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Abstract—Acoustic radiation force impulse (ARFI) imaging enables the sonographic measurement of tissue stiff-
ness. The aim of this study was to evaluate if experience in ARFI imaging influences the reproducibility of ARFI
imaging of the head and neck. Three experienced sonographers and three inexperienced sonographers performed
ARFI imaging of thyroid, submandibular and parotid glands in 10 healthy volunteers. The examination was
repeated after 2 wk. Ten single ARFI measurements were done in every gland. Inter-rater and intra-rater reli-
ability was analyzed using the intra-class correlation coefficient (ICC).Moderate agreement was observed between
experienced and inexperienced examiners (ICC5 0.46). In salivary glands, agreement was fair between the groups
(ICC 5 0.33), whereas in separate evaluations, inter-rater reliability in the submandibular glands was moderate
(ICC5 0.52), and that in the parotid glands, only poor (ICC5 0.09). For ARFI imaging of the thyroid gland, there
was moderate agreement between the groups (ICC5 0.50). The intra-rater reliability for the salivary and thyroid
glands together and separately was strong in both groups. ARFI imaging of the thyroid and salivary glands did
exhibit good reproducibility. ARFI imaging of the thyroid gland reached the highest levels of inter- and intra-
observer agreement in both groups. ARFI imaging in salivary glands is only reproducible with experienced exam-
iners. (E-mail: b.hofauer@tum.de) � 2016 World Federation for Ultrasound in Medicine & Biology.
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INTRODUCTION

The evolution of new sonographic modalities, in partic-
ular real-time elastography (RTE) and shear wave
velocity-based methods, such as Virtual Touch imaging
(VTI) and quantification (VTQ, synonymously used in
the literature is acoustic radiation force impulse imaging
or shear wave elastography) or contrast-enhanced ultra-
sound (CEUS), facilitated new diagnostic options in the
evaluation of pathologies in numerous regions of the hu-
man body (Knopf et al. 2012). The ability of shear wave
velocity as an approach to the highly localized evaluation
of tissue characteristics has been prescribed by Sarvazyan
et al. (1998) and further investigated in breast lesions by
Nightingale et al. (2000). Sonoelastographic evaluation

has already been proven to be beneficial in the evaluation
of suspicious mammary lesions and in the evaluation of
liver fibrosis and cirrhosis (Au et al. 2014; Barr and
Zhang 2012; Beland et al. 2014; Çebi Olgun et al.
2014; Chang et al. 2011; Fleury et al. 2009; Fraquelli
et al. 2007; Piccinino et al. 1986; Tozaki et al. 2011).

As most organs in the neck have good accessibility
for sonographic examination, sonography had already
represented the most important imaging method in this
area. Various investigations on the diagnostic use of elas-
tographic modalities in the neck have been conducted,
predominantly on the evaluation of salivary and thyroid
gland pathologies, but also for the assessment of suspi-
cious cervical lymph nodes (Choi et al. 2013; Lyshchik
et al. 2007). The application of elastography in the
differentiation of thyroid nodules has been investigated
by various study groups, and it was reported that
elastography not only provides further information on
tumor characteristics, but also has good diagnostic
performance in discrimination between benign and
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malignant nodules, possibly reducing unnecessary
biopsies (Grazhdani et al. 2014; Hou et al. 2013; Lin
et al. 2014; Park et al. 2009; Zhang and Han 2013;
Zhang et al. 2013, 2014a, 2014b, 2014c, 2015). The
evaluation of tissue characteristics with elastography in
salivary gland pathologies proved to be beneficial in the
assessment of solitary, circumscribed salivary gland
lesions and in the evaluation of diffuse salivary gland
diseases. Acoustic radiation force impulse (ARFI)
imaging reveals alterations in salivary glands after
radiation therapy of the head and neck and is a reliable
tool for the identification of early disease stages in
primary Sj€ogren’s syndrome (Badea et al. 2013; Knopf
et al. 2015; Mansour et al. 2012, 2015).

