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Diagnostic performance of ultrasound
elastography in differentiating malignant
from benign breast microcalcifications: a case-
control study

Jing Yan"*" and Sisi Fang?

Abstract

Objective To evaluate the sensitivity and specificity of ultrasound elastography in differentiating between malignant
and benign breast microcalcifications through a case-control study.

Methods A total of 300 female patients were enrolled in this study, equally divided between malignant (n=150) and
benign (n=150) microcalcification groups. The malignant cases were histologically confirmed as ductal carcinoma in
situ or invasive breast cancer, while benign cases were confirmed through histology or follow-up as fibroadenoma,
fibrocystic changes, or benign calcifications. Ultrasound elastography parameters, including elastic modulus (kPa),
strain ratio, and elasticity scores, were measured and compared between groups. Multiple logistic regression analysis
was performed to identify independent predictors, and diagnostic performance was evaluated using ROC curve
analysis.

Results Malignant lesions demonstrated significantly higher mean elasticity values compared to benign lesions
(883+16.2 kPa vs. 45.7+9.8 kPa, P<0.001). The strain ratio and elasticity scores were also significantly elevated in

the malignant group (both P<0.001). Multivariate analysis identified elastic modulus (OR=1.09, 95%Cl: 1.06-1.12,
P<0.001) and strain ratio (OR=2.50, 95%Cl: 1.70-3.80, P< 0.001) as independent predictors of malignancy. Using an
optimal cutoff value of 62 kPa for elasticity, the diagnostic sensitivity was 88.0% (95%Cl: 81.5-92.8%) and specificity
was 86.7% (95%Cl: 79.5-91.9%), with an accuracy of 89.0%. The area under the ROC curve (AUC) for elasticity alone was
0.95 (95%Cl: 0.92-0.98), which improved to 0.97 (95%Cl: 0.94-0.99) when combined with strain ratio (P=0.018). High
interobserver agreement was demonstrated (Kappa=0.84, 95%Cl: 0.79-0.88), and Bland-Altman analysis confirmed
excellent measurement reliability.

Conclusion Ultrasound elastography demonstrates high diagnostic accuracy in differentiating between malignant
and benign breast microcalcifications, with excellent reproducibility and reliability. The combination of elasticity
values and strain ratio provides superior diagnostic performance compared to single parameters alone, suggesting its
potential as a valuable tool in clinical practice for the evaluation of breast microcalcifications.
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Introduction

Breast cancer remains one of the most prevalent malig-
nancies affecting women worldwide, with microcalcifica-
tions being a crucial early diagnostic indicator detected
in approximately 30-50% of mammographically iden-
tified breast lesions [1]. The accurate differentiation
between malignant and benign microcalcifications repre-
sents a significant clinical challenge, as these tiny calcium
deposits can be the earliest visible sign of breast cancer,
particularly ductal carcinoma in situ (DCIS) [2].

Traditional imaging methods, including mammog-
raphy and conventional ultrasound, while valuable in
detecting microcalcifications, have shown limitations in
definitively characterizing their nature. Mammography,
despite its high sensitivity in detecting calcifications,
often demonstrates restricted specificity in distinguishing
between benign and malignant lesions, leading to unnec-
essary biopsies [3]. Recent studies have reported that
approximately 70—-80% of breast biopsies performed for
suspicious microcalcifications ultimately reveal benign
pathology, highlighting the need for more accurate diag-
nostic tools [4]. Ultrasound elastography has emerged as
a promising imaging technique that provides information
about tissue stiffness, which often correlates with malig-
nancy. This technology has shown considerable poten-
tial in various aspects of breast imaging, particularly in
the characterization of solid masses [5]. The underlying
principle relies on the fact that malignant tissues typically
exhibit higher stiffness compared to benign tissues due
to increased cellularity and desmoplastic reaction [6].
Recent technological advances have enabled the appli-
cation of elastography in evaluating microcalcifications,
offering both qualitative and quantitative assessments of
tissue elasticity [7].

