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Abstract Purpose To evaluate the agreement in tear size obtained through preoperative
imaging and intraoperative measurement, and to determine the accuracy of preoper-
ative imaging in the classification of tear size and identification of tears in each rotator
cuff tendon.
Methods Data from 44 patients recruited to a randomized controlled trial were
reviewed retrospectively. Size and location of the rotator cuff tears were confirmed by
either ultrasound or magnetic resonance imaging scans preoperatively and evaluated
during surgery. A t-test and Bland and Altman plot were used to determine the
agreement between the preoperative and intraoperative measurements. Sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) were
calculated for tear size and involvement of the rotator cuff tendon.
Results There was good agreement in terms of the measurements (91%) and
classification (89%) of the tear size preoperatively and during surgery. When classifying
tear size, the sensitivity and PPV were high for medium-sized tears (100%) and lower for

� Study carried out by the Department of Health Professions,
Manchester Metropolitan University, Manchester, UK.

received
May 18, 2021
accepted after revision
September 20, 2021

DOI https://doi.org/
10.1055/s-0041-1741445.
ISSN 0102-3616.

© 2022. Sociedade Brasileira de Ortopedia e Traumatologia. All
rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License,

permitting copying and reproduction so long as the original work is given

appropriate credit. Contents may not be used for commercial purposes, or

adapted, remixed, transformed or built upon. (https://creativecommons.org/

licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

THIEME

Technical Note

Published online: 2022-02-09

https://orcid.org/0000-0003-3797-9980
https://orcid.org/0000-0002-3203-506X
https://orcid.org/0000-0003-1566-9551
mailto:P.Gill@mmu.ac.uk
https://doi.org/10.1055/s-0041-1741445
https://doi.org/10.1055/s-0041-1741445


Introduction

Rotator cuff tears are a common cause of shoulder pain, and
they are diagnosed through a combination of patient history,
clinical examination, and diagnostic imaging. Whether
through ultrasound (US) or magnetic resonance (MRI), im-
aging is used to determine the size and location of the tear.1 It
also enables tear classification as either small, medium,
large, or massive.2 Understanding the size and location of a
rotator cuff tear is important for the purpose of surgical
planning. If a tear is larger than previously expected based on
imaging findings, for example, surgery may take longer, and
other additional techniques may be needed.3

Both US and MRI have comparable high sensitivities and
specificities for the diagnoses of rotator cuff tears. A
Cochrane systematic review4 reported that there were no
differences in sensitivity and specificity betweenMRI andUS
for detecting full- or partial-thickness rotator cuff tears. The
most common reference test is diagnostic arthroscopy,
which enables a more accurate assessment of the tear
characteristics and confirms the planned intervention.4

Given that both imaging modalities are used in the
clinical practice and the findings are important for the
purpose of surgical planning, the main aim of the present
paper was to evaluate the agreement in tear size between

large tears (75%), reflecting that all medium-sized tears but not all large tears were
identified preoperatively. For the preoperative identification of the tears, the sensitivity
and PPVwere highest for the supraspinatus (84%), with progressively lower sensitivities
and PPV for the infraspinatus (57%), subscapularis (17%) and teres minor (0%).
Conclusions Through preoperative imaging, themeasurement or classification of the
tear size can be accurately performed. Where there is disagreement, it is unclear
whether the tear size is either underestimated on the scan or overestimated during
surgery. The high sensitivity demonstrates that a supraspinatus tear is usually detected
by scan. The lower sensitivities for the infraspinatus and subscapularis indicate that the
identification of tears in these tendons is less accurate.

Resumo Objetivo Avaliar a concordância no tamanho de ruptura obtido por imagem pré-
operatória e por medição intraoperatória, e determinar a precisão da imagem pré-
operatória na classificação do tamanho da ruptura e na identificação de rupturas em
cada tendão do manguito rotador.
Métodos Os dados de 44 pacientes recrutados para um ensaio controlado randomi-
zado foram revisados retrospectivamente. O tamanho e a localização do manguito
rotador foram confirmados por ultrassom ou ressonância magnética préoperatórios, e
avaliados durante a cirurgia. Um teste t e o gráfico de Bland e Altman foram usados para
determinar a concordância entre as medições pré-operatória e intraoperatória. Sensi-
bilidade, especificidade, valor preditivo positivo (VPP) e valor preditivo negativo (VPN)
foram calculados para o tamanho do rompimento e o envolvimento do tendão do
manguito rotador.
Resultados Houve boa concordância para medidas de tamanho da ruptura (91%) e
classificação (89%) pré-operatória e durante a cirurgia. Ao classificar o tamanho da
ruptura, a sensibilidade e o VPP foram elevados para rupturas de tamanho médio
(100%), e menor para rupturas grandes (75%), o que indica que todas as rupturas de
tamanho médio, mas nem todas as grandes, foram identificadas pré-operatoriamente.
Para a identificação de rupturas, a sensibilidade pré-operatória e o VPP foram maiores
para o supraespinal (84%), com sensibilidade e VPP progressivamente menores para o
infraespinal (57%), o subescapular (17%), e o redondo menor (0%).
Conclusões Por meio da imagem pré-operatória, pode-se medir ou classificar com
precisão o tamanho da ruptura. Quando há discordância, não está claro se o tamanho
da ruptura é subestimado no exame ou superestimado durante a cirurgia. A alta
sensibilidade demonstra que uma ruptura do supraespinal é geralmente detectada por
escaneamento. As sensibilidades mais baixas para o infraespinal e o subescapular
indicam que a identificação de rupturas nestes tendões é menos precisa.
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preoperative imaging scans (US or MRI) and the intra-
operative measurement as used pragmatically when
screening patients for inclusion in a clinical trial, and to
determine the sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of preop-
erative imaging techniques in the classification of tear size.
A further aim was to determine the sensitivity, specificity,
PPV and NPV in the identification of tears in each rotator
cuff tendon.

