” from 2020
to 2020. We combined the search terms and limited the study to the English language. Depending on PRISMA checklist we would remove
duplicates, articles would be screened based on title, abstract, and full text. Results: The electronic search strategy conducted in this review ended
in 875 hits which after removing of duplicated reduced to 360 studies. These 360 studies were considered eligible for further evaluation, from
which 348 studies were excluded for different reasons as 245 studies based on title and abstract, 86 studies do not relevant to the subject of this
study or sitting of this review, 17 consider replies of authors, 2 books, and 28 were reviews. At end, 12 articles were included in the qualitative
synthesis of the present review. Conclusion: we found that MRI had slightly better superiority than its accuracy, sensitivity and specificity
especially, in Full and intact rotator cuff injuries. However, according to previous studies the use of US is still good because of its good sensitivity

and specificity and cost- effective approach.

Introduction

Rotator cuff tears might cause substantial pain, reduced shoulder
movement, and irreversible damage to glenohumeral joint 1,
Rotator cuff diseases are highly common and considered the most
common cause of shoulder disabilities in the United States. Of the
4.5 million annual medical visits in the United States, approximately
30% to 70% are because of shoulder pain which is responsible for
70% of shoulder-related physician visits I, In a previous studies
investigating the symptomatic and asymptomatic patients with mean
age of 58 years old found that the prevalence of rotator cuff tears in
the general population reached 21 % 7 with more than 270,000
surgeries related to rotator cuff performed annually and the process
of diagnosis of rotator cuff injuries was responsible for more than 3
billion dollars to the annual health care costs in the United States
only 10, Because of this high prevalence of rotator cuff injuries
and its economic burden, accurate and cost-effective methods for
diagnosis is important for adequate patients’ evaluation.

An accurate assessment of pathology of the rotator cuff is
necessary to develop an algorithm approach to guide treatment
strategies. Although magnetic resonance imaging (MRI) is the
preferred imaging modality for rotator cuff tear in the United States,
recent improvements in transducer strength as well as image
resolution, and operator training have made ultrasound (US) a
convenient, viable and cost-effective alternative to magnetic
resonance imaging [©41?, the cost of shoulder MRI as reported from
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the data of Centers for Medicare & Medicaid Services ranged
between 303.51 and 387.01 Dollar while this for US ranged between
$144 to $189.37. Studies show that this difference can be significant
in private insurance, with an average MRI cost of $ 999.67 per
patient [*3], US have also been shown to decrease patient wait times,
enhance efficiency, and reduce health care costs [*“]. For this reason,
US has been increasingly being used in the diagnosis of both partial
and full-thickness rotator cuff tears [*°],

Although the US has shown promising potential for rotator
cuff tear assessment, there are significant differences in the literature
regarding US accuracy, sensitivity, and diversity in the diagnosis of
total and partial thickness. In a 2015 meta-analysis, Roy et al [*°]
found that US accuracy and sensitivity were similar to MRI in the
diagnosis of a rotator cuff tear. Previous systematic reviews have
also supported this finding, although these meta-analyses varied in
their study inclusion criteria [**1¢], The most recent systematic
review by Liang et al 1 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 1. In light of the rapid development of training
and technology in the developed countries, an improved and
comprehensive systematic review is needed to assess diagnostic
accuracy of both of the available scanning tools of MRI and US for
both full-thickness and partial-thickness rotator cuff injuries. In this
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review, we aimed to compare the diagnosis accuracy between US
and MRI in the diagnosis of full-thickness and partial-thickness
rotator cuff tears and biceps tendon tears with arthroscopy used as
the reference standard.

Methodology

This review was reported in the light of PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
statement.

- Search methods for identification of studies

A comprehensive electronic search with time and language
restrictions was done. Several known databases were included Ex:
“Google Scholar, PubMed, The Cochrane Library, Web of Science”
from 2015 to 2020. Keyword that used include Shoulder pain,
Rotator cuff, scan, US, MRI, accuracy, specificity, Error, diagnosis

Eligibility criteria and study selection

e Inclusion criteria

The study design was observational, case studies

Adult participants with shoulder pain

Used MRI, MRA or US as index test, and surgery
(arthroscopy or open surgery) as reference standard
Reported on diagnostic accuracy of medical imaging for
the  characterisation of an RC  disorder
(tendinitis/tendinosis/tendinopathy (subacromial
impingement syndrome), full or partial RC tears).
Published in English or Arabic but with English version
Published in a year between 2015 to 2020

& & X

B

eSS

e  Exclusion criteria

v" Unpublished studies
v' Animal studies

Table 1: The general characteristic of the included studies and patients

Unsupported opinion of expert.

