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Minimally invasive biopsies are a cornerstone of breast cancer management with ultrasound being the preferred
guidance modality. New developments in breast cancer management and advances in imaging technologies
bring new challenges to current biopsy methodologies. A new biopsy device (NeoNavia® biopsy system, 14 G)
was developed. It incorporates a pneumatic needle insertion mechanism that is intended to provide better
control of needle progression and enable stepwise insertion without noticeable deformation or displacement of
surrounding tissue as visualized under ultrasound. A new method of tissue acquisition was designed to achieve a
sampling yield higher than standard methodologies. Needle dynamics was assessed on a speciﬁcally designed
test bed and sampling performance was compared to a Magnum® biopsy instrument (Bard, Covington, GA, USA)
in representative tissue models. The histological quality of samples obtained ex-vivo was evaluated. A pneumatic
pulse was measured to accelerate the needle to a maximum velocity of 21.2 ± 2.5 m/s on a stroke length of
2.5 mm, achieving signiﬁcantly higher acceleration, maximum velocity and power than current biopsy devices.
Mean weight of samples obtained by the NeoNavia device were 3.5, 4.6, and 4.3 times higher when sampling
was performed in turkey breast, calf thymus and swine pancreas, respectively, as compared to samples obtained
with the Magnum instrument. Ex-vivo analysis indicates that the method of tissue acquisition has no apparent
negative impact on the histopathologic quality of obtained samples.

1. Introduction
Minimally invasive biopsy is a well-established method of obtaining
samples from breast tissue that demonstrates suspicious lesions on
imaging. As many as 1.7 million such procedures are performed each
year in the US alone [1]. Minimally invasive biopsy of breast and axillary lymph nodes enables assessment of tumor biology and staging for
an individual treatment of breast cancer patients [2,3]. Various studies
have substantiated the diagnostic value of core needle biopsy (CNB)
and vacuum-assisted biopsy (VAB) procedures [4] which have become
the gold standard method for the initial assessment of suspicious breast
lesions [5]. For minimally invasive biopsies of lesions the preferred
guidance modality is ultrasound (US) as it oﬀers real time visualization,
ready access to all parts of the breast including the axilla and, compared
to modalities such as mammography and magnetic resonance imaging
(MRI), a shorter procedure time, increased patient comfort and no
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exposure to ionizing radiation or intravenous contrast media [6].
Core needle biopsy devices currently used in breast diagnostics were
conceived in the late 80’s and are based on a tissue cutting or punching
mechanism. The insertion of the CNB needle into the tumor is usually
powered by a spring-loaded mechanism which thrusts the needle into
the tumor. The outer diameter of a CNB needle is in the range of
18–14 G (1.3–2.1 mm). Vacuum assisted biopsy devices were ﬁrst presented in the mid-90’s. These devices are based on CNB technique, but
additionally employ a vacuum to prolapse the tissue into the aperture
while also incorporating larger needle diameters in the range of 7–14 G
(4.6–2.1 mm). Illustrations of CNB and VAB mechanisms are given in
Fig. 1. Both CNB and VAB incorporate needle placement mechanisms
with predetermined stroke lengths, can incorporate large and sharp
needle tips as well as needle designs that only use a fraction of the
biopsy needle volume for actual sample acquisition. Challenging cases
of ultrasound-guided breast biopsies described in the literature include

Corresponding author at: Department of Molecular Medicine and Surgery, Karolinska Institutet, NeoDynamics AB, Lejonvägen 14, 181 32 Lidingö, Sweden.
E-mail address: kai-uwe.schassburger@ki.se (K.-U. Schässburger).

https://doi.org/10.1016/j.ejmp.2017.12.014
Received 17 October 2017; Received in revised form 14 December 2017; Accepted 17 December 2017
1120-1797/ © 2018 Associazione Italiana di Fisica Medica. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

Physica Medica 46 (2018) 25–31

K.-U. Schässburger et al.

