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Supraspinatus muscle elasticity measured ®
with real time shear wave ultrasound
elastography correlates with MRI
spectroscopic measured amount of fatty
degeneration
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Abstract

Background: Fatty Degeneration (FD) of the rotator cuff muscles influences functional and anatomical outcome after
rotator cuff repair. The MRI based estimation of fatty degeneration is the gold standard. There is some evidence that
Ultrasound elastography (EUS) can detect local differences of tissue stiffness in muscles and tendons. Shear-wave
elastography (SWE) was evaluated to determine the extent to which shear wave velocity was associated with measures
of fatty degeneration. MRI-spectroscopic fat measurement was used as a reference to quantify the amount of fat in the
muscle belly.

Methods: Forty-two patients underwent SWE of the supraspinatus muscles at its thickest diameter. After
ultrasound evaluation an MRI-spectroscopic fat measurement of the supraspinatus muscle was performed
using the SPLASH-technique. A gel filled capsule was used to locate the measured area in the MRI. The
values of shear wave velocity (SWV) measured with SWE and spectroscopic fat measurement were correlated
statistically using Pearson’s correlation test.

Results: Correlation of the fat amount measured with MRI-spectroscopy and the SWV measured with SWE was p =0.
82. Spectroscopic measured fat ratio of the supraspinatus muscle ranged from 0% to 77.41% and SWV from 1.59 m/s to
532 m/s. In 4 patients no sufficient SWE could be performed, these individuals showed a larger diameter of the
overlying soft tissue. SWV measured with SWE showed a good correlation with MRI spectroscopic fat amount of the
supraspinatus muscle.

Conclusion: These preliminary data suggest that SWE may be a sufficient tool in detecting and estimating the amount
of fatty degeneration in the supraspinatus muscle in real time. Large overlying soft tissue may

be a limitation in performing sufficient EUS.
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Background

Fatty degeneration (FD) of the rotator cuff occurs after
tendon rupture or nerve damage and affects the func-
tional and anatomical outcome after rotator cuff repair
[10, 31]. Preoperative detection and classification of FD
is an essential part of planning operative rotator cuff
repair. In case of advanced FD a rotator cuff repair has
high rates of failure and leads to inferior clinical results
[20]. FD is a non-reversible process even after successful
rotator cuff repair [2, 12, 25]. In the clinical setting the
MRI based modified Goutallier classification for
t1-weighted oblique sagittal images is comonly used [9].
Conventional ultrasound has lately become a standard
diagnostic tool for detecting rotator cuff tears due to its
high sensitivity [11, 14, 21]. Conventional ultrasound
techniques only allow a semi-quantitative grading of FD
and is still considered an experimental modality [30].

Ultrasound elastography (EUS) is most often clinically
used to evaluate hepatic, thyroid and breast pathologies
[5, 8, 27]. Several studies described the usability of EUS
for detecting changes in the musculoskeletal system, but
there remains a lack of standardization using this
technique for detecting musculoskeletal pathologies in
the clinical setting. The use of EUS for musculoskel-
etal application has been reviewed extensively else-
where (1, 3, 18].

EUS includes different techniques (Fig. 1): Strain or
compression elastography (SE) evaluates the elasticity of
the underlying tissue by measuring the degree of
deformation. Compression is applied manually or
through physiological movements (breathing, vessel
pulsation). This enables a semi-quantitative measure-
ment of the tissue elasticity, as the elasticity is estimated
by comparing the strain in the target tissue with strain
of the surrounding tissue. Due to the manual applied
pressure this technique has been shown to be operator
depending [1, 3].
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Shear wave elastography (SWE) was introduced by
Sarvazyan et al. in 1998. A radiation force of a focused
ultrasonic push pulse (duration approximately 320 us) is
used to induce a tissue oscillation of up to 20 pm. These
so-called shear-waves move transversally to the direction
of the ultrasonic waves. The shear wave velocity (SWV)
depends on the elasticity of the examined tissue [26].
Using tracking beams of the transducer (acoustic radi-
ation force impulse, ARFI) the propagation velocity of
the shear-waves can be measured. This method is propa-
gated as an objective and reproducible quantification of
the tissue elasticity which is in contrast to SE not de-
pending from the manual compression by the observer
(Fig. 2) [26]. However, as it is an ultrasound technique
with manual application of the transducer it may be sus-
ceptible for observer dependent bias.

