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Effectiveness of Ultrasound in Evaluation of Fatty
Infiltration in Rotator Cuff Muscles

Bong-Kyung Park, MD, Seok-Ha Hong, MD, Woong-Kyo Jeong, MD

Department of Orthopedic Surgery, Korea University College of Medicine, Seoul, Korea

Background: This study aimed to verify the diagnostic performance of Ultrasonography (US) in the evaluation of fatty infiltration (Fl)
in rotator cuff muscles and to analyze the diagnostic values of each measurement component.

Methods: The degree of Fl in 108 shoulders was assessed by magnetic resonance imaging (MRI) and US. MRI findings were
graded by the Goutallier classification. US findings were graded by the Strobel method. Agreement between MRI and US findings
was evaluated. The sensitivity and specificity for detecting Fl and intraobserver reliabilities were also assessed.

Results: US grading of the infraspinatus based on short-axis architecture showed good agreement (k = 0.62). US grading-based on
architecture showed good agreement for both supraspinatus and infraspinatus in long- and short-axis scans (supraspinatus, k = 0.63;
infraspinatus, k = 0.68), while that based on echogenicity showed moderate agreement (supraspinatus, k = 0.51; infraspinatus, k =
0.50). The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of detecting advanced FI were
significant in both axes.

Conclusions: US is effective for detecting advanced Fl in the rotator cuff muscles. US can assess the infraspinatus more accu-

rately than the supraspinatus, and architecture is a more decisive component of Fl status than echogenicity.
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Fatty infiltration (FI) in the muscles of the rotator cuff is
associated with the negative prognosis of surgical repair of
the rotator cuff,"” and it can be used to predict the repa-
rability of massive rotator cuff tears” because the rate of FI
is higher in patients with retears of rotator cuff muscles.”
Therefore, preoperative evaluation of FI in the rotator cuff
muscles is an important aspect of the treatment of rotator
cuff tears.

Goutallier et al.” classified FI in the rotator cuff
muscles into five stages based on preoperative computed
tomography (CT) findings, and FI in the infraspinatus
muscles was shown to have a highly negative effect on the
surgical repair of the supraspinatus. Fuchs et al.” graded
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FI in the rotator cuff muscles on the basis of para-sagittal
scans of magnetic resonance imaging (MRI),” which is
widely accepted as the standard imaging modality for
evaluating the degree of FI in these muscles.
Ultrasonography (US) has been used to diagnose
rotator cuff tears for many years,”'” and the overall accu-
racy of US is comparable to that of MRI in the detection of
rotator cuff tears.” It can also be used to evaluate FI in the
rotator cuff muscles."""” Wall et al.” reported that the di-
agnostic performance of US in identifying and grading FI
in the rotator cuff muscles was comparable to that of MRI.
The muscle architecture and echogenicity on US were
graded by using three-point and dichotomous grading
scales and compared with the FI grade on MRI. However,
in their article, the authors did not provide methods for a
detailed interpretation of various combined echogenicity
and architecture findings. For example, in the case of grade
IT echogenicity and grade I architecture in the short-axis
scan and different grades in the long-axis scan, the deter-
mination of the final FI grade is highly ambiguous, which
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makes the evaluation difficult to apply directly to patients.
The aims of this study were to verify the diagnostic perfor-
mance of US in evaluating FI in the rotator cuff muscles
by using previously proposed methods and to analyze the
diagnostic values of each component and scanning plane.

METHODS

Study Subjects

We conducted this study in compliance with the prin-
ciples of the Declaration of Helsinki. The protocol of this
study was reviewed and approved by the Institutional
Review Board of Korea University Anam Hospital (IRB
No. 2020AN0025). Written informed consents were ob-
tained. The records of 151 patients who visited the shoul-
der and elbow clinics of our hospital from September 2015
to November 2016 were retrospectively evaluated. Patients
were included if they had shoulder pain and underwent
both MRI and US scans of the shoulder within 2 months.
Patients were excluded if they underwent MRI evaluation
in other clinics, owing to improper quality of images for
evaluating the FI status. According to the above criteria, of
151 patients, 105 patients (108 shoulders) were included
in this study. Demographic information, including sex and
age, and information on the status of the rotator cuft were
recorded.