Fig. 1. Illustration of insertion and sampling technique of
CNB and VAB in the left and right column, respectively. (A)
The inner and outer cannula of the CNB are aligned as the
needle is inserted through healthy tissue towards the suspicious lesion. The aperture is closed. (B) The inner needle
incorporating a needle tip of around 5 mm is ﬁred into the
lesion over a distance of approximately 20 mm. (C) The
ﬁring of the inner needle automatically triggers a system for
immediate advancement of the outer cannula to cut the
sampled tissue trapped inside the aperture. The biopsy
needle is subsequently withdrawn from the patient and the
outer cannula is retracted to expose the sample inside the
notch. (D) The VAB needle is inserted to the area of interest
with the aperture closed by the inner cutting cannula.
Placement is achieved either by manually pushing the
needle forward or via a placement mechanism. VAB needles
incorporate needle tips of around 10 mm (E) Once at the
area if interest, the inner cannula is retracted and vacuum activated. Surrounding tissue prolapses into the aperture. (F) The rotating inner cutting cannula advances, thereby cutting the
tissue trapped inside the aperture. Samples are either transported into a sampling chamber or the needle is retracted from the patient and the sample removed after opening the aperture.

the tissue has fractured and is characterized by the force subsequently
stabilizing or decreasing. Increased needle acceleration minimizes
tissue deﬂection in the ﬁrst phase by creating a high force leading to
instant tissue fracture. Increased needle velocity minimizes the cutting
force needed for tissue fracture and minimizes tissue displacement
during the second phase. As proposed in earlier work by Wiksell et al.
[13], high needle acceleration and velocity can be achieved by applying
pneumatic pulses to the biopsy needle. In combination with a short
stroke length, in the order of millimeters, and the ability to apply
multiple consecutive pulses it might be expected to enable the physician to deploy the biopsy needle into the breast in a stepwise and
controlled manner without noticeable deformation or displacement of
surrounding tissue on the ultrasound image. The sampling needle
should further use a needle design where the complete needle volume
can be used for tissue acquisition.
We report here on the development and preclinical validation of a
high velocity pulsed-insertion biopsy device that incorporates a pneumatic insertion mechanism and novel sampling needle design. We describe needle dynamics using a specially designed needle trajectory test
bed, compared its sampling performance with a routinely used CNB
device on representative bench models and assessed the histological
quality of samples collected in an ex-vivo setting.

small breast lesions, tumors near the skin surface, deep lesions, lesions
adjacent to silicon implants and those near the chest wall, calciﬁed
lesions and mobile lesions such as small ﬁbroadenoma [7]. Biopsies in
the axilla, with its speciﬁc topography, i.e. the closeness of the lymph
nodes to blood vessels and nerves, also poses speciﬁc challenges, limiting the practicability of current biopsy devices [8]. It is reported that
needle insertion towards the lesion may be cumbersome in patients
with dense breasts or ﬁbrosis [7]. Challenging cases are generally those
that present with a lesion that is hard to reach or target, cases where the
lesion gets pushed aside by the biopsy needle tip resulting in the collection of non-representative samples and lesions in the vicinity of delicate anatomical structures.
The sensitivity and speciﬁcity of high resolution ultrasound and
associated technologies, such as elastography and optoacoustic imaging, are continually improving with the result of increasing diagnostic
potential. The combination of increasingly sensitive imaging techniques
and expanding breast cancer screening programs, early detection in
high risk patient groups and increased use of breast sonography in daily
care has seen an increase in the reporting of small and unclear ﬁndings,
where histological clariﬁcation is indicated but current biopsy methods
reach their limits [7,9]. As with imaging technology, the management
of breast cancer is constantly evolving and with these changes come
new challenges to existing biopsy methodologies. The need for axillary
lymph node biopsies has increased with the growing number of patients
receiving neoadjuvant chemotherapy. Current developments include
the analysis of phenotypic and genetic intratumoral heterogeneity [10],
an emerging systematic approach to biopsies of distant metastasis for
improved individualization of therapy [11] and the use of image-guided
biopsies to diagnose a pathological complete response in the breast
after neoadjuvant chemotherapy.
Some of the current challenges faced by existing biopsy techniques
could be overcome by ﬁner needle control during insertion and improved tissue sampling eﬃciency. Characteristics of needle insertion
are determined by the mechanics of tissue-cutting during needle penetration. Applying the framework of fracture mechanics, it has previously been proposed and validated that the tissue-cutting process
during needle insertion can be split into two distinct phases [12]. In the
ﬁrst phase, tissue deﬂects progressively as the needle force builds up to
the amount required to initiate cutting. The second phase occurs once

