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Introduction

Lateral epicondylitis (LE), known as “tennis elbow”, is 
the most common cause of lateral elbow pain due to the 
overuse of the common extensor tendon (CET), which has 
a prevalence of 1–3% in the general population (1-5). The 
diagnosis of LE is based primarily on clinical examination, 
like visual analogy scale (VAS), and often confirmed with 
diagnostic imaging including conventional ultrasound 
(US), magnetic resonance imaging (MRI), real-time 
sonoelastography, etc. for cases of atypical presentation or 
those resistant to conservative treatment (6,7). Furthermore, 
imaging techniques provide the information related to the 

physiopathology of disease condition and determine the 
radiological severity of LE, and can be essential in assessing 
the level of impairment, planning treatment strategies, or 
guiding surgery (5,8,9). Although MRI has been widely 
considered as a reliable complementary method for LE 
assessment, the high cost, lengthy examination time, and 
several contraindications may limit its widespread use (6). 
Currently, the US is increasingly playing a vital role in 
the diagnosis of LE with inexpensive, non-invasive, and 
dynamic features. US findings in the CET for LE are 
characterized by edema, decreased echogenicity, epicondylar 
cortical irregularity or spur formation, the severity of the 
disease with evidence of tendon thickening, and Doppler 
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activity (10-12). However, the potential role of the US is 
limited because it has been reported that both its sensitivity 
(US: 64% to 88%, MRI: 90% to 100%) and specificity (US: 
36% to 48.5%, MRI: 67% to 89%) are lower than those of 
MRI (13-15).

Recent studies (16-19) in which elastography was used 
to evaluate the mechanical properties of tendons have 
reported that elastographic methods may detect the changes 
in tendon stiffness qualitatively and quantitatively, as well 
as monitor and guide ongoing treatments of tendinopathy. 
Shear wave elastography (SWE) is one of the main 
elastographic techniques, which can be induced through 
various methods. One such method works on the basis of 
multiple focused push beams (supersonic shear imaging) 
generating shear waves and ultra-high frame rate ultrasonic 
imaging of the resulting shear wave propagation to calculate 
the shear wave speed (SWS) at different depths within the 
tissue (19,20). 

Previous studies (21,22) have applied SWE to assess 
the Achilles tendon and have demonstrated that SWE is 
valuable in quantitatively measuring the biomechanical 
properties of the Achilles tendon in vivo. However, SWE 
of the CET in LE has seldom been investigated, and the 
majority of studies only evaluated the CET with real-time 
sonoelastography (23,24). Therefore, in order to determine 
whether the SWE can be used in the diagnosis of LE, 
the present study assessed CET elasticity in patients with 
unilateral LE by quantitative SWE and monitored the 
disease condition before and after the non-operative therapy 

Methods

This study was performed with the approval of the West 
China Hospital of Sichuan University Ethics Committee 
and written informed consent was obtained from each 
participant. There were 62 patients assessed by the 
orthopedic surgeon with a definitive clinical diagnosis 
of unilateral LE enrolled in this study from June 2018 
to December 2018. The criteria for the diagnosis of LE 
included patients with a typical history, tenderness on the 
lateral epicondyle, and pain aggravated by extension and 
twist that radiated from the lateral forearm to the palm. 
Both elbows of all patients were examined by SWE before 
and after non-operative treatment. All of the patients 
received physical therapy for one month after the first 
evaluation. Participants were not included if they presented 
with a known history of bilateral LE, elbow fracture, 
elbow surgery, other systemic musculoskeletal disorders, or 
pregnancy. General information such as sex, age, dominant 
hand, and disease duration were recorded.

