<]
TUDelft

Delft University of Technology

Bone biopsy devices - a patent review

de Kater, Esther P.; Boetzkes, Jos A.; Sakes, Aimée; Breedveld, Paul

DOI
10.1080/17434440.2023.2254681

Publication date
2023

Document Version
Final published version

Published in
Expert Review of Medical Devices

Citation (APA)
de Kater, E. P., Boetzkes, J. A., Sakes, A., & Breedveld, P. (2023). Bone biopsy devices - a patent review.
Expert Review of Medical Devices, 20(11), 919-928. https://doi.org/10.1080/17434440.2023.2254681

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1080/17434440.2023.2254681
https://doi.org/10.1080/17434440.2023.2254681

Taylor & Francis
Taylor & Francis Group

Expert Review of Medical Devices

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierd20

Bone biopsy devices - a patent review

Esther P. de Kater, Jos A. Boetzkes, Aimée Sakes & Paul Breedveld

To cite this article: Esther P. de Kater, Jos A. Boetzkes, Aimée Sakes & Paul Breedveld (2023)
Bone biopsy devices - a patent review, Expert Review of Medical Devices, 20:11, 919-928, DOI:
10.1080/17434440.2023.2254681

To link to this article: https://doi.org/10.1080/17434440.2023.2254681

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 07 Sep 2023.

\J
CA/ Submit your article to this journal &

||I| Article views: 260

A
& View related articles &'

oy

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierd20


https://www.tandfonline.com/action/journalInformation?journalCode=ierd20
https://www.tandfonline.com/loi/ierd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17434440.2023.2254681
https://doi.org/10.1080/17434440.2023.2254681
https://www.tandfonline.com/action/authorSubmission?journalCode=ierd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/17434440.2023.2254681
https://www.tandfonline.com/doi/mlt/10.1080/17434440.2023.2254681
http://crossmark.crossref.org/dialog/?doi=10.1080/17434440.2023.2254681&domain=pdf&date_stamp=07 Sep 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/17434440.2023.2254681&domain=pdf&date_stamp=07 Sep 2023

EXPERT REVIEW OF MEDICAL DEVICES
2023, VOL. 20, NO. 11, 919-928
https://doi.org/10.1080/17434440.2023.2254681

Taylor & Francis
Taylor &Francis Group

REVIEW

Bone biopsy devices - a patent review
Esther P. de Kater

8 OPEN ACCESS W) Check for updates

, Jos A. Boetzkes, Aimée Sakes and Paul Breedveld

Bio-Inspired Technology Group, Faculty of Mechanical, Maritime, and Materials Engineering, Department of BioMechanical Engineering, Delft

University of Technology, Delft, The Netherlands

ABSTRACT

Introduction: Bone biopsies have great value for the diagnosis of, amongst others, hematologic
diseases. Although the bone biopsy procedure is mostly performed minimally invasive with the use
of a slender cannula, the patient may still experience discomfort, especially when the procedure has to
be repeated due to an unsuccessful biopsy.

Areas covered: This review presents a comprehensive overview of bone biopsy devices presented in
the patent literature. The patents were obtained using a classification search combined with keywords
in the Espacenet patent database and were subsequently verified using pre-set eligibility criteria. This
resulted in 62 unique patents included in this review.

Expert opinion: The included patents were categorized based on the used strategies for the three
steps that can be identified during a bone biopsy (1) biopsy sampling, (2) biopsy severing and (3)
biopsy harvesting. Most patents described strategies for multiple steps. Insight into the used strategies
and the comprehensive overview may serve as a source of inspiration for the design of novel bone
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biopsy devices.

1. Introduction
1.1. Bone biopsies

Bone biopsies and bone marrow aspirations have great diag-
nostic value and may be performed in combination to diag-
nose and evaluate of hematologic diseases such as leukemia
[1]. Bone biopsies are furthermore performed for the diagnosis
of benign and malignant bone tumors, including metastatic
bone diseases, lymphoma, and myeloma [2]. The bone biopsy
procedure can be performed during open surgery in which
a relatively large incision is made to reach the bone but mostly
the biopsy procedure is performed minimally invasive. Bones
have a hard outer shell of cortical bone which surrounds the
porous cancellous bone. The pores of the cancellous bone are
filled with bone marrow, a semi-solid spongy tissue that is
responsible for the production of blood cells and plays
a crucial role in the immune system. During a bone marrow
aspiration, only a sample of the bone marrow is aspirated for
investigation. During a bone biopsy, also called trephine or
core biopsy, a section of the cancellous bone and the encap-
sulated bone marrow is taken from the patient. Where a bone
marrow aspiration is solely used to investigate the bone mar-
row cells, bone biopsies allow the investigation of the struc-
ture of the bone marrow within the cancellous bone.
Furthermore, a bone biopsy may be performed to investigate
a bone lesion. Bone biopsies and bone marrow aspirations
may be performed in the same intervention. In these cases,
the bone marrow aspiration is usually performed first, after
which, the bone biopsy is performed through the same skin

incision. It is advised to enter the bone at least 1cm away
from the aspiration location to guarantee that the obtained
bone biopsy is not affected by the bone marrow aspiration [3].
This review focuses on technology specifically developed for
bone biopsy procedures, since performing a bone biopsy is
more complex than a bone marrow aspiration and is consid-
ered more painful for the patient [3].

