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Abstract 

Background  Rotator cuff disorders are the main causes of chronic shoulder instability and pain. Diagnostic imag-
ing is important to guide treatment decisions with magnetic resonance imaging, which is considered the reference 
standard for rotator cuff evaluation. Sono-elastography is a noninvasive and reliable ultrasound technique that 
provides qualitative as well as quantitative assessment of tendon quality through alteration in the tissue composition 
before alteration in tendon echogenicity or thickness on the conventional US.

Purpose
1.	 To assess the role of shear wave sonoelastography in the evaluation of supraspinatus tendon abnormalities.
2.	 To assess the association between SWE and grades of tendon abnormalities on MRI (the standard imaging in 

the evaluation of rotator cuff abnormalities).

Results  The shear wave velocity (SWV) was notably low (reduced tendon stiffness) in patients with supraspinatus 
tendinopathy and tear (mean SWV for the supraspinatus tendon in cases of tendinopathy/tear was 3.91 m/s with 
a standard deviation of 0.67, while the mean SWV for normal supraspinatus tendons was 6.93 m/s with a standard 
deviation 0.57), and a significant difference was found in SWV values between cases and controls (P < 0.001).

Also, there were significant differences between the patients with different grades of tendon abnormalities (P < 0.001), 
with a highly significant inverse correlation observed between the measured SWV and grades of tendon abnormali-
ties on MRI (P < 0.001).

Conclusions  Sonoelastography showed tendon softening in supraspinatus tendinopathy and tear with a good cor-
relation to the MRI, making it a reproducible and low-cost imaging modality that can be a complementary tool to the 
US in the evaluation of shoulder disorders, especially when MRI is not allowed.
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Background
Rotator cuff abnormalities are commonly encountered 
in middle and old age. They are the important causes of 
chronic shoulder pain and lead to a lack of stability of the 
shoulder joint [1]. The supraspinatus tendon is the most 
commonly affected in rotator cuff tearing, as it anatomi-
cally traverses between two bones (the acromion process 
and humeral head). Rotator cuff pathologies are classified 
into tendinopathy, partial- and full-thickness tears [2]. 
The clinical differentiation between the different rotator 
cuff disorders is difficult, and imaging is crucial for the 
diagnosis and assessment of rotator cuff abnormalities to 
guide treatment decisions and to determine whether sur-
gical intervention is needed [3].

US and MRI (with or without arthrography) are the 
most encountered imaging modalities in the diagnosis of 
rotator cuff diseases [4]. Ultrasonography is an inexpen-
sive, noninvasive, and reliable modality for rotator cuff 
assessment with accuracy reaching 100% in the diagnosis 
of full-thickness tears and 91% for partial-thickness tears 
[5]. On ultrasound, the healthy tendon has a fascicular 
appearance showing multiple parallel echogenic lines on 
the longitudinal plane and multiple echogenic dots on the 
transverse plane. To avoid anisotropy during ultrasound 
examination, the ultrasound beam should be perpendicu-
lar to the orientation of the fascicles [6]. On ultrasound, 
tendinopathy appears as thickening of the tendon show-
ing a heterogeneous hypoechoic pattern. Tendon tear 
appears as a hypoechoic defect within the tendon, not 
involving the tendon’s full thickness in PTT and involv-
ing the full tendon thickness in FTT that allows commu-
nication between the subacromial/subdeltoid bursa and 
the glenohumeral joint cavity [7]. However, diagnosis of 
tendinopathy may be difficult with the conventional US 
as the echogenicity of the tendinopathic tendon may be 
similar to that of the healthy one, especially in cases of 
mild tendinopathy [4]. Ultrasound elastography (UE) is 
a new technique of US that enables qualitative as well as 
quantitative assessment of the tissue elastic properties, 
aiding in differentiation between the diseased and normal 
tissue [8]. Good results were reported in the use of UE 
in the characterization of breast, thyroid as well as focal 
hepatic lesions [9]. UE can be applied to different mus-
culoskeletal tissues including the tendon, muscle, nerve, 
ligament, and cartilage [10]. Many recently published 
studies showed promising results on shear wave UE of 
the muscles and tendons. Most of these studies reported 
tendon softening in cases of tendinopathy, resulting in a 
reduction in the velocity of propagation of shear waves 
compared to the healthy tendons that are stiff [11].

