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A visual marker for early atrophy of the
supraspinatus muscle on conventional MRI:
introduction of the blackbird sign
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Abstract

Objectives The aim of this study was to introduce the blackbird sign as a fast, qualitative measure of early
supraspinatus (SSP) muscle atrophy and to correlate the sign with quantitatively assessed muscle volume and
intramuscular fat fraction (FF) in patients with full-thickness SSP tears.

Materials and methods The blackbird sign describes the asymmetric pattern of early SSP atrophy: on sagittal MR
images, the supero–posterior contour of the muscle becomes concave, resembling the shape of a blackbird. MRIs of
patients with full-thickness SSP tears were retrospectively reviewed for the presence of the blackbird and tangent
signs. Patients were then divided into group 1: negative tangent sign and negative blackbird sign (n= 67), group 2:
negative tangent sign and positive blackbird sign (n= 31), and group 3: positive tangent sign (n= 32). A 2-point Dixon
sequence was acquired in all patients from which quantitative FF and muscle volumes were calculated.

Results In total 130 patients (mean age 67 ± 11 years) were included. Mean SSP volume was significantly smaller in
group 3 (15.8 ± 8.1 cm3) compared to group 2 (23.9 ± 7.0 cm3, p= 0.01) and group 1 (29.7 ± 9.1 cm3, p < 0.01).
Significantly lower muscle volumes were also found in group 2 compared to group 1 (p= 0.02), confirming that the
blackbird sign is able to identify early SSP atrophy. Mean FF in the SSP was significantly higher in group 3 (18.5 ± 4.4%)
compared to group 2 (10.9 ± 4.7%, p < 0.01) and group 1 (6.1 ± 2.6%, p < 0.01).

Conclusion Visual assessment of early muscle atrophy of the SSP is feasible and reproducible using the blackbird sign,
allowing the diagnosis of early SSP atrophy.

Clinical relevance statement In routine clinical practice, the blackbird sign may be a useful tool for assessing early
muscle degeneration before the risk of postoperative rotator cuff re-tears increases with progressive muscle atrophy
and fatty infiltration.

Key Points
● Quantitative measurements of rotator cuff injuries require time, limiting clinical practicality.
● The proposed blackbird sign is able to identify early SSP atrophy.
● Reader agreement for the blackbird sign was substantial, demonstrating reproducibility and ease of implementation in the
clinical routine.

Keywords Rotator cuff, Muscular atrophy, Magnetic resonance imaging

Introduction
Rotator cuff (RC) tears are one of the most common
causes of shoulder pain and functional impairment among
individuals of all age groups [1, 2]. Accurate diagnosis and
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appropriate management of SSP tears are important, as it
is the most commonly affected muscle in RC tears [3].
Following tendon rupture, degenerative changes occur in
the RC muscle, including fatty infiltration and atrophy
[3–6]. The degree of fatty muscle infiltration and atrophy
has been shown to correlate with repairability and
outcome of tendon-to-bone repair [7]. Various visual/
qualitative and quantitative radiological techniques have
been developed to aid in the diagnosis and assessment of
SSP tears [8–13]. Among the most promising quantitative
techniques for assessing RC fatty muscle infiltration are
chemical shift-based methods and Dixon-based techni-
ques, including extended 2-point Dixon methods [14–18].
However, quantitative assessments require the acquisition
of special MR sequences, and their acquisition, post-
processing, and segmentation is time-consuming which
limits their use in routine clinical practice.
Therefore, a rapid and reliable visual assessment of the SSP

muscle is required, creating the need for qualitative and
semi-quantitative scoring systems. One of the most com-
monly used classifications for assessing fatty infiltration has
been described by Goutallier et al [9]. However, it has been
noted that this classification can be influenced by medial
retraction of the myotendinous unit in full-thickness tears
and has limited inter-rater reliability, thereby reducing its
usefulness in clinical routine [19, 20]. In addition, only the
fatty infiltration of the muscle is assessed, while the effects of
muscle atrophy are not evaluated separately.
Current methods to assess SSP muscle atrophy include

