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Abstract—QOur aim was to prospectively evaluate inter- and intra-observer agreement between Breast Imaging
Reporting and Data System (BI-RADS) classifications and Tsukuba elasticity scores (TSs) of breast lesions. The
study included 164 breast lesions (63 malignant, 101 benign). The BI-RADS classification and TS of each breast
lesion was assessed by the examiner and twice by three reviewers at an interval of 2 months. Weighted « values
for inter-observer agreement ranged from moderate to substantial for BI-RADS classification (xk = 0.585-0.738)
and was substantial for TS (x = 0.608-0.779). Intra-observer agreement was almost perfect for ultrasound (US)
BI-RADS (k = 0.847-0.872) and TS (x = 0.879-0.914). Overall, individual reviewers are highly self-consistent
(almost perfect intra-observer agreement) with respect to BI-RADS classification and TS, whereas inter-
observer agreement was moderate to substantial. Comprehensive training is essential for achieving high agree-
ment and minimizing the impact of subjectivity. Our results indicate that breast US and real-time elastography
can achieve high diagnostic performance. (E-mail: rosanna.zanetti@usb.ch)  © 2016 The Authors. Published
by Elsevier Inc. on behalf of World Federation for Ultrasound in Medicine & Biology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION taller than wide. In addition, BI-RADS classifies solid
breast lesions according to their risk of malignancy.
Cysts, solid lesions with unchanged or diminishing size
and benign features in follow-up, as well as solid lesions
with known histology, are classified as BI-RADS 2 or
benign lesions. A solid breast lesion without any suspi-
cious features is considered BI-RADS 3 or probably
benign, whereas BI-RADS 4 indicates a suspicious
finding and BI-RADS 5 is highly suggestive of malig-
nancy. A known biopsy-proven malignancy is classified
as BI-RADS 6. A normal sonographic breast examination
without any lesions is considered BI-RADS 1. An incom-
plete examination or the need for additional imaging
evaluation is described as BI-RADS 0.

A number of factors, however, influence BI-RADS
classification. For example, considerable overlap in the
US appearance between malignant and benign breast le-

In breast ultrasonography (US), lesions are classified on
the basis of their sonographic features into categories
2-6 according to the Breast Imaging Reporting and
Data System (BI-RADS) (American College of
Radiology [ACR] 2013). Solid breast lesions are charac-
terized according to shape (oval, round, irregular); orien-
tation (parallel, not parallel); margins (circumscribed, not
circumscribed); echo pattern (anechoic, hyper-echoic,
complex cystic and solid, hypo-echoic, iso-echoic and
heterogeneous); and posterior acoustic features. Benign
masses are round or oval and wider than tall, with smooth,
defined margins. In contrast, malignant masses tend to be
irregular, with ill-defined to spiculated margins, and are
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sions introduces observer variability. More significantly,
US is an operator-dependent examination because the
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detection, description and interpretation of breast lesions
are based solely on the examiner (Berg et al. 2006). Oper-
ator dependence has been investigated by determining
weighted « values of US BI-RADS final assessment be-
tween different examiners (see Table 1 and references
therein). An early study by Skaane et al. (1997) reported
moderate agreement between examiners in their interpre-
tation of breast US (k = 0.48). Subsequently, Baker et al.
(1999) confirmed a moderate (k = 0.51) inter-observer
agreement. These authors also explored intra-observer
agreement, which they found to be substantial (k = 0.66).
In addition to the morphologic features seen in ultra-
sound, the elastic properties of soft tissues of the breast
can be used as a parameter for diagnostic procedures.
For example, real-time elastography (RTE) explores the
difference in stiffness in benign and malignant breast le-
sions compared with the surrounding normal parenchyma
at the macroscopic scale (Itoh et al. 2006; Sadigh et al.
2012). More recently, indentation-type atomic force mi-
croscopy has emerged as a novel diagnostic tool that al-
lows mapping of the stiffness of unadulterated breast
biopsies at nanoscale resolution (Plodinec et al. 2012).
In RTE, strain data obtained from tissue displace-
ment produced by external compression with the probe
is used to form a strain image (Itoh et al. 2006). Harder
areas exhibit less tissue displacement, whereas softer
areas exhibit more displacement. Strain distribution,
which is inversely related to tissue stiffness, is visualized
as a color-coded map that is superimposed on the B-mode
image of conventional US. To standardize the interpreta-
tion of strain images, Itoh et al. (2006) developed the Tsu-
kuba elasticity score (TS). Like the BI-RADS lexicon for
breast US, TS defines parameters to standardize the inter-
pretation of RTE. According to the Tsukuba elasticity

score illustrated in Figure I, TS1 and TS2 represent
benign breast lesions, TS3 probably benign, and TS4
and TS5 malignant.

In clinics, RTE is not used as the sole examination
procedure, but as a non-invasive adjunct in combination
with breast US to further classify breast lesions
(Wojcinski et al. 2010). However, the corresponding
strain image is influenced by the compression technique
of the individual examiner (Ciurea et al. 2011). Similar
to US, not only data acquisition, but also interpretation
of strain images, is operator dependent. Thus, TS is
vulnerable to inter-observer variability. For example,
Yoon at al. (2011) reported moderate (xk = 0.46) inter-
observer agreement for TSs of static images. However,
in real-time examination, inter-observer agreement was
decreased to fair (k = 0.28).

Opverall, inter- and intra-observer variations in visual
classification in breast US and RTE raise concern
regarding the diagnostic performance of these proce-
dures. Whereas a limited number of studies exploring in-
ter- and intra-observer agreement in B-mode US exist,
corresponding studies in RTE are rare. Here, we describe
a prospective single-center study investigating inter- and
intra-observer agreement of US BI-RADS classification
and TSs in RTE.

METHODS

The single-center prospective study was approved
by the institutional review board and conducted accord-
ing to good clinical practice guidelines. Women with a
solid breast lesion who were at least 18 y of age and
scheduled for ultrasound-guided invasive breast biopsy
at the outpatient breast clinic of the Women’s Hospital

Table 1. Studies investigating inter- and intra-observer agreement

K Value

BI-RADS final classification

BI-RADS final classification

Reference Inter-observer Intra-observer Inter-observer Intra-observer
Berg et al. 2006 0.52
Lee et al. 2008 0.53 0.72-0.79
Abdullah et al. 2009 0.30
Calas et al. 2010 0.37-0.69
Berg et al. 2012 0.53-0.59
Elverici et al. 2013 0.35 0.64-0.83
Thomas et al. 2006a 0.73
Thomas et al. 2006b 0.86
Yoon et al. 2011 0.37 0.28%/0.46
Cho et al. 2011 0.587
Cho et al. 2012 0.481
Park et al. 2015 0.478 0.591
Schafer et al. 2013 0.634 0.784 0.561 0.720
This study 0.585-0.738 0.847-0.872 0.608-0.779 0.879-0.914

* Real time.
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