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Aim of the study: Over the past 50 years, the application of mammography - an X-ray of the breast —
to screen healthy women has been a successful strategy to reduce breast cancer mortality. The aim of
this study was to review the literature on novel imaging approaches that have the potential to replace
mammography.

Keywords: Methods: An online literature search was carried out using PubMed, Google Scholar, ScienceDirect and
Breast cancer Google Patents. The search keywords included “breast cancer”, “imaging” and “screening”, with 51 journal
Screening articles and five United States patents being selected for review. Seventeen relevant online sources were
Imaging also identified and referenced.

Dense breast tissue Results: In addition to full-field digital mammography (FFDM), a further nine imaging modalities were

identified for review. These included: digital breast tomosynthesis (DBT); breast computed tomography
(BCT); automated breast ultrasound (ABUS); fusion of FFDM and ABUS; fusion of DBT and ABUS; magnetic
resonance imaging (MRI); optical imaging; radio-wave imaging; and tactile sensor imaging. Important
parameters were considered: diagnostic success (sensitivity and specificity), especially in dense breasts;
time to acquire the images; and capital cost of the equipment.

Conclusions: DBT is rapidly replacing FFDM although it still misses invasive cancers in dense tissue. The
fusion of ABUS, either with FFDM or DBT, will lead to sensitivity and specificity approaching 100%. The

fusion of opto-acoustic imaging with ultrasound holds considerable promise for the future.

© 2019 IPEM. Published by Elsevier Ltd. All rights reserved.

1. Introduction: Full-field digital mammography (FFDM)

The potential for mammography - an X-ray of the breast - to
screen women for breast cancer was first described six decades ago
by Egan [1]. Over the following 30 years, screen-film mammog-
raphy was implemented in both Europe [2] and the USA [3] and
proved to be a successful strategy for reducing breast cancer mor-
tality. In the early 1990s, it was recognised that traditional mam-
mography based on film had to fulfill three separate functions: im-
age acquisition; image storage; and image display. The limitations
in film mammography, especially the poor contrast for women
with dense breast tissue, led to the development of full-field digi-
tal mammography (FFDM) by various manufacturers [4].

Once FFDM systems had been accepted by the regulatory au-
thorities, they began to replace film mammography in many breast
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screening programmes [5]. However, it was still not certain that
the new digital technology was outperforming its analogue coun-
terpart. A research group called the Digital Mammographic Imag-
ing and Screening Trial (DMIST), funded by the National Cancer
Institute in the USA, came together to answer this question [6].
Based on a multi-centre study of almost 50,000 asymptomatic
women who underwent both FFDM and film mammography, they
concluded that while the overall diagnostic accuracy was similar,
FFDM was more accurate in women under 50, women with radio-
graphically dense breasts, and pre-menopausal women.

By analysing a national database known as SEER (Surveillance,
Epidemiology, and End Results), Hendrick et al. [7] showed that
the age-adjusted breast cancer mortality rates for women in the
USA aged 40 to 84 decreased steadily from 1989 onwards. They
estimated that between 38,400 and 614,500 breast cancer deaths
had been averted through the use of mammography screening and
improved treatment. Although FFDM has clearly reduced mortality,
the imaging modality performs poorly in women who have dense
breast tissue, with sensitivity dropping to less than 50% [8]. One
way in which FFDM diagnostic performance can be improved is to
inject an iodinated intra-venous contrast agent, with recent studies
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Figure 1. Standard geometry for a digital breast tomosynthesis (DBT) system, il-
lustrating how the X-ray tube moves through an arc while the flat panel detector
acquires a series of low dose images of the breast.

suggesting this approach may have some potential for screening
[9].

2. Digital breast tomosynthesis (DBT)

FFDM performs poorly in dense breasts because an X-ray is cre-
ated from the superposition of overlapping tissue structures, and
a malignant lesion shows up white on a background of dense
parenchymal tissue that is also white. The problem has therefore
been characterised as akin to “looking for a polar bear in a snow-
storm” [10]. In the mid-1990s, the technique of digital breast to-
mosynthesis (DBT) was developed [11], in which a set of low-dose
images is acquired while an X-ray tube rotates in an arc across the
stationary breast (see Fig. 1). A computer algorithm then recon-
structs a series of slices through the breast, enabling the removal
of overlapping tissues and allowing tumours to become more con-
spicuous and their morphology more apparent (see Fig. 2).

