
144 e-ultrasonography.orgUltrasonography 39(2), April 2020

Elasticity of torn supraspinatus tendons 
measured by shear wave elastography:  
a potential surrogate marker of chronicity?

Seung-Jin Yoo¹, Seunghun Lee¹, Yoonah Song¹, Chun Ki Kim², Bong Gun Lee³, Jiyoon Bae4

Departments of 1Radiology, 2Nuclear Medicine, and 3Orthopedic Surgery, Hanyang University 

College of Medicine, Seoul; 4Department of Pathology, National Police Hospital, Seoul, Korea https://doi.org/10.14366/usg.19035
pISSN: 2288-5919 • eISSN: 2288-5943

Ultrasonography 2020;39:144-151

Purpose: This study investigated whether shear wave elastography (SWE) could be used to 
estimate the chronicity of supraspinatus tendon (SST) tears.
Methods: A retrospective study was performed. From November 2015 to July 2016, 113 patients 
(52 men, 61 women; age range, 21 to 79 years) with persistent shoulder pain underwent 
119 rotator cuff tendon examinations by routine B-mode ultrasonography, while SST elasticity 
was measured using SWE. Following the exclusion of eight suboptimal examinations, four 
examinations with missing SST measurements, and 27 examinations of patients with other 
conditions, 80 examinations were analyzed. A torn SST was found in 54 examinations (27 with 
a partial-thickness tear and 27 with a full-thickness tear). Elasticity values were compared in 
multiple ways. The results were analyzed using the Mann-Whitney U test or Kruskal-Wallis test.
Results: No statistically significant difference in elasticity values (in kPa) was found between 
normal (median, 94.65; interquartile range [IQR], 87.43 to 105.47) and torn SSTs (median, 
96.79; IQR, 86.71 to 108.56) or between full-thickness tears (median, 93.80; IQR, 82.50 to 
108.33) and partial-thickness tears (median, 96.83; IQR, 90.60 to 112.20). However, there was 
a statistically significant difference in elasticity according to whether the duration of symptoms 
was 1 year or less (median, 92.20; IQR, 84.01 to 104.38) or longer than 1 year (median, 105.10; 
IQR, 100.41 to 116.03; P=0.032).
Conclusion: Elasticity values were significantly higher in torn SSTs in patients with chronic 
shoulder pain that had persisted for more than 1 year. Further studies with larger samples seem 
warranted to determine whether elasticity values measured by SWE can be used preoperatively 
as a surrogate marker of the chronicity of a rotator cuff tendon tear.
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Introduction

The supraspinatus tendon (SST) is the most commonly injured tendon of the rotator cuff [1]. 
Rotator cuff tendon tears are usually evaluated using magnetic resonance imaging (MRI), computed 
tomography (CT), and ultrasonography (US). US is an easily accessible and cost-effective imaging 
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modality that can effectively detect tears in rotator cuff tendons; 
however, it has limitations in assessing the chronicity of tears and 
the elasticity of the tendon [2]. 

Shear wave elastography (SWE) is a novel emerging functional 
imaging modality that can quantify the elasticity value of various 
tissues with good reproducibility [3]. The term "higher elasticity 
value" used in this article corresponds to greater stiffness. SWE is 
already widely used in various clinical settings, such as to detect 
breast cancer [4], to evaluate liver fibrosis [5], and to characterize 
thyroid nodules [6]. Several studies have also employed SWE for 
superficial tendons, such as the Achilles or patellar tendons [7,8]. 
For example, Chen et al. [7] found lower elasticity values (i.e., less 
stiffness) in acutely ruptured Achilles tendons than in normal Achilles 
tendons using SWE. However, SWE has not as widely been applied 
to assess other musculoskeletal disorders. In particular, studies of 
deep tissue are scarce.

Chronic tears of the rotator cuff tendon result in adverse chronic 
changes, such as fatty degeneration and atrophy of rotator cuff 
muscles, tendon retraction, and inelasticity [9,10]. Torn tendons 
with chronic changes make surgical treatment more difficult and 
are associated with poor postoperative outcomes [9,11]. Therefore, 
a preoperative determination of whether a torn rotator cuff tendon 
has irreversible chronic changes can assist the surgeon in making a 
treatment decision (e.g., surgical vs. conservative treatment) [11].

