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Introduction

The rotator cuff refers to a group of muscles and their 
respective tendons including the subscapularis, supraspi-
natus, infraspinatus, and teres minor, that function col-
laboratively to regulate the movement of the shoulder. 
Rotator cuff tears (RCT) represent a widespread shoulder 
disorder and are typically classified into partial-thickness 

tears (PTTs) and full-thickness tears (FTTs) based on the 
degree and depth of tearing. The supraspinatus tendon is 
the most frequently affected site for rotator cuff injury 
since it encompasses an ischemic zone approximately 
1 cm distal to its insertion, where stresses concentrate, 
and blood supply is limited [1,2]. The incidence of de-
laminated tear of the rotator cuff, which is frequently 
characterized by a horizontal tear of the supraspinatus 
tendon, is reported to range from 38-82% [3,4]. The oc-
currence of a delamination tear in the rotator cuff results 
in a compromised tendon quality and the formation of an 
intramuscular synovial space. These factors contribute to 
a diminished healing potential, ultimately impacting the 
diagnosis and prognosis of the injury [5].

The initial indications among many clinical patients 
afflicted with delaminated partial-thickness rotator cuff 
tears (DPT-RCT) are often atypical, presenting diagnos-
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tic challenges. Despite the availability of medical imag-
ing technologies such as ultrasound (US) and magnetic 
resonance imaging (MRI), the accuracy of diagnoses for 
partial tears remains limited [6]. An earlier study con-
ducted by our team revealed that the diagnostic accuracy 
of both US and MRI with regard to FTTs was 90.5%, with 
no consequential statistical variance. In contrast, both 
imaging modalities produced distinct differences in the 
diagnostic accuracy of PTTs, with US achieving 64.3% 
and MRI resulting in 76.2% accuracy, with a statistically 
significant variance recorded [6]. Moreover, advancing 
pathology in these cases typically results in a worsen-
ing of symptoms over time. Keener et al [7] conducted 
a follow-up study of 224 patients with asymptomatic 
PTTs and revealed that 44% of these cases developed 
into FTTs within a median time of 5.1 years and 46% de-
veloped new pain with a median time of 2.6 years. Thus, 
there exists a critical need for accurate and quantitative 
evaluation of DPT-RCT.

Currently, MRI and US are the most ubiquitous imag-
ing methods used to diagnose rotator cuff injury. How-
ever, both MRI and US suffer from limitations in the 
accuracy of qualitative diagnoses and demonstrate high 
interobserver variability [8]. Elastography is an imag-
ing modality that evaluates the mechanical properties of 
tissues through quantifying deformation and recovery, 
encompassing both Strain Elastography (SE) and Shear 
Wave Elastography (SWE) techniques. SE assesses the 
hardness and elastic properties of the tissue by applying 
pressure to the tissue in the target area and measuring 
the deformation of the tissue, while SWE assesses the 
hardness and elastic properties of the tissue by transmit-
ting an elastic wave through the tissue and measuring the 
speed at which the wave travels [9]. SWE presents the 
capability to enable clinicians to make quantitative di-
agnoses utilizing the shear wave velocity (SWV) values 
as a supplementary tool to traditional two-dimensional  
US. 

Recent studies have reported the clinical value of 
SWE for diagnosing a broad scope of systemic condi-
tions, including tumors, liver disease, and tendinopathy. 
As such, SWE has garnered a reputation for attaining high 
clinical applicability. In diagnosing fatty liver disease, 
SWV values demonstrate statistical significance when 
comparing patients with healthy subjects, suggesting 
their potential utility as a diagnostic indicator with mod-
erate to excellent repeatability and reproducibility [10]. 
Papillary thyroid carcinoma studies have demonstrated 
that SWV ratio > 1.3 can represent a risk factor for cervi-
cal lymph node metastasis (CLNM). US with SWV can 
possess significant value in assessing for CLNM during 
preoperative evaluations [11]. Currently, Deng et al [12] 

indicates that SWV can also be used in the diagnosis of 
supraspinatus tendinopathy. Notably, SWV demonstrated 
significant differences among the tendinopathy group, 
the PTTs group, and the FTTs group, with a gradually 
decreasing trend. However, no previous study has inves-
tigated the diagnostic value of SWE in delaminated ro-
tator cuff tears. Therefore, we conducted a retrospective 
case study to explore the feasibility and diagnostic value 
of SWE in DPT-RCT via comparing the results of SWE 
with the results of US and MRI and evaluated the cut off 
values of SWV in different types of DPT-RCT as well as 
in the normal contralateral tendon, so as to provide refer-
ence for subsequent clinical diagnosis.