Hologic was the first manufacturer in 2010 to secure regula-
tory approval from the Food and Drug Administration (FDA) for its
DBT system [12], and during the past decade the technology has

become ubiquitous in breast-screening clinics, particularly in the
USA. In the past decade there have been numerous studies com-
paring DBT with FFDM, although few have been designed as ran-
domised, controlled trials. Among the first reports was by Friede-
wald et al. [13] who conducted a retrospective multi-centre analy-
sis of over 400,000 examinations. They showed that by adding DBT
to FFDM, the recall rate was decreased while the cancer detection
rate increased. More recently, in a prospective cohort study of al-
most 100,000 women, Hofvind et al. [14] have shown that DBT -
including synthesized 2D images - increased the detection rate of
histologically favourable tumours compared to FFDM.

These successes have led Pisano and Yaffe [15] to wonder
whether DBT should replace FFDM for screening purposes. Their
response has been to launch the Tomosynthesis Mammography
Imaging Screening Trial (TMIST), a massive randomised trial in
which they will have to recruit 165,000 women [16]. This is an
ambitious project, and will take at least 5 years to complete, but
will answer an important question. It is pertinent to point out that
despite its success, DBT still misses a substantial number of inva-
sive cancers in women with dense breasts [17].

3. Breast computed tomography (BCT)

Some radiologists and companies such as Hologic have been
referring to DBT as “3D mammography” although, strictly speak-
ing, this is incorrect [18]. Real 3D mammography is the domain
of breast computer tomography (BCT). While there are similari-
ties between DBT and BCT, there are also some important differ-
ences. First, both DBT and BCT use X-rays to acquire an image of
the breast, so the patient is exposed to ionizing radiation. Second,
both systems take images of the breast over an angular range -
typically 30° for DBT but the full 360° for BCT. Finally, the breast
is compressed for DBT while for BCT it is not.

Following the pioneering work of Cormack [19] and Hounsfield
[20] during the 1960s, CT systems became commercially available
in the mid-1970s, and the first application of BCT was reported
by Chang et al. [21] at the University of Kansas. Using a conven-
tional CT system, they performed examinations on 1625 patients
and established that BCT had a breast cancer detection rate of 94%
compared to 77% for mammography. BCT appeared to be espe-
cially superior to mammography for detecting cancers in dense,
pre-menopausal dysplastic breasts, and seemed to be a better test

Figure 2. A low-grade invasive ductal carcinoma, comparing full-field digital mammography (left) and digital breast tomosynthesis (right). Images courtesy of Dr. Steven

Poplack.
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Figure 3. Breast computer tomography (BCT) images of a 44-year-old woman with heterogeneously dense breasts and normal findings [23]. © American Roentgen Ray

Society.

for identifying pre-cancerous high-risk lesions. It is unclear why,
but BCT fell out of favour over the next two decades.

Boone et al. [22] at the University of California Davis were the
first to design and test a custom BCT system based on cone-beam
computed tomography in which the woman lies in a prone posi-
tion with her breast suspended through an opening in the exam-
ination table. A team from the University of Rochester conducted
a series of studies addressing the issues of radiation dose, breast
coverage and image quality [23,24] that enabled the spin-out com-
pany Koning to secure FDA clearance for its scanner [25]. Koning's
BCT system, which enables true 3D images of the breast to be con-
structed (Fig. 3), has only been approved as a diagnostic device,
and not for screening, which means that it may only be used as an
adjunct to FFDM or DBT.

Kalender et al. [26] at the University of Erlangen designed their
BCT system around a photon-counting detector and demonstrated
that for an average glandular dose of 5 mGy, they were able to
achieve high 3D spatial resolution with reliable detectability of cal-
cifications and soft tissue delineation. Their spin-out company AB-
CT received the CE mark in 2018 for its BCT system [27], and a
limited clinical trial has recently been published [28]. While the
BCT systems from Koning and AB-CT have successfully addressed
the important issues of radiation dose and image quality, they do
have challenges to address from a screening perspective: the high
cost of their systems (over $1 million); inability to image the ax-
illary region where lymph nodes are located; and the difficulty of
elderly women to position their breasts in the imaging volume.