Torn tendons undergo a 3-phase healing process that includes an 
inflammatory phase, a repair phase, and a remodeling phase [12]. In 
the remodeling phase, which occurs approximately 6 weeks after the 
injury, the amount of collagen in the tendon decreases, and repaired 
tissue changes into fibrous tissue and then into scar-like tendon 
tissue [12,13]. Therefore, torn tendons are likely to become stiffer as 
they become more chronic. 

While the absence of symptoms or the presence of acute 
symptoms in patients with SST tears does not necessarily exclude 
chronicity, it seems logical to assume that SST tears associated with 
a longer duration of symptoms would more likely represent chronic 
tears than those with a shorter duration of symptoms. With that in 
mind, we hypothesized that SWE would yield higher measurements 
of elasticity values (i.e., greater stiffness) for SST tears with chronic 
symptoms than for tears with acute symptoms.

Materials and Methods

Study Population
This retrospective study was approved by the Institutional Review 
Board, and informed consent was waived.

Our study included 113 consecutive patients (52 men and 61 
women; age range, 21 to 79 years) who underwent US evaluations 

from November 2015 to July 2016 for the evaluation of shoulder 
pain. None of them had a prior history of shoulder surgery. These 
113 patients underwent 119 examinations (including bilateral 
shoulder examinations in four patients and a follow-up examination 
of a shoulder in two patients) of the rotator cuff tendon by routine 
B-mode US and SWE on the symptomatic shoulder. Of the 119 
examinations, 39 were excluded from this study due to inconsistent 
sizes of the region of interest in eight, absence of elasticity 
measurements of the SST in four (omission of the measurement in 
one case and inability to obtain a measurement in three cases with 
massive tears), and various other conditions in 27 patients without 
an SST tear, including subacromial-subdeltoid bursitis, biceps long 
head tendon subluxation or rupture, Hill-Sachs lesion, subscapularis 
tendon tear, calcific tendinitis or tendinopathy without an SST tear, 
or avulsion fracture of the greater tuberosity. 

Of the 80 examinations, no abnormal findings were found in 26 
examinations performed in 26 patients (13 men and 13 women; age 
range, 23 to 69 years). The remaining 54 examinations, including 
two follow-up examinations of the same shoulder, performed in 
52 patients (25 men and 27 women; age range, 38 to 79 years) 
showed an SST tear; 27 with a partial-thickness tear (focal, partial, 
or near full) and 27 with a full-thickness tear (including one case of 
a massive tear) (Fig. 1). 

 

Examination Protocol
Every patient underwent a routine rotator cuff tendon evaluation 
using B-mode US on the symptomatic shoulder. During the 
examination, the elasticity value of the SST of the same shoulder 
was measured using real-time SWE (AixPlorer, Supersonic Imagine, 
Aix-en-Provence, France). The elasticity value of the SST was 
measured in the long-axis view with a linear array transducer (4-15 
MHz). B-mode US and SWE were performed by one of two board-
certified radiologists with 12 or 5 years of experience, respectively, 
in musculoskeletal sonography.

Patients were seated on a stool during US examinations of the 
rotator cuff tendons, which tendons were examined in both the 
long and short axes. The biceps long head tendon, subscapularis 
tendon, SST, and infraspinatus tendon were examined sequentially. 
The patient remained seated on a stool with a palm placed on 
the buttock and a flexed elbow pointing backward while the 
SST elasticity value was measured by gently placing the linear 
probe on the shoulder, parallel to the long axis of the SST, with 
minimal pressure applied to the tissue. When Q-box colorization 
was relatively homogeneous, the elasticity value was measured by 
placing a region of interest measuring 1 mm in diameter on the 
visible stump and/or retracted portion of the torn tendon (Fig. 2). 
In three patients with a massive tear, the residual SST was invisible 
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on B-mode US examination; therefore, SST elasticity could not be 
measured. Those examinations were excluded, as mentioned above. 
The B-mode US and measured elasticity values were reviewed by 
two radiologists. Extremely high elasticity values measured in a 
generally red Q-box were excluded by consensus; these erroneous 
measurements were caused by the operator’s manual compression 
of the tendon, which was inevitable in some cases due to the 

patient’s position or pain. Low measurements at the edge of the 
torn tendon were considered to reflect contamination by joint 
effusion and were therefore also excluded. The average of the 
measured elasticity values was used for analysis.