Materials and methods

Patients
In this retrospective study, consecutive patients with 

shoulder arthroscopic surgery and images of US, SWE, 
and MRI examined in our department between October 
2020 to May 2023 were included from our electronic 
database. Inclusion criteria were as follows: 1) the pa-
tients with unilateral shoulder pain and diagnosed with 
DPT-RCT by shoulder arthroscopy; 2) the contralateral 
shoulder of patients was asymptomatic, and the US and 
SWE results were normal; 3) complete clinical, US, MRI 
and SWE data of shoulders were available. The exclusion 
criteria were: 1) having incomplete imaging data; 2) pa-
tients unsuitable for SWE examination; 3) patients who 
had already undergone previous surgery on the shoulder 
area; 4) patients with tendon calcification.

The study was approved by the Ethics Committee of 
the Second Affiliated Hospital of Xi’an Jiaotong Univer-
sity and being a retrospective study, written informed 
consent was waived.

US
US and SWE examinations were conducted using 

SIEMENS ACUSON Sequoia (Siemens Medical Solu-
tions, USA). The US examination was performed with 
a 6-18 MHz linear array probe (18L6). The patient was 
seated and facing the operator, who adhered to the shoul-
der US technical guidelines recommended by the Euro-
pean Society of Musculoskeletal Radiology during the 
procedure [13]. Successive examinations of the biceps 
long-head tendon, subscapularis tendon, supraspinatus 
tendon, infraspinatus tendon, and teres minor tendon 
were carried out. Both transverse and longitudinal im-
ages were recorded, and both dynamic and static images 
were retained.

SWE
Following 2D ultrasound, the examination protocol 

was transitioned to the SWE imaging mode. During the 
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SWE examination, the patient was facing the operator in 
a sitting position, with the upper arm inwardly rotated, 
the elbow curved, and the palm placed above the ilium 
wing, and the sonographer positioned the probe perpen-
dicular to the long axis of the supraspinatus tendon and 
applied gentle pressure to achieve full dermal contact 
while instructing the patient to hold their breath. The box 
for colour map was placed in the region were US indi-
cated the possible torn area and a 3 mm diameter circu-
lar region of interest (ROI) was used. The sonographer 
measured the SWV of the supraspinatus tendon tear site 
and the surrounding normal tissue. The dynamic range 
for SWV measurements was 0.5–6.5 m/s. The afore-
mentioned procedures were performed thrice indepen-
dently, and the mean SWV of the three measurements 
was regarded as the final result. As for the contralat-
eral unaffected shoulder, the SWV were calculated in  
three corresponding equidistant ROIs within the inser-
tional 1-2 cm of the supraspinatus tendon (medial, middle,  
lateral).

MRI
MRI was performed on the affected shoulder in all 

patients, using a 1.5 T superconducting MRI scanner, 
the German Siemens Magnetom Avanto, equipped with 
a special coil for joint imaging. For coronal section scan-
ning, the scan plane was perpendicular to the glenoid 
cavity and ranged from the acromion to subscapular 
humerus, utilizing fast-spin echo T2-weighted and spin 
echo T1-weighted sequences (TR/TE=2200 ms/84 ms 
and TR/TE=450 ms/16 ms, respectively). For oblique 
coronal scanning, the scan plane was parallel to the long 
axis of the supraspinatus muscle and extended from the 
outer end of the clavicle to the acromion, using rapid spin 
echo T2-weighted imaging (TR/TE=2370 ms/39 ms). 
The scanning parameters were as follows: a field of view 
(FOV) of 20×20 cm, a matrix of 257×192, a layer thick-
ness of 4 mm, and a layer spacing of 4.8 mm.

Diagnostic criteria
The delamination patterns of partial-thickness ro-

tator cuff tear (PT-RCT) were divided into three types 
following previous published studies [14-16]: Type 1, 
delaminated tear with the articular layer retracted (articu-
lar type); Type 2, delaminated tear with the bursal layer 
retracted (bursal-surface type); and Type 3, isolated intra-
tendinous horizontal splitting tear.

The criteria for SWE to diagnose DPT-RCT were the 
detection of a blue area (soft, reduced elastic properties) 
corresponding to the articular surface (type 1), bursal sur-
face (type 2) and isolated intratendinous area (type 3).