the occupation ratio and tangent sign [12, 13, 21]. The
tangent sign uses a reference line drawn between the
superior borders of the spina scapulae and the coracoid
process on the most lateral sagittal oblique MR image.
When the SSP muscle undergoes atrophy, its belly falls
below this line, which is considered a positive tangent sign
and is associated with both increased fatty muscle infil-
tration and a worse outcome after RC repair [22, 23].
Thomazeau et al established the use of an occupation
ratio which is calculated from the surface of the SSP
muscle divided by the surface of the entire SSP fossa [21].
However, both methods have limited capabilities to assess
early atrophy of the SSP muscle and, moreover, consider
muscle atrophy to be a symmetric, respectively homo-
geneous process throughout the muscle belly. In clinical
routine, we have often encountered cases of SSP tendon
pathology where the tangent sign is negative, but where
the supero–posterior contour of the SSP muscle belly is
concave, rather than convex, resembling the shape of a
blackbird on sagittal MR images.
To assess this perception, this study evaluated the

blackbird sign as a fast, qualitative sign of early SSP
muscle atrophy and correlated this sign with quantita-
tively assessed muscle volume and intramuscular fat

fraction (FF) in patients with full-thickness SSP
tendon tears.

Materials and methods
Patient selection
Patient records were retrospectively reviewed for diag-
nosis of a full-thickness tear of the SSP tendon, and
patients were eligible if they underwent shoulder MRI
including a 2-point Dixon sequence between July 2016
and December 2022 (n= 197, Fig. 1). Inclusion was also
possible in the case of additional tears of the infraspinatus
tendon and the subscapularis tendon. Patients with
inflammatory rheumatoid arthritis, previous surgery for
RC reconstruction, fracture, or osteoarthritis were
excluded. All patients underwent surgical RC repair,
confirming full-thickness SSP tears. Morphological MR
images were assessed and graded by three radiologists
(R.P.M. with more than 10 years of experience, S.S.G. with
more than 5 years of experience and A.A.M. with more
than 4 years of experience in radiology). From the 2-point
Dixon sequence, FF maps were reconstructed on the
console, which was then semi-automatically segmented to
obtain intramuscular FF and muscle volume of the SSP.
Patients were split into three groups for evaluation.
Patients with negative tangent signs and negative black-
bird signs were included in group 1 (n= 67). Patients with
positive blackbird sign but negative tangent sign were
included in group 2 (n= 31), and patients with positive
tangent sign only were included in group 3 (n= 32). The
study was approved by our institutional review board
(Cantonal Ethics Committee Zurich). Written informed
consent was obtained from all study participants.

MR imaging
MR imaging of the shoulder was performed on a 3-T
scanner (Magnetom Skyrafit or Magnetom Vida; Siemens
Healthcare) with a dedicated 16-channel shoulder coil. All
patients underwent a routine shoulder imaging protocol
including a sagittal oblique 2-point Dixon sequence from
which water-only, fat-only, in-phase and out-of-phase
images were acquired (detailed scan parameters are listed
in Table 1). Signal intensity values on in-phase and fat-
only images were defined as S(In) and S(Fat). FF maps
were calculated using the following equation as previously
described [16, 18, 24]:

SðWaterÞ þ SðFatÞ ¼ SðInÞ
Fat fraction ¼ SðFatÞ=ðSðWaterÞ þ SðFatÞÞ ¼ SðFatÞ=SðInÞ

Image analysis
SSP tendon tear size was graded according to Cofield et al
and divided into: small (less than 1 cm tear size), medium
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(1–3 cm tear size), large (3–5 cm tear size), and massive
(over 5 cm tear size) [10]. Tendon retraction was graded
according to Patte et al as stage 1: proximal stump close to
the bony insertion, stage 2: proximal stump at the level of
the humeral head, and stage 3: proximal stump at the level
of the glenoid [11]. Goutallier grading was used for visual
assessment of fatty infiltration of the SSP muscle using the

following grades: 0= normal muscle, grade 1= some fatty
streaks, grade 2= less than 50% fatty muscle atrophy,
grade 3= 50% fatty muscle atrophy, and grade 4=more
than 50% fatty muscle atrophy [9].
The tangent sign [12] and the newly proposed blackbird

sign were used for visual assessment of SSP muscle
atrophy.