Data and Statistical Analysis
To compare the elasticity values in various groups, 54 examinations 

Fig. 1. Flow chart of patients included 
in the study. US, ultrasonography; SST, 
supraspinatus tendon.

119 B-mode US examinations of rotator cuff tendon

39 Examinations were excldued due to:
- Suboptimal measurement of SST elasticity (n=8)
- No measurement of SST elasticity (n=4)
- Various other conditions without SST tear (n=27)

26 Normal B-mode US examinations of rotator cuff tendon

80 B-mode US examinations of rotator cuff tendon

54 B-mode US examinations of torn SST

27 Partial thickness tears 27 Full thickness tears

Fig. 2. A 49-year-old man suffering from right shoulder pain after a traumatic event 3 days previously. Ultrasonography shows a full-
thickness tear of the right supraspinatus tendon. Elasticity was measured by shear wave elastography in the stump and the retracted portion 
of the torn supraspinatus tendon in a longitudinal view.
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showing an SST tear were divided depending on the interval 
between the onset of the symptoms and the date of the US 
examination, and on the presence or absence of the tangent sign on 
CT or MRI.

The time of onset of patients’ symptoms was known for 48 of the 
54 US examinations in which SST tears were identified. The interval 
between symptom onset and the date of the US examination was 
then classified into four groups: ≤3 months (n=21), >3 months but 
≤6 months (n=7), >6 months but ≤1 year (n=12), and >1 year (n=8). 

Of the 52 patients with an SST tear, nine underwent MRI and 
three underwent CT of the shoulder, including a sagittal oblique 
view, within 2 months from the date of the US exam. Of these 12 
patients, 10 showed positive tangent sign on CT or MRI, suggesting 
atrophic change of the supraspinatus muscle [14].

The data were analyzed using SPSS version 18 (SPSS Inc., Chicago, 
IL, USA). The Mann-Whitney U test or Kruskal-Wallis test were 
performed as appropriate to compare elasticity values between and 
among the groups. A P-value of <0.05 was considered to indicate a 
statistically significant difference.

Results

The median elasticity values and interquartile ranges (IQRs) of SSTs 
in various groups are summarized in Table 1. 

There was no statistically significant difference in the elasticity 

values of SSTs between patients with a normal rotator cuff tendon 
(median, 94.65 kPa; IQR, 87.43 to 105.47 kPa) and those with torn 
SSTs (median, 96.79 kPa; IQR, 86.71 to 108.56 kPa; P=0.565), or 
between patients with partial-thickness tears (median, 96.83 kPa; 
IQR, 90.60 to 112.20 kPa) and those with full-thickness SST tears 
(median, 93.80 kPa; IQR, 82.50 to 108.33 kPa; P=0.278). 

When the onset of symptoms was divided into four intervals, 
no statistically significant difference in the elasticity values was 
found among the four groups (P=0.089). However, a statistically 
significant difference in elasticity values was found when 
comparing 40 patients who reported having symptoms for 1 year 
or less (median, 92.20 kPa; IQR, 84.01 to 104.38 kPa) to eight 
patients who reported having symptoms for more than 1 year 
(median, 105.10 kPa; IQR, 100.41 to 116.03 kPa; P=0.032). Fig. 
3 illustrates the case of a female patient who underwent US and 
SWE evaluations 2 months and 8 months after trauma to the right 
shoulder. A full-thickness tear of the right SST was detected on the 
first examination. Conservative treatment was given. The follow-up 
study performed 6 months later showed a more retracted SST with 
an increased elasticity value compared to the initial exam (Fig. 3A, 
B). The tear appeared anechoic on B-mode US, and the defect was 
shown in the color box while applying SWE (Fig. 3C).

No statistically significant difference was found when comparing 
elasticity values between patients with a positive tangent sign on 
preoperative CT/MRI (median, 92.20 kPa; IQR, 80.21 to 101.33 kPa) 

Table 1. Comparison of median elasticity values of supraspinatus tendons (SSTs) between groups classified in various ways
Criteria No. Median elasticity, (IQR, kPa) P-value

Rotator cuff tendon on B-mode ultrasonography

    Normal 26 94.65 (87.43-105.47) 0.565a)

    SST tear present 54 96.79 (86.71-108.56)

Partial-thickness vs. full-thickness tears

    Partial 27 96.83 (90.60-112.20) 0.278a)

    Full 27 93.80 (82.50-108.33)

Time of onset divided into 4 groups (mo)

