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Abstract
Background: This study prospectively investigates the agreement between radial (r-US) and meander-like (m-US)
breast ultrasound with regard to lesion location, lesion size, morphological characteristics and final BI-RADS classifica‑
tion of individual breast lesions.
Methods: Each patient of a consecutive, unselected, mixed collective received a dual ultrasound examination.
Results: The agreement between r-US and m-US for lesion location ranged from good (lesion to mammilla distance
ICC 0.64; lesion to skin distance ICC 0.72) to substantial (clock-face localization κ 0.70). For lesion size the agreement
was good (diameter ICC 0.72; volume ICC 0.69), for lesion margin and architectural distortion it was substantial (κ 0.68
and 0.70, respectively). Most importantly, there was a substantial agreement (κ 0.76) in the final BI-RADS classification
between r-US and m-US.
Conclusions: Our recent comparison of radial and meander-like breast US revealed that the diagnostic accuracy of
the two scanning methods was comparable. In this study, we observe a high degree of agreement between m-US
and r-US for the lesion description (location, size, morphology) and final BI-RADS classification. These findings cor‑
roborate that r-US is a suitable alternative to m-US in daily clinical practice.
Trial registration
NCT02358837. Registered January 2015, retrospectively registered https://clinicaltrials.gov/ct2/results?cond=&term=
NCT02358837&cntry=&state=&city=&dist=
Keywords: Agreement, BI-RADS final assessment, Breast ultrasound, Meander-like breast ultrasound, Radial breast
ultrasound, Reliability
Background
The majority of breast ultrasound (US) examinations
involve a meander-like scanning procedure whereas
radial breast ultrasound (r-US), also known as ductosonography, is typically applied only complementary to
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meander-like ultrasound (m-US) in case of nipple discharge [1] and to visualize intraductal pathologies [2],
although a number of institutions and authors consider
r-US a viable alternative to m-US [3–5]. However, to
this day, r-US is not commonly used on its own in routine clinical practice although a wide transducer (92 mm)
that allows for an efficient radial scanning of the breast is
commercially available. As a result, there are only a small
number of studies where breast US was performed by
radial and not by meander-like scanning [6–10].
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In breast ultrasound, the description of breast lesions
is based on their sonographic features, and lesions are
classified according to the Breast Imaging Reporting and
Data System [11]. Most publications on the agreement of
breast lesion description and BI-RADS classification are
based on retrospective analysis of static images [12–25].
We are aware of only two studies [26, 27] that address
the agreement of real time scanning of the same lesion
between different examiners. To date, the agreement in
describing and interpreting breast lesions in real time
between radial breast ultrasound and meander-like ultrasound has not been investigated.
In a recent publication, we compared radial and meander-like scanning methods with regard to diagnostic
accuracy and time used for the US examination [28]. The
study revealed that the diagnostic accuracy for r-US and
m-US is comparable as indicated by a sensitivity of 88.9%
for both methods, a specificity of 86.4% for m-US and
89.4% for r-US, a positive predictive value of 64.0% for
m-US and 69.6% for r-US, and a negative predictive value
of 98.3% for both methods. Furthermore, we found a significantly shorter examination time for r-US (14.8 min)
compared to m-US (22.6 min) supporting the notion that
r-US is a viable alternative to m-US.
Given that the diagnostic accuracy of r-US equals that
of m-US, we wanted to further explore whether r-US
can be used as a stand-alone approach. Thus, we examined the agreement of the two scanning procedures with
regard to the lesion location, the lesion size, the morphological characteristics and the final BI-RADS classification of individual breast lesions.