Studies also showed that softening of the tendon 
may be a preceding sign of tendinopathy and pain. So, 

elastography may be helpful in the early detection of ten-
dinopathy before the presence of symptoms, giving time 
for prophylactic measurements [12].

However, till now, limited research works were pub-
lished on the application of SWE in rotator cuff assess-
ment, so in this study, we aimed to assess the role of 
sonoelastography in the evaluation of supraspinatus 
tendinopathy/tear, to evaluate the relationship between 
shear wave velocity measured by sonoelastography and 
the morphological grade of tendon abnormality on MRI 
and to reach shear wave elastography cutoff value to 
determine tendinopathy and tear.

Methods
This case–control analytical observational study included 
57 patients with chronic shoulder pain (> 3  months) 
referred to our radiology department, in the period from 
January 2020 to June 2021 for assessment of rotator cuff 
abnormality and 57 asymptomatic volunteers as control. 
Patients had given their informed consent.

The inclusion criteria for patients in the study were as 
follows: both genders, any age, history of shoulder pain 
for more than 3 months. The following criteria were used 
to exclude people: history of operative intervention for 
rotator cuff tendons, history of trauma, signs of calcific 
tendinopathy on MRI or ultrasound (as calcification 
causes artifact on obtaining SWE results and the meas-
ured velocities were exceeding the velocity scale on our 
device), and patients with contraindications to MRI as 
patients with pacemakers. Inclusion criteria for volun-
teers were both genders, any age, and no history of shoul-
der pain or shoulder intervention.

The sample size calculation for this comparative case–
control study was done using EpiCalc 2000. Assuming 
80% power, 0.05 level of significance, 50% proportion of 
controls exposed, to detect odds ratio OR = 3 and with 
the ratio of cases to controls = 1.

Included patients and volunteers were subjected to 
thorough history taking about age, sex, history of shoul-
der pain, history of the limitation of movement, duration 
of symptoms, history of sports activities, history of con-
comitant medical conditions, and history of trauma or 
previous operative intervention to the affected shoulder. 
A complete physical examination was performed for all 
patients by an orthopedic surgeon who referred them to 
the radiology department for the assessment of rotator 
cuff tendons by US and MRI.

Ultrasound examination was done using Toshiba ultra-
sound Aplio 500, Toshiba Medical, Japan, using a high 
frequency (14  MHz) linear probe. The examination was 
done by a radiologist who was an expert in MSK US for 
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more than 10 years, and the examiner was masked to the 
results of the MRI.

All volunteers and patients were scanned in a sit-
ting position, the patient’s arm internally rotated and 
the forearm pronated and positioned on the patient’s 
back (standard crass position). The examiner is standing 
behind the patient.

The supraspinatus tendon was examined in along-axis 
view; this plane corresponds to the coronal oblique MRI 
images. The tendon was scanned from anterior to pos-
terior with static B-mode images acquired at the areas 
of altered echogenicity. For acquisition of elastography 
images, a large amount of gel was applied on the skin 
surface for light contact of the probe, and to avoid com-
pression, a color map was designated that soft tissues 
display a blue color while hard tissues display a red color 
and superimposed on the B-mode image. Then, about 
3 mm ROI was organized and averaged for measurement 
of shear wave velocity in m/s at the area of altered echo-
genicity within the tendon.

Magnetic resonance imaging was done for the patients 
and volunteers in our radiology department using a 
Philips Achieva, The Netherlands (1.5  Tesla), supercon-
ducting magnet.