4. Automated breast ultrasound (ABUS)

Dense fibro-glandular tissue masks underlying tumours in both
FFDM and DBT and a false negative diagnosis can have devastating
consequences for the patient: more costly treatment and a poorer
prognosis [29]. Although ultrasound lacks the spatial resolution of
X-rays, it is capable of penetrating and distinguishing tissues of

different densities remarkably well and does not suffer the prob-
lems of ionizing radiation [30]. For over five decades, hand-held
ultrasound (HHUS) has been used as an adjunct to mammography
and continues to play a vital role in the diagnosis of breast can-
cer, especially in younger women with dense breast tissue, and is
also employed during subsequent biopsies [31]. However, from a
screening point of view, HHUS is time-consuming - taking 20 to
30 min per patient - and, since it relies on the skill of the opera-
tor, suffers from repeatability problems [32].

In the past 15 years, dedicated automated breast ultrasound
(ABUS) devices have been developed and commercialized. In these
devices, the patient lies on a bed - either in a supine position
with her breasts naturally compressed under gravity [33], or in a
prone position with her breast protruding through an aperture in
the bed [34]. With these two ABUS designs, 3D volumetric data is
acquired, either by a linear B-mode ultrasound probe that scans
across the breast in the frontal plane [33] or by a circular trans-
ducer immersed in water that moves upwards from the nipple to
the chest wall [34].

Three companies - GE [35], Siemens [36] and SonoCiné [37] -
whose designs are based on the supine position, and another two
manufacturers - Delphinus [38] and QT Ultrasound [39] - whose
designs are based on the prone position, have secured FDA clear-
ance for their systems to be deployed as an adjunct to mammogra-
phy. Whereas the supine designs make use of reflected ultrasound
signals, the prone designs record not only reflected signals but
also the attenuated transmitted signals plus the speed of sound.
Figure 4 shows a co-registered ABUS image in the horizontal and
coronal planes where the green crosshairs indicate the location of
a cancerous lesion.

5. Fusion of FFDM and ABUS

The most compelling evidence to date supporting the applica-
tion of FFDM followed by ABUS as screening strategy was reported
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Figure 4. An automated breast ultrasound (ABUS) image in the horizontal plane (bottom) and coronal plane (top), in which the green crosshairs identify the location of a
cancerous lesion. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

by Giuliano and Giuliano [40] who studied 3418 women whose
breasts were mammographically dense. They showed the addi-
tion of ABUS led to the detection of 12.3 breast cancers per 1000
women screened compared to 4.6 per 1000 for FFDM alone. Sen-
sitivity increased from 76.0% to 97.7%, while specificity increased
from 98.2% to 99.7%. However, this approach employed two sep-
arate imaging systems, required more than 30 min to acquire the
images, and the breast was in a completely different orientation
and degree of compression for the FFDM and ABUS images.

Over the past 25 years, there have been a number of patents
issued that describe the fusion of FFDM and ABUS in a single
platform [41-43]. While a system based on one of these patents
was built [44], it never progressed beyond the prototype stage be-
cause the developers were unable to solve the problem of acous-
tically coupling the ultrasound probe to the breast. A group from
the University of Cape Town [45] solved the problem by locating
the X-ray camera and ultrasound probe beneath the breast in a
hermetically-sealed platform filled with mineral oil [46]. The dual-
modality Aceso system, named after the Greek goddess of healing,
is seen in Figure 5 [47].

Two clinical trials of Aceso were conducted on 83 women - 65
healthy volunteers and 18 patients referred by the breast clinic at

Groote Schuur Hospital - and the findings demonstrated the po-
tential of the system to be used in a breast screening clinic [48,49].
The average time spent by each woman in the imaging room for
the radiographer to gather a full set of FFDM and ABUS images was
just 10 min. Since the FFDM and ABUS images had a common ori-
gin and coordinate system and were acquired simultaneously with
the breast in the identical degree of compression and orientation,
co-registration of the images was straightforward.

In the first trial, one of the volunteers had extremely dense
breasts and no prior history of breast pathology [48]. The FFDM
image for the left medio-lateral oblique view confirmed no pathol-
ogy but when the ABUS images in the sagittal plane were viewed
as a video, a dark well-defined lesion was revealed. Figure 6a
shows co-registration of the images and the green crosshairs in
the three ABUS views identify the location of the lesion that is
clearly occult in the FFDM image. Follow-up evaluation revealed
a benign cyst. In the second trial, one of the patients presented
with a 2cm suspicious, irregular mass when examined clinically
[49]. The FFDM image revealed a spiculated lesion which was co-
registered with the three ABUS images (Fig. 6b). Based on the clin-
ical trials and further independent testing, the Aceso system was
subsequently awarded the CE mark [50].
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Figure 5. A frontal view of the dual-modality Aceso system that combines full-
field digital mammography (FFDM) and automated breast ultrasound (ABUS) in
a hermetically-sealed breast platform filled with mineral oil [49]. The ultrasound
probe is seen on the left and the digital X-ray camera on the right. Prior to image
acquisition, both transducers are located out of the field of view on the right-hand
side, and the ABUS and FFDM images are acquired simultaneously as the transduc-
ers move from right to left.