    ≤3 21 96.37 (88.83-104.39) 0.089b)

    3-6 7 95.10 (82.50-114.27)

    6-12 12 87.35 (77.79-100.26)

    >12 8 105.10 (100.41-116.03)

Time of onset divided into 2 groups (mo)

    ≤12 40 92.20 (84.01-104.38) 0.032a)

    >12 8 105.10 (100.41-116.03)

Tangent sign

    Positive 10 92.20 (80.21-101.33) 0.485a)

    Negative 2 83.50 (83.20-83.80)
a)P-value by the Mann-Whitney U test. b)P-value by the Kruskal-Wallis test.
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A

B

Fig. 3. Two ultrasound examinations with a 6-month interval in a 76-year-old woman with right shoulder pain.
A, B. Shear wave elastography was applied in a longitudinal scan of the supraspinatus tendon of the right shoulder in both the initial (A) and 
follow-up (B) examinations performed at 2 and 8 months after trauma. Only conservative treatment was done in the interval between these 
examinations. A full-thickness tear was present and the elasticity value of the stump area of torn supraspinatus tendon increased from 60.2 
to 80.7 kPa. C. In the follow-up study, the anechoic gap between the stump and retracted portion of supraspinatus tendon appeared as a 
color defect when shear wave elastography was performed. The measurement at the edge of the retracted tendon was considered to reflect 
contamination by joint effusion and excluded.

C
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was partially healed at the third week [19]. Based on the above 
healing process, the lowest elasticity value of the tendon is expected 
in the repair phase, which takes place within 6 weeks after the 
injury. However, our results showed the lowest elasticity values in the 
group of patients with 6-12 months of pain. A possible explanation 
for this finding is that patients with larger tears are more likely to 
be symptomatic, and larger tears are more likely to undergo delayed 
healing [19,20]. Since our study only included symptomatic patients, 
the healing process in our patients might have been more delayed 
than usual. 

Our subgroup analysis revealed a significant association between 
elasticity values and the chronicity of symptoms, as patients with 
symptoms that had lasted for more than 1 year showed significantly 
higher elasticity values than those with symptoms that had lasted 
for less than 1 year. The literature contains data regarding surgical 
outcomes depending on symptom duration. Kim and Kim [21] 
claimed that a symptom duration of 12 months or longer before the 
arthroscopic repair of a rotator cuff tear increased the possibility of 
a retear. Massoud et al. [22] found significantly more unsatisfactory 
outcomes, such as revision surgery or aggravation of symptoms, 
after subacromial decompression in rotator cuff tear patients with a 
symptom duration longer than 12 months. While it can be difficult 
to determine chronicity on clinical grounds, all of these results in 
the literature, in combination with our findings, suggest that the 
presence of symptoms for 12 months may be a useful indicator 
when considering a surgical intervention. 

Since a chronic cuff tear results in atrophy of the muscle fibers, a 
positive tangent sign is a widely used visual indicator of a chronic 
SST tear [14,23]. However, we found no statistically significant 
differences in elasticity values between the 10 cases with a positive 
tangent sign and the two cases without a tangent sign. This might 
have been due to the small sample size, especially of patients 
without a tangent sign.

A large difference was found in the elasticity values of normal 
SSTs between this study and another similar study conducted by 
Arda et al. [3], who found the mean elasticity value of normal SSTs 
to be 36.0±13.0 kPa in men and 29.1±12.4 kPa in women. These 
values are much lower than those observed in our patients with 
normal rotator cuff tendons, even though the same equipment was 
used in both studies and the patients sat in the same position [3]. 
There was also a large difference in the elasticity values of normal 
Achilles tendons between the study of Arda et al. [3] and the 
study of Chen et al. [7]. Although good intra- and inter-operator 
reproducibility of SWE has been proven for superficial tissues such 
as the breast [24], in a study of SWE applied to the supraspinatus 
muscle, Rosskopf et al. [18] reported lower reliability in deep tissues 
and tissue close to the bone structure. Differences in measured 

and those without a tangent sign (negative tangent sign) (median, 
83.50 kPa; IQR, 83.20 to 83.80 kPa; P=0.485).