The MRI protocol for the shoulder joint included 
coronal oblique T1-weighted images (repetition time 
(TR) 540  ms, echo time (TE) 20  ms, section thickness 
3.5 mm, intersection gap 0.3 mm, field of view 181 mm), 
coronal oblique T2-weighted images (TR 5020  ms, 
TE 100  ms, section thickness 3.5  mm, intersection gap 
0.3  mm, FOV 181 mm), coronal oblique STIR images 
(TR 2734 ms, TE 80 ms, section thickness 3.5 mm, inter-
section gap 0.3  mm, FOV 181  mm), sagittal oblique 
T2-weighted spin-echo images (TR 5020 ms, TE 100 ms, 
section thickness 3.5 mm, intersection gap 0.3 mm, FOV 
186  mm), and axial T2-FFE images (TR 575 ms, TE 
12 ms, section thickness 4 mm, intersection gap 0.4 mm, 
FOV 206 mm).

MRI image evaluation was done by an experienced 
musculoskeletal radiologist. The abnormalities of the 
supraspinatus tendon on MRI were graded as grade 0 
(normal): the tendon shows complete homogeneous low 
signal intensity on all pulse sequences, grade 1 (mild 
tendinopathy): normal caliber/mildly thickened tendon 
with mild intrasubstance increased signal on T2  and 
STIR sequences, grade 2 (moderate-to-severe tendinop-
athy): thickened tendon with moderate/marked increase 
in tendon signal on T2 and STIR sequences not reaching 
fluid signal, and grade 3 (definite tear): complete or par-
tial disruption of tendon fibers being replaced by fluid 
signal.

Statistical methods
Data were coded and entered using the Statistical Pack-
age for the Social Sciences (SPSS) version 25 (IBM Corp., 
Armonk, NY, USA). Data were summarized using mean, 
standard deviation, minimum and maximum for quan-
titative variables and frequencies (number of cases) and 
relative frequencies (percentages) for categorical vari-
ables. Comparisons between groups were made using an 
unpaired t test [13]. For comparing categorical data, the 
chi-square (χ2) test was performed. The exact test was 
used instead when the expected frequency is less than 5 
[14]. Correlations between quantitative variables were 
done using the Pearson correlation coefficient. The mag-
nitude of the correlation was defined based on the value 
of the correlation coefficient [15]. A correlation less than 
0.4 was considered weak, 0.4–0.6 was considered moder-
ate, and more than 0.6 was considered strong. P values 
less than 0.05 were considered statistically significant.

Results
Characteristics of population included in the study
The study included 57 asymptomatic volunteers (34 
males and 23 females with a mean age of 37.7 years) as 
controls and 57 patients (29 males and 28 females with a 
mean age of 41.8 years).

MRI grading of supraspinatus tendon abnormalities
Among the patients, 21 patients (36.8 %) had mild ten-
dinopathy (grade I), 27 patients (47.4 %) had moderate-
to-severe tendinopathy (grade II), and 9 patients (15.8 
%) had supraspinatus tendon tear (grade III) (Fig. 1). The 
asymptomatic volunteers showed normal supraspinatus 
tendon on MRI.

Fig. 1  MRI grading of supraspinatus tendon abnormalities among 
patients
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Shear wave elastography findings
Normal supraspinatus tendons showed a homogenous 
stiff pattern (red color) with faster propagation of shear 
waves (higher SWV) (Fig. 2), while the pathological ten-
dons showed a heterogeneous and soft pattern (green 

and blue color) with slower propagation of shear waves 
(lower SWV) (Fig. 3).

The shear wave velocities for controls were rang-
ing from 6.00 to 8.00 m/sec with the mean SWV equal-
ing 6.93 m/s with a standard deviation of 0.57, while the 

Fig. 2  a MRI coronal oblique STIR images, b conventional ultrasound and c shear wave elastography images; all showing normal supraspinatus 
tendon with homogenous stiff pattern (red color) on elastography with average SWV equal to 7.5 m/s
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shear wave velocity for the cases was ranging from 2.70 
to 5.10  m/s with mean SWV equal to 3.91  m/s with a 
standard deviation 0.67 with a significant difference in 
shear wave velocities between the two groups (P < 0.001), 
as illustrated in Fig. 4.

