
Abstract. Background/Aim: Augmented reality (AR) is a
new technology that provides new awareness by using a
computer to extend the real environment perceived by
humans. Optical see-through head-mounted displays (OST-
HMD) are worn on the head and can faithfully generate an
AR image by wearing the device on the head as a spectacle-
type device. We developed an ultrasound-guided needle
biopsy technique using OST-HMD for breast tumors.
Patients and Methods: Moverio BT-35E (Seiko Epson Corp,
Nagano, Japan) was used as the OST-HMD device. This
technique involves performing needle biopsy under direct
vision via the gap at the bottom of the display while the
ultrasound images are projected on the display of the OST-
HMD worn on the head. Results: With this technique, needle
biopsy can be executed smoothly with no posture
restrictions. A flip shade affixed to the OST-HMD has 2%
transmittance, which enables clearer projection of the
images. Conclusion: This article outlines the ultrasound-
guided needle biopsy using OST-HMD. We established a
safe and accurate biopsy technique with technological
innovations using AR.

Histological and cytological examinations using core-
needle biopsy (CNB) and fine-needle aspiration biopsy are
widely performed while detecting lesions by ultrasound (1-

3). The molecular biological mechanisms involved in
cancer growth and metastasis have been clarified in recent
years, and therapies targeting the biological characteristics
of individual cancers are now being selected. In breast
cancer, molecular targeted therapies such as endocrine
therapy and anti-human epidermal growth factor receptor
2 (HER2) therapy are now selected based on the
expression statuses of estrogen receptor, progesterone
receptor, and HER2 (4-6). Furthermore, precision medicine
is expected to enable the practice of individualized
treatment by identifying target genes in the cancer tissue
before treatment (7). Thus, it has become necessary to
collect sufficient tissue to enable a search for prognostic
and predictive factors before treatment (8, 9). For this
reason, pre-treatment histological diagnosis with tissue
specimens has become important. Needle biopsy
techniques such as CNB and vacuum-assisted biopsy
(VAB), which can be used to search for tissue types and
biomarkers with a high degree of diagnostic accuracy, are
recommended for masses that are suspected to be clinically
malignant (10-13). However, an appropriate approach
based on acquired skills is needed to improve the
diagnostic accuracy of these techniques.

On the other hand, augmented reality (AR) is a new
technology that provides new awareness by using a
computer to extend the real environment perceived by
humans, that is, by superimposing information on objects in
the reality space (15, 16). AR was introduced in the medical
field in recent years, and there are reports of its use for
diagnostic imaging and surgical support (17-22). Optical
see-through head-mounted displays (OST-HMD) are worn
on the head and can faithfully generate an AR image (21-
23). There are a number of reports on ultrasound-guided
intervention using OST-HMD in the cervical region (24),
but there are no reports on breast masses. Therefore, here
we developed an ultrasound-guided needle biopsy technique
using OST-HMD for breast tumors.
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Patients and Methods

OST-HMD device. Moverio BT-35E (Seiko Epson Corp,
Nagano, Japan) was used as the OST-HMD device (Figure
1). Moverio BT-35E/30 was introduced in the consumer
market in 2018 as a monitor model that enabled wired
connection of a BT-300 (Seiko Epson Corp) to existing
systems. This device adopts a binocular liquid-crystal display
(LCD) projector-based optical design. These devices are also
extremely lightweight, with the BT-35E weighing 119 g and
the BT-30E weighing 69 g, and affordable, making them
easy for even non-professionals to use.

Needle biopsy devices. The BARD™ MAGNUM™
Reusable Core Biopsy Instrument [Becton Dickinson (BD)
(C.R. Bard, Inc.), Tempe, AZ, USA] was used as the CNB
device. The EnCor Enspire™ Breast Biopsy System [BD
(C.R. Bard, Inc.)] and EnCor Ultra™ Breast Biopsy System
[BD (C.R. Bard, Inc.)] were used as VAB devices.

Technical procedure. This technique involves performing
CNB under direct vision via the gap at the bottom of the
display while the ultrasound images are projected on the
display of the OST-HMD worn on the head. In conventional
ultrasound-guided procedures, needle biopsy is performed
while maintaining a posture facing the monitor of a fixed
ultrasonic device, which restricts the doctor’s posture and
movement (Figure 2A and B). However, with this technique,
CNB can be executed smoothly with no posture restrictions
(Figure 2C and D, Figure 3). A flip shade affixed to the OST-
HMD has 2% transmittance, which enables clearer projection
of the images.

In the CNB method, lesions are first confirmed with the
ultrasound equipment, and then the operator searches for the
best puncture approach (projected onto the OST-HMD).