Typically, MRI diagnosis of DPT-RCT reveals an 
irregularly shaped supraspinatus tendon with focal hy-
persignal, but without whole-layer involvement. Tendon 

delamination was identified by oblique coronal MRI as 
either Type 1 or Type 2, involving the retraction of ar-
ticular or bursal layers with the presence of an interven-
ing plane of fluid, respectively, or as Type 3, involving 
horizontal intrasubstance splitting of bursal and articular 
layers by an intervening plane of fluid [14].

Image analysis 
The imaging results of US and SWE were interpreted 

independently by two sonographers with 11 and 9 years 
of experience in musculoskeletal US, respectively. Simi-
larly, two radiologists with 10 and 9 years of experience 
in musculoskeletal MRI independently evaluated all im-
ages, respectively. In cases of inconsistent results, a mul-
tidisciplinary consultation was conducted to reach a con-
sensus. Finally, the results of US, SWE and MRI were 
compared with arthroscopic findings.

Shoulder arthroscopy 
All affected shoulders underwent arthroscopy, which 

was performed by an associate chief physician with over 
10 years of experience in the procedure. During arthros-
copy, rotator cuff tears were categorized. The diagnostic 
findings derived from shoulder arthroscopy served as the 
standard for comparisons.

Statistical analysis 
SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) software 

was used for statistical data processing. The normal dis-
tribution of data was tested by the Shapiro–Wilk test. The 
measurement data were expressed as the mean ± standard 
deviation. The detection rates of US, SWE, and MRI in 
the diagnosis of DPT-RCT of different types were cal-
culated, with the results of shoulder arthroscopy serv-
ing as the standard. Enumeration data are presented as 
examples, and the X2-test (a=0.05, two-sided) was used 
to compare the difference in detection rates between dif-
ferent methods. The difference of SWV values of differ-
ent PDT-RCT types and the SWV values of normal con-
tralateral, affected unilateral supraspinatus tendon and 
the region of tears was compared by one-way ANOVA. 
The ROC curve was drawn by MedCal, and the diag-
nostic value of SWV to DPT-RCT was determined ac-
cording to the area under the curve, to obtain cut-off 
value, sensitivity and specificity among normal con-
tralateral vs. affected unilateral and affected unilateral vs.  
region of tears. p<0.05 was considered statistically signifi- 
cant.

Results

Population characteristics and arthroscopic 
diagnosis of the shoulder
A total of 137 patients with unilateral DPT-RCT (43 

in the left shoulder and 94 in the right shoulder), aged 32-
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70 years (mean age 53.8±7.6 years) were included in this 
study (Table I). There were no significant differences in 
age and gender among the three types of groups.

The detection rates of US, SWE, and MRI  
in the diagnosis of DPT-RCT
The diagnostic efficacy and comparative analysis of 

US, SWE, and MRI for the detection of delaminated PT-
RCT are summarized in Table II. There were significant 
statistical differences in the overall percent of correct 
diagnosis among US, SWE, and MRI, and SWE was 
the highest among the three methods (p<0.001). The de-
tection rates with SWE were significantly higher com-
pared with US and MRI for type 1 (fig 1), respectively 
(p=0.015). For the type 2 (fig 2), the detection rates of 
variables US, SWE, and MRI were significantly differ-
ent (p=0.02). Notably, both SWE and MRI demonstrated 
detection rates exceeding 90%. As for type 3 (fig 3), there 
was no statistically significant difference observed in the 
detection rates among the three methods (p=0.766).

SWV differences among three tear types of  
DPT-RCT
The mean SWE of 137 cases of supraspinatus ten-

don around the tear area was 3.64±0.60 m/s. Further 
analyses were conducted, classifying participants ac-
cording to the DPT-RCT, which revealed that of the 
76 patients diagnosed with DPT-RCT type 1, the mean 
SWV was 3.60±0.60 m/s, while type 2 demonstrated 
SWV of 3.81±0.55 m/s in 39 patients. Type 3 exhibited 
the SWV of 3.47±0.66 m/s in the remaining 22 cases. 
Notably, one-way ANOVA tests indicated no significant 
variance in SWV values across the affected supraspinatus 

tendon among the different types of DPT-RCT (F=2.605, 
p=0.078). Similarly, the mean SWV of the tear zone is 
1.61±0.54 m/s. The SWV of the tear zone of DPT-RCT 
type 1, 2 and 3 were 1.58±0.47 m/s, 1.64±0.56 m/s and 
1.68±0.72m/s, respectively, with no significant differ-
ence (F=0.386, p=0.680).