The shear wave velocity for grade I tendon abnormal-
ity was ranging from 3.8 to 5.1 m/s with a mean value 
of about 4.59 m/s (as shown in Fig. 5), while the shear 
wave velocity for grade II tendon abnormality was 
ranging from 2.9 to 4.6 m/s with a mean value of about 

Fig. 3  a MRI coronal oblique STIR images of supraspinatus tendon showing thickened tendon with intrasubstance increased signal (grade II), b 
B-mode US showing thickened tendon with heterogeneous echogenicity, c shear wave elastography showing areas of tendon softening (blue 
color) with average SWV equals 3.2 cm/sec
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3.678 m/s (Fig. 3) and the shear wave velocity for grade 
III was ranging from 2.7 to 3.8 m/s with a mean value of 
about 3.08 (Fig. 6).

A significant difference was found in mean shear 
wave velocities between the different groups (P < 0.001), 
as illustrated in Table 1.

Correlation between MRI grades of supraspinatus tendon 
abnormality and the measured SWV
A significant negative correlation was found between the 
grades of tendon abnormalities on MRI and the meas-
ured SWV as illustrated in Fig.  7.

Discussion
Rotator cuff abnormalities including tendinopathy and 
tear are the main causes of shoulder pain and limited 
movement [1].

Imaging is crucial for the proper evaluation of rotator 
cuff abnormalities to guide treatment decisions [4].

Ultrasound elastography (UE) helps in the detection 
of tendon abnormalities through alteration in the tissue 
composition and elasticity before alteration in tendon 
echogenicity on the conventional US [16].

In the early 1990s, UE was first introduced in  vitro. 
After that, many techniques of sonoelastography were 
introduced for use in practice including strain UE, shear 
wave UE, transient UE as well as acoustic radiation force 
UE [8].

Shear wave elastography is considered more objective 
in comparison with strain elastography, as no compres-
sion is applied to the examined tissues, allowing direct 

quantitative assessment of tissue elasticity as well as an 
examination of deeper tissue, not reached by the applica-
tion of superficial compression [17].

SWE application in the musculoskeletal system is still 
limited with the Achilles tendon being the most com-
monly examined in UE research because of its superficial 
location, large size, and susceptibility to injury [18].

Shear wave speed versus tissue elasticity The calcula-
tion of tissue elasticity is based upon the assumptions 
that the soft tissues are elastic, incompressible, homo-
geneous, and isotropic. The SWS measured during SWE 
is only a portion of the calculation of the Young’s mod-
ulus, which is needed to determine tissue elasticity, as 
E = 3µ = 3pcT2, where E = the Young’s modulus, µ = the 
shear modulus, p = tissue density, and cT = the speed 
of transversely propagated waves, or shear waves. With 
this relationship, unless the tissue density is 1  g/mm3, 
the SWS does not correspond exactly with the Young’s 
modulus. The musculoskeletal system, with its viscoelas-
tic, heterogeneous, anisotropic tissues, presents inher-
ent challenges to calculating tissue elasticity using the 
Young’s modulus. As a result, SWE measurements in the 
musculoskeletal system should be presented in terms of 
SWS (m/s), rather than tissue elasticity (kPa) [19].

In the study, we used SWE in the assessment of 
supraspinatus tendon abnormalities and compared its 
results with tendon abnormalities on MRI as the refer-
ence standard for rotator cuff evaluation.

This study included 57 asymptomatic volunteers as 
controls and 57 patients with chronic shoulder pain and 
suspected supraspinatus tendon abnormalities; MRI 
revealed 21 patients with grade I tendinopathy (36.8 %), 

Fig. 4  Difference in SWV between cases and controls
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27 patients with grade II tendinopathy (47.4 %), and 9 
patients (15.8 %) with supraspinatus tendon tear (grade 
III).