Elastography and thickness examinations were performed 
with an Aixplorer US system (SuperSonic Imagine, 
Aixplorer, Aixen-Provence, France) with an SL 4–15 MHz 
linear array probe (SuperSonic Imagine). Each patient was 
asked to sit in front of the examiner with the elbow flexed 
at 90° and the thumb up, and a relaxing position of the 
forearm was maintained during the measurement (Figure 1).  
The transducer was placed perpendicularly to the lateral 
epicondyle onto the skin surface with light contact using 
a coupling agent so as to avoid the compression effect 
(5,25). The CET attaching to the lateral epicondyle of the 
humerus was scanned in a longitudinal plane (a parallel 
orientation to CET fibers) for obtaining the standardized 
images, and the elastograms appeared as an overlay in dual-
mode alongside B-mode image. The thickness of the CET 
was defined as the distance between the surface of the 
extensor tendon and the lateral epicondylar cortex. The 
color code indicated the tissue elasticity within the regions 
of interest (ROI) ranging from blue to red, representing soft 
to hard respectively. Then, the integrated SWE elastograms 
automatically displayed SWS and Young’s modulus, and 
SWS was the primary measurement used for the analysis. 
A superficial musculoskeletal setting was chosen, and 
the scale was adjusted to 600 kPa to acquire optimal and 
standardized images. The size of the ROI was fixed to 2 mm 
in all cases. Care was taken not to place the circular ROI 
outside the CET and close to bone. Figure 2 represents the 

Figure 1  Examples of common extensor tendon (CET) 
measurements using shear wave elastography (SWE). The patient 
sat in front of the examiner with the elbow flexed at 90° and the 
thumb up.
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standardized SWE image.
Two independent examiners conducted the elastographic 

measurements. An experienced operator 1 (10-year 
experience of musculoskeletal US) examined all 62 
subjects. Operator 2 (5-year experience of musculoskeletal 
US) examined 20 subjects randomly chosen for the 
inter-observer reliability. Within 1 week after the first 
examination, the same subjects were rechecked by operator 
1 to assess intra-observer reliability. The two examiners 
were blinded to the results assessed by each other. After 
the non-operative treatment, operator 1 performed 
an elastographic evaluation of all patients again as 
previously described. Three separate SWE and thickness 
measurements were carried out from approximately the 
same area of the tendon, and the average mean, minimum, 
and maximum SWS (m/s) within each ROI were used for 
analysis, in addition to the average thickness.

Statistical analyses were performed using SPSS software 
(Version 20.0, IBM, NY, USA). Continuous variables were 
expressed as mean ± standard deviation. The Kolmogorov-
Smirnov test was used to check for normal distribution 
data (Figure S1). The SWS and thickness of both the 
bilateral elbow and the lesion side before and after non-
operative therapy were determined using the paired t-test. 
Pearson correlation was used in the correlation analysis 
between the demographic data and SWS. The intra- and 
inter-observer agreements were assessed with intraclass 

correlation coefficients (ICCs). The ICCs between 0.75 and 
0.9, and those greater than 0.90 were indicative of good and 
excellent reliability, respectively (26). Moreover, SWS of 
the CET was used for receiver operator characteristic (ROC) 
curve analysis. Cutoff values of mean, minimum, and 
maximum velocities (Cmean, Cmin, and Cmax) were chosen by 
maximizing the Youden index on the estimated curves. The 
sensitivity, specificity, and accuracy in the diagnosis of LE 
on the basis of SWE measurements were calculated. P<0.05 
was considered a statistically significant difference. 

Results

A total of 62 patients with unilateral LE were included, 
and the baseline demographic characteristics of the study 
participants are summarized in Table 1. 

The thickness in unilateral LE patients revealed a 
significantly higher value in affected CET (5.31±0.49 mm) 
than in healthy CET (3.95±0.37 mm) (P<0.05). In addition, 
a statistical difference in thickness of CET was detected 
between measures before and after non-operation therapy 
(P<0.05), and the thickness decreased after non-operation 
therapy (4.19±0.35 mm).

In healthy elbows, the elastograms demonstrated stiff 
tendon structures corresponding mostly to the red region, 
and the most blue or green areas were observed in elbows 
with LE (Figures 3,4). Moreover, the side-to-side analysis 

Figure 2 Shear wave elastography (SWE) image of the healthy common extensor tendon (CET) on longitudinal axis in a 36-year-old 
female patient with unilateral lateral epicondylitis (LE). The bottom image is a longitudinal gray-scale ultrasound (US) scan of CET 
with superimposed color box borders for the SWE map, while there is a circular ROI for quantitative measurements on the top image. 
Quantitative SWE measurements show the Cmean is 13.6 m/s.