Table 1 Sequence parameters for the 3-T MR imaging protocol

Sequence Sagittal oblique

2-point Dixon

Coronal PD

blade FD

Coronal T1 TSE

FS

Sagittal oblique T2

FS blade

Sagittal oblique

T1 TSE

Axial T2 TRUFI

FS

Echo time, (ms) 1.31, 2.57 34 12 71 11 4.84

Repetition time, (ms) 6.69 2200 500 3800 450 11.2

Bandwidth, (Hz/px) 1010 220 200 120 200 200

Acquisition matrix 120 × 160 384 × 384 448 × 358 256 × 256 384 × 397 512 × 256

Slice thickness, (mm) 3 4 3 4 4 1, 7

Slice number 52 20 20 24 29 52

FOV, (mm) 160 × 160 159 × 159 160 × 160 160 × 160 159 × 159 180 × 180

Acquisition time,

(min)

1.02 3.40 2.11 3.10 2.04 3.41

Fig. 1 Patient selection flow chart. Patients with surgically confirmed supraspinatus (SSP) tears were divided into three groups according to the results of
the MR-based assessments. Group 1: patients with a negative tangent sign and negative blackbird sign (n= 67). Group 2: patients with positive blackbird
sign but a negative tangent sign, i.e., early SSP muscle atrophy (n= 31). Group 3: patients with a positive tangent sign, i.e., advanced SSP muscle atrophy
(n= 32)
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The blackbird sign was assessed on sagittal oblique
T1-weighted images at the centre of the SSP muscle.
The sign evaluates early volume atrophy of the
supero–posterior parts of the SSP muscle, while no sig-
nificant fatty infiltration has occurred. As a result, the SSP
muscle loses its convex shape and the atrophied muscle
parts create an inwardly curved contour, i.e., a focal
concave shape that resembles a blackbird (Fig. 2). The
medial and inferior parts of the SSP muscle belly appear
unchanged, while the atrophied region appears to be
occupied by fatty tissue (Fig. 2).
To assess the tangent sign, a horizontal line was drawn

from the upper edge of the scapular spine to the upper
edge of the coracoid process in the most lateral position,
with the “Y” of the scapula being visible. In a healthy
muscle, the border of the SSP muscle should cross this
horizontal line. If the muscle was below this line, it was
considered a positive tangent sign representing advanced
muscle atrophy (Figs. 3 and 4) [12]. The MR images were
read individually and independently in random order and
blinded to clinical information and any other imaging
data. In the second step, the ratings were reviewed for
consensus to ensure correct intergroup assessment. In
case of disagreement, a fourth reader (blinded for review)
was asked for a decision. Analysis was performed on a
PACS workstation certified for clinical use (MERLIN
7.1.22, Phönix-PACS GmbH).

Quantitative analysis
Quantitative analysis of the SSP muscle volume and FF
was performed by G.C.F. using ITK snap [25]. Regions of
interest (ROIs) were manually drawn on every 5th slide of

the SSP muscle in the sagittal oblique plane of the FF
images calculated from the 2-point Dixon sequences.
Missing ROIs were semi-automatically interpolated by the
segmentation software and then manually checked for
correct placement. The total time for semi-automated
segmentation, verification and analysis of quantitative
values took approximately 5 min per patient. Mean
muscle volume and FF of the SSP muscle were reported
for each patient (Fig. 5).

Statistics
Non-normal distribution of data was assessed using the
Shapiro–Wilk test. In addition to descriptive statistics,
the Kruskal–Wallis test with Bonferroni correction was
used to assess differences in FF and muscle volume
between groups. One-way ANOVA with Bonferroni
correction was used to compare Patte, Cofield, and
Goutallier scores between groups. Receiver operating
characteristic (ROC) curves and the Youden index were
used to identify cut-off values for FF and muscle volume
that best predicted the blackbird and tangent sign. Inter-
and intra-reader agreement was assessed using Fleiss’
Kappa [26]. Statistics were performed in SPSS (v. 28.0
IBM Corp.) under the supervision of an experienced
biostatistician.

Results
A total of 130 patients (mean age 67 ± 11 years, 79
women, Table 2) were included in the study. Sixty-seven
patients with negative tangent sign and negative blackbird
sign were included in group 1, 31 patients with positive
blackbird sign and negative tangent sign were included in