Several studies have demonstrated the value of shear
wave elastography in improving the diagnostic accuracy
of breast lesions, reporting sensitivity rates ranging from
85 to 95% and specificity rates of 80-90% [8]. However,
the specific utility of elastography in evaluating breast
microcalcifications has been less extensively studied,
with existing research showing varying results [9]. The
integration of elastography parameters with conventional
imaging features has suggested potential improvements
in diagnostic accuracy, particularly in cases where tradi-
tional imaging findings are equivocal [10]. Recent tech-
nological developments in elastography have introduced
more sophisticated quantitative parameters, including
elastic modulus measurements and strain ratios, which
may provide more objective criteria for lesion char-
acterization [11]. Additionally, advances in machine
learning and artificial intelligence have opened new

possibilities for integrating multiple elastographic param-
eters to enhance diagnostic accuracy [12]. The standard-
ization of elastography techniques and interpretation
criteria has also progressed, although challenges remain
in establishing universally accepted diagnostic thresholds
[13]. The potential impact of accurate non-invasive char-
acterization of breast microcalcifications extends beyond
diagnostic accuracy. Improved specificity in identifying
truly suspicious calcifications could significantly reduce
unnecessary biopsies, thereby decreasing healthcare
costs and patient anxiety [14]. Furthermore, early accu-
rate identification of malignant calcifications could lead
to more timely intervention and potentially improved
outcomes [15].

In this study, we aim to evaluate the sensitivity and
specificity of ultrasound elastography in differentiating
between malignant and benign breast microcalcifica-
tions through a case-control evaluation. We additionally
provide morphological features, ACR BI-RADS category
distributions, and illustrative figures showcasing the vari-
ous microcalcification patterns and their corresponding
elastography findings.

Method

Study design and participants

This prospective case-control study was conducted at the
Department of Breast Imaging, Hunan Provincial Peo-
ple’s Hospital between January 2022 and December 2023.
The study protocol was approved by the institutional
review board (IRB number: HN-CS-2023-035), and writ-
ten informed consent was obtained from all participants.
The study was conducted in accordance with the Decla-
ration of Helsinki.

Patient recruitment was conducted through the breast
imaging center’s routine clinical practice. All consecu-
tive female patients presenting with mammographically
detected microcalcifications were screened for eligibility.
Inclusion criteria consisted of: (1) female patients aged 18
years or older; (2) presence of breast microcalcifications
detected on mammography with BI-RADS categories
3-5; (3) lesion size between 3 and 15 mm; (4) availability
of histopathological confirmation or minimum 12-month
imaging follow-up for benign cases. Exclusion criteria
included: (1) previous breast surgery or biopsy at the site
of microcalcifications; (2) ongoing or previous neoadju-
vant chemotherapy; (3) breast implants; (4) pregnancy or
lactation; (5) technically inadequate elastography images
due to poor acoustic window or patient factors.
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Imaging protocol and data acquisition

All ultrasound examinations were performed using a
high-end ultrasound system (Supersonic Imagine Aix-
plorer, Aix-en-Provence, France) equipped with a linear
array transducer (SL15-4, frequency range: 4—15 MHz).
Patients were positioned supine with the ipsilateral arm
raised above the head. Conventional B-mode ultra-
sound was initially performed to locate the microcalci-
fication area corresponding to mammographic findings,
using mammographic images for guidance. The scan-
ning parameters were standardized with a frequency
of 12 MHz, focal zone set at the level of the lesion, and
dynamic range of 50 dB.

The elastography examination was conducted following
a standardized protocol developed through consensus
among participating radiologists. The room temperature
was maintained between 22 and 24 °C to ensure consis-
tent tissue elasticity measurements. For elastography
measurements, minimal precompression was applied
(pressure indicator level 2-3) to avoid artificial tissue
stiffening. The region of interest (ROI) was set to include
both the microcalcification area and surrounding normal
tissue, with a minimum margin of 5 mm around the tar-
get lesion. The imaging plane was oriented perpendicu-
lar to the chest wall, and patients were instructed to hold
their breath for 3-5 s during each acquisition.

Three independent measurements were obtained for
each lesion, with a minimum 10-second interval between
acquisitions to allow tissue recovery. The mean value was
used for analysis. The elastography acquisition protocol
included both shear wave elastography (SWE) for quan-
titative measurements and strain elastography for quali-
tative assessment. For SWE, a standardized ROI size of
2 mm x 2 mm was placed over the stiffest portion of the
lesion, as identified by the color mapping. The acquisition
time for each measurement was set to 3 s to ensure stable
wave propagation.