Replies to the author/editor.
Books’/conferences’ abstracts.

Published in any language other than English
Published papers before 2015.

ANENENENEN

- Data analysis

In Several known database which was searched Ex: Google Scholar,
PubMed, The Cochrane Library, Web of Science. We combined the
search terms and limited the study to the English language.
Depending on PRISMA checklist we removed duplicates, articles
were screened based on title, abstract, and full text.

1. Study selection

The electronic search strategy conducted in this review ended in 875
hits which after removing of duplicated reduced to 360 studies.
These 360 studies were considered eligible for further evaluation,
from which 348 studies were excluded for different reasons as 245
studies based on title and abstract, 86 studies do not relevant to the
subject of this study or sitting of this review, 17 consider replies of
authors, 2 books, and 28 were reviews. At end, 11 articles were
included in the qualitative synthesis of the present review (Figure 1).

2. General results

In this review, we included 12 studies 20210312229 that had been
conducted and published between 2015 and 2021 as shown in table
1. Among these studies, 2110 patients with rotator cuff injuries had
been investigated either by MRI as shown in five studies or
ultrasound scan (US) as shown in 12 studies. The mean age of
patients among these studies was 51.78 years old ranging between
26.18 and 66 years old. In most studies, in order to calculate the
specificity, accuracy and sensitivity of targeted scan, the results were
compared with the results of arthroscopy. Supraspinatus injuries
were the main type investigated in almost all studies.
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# Study Year Mean No. of Tear Type of Specificity based | Tendons Tear
Patient | Shoulders | Type scanning | on comparsion Evaluated Thickness
Age,y with
1 Mohtasib R 2019 53.7 86 Primary us MRI Supraspinatus, | Any, FT,
Infraspinatus, | PT
Subscapularis
2 Sabharwal et al. 2019 45 60 Primary uUs, MRI arthroscopy Supraspinatus | FT, PT
3 | Apostolopouloset | 2019 56 19 Primary UsS, MRI arthroscopy Supraspinatus | Any
al
4 Ron Gilat 2017 66 39 Revision us Surgery Supraspinatus | FT, PT
5 Jonathan R.N. 2018 59.1 304 Primary UsS, MRI arthroscopy Supraspinatus, | Any
Subscapularis
6 | Ahmed Elmorsy 2017 52 125 Primary UsS, MRI arthroscopy Supraspinatus | FT, PT
7 | Cole 2016 NS 238 Primary us arthroscopy Supraspinatus | Any, full,
partial
8 Kurz A 2016 62 755 Primary us arthroscopy Supraspinatus | FT, PT
9 R. Narasimhan 2016 NS 236 Primary us arthroscopy Subscapularis | Any
10 | Li-Ping Guo 2015 53 173 Primary us arthroscopy Supraspinatus | PT
11 | Haytham Abdel- 2019 26.18 45 Primary Us, MRI arthroscopy Subscapularis, | Any
Moneim Supraspinatus,
infraspinatus
12 | Medhat M. Refaat | 2020 45 30 Primary us arthroscopy Supraspinatus | FT, PT
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Record identified through databases searching (n=875)

EMBASE (n=235)
OVID-MEDLINE (n=45)
PUBMED (n=567)
Web of Science (n=28)

\ 4

Records screened after duplicates removed
(n=360)

Articles excluded with reasons (n = 348)

e  Records excluded on basis of title and abstract
(n =245)

e  Studies irrelevant to the subject of this study
(n=86)

e  Replies to the author/editor (n=17).

e  Books’/conferences’ abstracts. (n=2)

e  Reviews and searches (n= 28)

(n=348)

&
)l

A 4

Full text articles assessed for eligibility (n=12)

>

0 articles excluded due to insufficient

l

\4

information for 2-by 2 contingency table

12 articles were finally selected

Figure 1The PRISMA figures showing the steps to choose the studies for systematic review.