Fig. 2 Sagittal oblique T1-weighted images of a 59-year-old patient with early SSP muscle atrophy resulting in a positive blackbird sign (A, B). The
blackbird sign is assessed at the centre of the SSP muscle. The atrophy of the supero–posterior SSP muscle subregion creates an inwardly curved muscle
contour, giving the impression of an anterior-facing blackbird. In contrast, the medial and inferior SSP muscle subregions appear unchanged, while the
atrophied region is filled with fatty tissue (asterisk)
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group 2. A positive tangent sign and a negative blackbird
sign were observed in 32 patients included in group 3.
Tendon retraction was rated significantly higher in

group 3 (Patte: mean 2.3 ± 0.5) compared to group 2
(Patte: mean 1.9 ± 0.6, p= 0.01) and group 1 (Patte: mean
1.8 ± 0.5, p < 0.01). Similarly, the defect size of the SSP
tendon was rated significantly larger in group 3 (Cofield:
mean 2.8 ± 0.8) compared to group 2 (Cofield: mean
2.0 ± 0.7, p= 0.02) and group 1 (Cofield: mean 1.8 ± 0.6,
p < 0.01). Tendon retraction and defect size were also
rated higher in group 2 than in group 1, but this did not
reach statistical significance (Patte: p= 0.98, Cofield:
p= 0.63). Visual assessment of fatty muscle infiltration
showed a significantly higher score in group 3 (Goutallier:
mean 1.9 ± 0.8) compared to group 2 (Goutallier: mean
1.4 ± 0.6, p= 0.04) and group 1 (Goutallier: mean
0.8 ± 0.5, p < 0.01), but also in group 2 compared to group
1 (Goutallier: p < 0.01).
The visual assessment of fatty infiltration was confirmed

by the quantitative assessment of FF of the whole seg-
mented SSPmuscle. The meanmuscle FF of group 3 (mean
FF: 18.5% ± 4.4) was significantly higher compared to group
2 (mean FF: 10.9% ± 4.7, p < 0.01) and group 1 (mean FF:
6.1% ± 2.6, p < 0.01). SSP muscle volume was significantly
smaller in group 3 (mean volume: 15.8 cm3 ± 8.1) com-
pared to group 2 (mean volume: 23.9 cm3 ± 7.0, p= 0.01)
and group 1 (mean volume: 29.7 cm3 ± 9.1, p < 0.01).

Significantly higher SSP muscle FF and lower muscle
volume were also found in group 2 compared to group 1
(FF: p < 0.01, volume: p= 0.02). The differences in the
quantitative assessment of muscle FF and volume between
the groups are again illustrated in Fig. 6.
The ROC analysis revealed a good performance in dis-

criminating the blackbird sign and the tangent sign using
the muscle volume (area under the curve (AUC) 0.72 and
0.78), as well as the intramuscular FF (AUC 0.81 and
0.95).
Using sensitivity and specificity, the Youden index was

calculated to define ideal cut-off values that best predict the
blackbird and the tangent sign. The best performance was
calculated for a muscle volume of 23.9 cm3 (sensitivity
0.781 and specificity 0.813) for the blackbird sign and
16.8 cm3 (sensitivity 0.844 and specificity 0.783) for the
tangent sign. For the intramuscular FF, ideal cut-off values
were calculated at an FF of 7.1% (sensitivity 0.870 and
specificity 0.821) for the blackbird sign and 13.1% (sensi-
tivity 0.938 and specificity 0.876) for the tangent sign.
The analysis of the inter-reader agreement between the

three readers showed an overall substantial agreement for
the detection of the blackbird sign (Fleiss’ Kappa: 0.76
[0.68–0.85]), as well as for the tangent sign (κ 0.72
[0.63–0.80], Table 3). A substantial agreement was also
found for the assessment of the tendon defect, retraction
and fatty muscle infiltration (Fleiss’ Kappa range:

Fig. 3 Sagittal oblique T1-weighted images of one patient from each group at the level of the middle of the SSP muscle belly (A–C) with their
corresponding coronal fat-saturated proton density-weighted images showing the full-thickness SSP tears in the lower row (D–F). The normal convex
shape of the SSP muscle is readily visible in the patient in group 1 (A) compared to the patient in group 2 with a positive blackbird sign (B) and the
patient in group 3 with advanced muscle atrophy (C). Note also the advanced fatty SSP muscle infiltration and greater tendon retraction in the patient in
group 3 (C, F)
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0.71–0.82). Intra-reader analysis was performed by Reader
1 and 2 with at least 4 weeks in between readings: again, a
substantial agreement was found for the blackbird sign for
both readers (Reader 1: κ 0.71 [0.61–0.84], Reader 1: κ
0.75 [0.63–0.82], Table 3).