2. Materials and methods
2.1. NeoNavia biopsy system
2.1.1. Pneumatic needle insertion mechanism
Building on previous institutional work reported by Wiksell et al.
[13], the developed insertion mechanism reported here is based on a
pneumatically driven reciprocating stainless steel weight that transfers
energy via a piston to the biopsy needle (see Fig. 2). The design incorporates a 7 cm stainless steel tube containing a loose steel projectile
that weighs 12 g. Magnets hold the projectile in place at the proximal
end of the steel tube. A polyvinyl chloride (PVC) tube is attached to the
proximal end that is connected to a regulator and compressor generating pressurized air at 4.5 bar gauge pressure. As a high-speed response solenoid valve is opened for 50 ms, pressure behind the projectile builds up until it overcomes the magnetic force holding it back.
Fig. 2. Needle insertion mechanism. The steel tube incorporating the projectile is shown (A) as well as the piston
arrangement (B). (C) The chamber that contains the pressure which will return the projectile to its initial position.
The oﬀset axis of the projectile trajectory and the biopsy
needle are depicted with dashed lines (D) and (E), respectively.
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At this point the projectile is propelled forward through the steel tube.
A piston arrangement at the distal end of the tube is used to transfer the
energy from the accelerated projectile to the biopsy needle. Pressure
builds up inside a compartment at the distal end of the steel tube as the
projectile travels forward. This pressure subsequently returns the projectile to its starting position. The biopsy needle movement is restricted
to allow a maximum stroke length of around 2.5 mm before it is stopped
by a rubber ring and returned to its original position by a coil spring.
The axis of the steel tube and the sampling needle are oﬀset to each
other. This enables for a solid trocar to be inserted into, and withdrawn
from the sampling needle via its proximal end. When this insertion
mechanism is integrated into a biopsy hand piece the movement of the
needle created by the insertion mechanism in combination with manual
advancement of the biopsy hand piece generates a stepwise needle
advancement. The needle is, in eﬀect, pulsing into the tissue. More
details on the mechanics are given elsewhere [14].

2.1.2. Sampling needle design
To enable for a maximum sampling yield with minimal tissue
trauma a distal-tip sampling needle design is employed. A distal-tip
sampling needle is essentially a hollow needle with an open needle tip.
The complete inner needle volume can be used as a sampling cavity
without the need for a solid and sharp needle tip. A sharpening grind
was applied to the inside of the distal needle tip, thereby maximizing
the tissue volume that can enter into the needle (see Fig. 3). Negative
pressure is applied to the sampling needle, known to increase the
sampling yield of distal-tip biopsy needles. The negative pressure
counters the friction experienced by the tissue due to the internal
needle wall during sampling. As the needle cuts into the tissue the
sample is pulled into the needle by the vacuum [15] which is transferred to the needle via a number of small holes in the needle wall at the
proximal end and a suction connector (see Fig. 3). The suction connector is connected to a compressor that is capable of applying a

Fig. 4. Illustration of NeoNavia sampling methodology. (A) The needle is advanced
though healthy tissue towards the suspicious lesion with the trocar extended. (B) With the
tip of the trocar put at the suspicious lesion, the trocar is retracted and exposes the cavity
of the distal tip sampling needle. (C) Pneumatic pulses are used to insert the sampling
needle into the lesion. (D) When the needle has been inserted a desired length it is rotated
to cut oﬀ the sample. (E) The needle is subsequently retracted from the patient and the
trocar is extended to eject the tissue sample at the distal tip of the biopsy needle.

negative pressure of 60 kPa inside the sampling needle within 5 s.
Once in the needle bore that sample has to be cut oﬀ and separated
from surrounding tissue. Rotating the needle rapidly once it has entered
the tissue serves to cut the sample from surrounding tissue, which is
applied by clockwise needle turning for 50 ms followed by 50 ms pause
and a subsequent 50 ms of counter clockwise turn. Momentum applied
to the tissue is increased by means of a slit incorporated in the body of
the needle (see Fig. 3). The rotational movement is generated by an
electric motor and transferred to the needle via cogwheels (see Fig. 3).
The cogwheels permit for longitudinal needle movement during application of pneumatic pulses whereas the suction connector permits
both longitudinal and rotational needle movement. Additional details
of the mechanics behind the sampling mechanism are provided elsewhere [16].
2.1.3. Biopsy procedure
An illustration of a biopsy procedure using the developed device is
provided in Fig. 4. The needle is initially advanced though healthy
tissue towards the suspicious lesion with the trocar extended, thereby
blocking healthy tissue from entering the needle (see Fig. 3). Where
manual penetration of the tissue is problematic in case of e.g. dense
breast tissue or when increased precision is necessary, pneumatic pulses
are applied. When the tip of the trocar has reached the suspicious lesion, the trocar is retracted exposing the cavity of the distal tip sampling
needle. Pneumatic pulses are used to insert the sampling needle into the
lesion with vacuum suction aiding in ﬁlling the needle with tissue
during advancement. The sampling needle can be inserted stepwise into
the lesion to collect samples of corresponding length. Maximum insertion length is restricted to 6 cm. Once the desired insertion length has
been achieved the needle is rotated to cut oﬀ the sample. The sampling
needle is retracted from the patient and the trocar extended to eject the
tissue sample from the distal tip of the needle.