6. Fusion of DBT and ABUS

As highlighted above in Sections 2 and 4, digital breast to-
mosynthesis (DBT) and automated breast ultrasound (ABUS) have
independently demonstrated the ability to improve cancer detec-
tion, especially in women with dense breast tissue. The next log-
ical step is to combine DBT and ABUS in a single platform and
the research group that first built a successful prototype was
based at the University of Michigan. With the financial support
of the National Institutes of Health and GE Healthcare, their first
system incorporated an early DBT prototype from GE, a hand-
held ultrasound probe located on a motorized transducer carriage
which in turn was built into a TPX paddle that compressed the
breast [51].

This first system was used clinically on 27 patients and, de-
spite the length of time to acquire a full set of dual-modality im-
ages (30 min), plus the difficulty in locating lesions close to the
chest wall, 3D fusion of the DBT and ABUS images was shown
to be feasible. More recently, the Michigan group has built and
tested a second prototype that combined the GE SenoClaire DBT
system and the GE Invenia ABUS system, where the compression
paddle that incorporates the ultrasound transducer was made from
a flexible polyester mesh [52]. In a clinical study of 13 patients,
acquisition time for two DBT views and one ABUS view was re-
duced to 15 min, while successful co-registration of lesions was
demonstrated.

There are two separate groups in Germany, one based in
Erlangen [53] and the other in Heidelberg [54], that have devel-
oped similar prototypes based on Siemens technology - the Mam-
momat Inspiration DBT system plus the Acuson S2000 ABUS sys-
tem. As with the University of Michigan prototype, the ultrasound
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Figure 6. Co-registration of the FFDM images in the horizontal plane and the ABUS
images in the horizontal, coronal and sagittal planes, as acquired by the Aceso sys-
tem. (a) A 42-year-old healthy volunteer with extremely dense breast tissue where
a benign cyst is highlighted by green crosshairs in the ABUS images, but the lesion
is occult in the FFDM image [48]. (b) A 61-year-old patient in which a malignant
tumour is clearly co-registered in the ABUS and FFDM images [49]. Note: for the
ABUS images, the sagittal plane view is the acquired image, whereas the coronal
and horizontal plane views have been reconstructed from the sagittal plane slices.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

transducer is built into a modified compression paddle and is lo-
cated above the breast (Fig. 7). The Heidelberg group studied 23
patients, demonstrating co-registration of lesions in both imaging
modalities (Fig. 8) although, of the 6 malignant lesions, all were
identified with DBT but only 4 with ABUS [54]. Coverage with
ABUS was only 66% of DBT, a direct result of the ultrasound trans-
ducer being located above the breast which limited the acoustic
coupling. In contrast, by locating the ultrasound probe beneath the
breast, the University of Cape Town group is able to achieve ABUS
coverage of over 90% [49].
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Figure 7. Fusion of DBT and ABUS with the Siemens Mammomat Inspiration and
Acuson S2000 systems [54]. Note: the ultrasound transducer is built into the com-
pression paddle and is located above the breast. © European Society of Radiology.

7. Magnetic resonance imaging (MRI)

Among current clinical imaging modalities, magnetic resonance
imaging (MRI) of the breast has the highest sensitivity for early
detection of cancer, especially in women with dense breast tissue
[55]. However, its application has been primarily for diagnosis, with
its use as a screening tool largely confined to women with a life-
time risk of greater than 20%. In a landmark paper published in
The Lancet, a group from Aachen in Germany advocated the use of
MRI to detect breast cancer at its earliest stage, recommending the
modality as a replacement for, rather than as an adjunct to mam-
mography [56]. But, from a screening point of view, MRI has four
major drawbacks compared to mammography: the time spent in
the scanner; the need to inject a contrast agent such as gadolin-
ium; poor specificity; and the high capital cost of the equipment.

