
SCIENTIFIC ARTICLE

Interobserver variability and stiffness measurements of normal common
extensor tendon in healthy volunteers using shear wave elastography
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Abstract
Objectives The purposes of our study are to determine the quantitative elasticity values of normal common extensor tendon
(CET) and to assess the interobserver variability of stiffness measurements using shear wave elastography (SWE).
Materials and methods A total of 60 CETs of 30 (15 female, 15 male, mean age 30.2 years) healthy volunteers without any
symptoms of lateral epicondylitis were examined by two radiologists. Age, sex, height, weight, body mass index (BMI), and
dominant hand of all participants were noted. The first observer performed B-mode and SWE imaging, and the second observer
performed only SWE imaging. Tendon thickness and stiffness values in kPa were measured.
Results The mean thickness of CETs was 3.57 ± 0.36 mm. The mean stiffness values of CETs for two observers were 45.28 ±
9.82 kPa and 45.80 ± 9.72 kPa respectively. Tendon thickness had a weak correlation with weight (r = 0.281, p = 0.03), and
moderate correlation with stiffness values (r = 0.429, p < 0.001). The mean interobserver difference of CET stiffness measure-
ments was −0.5% of the mean CET stiffness values. Range of measurement error, defined as 95% limits of agreement, was
±23.5%. There was no significant difference between absolute values of interobserver measurements (p = 0.741).
Conclusion Shear wave elastography is a reproducible imaging technique for the evaluation of CET elasticity and the standard
stiffness values of normal CET can be used as reference data to differentiate normal from pathological tissues.
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Introduction

Common extensor tendon (CET), which attaches to the lateral
epicondyle of the humerus, arises from the fibers of extensor
carpi radialis brevis, extensor digitorum, extensor digiti
minimi, and extensor carpi ulnaris muscles [1, 2]. Its main
function is to transmit the forces produced by these muscles
to bone during wrist extension. Lateral epicondylopathy,
known as Btennis elbow ,̂ is associated with the overuse of
CET and frequently causes lateral elbow pain [2, 3]. This
clinical entity affects approximately 1.3% of the middle-
aged population [4]. Although, the diagnosis is commonly
made by the clinical findings, sonography or MRI may be

performed to provide information about the differential diag-
nosis and severity of the disease [3, 5]. Despite the higher
sensitivity of MRI in the precise evaluation of CET, sonogra-
phy may be more practical in clinical routine owing to its low
cost and relative short-time requirement in addition to the
superficial location of the tendon [6, 7].

Elastography techniques assess the biomechanical and
structural properties of tissues [3, 8]. SWE is a relatively
new technique that evaluates the tissue elasticity quantitative-
ly [9]. Shear waves move faster in harder materials [9, 10] and
this technique can provide useful information for the diagnosis
of pathological conditions that alter the tissue stiffness.

In recent years, assessment of tendons by ultrasound
elastography has risen considerably. Achilles tendon is the
most frequently investigated musculoskeletal tissue by
elastography and most of our increasing knowledge about
the elasticity features of tendons originates from the strongest
tendon of the body [11]. Thus, investigations of specific ten-
dons will bridge the gap in the literature by contributing to the
information about tendon elasticity.

Previous studies [3, 5, 7, 12] evaluated the diagnostic per-
formance of different elastography techniques in cases of
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lateral epicondylopathy. These studies revealed that the
elastography imaging is a useful complementary method in
the differentiation of pathological tendons from healthy ten-
dons. A limited number of studies have evaluated the elasticity
features of CETand in almost all of these studies the compres-
sion elastography technique was used. Furthermore, several
investigations that assessed the reproducibility of SWE of the
tendons exist [13, 14]. However, to the best of our knowledge,
no study has yet assessed the reproducibility of SWE of the
CET. Therefore, establishing stiffness measurements of nor-
mal CET by SWE and assessing the interobserver variability
of this method will be beneficial as reference data. Our study
is aimed at determining a reference data set for stiffness values
of normal CET and to assess the interobserver variability of
stiffness measurements by using SWE.

Materials and methods

This prospective study was approved by the institutional re-
view board and written informed consent was obtained from
all participants. Thirty healthy volunteers (15 women, 15
men) without any symptoms (pain or tenderness at the lateral
aspect of elbow and painful resisted wrist extension) of lateral
epicondylitis were enrolled to our study. History of previous
elbow operation, elbow deformity, and systemic inflammatory
disorders were used as exclusion criteria. Age, sex, height,
weight, body mass index (BMI), and dominant hand of all
participants were also noted.