Discussion
In this study, we demonstrated the suitability of the black-
bird sign as a fast, qualitative marker of early atrophy of the
SSP muscle after full-thickness tendon tear. Compared to
patients with a positive tangent sign, patients with a positive
blackbird sign had a higher muscle volume and a lower

intramuscular FF, indicating an earlier stage of muscle
degeneration. In contrast, patients with both a negative
blackbird and tangent sign had even higher muscle volumes
and lower FFs than patients with a positive blackbird sign.
The tangent sign is the most established visual marker

of SSP muscle atrophy. Assessing the upper edge of the
muscle belly either below or above a horizontal line drawn
from the upper edge of the scapula to the coracoid pro-
cess is relatively simple and quick, and a positive sign has
been found to correlate with poorer patient outcomes
[22]. However, the tangent was also positively correlated
with advanced fatty muscle infiltration (Goutallier > 2)

Fig. 4 Multiple sagittal oblique T1-weighted images from one patient in each group, arranged from lateral (left) to medial (right). Group 1: normal SSP
muscle. Group 2: early SSP muscle atrophy, i.e., positive blackbird sign (outline arrow). Group 3: advanced muscle atrophy, i.e., positive tangent sign. Note,
that the change in the supero–posterior contour of the superior SSP muscle is due to early atrophy in the patient in group 2 with a positive blackbird
sign. In addition, the patient with a positive tangent sign in group 3 also shows a substantial increase in fat infiltration compared to groups 1 and 2
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and increased tear size, suggesting an advanced stage of
muscle degeneration in the case of a positive tangent sign
[27, 28]. The tangent sign can therefore not be used to
assess early muscle atrophy. In addition, RC repair in
patients with fatty muscle infiltration greater than Gou-
tallier grade 2 is considered to have a higher risk of re-
tears, and it is debatable to what extent these patients
should be surgically treated at all, further limiting the
clinical use of the tangent sign.
The blackbird sign proposed in this study assesses early

signs of atrophy of the SSP muscle before advanced fatty
muscle infiltration has occurred and may be helpful for
surgical decision-making at an earlier stage: In a previous
study, it was shown that the risk of re-tear after RC repair
of the SSP muscle increases with a FF greater than 6%
[29]. In our study, the blackbird sign was best predicted at

a FF of 7.1%, which is much closer to the 6% threshold
than the tangent sign (13.1%). Therefore, the blackbird
sign might indicate the stage of muscle atrophy and fatty
infiltration to the surgeon above which the risk of post-
operative RC re-tears increases significantly without
having to segment the whole muscle on quantitative
sequences.
The second most common way to qualitatively assess

SSP muscle atrophy is to calculate the occupation ratio
between the surface area of the SSP muscle and the entire
SSP fossa [21]. In contrast to the tangent sign, this
method also allows the assessment of a lower degree of
muscle atrophy, but requires manual alignment and
measurement of the different surfaces, which is time-
consuming and leaves room for error. In addition, the
occupation ratio tends to overestimate SSP muscle atro-
phy in cases of full-thickness tears, due to the retraction of
the myotendinous unit [30]. More importantly, the ratio
method assumes that the SSP muscle belly atrophies in a
concentric fashion. In contrast, a study by Meyer et al
showed that the SSP muscle rather undergoes an asym-
metric pattern of degeneration after tendon rupture [31].
They demonstrated that the superior parts of the muscle
are more prone to atrophy, while the inferior parts of the
muscle are more prone to fatty infiltration. Similar results
were found in a study by Trevino et al in a cadaveric
study, in which the authors divided the SSP muscle into
subregions and quantitatively assessed the muscle volume
[32]. They concluded that the superficial subregions of the
SSP are mainly affected by muscle atrophy, whereas the
deep subregions are mainly affected by fatty infiltration.
While the two studies by Meyer and Trevino evaluated
SSP atrophy, they did not subdivide their study collec-
tively with a separate group with early atrophy. The
results from our study confirm that there is a distinct
population of patients with full-thickness SSP tears where
early atrophy is present, and this presents as a focal

Fig. 5 Sagittal oblique FF map of a 55-year-old patient calculated from the 2-point Dixon sequence (A). Semi-automated segmentation was performed
by drawing regions of interest (ROIs) on every five slices around the SSP muscle (B). C Shows the 3D model of the segmented SSP muscle (red)