Q-Box™
Mean	 556.4 kPa
Min	 402.4 kPa
Max	 699.0 kPa
SD	 95.0 kPa
Mean	 13.6 m/s
Min	 11.6 m/s
Max	 15.3 m/s
SD	 1.2 m/s
Depth	 0.6 cm
Diam	 2.00 mm

0.0

1.0

2.0
0.0

1.0

2.0

480

360

240

120

≥600 kPa



214 Zhu et al. Evaluation of CET in LE patients with SWE

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(1):211-219 | http://dx.doi.org/10.21037/qims.2019.10.07

revealed a significant difference in terms of CET elasticity 
in the elbows with LE and in healthy control elbows, 
in which three velocities on the involvement side were 
significantly lower than those on the healthy side (P<0.05). 
Additionally, the SWS obtained in the elbows with LE 
showed significantly higher values in post-therapy than in 
pre-therapy (P<0.05) (Table 2). 

The mean SWS was not associated with age and 
gender (P=0.363 and 0.192, respectively), and there 

Table 1 The baseline demographic data of the patients

Characteristic Patients (n=62)

Age [range], years 44.1±4.3 [30–50]

Sex (female/male) 39/23

Hand dominance (left/right) 8/54

Involvement (left/right) 11/51

Disease duration [range], days 52.1±40.2 [1–180]

Figure 3 Shear wave elastography (SWE) images of the bilateral common extensor tendon (CET) on longitudinal axis in a  
31-year-old female patient. (A) SWE of the healthy CET showing a mostly red region indicating the stiff tendon structures. Quantitative 
SWE measurements show the Cmean is 15.7 m/s. (B) SWE of involved CET showing the most blue or green areas indicating the soft tendon 
structures. Quantitative SWE measurements show the Cmean is 8.6 m/s.
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Figure 4 Shear wave elastography (SWE) images of the same common extensor tendon (CET) with LE on longitudinal axis (A) before 
non-operative treatment and (B) after non-operative treatment in a 40-year-old male patient. The change of shear wave speed (SWS) 
demonstrated that SWE could monitor the therapeutic effect.

≥600 kPa

≥600 kPa

480

360

240

120

480

360

240

120

0.0

1.0

2.0
0.0

1.0

2.0

0.0

1.0

2.0
0.0

1.0

2.0

Q-Box™
Mean	 435.4 kPa
Min	 283.0 kPa
Max	 600.9 kPa
SD	 75.7 kPa
Mean	 12.0 m/s
Min	 9.7 m/s
Max	 14.2 m/s
SD	 1.1 m/s
Depth	 0.8 cm
Diam	 2.00 mm

Q-Box™
Mean	 605.4 kPa
Min	 424.8 kPa
Max	 714.5 kPa
SD	 59.4 kPa
Mean	 14.2 m/s
Min	 11.9 m/s
Max	 15.4 m/s
SD	 0.7 m/s
Depth	 0.6 cm
Diam	 2.00 mm

A

B

Table 2 The SWS in bilateral elbows and involvement elbows for pre- and post-therapy

SWS (m/s)
Bilateral elbows LE elbows 

LE elbows Healthy elbows P Pre-therapy Post-therapy P

Cmean 9.6±1.4 13.6±1.1 <0.05 9.6±1.4 12.1±1.7 <0.05

Cmin 8.3±1.1 11.1±2.0 <0.05 8.3±1.1 9.60±1.9 <0.05

Cmax 10.9±1.8 15.1±0.8 <0.05 10.9±1.8 13.9±1.1 <0.05

Data are mean ± standard deviation. SWS, shear wave speed; LE, lateral epicondylitis; Cmean, mean velocities; Cmin, minimum velocities; 
Cmax, maximum velocities.
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was a low correlation between duration and mean SWS 
(P<0.05, R=0.258). However, an excellent correlation 
was obtained between dominance hand and involvement 
elbow (P<0.001, R=0.829). The results of inter- and  
intra-observer reliability of SWE measurements in  
20 patients are presented in Table 3 and Figure S2. There 
were excellent inter- and intra-observer agreements, as 
ICCs ranged from 0.900 to 0.993.