Methods

The present is a retrospective study using data from a
multicenter randomized controlled trial5 (RCT) investigating
different rehabilitation strategies following rotator cuff re-
pair surgery. A favourable ethical review was granted by the
Wales Research Ethics Committee 5 Bangor on July 31st,
2018 (18/WA/0242).

Participants

Patients for the RCT were recruited from 5 National Health
Service (NHS) hospitals between November 2018 and No-
vember 2019 according to the following criteria: age over
18 years and diagnosis of a non-traumatic, symptomatic full
thickness rotator cuff tear listed for surgery.

The patients (n¼44) included in the present study un-
derwent surgical repair of the rotator cuff and had pre- and
intraoperative measurements available.

Eight surgeons treated at least one participant in the RCT.5

Tear Measurement and Classification

The size, classification, and location of the rotator cuff tear
were determined during the routine presurgical diagnostic
work-up via US or MRI according to local pathways and
clinical preference. A consultant radiologist or experienced
musculoskeletal ultrasonographer evaluated the US. The
MRI measurement was in an anteroposterior direction

using axial, coronal and sagittal views. Data were subse-
quently obtained from clinical notes. The intraoperative
measurement of size and classification were performed
by comparison with the surgical instruments and under-
taken by the surgeon in line with their usual practice. As a
pragmatic approach was taken, standardization of the pro-
cedure, pre- or intraoperatively, was not enforced. Patients
involved in the present study had rotator cuff tears that
were classified as either medium (1–3 cm) or large (3–
5 cm).2

Data Analysis

A pairwise t-test was used to determine any differences
between the pre- and intraoperative measurements of tear
sizes (in centimeters).

A Bland and Altman plot determined the agreement
between the reported pre- and intraoperative tear sizes.

Sensitivity, specificity, PPV, and NPV were calculated for
the preoperative (US or MRI) tear classification, and each
tendon (that is, whether a tear was identified in a specific
tendon) relative to the intraoperative findings.

Results

The pre- and intraoperative tear data are reported
in ►Table 1.

The difference between the pre- and intraoperativemeas-
urements was statistically significant for tear size (0.3 cm;
p<0.01). In total, 34/44 (77%) cases had identical values for
the pre- and intraoperativemeasurements of tear size. Of the
10 patients (23%) whosemeasurements were not identical, 7
(16%) had a difference of � 1 cm between the pre- and
intraoperative measurements, with the remaining 3 (7%)
presenting a difference of 2 cm.

The limit of agreement was of 1.36cm on the Bland and
Altmanplot (►Figure 1); as such, only4 (9%) cases fell outsideof
these limits, resulting in 91% (40 cases) of agreement between
the pre- and intraoperative measurements.

Table 1 Mean tear size, classification, and number of tears in each rotator cuff tendon identified pre- and intraoperatively

Preoperative Intraopertive Match between both measurements

Tear size (cm) – mean
(þstandard deviation)

2.4� 1.2 2.7� 1.3 34

Number of medium tears 29 24 24

Number of large tears 15 20 15

Total 44 44 39

Number of tears
pre-operatively

Number of tears
intra-operatively

Number tears matched
pre- and intraoperatively

Supraspinatus 37 44 37

Infraspinatus 8 11 4

Subscapularis 5 6 1

Teres minor 0 1 0

Rev Bras Ortop © 2022. Sociedade Brasileira de Ortopedia e Traumatologia. All rights reserved.

Preoperative and Intraoperative Rotator Cuff Tear Size Gill et al.



In relation to the classification of tear size (that is, medi-
um or large), there was agreement in 39/44 (89%) cases. The
remaining 5 (11%) cases were identified as having large tears
during surgery, but were classified as amedium-sized on the
preoperative scan.