Image analysis and measurements

Two board-certified radiologists with 10 and 8 years of
experience in breast imaging and at least 3 years of expe-
rience with elastography independently analyzed the
images. Both readers underwent specific training on the
study protocol, including calibration sessions with 20 test
cases before study initiation. The readers were blinded to
the final pathological diagnosis but had access to conven-
tional ultrasound and mammographic images to ensure
accurate lesion identification.

For each lesion, comprehensive elastographic param-
eters were recorded. Quantitative parameters included
elastic modulus (kPa) measured at the stiffest portion
of the lesion, with both maximum and mean values
recorded. Strain ratio was calculated as the ratio of strain
in normal adipose tissue at the same depth to that in
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the lesion area, using standardized ROI placement. The
qualitative assessment included a five-point elasticity
score based on the color pattern distribution (1: entirely
soft, appearing homogeneously green; 2: mostly soft with
some blue areas; 3: mixed pattern of blue and green; 4:
mostly hard with some green areas; 5: entirely hard,
appearing homogeneously blue).

To ensure measurement standardization, specific ana-
tomical landmarks were used for ROI placement, and all
measurements were performed at least 3 mm from the
skin surface and chest wall to avoid boundary effects. The
final measurements for each lesion were determined by
averaging the values from both readers. In cases of dis-
crepancy greater than 20% between readers, a consensus
was reached through joint review with a third reader with
15 years of experience.

Reference standard

The reference standard for malignant cases was estab-
lished through histopathological examination of surgi-
cal specimens or ultrasound-guided core needle biopsy
samples (14-gauge automated needle, minimum of four
cores). For benign cases, the reference standard was
either histopathological confirmation through biopsy
or stability on imaging follow-up for at least 12 months,
with follow-up imaging including both mammogra-
phy and ultrasound. All pathological specimens were
reviewed by two experienced breast pathologists (with
12 and 15 years of experience) who were blinded to the
elastography findings. Any discrepancies in pathological
interpretation were resolved through consensus review.

Statistical analysis

Statistical analyses were performed using SPSS version
26.0 (IBM Corp., Armonk, NY, USA) and R software
version 4.1.0 (R Foundation for Statistical Comput-
ing, Vienna, Austria). Sample size calculation was
based on previous studies, assuming an area under the
receiver operating characteristic curve (AUC) of 0.85,
with a=0.05 and f=0.10, requiring a minimum of 138
cases per group.Continuous variables were expressed as
mean + standard deviation and compared using Student’s
t-test or Mann-Whitney U test as appropriate after test-
ing for normality using the Kolmogorov-Smirnov test.
Categorical variables were presented as frequencies and
percentages and compared using Chi-square or Fisher’s
exact test.Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic per-
formance of elastography parameters. The optimal cutoff
values were determined using the Youden index. Sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy were calculated
with 95% confidence intervals.
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Table 1 Comparison of patient, lesion, and microcalcification
characteristics (n=300)
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Table 2 Comparison of elastography parameters between
malignant and benign microcalcifications (n=300)

Characteristics  Malignant group Benign group P-
(n=150) (n=150) value
Age (years, 513+10.2 49.7+98 0.114
mean +SD)
Lesion Size (mm, 74+2.1 58+19 0.015
mean +£SD)
Breast Density A:30(20.0) A: 38 (25.3) 0.087*
Classification, n B:40 (26.7) B:42 (28.0)
(%) C:50(333) C:45(30.0)
D:30(20.0) D:25(16.7)
Histological Diag-  DCIS: 80 (53.3) Fibroadenoma: 60 —
nosis, n (%) Invasive Carci- (40.0)
noma: 70 (46.7) Fibrocystic Changes:
50(333)
Benign Calcifications:
40 (26.7)
ACR BI-RADS BI-RADS 3: 20 BI-RADS 3: 60 (40.0) 0.001**
Category, n (%) (13.3) BI-RADS 4: 70 (46.7)
BI-RADS 4: 65 BI-RADS 5:20 (13.3)
(43.3)
BI-RADS 5: 65
(43.3)
Calcification Dis-  Clustered: 72 Clustered: 54 (36.0) 0.032%
tribution Pattern,  (48.0) Scattered: 33 (22.0)
n (%) Scattered: 45 Sparse punctate: 63
(30.0) (42.0)
Sparse punctate:
33(220)

*SD =Standard Deviation; DCIS=Ductal Carcinoma In Situ
*P-value for overall comparison of categorical variables using Chi-square test
**Significant at P<0.05

Multivariate logistic regression analysis was conducted
to identify independent predictors of malignancy. Vari-
ables with P<0.10 in univariate analysis were included in
the multivariate model. The Hosmer-Lemeshow test was
used to assess the goodness of fit of the logistic regres-
sion model.