The mean patient age at the time of US was 59 years
(range, 19 to 86 years). Final diagnoses were made based
on intraoperative findings. Unilateral rotator cuff tears
were diagnosed in 100 patients and bilateral rotator cuff
tears, in three patients, among a total of 108 shoulders

with rotator cuff tears. Two patients had calcific tendini-
tis. We performed arthroscopic rotator cuff repair in 95
patients with rotator cuff tears (three were bilateral cases).
Reverse total shoulder arthroplasty was performed in
three patients with massive rotator cuff tears, arthroscopic
debridement in two patients with calcific tendinitis, open
rotator cuff repair in one patient with massive rotator cuff
tear, and conservative management in the other patients
with rotator cuff tears.

Imaging Protocol

MRI examinations were performed by using a standard-
ized protocol for the evaluation of rotator cuff pathology.
The standard MRI sequences included coronal turbo spin-
echo T1, coronal T2 with fat suppression, oblique sagittal
turbo spin-echo T1, oblique sagittal T2 with fat suppres-

Table 1. Three-Point Ultrasound Grading Scale for Fatty Infiltration

in the Rotator Cuff Muscles

Grade Echogenicity Architecture
. . Clearly visible intramuscular
ls?nefshﬁéc to the overlying tendons and identifiable
pennate pattern
Slightly increased echogenicity Partially visible intramuscular
1 compared with the overlying  tendons and pennate pattern
muscle
2 Markedly increased No discernible intramuscular

echogenicity compared with
the overlying muscle

tendons or pennate pattern

Modified from Strobel et al.™

Fig. 1. Fuch's modification of the Goutallier
magnetic resonance imaging (MRI) cla-
ssification system. (A) T1-weighted MRI
showing Goutallier grade O fatty infiltration
(no fatty deposits) of the infraspinatus
muscle. (B) T1-weighted MRI showing
Goutallier grade 1 fatty degeneration
(some fatty streaks) of the infraspinatus
muscle. (C) T1-weighted MRI showing
Goutallier grade 2 fatty degeneration (less
fat than muscle) of the supraspinatus
muscle. (D) T1-weighted MRI showing
Goutallier grade 3 fatty degeneration (as
much fat as muscle) of the infraspinatus
muscle. (E) T1-weighted MRI showing
Goutallier grade 4 fatty degeneration (more
fat than muscle) of the infraspinatus muscle.
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sion, and axial proton density-weighted images with fat  natus and infraspinatus fossae.

suppression. The oblique sagittal views were extended at The images were graded in a blinded fashion by one
least 1 cm medial to the spinoglenoid notch in order to  orthopedic specialist (WK]) in our institution. A single
include sections showing the muscle bulks in the supraspi-  T1-weighted oblique sagittal section within 1 cm medial to

Fig. 2. Strobel's classification by ultrasonography. (A) Long- and short-axis views showing grade 0 echogenicity and grade 0 architecture of the
supraspinatus muscle, which is isoechoic to the overlying muscle and has clearly visible intramuscular tendons and an identifiable pennate pattern. (B)
Long- and short-axis views showing grade 1 echogenicity and grade 1 architecture of the supraspinatus muscle, which slightly increased echogenicity
compared with the overlying muscle and partially visible intramuscular tendons and pennate pattern. (C) Long- and short-axis views showing grade
2 echogenicity and grade 2 architecture of the supraspinatus muscle, markedly increased echogenicity compared with the overlying muscle and no
discernible intramuscular tendons or pennate pattern. (D) Long- and short-axis views showing grade 0 echogenicity and grade 0 architecture of the
infraspinatus muscle, which is isoechoic to the overlying muscle and has clearly visible intramuscular tendons and an identifiable pennate pattern. (E)
Long- and short-axis views showing grade 1 echogenicity and grade 1 architecture of the infraspinatus muscle, which slightly increased echogenicity
compared with the overlying muscle and partially visible intramuscular tendons and pennate pattern. (F) Long- and short-axis views showing grade 2
echogenicity and grade 2 architecture of the infraspinatus muscle, markedly increased echogenicity compared with the overlying muscle and has no
discernible intramuscular tendons or pennate pattern.
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the spinoglenoid notch was chosen for the grading.*”"*"*

This image was captured from each patient’s MRI scan.
Patient names were removed from all images, and the im-
ages were then numbered sequentially from 1 to 108.