Table 2 Comparison of patient characteristics between the
groups

Group 1d Group 2e Group 3f p-valueb

Age, (years)a 64 ± 10 67 ± 11 69 ± 10 > 0.05

Female 43 17 19

Full thickness SSP tear, (n) 67 31 32

Cofield classificationa,c 1.8 ± 0.6 2.0 ± 0.7 2.8 ± 0.8 < 0.01

Patte classificationa,c 1.8 ± 0.5 1.9 ± 0.6 2.3 ± 0.5 < 0.01

Goutallier classificationa,c 0.8 ± 0.5 1.4 ± 0.6 1.9 ± 0.8 < 0.01

Mean SSP muscle

volume, (cm3)a,c
29.7 ± 9.1 23.9 ± 7.0 15.8 ± 8.1 < 0.01

Mean SSP muscle FF,

(%)a,c
6.1 ± 2.6 10.9 ± 4.7 18.5 ± 4.4 < 0.01

n number of patients, SSP supraspinatus
a Data is given as Mean ± standard deviation
b Comparison between the groups using a one-way analysis of variance
c Significant difference detected in the Bonferroni adjusted post hoc analysis
d Group 1: patients with negative blackbird and tangent sign
e Group 2: patients with positive blackbird and negative tangent sign
f Group 3: patients with negative blackbird and positive tangent sign
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Fig. 6 Box plots of SSP muscle volume (A) and intramuscular FF (B) calculated from the quantitative 2-point Dixon sequence for each group. Bonferroni
adjusted intergroup assessment revealed significant differences between each group for the muscle volume, as well as the intramuscular FF (asterisks)
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concave shape of the supero–posterior aspect of the SSP
muscle, resembling the shape of a blackbird. It is impor-
tant to note that the blackbird sign can only be assessed if
the tangent sign is negative, i.e., when there is not already
advanced muscle atrophy.
Another observation made in this study was the sig-

nificantly greater tendon retraction in patients with a positive
tangent sign (p= 0.01). Previous studies have suggested that
tendon retraction produces false positive tangent signs and
that assessment should be performed more medially [33, 34].
However, in our study, we were not able to confirm these
observations. Quantitative analysis showed that patients with
positive tangent signs had significantly smaller muscle
volumes and higher FFs suggesting that tendon retraction
does not produce false negative tangent signs.
There are several limitations of this study that need to

be addressed. First, the study design was retrospective,
with patients being examined at a single centre, but in all
patients, the full-thickness tears were surgically con-
firmed. The assessment of the blackbird sign was based
solely on MR-morphological results, and no other ima-
ging modality was available for confirmation. However,
the correlation with 3D analysis of the muscle volume
confirms the validity of our findings.
In conclusion, visual assessment of early muscle atrophy

of the SSP in patients with full-thickness tendon tears is
feasible and reproducible using the newly introduced
blackbird sign. In routine clinical practice, the blackbird
sign may therefore be a useful tool for assessing early
muscle degeneration before the risk of postoperative RC
re-tears increases with progressive muscle atrophy and
fatty infiltration.

Abbreviations
AUC Area under the curve
FF Fat fraction
RC Rotator cuff

ROC Receiver operating characteristic curve
ROI Region of interest
SSP Supraspinatus muscle

Acknowledgements
The authors thank Sabine Schrimpf for her contribution to editing the article.

Funding
Open access funding provided by University of Zurich.

Compliance with ethical standards

Guarantor
The scientific guarantor of this publication is Georg C. Feuerriegel.

Conflict of interest
Balgrist University Hospital has an academic research agreement with Siemens
Healthineers.

Statistics and biometry
No complex statistical methods were necessary for this paper.

Informed consent
Written informed consent was obtained from all subjects (patients) in
this study.

Ethical approval
Institutional Review Board approval was obtained.

Study subjects or cohorts overlap
None.

Methodology

● Retrospective
● Observational
● Performed at one institution

Author details
1Department of Radiology, Balgrist University Hospital, Faculty of Medicine,
University of Zurich, Zurich, Switzerland. 2Swiss Center for Musculoskeletal
Imaging, Balgrist Campus AG, Zurich, Switzerland. 3Department of
Orthopedics, Balgrist University Hospital, University of Zurich, Zurich,
Switzerland.