The ROC curves for the diagnosis of LE based on the 
SWS are illustrated in Figure 5, in which the Cmean displays 
the highest diagnostic accuracy. When the Cmean was used, 
both the sensitivity (93%) and specificity (93%) were high. 
The mean SWS cutoff value for determining the diagnosis 
of LE was 12.2 m/s, with an area under the curve of 0.973 
(95% CI: 0.949–0.997) (Table 4).

Discussion 

LE is more common in individuals 40–45 years of age 

or people with manual labor occupations, with men and 
women being affected equally (27,28). Despite tennis 
players making up less than 10% of the patient population, 
half of the tennis players do develop pain around the elbow, 
75% of which is characteristic of true “tennis elbow” (29,30). 
The diagnosis is usually clinical, but some LE patients may 
benefit from additional imaging for a specific differential 
diagnosis. Nowadays, alternative imaging is needed to help 
complementary diagnosis because of some limits of US and 
MRI, of which elastography is gradually attracting public 
attention. Increased tendon compressibility, indicative of 
tendon softening, is considered as a new sonographic sign of 
common extensor tendinopathy (31). Therefore, evaluation 
of tendon softening by elastography may be a beneficial 
method for discrimination of patients with LE. 

Lee et al. (13) measured the thickness of CET in patients 
with LE and found it was significantly thicker than that 
of healthy control subjects, which is consistent with our 
results. This phenomenon may be ascribed to the swelling 
caused by pathological changes of CET in LE, which leads 
to an increase in thickness. However, many dense collagen 
fibers contributing to increasing the thickness of normal 
CET probably results in stiffer elasticity (32).

Our study has demonstrated that the CET is softer in a 
diseased elbow when measured with SWE. Şendur et al. (32) 

Figure 5 The receiver operator characteristic (ROC) curve of 
mean, minimum, and maximum velocities (Cmean, Cmin and Cmax) 
from patients with lateral epicondylitis (LE).

Table 3 ICCs for inter- and intra-observer reliability for SWE measurements

Parameter
SWS (m/s) ICCs

Operator 1 Operator 2 Operator 1' Inter-observer Intra-observer 

Cmean 11.1±2.1 11.1±2.0 11.3±2.2 0.993 (0.983–0.997) 0.986 (0.964–0.994) 

Cmin 8.2±1.1 8.0±1.1 8.1±1.3 0.961 (0.903–0.985) 0.900 (0.746–0.960)

Cmax 9.8±1.6 9.8±1.6 9.7±1.7 0.979 (0.946–0.992) 0.971 (0.927–0.989)

Data are means ± standard deviation or median (95% CI). SWS, shear wave speed; Cmean, mean velocities; Cmin, minimum velocities; Cmax, 
maximum velocities; ICCs, intraclass correlation coefficients; CI, confidence interval.

Table 4 Sensitivity, specificity, and AUC values according to cutoff 
values

Parameter and 
cutoff value

Sensitivity Specificity AUC (95% CI)

Cmean, 12.2 m/s 93% 93% 0.973 (0.949–0.997)

Cmin, 9.27 m/s 89% 84% 0.939 (0.897–0.981)

Cmax, 12.9 m/s 100% 85% 0.952 (0.915–0.989)