US was performed in a standardized manner' by
one orthopedic surgeon (WK]J) with extensive experi-
ence. All US examinations were performed using a high-
frequency linear-array transducer (7.5-15 MHz) with
an HD11 scanner (Philips, Bothell, WA, USA). The long
heads of the biceps, subscapularis, supraspinatus, and in-
fraspinatus tendons were examined by using established
protocols.”

Assessment of FI in the Rotator Cuff Muscles

The amount of FI on MRI was graded according to Fuch’s
modification of the Goutallier classification, as follows™”:
grade 0, no fatty deposits; grade 1, some fatty streaks;
grade 2, less fat than muscle; grade 3, as much fat as mus-
cle; and grade 4, more fat than muscle (Fig. 1).

Direct comparison with the three-point US grading
scale (0, 1, 2) was performed by collapsing the five-point
MRI grading scale into a three-point scale (i.e., Goutallier
grades 0 and 1 were converted to grade 0 on the three-
point scale, Goutallier grade 2 was converted to grade
1, and Goutallier grades 3 and 4 became grade 2). To
investigate the agreement on the presence of FI, the MRI
classification was also collapsed into a dichotomous scale;
Goutallier grades 0, 1, and 2 were converted to absent to
mild on the dichotomous scale, while Goutallier grades 3
and 4 became advanced.

To assess FI on US, the echogenicity and architec-
ture of the supraspinatus and infraspinatus were examined
by the three-point scale described by Strobel et al."” in
both long- and short-axis scans (Table 1). To investigate
the supraspinatus muscle in the long axis, the transducer
was placed parallel to the long axis of the muscle belly,
with the spinoglenoid notch at the center of the transduc-
er.

To investigate the supraspinatus muscle in the short
axis, the transducer was placed perpendicular to the long
axis of the muscle belly, with the spinoglenoid notch at the
center of the transducer. The echogenicity of the supraspi-
natus was assessed in comparison with the echogenicity of
the overlying trapezius. The architecture was assessed on
the basis of the visibility of the intramuscular tendons and
the normal pennate pattern (Fig. 2A-C).

To investigate the infraspinatus muscle in the long
axis, the transducer was placed parallel to the long axis of
the muscle belly, parallel to the central aponeurosis. To
investigate the infraspinatus muscle in the short axis, the

transducer was placed perpendicular to the long axis of
the muscle belly, with the scapular spine at the center of
the transducer. The echogenicity of the infraspinatus was
assessed in comparison with that of the overlying deltoid.
The architecture was assessed on the basis of the visibility
of the intramuscular tendons and the normal pennate pat-
tern (Fig. 2D-F).

The US images were saved as JPEG (Joint Photo-
graphic Experts Group) files. The images were numbered
sequentially from 1 to 108, with the patient names re-
moved from all images. The FI status based on the saved
images was graded by two orthopedic surgeons (rater 1
[WK]J] and 2 [BKP]) in a blinded fashion. The evaluation
was performed twice with a 1-week interval.

Similar to the dichotomous scale for MRI findings,
the classification based on US findings was collapsed into
a dichotomous scale (i.e., US grades 0 and 1 were con-
verted to absent to mild and grade 2 became advanced) to
investigate the agreement on the presence of FI.

Statistical Analysis

The agreement between MRI and US for grading the de-
gree of FI was determined. The three-point US grading
of echogenicity and architecture for each muscle in each
axis was compared with the MRI grading for the same
muscle. The MRI grading scale was collapsed from a five-
point scale into a three-point scale, according to previous
studies.”"” In addition, the dichotomous US grading scale
was compared with the MRI dichotomous grading scale
in the same manner. The agreement between US and MRI
for grading FI was assessed by using the weighted Cohen’s
kappa (k) coefficient. The kappa values were interpreted
by using the guidelines suggested by Landis and Koch': 0,
poor; 0 to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, mod-
erate; 0.61 to 0.80, substantial; and 0.81 to 1.0, almost per-
fect agreement. Data are presented as estimates with 95%
confidence intervals (ClIs). Data analysis was performed
using published statistical software. Furthermore, for the
investigation of advanced FI in the rotator cuff muscles,
the sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy of both modalities were
calculated. Intraobserver reliabilities were assessed using
the weighted Cohen’s k coefficient. A total of 108 shoul-
ders were evaluated twice with a 1-week interval by one
orthopedic surgeon (WKJ). The status of the rotator cuff
tendons and muscles was not known to the raters before
the examination.
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RESULTS