The main findings of the study were that in SWE, the 
normal supraspinatus tendons appeared homogenous 
and stiff, whereas the pathological tendons appeared 

Fig. 5  a MRI coronal oblique STIR images of supraspinatus tendon with small focal area of high signal near the humeral insertion (grade I) 
corresponding to focal area of reduced echogenicity on B-mode ultrasound (b) and mild focal tendon softening on SWE with the corresponding 
SWV equal to 5.1 m/s (c)
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heterogeneous and soft with intra-tendinous color 
alterations. This is explained by the fact that tendinopa-
thy represents collagen fiber degeneration and breaking 
down as well as fatty infiltration, resulting in tendon 

softening and weakness and may lead to spontaneous 
rupture of the tendon [20]. This is in agreement with 
Abdel Razek and Ezzat [21], Galletti et  al. [22], Seo 
et al. [4], and Frere et al. [23] studies.

Fig. 6  a MRI coronal oblique STIR images of supraspinatus tendon showing intrasubstance increased signal with fluid signal seen disrupting the 
articular surface fibers (small articular surface tear grade III). b B-mode ultrasound of supraspinatus tendon showing hypoechoic area within the 
tendon reaching its articular surface. c SWE images showing focal area of tendon softening (blue color reaching its articular surface). SWV equals 
2.9 m/s (dashed circle)
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De Zordo et  al. [24] also found that healthy elbow 
extensors and healthy Achilles tendons appear hard, 
while the pathological tendons showed abnormal sof-
tening, and Aubry et al. [25] also detected distinct sof-
tening in cases of Achilles tendinopathy compared to 
the healthy ones.

Regarding SWV measurements, the study showed 
reduced shear wave speed of the pathological tendons 
due to tendon softening which led to slower propaga-
tion of shear waves with a significant difference in SWV 
values between the volunteers and cases and a signifi-
cant difference in SWV values between cases with differ-
ent grades of tendon abnormalities; this is in agreement 
with Dirrichs et  al. [26], Lee et  al. [16], Hou et  al. [27], 
Coombes et al. [28], and Lawrence et al. [29].

However, the study done by Hou et  al. [27] showed 
mean and median SWV values of 8–9  m/s in patients 
with normal or mild tendinopathy and 5–7 m/s in cases 
of tendinopathy and tear, while in our study the SWV 
for healthy supraspinatus tendons was approximately 
6–8  m/s and 2.7–5.1  m/s in patients with tendinopathy 

and tear. This difference in values of SWV may be attrib-
uted to data acquisition using SWE technology from a 
different manufacturer (they used Siemens and in our 
study we used Toshiba).

In another study done by Baumer et al. [30], no signif-
icant difference was detected between the age-matched 
control subjects and RC tendinopathy patients with 
a range of SWV measurements being 2.0–4.5  m/s for 
RC tendinopathy patients and 2.5–3.9  m/s for control 
subjects under passive condition, but significant differ-
ences were found between the age-matched patients 
and control subjects under active conditions, with a 
range of SWV being 2.5–7.3 m/s for patients and 4.2–
7.7 m/s for age-matched control subjects.

This difference in SWV values may be attributed to 
data acquisition using SWE technology from a differ-
ent manufacturer (they used Siemens and in our study 
we used Toshiba); another factor that may be contrib-
uted to the differences in SWV measurements is the 
arm position during data acquisition, as in their study 
for the passive examination, the participants were 

Table 1  Differences in the measured SWV among the different grades of tendon abnormality

MRI grade p value

Grade 1 Grade 2 Grade 3

SWV (M/s) Mean SD Min. Max. Mean SD Min. Max. Mean SD Min. Max.  < 0.001

4.59 0.40 3.8 5.1 3.678 0.36 2.9 4.6 3.08 0.3 2.7 3.8

Fig. 7  Correlation between different MRI grades and the measures SWV (significant negative correlation)
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examined in a sitting position with the elbow resting 
on a 30° abduction pillow and the forearm in prona-
tion and resting on their thigh, while in our study the 
patient was examined under the passive condition with 
the patient in standard crass position as well as they 
examined the intramuscular portion of the supraspina-
tus tendon, while we examined the distal portion near 
the tendon insertion.