Using this technique, direct infiltration anesthesia is
administered subcutaneously and intradermally with 1%
lidocaine-containing epinephrine under direct vision via the
gap at the bottom of the display. Sufficient local infiltration
anesthesia is administered along the puncture route and
around the lesion under ultrasound guidance projected onto
the OST-HMD after reverting to the field of vision. Next, a
1.5-mm skin incision is made under direct vision and the
skin is punctured with a 16-G biopsy needle. The target is
determined while reconfirming the projected image on the
OST-HMD, and the biopsy needle is fired while confirming
the safety range. Checks are performed with ultrasound
imaging from two directions to ensure that it has penetrated
the lesion. The biopsy section is usually divided into two
sections, and pathological diagnosis is performed by a
pathologist familiar with the pathological diagnosis of breast
cancer. The incision is not sutured, and only post-bleeding
prevention is performed under pressure.

The biopsy method using VAB is almost the same, but it
differs from the CNB technique in that a 10-Gauge biopsy
needle is used, local infiltration anesthesia is injected into
the retromammary space, and aspiration is performed after
penetrating the target.

Results and Discussion

AR is a variant of virtual reality (VR), adding, deleting,
emphasizing, or attenuating information in the surrounding
reality at the time in question, literally expanding the real
world seen by humans (15, 16). While VR replaces reality
with an artificially constructed reality, AR modifies part of
reality (15, 16). VR emphasizes the reality of virtual
objects presented to people, while AR also emphasizes the
association with context, including real-world position and
objects. Therefore, a simple presentation method may be
used to extend reality, and head-mounted displays and other
such means are used to present the visual information (21,
22). In the medical field, VR is applied as a way to present
information for surgical support and diagnostic imaging
(17-22, 24). 

The main uses of OST-HMD are expected to be those of
sub-monitors for inspection/measurement equipment and
work performed while checking images sent from drones. It
can be used in scenarios in which the operator can check the
hand area and any information needed within the field of
vision with very little head movement, the work can proceed
smoothly and efficiency be improved (23). The BT-35E/30E
can output device video information to the monitor without
delay by setting up a wired connection to existing systems.
Therefore, even in the medical field, in which safety is
essential, there are a number of reports on the application of
BT-300 and BT-35E to medical technology by connecting to
medical devices (20, 21, 24).
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Figure 1. Optical see-through head-mounted displays (OST-HMD)
device: Moverio BT-35E (Seiko Epson Corp., Nagano, Japan) was used
as the OST-HMD device.



Using this procedure, the Moverio BT-35E is used as an
OST-HMD device and CNB is implemented under direct
vision via the gap at the bottom of the display with ultrasound
images on the OST-HMD display worn on the head.
Conventional ultrasound-guided CNB is problematic because
it restricts the doctor’s posture and movements due to the need
to perform the procedure while maintaining their posture
toward fixed ultrasound equipment. However, with this
procedure, even if the head is moved for OST-HMD, the
procedure is secured on a safe monitor with the projected
image, and CNB can be executed smoothly without posture
restrictions. Therefore, the procedure can be performed
without the use of restricted postures, even in a limited biopsy
space such as an examination room, and even a training
surgeon can practice the appropriate procedures without stress.

In this procedure, the BT-35E was used as the OST-HMD,
but there are other devices available including [ODG R-7/8/9
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Figure 2. Technical advantage of optical see-through head-mounted displays (OST-HMD) assisted needle biopsy for breast tumor: In conventional
ultrasound-guided procedures, needle biopsy is performed while maintaining a posture facing the monitor of a fixed ultrasonic device, which restricts
the doctor’s posture and movement (A, B). However, with this technique, CNB can be executed smoothly with no posture restrictions (C, D).

Figure 3. Technique of optical see-through head-mounted displays (OST-
HMD) assisted needle biopsy for breast tumor: This technique involves
performing needle biopsy under direct vision via the gap at the bottom
of the display while the ultrasound images are projected on the display
of the OST-HMD worn on the head. 



Glasses System (Osterhout Design Group Inc, San Francisco,
CA, USA) and Microsoft HoloLens/2 (Microsoft Corp,
Redmond, WA, USA)]. Compared to these devices, BT-35E
is inexpensive and compact. The light weight of this device
can be a significant advantage when this procedure is
performed with the OST-HMD worn on the head. In
addition, because of its compact size, it is possible to use the
gap at the bottom, enabling monitoring support and use of
direct vision techniques at the same time. Although it is
possible to see the monitor image without using a flip shade,
it is also possible to attach a flip shade to project the
ultrasound image more clearly and work under direct vision
through the gap at the bottom of the display, thereby
adopting a hybrid system using these techniques in tandem. 

Conclusion

This article outlines the ultrasound-guided needle biopsy
using OST-HMD. Here, we established a safe and accurate
biopsy technique with technological innovations using AR.
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