Agreement between US and MRI in the Evaluation of FI
The comparisons between the three-point grading system
on MRI and US are summarized in Tables 2-4. For the
supraspinatus muscle in the long axis, the agreement be-
tween the three-point US grading of echogenicity and the
MRI scales was k = 0.21 (95% CI, 0.05 to 0.36). The agree-
ment between the three-point US grading of architecture
and the MRI scales was x = 0.35 (95% CI, 0.20 to 0.50).
For the supraspinatus muscle in the short axis, the agree-
ment between the three-point US grading of echogenicity
and the MRI scales was x = 0.26 (95% CI, 0.10 to 0.42).
The agreement between the three-point US grading of ar-
chitecture and the MRI scales was x = 0.32 (95% CI, 0.16
to 0.48) (Table 2).

For the infraspinatus muscle in the long axis, the
agreement between the three-point US grading of echo-
genicity and the MRI scales was x = 0.34 (95% CI, 0.17 to

0.50). The agreement between the three-point US grading
of architecture and the MRI scales was k = 0.28 (95% ClI,
0.12 to 0.44). For the infraspinatus muscle in the short
axis, the agreement between the three-point US grading of
echogenicity and the MRI scales was k = 0.40 (95% CI, 0.24
to 0.56). The agreement between the three-point US grad-
ing of architecture and the MRI scales was x = 0.62 (95%
CI, 0.47 to 0.76) (Table 3).

The comparisons between the MRI and US dichoto-
mous grading scales are summarized in Tables 5-7. For
the supraspinatus muscle in the long axis, the agreement
between the dichotomous US grading of echogenicity and
the MRI scales was x = 0.48 (95% CI, 0.23 to 0.73). The
agreement between the dichotomous US grading of archi-
tecture and the MRI scales was x = 0.66 (95% CI, 0.46 to
0.87). For the supraspinatus muscle in the short axis, the
agreement between the dichotomous US grading of echo-
genicity and the MRI scales was k = 0.51 (95% CI, 0.27 to
0.75). The agreement between the dichotomous US grad-

Table 2. Classification of the Supraspinatus in the Long and Short Axes by the Three-Point Ultrasound and Three-Point MRI Grading Systems

MRI grade
Supraspinatus US grade
0 (Goutallier 0, 1) 1 (Goutallier 2) 2 (Goutallier 3, 4) Total
Long axis
Echogenicity 0 39 23 2 64
1 14 11 6 31
2 1 3 7 11
Total 54 37 15 106
Architecture 0 31 13 1 45
1 21 21 3 45
2 2 3 11 16
Total 54 37 15 106
Short axis

Echogenicity 0 41 22 1 64
1 12 11 6 29
2 1 4 8 13
Total 54 37 15 106
Architecture 0 30 14 2 46
1 21 20 2 43
2 3 3 1 17
Total 54 37 15 106

MRI: magnetic resonance imaging, US: ultrasonography.



Park et al. Ultrasonographic Evaluation of Rotator Cuff Muscle

Clinics in Orthopedic Surgery * Vol. 12, No. 1, 2020 * www.ecios.org

Table 3. Classification of the Infraspinatus in the Long and Short Axes Using the Three-Point Ultrasound and Three-Point MRI Grading

Systems
Infraspinatus US grade
0 (Goutallier 0, 1)
Long axis
Echogenicity 0 47
1 15
2 0
Total 62
Architecture 0 54
1 8
2 0
Total 62
Short axis
Echogenicity 0 49
1 13
2 0
Total 62
Architecture 0 54
1 7
2 1
Total 62

MRI grade
1 (Goutallier 2) 2 (Goutallier 3, 4) Total

16 0 63
16 3 34
4 5 9
36 8 106
23 0 77
11 g 24

2 3 5
36 8 106
14 0 63
19 4 36
3 4 7
26 8 106
10 0 64
24 2 33
2 6 9
36 8 106

MRI: magnetic resonance imaging, US: ultrasonography.