Methods
From August 2011 to August 2014, we conducted this
prospective single-center study (Department of Obstetrics and Gynecology, University Hospital Basel, Switzerland) which was approved by the local ethical committee
(EKBB Nr. 123/11). To recruit women from an unselected, consecutive, mixed collective, a study information package was sent to all eligible subjects prior to the
initial examination. All participating women signed the
informed consent form. Study subjects were examined by
meander-like and radial US on the same day by different
examiners. The study population included asymptomatic
women with either an increased risk for breast cancer or
with dense breast tissue, symptomatic women presenting
with breast pain or palpable breast lesions, and women
with a history of breast cancer. We excluded men, women
younger than 18 years of age, and women scheduled for
minimal invasive breast biopsies.
Before the ultrasound examination, we recorded personal and family history, and performed a physical breast
examination. All participants had a bilateral r-US and
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m-US in random order by different examiners who had
access to the clinical findings, and, where available, to the
mammographic results but not to the US examination of
the other examiner.
All r-US were carried out by the same research fellow with limited experience in breast US who received
a theoretical and practical didactic training in r-US at
the onset of the study. M-US were performed by experts
or beginners under the supervision of an expert, as it is
common in teaching hospitals. All examiners received a
yearly training in breast US.
The examiners used ultrasound equipment of the same
type (EUB-7500 V 16–53 Step 3.5, Hitachi Medical Systems Europe Holding AG, Zug, Switzerland) for r-US and
m-US examinations. A 50 mm wideband, high frequency
(13–5 MHz) linear transducer (EUP-L74M; Hitachi
Medical Systems Europe Holding AG, Zug, Switzerland)
was employed for m-US. For r-US, a 92 mm wideband
(10–5 MHz) linear transducer (EUP-L53L; Hitachi Medical Systems Europe Holding AG, Zug, Switzerland) was
used with a water standoff (a water-filled latex cover)
according to the manufacturer’s instructions (Hitachi
Medical Systems Europe Holding AG, Zug, Switzerland).
Both transducers had a center frequency of 7.5 MHz.
Examiners saved an image with a timestamp at the
beginning and at the end of each ultrasound examination to determine the duration of the examination. The
US examinations were carried out as described in Jäggi
et al. [28]. In brief, both types of breast US examination
were conducted with the woman lying in an oblique
supine position with her ipsilateral arm raised and her
hand placed behind the head to flatten the breast tissue.
As schematically illustrated in Fig. 1a, in r-US, the examiner moved the transducer first clockwise around the
mammilla in a radial, and then in an anti-radial fashion,
followed by a radial and anti-radial sweep of the upper
outer quadrant to examine the axillary tail. In contrast,
a meander- like scanning pattern was applied in vertical
and transverse direction in m-US (Fig. 1b). Both r-US
and m-US routinely included scanning of the axilla.
The examiners recorded the location of each lesion
according to the clock-face. Based on the wide transducer
in r-US, the mammilla is visualized as the rotation point,
and thus, allowed for measuring the distance between
lesion and nipple. In m-US, the nipple-lesion distance
was estimated. In addition, in both US methods, the
shortest distance between lesion and skin was recorded.
For m-US and r-US, we determined the dimensions
of each sonographic lesion based on recordings in two
orthogonal planes [28]. In addition, the morphologic features of each lesion were described. Examiners classified
each lesion according to the BI-RADS Atlas [29]. Breast
lesions classified as BI-RADS 4 or 5, and as BI-RADS 3
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Fig. 1 Radial and meander-like breast ultrasound. a Scheme of probe movement in radial scanning and in radial scanning of the axillary tail (left
panel), and anti-radial movement (right panel). b Scheme of meander-like scanning movement in two orthogonal planes. Republished with
adaptation from Arch Gynecol Obstet, from ’Comparison of radial and meander-like breast ultrasound with respect to diagnostic accuracy and
examination time’, Jäggi-Wickes et al., 301:1533, 2020; [18] with permission

in patients with an increased breast cancer risk, were
biopsied (sonographic-guided fine needle aspiration,
core needle biopsy or vacuum-biopsy) for histological
analysis.
Size, location, morphologic characteristics of the lesion
and their final BI-RADS classification were electronically
saved in the patient record (ViewPoint®, Version 5: GE
Healthcare GmbH, Munich, Germany).
All data on patient and lesion characteristics extracted
from the electronic patient records were entered into R
(R Development Core Team 2018, Vienna, Austria) for
data analysis.
Statistical methods