Fig. 3. Magniﬁed (35×) pictures of the distal tip of the biopsy needle and tissue acquisition mechanism. (A) shows the biopsy needle when it is inserted into the lesion. The
trocar is at a position 60 mm retracted into the sampling needle thereby exposing the
distal tip of the sampling needle and creating a sampling cavity of corresponding length.
The slit can be seen as well as the inward grind at the needle tip. (B) The distal part of the
biopsy needle with the trocar in an extended position. The trocar prevents healthy tissue
from entering the sampling needle during insertion towards the lesion. (C) The electrical
motor which rotates the needle via cogwheels to separate the sample from surrounding
tissue. (D) The suction connector that allows for longitudinal and rotational needle
movement.
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Fig. 5. Image of the NeoNavia biopsy device and base unit
(A). The lever on the bottom of the device is used to extend
the trocar and ﬁxate it to the sampling needle with an internal spring mechanism. This is done when preparing the
device for sampling to enable a sharp dissection tip while
blocking the needle tip to keep healthy tissue from entering
the sampling needle. The trocar retraction buttons on each
side of the handle are used to retract the trocar, which allows sampling to start by unblocking the needle tip and
initiating vacuum suction capability through the sampling
needle. When the operator pushes the pulse button on top of
the device a pneumatic pulse is activated which results in a
forward movement of the biopsy needle. After ﬁlling the
sampling needle with an adequate amount of tissue by
moving the sampling needle through the suspicious lesion
using pneumatic pulses, the sample is cut using the cutting
button. Pushing the button initiates a rotational motion that
separates the tissue inside the sampling needle from surrounding tissue. The device can now be removed from the patient. The obtained sample is extracted by using the lever on the bottom of the device to extend the trocar, which ejects the
sample. Instrumentation on the base unit includes two LEDs indicating system status and a Stand-by button used to both start and stop the operation of the Base unit. The compartment for
the vacuum canister and connections for the biopsy device can be seen. The vacuum canister protects the compressor from contamination.

a 50 MHz clock rate. Needle trajectory was measured for 1.5, 2.5, 3.5,
and 4.5 bar gauge pressure. Ten measurement series were performed for
every pressure setting.

2.1.4. System integration
The needle insertion mechanism and sampling needle design were
incorporated into a new biopsy system. Taking into account user aspects regarding cable length, start time, noise levels, size requirements,
for example, and in compliance with regulatory requirements on safety
and eﬃcacy the NeoNavia biopsy system (NeoDynamics, Sweden) was
developed and a CE-marking obtained. It is a tethered system with a
base unit supplying the biopsy device with power and controlling its
operation during the sampling procedure (Fig. 5). The NeoNavia biopsy
device is sterile and intended for single-use only. It consists of a conical
handle that incorporates the pneumatic driver and a 14 G distal-tip
sampling needle with an integrated trocar. The base unit is a ﬂoor
positioned mobile base unit powered from a standard mains power
outlet. The exterior of the base unit includes a ventilation outlet and
intake enabling air-cooling of the system during operation. Key components of the base unit are two oil-free piston compressors. One
compressor creates pressurized air for the pneumatic driver and the
other provides suction for the sampling needle. The compressors are
mounted together with a fan and additional pneumatic components to
safely control their operation inside a sound box to minimize noise.

