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Abstract

Aim: To investigate strain (SE) and shear wave elastography (SWE) characteristics of the long head of the biceps tendon
(LHBT) tendinosis in comparison with magnetic resonance imaging (MRI) findings. Material and methods: Twenty patients
with a MRI diagnosis of tendinosis and twenty healthy subjects with normal LHBT in MRI were prospectively examined
by SE and SWE. SE color mapping was divided into four types in accordance with elasticity designs: type I predominantly
blue (hardest tissue), type II predominantly blue-green (hard tissue), type III predominantly green (intermediate tissue), type
IV predominantly green-yellow-red (soft tissue). Quantitative measurements of LHBT hardness with SWE were analyzed in
kilopascals (kPa). Results: In the tendinosis group SE types in transverse scan were I in 24% of tendons, II in 50%, IIT in 25%,
and in longitudinal scan I in 15%, I in 75%, and III in 10%. In the control group SE types in transversescan were II in 10% of
tendons, I1I in 55%, IV in 35%, and in longitudinal scan II in 10%, III in 55%, and IV in 35%. SWE values in transverse scan
were 38.32+7.2 kPa in the tendinosis group and 18.6+3.1 kPa in the control groupand in longitudinal scan 39.42+7.4 kPa in
the tendinosis group, and 20.624+4.6 in the control group. There was a statistically significant difference in terms of elasticity
patterns between the tendinosis and control groups (p<0.001). The receiver operating characteristic curve analysis was perfect
and a cut-off value of tranverse 25.8 kPa and longitudinal, 24.6 kPa shear values had very high sensitivity and specificity for
tendinosis. Conclusion: SE and SWE may be useful diagnostic tools for LHBT tendinosis when considering usability, cost

effectiveness, and patient preference compared to MRI.
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Introduction

Tendinopathy of the long head of the biceps tendon
(LHBT) is an important source of pain in the anterior
shoulder [1,2]. LHBT pathologies, mostly associated
with rotator cuff tears and superior labrum anterior to
posterior (SLAP) lesions, are also similar when clinically
characterized [1,3,4]. Accurate diagnosis of shoulder
tendon pathology for choosing medical or surgical treat-
ment, as well as for specific planning of surgical proce-
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dures is needed [5]. Conventional ultrasonography (US)
and magnetic resonance imaging (MRI) are commonly
used as noninvasive methods in patients diagnosed with
tendinopathy of the LHBT.

MRI and US have been applied due to many advan-
tages, including usability, cost effectiveness, and patient
preference. However, tendinitis and tendinosis lesions
are difficult, and in some cases impossible, to diagnose
with conventional US since it usually shows the same
echogenicity as the surrounding healthy tissue in the case
of tendinopathy [6,7]. In addition, US is dependent on the
practitioner. MRI is a noninvasive gold standard diagnos-
tic modality that provides information on LHBT, rotator
cuff tendons, soft tissues, and bone structures [6,8].

Sonoelastography is a new, non-invasive US method
used for evaluation of the elastic properties of tissues
based on static compression and cross-correlation meth-
ods, qualitatively and/or quantitatively. The main elasto-
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graphic techniques include strain elastography (SE), in
which the tissues are compressed axially, and shear wave
elastography (SWE), which uses waves that are gener-
ated by transducers and interact with the tissue [9-13].
Elastography has been successfully applied to lesions
of the breast, prostate, pancreas, lymph nodes, thyroid
gland, testes, and liver [9-13]. Nevertheless, it is not yet
routinely used in clinical practice in the diagnosis of ten-
dinopathy.

However, to our knowledge, there has been no study
usingboth SE and SWE in LHBT tendinopathies. The
purpose of ourstudy was to investigate the SE and SWE
characteristics of LHBT tendinopathies in comparison
with MRI.