To address the first drawback, the Aachen group developed an
abbreviated protocol where the acquisition time was reduced from
17 to 3 min [57]. They studied 443 women who had a normal or
benign mammogram and, for those with heterogeneously dense or
extremely dense breasts, also had a normal or benign ultrasound.
As seen in Figure 9, an invasive ductal carcinoma that was mam-
mographically occult was detected with the abbreviated MRI pro-
tocol. Reading time was<30 s for the abbreviated protocol, which
also resulted in an additional cancer yield of 18.2 per 1000. In a
recent review article, Kuhl [58] provided the rationale to use MRI
in general, and abbreviated MRI in particular, for breast cancer
screening.

To address the second drawback of MRI - the need for a con-
trast agent with the associated risk and cost - a group from the
University of Washington in Seattle has been exploring the applica-
tion of diffusion-weighted imaging or DWI [59]. DWI uses motion-
sensitizing gradients to measure the random movement of water
molecules and provides information on tissue cellularity and mi-
crostructure and has the potential to differentiate benign and ma-
lignant breast lesions. Although DWI lacks the spatial resolution of
dynamic contrast-enhanced MRI, which looks at areas of altered
vascularity, the researchers are optimistic that recent technical ad-
vances in DWI will lead to improved sensitivity [60].

With regard to the poor specificity of MRI, Kuhl [58] has ar-
gued that positive predictive value (PPV), which is the rate of true-
positive diagnoses over all positive diagnoses (true and false), is a
better measure of diagnostic performance and the PPV for MRI is
equal to that of mammographic screening. Only one company -
Aurora - has developed a dedicated 1.5 Tesla breast MRI scanner
[61], although the cost is still significantly greater than FFDM and
DBT systems from other manufacturers. With sensitivity and speci-
ficity of 92% and 89% respectively, the diagnostic performance of
the Aurora system (Fig. 10) was comparable to other MRI scanners
[62].

8. Optical imaging

In a wide-ranging review of optical breast imaging by near-
infrared (NIR) spectroscopy, Grosenick et al. [63] have explored the

Figure 8. Fusion of DBT and ABUS images in the sagittal plane, showing co-registration of a cancerous lesion [54]. © European Society of Radiology.
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Figure 9. Comparison of FFDM images (A) and MRI images (B) of both breasts of a 45-year-old woman with a moderate history of breast cancer [57]. An invasive ductal
carcinoma in the left breast was clearly evident in the MRI image but was occult in the FFDM image. © American Society of Clinical Oncology.

Figure 10. A dedicated 1.5 Tesla breast MRI system manufactured by Aurora Healthcare Corporation [61].

optical properties of healthy breast tissue and of malignant and
benign lesions, and the various methods to improve the contrast
between healthy and diseased tissue. They concluded that sen-
sitivity and specificity of optical mammography were likely too
low for its application as a screening tool, primarily because the
poor spatial resolution of diffuse optical imaging prevented early
detection of breast cancer. However, a group from Boston has
presented data on a multi-modal system that incorporates both
DBT and co-registered dynamic diffuse optical tomography (DOT).
They demonstrated successful fusion of the anatomical location of
a tumour in the DBT image with the functional location of in-
creased hemoglobin uptake in the DOT image [64]. Although this
hybrid system is not yet in routine clinical use as a screening tool,
the authors believe their first patient images hold considerable
promise.

A dual-modality system that integrates opto-acoustic (OA)
imaging with conventional ultrasound for co-registered functional
and anatomical mapping of breast tumours has been developed
and tested clinically in a multi-centre trial of more than 2000
patients [65]. The Imagio system, designed and manufactured
by Seno Medical Instruments [66], takes advantage of the OA
effect — the conversion of laser light energy into sound energy. A
hand-held probe that incorporates both ultrasound and NIR lasers
is able to detect the presence of tumour angiogenesis, taking
advantage of the fact that malignant and benign lesions have
different levels of haemoglobin and oxygen concentration. As seen
in Figure 11, a malignant mass is seen in the gray scale ultrasound
image, with increased haemoglobin due to angiogenesis shown
in yellow, and diffuse internal blood oxygenation shown in red.
The developers of Imagio envision a next-generation system that

will support three-dimensional OA tomography that could enable
automated screening for breast cancer [65].