Patient and lesion characteristics were summarized.
Categorical data are presented as frequencies and percentages. For continuous variables, mean and standard
deviation as well as range are presented.
In categorical variables, agreement between the two
scanning procedures was quantified using κ-values with
quadratic weights. However, for the endpoint “clock-face
location” the cyclicity was taken into account by choosing weights according to the distance on the clock rather
than absolute timepoints, meaning that the distance
between "0" and "1" and between "11" and "0" is 1 h in
both cases.
Weighted κ-values were interpreted as suggested by
Landis et al. [30]: ≤ 0.20 poor agreement, 0.21–0.40
fair agreement, 0.41–0.60 moderate agreement, 0.61–
0.80 substantial agreement, and 0.81–1.00 excellent
agreement.
In continuous variables, the agreement was quantified using intraclass-correlation (ICC) [31]. The ICC is
calculated based on analysis of variance. To this end, a
mixed model is fitted to the data with scanning procedure and patient as random factors, and a fixed intercept

was fitted. The ICC was estimated by dividing the variation related to the patient-to-patient difference by the
total variance in the data. Therefore, ICC ranged between
0 and 1 and can be interpreted as the proportion of the
variation of the data, which can be attributed to patientto-patient variability. An ICC of 1 indicates a perfect
agreement between r-US and m-US and that all differences in the ratings are due to differences in the patients.
For the variable “mean volume”, the data was cube-root
transformed prior to fitting the model since errors in
main axes were inflated by the calculation of the volume
leading to outliers not acceptable in the mixed model.
ICC-values were interpreted according to Cicchetti
[32]: < 0.40 poor agreement, 0.40–0.59 fair agreement,
0.60–0.74 good agreement, and 0.75–1.00 excellent
agreement.

Results
We conducted 2327 dual ultrasound examinations of
which 379 were excluded (18 examinations in patients
younger than 18 years, 2 male patients, 56 incomplete US
examinations, 128 incomplete informed consent forms,
and 175 incomplete data sets). Consequently, 1984 dual
ultrasound (US) examinations were analyzed. Among
these, 168 suspicious lesions were detected in 148
patients (150 US examinations) (Table 1). We performed
fine needle aspiration (n = 10, 6.0%), core needle biopsy
(n = 146, 86.9%) or vacuum biopsy (n = 12, 7.1%) of all
168 suspicious lesions. Benign lesions were diagnosed in
132 (78.6%) cases while the other 36 (21.4%) were identified as breast cancer.
The average age of patients with suspicious lesions was
47.1 years (19–86 years). Patients diagnosed with breast
cancer (57.8 years) were significantly older (p < 0.01) than
women with benign lesions (44.1 years). Three patients
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Table 1 Patient and lesion characteristics
Patient characteristics

Lesion characteristics

Number of patients

148

Number of lesions

168

Positive personal history

3 (2.0%)

Benign lesions

132 (78.6%)

Positive family history

53 (35.8%)

Fibroadenoma

50

Breast cancer

43

Fibrosis/sclerosis

41

Ovarian cancer

2

Other B2 lesions

35

Breast and ovarian cancer

2

B3 lesions

6

Endometrial cancer

6

Malignant lesions

36 (21.4%)

Mean age in years

47.12

DCIS

2

(min, max) [SD]

(19–86) [± 14.73]

Invasive lobular cancer

3

Invasive ductal cancer

31

Table 2 Agreement of lesion location
Radial US+

Meander-like US++

ICC

Mean distance to mammilla (mm)
(min, max) [SD]

28.6
(0.0–86.0) [± 20.5]

33.3
(0.0–100.0), [± 22.6]

0.64

Good

Mean distance to skin (mm)
(min, max) [SD]

8.4
(1.0–26.0) [± 5.0]

6.9
(1.0–20.0) [± 4.0]

0.72

Good

Clock-face localization

Weighted kappa

Agreement

0.70

Substantial

+
Due to the wide transducer in r-US, the mammilla is visualized as the rotation point, and thus, allowed for measuring the distance between lesion and nipple.++ In
m-US, the nipple-lesion distance was estimated

(2%) had a personal history of breast cancer and 53
(35.8%) a positive family history.
We analyzed the two scanning procedures with regard
to their agreement in location, size, and morphologic
characteristics of individual lesions, and the final BIRADS classification of each breast lesion.
The lesion location was described by the clock-face
localization, by its distance to the mammilla and to the
skin. The values are presented in Table 2. The kappavalue of the clock-face localization for r-US and m-US
was 0.70, indicating substantial agreement. The ICCvalues of the two scanning methods for the distance
from the lesion to the mammilla was 0.64, and 0.72 for
the distance from the lesion to the skin, indicating good
agreement.
The three dimensions of each lesion were determined
in two orthogonal planes in r-US and m-US. The maximal diameter and the volume of each lesion obtained by
either scanning method are presented in Table 3. Comparing the values revealed a good agreement (ICC 0.72
for lesion diameter and 0.69 for volume) between m-US
and r-US.
The morphological characteristics of each lesion were
described according to the BI-RADS Atlas [29], and
the final BI-RADS classification determined for r-US
and m-US. The weighted kappa-values are presented in