Table 4. Agreement between MRI and US for Grading Fatty

Infiltration Using the Three-Point Scales

Agreement-Weighted Kappa (95% Cl)

Muscle
Long axis Short axis

Supraspinatus

Echogenicity 0.21 0.26

Architecture 0.35 0.32
Infraspinatus

Echogenicity 0.34 04

Architecture 0.28 0.62

MRI: magnetic resonance imaging, US: ultrasonography, CI: confidence
interval.

ing of architecture and the MRI scales was x = 0.63 (95%
CI, 0.43 to 0.84) (Table 5).

For the infraspinatus muscle in the long axis, the
agreement between the dichotomous US grading of echo-
genicity and the MRI scales was k = 0.55 (95% CI, 0.26 to
0.85). The agreement between the dichotomous US grad-
ing of architecture and the MRI scales was x = 0.64 (95%
CIL 0.35 to 0.93). For the infraspinatus muscle in the short
axis, the agreement between the dichotomous US grading
of echogenicity and the MRI scales was x = 0.50 (95% CI,
0.18 to 0.82). The agreement between the dichotomous US
grading of architecture and the MRI scales was x = 0.68
(95% CI, 0.42 to 0.94) (Table 6). The sensitivity, specific-
ity, positive predictive value, negative predictive value, and
accuracy of the detection of advanced FI were all high in
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Table 5. Classification of the Supraspinatus in the Long and Short Axes by the Dichatomous US and Dichotomous MRI Grading Systems

MRI grade
Sl e Absent to mild Advanced Total
(Goutallier0, 1, 2) (Goutallier 3, 4)
Long axis
Echogenicity Absent to mild (0, 1) 87 8 95
Advanced (2) 4 7 "
Total 91 15 106
Architecture Absent to mild (0, 1) 86 4 90
Advanced (2) 5 11 16
Total 91 15 106
Short axis
Echogenicity Absent to mild (0, 1) 86 7 93
Advanced (2) 5 8 13
Total 91 15 106
Architecture Absent to mild (0, 1) 85 4 89
Advanced (2) 6 11 17
Total 91 15 106

US: ultrasonography, MRI: magnetic resonance imaging.

both axes (Table 8).

Intraobserver Reliability of US

The intraobserver reliability had a weighted k of 0.69 (95%
CI, 0.61 to 0.81) for the supraspinatus and 0.63 (95% CI,
0.58 to 0.73) for the infraspinatus.

DISCUSSION

This study was performed to investigate the diagnostic
performance and reliability of US for the evaluation of FI
in the rotator cuff muscles, as compared with reference
MRI. MRI has been widely accepted as a useful modality
for grading FI.">"” However, US has several merits over
MR, including real-time evaluation, tolerance for metallic
implants, and inexpensiveness.

Based on the three-point scales, the US grading
in the short axis of the infraspinatus showed significant
agreement with the MRI grading of the infraspinatus only,
especially in terms of architecture (x = 0.62). Using the
dichotomous scales, the agreement between MRI and US
improved in both axes for the supraspinatus and infraspi-
natus muscles. The agreement on architecture in all views

was higher than the agreement on echogenicity. This may
be because echogenicity can be altered by controlling
the time gain compensation (TGC) during US scanning.
Since the US wave is attenuated or absorbed when pass-
ing through tissue, the operator usually increases the TGC
gaze in deeper areas. Thus, the echogenicity of both the
supraspinatus and infraspinatus muscles was increased
compared with that of the overlying trapezius and deltoid
muscles.

On both the three-point and dichotomous scales,
the agreement for the infraspinatus was higher than that
for the supraspinatus. This might be because of the differ-
ence in the thickness and coverage amount of overlying
muscles. The supraspinatus is mostly covered by the trape-
zius, whereas the infraspinatus is partially covered by the
deltoid; therefore, there could be more interference when
visualizing the supraspinatus, which is deeper than the in-
fraspinatus.