Interobserver agreement was evaluated using Cohen’s
kappa coefficient for categorical variables and intraclass
correlation coefficient (ICC) for continuous variables.
Bland-Altman analysis was performed to assess the reli-
ability of quantitative measurements. A two-tailed P
value < 0.05 was considered statistically significant.

Results

Patient and lesion characteristics

A total of 300 female patients were enrolled in this study,
with 150 cases in the malignant microcalcification group
(histologically confirmed as ductal carcinoma in situ
or invasive breast cancer) and 150 cases in the benign
microcalcification group (confirmed through histology
or follow-up as fibroadenoma, fibrocystic changes, or
benign calcifications). The comparison of clinical and
imaging characteristics between the two groups is pre-
sented in Table 1(150 malignant, 150 benign).

Parameter Malignant  Benign P-
group group value
(n=150) (n=150)

Elasticity Value (kPa, mean+SD)  883+16.2 457+98 <0.001

Strain Ratio (unitless, mean+SD) 2.35+0.50 1.15+0.35 <0.001

Elasticity Score (1-5 points, 42+06 21+07 <0.001

mean+SD)
Note: SD=Standard Deviation; kPa=kilopascals

The malignant group showed slightly larger mean
lesion diameters compared to the benign group
(74+2.1 mm vs. 5.841.9 mm, P=0.015). There were no
statistically significant differences in mean age (P=0.114)
or breast density (P=0.087) between the two groups. The
malignant lesions were predominantly BI-RADS 4-5,
whereas the benign group had a higher proportion of
BI-RADS 3 lesions (P=0.001). Malignant cases included
80 DCIS (53.3%) and 70 invasive carcinomas (46.7%),
whereas benign cases were composed of 60 fibroad-
enomas (40.0%), 50 fibrocystic changes (33.3%), and 40
benign calcifications (26.7%).

Elastography parameter comparison and correlation
analysis

The malignant microcalcifications exhibited significantly
higher mean elasticity values compared to the benign
group (88.3+16.2 kPa vs. 45.7+9.8 kPa, P<0.001). Both
strain ratio and semi-quantitative elasticity scores were
significantly elevated in the malignant group (both
P<0.001). Detailed comparisons of elastography param-
eters between groups are shown in Table 2.

Spearman correlation analysis revealed a strong posi-
tive correlation between elasticity values and strain ratio
(r=0.75, P<0.001), and a moderate positive correlation
with lesion size (r=0.41, P<0.001). Stratified analysis
demonstrated that elasticity values maintained good dis-
criminatory power (AUC> 0.90) in both high breast den-
sity (ACR types C and D) and low breast density (ACR
types A and B) subgroups.

lllustrative figures of microcalcification patterns

The strain ratios similarly correlated with microcalci-
fication distribution, with the highest values observed
in clustered patterns (Fig. 1), intermediate values in
scattered patterns (Fig. 2), and lowest values in sparse
punctate patterns (Fig. 3). The combination of elasticity
values with strain ratios resulted in improved diagnos-
tic accuracy across all distribution patterns, particularly
for sparse punctate microcalcifications where the single-
parameter performance was relatively lower.
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Fig. 1 B-mode ultrasound and elastography imaging of clustered microcalcifications. Representative images from a 54-year-old female patient with
clustered microcalcifications (BI-RADS 4). (A) The B-mode ultrasound image (left) shows a hypoechoic area with internal hyperechoic foci corresponding
to calcifications. The elastography map (right) demonstrates high stiffness (predominantly red and yellow areas) with a mean elasticity value of 88.3 kPa
and strain ratio of 2.35, confirmed as invasive ductal carcinoma on histopathology
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Fig. 2 B-mode ultrasound and elastography imaging of scattered microcalcifications. Representative images from a 49-year-old female patient with
scattered microcalcifications (BI-RADS 3). (A) The B-mode ultrasound image (left) shows an isoechoic area with punctate hyperechoic foci (microcalcifica-
tions). The elastography map (right) displays a mixed pattern of stiffness (yellow-green predominance) with a mean elasticity value of 45.7 kPa and strain
ratio of 1.15, confirmed as fibrocystic changes on histopathology