2.3. Sampling yield testing in tissue models
Testing was performed in turkey breast, swine pancreas and calf
thymus. A custom-made test box was manufactured from transparent
plastic and equipped with holes in the wall to allow for sampling
through the side wall. A 280 g lid was placed on the tissue model to
hold it in place. The NeoNavia biopsy device (14 G needle) was compared with a Magnum reusable core biopsy instrument (Bard,
Covington, GA, USA), also equipped with a 14 G needle employing a
stroke length of 22 mm. The Magnum device employs the mechanism
depicted in Fig. 1 and was judged to be a suitable benchmark device
since it was the ﬁrst on the market and is today one of the most widely
used CNB devices in clinical practice. In order to generate comparable
data, the NeoNavia biopsy needle was inserted 22 mm into the tissue,
corresponding to the stroke length of the comparison device. Obtained
tissue samples were weighed using a precision balance (Sartorius CD64
scale; 0–64 g, resolution ± 0.1 mg). Since ﬂuid content in all obtained
samples could inﬂuence results, the samples were placed on an absorbent paper towel so that any excess ﬂuid would be absorbed and subsequently placed on the scales with tweezers. All procedures were
performed with the tissue at room temperature.

2.2. Needle trajectory test bed
The custom made test bed that was developed to measure needle
velocity consists of a ﬁxture for the hand piece and a sensor unit
mounted on a stable base plate (Fig. 6) as well as a personal computer
(PC) with a data acquisition (DAQ) device for controlling the test
hardware and sampling data. The sensor unit incorporates a linear
image sensor, two light emitting diodes and a stepper motor. The
complementary metal-oxide semiconductor (CMOS) sensor (S11105,
Hamamatsu Photonics) incorporates 512 pixels arranged linearly in the
space of 6.4 mm (Fig. 6) and provides a maximum video data rate of
50 MHz. The LED has a spread angle of 1 degree and delivers a power of
1 W. The stepper motor is used to control the longitudinal position of
the sensor unit. The PC (Intel i7, 12 Gb RAM running Microsoft Windows, version 7) incorporates a digital input/output device (PCIe6537B, National Instruments) that features a maximum clock rate of
50 MHz and receives the video data from the sensor. The PC is connected to the DAQ device (USB-6212, National Instruments) that is used
to control the stepper motor and triggers the opening of the pressure
valve inside the base unit. The software run by the PC was developed in
LabView 2012 (National Instruments). It allows the operator to set the
sampling window and control activation of the pressure pulse. Resulting raw data (needle position and time) can be imported to
spreadsheet software. A single frame for signals from 512 channels
takes up 600 bits which results in a maximum frame rate of 83.3 kHz at

2.4. Pathologic analysis of tissue samples from resected specimen
Ethical permits (Dnr. 2013/705-31/2; 2014/824-32) were obtained
for ex-vivo testing at Unilabs AB pathology department at Capio S:t
Görans Sjukhus, Stockholm (Sweden). Patients with a biopsy-proven
breast cancer ≥15 mm and planned for surgical excision were recruited
to the study. After surgery to remove the lesion, specimens were
transported immediately to the pathology department at Capio S:t
Görans Sjukhus. The resected specimen was cut in the plane of the
tumor center. Samples were subsequently obtained using the NeoNavia
Biopsy System by technical personnel experienced in its use. After
routine histopathological preparation tissue samples were analyzed by
a senior pathologist (CE) with 14 years experience of breast pathology.
The aim was to review whether or not the histological integrity of the
tissue sample was disturbed in any way by the rotational movement of
the needle during sampling or by the trocar ejecting the tissue from the
sampling needle. The analysis reviewed how sample quality compared
with samples collected in routine clinical testing. Six specimens were
sampled with conﬁgurations of needle design and rotation characteristics that were later discarded due to issues of technical performance
28
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Fig. 6. Images of the velocity test bed. (A) The ﬁxture for
the hand piece and (B) the movable sensor unit. (C) A closeup of the sensor unit with a biopsy needle to its left. As the
needle tip is pulsing forward it shadows the light from the
LED from reaching the sensors.

and so were excluded from this analysis. The NeoNavia Biopsy System
with sampling ability characteristics (needle design, mechanical rotation pattern, micro-pulse characteristics and vacuum level) as evaluated
in this work was used in 11 specimens.
2.5. Statistical analysis
For comparing the sampling yield between the NeoNavia biopsy
system and the Magnum device an independent samples t-test was
performed using SPSS statistics Version 24 (IBM, USA).
3. Results
3.1. Needle velocity
Fig. 7 shows the result of needle trajectory measurements. The slope
of the curves, and therefore velocity of the needle, is largest during the
ﬁrst trajectory ramp. For the four diﬀerent pressure settings the average
maximum velocities ± standard deviations (SD) were 11.6 ± 1.2 m/s,
15.8 ± 1.6 m/s, 19.5 ± 1.8 m/s and 21.2 ± 2.5 m/s, respectively. In
all cases these velocities was reached well within the ﬁrst millimeter of
biopsy needle progression.