Two observers participated in this study and both of them
used the same ultrasound system (LOGIQ E9; GE Medical
Systems, Wisconsin, USA) with a 9-MHz linear probe. The
f i r s t ob s e r v e r (HNS , 11 yea r s expe r i e n c ed i n

musculoskeletal radiology) performed B-mode ultrasound
and measured thickness of bilateral CETs (n = 60) of all
volunteers at the level of the humeroradial joint and then
used the SWE imaging to measure the stiffness values of
all subjects in kPa consecutively (Figs. 1, 2). The second
observer (EC, 10 years experienced in musculoskeletal ra-
diology) performed only elastographic evaluation of all
CETs just after the first examination had ended. The ob-
servers were blind to their results. All the volunteers were
examined in the sitting position with 90° flexion of elbow
and the thumbs up. The tip of the linear probe was covered
with a generous amount of ultrasound gel and to avoid an-
isotropy, the probe was placed parallel to the longitudinal
axis of the CET. The stiffness measurements were made by
using 2-mm region of interest (ROI) at the level of the
capitellar region. All ROIs included only the tendon struc-
ture. CET stiffness values were measured three times by
both observers and the median of the consecutive three mea-
surements was recorded. Consecutive measurements were
made from approximately the same area of the tendon at the
capitellar region on different elastography images.

All statistical analyses were performed using SPSS 22.0
software for Windows (IBM Corp, Armonk, NY, USA). The
descriptive statistics of the data is composed of mean, standard
deviation, median, minimum, and maximum values. The
range of variables was analyzed using the Kolmogorov–
Smirnov test. Pearson’s correlation test was used to evaluate
correlation analysis. Bland–Altman plots were used to assess
interobserver variability. The mean difference and 95% limits
of agreement in CET stiffness measurements between two
observers were analyzed [15]. The absolute values for inter-
observer variability were compared using the paired t test. P
value of < 0.05 was considered significant.

Fig. 1 B-mode ultrasound of the
common extensor tendon (CET)
of a 22-year-old male participant.
CET thickness was measured as
3.72 mm at the level of the
humeroradial joint. R radius, LE
lateral epicondyle
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Results

The demographic characteristics of the participants are pre-
sented in Table 1. Mean age of the participants was
30.2 years (age range 21 to 48). All CETs demonstrated
normal fibrillar echotexture, straight contours, and none of
them included any sonographic abnormality that could be
associated with lateral epicondylopathy. The mean thick-
ness of CETs was 3.57 ± 0.36 mm. Age, sex, height, and
dominant hand had no significant correlation with tendon
thickness. Tendon thickness had a weak correlation with
weight (r = 0.281, p = 0.03). The mean stiffness values of
CETs for two observers were 45.28 ± 9.82 kPa and 45.80 ±
9.72 kPa respectively. Table 2 summarizes the measure-
ments. Age, sex, weight, height, and dominant hand had
no significant effects on SWE measurements. There was a
moderate correlation between tendon thickness and stiff-
ness values (r = 0.429, p < 0.001). Figure 3 presents
Bland–Altman plots of pairs of stiffness measurements that
show the 95% limits of agreement and median of differ-
ences for interobserver variability. The mean interobserver
difference of CET stiffness measurements was −0.5% of the

mean CET stiffness values. Range of measurement error,
defined as 95% limits of agreement, was ±23.5%. There
was no significant difference between absolute values of
interobserver measurements (p = 0.741).

Discussion

In this study, we measured the CET thickness at the level of
the humeroradial joint. The mean thickness of normal CETs
was 3.57 ± 0.36 mm. Jaén-Díaz et al. [2] determined the struc-
tural and sonographic properties of CETs in the general pop-
ulation and measured the tendon thickness as 4.63 mm at the
capitellar region for normal elbows. They found that the CET
was significantly thicker in the dominant elbow and male
patients, and tendon thickness correlated weakly with age
and moderately with weight. However, our results revealed
no significant changes with age, sex, and dominant side. In
our study, we only found that tendon thickness had a signifi-
cant correlation with weight. In comparison to the study by
Jaén-Diaz, our study included a smaller number and narrower

Fig. 2 Shear wave elastography (SWE) of the CET on the longitudinal axis of a 29-year-old female participant. Stiffness of the CETwas measured as
36.41 kPa at the capitellar region

Table 1 The demographic characteristics of the participants

Variables Participants (N = 30)

Age (range) 30.2 ± 6.52 (21–48 years)

Sex (male:female) 15:15

Weight (kg) 71.7 ± 12.41

Body mass index (kg/m2) 24.27 ± 3.35

Dominant hand (right:left) 25:5

Table 2 Measurements of the common extensor tendon

Parameter Observer 1 Observer 2

Thickness (mm) 3.57 ± 0.36

SWE (kPa)