Table 3 Agreement of lesion size
Radial US

Meander-like
US

ICC

Agreement

Mean max.
lesion diam‑
eter (mm)
(min, max) [SD]

14.6
(3.5–47.3)
[± 8.7]

14.6
0.72 good
(3.4, 49.1) [± 8.9]

Mean volume
[15]
(min, max) [SD]

1.5
(0.01, 14.6)
[± 2.6]

1.6
(0.01, 20.17)
[± 3.1]

0.69 good

Table 4. Breast density, margin, architectural distortion
showed an excellent or substantial agreement. Shape,
posterior acoustic features, quality of assessment, orientation, and echo pattern showed moderate or fair agreement. The final BI-RADS classification substantially
agreed (κ 0.76) between m-US and r-US.

Discussion
We have recently shown that the diagnostic accuracy of
radial scanning equals that of meander-like scanning in
breast ultrasound [28]. Here, we examined the agreement
between meander-like US and radial US with regard to
lesion location, lesion size, morphologic characterization of breast lesions and the final BI-RADS assessment.
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Table 4 Agreement of morphological criteria and final BI-RADS
assessment
Weighted kappa

Agreement

Shape

0.47

moderate

Orientation

0.35

fair

Margin

0.68

substantial

Echo pattern

0.40

fair

Posterior acoustic features

0.47

moderate

Architectural distortion

0.70

substantial

Breast density*

0.81

excellent

Quality of assessment*

0.45

moderate

Final BI-RADS classification

0.76

substantial

*

BI-RADS-Analogue[33]

Concerning the lesion location, our data demonstrate
substantial agreement in the clock-face localization
and good agreement for the distance from the lesion to
the mammilla and to the skin. Lesion size shows good
agreement between the two scanning procedures. The
agreement of the different morphological features that
characterize a breast lesion ranges from excellent to fair.
Most importantly, the agreement of the final BI-RADS
classification is substantial.
To the best of our knowledge, the agreement between
m-US and r-US with regard to the parameters described
above has not yet been investigated. A number of studies examine the agreement of the morphological features
of breast lesions revealed by m-US examination and the
final BI-RADS classification (see Table 5 and references
therein). In contrast to the comparison of r-US and m-US
presented in this study, the majority of these studies

Table 5 Literature comparison of BI-RADS agreement
Final BI-RADS assessment

Shape

Orientation

Margin

Echo pattern

Posterior
acoustic
features

0.35

0.68

0.40

0.47

0.72

0.67

Meander-like ultrasound versus radial ultrasound in real time
This study

2020

0.76

0.47

Meander-like ultrasound versus meander-like ultrasound in real time
Yoon [26]

2011

0.37

Berg [27]

2006

0.52

Berg # [34]

2006

0.62
0.14

0.25

0.38

0.61

0.45

Meander-like ultrasound versus meander-like ultrasound by retrospective review of static images
Cho [25]

2019

0.49/0.52‡/0.63†

Choi [12]

2018

0.70

0.67

0.63

0.55

0.57

0.60

Lee ҂ [24]

2016

0.04–0.59

0.17–0.60

0.25–0.77

0.05–0.52

0.05–0.55

0.33–0.64

Schwab [13]

2016

0.585–0.738

Park [14]

2015

0.478

0.538

0.429

0.257

0.430

0.438

Elverici [15]

2013

0.35

0.45

0.66

0.33

0.41

0.54

Youk [16]

2013

0.38

0.61

0.62

0.39

0.54

0.57

Berg [17]

2012

0.53/0.59*

0.59

0.46

0.51

0.41

0.64

Cosgrove [18]

2012

0.59

0.58

0.53

0.38

Schaefer [19]

2011

0.634

Abdullah [20]

2009

0.3

0.64

0.70

0.36

0.58

0.47

Lee [21]