For qualitative elastographic modalities, such as
RTE and VTI, interpretation of the generated elastogram
by the sonographer is required, whereas ARFI imaging is
a quantitative method and is therefore postulated to be
less operator dependent (Fukuhara et al. 2014). However,
it must be taken into consideration that even though no
further interpretation of the elastogram (e.g.,with scoring
systems) is required, there have been reports on various
factors influencing the acquisition of ARFI images. One
factor influencing the results of ARFI imaging in salivary
glands is the degree of pre-compression (Mantsopoulos
et al. 2015). Other limitations of ARFI imaging in the
neck are the depth of the selected region of interest
(ROI) and tissue characteristics, which can influence
shear wave propagation. These findings illustrate that
there is in fact operator dependence in ARFI imaging.

The aim of this study was to determine if experience
in ARFI imaging of thyroid and salivary glands has an in-
fluence on the reproducibility of the results generated in a
population of healthy volunteers.

METHODS

Probands
Ten healthy volunteers from the Department of

Otorhinolaryngology/Head and Neck Surgery were
included as probands in this study. There were five female
and five male probands with an average age of
28.9 6 3.3 y. The mean body mass index (BMI) was
22.4 6 2.0 kg/m2. The volunteers had no history of thy-
roid or salivary gland disease, and blood tests revealed
no abnormalities in thyroid hormones or antibodies.

Ultrasound examination
The Acuson S2000 ultrasound system (Siemens

Healthcare, Erlangen, Germany) was used for sono-
graphic examinations. ARFI imaging was performed
with a B-mode–ARFI combination linear transducer (9
L4, Siemens Medical Solutions). ARFI imaging was per-
formed on the right thyroid lobe, right submandibular

gland and right parotid gland. The imaging frequency
used was 8 MHz. The ARFI push pulse frequency was
4 MHz. With ARFI imaging (synonymous with Virtual
Touch quantification), a single focused push pulse is
directed to the left side of the region of interest, gener-
ating shear waves. The peak of the shear waves is tracked
by detection beams across the ROI. The elements of the
probe used are dependent on the depth and steered angle
of the ROI. Shear wave velocity was obtained. Every ex-
amination consisted of 10 single measurements of every
gland at a depth of 1.0 cm in the center of the thyroid
and submandibular glands and in the center of the caudal
pole of the parotid gland, to guarantee a maximum dis-
tance to the jawbone or adjacent blood vessels (Fig. 1).
The mean value of the 10 single measurements was calcu-
lated and used for further analyses. Measurements were
obtained with moderate transducer pressure timed to the
absence of swallowing maneuvers. This examination pro-
tocol was previously prescribed by our study group
(Knopf et al. 2015). To avoid circadian variation in
ARFI values, the examinations were all performed during
the same time period in the morning. The probands were
asked not to eat, drink or smoke for 2 h before the
examination.

Two groups of examiners performed the examina-
tion protocol: both groups consisted of sonographers
with long experience in head and neck sonography, but
one group consisted of three sonographers with at least
4 y of daily practice in ARFI imaging and therefore
was the experienced group, whereas the other group con-
sisted of three sonographers without additional experi-
ence in the field of ARFI imaging and therefore was the
inexperienced group. Before initiation of this study, the
inexperienced group received instructions on ARFI imag-
ing (including the correct application, mechanics, physics
and potential pitfalls) by a certified medical sonography
instructor who was not one of the examiners. The ultra-
sound examination was repeated by every sonographer
after an interval of 2 wk to enable calculation of intra-
rater reliability, after inter-rater reliability had been
calculated.

Statistical analysis
For statistical analysis, Version 23.0 of the Statistical

Package for Social Sciences software (IBM, Armonk, NY
USA) was employed. Data are reported as the
mean 6 standard deviation if not otherwise stated.
Inter-rater and intra-rater reliability was analyzed using
the intra-class correlation coefficient (ICC), as ARFI
values are continuous variables. Inter-rater agreement
was calculated on the ARFI values of the experienced
and inexperienced groups. Intra-rater agreement was
calculated on the values from the first and the second
ARFI evaluations. ICC values can range between 11
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