Experimental studies showed that SWE is capable of
measuring muscle stiffness in the supraspinatus muscle
and may detect regions of different elasticity in the
muscle, without focusing on FD. These preliminary stud-
ies showed that the orientation of the ultrasound probe
needs to be parallel to the muscle fibers to achieve reli-
able results for the tissue stiffness with SWE [4, 15].

The aim of this study was to evaluate how and if shear
wave propagation trough the tissue of the supraspinatus
muscle correlates with its amount of fatty degeneration.
The semi-quantitative measurement using the Goutallier
technique has been reported to have interobserver reli-
abilities between 0.43-0.86 [9, 24, 29]. In this study an
experimental MRI-spectroscopic technique for fat meas-
urement was used as reference. As this has been shown
to allow an exact quantification of the FD in the supras-
pinatus muscle, by analyzing the ratio of the T1 related
signal intensity of muscle and fat in a manually placed
region of interest in a 2D MRI slice [16, 17]. In order to
put these experimental methods in a clinical context, the
results were correlated with the widely used MRI-based

MRI visible gel capsule fixed to the patient’s skin

Fig. 1 Experimental setting. The ultrasound probe was placed in an oblique sagittal position (@). The largest diameter of the supraspinatus muscles
was detected using b-mode ultrasound (b). SWE measurement was performed at this location in a parallel orientation of the transducer to the muscle
fibers (c). The velocity of shear wave propagation was measured at 10-15 points in the ROI. The measurement was repeated 5 times to cover almost
the whole cross section area of the muscle. To ensure spectroscopic measurement at the same location the point of measurement was marked with a
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Fig. 2 SWE for detecting FD in the supraspinatus muscle. The left column shows the color-coded shear wave velocity in the supraspinatus
muscle. The right column shows the related T1 weighted oblique sagittal MRI images. Areas of higher fat amount appear blue to green in the
shear wave EUS. Spectroscopic fat quantification with the SPLASH technique revealed a quantitative fat amount of (a) 77.41%, (b) 4.93%

Goutallier scale. The hypothesis was that SWV correlates
with the amount of fatty infiltration of the suprapinatus
muscle tissue measured with a quantitative MRI spectro-
scopic method.

Methods

Level of evidence: I, analytic study

Institutional review board approval was acquired prior
to the inception of this study, and informed consent was
obtained from each patient.

Forty-two patients with history of rotator cuff tear
were included in this study. Mean age of the patients
was 58.8 £7,65 years (range from 40 to 76). Thirteen
were female and 29 were male patients. Twenty-eight
underwent rotator cuff repair, the time after surgery was
2.3 years (£ 0.7). The other patients had a history of
rotator cuff tear but were treated conservatively. Pa-
tients’ clinical features are shown in Table 1. The max-
imum diameter of the supraspinatus muscle was
detected using conventional ultrasound (b-mode) and
this area was marked using a gel capsule (Fig. 3). After
detection of this area a shear wave ultra-sound measure-
ment (SWE) of the supraspinatus muscle was performed
with a Siemens Acuson S3000 ultrasound system
(Siemens AG, Munich, Germany) using a linear

transducer (10mHz) the SWV was assessed with the soft-
ware of the ultrasound device (virtual touch tissue imaging
quantification [VTIQ], Siemens Medical Solutions,
Siemens AG, Munich, Germany). Tissue elasticity was
measured by aligning the transducer parallel to the muscle
fibers at the largest diameter of the supraspinatus muscle
(Fig. 1). As the process of manually selecting data via the
ultrasound system’s console has the potential to signifi-
cantly introduce bias SWE was performed by one blinded
radiologist (DK). The shear wave velocity (m/s) was mea-
sured at 10-15 points in the manually placed region of
interest in 5 pictures trying to fully cover the muscles
cross section. The forearm of the patients was placed on

Table 1 Patients’ clinical features

Patients’ Features

Total No. of patients 42

Sex, female:male 29:13

Age [years] 59.8 (+7.7)
Underwent rotator cuff repair 28

Time after surgery [years] 23 (£0.7)
Tendon retraction: Patte 18:17:7

Classification LIl




Gilbert et al. BMC Musculoskeletal Disorders (2017) 18:549

-
> 5 -
~
£
Pl s :
& . .
o .
S . .
()]
> . .
[
3 24 s
e .
ﬁ Ly . % @
pe e .
13 .
0 T T T T T T 1
4] 10 20 30 40 50 60 70 80 %0
Fat-water ratio [%)]
Fig. 3 Scatter Plot of shear wave velocity [m/s] and amount of fat
measured with MR-spectroscopy using the SPLASH technique [%)]
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an armrest to avoid muscle contraction during the exam-
ination .