2008

0.53 / 0.62**

0,49

0.56

0.33

0.37

0.49

Park [22]

2007

0.49

0.42

0.61

0.32

0.36

0.53

Lazarus [23]

2006

0.28

0.66

0.61

0.40

0.29

0.40

Meander-like ultrasound versus ABUS
Yun [35]

2019

0.61

Vourtsis [36]

2018

0.99

Barr [37]

2017

0.49

#

Phantom-Study

Improved final assessment after first‡, and second † quality workshop
҂Including κ values of faculty members, senior and junior residents
*

Improved final assessment after feedback

**

κ = 0.53 final BI-RADS assessment 3, 4a, 4b, 4c, 5 / κ = 0.62 final BI-RADS assessment 3, 4, 5
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are based on the retrospective review of static images
obtained by m-US. Real-time data acquisition was used
only in a limited number of studies (Table 5) where different examiners perform m-US alone [26, 27].
However, real-time examination is required for assessing the agreement of lesion location. Accordingly, Berg
et al. [27] report an excellent agreement (ICC 0.84) in
clock-face localization of breast lesions scanned by different examiners by m-US in real time. When we compare
the clock-face localization of same breast lesion obtained
by m-US and r-US, we observed a substantial agreement
(weighted κ 0.70). With respect to the mean distance
of the lesion to the mammilla, both studies reveal good
agreement (ICC 0.71 and 0.64, respectively). However,
neither Berg et al. nor any other study that we are aware
of evaluated the mean distance from the lesion to the
skin, which shows a good agreement (ICC 0.72) between
m-US and r-US.
In addition, real-time scanning allowed us to assess
the agreement of the lesion size. The agreement in the
mean lesion diameter was excellent (ICC 0.87) in m-US
versus r-US [27] and good (ICC 0.72) in m-US versus
r-US (this study). Moreover, we do not know of any other
study addressing the agreement of the mean lesion volume where we find a good agreement (ICC 0.69) between
m-US and r-US.
The agreement for m-US and r-US in the morphological assessment of breast lesions ranged from fair (for orientation and echo pattern) to moderate (for shape and
posterior acoustic features) and substantial (for margin
and architectural distortion). In comparison to Berg and
colleagues [27] who investigated the agreement between
different examiners performing real-time m-US of the
same lesion, our κ-values for the agreement between
r-US and m-US are higher for echo pattern and posterior acoustic features, similar for margin, and lower for
shape and orientation. In another study on m-US using a
phantom [34], κ-values were lower for shape, higher for
echo pattern and similar for posterior acoustic features
compared to our data (Table 5). We conclude that the
overall agreement in real-time between r-US and m-US
is similar to that of m-US alone. This conclusion is further corroborated by comparing our data for both realtime scanning methods to published data obtained by
retrospective review of static images performed by m-US
(Table 5).
Most importantly, we find a substantial agreement in
the final BI-RADS assessment between r-US and m-US (κ
0.76). The k value is not only higher than those reported
for real-time m-US but also higher than most κ values
found for BI-RADS agreement in studies retrospectively
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reviewing static images (Table 5). Comparing final BIRADS assessment in automated breast ultrasound
(ABUS) and m-US agreement k values of 0.61[35] and
0.49 [37] in a selected study population, and k value of
0.99 [36] in a screening situation have been reported. In
daily clinical practice, the management of patients with
breast disease is largely determined by the final BI-RADS
classification [38]. Thus, a substantial agreement in final
BI-RADS classification between m-US and r-US is prerequisite for the validation of r-US as an alternative scanning procedure.
There are a number of limitations associated with
the comparison of m-US and r-US in this study. As we
recently reported for diagnostic accuracy [28] not all
patients agreed to participate in the study, conceivably owing the time requirement of a second ultrasound
examination. Thus, the study collective may not fully represent the consecutive, mixed population of an outpatient
breast clinic. The dataset analyzed takes only a limited
number of BI-RADS 3 lesions into account. BI-RADS 3
lesions with no additional risk factors and BI-RADS 2
lesions are generally not biopsied, and were therefore not
included in this study due to the lack of a confirming histology. Furthermore, the difference in transducer width
in r-US (92 mm) versus m-US (50 mm) represents a technical limitation in so far that the distance from the lesion
to the mammilla is measured in r-US but estimated in
m-US.
Real-time assessment does not allow for m-US and
r-US to be carried out by the same examiner which could
be considered a limiting factor. However, in actual practice the evaluation of US features is performed in real
time during the US examination and thus, this study
reflects routine clinical settings. Moreover, as is common
for teaching hospitals, ultrasound was in some cases performed by examiners with less experience which, at first
sight, appears to be a limitation. However, these examiners were always supervised by an expert and therefore,
the quality of data acquisition was not influenced by different educated examiners.