Material and methods

Study population and inclusion criteria

We reviewed patients referred to our clinic between
January 2017 and July 2017 with shoulder pain and ten-
dinosis detected by MRI examination. Patients with ante-
rior shoulder pain and dysfunction for 2-12 months were
enrolled. A total of 158 shoulder MRIs of 158 patients
were reviewed; among them 20 patients with LHBT ten-
dinosis who complied with the criteria of our work and
agreed to participate in the study and 20 control subjects
with normal shoulder MRI were included in this study.
A total of 40 shoulder previous examined by MRIs were
enrolled. To reduce the effect of gender on the results,
the number of male and female was equalized in both
tendinosis and control group. LHBT tendinosis and the
control group were prospectively examined by sonoelas-
tography. In the patient and control groups, the dominant
handwas included in the study of the LHBT. There are
studies in the literature that show differences between
dominant hand muscle strength and size [14-16]. There-
fore, we preferred the LHBT on the side of the dominant
hand. The study was approved by the hospital Ethics
Committee and was conducted according to the Helsinki
Declaration. Voluntary informed consent was obtained
from all patients included in the study (Ethics committee
decision no: 04/05, date 07.02.2017).

Exclusion criteria

Subluxation and dislocation in the LHBT were ex-
cluded since this would cause tension on the tendon.
Acute trauma, LHBT tendon ruptures, adhesive capsuli-
tis, ipsilateral passed shoulder surgery, pseudo-palsy with
massive rotator cuff tear, advanced osteoarthritis, rotator
cuff muscle atrophy, fatty degeneration with massive ro-
tator cuff tear (greater than 2 cm), muscle diseases, der-
matomyositis and polymyositis were also excluded from
the study.

MRI examinations and interpretation

MRI was performed with a 1.5 Tesla MR device
(Philips MRI Systems, Achieva Release 3.2 Level 2013-
10-21, Philips Medical Systems Nederland B.V.) using
the surface shoulder coil. In the examination, T1 weight-
ed: T1-TSE (Turbo Spin-Echo) axial, T1-TSE oblique
coronal (780/15; FOV 14 cm; cross-sectional thickness
3.5 mm; intersection gap 0.4 mm; matrix 320 x 256),
T2 weighted: T2-FFE (Fast-Field Echo) axial, T2-TSE
oblique sagittal, T2 weighted fat-suppressed, T2-SPAIR
(spectral attenuated inversion recovery) axial and oblique
coronal (3400/50; FOV, 14 cm; cross-sectional thickness
3.5 cm; intersection gap 0.4 mm; matrix, 256 x 256) im-
ages were obtained. All MRIs were examined by com-
mon consensus by two radiologists experienced with the
musculoskeletal pathology (M.H.S, M.I. 2-5 years expe-
rience in the musculoskeletal system). On MRI, if no tear
of the LHBT tendon was detected, but fluid in the ten-
don sheath, increased signal and thickness of the tendon,
this was intepreted as tendinosis (fig 1). Thickness was
transverse measured at a distance of 1-2 cm distal to the
insertionof the LHBT.

Real-time sonoelastography and US examinations

Sonoelastography examinations of all participants
were carried out by one of two radiologists (M.H.S, V.B:
3 years experience in elastography with 10 years of con-
ventional US experience) using a LOGIQ E9 sonographic
system (GE Healthcare) with elastography software and
a linear array probe of 9L, 6-15L MHz. All participants
were in a sitting position, the arm in a neutral position, the
forearm on the thigh, with the fingers in supination [17].
This examination was standardized according to a pre-
viously published technique [18]. The probe was placed
anterior to the transverse and longitudinal shoulder. The

Fig 1. A 69 year-old male with LHBT tendinosis a) 2-FFE ax-
ial MRI image and b) T2-SPAIR coronal MRI image showing
thickening, signal increase, and fluid around the tendon (white
arrows).
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Fig 2. A 52 year-old female with LHBT tendinosis, strain elas-
tography, a) transverse and b) longitudinal scan with type I (blue)
elastographic patterns of the tendon.

Fig 3. A 47 year-old male with normal LHBT, strain elastogra-
phy: a) transverse scan, type IV patterns (green-yellow-red) of
the tendon; b) longitudinal scan type III pattern (green-yellow-
red) of the tendon.

kP:
Z E 43.77 kPy,
3 E 69.75kPa

Fig 4. A 52 year-old female with tendinosis of the LHBT, SWE
in a) transverse and b) longitudinal scan.