Multivariate regression analysis and predictive model 1.06-1.12, P<0.001) and strain ratio (OR =2.50, 95%CIL:
development 1.70-3.80, P<0.001) remained independent predictors of
Following multivariate logistic regression analysis incor-  malignancy (Table 3). The predictive model constructed
porating age, lesion size, breast density, elasticity value, using these two independent indicators demonstrated
and strain ratio, both elasticity value (OR=1.09, 95%CI:  good fit in the Hosmer-Lemeshow test (P=0.72).
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Fig. 3 B-mode ultrasound and elastography imaging of sparse punctate microcalcifications. Representative images from a 51-year-old female patient
with sparse punctate microcalcifications (BI-RADS 4). (A) The B-mode ultrasound image (left) demonstrates a heterogeneous area with sparse hyper-
echoic foci. The corresponding elastography map (right) shows a predominantly softer tissue pattern (green-blue areas) with a mean elasticity value of
48.3 kPa and strain ratio of 1.25, confirmed as benign calcifications on histopathology follow-up

Table 3 Multivariate logistic regression analysis results
(Dependent variable: malignant microcalcification=1, benign
Microcalcification=0)

Variable OR (95% Cl) P-value
Age (years) 1.01 (0.99-1.03) 0.250
Lesion Size (mm) 1.15(1.05-1.26) 0.003
Breast Density (C, D vs. A, B) 1.20 (0.80-1.80) 0.360
Elasticity Value (kPa) 1.09 (1.06-1.12) <0.001
Strain Ratio 2.50 (1.70-3.80) <0.001

Note: OR=0dds Ratio; Cl=Confidence Interval; kPa=kilopascals

ROC analysis and diagnostic performance evaluation

ROC analysis using elasticity value as an independent
indicator identified an optimal cutoff value of 62 kPa. At
this threshold, the sensitivity was 88.0% (95%CI: 81.5-
92.8%), specificity was 86.7% (95%CI: 79.5-91.9%), with
an overall accuracy of 89.0%. The area under the ROC
curve (AUC) for the single indicator was 0.95 (95%CI:
0.92-0.98, P<0.001). When strain ratio was incorpo-
rated into the model, the AUC improved to 0.97 (95%CI:
0.94-0.99, P<0.001), significantly higher than the single-
indicator model (DeLong test, P=0.018) (Fig. 4).

Observer agreement and reproducibility

High interobserver agreement was demonstrated
between the two independent readers for elastography
image scoring, including elasticity value measurements
and strain ratio interpretation (Kappa=0.84, 95%CI:
0.79-0.88). Bland-Altman analysis showed minimal dif-
ferences between repeated measurements, with the

majority of points falling within +2 SD, confirming high
measurement reliability (Fig. 5).

Discussion
The accurate differentiation between malignant and
benign breast microcalcifications remains a significant
clinical challenge in breast imaging. Our study dem-
onstrates that ultrasound elastography provides high
diagnostic accuracy in characterizing breast microcalci-
fications, with the combination of quantitative elasticity
values and strain ratios achieving superior diagnostic per-
formance compared to conventional imaging parameters.
The significantly higher elasticity values observed
in malignant microcalcifications (88.3+16.2 kPa vs.
45.7+9.8 kPa, P<0.001) align with recent findings in tis-
sue biomechanics research. Recent studies have shown
that the increased stiffness in malignant lesions results
from complex alterations in the extracellular matrix and
enhanced collagen crosslinking [16]. This biological basis
supports the reliability of elastography in differentiating
malignant from benign calcifications, as demonstrated by
the high AUC value (0.95) achieved in our study. Of note,
our proposed cutoff of 62 kPa is consistent with prior
literature, including the study by Chamming’s et al. [17]
which suggested a threshold of 64 kPa for Emean when
evaluating breast microcalcifications. The similar cutoff
range underscores the reproducibility of shear wave elas-
tography metrics in diverse populations. However, minor
differences in patient selection, imaging protocols, and
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operator experience may lead to slight variations in the
optimal cutoffs. Clinicians should exercise caution, par-
ticularly because a single cutoff value may not capture
the complexities of all breast lesions and might require
integration with conventional imaging and clinical judg-
ment.The strong correlation between elasticity values and
strain ratios (r=0.75, P<0.001) observed in our study
suggests a robust relationship between different elasto-
graphic parameters. This finding is consistent with recent
multi-center studies that have demonstrated the comple-
mentary nature of various elastographic measurements
in breast lesion characterization [18]. The improve-
ment in AUC from 0.95 to 0.97 when combining these
parameters underscores the value of a multi-parameter
approach, as supported by recent machine learning appli-
cations in breast imaging [19].