Cmean, mean velocities; , minimum velocities; Cmax, maximum ve-
locities; AUC, area under curve.
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found that there was no difference of the CET elasticity 
in healthy volunteers between bilateral elbows. The CET 
origin is made up of the extensor carpi radialis longus 
and brevis, extensor digitorum communis, extensor digiti 
minimi, and the extensor carpi ulnaris (30). Microtears 
may occur when the tendon experiences excessive stress 
which will lead to the degenerative changes within the 
tendon, namely tendinosis. LE, reflecting an overuse 
injury primarily due to repetitive strain from tasks and 
activities, is a degenerative process and is characterized of 
angiofibroblastic hyperplasia, micro-rupture, an abundance 
of fibroblasts, vascular hyperplasia, and notably, a lack of 
traditional inflammatory cells within the tissue (15,30,33). 
These changes have been shown to play the most critical 
pathophysiological role in the production of LE and 
make the tendon softer. A decrease in CET stiffness was 
previously reported in patients with LE by real-time 
sonoelastography (23,24), which is consistent with our 
results wherein SWE-based measurements of the CET 
could directly reflect the change associated with the effect 
of LE on the tendon. Moreover, Sahan et al. (17) found 
that there was a statistically significant difference in terms 
of elasticity between the long head of the biceps tendon 
(LHBT) tendinosis and control groups with SWE (LOGIQ 
E9 sonographic system, GE Healthcare) and concluded that 
SWE may be a useful diagnostic tool for LHBT tendinosis. 
Therefore, SWE may help to discriminate a healthy elbow 
from a LE elbow, and with the diagnosis of LE. 

Another finding in our study was that the SWS was 
significantly higher in patients after non-operative 
management than before it. This may be ascribed to the 
individual difference in treatment effect and short treatment 
duration so that the post-therapy SWS did not increase 
to healthy levels. In fact, imaging is not necessary for 
LE unless the patient is not responding to nonoperative 
management modalities. However, our result demonstrated 
that SWE could not only help the diagnosis of the LE but 
also monitor the effectiveness of treatment.

The intra- and inter-observer agreements were assessed in 
our study. The measurements with SWE for CET obtained 
excellent ICCs (values of ICCs ranged from 0.900 to 0.993 
for Cmean, Cmin, and Cmax). The good intra- and inter-observer 
reliability indicates that this technique is reproducible for 
the evaluation of CET and seldom dependent on operators. 
Sendur et al. (32) applied SWE to evaluate the normal CET 
stiffness and showed the same significant interobserver 
agreement. However, they proposed that the results of the 
two observers were nearly equal because of the utilization 

of the same technique and learning methods, that may be 
why we achieved excellent ICCs. Therefore, the standard 
operating method makes SWE reliable and feasible to 
measure the LE.

The Cmean with a threshold of 12.2 m/s showed the best 
area under curve among mean, minimum, and maximum 
SWS, with a sensitivity and specificity of 93% and 93%, 
respectively. In the reported literature, both the sensitivity 
and specificity in the diagnosis of LE are better for SWE 
than for the gray-scale US (13-15). This finding implies it 
could favorably distinguish patients with LE from healthy 
subjects by using SWE, and the mean SWS could be used 
to identify LE better.

Our study has several limitations. First, the previous 
studies measured the three sections of CET (23), but we 
only chose one location where the lesion was. Another 
limitation was the small number of participants. In 
addition, we did not explore the correlations between SWE 
and clinical examinations, or the conventional US. We 
performed measurements only concerning SWE, and future 
studies would be essential to investigate the comparison 
among these different evaluation methods. 

In this study, the SWS of CET was lower under SWE 
in LE elbows compared to healthy elbows, and it increased 
after treatment. The excellent intra- and inter-observer 
reliability indicates that SWE is a reproducible technique 
for the evaluation of CET. Moreover, the sensitivity and 
specificity for SWE were both good in the diagnosis of 
LE. In conclusion, SWE with high reproducibility and 
diagnostic accuracy could become a valid imaging method 
for LE and could help monitor the therapeutic effect. 
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Figure S1 The scatter plots displayed the distribution of mean, minimum and maximum shear wave speed (SWS) and thickness for healthy 
CET (A,B,C,J), pre-therapy involved CET (D,E,F,K) and post-therapy involved CET (G,H,I,L). The x-axes, y-axes and solid lines represent 
the observed actual value of SWS and thickness, expected normal values calculated by formula and the theoretical distribution lines. The 
data are normally distributed as the scatter points are closed to the solid lines.
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Figure S2 Inter- (A,B,C) and intra-observer (D,E,F) reliability of mean, minimum and maximum shear wave speed (SWS) using the shear 
wave elastography (SWE). The dashed lines represent 1:1 identity lines and the solid lines represent trend lines of scatter plots.
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