Received: 11 March 2024 Revised: 10 May 2024 Accepted: 15 June 2024

References
1. Williams GR Jr, Rockwood CA Jr, Bigliani LU et al (2004) Rotator cuff tears:

Why do we repair them? J Bone Joint Surg Am 86:2764–2776
2. Davis DL, Zhuo J, Almardawi R et al (2019) Association of patient self-

reported shoulder scores to quantitative and semiquantitative MRI
measures of rotator cuff intramuscular fatty infiltration: a pilot study. AJR
Am J Roentgenol 213:1307–1314

3. Melis B, Nemoz C, Walch G (2009) Muscle fatty infiltration in rotator cuff tears:
descriptive analysis of 1688 cases. Orthop Traumatol Surg Res 95:319–324

4. McElvany MD, McGoldrick E, Gee AO et al (2015) Rotator cuff repair:
published evidence on factors associated with repair integrity and clinical
outcome. Am J Sports Med 43:491–500

5. Fuchs B, Gilbart MK, Hodler J et al (2006) Clinical and structural results of
open repair of an isolated one-tendon tear of the rotator cuff. J Bone
Joint Surg Am 88:309–316

6. Gladstone JN, Bishop JY, Lo IK et al (2007) Fatty infiltration and atrophy of
the rotator cuff do not improve after rotator cuff repair and correlate with
poor functional outcome. Am J Sports Med 35:719–728

Table 3 Inter- and Intra-reader agreement for qualitative
assessment of the SSP tendon and muscle

Interreadera Intrareaderb

Parameters Reader 1 Reader 2

Goutallier

classification

0.71 [0.62–0.79] 0.73 [0.65–0.82] 0.70 [0.61–0.79]

Patte classification 0.78 [0.65–0.82] 0.83 [0.74–0.91] 0.80 [0.72–0.87]

Cofield

classification

0.81 [0.75–0.87] 0.78 [0.71–0.83] 0.81 [0.67–0.91]

Blackbird sign 0.76 [0.68–0.85] 0.71 [0.61–0.84] 0.75 [0.63–0.82]

Tangent sign 0.72 [0.63–0.80] 0.79 [0.71–0.89] 0.72 [0.62–0.79]

a Fleiss’ kappa (κ) for Reader 1–3
b Weighted Cohen’s kappa (κ)

Feuerriegel et al. European Radiology Page 9 of 10



7. Nozaki T, Tasaki A, Horiuchi S et al (2016) Predicting retear after repair of
full-thickness rotator cuff tear: two-point dixon MR imaging quantification
of fatty muscle degeneration-initial experience with 1-year follow-up.
Radiology 280:500–509

8. Furrer PR, Borbas P, Egli RJ et al (2023) MRI findings of traumatic and
degenerative rotator cuff tears and introduction of the “cobra sign”. JSES
Int 7:550–554

9. Goutallier D, Postel JM, Bernageau J et al (1994) Fatty muscle degen-
eration in cuff ruptures. Pre- and postoperative evaluation by CT scan.
Clin Orthop Relat Res 304:78–83

10. Cofield RH (1982) Subscapular muscle transposition for repair of chronic
rotator cuff tears. Surg Gynecol Obstet 154:667–672

11. Patte D (1990) Classification of rotator cuff lesions. Clin Orthop Relat Res
254:81–86

12. Zanetti M, Gerber C, Hodler J (1998) Quantitative assessment of the
muscles of the rotator cuff with magnetic resonance imaging. Invest
Radiol 33:163–170

13. Lim HK, Hong SH, Yoo HJ et al (2014) Visual MRI grading system to
evaluate atrophy of the supraspinatus muscle. Korean J Radiol
15:501–507

14. Karampinos DC, Holwein C, Buchmann S et al (2017) Proton density fat-
fraction of rotator cuff muscles is associated with isometric strength 10
years after rotator cuff repair: a quantitative magnetic resonance imaging
study of the shoulder. Am J Sports Med 45:1990–1999

15. Nardo L, Karampinos DC, Lansdown DA et al (2014) Quantitative
assessment of fat infiltration in the rotator cuff muscles using water-fat
MRI. J Magn Reson Imaging 39:1178–1185

16. Nozaki T, Tasaki A, Horiuchi S et al (2015) Quantification of fatty degen-
eration within the supraspinatus muscle by using a 2-point Dixon
method on 3-T MRI. AJR Am J Roentgenol 205:116–122

17. Bray TJ, Chouhan MD, Punwani S et al (2018) Fat fraction mapping using
magnetic resonance imaging: insight into pathophysiology. Br J Radiol
91:20170344