Conclusion
The agreement of lesion description (location, size,
morphology) and final BI-RADS classification between
meander-like and radial breast ultrasound are good and
substantial. Taking into account that also the diagnostic
accuracy between the two scanning methods is comparable, radial breast ultrasound can be considered a suitable
alternative to meander-like breast ultrasound in daily
clinical practice.

Brasier‑Lutz et al. BMC Med Imaging

(2021) 21:104

Abbreviations
r-US: Radial breast ultrasound; m-US: Meander-like breast ultrasound; US:
Breast ultrasound; ICC: Intraclass-correlation; ABUS: Automated breast
ultrasound.
Acknowledgements
We thank Dr. Dominique Amy (Aix en Provence, France) for his dedicated
teaching of radial breast ultrasound.
Authors’ contributions
P. B.-L.: data collection, final approval of the submitted version / C. J.-W.:
data collection, final approval of the submitted version / S. S.: data analysis,
manuscript editing, final approval of the submitted version / R. B.: data collec‑
tion, manuscript editing, final approval of the submitted version / C.A. S.: data
analysis, manuscript writing, manuscript editing, final approval of the submit‑
ted version / R. Z.-D.: protocol and project development, data collection, data
analysis, manuscript writing, manuscript editing, final approval of the submit‑
ted version. All authors read and approved the final manuscript.
Funding
The study was funded by the Krebsliga beider Basel, Switzerland (KLBB Nr.
22/2010), and was registered under NCT02358837.
Declaration
Ethics approval and consent to participate
The study was approved by the local ethical committee (Ethikkommission
beider Basel: EKBB Nr. 123/11). All study participants signed the informed
consent form in accordance with the World Medical Association Declaration
of Helsinki.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.
Consent for publication
Not applicable.

Page 7 of 8

7.
8.
9.

10.

11.
12.

13.

14.
15.
16.

17.

Competing interests
We declare that we have no conflict of interest.
Author details
1
Department of Obstetrics and Gynecology, University Hospital Basel, Spital‑
strasse 21, 4056 Basel, Switzerland. 2 Department of Clinical Research, Statistics
and Data Management, University Basel, Schanzenstrasse 55, 4031 Basel,
Switzerland. 3 Department of Chemistry, University Basel, BioPark 1096, Mat‑
tenstrasse 24a, 4058 Basel, Switzerland. 4 Gynecology/Gynecologic Oncology,
St. Claraspital Basel, Kleinriehenstrasse 30, 4085 Basel, Switzerland.

18.
19.

20.

Received: 6 August 2020 Accepted: 4 June 2021
21.
22.
References
1. Kim WH, Chang JM, Moon WK, Cho N, Yi A, Koo HR, Kim SJ. Intraductal
mass on breast ultrasound: final outcomes and predictors of malignancy.
AJR Am J Roentgenol. 2013;200:932–7.
2. Ballesio L, Maggi C, Savelli S, Angeletti M, Rabuffi P, Manganaro L,
Porfiri LM. Adjunctive diagnostic value of ultrasonography evalua‑
tion in patients with suspected ductal breast disease. Radiol Med.
2007;112:354–65.
3. Hooley RJ, Scoutt LM, Philpotts LE. Breast ultrasonography: state of the
art. Radiology. 2013;268:642–59.
4. Stavros TA. Breast ultasound. Lippincott Williams & Wilkins,
Philadelphia;2004.
5. Madjar H, Rickard M, Jellins J, Otto R. IBUS guidelines for the ultrasonic
examination of the breast. IBUS International Faculty. International Breast
Ultrasound School. Eur J Ultrasound. 1999;9:99–102.
6. Ebner L, Bonel HM, Huber A, Ross S, Christe A. Diagnostic performance
and additional value of elastosonography in focal breast lesions:

23.
24.