In the previous study by Wall et al.,” US evaluation
of FI in the rotator cuff muscles was graded according to
the Strobel grading scales, similar to this study. In their
study, however, it was unclear how to combine and inter-
pret the various results of the components (echogenicity
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Table 6. Classification of the Infraspinatus in the Long and Short Axes by the Dichotomous US and Dichotomous MRI Grading Systems

MRI grade
Infraspinatus US grade Absent to mild Advanced Total
(Goutallier0, 1, 2) (Goutallier 3, 4)

Long axis
Echogenicity Absent to mild (0, 1) 94 3 97
Advanced (2) 4 5 5
Total 98 8 106
Architecture Absent to mild (0, 1) 96 3 99
Advanced (2) 2 5 7
Total 98 8 106

Short axis
Echogenicity Absent to mild (0, 1) 95 4 99
Advanced (2) 3 4 7
Total 98 8 106
Architecture Absent to mild (0, 1) 95 2 97
Advanced (2) 3 6 9
Total 98 8 106

US: ultrasonography, MRI: magnetic resonance imaging.

Table 7. Agreement between MRI and US for Grading Fatty In-

filtration by Using Dichotomous Scales

Agreement-Weighted Kappa (95% Cl)

Muscle
Long axis Short axis
Supraspinatus
Echogenicity 0.48 0.51
Architecture 0.66 0.63
Infraspinatus
Echogenicity 0.55 0.50
Architecture 0.64 0.68

MRI, magnetic resonance imaging; US, ultrasonography, Cl: confidence
interval.

and architecture) in all axes. For example, if US of the su-
praspinatus in the short axis showed grade I echogenicity
and grade II architecture, the way in which FI was to be
graded was not described. In this respect, our study re-
fined the grading of FI by clearly classifying the interpreta-
tion of combined findings.

It is well known that atrophy and FI in the rotator
cuff muscles, particularly the infraspinatus, play significant
roles in determining the functional outcome after cuff re-
pair. Therefore, given the substantial correlation, specific-
ity, and accuracy of US, it is meaningful to confirm the FI
status of the rotator cuff by using US before an operation
for rotator cuff tear to facilitate an estimation of the poten-
tial degree of operative repair, especially in the short-axis
view of the infraspinatus.

US has certain intrinsic limitations that should be
mentioned. Evaluation of US findings depends on the
experience and skills of the observer. In addition, US is
difficult to perform in obese patients owing to the low
penetration rate of the US wave into deep tissue. In our
study, the overlying muscle, deltoid or trapezius, was used
as a reference for the grading of FI via US. Aging muscles
accumulate fat,"”"¥ and it is common to see fatty streaks
in the deltoid and trapezius muscles in the MRIs of elderly
patients.

There are limitations in our study. First, we retro-
spectively evaluated FI in the rotator cuff muscles with US
images saved as JPEG files, which may have led to misin-
terpretations compared with real-time evaluation. Never-
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Table 8. Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, and Accuracy of the Grading of Fatty Infiltration in the

Rotator Cuff Muscles by Using Dichotomous Scales

Muscle Sensitivity (%) Specificity (%)

Supraspinatus (long axis)

Echogenicity 47 96

Architecture 73 95
Supraspinatus (short axis)

Echogenicity 53 95

Architecture 73 94
Infraspinatus (long axis)

Echogenicity 63 96

Architecture 63 98
Infraspinatus (short axis)

Echogenicity 50 97

Architecture 75 97

Positive predictive Negative predictive Accuracy (%)

value (%) value (%)
64 92 89
69 96 92
62 93 89
65 96 91
56 97 94
Al 97 95
57 96 94
67 98 95

theless, physicians sometimes need to evaluate US images
taken by other operators. Therefore, the evaluation of
saved images has clinical relevance. Second, the subscapu-
laris and teres minor muscles, which are parts of the rota-
tor cuff, were not included in this study. We analyzed US
images in detail, and the data would have been more com-
plicated if the subscapularis and teres minor muscles were
included. Third, we analyzed the MRI scale. The five-point
scale was compared as the three-point and dichotomous
scales, based on previous reports and our clinical experi-
ence. This reduction could have introduced bias, and the
effects of such a bias on reliability are unknown. However,
collapsing the MRI scale was necessary to investigate clini-

cal relevance.

In conclusion, US is an effective method of detect-
ing advanced FI in the rotator cuff muscles, with good
intraobserver reliabilities. In all stages of FI, the infraspi-
natus muscle can be assessed more accurately than the
supraspinatus muscle. Furthermore, architecture is a more
decisive component of FI status than echogenicity.
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