18. Grimm A, Meyer H, Nickel MD et al (2018) Evaluation of 2-point, 3-point,
and 6-point Dixon magnetic resonance imaging with flexible echo tim-
ing for muscle fat quantification. Eur J Radiol 103:57–64

19. Meyer DC, Farshad M, Amacker NA et al (2012) Quantitative analysis of
muscle and tendon retraction in chronic rotator cuff tears. Am J Sports
Med 40:606–610

20. Fuchs B, Weishaupt D, Zanetti M et al (1999) Fatty degeneration of the muscles
of the rotator cuff: assessment by computed tomography versus magnetic
resonance imaging. J Shoulder Elbow Surg 8:599–605

21. Thomazeau H, Rolland Y, Lucas C et al (1996) Atrophy of the supraspi-
natus belly. Assessment by MRI in 55 patients with rotator cuff pathology.
Acta Orthop Scand 67:264–268

22. Naimark M, Trinh T, Robbins C et al (2019) Effect of muscle quality on
operative and nonoperative treatment of rotator cuff tears. Orthop J
Sports Med 7:2325967119863010

23. Kissenberth MJ, Rulewicz GJ, Hamilton SC et al (2014) A positive tangent
sign predicts the repairability of rotator cuff tears. J Shoulder Elbow Surg
23:1023–1027

24. Wieser K, Joshy J, Filli L et al (2019) Changes of supraspinatus muscle
volume and fat fraction after successful or failed arthroscopic rotator cuff
repair. Am J Sports Med 47:3080–3088

25. Yushkevich PA, Piven J, Hazlett HC et al (2006) User-guided 3D active
contour segmentation of anatomical structures: significantly improved
efficiency and reliability. Neuroimage 31:1116–1128

26. Fleiss JL (1971) Measuring nominal scale agreement among many raters.
Psychol Bull 76:378–382

27. Williams MD, Lädermann A, Melis B et al (2009) Fatty infiltration of the
supraspinatus: a reliability study. J Shoulder Elbow Surg 18:581–587

28. Rulewicz GJ, Beaty S, Hawkins RJ et al (2013) Supraspinatus atrophy as a
predictor of rotator cuff tear size: an MRI study utilizing the tangent sign. J
Shoulder Elbow Surg 22:e6–e10

29. Feuerriegel GC, Marcus RP, Sommer S et al (2023) Fat fractions of the
rotator cuff muscles acquired with 2-point Dixon MRI: predicting out-
come after arthroscopic rotator cuff repair. Invest Radiol. https://doi.org/
10.1097/rli.0000000000001024

30. Goller SS, Erber B, Fink N et al (2022) Three-dimensional software- and
MR-imaging-based muscle volumetry reveals overestimation of supras-
pinatus muscle atrophy using occupation ratios in full-thickness tendon
tears. Healthcare 10:1899

31. Meyer DC, Pirkl C, Pfirrmann CW et al (2005) Asymmetric atrophy of the
supraspinatus muscle following tendon tear. J Orthop Res 23:254–258

32. Trevino Iii JH, Yuri T, Hatta T et al (2022) Three-dimensional quantitative
measurements of atrophy and fat infiltration in sub-regions of the
supraspinatus muscle show heterogeneous distributions: a cadaveric
study. Arch Orthop Trauma Surg 142:1395–1403

33. Jo CH, Shin JS (2013) Changes in appearance of fatty infiltration and
muscle atrophy of rotator cuff muscles on magnetic resonance imaging
after rotator cuff repair: establishing new time-zero traits. Arthroscopy
29:449–458

34. Fukuta S, Tsutsui T, Amari R et al (2016) Tendon retraction with rotator cuff
tear causes a decrease in cross-sectional area of the supraspinatus muscle
on magnetic resonance imaging. J Shoulder Elbow Surg 25:1069–1075

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Feuerriegel et al. European Radiology Page 10 of 10

https://doi.org/10.1097/rli.0000000000001024
https://doi.org/10.1097/rli.0000000000001024

	A visual marker for early atrophy of the supraspinatus muscle on conventional MRI: introduction of the blackbird sign
	Introduction
	Materials and methods
	Patient selection
	MR imaging
	Image analysis
	Quantitative analysis
	Statistics

	Results
	Discussion
	Acknowledgements