Table II. Comparison of US, SWE, and MRI in overall correct diagnosis of DPT-RCT with arthroscopy as a standard

Types US SWE MRI p (X2-test)
DPT-RCT 73.7(101/137) 91.2(125/137) 87.6(120/137) ＜0.001
1 71.1(54/76) 89.5(68/76) 81.6(62/76) 0.015
2 69.2(27/39) 92.3(36/39) 94.9(37/39) 0.002
3 90.9(20/22) 95.5(21/22) 95.5(21/22) 0.766

The results are expressed as percent(number of patients detected by imaging methods/number of patients detected by arthroscopy). US = ultra- 
sound; SWE = shear wave elastography; MRI = magnetic resonance imaging; DPT-RCT = delaminated partial-thickness rotator cuff tears; 
1 = type 1; 2 = type 2; 3 = type 3.

Table I. Comparison of US, SWE and MRI in detecting DPT-RCT with arthroscopy as a standard

Arthroscopy US SWE MRI Total
1 2 3 NT FTT 1 2 3 NT FTT 1 2 3 NT FTT

Type 1 54 0 3 5 14 68 0 2 2 4 62 0 3 2 9 76
Type 2 0 27 1 7 4 0 36 2 1 0 0 37 1 1 0 39
Type 3 0 0 20 2 0 0 0 21 1 0 0 0 21 1 0 22
Total 54 27 24 14 18 68 36 25 4 4 62 37 25 4 9 137

US = ultrasound; SWE = shear wave elastography; MRI = magnetic resonance imaging; DPT-RCT = delaminated partial-thickness rotator 
cuff tears; 1 = type 1; 2 = type 2; 3 = type 3; NT = no tear; FTT = full-thickness tear.

Fig 1. US, SWE, MRI, and shoulder arthroscopic images of  
a 34-year-old man with type 1 of DPT-RCT: a) US revealed a  
hypoechoic zone of the supraspinatus muscle on the articular 
side that did not reach the bursal surface (↑); b) SWE showed 
that the presence of an area of retraction on the articular surface, 
along with a blue-coloured region representing low elasticity 
within the tendon (↑); c) The T2 image of MRI indicated the 
presence of high signal on articular side and within the supraspi-
natus tendon (↑); d) Arthroscopy  demonstrated an articular de-
laminated partial-thickness tear of the supraspinatus muscle (**)  
(type 1).
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SWV differences among normal contralateral, 
affected unilateral supraspinatus tendon and 
region of tears
For the control group, SWV measurements for 137 

normal tendons averaged 2.43±0.47 m/s, establishing 
these as statistically lower than SWV recordings noted 
at the affected tendon regions (2.43±0.47 vs 3.64±0.60, 
p<0.001), while measurements taken from the tear area 
were shown to be significantly lower than the control 
group (1.61±0.54 vs 2.43±0.47, p<0.001) (Table III). 
Within the cohort investigated, results from one-way 
ANOVA statistical analyses highlighted significant dif-
ferences in SWV values among these groups under 
scrutiny (p<0.001). Furthermore, a notable difference 
of SWV was observed between the affected unilateral 
supraspinatus tendon and tear region (3.64±0.60 vs 
1.61±0.54, p<0.001).

The ROC curves of SWV
To differentiate between supraspinatus tendon re-

gions determined as normal, affected, and torn, ROC 
curves were established, allowing for optimal cut-off val-
ues to be identified in discerning between different types 
(fig 4). Based on the SWV values determined through 
the ROC curves, sensitivity and specificity values were 
able to be obtained. Upon examination of the ROC curve 
obtained from the experiment, analysis revealed the op-
timal single cut-off point to differentiate between normal 
and affected tendons was 2.96 m/s, with an AUC of 0.940 

(95%CI, 0.904 to 0.965; p<0.001), generating a sensitiv-
ity of 86.13%, and specificity of 88.32%. Meanwhile, the 
optimal single cut-off point for differentiation between 
the affected tendon and the region of tears was 2.39 m/s, 
with an AUC of 0.991 (95%CI, 0.972, 0.999; p<0.001), 
demonstrating a high sensitivity of 93.43% and a speci-
ficity of 100% (Table IV).