LHBT was examined in the bicipital groove, transverse
and longitudinal plane. In US examination, tendon echo-
genicity, thickness and fluid in the tendon sheath were
evaluated. Thickness was transverse measured at a dis-
tance of 1-2 cm distal to the insertion of the LHBT. B-
mode US was performed followed by SE and SWE, in
the same time. B-mode and elastographic images were
shown simultaneously side by side on a split-screen dis-
play. Images in SE were performed by applying mild
compression of the transducer with the hand-held device.
The compression bar indicator of 1 to 7 was monitored in
real time on the screen, and images were analyzed when
the ideal compression was applied, which was in the 5-7
bar range. Elastography images according to the different
levels of strain were displayed on the picture over a gray-
scale background in a color diagram that included red
(softest component), green (intermediate stiffness) and
blue (hardest component) [11]. SE patterns of the LHBT
of all participants were interpreted by two radiologists
with a common consensus. LHBT SE color mapping
was divided into four types: type I predominantly blue
(hardest tissue), (fig 2), type Il predominantly blue-green
(hard tissue), type III predominantly green (intermediate
tissue), type IV predominantly green-yellow-red (soft tis-
sue) (fig 3).

The images were saved in the transverse and longitu-
dinal plane from inside the equator of the LHBT.

Quantitative analysis of LHBT hardness with SWE
used kilopascal (kPa) measurement with a color scale of
0-150 kPa with a circular region of interest (ROI) area
of 2-4 mm diamenter, as displayed in figure 4. In the
longitudinal plane the measurements were performed
at 1-4 cm distance from the proximal limit of the bi-
cipital groove. In the transverse plane, for measurement
the place where the tendon was most prominent in the
bicipitalgroove was chosen. Sonoelastography proper-
ties were decided in consensus by two radiologists. The
quantitative value for LHBT was obtained with at least
three measurements and the mean values were used for
the statistical analysis.

Statistical analysis

Statistical analyses were performed using the SPSS
software package program (IBM), version 20.0. Data are
expressed as the arithmetical mean+standard deviation
(SD) or median (range), depending on normality as deter-
mined with the Shapiro-Wilk test. Differences between
genders and the distribution of groups was compared us-
ing the Chi-square test. Elasticity designs were investi-
gated using the chi-square test to assess the relationships
between them, and we classified primary color designs
and color designs to appraise the diagnostic ability of SE.
The student’s t-test was used to compare age, body mass
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index (BMI), LHBT thickness (in US and MRI), and SE
and SWE of tendinosis of LHBT and control groups. A
value of p<0.05 was considered statistically significant.

Receiver operating characteristic (ROC) curve analy-
sis was performed to define the diagnostic significance of
SWE values. ROC curves were used for the definition of
the diagnostic sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV). Sub-
sequently, the cut-off value of SWE for differentiation
between tendinosis of the LHBT and the control group
was determined.

Results

The age, gender, BMI, dominant hand, and US and
MRI tendon thickness in the LHBT tendinosis group and
control group are summarized in table I.

MRI examinations showed tendon signal increase
in 18 patients, irregular thickening of tendon in 2 pa-
tients, and fluid in all tendon sheaths in LHBT tendi-
nosis group. Signals of all tendons were normal, and

no fluid was seen in the tendon sheaths in the control
group. There wasdiffuse dishomogeneity in 12 tendons,
focal dishomogeneity increase in 5 tendons, fluid in the
sheath of all tendons, while 3 tendon echogenicity were
normal in the US examinations in the LHBT tendinosis
group. Echogenicity of all tendons were normal, and
no fluid was seen in the tendon sheaths in the control
group.

SE characteristics in transverse and longitudinal im-
ages between the two groups are shown in table II. SWE
characteristics in transverse and longitudinal images be-
tween the two groups are shown in table III.