Discussion

The timing of surgical repair of a torn rotator cuff tendon is closely 
correlated with satisfactory recovery of function. A torn rotator cuff 
tendon loses its elasticity over time, making late surgical repair 
more difficult or even impossible [15]. Therefore, it is necessary 
to determine whether a patient is suffering from an acute or 
chronic rotator cuff tear prior to surgical intervention. However, it 
is challenging to distinguish among acute tears, acute-on-chronic 
tears, and chronic tears with acute symptoms, both on clinical 
grounds and using imaging modalities such as radiography, dynamic 
sonography, MRI, and arthroscopy [16]. 

Researchers have recently reported various ways of assessing 
rotator cuff tendon tears preoperatively. Nozaki et al. [17] applied 
2-point Dixon MRI to rotator cuff muscles and suggested that the 
fat fraction observed preoperatively may offer a way to predict 
the recurrence of a tear after repair surgery. Rosskopf et al. [18] 
proposed that a preoperative evaluation of the supraspinatus muscle 
can help to establish a treatment plan, while measuring shear wave 
velocity by SWE can help to assess mechanical muscle properties 
and to determine the prognosis of a torn rotator cuff tendon. In 
our study, we measured the elasticity values of SSTs using SWE and 
compared them between and among groups classified in several 
different ways. We found significantly higher elasticity values in 
patients with pain for more than 1 year. 

Torn tendons undergo three overlapping phases of healing: 
inflammation, repair, and remodeling [13]. In the inflammation 
phase, inflammatory cells such as erythrocytes and platelets are 
recruited, and phagocytosis occurs [12]. Vasoactive and chemotactic 
factors are released, and collagen synthesis is initiated [12]. After a 
few days, the repair phase begins, during which abundant collagen 
and extracellular matrix components are synthesized, while water 
and glycosaminoglycan levels remain high [12]. The remodeling 
phase begins approximately 6 weeks after the injury occurs and can 
be divided into two further stages: the consolidation stage and the 
maturation stage [13]. The maturation stage commences about 10 
weeks after the injury and is characterized by a gradual change of 
fibrous tissue to scar-like tendon tissue, a process that occurs over 
the course of 1 year [13]. Consequently, the stiffness of the healed 
tendon increases [12]. In an animal study using a model of surgically 
created rotator cuff tears in rabbits, Hirose et al. [19] showed that 
a tear of 12 mm that included all tendinous fibers of the SST was 
not repaired at the third week. In contrast, when a 5-mm tear was 
made, reparative tissue was seen in the first week, and the defect 
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values among the studies may be due to the deep location of the 
tendon of interest. Furthermore, inter-operator reliability can be 
negatively affected by varying degrees of the force unintentionally 
applied by the operator during the US examination and the 
measurement of slightly different areas in various studies. 

Our study has several limitations, some of which were related to 
the retrospective nature of this study. First, while the lack of surgical 
and histopathological correlations of the SSTs may be considered 
a limitation, it would be practically impossible to obtain such 
correlations in a real clinical setting. Second, we assessed elasticity 
values in patient groups divided by the duration of symptoms, 
assuming that a longer duration would reflect chronic tears. There 
are some limitations in this assumption. Some patients with a 
chronic SST tear may have a short duration of symptoms or no 
symptoms. However, the opposite would probably not be true; that 
is, a longer duration of symptoms should not occur in cases of acute 
tears. Further, it is currently difficult to determine the chronicity of 
SST tears clinically or even by arthroscopy before surgery [25]. This 
issue is probably why several other studies have also attempted to 
use the duration of symptoms as a criterion for classifying acute 
versus chronic rotator cuff tears [26,27]. Third, the number of 
patients in the subgroups classified by the onset time of symptoms 
was relatively small. Fourth, the objective standardization of 
appropriate Q-box colorization has not been previously documented. 
Therefore, the appropriateness of the Q-box in this study was 
determined by the operator. Despite these limitations, we believe 
that our study has provided clinically useful information. Injured 
tendons stiffen as they go through the healing process. We found a 
significant difference between the SWE-measured elasticity values 
of torn SSTs in patients suffering from chronic pain for more than 1 
year and those of torn SSTs in patients suffering from pain for less 
than 1 year. 

In conclusion, our study showed significantly higher elasticity 
values in torn SSTs in patients with chronic shoulder pain that had 
lasted for more than 1 year. Further studies with larger samples 
seem warranted to validate our results, as well as to determine 
whether the elasticity value measured by SWE can be used 
preoperatively as a surrogate marker of the chronicity of a rotator 
cuff tendon tear. 
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