Fig 3. US, SWE, MRI, and shoulder arthroscopic images of a 
67-year-old woman with type 3 of DPT-RCT: a) US revealed 
an intratendinous hypoechoic area of supraspinatus tendon in 
the long-axis view (↑); b) SWE revealed blue-coloured low-
elasticity regions within the tendon and the surrounding high-
elasticity tendon areas (↑); c) An oblique coronal MRI image 
revealed a brighter signal within the supraspinatus tendon 
(↑); d) Arthroscopy confirmed that there was a large amount 
of synovial tissue hyperplasia on the bursal surface of the 
supraspinatus tendon (**), and the elastic of the supraspina-
tus tendon was compromised during the probe examination. 
However, there was no apparent tear on the bursae surface  
(type 3).

Fig 2. US, SWE, MRI, and shoulder arthroscopic images of a 
58-year-old woman with type 2 of DPT-RCT: a) US showed that 
the hypoechoic zone could be detected near the bursal side and 
within the supraspinatus tendon (↑); b) SWE results suggested 
that the presence of a retraction area on the bursae surface, ac-
companied by a surrounding region of high elasticity within the 
tendon (↑); c) MRI only showed a high signal shadow within 
the supraspinatus tendon (↑), indicating the type 3 of DPY-
RCT. D) Shoulder arthroscopy revealed a bursal delaminated 
partial-thickness tear of the supraspinatus muscle (↑) (type 2).

Fig 4. The ROC cures: A) Normal contralateral vs. Affected 
unilateral; B) Affected unilateral vs. Region of tears. 
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Discussion

Accurate imaging diagnosis is crucial in the success-
ful diagnosis and treatment of rotator cuff injuries. Exist-
ing imaging diagnostic methods include X-ray, CT, MRI, 
and US. While X-ray and CT both demonstrate benefits 
regarding shoulder bone structure injuries, these methods 
lack sensitivity in detecting rotator cuff tendon injuries. 
Conversely, MRI offers high sensitivity and specificity 
in diagnosing rotator cuff tears, but various drawbacks 
include contraindications, time limitations, costs, and 
inapplicability for patients with implanted heart stents 
[17,18]. US is an alternative, with distinct benefits as a 
noninvasive, cost-effective, and widely applicable imag-
ing modality for diagnosing rotator cuff injuries [19].

Rutten et al [20] found that US provided highly ac-
curate diagnostic results regarding FTTs, with a recorded 
diagnostic accuracy of 95%. Similarly, the accuracy of 
diagnosing PTTs was demonstrated to be 89%, with no 
significant difference when compared to MRI diagnostic 
accuracy results. Tang et al [21] reported that US diag-
nostics achieved 74.2% accuracy in diagnosing various 
rotator cuff tear types, along with accuracy of 56.1% for 
PTTs and 100% for large FTTs. Comparatively, the cur-
rent study achieved a 73.7% accuracy rate in diagnos-
ing PTTs via US, positioning it between the aforemen-
tioned findings, which could be attributed to differences 
in patient characteristics or variability in the ultrasound 
equipment utilized for diagnostic imaging. Meanwhile, 
compared with FTTs, patients with early-stage PTTs, as 
their symptoms, signs, and imaging examinations may 
not present definitively [18]. As such, accurately diag-
nosing PTTs becomes a key diagnostic goal with sig-
nificant implications for appropriate follow-up clinical 
interventions.

According to Jeong et al [22], preoperative SWE ex-
amination can serve as a valuable prognostic marker for 

patients with rotator cuff tears undergoing surgical in-
tervention. Specifically, values for SWE elasticity were 
found to be higher among patients with incomplete rota-
tor cuff repairs, with the elasticity ratio successfully pre-
dicting postoperative under-repair outcomes independent 
of rotator cuff tear size and muscle characteristics. Deng 
et al [12] reported significant disparities in SWE values 
across distinct rotator cuff tear types, with an identified 
SWE cut-off of 4.83 m/s successfully distinguishing be-
tween tendinopathy and PTTs, and SWE of 4.08 m/s in 
distinguishing between PTTS and FTTs. 

Previous studies did not measure the SWV value 
of the torn area or reject it [8,23]. However, during US 
examination, we found that for DPT-RCT patients, the 
exact SWV value can be measured in the supraspinatus 
tendon tear area, which may be related to the incomplete 
tendon tear and the possibility that the torn area was not 
completely filled with fluid. It was also associated with 
synovial hyperplasia. Meanwhile, the SWV values of the 
torn area were significantly different from those of the 
surrounding tendon tissue, suggesting the presence of 
tendon tear. Although this is not a core indicator of clini-
cal diagnosis, it can provide reference value for clinical 
diagnosis.