ROC curve analysis gave a value of transverse im-
ages 0of 0.995 (p<0.001; 95% CI1=0.982-1.000) and longi-
tudinal images of 0.981 (p<0.001; 95% CI=0.949-1.000).
For the tendinosis group the shear value of 25.8 kPa in
the transverse plan had a very high sensitivity and speci-
ficity (100%), NPV, and PPV — 100% for all. The cut off
value of 24.6 kPa in the longitudinal plan had also a high
sensitivity and specificity, NPV, and PPV: 100%, 90%,
100%, and 90.91% respectively.

Table I. Comparison of age, gender, BMI, dominant hand, US and MRI tendon thickness between LHBT tendinosis and control

groups.
Measurements LHBT tendinosis (n=20) Control group (n=20) P values
Gender (M:F) 10:10 10:10 1.00
Age (years) 54.55+10.1 47.55+11.9 0.53
BMI (kg/m?) 27.15+4.12 27.55+4.77 0.77

US tendon thickness (mm) 2.88+0.42 2.29+0.3 <0.001
MRI tendon thickness (mm) 2.8+0.54 2.17+0.24 <0.001
Dominant hand 5 Left:15 Right 3 Left:17 Right 0.695

The results are expressed as mean+standard deviation; LHBT — long head of the biceps tendon; M — Male; F — Female; BMI — Body mass

index; US — Ultrasonography; MRI — Magnetic resonance imaging

Table II. Distribution of strain elastography patterns in LHBT tendinosis and control groups.

Paterns LHB tendinosis Control group P values
Transverse Longitudinal Transverse Longitudinal

Blue (type I) 5(25) 3(15) 0(0) 0 (0) <0.001

Blue-green (type II) 10 (50) 15 (75) 2 (10) 2 (10)

Green (type I1I) 5(25) 2 (10) 11 (55) 11 (55)

Green-yellow-red (type IV) 0 (0) 0 (0) 7 (35) 7 (35)

The result are expressed as number (%); LHBT — long head of the biceps tendon

Table III. Comparison of the mean values of shear wave elastography between LHBT tendinosis and control groups.

LHB tendinosis P values
Transverse Longitudinal
SWE (kpa) 38.32+7(28.4-55.9) 39.42+7.4(28-54)
<0.001

Control group
18.6+3.4(14.3-28.8)

20.62+4.6(13.3-30)

Categorical data are presented as mean+standard deviation and range. LHBT — long head of the biceps tendon; SWE — shear wave elastog-

raphy.
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Discussions

Tendinosis describes a chronic tendon injury with
degeneration at the cellular level and no inflammation
[19-22]. Type I collagen fibers are predominantly present
in the healthy tendon. Type I collagen is the most im-
portant component in tissue elasticity. With tendinosis,
type I collagen fibers are thinner and loosely organized
[19]. These structural changes are related to tissue dam-
age and include both degenerative areas as well as reac-
tive areas where progressive healing or fibrosis appears
[19,20]. These degenerative areas on the tendon are seen
as an increase in the tendon signal in MRI associated
with loss of normal fibrillary pattern [6]. Degenerative
changes are seen as hypo- or hyperechoic dishomogene-
ous thickening, diffuse or focal, of the tendon in B-mode
US [23,24]. In recent years, many studies have reported
connections between the histologic features and tissue
elasticity [25,26]. Tendinosis is expected to decline in
tendon elasticity due to chronic degeneration and fibro-
sis [19,20,22]. SE and SWE provide information on the
hardness or softness of the tissue in relation to the state
of the disease [27,28].

Seo et al [18] performed SE elastography evaluation
of LHBT tendinitis and tendinosis in comparison with
B-mode US and found SE to be a potentially clinically
useful values in excellent agreement with the conven-
tional US in the differentiation of intratendinous and
peritendinous changes. SE and US findings were com-
pared, with transverse and longitudinal ultrasound im-
ages were found positive correlatesd. In our study, both
SE and SWE in LHBT tendinopathies were evaluated in
comparison with high diagnostic value MRI, which is
the gold standard diagnostic method in LHBT pathology.
However, to our knowledge, both qualitative and quan-
titative sonoelastographic examination of the LHBT has
not been reported in the literature.