25.

statistical correlation between size-dependant Strain Index Measure‑
ments, Multimodality-BI-RADS Score, and Histopathology in a Clinical
Routine Setting. ISRN Radiol. 2014;396368.
Gheonea IA, Donoiu L, Camen D, Popescu FC, Bondari S. Sonoelastogra‑
phy of breast lesions: a prospective study of 215 cases with histopatho‑
logical correlation. Rom J Morphol Embryol. 2011;52:1209–14.
Gheonea IA, Stoica Z, Bondari S. Differential diagnosis of breast lesions
using ultrasound elastography. Indian J Radiol Imaging. 2011;21:301–5.
Hooley RJ, Greenberg KL, Stackhouse RM, Geisel JL, Butler RS, Philpotts
LE. Screening US in patients with mammographically dense breasts:
initial experience with Connecticut Public Act 09–41. Radiology.
2012;265:59–69.
Wojcinski S, Cassel M, Farrokh A, Soliman AA, Hille U, Schmidt W, Degen‑
hardt F, Hillemanns P. Variations in the elasticity of breast tissue during the
menstrual cycle determined by real-time sonoelastography. J Ultrasound
Med. 2012;31:63–72.
Mendelson EBB-V, M, Berg WA, et al. ACR BI-RADS® Ultrasound in: ACR
BI-RADS Atlas®, Breast Imaging Reporting and Data System 2013.
Choi EJ, Choi H, Park EH, Song JS, Youk JH. Evaluation of an automated
breast volume scanner according to the fifth edition of BI-RADS for
breast ultrasound compared with hand-held ultrasound. Eur J Radiol.
2018;99:138–145
Schwab F, Redling K, Siebert M, Schotzau A, Schoenenberger CA,
Zanetti-Dallenbach R. Inter- and Intra-Observer Agreement in Ultrasound
BI-RADS Classification and Real-Time Elastography Tsukuba Score Assess‑
ment of Breast Lesions. Ultrasound Med Biol. 2016;42:2622–9.
Park CS, Kim SH, Jung NY, Choi JJ, Kang BJ, Jung HS. Interobserver vari‑
ability of ultrasound elastography and the ultrasound BI-RADS lexicon of
breast lesions. Breast Cancer. 2015;22:153–60.
Elverici E, Zengin B, Nurdan Barca A, Didem Yilmaz P, Alimli A, Araz L. Inter‑
observer and Intraobserver Agreement of Sonographic BIRADS Lexicon
in the Assessment of Breast Masses. Iran J Radiol. 2013;10:122–7.
Youk JH, Gweon HM, Son EJ, Chung J, Kim JA, Kim EK. Three-dimensional
shear-wave elastography for differentiating benign and malignant breast
lesions: comparison with two-dimensional shear-wave elastography. Eur
Radiol. 2013;23:1519–27.
Berg WA, Blume JD, Cormack JB, Mendelson EB. Training the ACRIN 6666
Investigators and effects of feedback on breast ultrasound interpretive
performance and agreement in BI-RADS ultrasound feature analysis. AJR
Am J Roentgenol. 2012;199:224–35.
Cosgrove DO, Berg WA, Dore CJ, Skyba DM, Henry JP, Gay J, Cohen-Bacrie
C, Group BES. Shear wave elastography for breast masses is highly repro‑
ducible. Eur Radiol. 2012;22:1023–32.
Schaefer FK, Heer I, Schaefer PJ, Mundhenke C, Osterholz S, Order BM,
Hofheinz N, Hedderich J, Heller M, Jonat W, Schreer I. Breast ultrasound
elastography–results of 193 breast lesions in a prospective study with
histopathologic correlation. Eur J Radiol. 2011;77:450–6.
Abdullah N, Mesurolle B, El-Khoury M, Kao E. Breast imaging reporting
and data system lexicon for US: interobserver agreement for assessment
of breast masses. Radiology. 2009;252:665–72.
Lee HJ, Kim EK, Kim MJ, Youk JH, Lee JY, Kang DR, Oh KK. Observer vari‑
ability of Breast Imaging Reporting and Data System (BI-RADS) for breast
ultrasound. Eur J Radiol. 2008;65:293–8.
Park CS, Lee JH, Yim HW, Kang BJ, Kim HS, Jung JI, Jung NY, Kim SH.
Observer agreement using the ACR Breast Imaging Reporting and
Data System (BI-RADS)-ultrasound, First Edition (2003). Korean J Radiol.
2007;8:397–402.
Lazarus E, Mainiero MB, Schepps B, Koelliker SL, Livingston LS. BI-RADS
lexicon for US and mammography: interobserver variability and positive
predictive value. Radiology. 2006;239:385–91.
Lee YJ, Choi SY, Kim KS, Yang PS. Variability in Observer Performance
Between Faculty Members and Residents Using Breast Imaging Report‑
ing and Data System (BI-RADS)-Ultrasound, Fifth Edition (2013). Iran J
Radiol. 2016;13:e28281.
Choi EJ, Lee EH, Kim YM, Chang YW, Lee JH, Park YM, Kim KW, Kim YJ, Jun
JK, Hong S, On the Behalf of the Alliance for Breast Cancer Screening In
K. Interobserver agreement in breast ultrasound categorization in the
Mammography and Ultrasonography Study for Breast Cancer Screening
Effectiveness (MUST-BE) trial: results of a preliminary study. Ultrasonogra‑
phy. 2019;38:172–80.