On the same day a standard MRI scan of the shoulder
was obtained. The MR-spectroscopy (SPLASH-tech-
nique (spectroscopic fast low angle shot)) and the
postprocessing for quantification of the fat/water ratio
was performed using a previously described technique
by our workgroup [11, 17] (Fig. 4) Measuring the same
area as in the ultrasound elastography was ensured with
a gel capsule fixed to the patient’s skin.

All MRIs were rated according the MRI-based Goutallier
Classification (oblique-sagittal tl-weighted images) by 5
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raters. According to the scaling by Fuchs et al. Grade 0 was
defined as no fatty infiltration, grade 1 as some fatty streak-
ing of the supraspinatus, grade 2 as less fat than muscle,
grade 3 as equal amounts of fat and muscle, and grade 4 as
more fat than muscle [9]. All raters were orthopedic
surgeons with clinical focus in shoulder surgery.

The thickness of the overlying tissue was directly mea-
sured in oblique-sagittal tl-weighted images using the
clinical PACS System.

The correlation between the methods was calculated
using Pearson’s rank correlation test (p). Degrees of reli-
ability were set to the scale determined by Landis and
Koch [19]. A statistical power analysis was performed
using G*Power 3.1 [7]. Power analysis revealed a mini-
mum number of Patients of # =32 to obtain a power of
80% for finding a significant difference between a
Pearson’s p of 0.65 an 0.85 (f > 0.8).

Median of the measured SWYV of each muscle was sta-
tistically correlated with its spectroscopically measured
fat amount using Pearson’s correlation test. The median
of the Goutallier scale evaluated by independent 5 raters
(with clinical focus on shoulder surgery) was correlated
with the median of shear wave velocity and the spectro-
scopically measured fat amount using Spearman’s rank
correlation test. Statistical analyses were performed
using SPSS version 14 (IBM, Armonk NY, USA).
Differences were considered as statistically significant,
when p < 0.05.

signal intensity

signal intensity

signal intensity

Fig. 4 Spectroscopic analyses and quantification of the fat/water ration in the supraspinatus muscle (left column). The middle column shows the
manual delineated borders of the M. supraspinatus in which the spectroscopic analyses were performed. The right collum shows the accordingly
oblique-sagittal T1 weighted MRI images. Calculated values for these examples of the fat/water ratio were (@) 1.29%, (b) 12.67% and (c) 77.41%
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Results
Correlation of SWV measured with SWE in the patients’
supraspinatus muscles with the spectroscopic fat ratio
showed a Pearson’s p of 0.82. This is a good correlation
according to the criteria suggested by Landis and Koch
[19]. Spectroscopic MRI analysis revealed fat ratios in 42
shoulders ranging from 0 to 77.41%, with a mean FD of
17.9% + 18.9%. Medians of SWV ranged from 1.59 m/s
to 5.32 m/s, with a mean of 1.81 m/s. SWV increased
with higher fat water ratio. In four shoulders it was not
possible to perform a sufficient SWE, consequently no
SWE data were gained for these supraspinatus muscles. In
these patients (# =4) the mean diameter of overlying soft
tissue was 20.04 mm (ranged from 1147 mm to
31.44 mm). For the other patients (n = 38) the mean diam-
eter of overlying soft tissue was 12.98 mm (ranged from
10.01 mm to 14.14 mm). The differences in the diameter
did not reach the level of statistical significance.
Correlating the Goutallier scale with the spectroscopic fat
measurement revealed a correlation of Pearson’s p =0.40
and with the SWV a correlation of p =0.48 (Table 2). Inter-
preted according to the criteria after Landis and Koch this
represents a moderate agreement.

Discussion

Fatty degeneration of a muscle cause changes of tissue
elasticity [4, 22]. The aim of the current study was to
test if shear wave velocity is affected by fatty infiltration
of the supraspinatus muscle tissue. We observed an
increased SWV when increased amounts of fat were
found in the muscles tissue. Correlation of the spectro-
scopical measured fat amount with the clinical widely
used Goutallier scale was only moderate.