In the musculoskeletal system, similar sonoelastog-
raphy studies of other tendon pathologies have been per-
formed. De Zordo et al [27,29] found sonoelastography
to be sensitive in detecting tendon changes in lateral epi-
condylitis and Achilles tendinopathy compared with US
findings. Ooi et al [30] showed an excellent correlation
with US findings in Achilles tendinopathy. Klauser et al
[31] found a consistent histological comparison between
US findings and SE values of common extensor tendi-
nopathy. Park et al [32] reported as a powerful diagnostic
tool providing additional information on lateral elbow
tendinopathy US findings. Galletti et al [23] reported SE
as a complementary method to the US in a study involv-
ing extensive tendon pathologies ofthe upper and lower
limbs tendons. Seo et al [33] examined in the supraspina-

tus tendon for intratendinous and peritendinous changes
and established an excellent correlation between MRI
and conventional US findings. Lee et al [6] used MRI
to evaluate tendinosis grade and compared this with SE,
showing that sonoelastography may be a useful diagnos-
tic tool in supraspinatus tendinopathy.

As mentioned, many sonoelastographic studies on
tendon pathologies have been performed, mostly com-
pared with US, and most of them used the strain elastog-
raphy technique, but studies with the SWE technique are
more limited. Zhang et al [34] reported a thickening and
hardening of patellar tendinopathy on SWE examination
of 33 male athletes with patellar tendinopathy compared
to healthy volunteers. Petrescu et al [35] evaluated nor-
mal and pathologic Achilles tendon by SWE and exam-
ined post-operative Achilles tendon with US and MRI.

Our study was a comparison with MRI and both SE
and SWE techniques were used. Aubry et al [36] inves-
tigated the differences in viscoelastic properties between
normal and pathologic Achilles tendons using real-time
SWE. Tendon softening assessed using SWE appeared
to be highly specific, but sensitivity was relatively low.
The tendon pathology described in this study is tendini-
tis. Tendon pathology in our study is tendinosis.

According to our study, SE and SWE sonoelastog-
raphy in the diagnosis of LHBT tendinosis was close to
the diagnosis from MRI, with a very high sensitivity and
specificity and high diagnostic accuracy.

Limitations of the study: first, overrated the results of
the study because of the small population; second, the vast
majority of patients with biceps tendon pathology are as-
sociated with rotator cuff pathologies, and pathological
changes in the biceps tendon were related with this chronic
process; third, inability to predict the effects of the fluid in
the tendon sheath on the results of the sonoelastography;
fourth, the images obtained by SE depend on operator-ap-
plied pressure, and although the operator’s dependence is
a known difficulty, we tried to obtain appropriate images
by applying some pressure on the probe by monitoring the
quality factor; fifth, in MRI, the fluid in the tendon sheath
may cause false positive results. Nevertheless, we think that
this study is meaningful. Additional comprehensive studies
are required with clinical examinations, MRI, arthroscopy
and histologic findings, in a comparison with elastography.

No significant difference was found in the elasto-
graphic examinations of the fluid and non-fluid portions
of the tendon sheath. However, this can be regarded as a
limitation of our work as mentioned above. In our study,
SE and SWE examinations showed stiffness in the ten-
dons with dishomogeneity. As a matter of fact, there are
publications in the literature which show that the disho-
mogeneity is caused by degeneration and fibrosis [23,24].
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When compared with MRI, sonoelastography showed
high sensitivity and specificity in the diagnosis of tendi-
nosis. In LHBT tendinosis, SE and SWE indicated that
the resulting LHBT hardness was significantly increased
compared to healthy individuals. Accordingly, these
measurements can be indicative of significant hardening
in LHBT tendinosis. Our study represents the first sonoe-
lastographic study in the literature on LHBT tendinosis
that has used both SE and SWE techniques.

In conclusion tendinosis of the LHBT can be diag-
nosed with conventional US. When SE and SWE were
added to the evaluation, we found very high sensitivity
and specificity values, close to the MRI diagnosis. SE
and SWE may be useful diagnostic tools for LHBT tendi-
nosis when considering usability, cost effectiveness and
patient preference compared to MRI.
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