Our finding that elastography maintains good discrimi-
natory power across different breast density categories is
particularly noteworthy. Recent studies have highlighted
the challenges of conventional imaging in dense breast
tissue [20]. The optimal cutoff value of 62 kPa identified
in our study achieved high sensitivity (88.0%) and speci-
ficity (86.7%), comparing favorably with recent meta-
analyses of elastography in breast lesion characterization
[21]. We acknowledge that a sensitivity of 88% could
mean missing up to 12% of malignant lesions if 62 kPa
were used as a strict “no-biopsy” cutoff. In clinical prac-
tice, other suspicious features on mammography or ultra-
sound, as well as patient risk factors, would still prompt
further investigation even if the elastography reading is
below this threshold. Thus, our proposed value should be
seen as an adjunct rather than a replacement for standard
diagnostic pathways.

The high interobserver agreement (Kappa=0.84) dem-
onstrated in our study addresses a critical concern in
imaging biomarker validation. Recent standardization
efforts in elastography have emphasized the importance
of reproducible measurements [22], and our results sup-
port the reliability of this technique when performed
following standardized protocols. The Bland-Altman
analysis further confirms the measurement stability, with
most variations falling within clinically acceptable lim-
its.The multivariate analysis revealed that both elasticity
value (OR=1.09) and strain ratio (OR =2.50) were inde-
pendent predictors of malignancy, even after adjusting
for conventional risk factors. This independence from
traditional parameters suggests that elastography pro-
vides complementary diagnostic information, aligning
with recent findings on the added value of functional
imaging in breast diagnostics [23].

Our observation of elevated elastographic parameters
in both ductal carcinoma in situ and invasive cancers
suggests the technique’s sensitivity to early-stage malig-
nant changes. Recent molecular studies have shown that
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alterations in tissue mechanics occur early in the carci-
nogenic process [24], supporting the biological basis for
elastography’s diagnostic capability in early-stage disease.
The high diagnostic accuracy achieved in our study may
be particularly valuable in reducing unnecessary biop-
sies. With current positive predictive values for breast
biopsies ranging from 20 to 30% [25], the addition of elas-
tography could potentially improve patient selection for
invasive procedures. The high negative predictive value
in our study suggests particular utility in identifying
benign lesions that might safely avoid biopsy.

Several limitations of our study warrant consideration.
First, the case-control design may have introduced selec-
tion bias, potentially overestimating diagnostic accuracy
compared to a prospective screening setting. Second, the
single-center nature of the study and the use of specific
ultrasound equipment may limit the generalizability of
our findings. Third, the study focused on microcalcifica-
tions visible on ultrasound, potentially missing lesions
only detectable on mammography. Fourth, the learning
curve associated with elastography technique and inter-
pretation was not specifically addressed in this study.
Additionally, the influence of lesion depth and chest wall
proximity on elastography measurements could not be
fully controlled.

In conclusion, ultrasound elastography demonstrates
high diagnostic accuracy in differentiating malignant
from benign breast microcalcifications. The combination
of quantitative elasticity values and strain ratios provides
superior performance compared to single parameters
alone, and our findings align with previous research
suggesting cutoffs around 60-64 kPa. Although further
large-scale, multi-center studies are needed, these results
support elastography’s potential utility as a valuable
adjunct in the clinical evaluation of breast microcalcifica-
tions, possibly reducing unnecessary biopsies and expe-
diting interventions in truly malignant cases.
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