Fig. 8. Box-plot showing sampling yield for the NeoNavia biopsy system and a comparative CNB device in three diﬀerent tissue models.

heavier samples than the Magnum instrument with identical needle
diameter and insertion length into the tissue model (see Fig. 8). In
turkey breast, mean sample weight ± SD for the NeoNavia and

3.2. Sampling yield in tissue models
In all three tissue models the NeoNavia biopsy device delivered

Fig. 7. Plot showing the needle trajectory for four diﬀerent
pressure settings. Trajectories show the mean position values and standard deviations of 10 measurements series for
respective pressure setting. Every series was cut oﬀ at the
point of furthest needle extension.
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insertion. The biopsy needle trajectory of the NeoNavia biopsy device is
characterized by an oscillating progression which can be explained by
the stress wave created by the elastic impact of the projectile resulting
in elastic deformations of the needle as it propagates through the body
of the needle. The velocity measured was highest during the ﬁrst trajectory ramp. This may be a consequence of friction, the return spring
acting on the needle as well as energy lost to surrounding material
causing the stress amplitude to decrease and thereby slowing down the
needle tip. The observed dynamic behavior of the needle could be
further explored using, for example, ﬁnite element method simulation
as well as test series in tissue models.
In all tested tissue models the new needle design and method of
tissue acquisition of the NeoNavia biopsy device achieved larger volume of samples than the Magnum device. Since both tested devices
employed identical needle diameter and insertion length the ﬁndings
imply that the NeoNavia biopsy device provides better tissue yield
which could have positive results in the clinical setting such as fewer
needle insertions needed for achieving a conclusive diagnosis. Increase
in tissue yield was more pronounced in swine pancreas and calf thymes
than in turkey breast suggesting that the eﬀect of applied negative
pressure within the needle is greater for softer tissue textures. The data
also indicates that the sampling mechanism produces more disperse
results in these tissues. Since turkey breast is the most widely used
model in the literature, results from other published reports were
compared and are shown in Fig. 10. Results from our test series on the
Magnum instrument correlate with previous reported data from identical or technically equivalent devices such as the Monopty and ProMag 2.2 [19]. In general, the NeoNavia biopsy device delivered signiﬁcantly more tissue than 14 G CNB devices, provides tissue amounts
comparable to 14 G VAB devices, though less than VAB devices
equipped with signiﬁcantly larger needle diameters. The comparison
considers neither the fact that VAB devices can deliver multiple samples
with a single insertion, nor the ability of the NeoNavia biopsy device to
obtain longer samples than CNB and VAB devices. Furthermore, direct
comparisons to VAB devices can be diﬃcult since they employ needles
with a non-circular cross section due to a canal located beneath the
sampling chamber. Finally, although the bench models covered a wide
range of tissue structures, they do not fully represent the texture and
structure of in-vivo breast and axillary tissue.
Results from ex-vivo analysis show that there is no apparent negative
impact on the pathologic quality of the obtained tissue samples by rotation or subsequent ejection of the samples. Any fundamental negative
impact would have been detected by our test series. Further work is
needed to analyze quantitatively whether samples are superior in
quality or yield to samples currently obtained in clinical practice and to
compare potential damage to surrounding tissue during needle insertion.
The data presented here indicates that the pneumatic insertion
mechanism enables for a novel way of needle insertion into the breast
and axilla. The developed method of sample acquisition delivers a high
tissue yield. Clinical studies will need to demonstrate to what extent
and in which speciﬁc lesions these characteristics can transform into
clinically relevant beneﬁts such as better diagnostic accuracy, shorter
procedure time or less patient trauma when compared to existing