3. The specific results of the pooled studies

In this review, we compared the diagnostic value of both MRI and
US for patients with rotator cuff tears. For patients with any-sized
supraspinatus rotator cuff tear, the mean accuracy, sensitivity,
specificity of MRI were 82.65 (0.65), 90.65 (4.35), 64.25 (8.25)
while the mean accuracy, sensitivity, and specificity of US of the
same injury were 78.5 (11.5), 81.05 (13), 62.2 (17.5) respectively.
As shown in table 2, there is significant difference between the
results of both scans where MRI had a significantly higher rates of

accuracy and sensitivity than US with no significant difference in
specificity. Considering the subscapularis any sized rotator cuff
tears, the accuracy, sensitivity, and specificity of MRI were 79.8
(6.8), 57.65 (28.05), 88.3 (0.85) compared with accuracy, sensitivity
and specificity of US of 67.7 (17.3), 70.85 (33.8) and 66.3 (29.7)
respectively with significant difference between the results of the
two scans with favored results for MRI considering accuracy and
specificity and lower sensitivity than US (Table 2).

Table 2: The diagnostic value of MRI and US in diagnosis of supraspinatus and subscapularis any sized rotator cuff tears

Any-Sized Rotator Cuff or Biceps Tear
Supraspinatus Subscapularis

MRI us P-value MRI us P-value

Mean | SD [ Mean [ SD Mean [ SD Mean [ SD
No. of studies (shoulders) 2 4 2 4
Diagnostic values
Diagnostic accuracy 82.65 | 0.65 | 785 115 0.001* 79.8 6.8 67.7 17.3 0.001*
Sensitivity 90.65 | 4.35 | 81.05 13 0.001* 57.65 28.05 | 70.85 33.8 | 0.001*
Specificity 64.25 | 8.25 | 62.225 | 17.5 0.151 88.35 0.85 66.275 | 29.7 | 0.007*
NPV 93.5 0.57 | 85.3 15.2 0.001* 51.6 0.0 56.23 19.5 | 0.001*
PPV 56.9 19.1 | 49.57 27.5 0.007* 76.5 0.0 61.06 23.6 | 0.001*

Considering the results of both scans in full and partial rotator cuff,
results were showed in table 3. The mean accuracy, sensitivity and
specificity of MRI in full supraspinatus rotator cuff were 82.8 (13.8),
91.8 (2.55), 89.8 (10.1) while the mean accuracy, sensitivity,
specificity of US in the same condition were 86.1 (10), 67.1 (35.2),
and 93.6 (7.86) respectively. The results showed that there is a
significant difference between the results of two scans with higher
accuracy and specificity of US scans and higher sensitivity of MRI.

In partial supraspinatus rotator cuff, the accuracy, sensitivity and
specificity of MRI were 72 (17.9), 78.8 (6.2), and 90 (2.5) compared
with mean accuracy, sensitivity and specificity of US of 67.3 (25),
80.9 (18.5) and 89.68 (10.3) respectively. No significant difference
was found between the sensitivity and specificity results of both
scans and accuracy mean of MRI was significantly higher than mean
of US (Table 3).

Table 2: The diagnostic value of MRI and US in diagnosis of supraspinatus full and partial rotator cuff tears
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Full and Partial Rotator Cuff
Full Supraspinatus P-value | Partial supraspinatus P-value
MRI us MRI us
No. of studies (shoulders) 2 6 2 7
Diagnostic values
Diagnostic accuracy 82.85 13.85 86.1 10 0.006* 72.05 17.95 67.3 25.03 0.007*
Sensitivity 9185 | 2.55 67.1 35.2 0.001* 78.8 6.2 80.9 18.5 0.092
Specificity 89.85 10.15 | 93.68 | 7.86 0.007* 90 25 89.68 10.3 0.678
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NPV 8745 | 4.85 95 6.23 0.008* 57.95 | 27 75.06 29.3 0.001*
PPV 100 0 75.5 28.64 | 0.001* | 92 0 77.825 | 202 0.001*
Discussion lesions, one should consider the impact of test results on clinical