In this study, the SWV value of DPT-RCT was 
3.64±0.60 m/s, a rate notably higher than the 2.43±0.47 
m/s calculated for normal tendon SWV values. The re-
sulting cut-off value was identified as 2.96 m/s, poten-
tially linked to tendon hardness increases following 
tendon tears as a result of processes such as local inflam-
mation, fat infiltration, tendon fibrosis, and calcification. 
These sequelae may account for the higher SWV values 
observed in partially torn tendons, as compared to nor-
mal tendons [24]. Evaluation of the SWV values corre-
sponding to the tear area yielded an average of 1.61±0.54 
m/s, a figure significantly lower than the corresponding 
SWV values determined for the partially torn tendon at 

Table III. Comparison of SWV values of undamaged tendon, supraspinatus tendon tears and region of tears in different groups

Group n Mean±SD (m/s) F P LSD
SWV Normal contralateral(A) 137 2.43±0.47 493.535 ＜0.001 A>B* 

A>C*

B>C*Affected unilateral(B) 137 3.64±0.60
Region of tears(C) 137 1.61±0.54

SWV = Shear-Wave Velocity; n = the number of patients.

Table IV. Diagnostic performance of SWV for predicting various types of supraspinatus tendon tears by ROC cures

Group AUC(95%CI) p Cutoff value (m/s) Sensitivity
(95%CI)

Specificity
(95%CI)

A vs. B 0.940(0.904, 0.965) <0.001 2.96 86.13(79.2, 91.4) 88.32(81.7, 93.2)
B vs. C 0.991(0.972, 0.999) <0.001 2.39 93.43(87.9, 97.0) 100.00(97.3, 100.0)

SWV, Shear-Wave Velocity; A, Normal contralateral; B, Affected unilateral; C, Region of tears.
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3.64±0.60 m/s. The calculated cutoff threshold for the 
tear area was identified as 2.39 m/s with a near-perfect 
AUC value of 1. The observed phenomenon can be at-
tributed to differences in tissue stiffness resulting from 
different evaluation targets, as these measurements per-
tain to different tissue types and accordingly manifest in 
varying SWV values [25]. In this study, the partially torn 
tendon zone evaluated corresponded to the supraspinatus 
muscle tendon, whereas the region of tears referred to a 
“fluid area” generated from bursae effusion or exudated 
in the aftermath of a tendon rupture Is SWV value was 
significantly lower than that of the normal or partially 
torn tendons [26]. Promoting increased accuracy in both 
qualitative and quantitative diagnoses of rotator cuff 
tears, clinical investigations may leverage SWV values 
for detecting and comparing values between the torn area 
and the surrounding tendon.

Delamination reflects chronic degenerative changes 
in the tendon, which may be related to DPT-RCT [27,28]. 
Fukuda et al [27] proposed that intratendinous delaminat-
ed tears are induced by shear forces within degraded ten-
dons. The laceration site exhibits inadequate blood supply 
due to hypertrophic alterations in tendon arterioles, and 
histological evidence suggests that chronic degeneration 
may contribute to the development of delaminated tears 
[29,30]. The tears of supraspinatus tendons are often ac-
companied by tendon inflammation, fatty infiltration, 
and eventual fibrosis [24]. Gigliotti et al [31] conducted 
a pathologic study and found that affected supraspinatus 
showed fiber atrophy, fibrosis, reduced vascular density, 
and a lower proportion of slow fibers compared with the 
ipsilateral control normal muscle, which was consistent 
with the trend reported in the literature. Differences in 
fibrosis of the supraspinatus are the microstructural bases 
for differential diagnosis between different RCT types on 
SWE.

The differences among the three types of DPT-RCT 
in terms of SWV were not statistically significant. This 
lack of significance can be attributed to the fact that the 
observed differences were mainly limited to the degree of 
articular surface, bursal surface, or intratendinous retrac-
tion, while the overall structure of the tendon remained 
relatively unchanged. Nevertheless, the notable distinc-
tion in SWV values between the region of tears and the 
affected tendon, along with the distinctive image char-
acteristics of SWE, enables the precise qualitative and 
quantitative diagnosis of different types of DPT-RCTs.