Mean ± SD 45.28 ± 9.82 45.80 ± 9.72

Median 44.6 43.7

Minimum to maximum 30.8–80.2 29.1–69.4

SWE shear wave elastography
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age range of participants. The differences in the study popu-
lation may be the reason why we could not find the same
relationships. Toprak et al. [16] compared the value of CET
thickness measurements at the capitellar region and at the
humeroradial joint level in the diagnosis of lateral
epicondylopathy. They found that when using these two mea-
surements together as an addition to qualitative findings, the
sensitivity and specificity of evaluation increased to 93% and
91% respectively. They also measured the CET thickness of
the control group at the humeroradial joint level to be 3.24mm
and 3.53 mm for nondominant and dominant sides respective-
ly, which are compatible with our measurements. Lee et al.
[17] reported that CET thickness measurement greater than
4.2 mm had sensitivity, specificity, and accuracy of 78.4%,
95.2%, and 87.7% respectively, in the diagnosis of lateral
epicondylopathy. They measured the CET thickness at the
level of the capitellar region. Thus, according to the results
of our study and Toprak et al. [16], this cut-off value was
estimated to be lower when measuring the tendon thickness
at the humeroradial joint level. In our daily practice, we mea-
sure the tendon thickness at the humeroradial joint level.
However, for stiffness measurements we preferred the
capitellar region, the closer portion of the tendon to the lateral
epicondyle of the humerus, which is more likely to be affected
in cases of lateral epicondylitis.

Dirrichs et al. [12] evaluated the SWE of Achilles, patellar,
and humeral epicondylar tendinopathies. These researchers
measured the stiffness values of 25 asymptomatic and 41
symptomatic humeral epicondylar (both radialis and ulnaris)
tendons. The mean stiffness measurements for asymptomatic
and symptomatic tendons were 176.2 ± 18.2 kPa and 64.1 ±
29.3 kPa respectively. These results are considerably different
from our measurements (45.28 ± 9.82 kPa for the first observ-
er and 45.80 ± 9.72 kPa for the second observer in our study).

According to our clinical experience, we observe that the
healthy tendons are not stiff as those mentioned in that study.
Arda et al. [18] measured the SWE values of various soft
tissues in a healthy cohort and they found the elasticity values
for Achilles tendons to be 51.5 ± 25.1 kPa, which is compat-
ible with our stiffness measurements in this study and in clin-
ical experience of stiffness of the tendons. However, Dirrichs
et al., in the aforementioned study, performed imaging in a
different position (relaxed upper extremity and slightly bent
position) and used a different ultrasound system (Aixplorer;
SuperSonic Imagine, Aix-en-Provence, France) which may
have affected the elasticity measurements. Further studies
should focus on clarifying these issues.

Tendon thickness increases in tendinopathies [1, 2, 17]
and affected tendons are expected to show soft structure
properties [3, 5, 12]. Our results revealed that there was a
significant correlation between tendon thickness and stiff-
ness measurements (r = 0.429, p < 0.001). Our results lead
us to think that when a healthy tendon increases in size, it
probably includes many more amount dense collagen fibers
structurally, which may cause stiffer elasticity other than
pathological tendon thickening.

The mean stiffness values of CETs for two observers were
very similar (45.28 ± 9.82 kPa for the first observer and 45.80
± 9.72 kPa for the second observer) and there were no signif-
icant differences between absolute values of interobserver
measurements (p = 0.741). This significant interobserver
agreement indicates that SWE is a reproducible technique
for the evaluation of CET elasticity and the stiffness values
of normal CET can be used as reference data to differentiate
pathological conditions. Furthermore, despite the range of
measurement error of ±23.5% for stiffness measurements, uti-
lization of the same technique and learning methods by the
two observers likely led to the nearly equal results. This may

Fig. 3 Bland–Altman plots of
common extensor tendon (CET)
stiffness measurements by two
observers. Difference in stiffness
values between observers 1 and 2
is plotted against the mean CET
stiffness values of two observers.
The red line indicates the mean
difference of all measurements
(n = 60) and the green lines
denote 95% limits of agreement
(mean ± 1.96 SD)
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be an interesting investigation point and further studies should
elicit the effects of institutional learning curves on the SWE
measurements of tendons.

The main limitation of our study is the relatively small
number of participants. On the other hand, we did not assess
the intra-observer variability, which has potential differences
in the evaluation of elasticity of the tendons. Shin et al. [19]
demonstrated that shear wave velocities change with different
ultrasound devices, transducers, and acquisition depths. Thus,
it may not be possible to generalize our results for all the
ultrasound devices on the market. Future researches, including
inter- and intra-observer variabilities with larger study groups,
different ultrasound devices, and more than two observers in
the assessment of CETs by SWE, will contribute to the knowl-
edge of the elasticity characteristics of the CET. However, our
results can be considered as an initial step in the elasticity
measurements of normal CET using SWE.

In conclusion, SWE is a reproducible imaging technique
for the evaluation of the elasticity of CET and the data obtain-
ed for stiffness values of normal CET from our study can be
used as reference data to differentiate normal from patholog-
ical tissues.
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