This review of literature resulted in the superiority of MRI in the
diagnosis of intact and full supraspinatus rotator cuff injuries than
US with no significant difference in case of partial rotator cuff
injuries. However, the superiority of MRI, we found that sensitivity
and specificity of US is good especially for partial rotator cuff tears
with mean sensitivity and specificity of 80.9 and 89 and 68
respectively. These results are in agreement with the results of
previous systematic reviews [17:18.32-341 In previous study conducted
by Harmon Kg, the author found that the overall range of the
sensitivity of MRI in the diagnosis of any rotator cuff tears was 98
and overall specificity of 79 [*°1 which is slightly different from our
results which showed a sensitivity and specificity of MRI in any RC
tears of 91.8 and 89.8. Moreover, in previous two systematic reviews
conducted by Smith et al, the authors reported similar results as those
reported in our revie including these results for partial thickness
rotator cuff tears for US where differences were noted in superiority
for US. They obtained an overall estimate of sensitivity of 84
compared to 80.9 in the present study. [¥*%l, The good sensitivity
and specificity of US in diagnosis of full-thickness supraspinatus
rotator cuff tears found in this study is consistent with previous
systematic review and meta-analysis [1517:31.37] However, the US
found to have lower mean sensitivity and specificity for partial
thickness tears than full thickness rotator cuff tears which is
supported by the results of previous study in which the authors found
that diagnostic accuracy of US increased with tear size for full-
thickness supraspinatus tears (%, One of the factors that could
explain the lower sensitivity of US for partial thickness tears is the
variable echogenicity of the synovial proliferation, scare tissue
formation as well as granulation surrounding the partial tear
reducing the ability to clear tissue differentiation %, Moreover,
previous studies found that US had high specificity and low
sensitivity considering the diagnosis of the entire spectrum of
subscapularis tearing, including full or partial tears [“*41, Significant
contribution to lower sensitivity for subscapularis tear is that the US
has reduced access to the subscapularis region compared to other
rotator cuff ligaments 1“2, Previous studies have shown that MRI
shows the same low sensitivity to detect subscapular tears [°1. Three
studies reported on the diagnostic outcomes of US evaluation of
tears of the long head of the biceps brachii (LHB) tendon [18:4445],
Skendzel et al reported high accuracy in diagnosing LHB tendinitis
without complete fractures and tendons but partial thickness LHB
tendons are difficult to distinguish from other diseases, such as
tendonitis and tenosynovitis [“6l. The evaluation of both subclinical
ligaments and ligaments of LHB does not have a weak
representation in the literature, and further studies are needed to
clearly determine the accuracy of the diagnosis in the US. With high
variability and low US capillary and biceps sensitivity, we
recommend using the US as a diagnostic imaging method but not as
a diagnostic test for patients with suspected pathology.

From these findings, US and MRI can be considered as
special tools to diagnose rotator cuff disorders, but in most cases
they are very sensitive to full thickness RC tears. In addition to the
cost of diagnosis, several factors must be considered to evaluate the
clinical implications of these findings. Clinical management
outcomes are key to safety, cost, availability, and impact. In terms
of safety, US and MRI scans are not invasive, with the exception of
certain MRI scans. Claustrophobia can be a problem with MRI and
MRA scans. Although MRI shows slightly better performance, this
procedure involves intravenous injections that may cause discomfort
(risk, infection) for patients. When considering cost and availability,
these tests can be divided into most settings as follows: US <MRI
147481 Finally, and perhaps most important when imaging RC
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management.

Reassembly, tendinopathy while RC repair surgery is widely
considered to be in cases of full-thickness RC tears that are related
to a number of criteria such as duration (acute vs chronic), age,
function, pain and size of tear [*°), The most clinically significant
feature when choosing a shoulder imaging mode for RC disorder
assessment is thus the capacity to properly detect a full-thickness RC
tear because it represents a key indication for surgical repair %,
Consequently, the most clinically significant aspect of this meta-
analysis is the information associated with capacity of the tests
documenting full-thickness RC tears. The use of ultrasound at the
point of care must be linked to specific training that should be
defined in curriculum such as the one recently updated by the
American Medical Society for Sports Medicine (AMSSM) [,
Finally, diagnostic use of US at the point of care can also lead to
improved therapeutic efficiency through the immediate use of
interventions such as injections, which have been shown to be more
effective under US guidance 5254,

The use of US, giving equivalent information to MRI but
less costly, is why it is the recommended diagnosis of RC disorders.
These conclusions are consistent with the imaging algorithms for
evaluating suspected RC disease suggested by the Society of
Radiologists in Ultrasound [, Additionally, clinical situations
where other shoulder conditions such as articular cartilage injuries
or labral tears must be considered (eg, in cases where glenohumeral
instability in younger patients or osteoarthritis in older patients
overlap with RC disorders) could justify the use of MRI or MRA.
However, in most conditions, first we support a combination of
different non-invasive and less expensive clinical evaluation tests
before the use of medical imaging, as these tests are mostly
appropriate for confirming a number of specific RC pathologies.
However, in situations of acute shoulder injuries where full
thickness RC tears is considered, imaging must be obtained rapidly
as rapid repair of a ‘fresh’ tear on a previously healthy RC has the
best prognosis.

In conclusion, we found that MRI had slightly better
superiority than its accuracy, sensitivity and specificity especially,
in Full and intact rotator cuff injuries. However, according to
previous studies the use of US is still good because of its good
sensitivity and specificity and cost- effective approach.
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