Several limitations should be noted in the current in-
vestigation. Firstly, the study exclusively analysed DPT-
RCT, thus omitting delaminated FTTs. Additionally, the 
trial solely appraised the status of a single supraspinatus 
tendon, failing to offer a comprehensive assessment with 

regard to other rotator cuff tendons. In addition，this 
study is retrospective and the small sample size resulted 
in even smaller group samples after dividing according 
to tear type.  This could impact the results and statisti-
cal analysis of the study. On the other hand, only US 
and SWE examinations were performed on the patient’s 
healthy shoulder, without gold-standard shoulder ar-
throscopy, and the possibility of injury could not be com-
pletely ruled out, which may have affected the US and 
SWE data on the unaffected contralateral shoulder.

Conclusion

SWE with SWV can provide both quantitative and 
qualitative diagnostic information for DPT-RCT, which 
can be used as a crucial supplement imaging method.

Conflict of interest: none

Acknowledgment: This work was supported by the 
Natural Science Foundation of Shaanxi Province of Chi-
na (2023-JC-YB-710).

References

1.	Chaler J, Louati H, Uhthoff HK, Trudel G. Supraspinatus 
tendon transosseous vs anchor repair surgery: a compara-
tive study of mechanical recovery in the rabbit. J Orthop 
Surg Res 2020;15:585.

2.	Codman EA, Akerson IB. The pathology associated with 
rupture of the supraspinatus tendon. Ann Surg 1931;93:348-
359.

3.	Han Y, Shin JH, Seok CW, Lee CH, Kim SH. Is posterior 
delamination in arthroscopic rotator cuff repair hidden to 
the posterior viewing portal? Arthroscopy 2013;29:1740-
1747.

4.	Bierry G, Palmer WE. Patterns of tendon retraction in full-
thickness rotator cuff tear: comparison of delaminated and 
nondelaminated tendons. Skeletal Radiol 2019;48:109-117.

5.	MacDougal GA, Todhunter CR. Delamination tearing of 
the rotator cuff: prospective analysis of the influence of de-
lamination tearing on the outcome of arthroscopically as-
sisted mini open rotator cuff repair. J Shoulder Elbow Surg 
2010;19:1063-1069.

6.	Li R, Li M, Cui Y, Yang P, Zhang C. The value of percutane-
ous ultrasound-guided subacromial bursography in the di-
agnosis of rotator cuff tears. Med Ultrason 2023;25:48-55.

7.	Keener JD, Galatz LM, Teefey SA, et al. A prospective 
evaluation of survivorship of asymptomatic degenerative 
rotator cuff tears. J Bone Joint Surg Am 2015;97:89-98.

8.	Krepkin K, Bruno M, Raya JG, Adler RS, Gyftopoulos S. 
Quantitative assessment of the supraspinatus tendon on 
MRI using T2/T2* mapping and shear-wave ultrasound 
elastography: a pilot study. Skeletal Radiol 2017;46:191-
199.



397Med Ultrason 2023; 25(4): 390-397

9.	Sigrist RMS, Liau J, Kaffas AE, Chammas MC, Willmann 
JK. Ultrasound Elastography: Review of Techniques and 
Clinical Applications. Theranostics 2017;7:1303-1329.

10.	Gao J, Lee R, Trujillo M. Reliability of Performing Mul-
tiparametric Ultrasound in Adult Livers. J Ultrasound Med 
2022;41:699-711.

11.	Zhong L, Xie J, Shi L, Gu L, Bai W. Nomogram based 
on preoperative conventional ultrasound and shear wave 
velocity for predicting central lymph node metastasis in 
papillary thyroid carcinoma. Clin Hemorheol Microcirc 
2023;83:129-136.

12.	Deng H, Mi Y, Lu B, Xu P. Application of virtual touch 
tissue imaging quantification in diagnosis of supraspinatus 
tendon injury. J Xray Sci Technol 2021;29:881-890.

13.	Klauser AS, Tagliafico A, Allen GM, et al. Clinical indica-
tions for musculoskeletal ultrasound: a Delphi-based con-
sensus paper of the European Society of Musculoskeletal 
Radiology. Eur Radiol 2012;22:1140-1148.

14.	Choo HJ, Lee SJ, Kim JH, et al. Delaminated tears of the 
rotator cuff: prevalence, characteristics, and diagnostic ac-
curacy using indirect MR arthrography. AJR Am J Roent-
genol 2015;204:360-366.