9. Radio-wave imaging

Over the past 15 years, engineers at Bristol University in the
UK have developed a breast imaging system called MARIA that is
based on radio-waves [67]. Similar to the ABUS system from Del-
phinus described earlier in Section 4 [38], the patient lies prone
on a bed with her breast hanging under the influence of gravity
in the transducer. The MARIA transducer is a concave cup that can
accommodate a range of breast sizes (310 to 850 cm3) and incor-
porates an array of 60 radio-frequency antennae operating in the
3 to 8 GHz range that surround the breast. Each antenna transmits
sequentially and the other 59 record the signals reflected from the
underlying tissue, enabling the device to construct a 3D map of the
breast [68].

MARIA takes less than 5 min to scan each breast and captures
variations in three tissue parameters — impedance, permittivity and
conductance - that enable a clinician to differentiate between nor-
mal tissue and lesions. Two clinical trials of MARIA have been re-
ported, the first with 86 symptomatic patients recruited from a
breast clinic [67], while the second was a multi-centre study of
225 patients who had presented with either malignant or benign
lesions [68]. In some of the cases, patients were also imaged us-
ing FFDM, hand-held ultrasound (HHUS) and MRI. As illustrated
in Figure 12, for one of the patients the FFDM image was nega-
tive, whereas MARIA, MRI and HHUS all revealed a lesion that later
biopsy confirmed as a Grade 2 carcinoma.
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Figure 11. Dual-modality opto-acoustic and ultrasound images of a patient acquired with the Imagio system manufactured by Seno Medical Instruments [66]. (a) A 2.6 cm
malignant mass seen on gray-scale ultrasound. (b) Increased haemoglobin due to high density of angiogenesis. (¢) Diffuse internal blood deoxygenation [65]. © Alexander
Oraevsky.
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Figure 12. Patient with a Grade 2 carcinoma [68]. (a) FFDM image which was reported as normal. (b) MARIA image, showing a lesion in the upper outer quadrant (UOQ).
(c) Contrast-enhanced MRI, showing a 16 mm irregular mass in the UOQ. (d) Ultrasound image, confirming the lesion. © European jJournal of Radiology.



C.L. Vaughan/Medical Engineering and Physics 72 (2019) 27-37 35

Figure 13. The hand-held iBreastExam [70]. (a) Based on the piezo-electric principle, the 4 x 4 array of tactile pressure sensors measure the stiffness of the underlying
tissues. (b) The device communicates wirelessly with a mobile phone that displays and records the data in real time.

Results from both clinical trials showed an overall sensitivity
of 76% which was similar across benign and malignant findings,
as well as in dense breasts. The technology has been commercial-
ized by a company called Micrima which received the CE mark for
MARIA in 2015 [69]. Because radio-waves produce no ionizing ra-
diation and MARIA does not require breast compression, the com-
pany is optimistic their technology will be a competitor to FFDM.

However, they will still need to address their relatively low sensi-
tivity and the limitation on breast cup sizes (32A to 42DD).

10. Tactile sensor imaging

In developing countries contemplating the introduction of a
breast screening program, the cost of FFDM, DBT or ABUS systems
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- priced between $100,000 and $500,000 - can be a significant
impediment. Scientists at Drexel University in Philadelphia have
developed a hand-held and battery-operated breast scanner that
addresses the problem (see Fig. 13). The iBreastExam [70], which
has secured both CE mark and FDA approvals, has the potential to
make an important contribution to early detection of breast can-
cer in low-resource environments. The tactile sensors, for which a
patent is pending [71], are based on the principle of piezo-electric
detectors that generate quantitative information - such as elastic
and shear modulus - regarding tissue compression and stiffness.
Breast cancer tumours tend to be hard and stiff when compared to
normal breast tissue.

The iBreastExam (iBE) has been tested in two clinical trials
[72,73]. Broach et al. [72] studied 78 patients who, as part of their
diagnostic work-up, underwent an examination with both HHUS
and iBE. In addition, 52 of the patients had diagnostic mammog-
raphy while 39 had follow-up biopsies. In 60 patients, various
masses — such as fibroadenomas, cysts, fat necrosis, DCIS or tu-
mours - were confirmed, with 12 women being diagnosed with
breast cancer. The iBE correctly identified 66 lesions with sensitiv-
ity of 86% and specificity of 89%, confirming the device’s potential
as a low-cost screening tool. A second clinical trial of 1300 women
in rural India established similar values for diagnostic success [73],
which has led to the iBE now being offered in more than 60 sites
throughout the country.
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