Both shear wave elastography and MRI-spectroscopy
represent experimental methods to quantify FD in the
rotator cuff muscles. As the reliability of the MRI-based
Goutallier scale is debatable and only represents a semi-
quantitative classification system, objective methods
which allow exact quantification are needed. Therefore,
the present study compares two quantitative methods
for measuring the FD even if spectroscopic fat measure-
ment has no clinical relevance until yet, it is able to pro-
vide quantitative data of fat in a muscle. To allow
clinical conclusions we compared the two experimental
methods with the widely used semi-quantitative Goutal-
lier scale. The relevance for using quantitative methods

Table 2 Correlation and p-values of the different approaches to
quantify FD

R p-value
Spectroscopy - Shear wave ultrasound 0.826 0.00008
Spectroscopy - Goutallier scale 0404 0.008
Shear wave ultrasound - Goutallier scale 048 0.002
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is highly indicated by the present data showing good
correlation between the two quantitative approaches and
only moderate correlation of these compared to the
semi-quantitative Goutallier classification.

Regarding SWE there are no standard protocols for
the application in the musculoskeletal system. Until now
the most commonly applied technique in investigating
the musculoskeletal system is strain elastography. As this
is not a quantitative technique in regard to tissue elasti-
city, efforts towards establishing semi-quantitative scores
have been made. Studies investigating the detection of
FD with ultrasound or EUS are rare and the role for
detection and the quantification of FD remains experi-
mental. There are two studies comparing strain elasto-
graphy (SE) to semi-quantitative MRI-analysis finding
correlations between 0.744—0.81 [6, 28]. These studies
are based on a different technique of elastography and
are, due to the technique of SE, semi-quantitative ana-
lyses for the estimation of FD, therefore the comparabil-
ity of these findings with the present study is limited,
but the correlations reported seem to be comparable to
the findings of this study.

Hatta et al. performed SE in 12 fresh porcine shoulders
to investigate the influence of the overlying tissue to the
strain ratio. They noticed that the strain ratio is influenced
if the overlying tissue is larger than 22 mm [13]. In our
study in 4 patients a sufficient SWE could not be achieved.
If this was a technical problem or is in context with the
large overlying soft tissue in these individuals remains
unclear, as the difference of the diameter did not reach
level of significance. But large overlying tissue might be a
limitation for performing sufficient EUS.

SWE has been used experimentally for quantifying the
mechanical properties of muscle tissue without focusing
on the amount of FD. Itoigawa et al. measured the elas-
tic module in different areas of human supraspinatus
specimen. They found muscle elasticity was different
with positioning of the transducer and proposed that
SWE is able to quantify passive muscle stiffness [15].
Eby et al. confirmed these findings in a porcine brachia-
lis muscle model and found that shear waves do not
propagate well if the probe is not in an exact parallel
position with the muscle fibers [4]. This resulted in
parallel probe alignment to muscle fibers of the supras-
pinatus, but as ultrasound is a dynamic examination the
correct alignment of the transducer may not be ensured
for the whole procedure, which may represent a poten-
tial bias in the present investigation.

As only one blinded investigator (DK) performed SWE
intra- or interobserver effects were not been evaluated
in the present study and makes it susceptible to observer
depended bias.

Muscle relaxation was not measured and was obtained
by placing the arm on the chair’s armrest. The grade of
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muscle contraction highly affects the muscles stiffness
[13]. This is supported by the findings of Muraki et al.
who found significant changes in muscle stiffness with
different levels of muscle contraction in a cohort of 23
healthy probands using SE [22].

Further limitations are that the ROI was selected indi-
vidually in the supraspinatus muscle and there was no con-
trol if the whole muscle cross section area was covered,
hence regional inhomogeneities may lead to incorrect
values of overall shear wave propagation velocity [23].
Without having a biological reference (e.g. histological
quantification) of the FD the exact quantification of the
amount of FD remains unknown even with spectroscopic
measuring techniques.

Conclusion

The techniques used in this study are experimental and
only few studies are comparable to the design of the
present study. Further research must show the reproduci-
bility of these results. We think estimation of FD in real
time using SWE is feasible and may be a cost effective al-
ternative to MRI quantification of FD. Especially when
contraindications for the use of MRI are present or pa-
tients suffer from claustrophobia, this method may be an
attractive alternative. According to our knowledge this is
the first study trying to use quantitative methods estimat-
ing the amount of FD with ultrasound techniques. We
think further basic science studies are necessary to create
reference data to implement SWE into the clinical setting.
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