15.	Gwak HC, Kim CW, Kim JH, Choo HJ, Sagong SY, Shin 
J. Delaminated rotator cuff tear: extension of delamination 
and cuff integrity after arthroscopic rotator cuff repair. J 
Shoulder Elbow Surg 2015;24:719-726.

16.	Wang X, Teng Q, Fang G, et al. Delamination of rotator 
cuff tears: Real-time dynamic ultrasound findings. J Clin 
Ultrasound 2023;51:680-686.

17.	Lenza M, Buchbinder R, Takwoingi Y, Johnston RV, Han-
chard NC, Faloppa F. Magnetic resonance imaging, mag-
netic resonance arthrography and ultrasonography for as-
sessing rotator cuff tears in people with shoulder pain for 
whom surgery is being considered. Cochrane Database Syst 
Rev 2013;2013:CD009020.

18.	Elmorsy A, Keightley A, Flannery M. Accuracy of Ultra-
sonography (US) and Magnetic Resonance Imaging (MRI) 
in Detection of Rotator Cuff Tears in District General Hos-
pital. Pol J Radiol 2017;82:634-637.

19.	Chang KV, Chen WS, Wang TG, Hung CY, Chien KL. 
Quantitative ultrasound facilitates the exploration of mor-
phological association of the long head biceps tendon 
with supraspinatus tendon full thickness tear. PLoS One 
2014;9:e113803.

20.	Rutten MJ, Spaargaren GJ, van Loon T, de Waal Malefijt 
MC, Kiemeney LA, Jager GJ. Detection of rotator cuff 

tears: the value of MRI following ultrasound. Eur Radiol 
2010;20:450-457.

21.	Tang YQ, Zeng C, Su XT, et al. The Value of Percutaneous 
Shoulder Puncture with Contrast-enhanced Ultrasound in 
Differentiation of Rotator Cuff Tear Subtypes: A Prelimi-
nary Prospective Study. Ultrasound Med Biol 2019;45:660-
671.

22.	Jeong JY, Khil EK, Kim AY, Lee SA, Choi JA. Utility of 
Preoperative Shear-Wave Elastography of the Supraspina-
tus Muscle for Predicting Successful Rotator Cuff Repair: 
A Prospective Observational Study With MRI Correlation. 
AJR Am J Roentgenol 2022;218:1051-1060.

23.	Yoo SJ, Lee S, Song Y, Kim CK, Lee BG, Bae J. Elastic-
ity of torn supraspinatus tendons measured by shear wave 
elastography: a potential surrogate marker of chronicity? 
Ultrasonography 2020;39:144-151.

24.	Frich LH, Fernandes LR, Schrøder HD, et al. The inflam-
matory response of the supraspinatus muscle in rotator cuff 
tear conditions. J Shoulder Elbow Surg 2021;30:e261-e275.

25.	Gürüf A, Öztürk M, Bayrak İK, Polat AV. Shear wave ver-
sus strain elastography in the differentiation of benign and 
malignant breast lesions. Turk J Med Sci 2019;49:1509-
1517.

26.	Hollister MS, Mack LA, Patten RM, Winter TC 3rd, Mat-
sen FA 3rd, Veith RR. Association of sonographically de-
tected subacromial/subdeltoid bursal effusion and intraar-
ticular fluid with rotator cuff tear. AJR Am J Roentgenol 
1995;165:605-608.

27.	Fukuda H, Hamada K, Nakajima T, Tomonaga A. Pathol-
ogy and pathogenesis of the intratendinous tearing of the 
rotator cuff viewed from en bloc histologic sections. Clin 
Orthop Relat Res 1994;304:60-67.

28.	Griffith KM, Hammer LC, Iannuzzi NP, et al. Review of 
human supraspinatus tendon mechanics. Part II: tendon 
healing response and characterization of tendon health. J 
Shoulder Elbow Surg 2022;31:2678-2682.

29.	Schwarz GM, Nitschke T, Hirtler L. Delamination in rota-
tor cuff tears: Explanation of etiology through anatomical 
dissection. Clin Anat 2022;35:194-199.

30.	Kim JH, Lee SK. Delaminated Tears of the Rotator Cuff: 
MRI Interpretation with Clinical Correlation. Diagnostics 
(Basel) 2023;13:1133.

31.	Gigliotti D, Xu MC, Davidson MJ, Macdonald PB, Leiter 
JRS, Anderson JE. Fibrosis, low vascularity, and fewer slow 
fibers after rotator-cuff injury. Muscle Nerve 2017;55:715-
726.