Magnum were 49.6 ± 8.0 mg and 14.3 ± 3.6 mg, respectively, with
the diﬀerence demonstrating statistical signiﬁcance (t(33,63) = 22.56,
p < .01). In swine pancreas, delivered samples had a mean
weight ± SD of 45.8 ± 15.0 mg and 10.1 ± 3.8 mg for the NeoNavia
and Magnum respectively with the diﬀerence achieving statistical signiﬁcance (t(29.19) = 11.99, p < .01). Finally, in calf thymus tissue the
obtained samples had a mean weight ± SD of 66.5 ± 14.3 mg and
14.3 ± 4.0 mg for the NeoNavia and Magnum, respectively. The difference was statistically signiﬁcant (t(28.72) = 11.30, p < .01).
3.3. Pathologic specimen sampling
Thirty-eight samples were obtained from 11 specimens using the
NeoNavia biopsy device. As judged by the pathologist, the quality of
tissue samples delivered was equivalent to the quality of tissue samples
obtained with standard CNB and VAB devices used in current clinical
practice. The severity of damage present in the tissue samples (showing
in the form of crush artefacts or sample fragmentation) delivered by the
NeoNavia biopsy device was also equivalent to the level of damage
present in samples obtained with standard devices in current clinical
practice as judged by the pathologist. For pictures of the sampling
procedure and examples of samples see Fig. 9.
4. Discussion
We present a newly developed biopsy system for breast cancer that
incorporates a pneumatic needle insertion mechanism and a new
method of sample acquisition.
The maximum sampling needle velocity of the NeoNavia biopsy
device in air was 21.2 m/s on a stroke length of approximately 2.5 mm.
In comparison, maximum velocities in air have been reported to be
8 m/s for the Magnum and 10–21 m/s for four disposable CNB devices
[17]. These devices reached their respective maximum velocities at the
end of the spring accelerated travel distance of around 20 mm. The
velocity of the sampling needle employed in the NeoNavia biopsy device depends on the pressure in the pneumatic driver. The speciﬁc
pressure selected for use in the NeoNavia biopsy system was chosen
following empirical testing in diﬀerent tissue models that conﬁrmed a
pressure level necessary to enable inertia stabilization of surrounding
tissue, i.e. the sampling needle pulses forward with minimal movement
of surrounding tissue. The potential of spring loaded needles to penetrate tissue is determined by their maximum kinetic energy [18]. The
higher the energy, the higher the force that can be applied by the needle
as it passes through the lesion. The ballistic characteristics of the
pneumatically driven sampling needle are fundamentally diﬀerent from
those of needles propelled by a spring-loaded mechanism. As the
pneumatically driven insertion mechanism accelerates the sampling
needle signiﬁcantly faster, we include acceleration and power as part of
our analysis. Table 1 shows a direct comparison with CNB devices that
have been studied in detail by other authors. The pneumatic driver
achieves a higher maximum needle velocity with a signiﬁcantly higher
acceleration (x > 200) and more power (x > 150) being delivered to
the sampling needle than seen in CNB devices. The higher acceleration
and power sees stabilization of surrounding tissue during needle

Fig. 9. (A) A resected mastectomy specimen cut in the plane
of the tumour. The needle is inserted to obtain a sample. (B)
and (C) Examples of obtained samples from a resected
specimen.
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Table 1
Comparison of insertion mechanism dynamics of the NeoNavia device with other devices. Kinetic energy of CNB devices Magnum and QuickCore® as previously described [17,18]. Needle
mass includes all accelerated parts. All measurements were performed in air.
Name

Quick-Core

Magnum

NeoNavia

Device Type
Placement mechanism
Control
Stroke length [mm]
Stroke frequency
Accelerated Needle mass [g]
Max. velocity [m/s]
Max. kinetic Energy [Ws]
Needle progression time [ms]
Average acceleration [m/s2]
Power [kW]

Single-use CNB device
Mechanical spring
Manual loading and manual spring release
20
Single-shot
3
15.59
0.36
–
–
–

Reusable CNB device with single-use needles
Mechanical spring
Manual loading and manual spring release
22
Single-shot
11
8.19
0.37
4.3
1905
0.09

Single-use device
Pneumatic driver
Automatic
2.5
Multiple consecutive pulses, max. 3 per second
3.4
21.2
0.76
0.31
480659
16.87

Fig. 10. Histogram showing tissue sampling results in turkey breast as reported in the literature (light grey) in comparison to herein presented results (dark grey). Needle diameter, device
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