The sensitivity, specificity, PPV and NPV for tear classifi-
cation and each tendon are reported in►Table 2. The results
for tear classification reflect that all medium-sized tears but
not all large tears were identified preoperatively (5 large
tears at surgerywere classified asmediumpreoperatively). A
sensitivity of 84% (and PPVof 100%) indicate that, when a tear
in the supraspinatus tendon is present, it is usually identified
on the scan. The sensitivity of 57% for the infraspinatus and of
17% for the subscapularis indicate increasing difficulty in
identifying a tear in these tendons on a scan (low number of
true-positives, with a relatively high number of false-neg-
atives). Conversely, the high specificity and NPV for the
infraspinatus (89%), subscapularis (89%), and teres minor
(100%) indicate a relatively low number of false-positives in

relation to the large number of true-negatives (with tears in
these muscles being less common). During surgery, the
supraspinatus tendon was found to be torn in every case;
however, there were relatively fewer tears in other rotator
cuff tendons: infraspinatus in 25%, subscapularis in 13.6%,
and teres minor in 2% of the cases.

Discussion

In the present study, the preoperative evaluation of rotator
cuff integrity involved either US or MRI, which have been
shown to be comparable, having similar sensitivities and
specificities.4 We found good agreement between preopera-
tive imaging and intraoperative evaluation in terms of mea-
surement and classification of rotator cuff tear. In 5 out of 44
cases (11%), the preoperative scans were reported as under-
estimating tear sizes, which were reclassified from medium
to large tearswhen evaluated intraoperatively. The reason for
this disagreement is unclear, but could be due to an

Fig. 1 Bland and Altman plot between pre- and intraoperative tears. Upper limits: 1.043668061; mean difference in tear size: �0.295454545;
lower limits: �1.634577152.

Table 2 Sensitivity, specificity, and positive and negative predictive values for tear size and for each rotator cuff tendon

Sensitivity Specificity Positive predictive value Negative predictive value

Medium tears 100% 75% 83% 100%

Large tears 75% 100% 100% 83%

Supraspinatus 84% 0 100% 0%

Infraspinatus 57% 89% 50% 92%

Subscapularis 17% 89% 20% 87%

Teres minor 0 100% 0 98%
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underestimation when viewing the preoperative scans. As
tears are in three dimensions, the orientation of the images
may not have given the full extent of the tear, as tears may
have different shapes, such as U-shaped, crescentic and L-
shaped. A previous study6 reported differing degrees of
difficultywhen identifying certain tears (especially L-shaped
tears) when using magnetic resonance arthrography in
comparison to arthroscopic findings. Conversely, a lack of a
standardised approach to the intraoperative measurement
might have contributed to any disagreement in measure-
ment and classification, as the tear may have been measured
in such a way as to report the largest value, or it may have
been stretched or distorted to accommodate the tool used for
measurement. The tear may have also progressed in size in
the period between the performance of the preoperative
scan and surgery, which is another potential source of
disagreement.7

A second aim was to determine the sensitivity, specifici-
ty, PPV and NPV for the location of the rotator cuff tear. In
the present study, the preoperative US or MRI was found to
generally underreport the frequency of tears in the rotator
cuff tendons (►Table 2). Preoperative scanning was most
sensitive at identifying tears in the supraspinatus, but
progressively less sensitive at identifying tears within the
infraspinatus, subscapularis, and teres minor. Previous re-
search8 looking at the agreement between US and MRI
found a similar pattern with greatest agreement in relation
to the supraspinatus and infraspinatus, with the subscapu-
laris evaluation proving the source of greatest disagree-
ment. The difficulty in identifying a specific location of the
rotator cuff tear may be due to the intimate nature of the
rotator cuff and the merging of the tendons (rather than
being distinctly separate structures) as they insert into the
humerus and, as such, interpretation of the US/MRI preop-
eratively and tendon identification during surgery may be
open to error.

Strengths and Limitations

A pragmatic approach was takenwhen US or MRI was used as
part of the routine diagnostic work-up prior to surgery. The
tntraoperative measurement of tear size was an estimate in
relation to the surgical instruments. Datawere extracted from
clinical notes, and the measurement processes were not
standardized. The extent to which the choice of imaging
modality and method of reporting contributed to any dis-
agreement is unknown. However, despite the pragmatic na-
ture of the measurements in the present study, the good
agreement between the preoperative scans and intraoperative
findings regarding tear size and the tendons involved is
reassuring from a surgical planning perspective.

Conclusions

Preoperative imaging, US or MRI, can be used to accurately
measure or classify (medium or large) rotator cuff tears. In
case of disagreement, it is unclear whether the tears are
either underestimated during the preoperative scanning, or
overestimated during the intraoperative evaluation.

The high sensitivity demonstrates that a supraspinatus
tear is usually detected by preoperative US or MRI, but
identification of a tear in the infraspinatus, subscapularis,
or teres minor tendons is more problematic.
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