Brasier‑Lutz et al. BMC Med Imaging

(2021) 21:104

26. Yoon JH, Kim MH, Kim EK, Moon HJ, Kwak JY, Kim MJ. Interobserver vari‑
ability of ultrasound elastography: how it affects the diagnosis of breast
lesions. AJR Am J Roentgenol. 2011;196:730–6.
27. Berg WA, Blume JD, Cormack JB, Mendelson EB. Operator dependence of
physician-performed whole-breast US: lesion detection and characteriza‑
tion. Radiology. 2006;241:355–65.
28. Jaggi-Wickes C, Brasier-Lutz P, Schaedelin S, Burian R, Schoenenberger
CA, Zanetti-Dallenbach R. Comparison of radial and meander-like breast
ultrasound with respect to diagnostic accuracy and examination time.
Arch Gynecol Obstet. 2020;301:1533–41.
29. Bi-Rads-Atlas® (2003) American College of Radiology, BI-RADS Atlas®,
Breast Imaging Reporting and Data Systems.
30. Landis JR, Koch GG. The measurement of observer agreement for cat‑
egorical data. Biometrics. 1977;33:159–74.
31. Streiner DLNGR. Health Measurement Scales. A practical guide to their
development and use. Oxford University Press; 2008.
32. Cicchetti DV. Guidelines, Criteria, and Rules of Thumb for Evaluating Nor‑
med and Standardized Assessment Instruments in Psychology. Psychol
Assess. 1994;6:284–90.
33. Madjar H, Ohlinger R, Mundinger A, Watermann D, Frenz JP, Bader W,
Schulz-Wendtland R, Degenhardt F. BI-RADS-analogue DEGUM criteria for
findings in breast ultrasound–consensus of the DEGUM Committee on
Breast Ultrasound. Ultraschall Med. 2006;27:374–9.

Page 8 of 8

34. Berg WA, Blume JD, Cormack JB, Mendelson EB, Madsen EL, Investigators
A. Lesion detection and characterization in a breast US phantom: results
of the ACRIN 6666 Investigators. Radiology. 2006;239:693–702.
35. Yun G, Kim SM, Yun B, Ahn HS, Jang M. Reliability of automated versus
handheld breast ultrasound examinations of suspicious breast masses.
Ultrasonography. 2019;38:264–71.
36. Vourtsis A, Kachulis A. The performance of 3D ABUS versus HHUS in the
visualisation and BI-RADS characterisation of breast lesions in a large
cohort of 1,886 women. Eur Radiol. 2018;28:592–601.
37. Barr RG, Devita R, Destounis S, Manzoni F, De Silvestri A, Tinelli C. Agree‑
ment Between an Automated Volume Breast Scanner and Handheld
Ultrasound for Diagnostic Breast Examinations. J Ultrasound Med.
2017;36:2087–92.
38. Ackermann S, Schoenenberger CA, Zanetti-Dallenbach R. Clinical Data as
an Adjunct to Ultrasound Reduces the False-Negative Malignancy Rate in
BI-RADS 3 Breast Lesions. Ultrasound Int Open. 2016;2:E83-89.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