The study showed that SWE could detect different 
rotator cuff disorders with a highly significant negative 
correlation between the measured SWV and the mor-
phological grades of tendon abnormalities (P < 0.001); 
this is in agreement with other studies that used SWE 
as done by Hou et  al. [27] that showed a highly signifi-
cant weak-to-moderate negative correlation between the 
measured SWS and morphologic grade in both the proxi-
mal and distal RC tendon, and other studies used strain 
elastography as done by Vasishta et al. [31] that showed a 
moderate-to-strong linear association between the MRI 
grade and the stiffness with a perfect negative correlation 
between the grade of tendinopathy and strain ratio.

Other studies that used strain elastography showed a 
good correlation between SE and morphological grades 
of tendinopathy as shown in the following studies:

•	 Frere et  al. [23] showed a better correlation of SE 
findings with MRI than the conventional US in the 
detection of different RC lesions.

•	 Khodair and Ghieda [32] showed increased sensitiv-
ity and specificity of sonoelastography in the detec-
tion of rotator cuff disorders than conventional ultra-
sound with the US showing a sensitivity of 85% and 
specificity of 95%, while SE showed a sensitivity of 
95% and specificity of 100%.

•	 Seo et  al. [4] reported that SE showed higher reli-
ability in the detection and grading of supraspinatus 
tendinopathy than the conventional US, and they 
explained their result as the color-coding system of 
SE used in the assessment of the tendon was more 
objective than evaluating the proportion of heteroge-
neous echogenicity used on B-mode US.

•	 Likewise, Klauser et al. [33] found that SE showed a 
good correlation when compared with conventional 
B-mode US in cases of Achilles tendinopathy, and De 
Zordo et al. [24] reported that SE has better sensitiv-
ity, specificity, and accuracy in the detection of lateral 
epicondylitis than the B-mode US.

However, a study done by Lawrence et al. [29] showed 
that estimated shear modulus was not significantly asso-
ciated with tear size, tear retraction, or fatty infiltration 
under any testing condition and explained their result 
as conventional MRI imaging assesses structural and 

compositional abnormalities within the tendon, whereas 
SWE assesses tissue quality.

The introduction of SWE in musculoskeletal appli-
cation and especially for rotator cuff disorders is rela-
tively recent. In this field, SWE gives further qualitative 
and quantitative information about tendon quality, thus 
improving the diagnostic capabilities of conventional 
ultrasound as the first-line imaging modality; also, SWE 
provides a real-time and dynamic examination of RC ten-
dons without the presence of any contraindications, so it 
can be used complementary to MRI in the evaluation of 
RC disorders, especially if there is a contraindication to 
MRI.

However, limitations of SWE are as follows: the region 
of interest must be at least 1–2 mm away from the skin 
surface, and it is also not applicable in very-high-fre-
quency probes as well as the differences present in the 
measured SWV between the different manufacturers 
with the absence of standardized measurements [34].

Limitations of the study
The limitations included lack of age and sex matching 
between the cases and controls due to the high preva-
lence of tendinopathy in older participants (however the 
differences between the two groups were not statistically 
significant), a low number of participants with a limited 
number of patients with rotator cuff tears, and a lack of 
assessment of different types of rotator cuff tears.

Conclusions
The clinical utility of SWE in the musculoskeletal system 
is not yet well established; our study showed that SWE 
could differentiate between patients with RC abnormali-
ties and asymptomatic control individuals with a good 
correlation to MRI and agreement with the previously 
published studies. So SWE can be used for the detection 
of tendon abnormality even before alterations in tendon 
echogenicity or thickness on the conventional US. Also 
can supplement important information to the traditional 
RC imaging such as tendon quality which is considered a 
prognostic factor for rotator cuff repair.

Future applications of SWE in clinical practice might 
include early diagnosis/screening, monitoring response 
to recent treatment regimens or rehabilitation programs, 
time-effective and low-cost follow-up, and prediction of 
surgical outcomes.

However, further research on the use of SWE US in 
the musculoskeletal system is needed as it is more objec-
tive and reliable with further research needed including 
a large population, long-term follow-up and correlation 
with clinical data, histological findings, conventional 
imaging, and surgical outcome for standardization of the 
examination technique and standardization of reference 
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values of SWV at different anatomical regions of clinical 
interest.
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