A bone biopsy can be performed in different areas of the
human body depending on clinical requirements, but for sus-
pected hematologic diseases often an area where bone can be
reached with minimal damage to surrounding soft tissues is
chosen, for example, the iliac crest (Figure 1) [1]. The bone
biopsy procedure begins by creating an entry hole through
the skin. Subsequently, a hollow needle between 10 gauge
(3.2mm) and 8 gauge (4.1 mm), referred to as a cannula is
introduced through the skin incision with a twisting motion to
create the entry hole to the target location within the cancel-
lous bone [1]. During this step, a stylet is placed inside the
cannula to prevent soft tissue and bone chips from entering
the cannula and to avoid contamination of the biopsy [4].
Furthermore, the sharp point of the stylet aids the penetration
of the strong cortical bone layer. Once the distal tip of the
cannula has reached the target location, the stylet is removed
from the cannula and the cannula is advanced further into the
cancellous bone while applying slight pressure combined with
a twisting motion [1]. During this process, part of the cancel-
lous bone and encapsulated bone marrow, the biopsy, will
enter the lumen of the cannula. When a biopsy sample of 1-3
cm long has been captured in the cannula, the cannula is

CONTACT Esther P. de Kater @ e.p.dekater@tudelft.nl @ Bio-Inspired Technology Group, Faculty of Mechanical, Maritime, and Materials Engineering,
Department of BioMechanical Engineering, Delft University of Technology, Delft, The Netherlands

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted

Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0002-5342-6721
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/17434440.2023.2254681&domain=pdf&date_stamp=2023-10-11

920 e E. P. DE KATER ET AL.

Article highlights
* Bone biopsy have great diagnostic value for hematologic diseases,
benign and malignant bone tumors, but cause discomfort to patients.
The preferred method for sampling of the biopsy is by advancing the
needle with a single of double rotating motion.

The preferred method for severing the biopsy from the surrounding
bone is by sheer or cutting the biopsy loose.

The preferred method for harvesting the bone biopsy is by using
friction between the needle and the biopsy or by utilizing a shape
lock.

There are opportunities to develop novel biopsy needles that
increases the success rate of the bone biopsy procedure without
increasing the diameter of the biopsy needle and the complexity in
use.

turned and tilted to sever the biopsy from the surrounding
bone [1]. Subsequently, the cannula with bone biopsy sample
is carefully retrieved from the patient to harvest the biopsy.
A slight suction might be used to prevent the biopsy from
slipping out of the cannula [1]. After the cannula is success-
fully retrieved, the biopsy is removed from the cannula using
a blunt-tipped stylet that is inserted via the distal end of the
cannula as to push the biopsy out of the cannula.

1.2. Challenges in bone biopsy

Bone biopsies are generally safe procedures with very low
complication rates [5]. Breaking of the needle is rare with an
estimated occurrence of 0.01% found in a study by Bain [6]
but may have serious implications as the needle fragments
might need to be removed surgically resulting in a longer
hospital stay. Hemorrhage is the most common complication
but only accounts for an incident rate of 0.02% [3].
Nevertheless, a bone biopsy procedure can cause significant
pain and discomfort to patients [7]. The discomfort may be
caused by the heat generated by the friction between the
cannula and the bone during the insertion [8]. Furthermore,
tilting the cannula to sever the biopsy can cause discomfort
due to the creation of micro-fractures and trauma to the
surrounding bone [9].

Although reports on serious long-term complications for
bone biopsy procedures are low, the number of unsuccessful

Cannula
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biopsies is much higher. Cervi [10] states that often two or
three biopsies are performed to obtain a single useful biopsy
sample. Multiple trials may be necessary due to unsuccessful
severing of the biopsy, which makes it impossible to harvest
the biopsy with the clinically available biopsy cannulas [1].
Furthermore, the biopsy can slip out of the cannula during
retrieval of the cannula [1,11]. Additionally, when the biopsy is
successfully obtained, the biopsy might not be suitable for
further investigation due to insufficient size of the biopsy or
crushing artifacts in the biopsy that could be introduced dur-
ing sampling or severing of the biopsy. The need to perform
multiple biopsies not only results in more discomfort to the
patient but also increases in costs, due to an increased proce-
dure time and additional lab work [12].

1.3. Goal of this review

The goal of this review is to provide a comprehensive over-
view of bone biopsy devices in patent literature, as patent
literature provides insights in the latest technical develop-
ments in this field. The bone biopsy devices described in the
patent literature are categorized based on the methods used
in each of three steps that are performed in a bone biopsy
procedure, namely (1) biopsy sampling, (2) biopsy severing,
and (3) biopsy harvesting (Figure 1).

2. Method
2.1. Patent search method

A classification search was conducted in the Espacenet patent
database. For this search, only patents with the Cooperative
Patent Classification (CPC) of A61B10/025 or a subcategory of
this class were included as this class contains patents that
describe biopsy devices for bone, bone marrow, or cartilage
biopsies. Patents that also had the CPC of A61B10/0283 were
excluded as this class includes devices that use vacuum aspira-
tion which is suitable for bone marrow biopsies but not for
bone biopsies. Only WORLD patents (WO¥*), European Patents
(EP*), and United States patents (US*) were included in this
study.
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Figure 1. Schematic representation of a bone biopsy procedure. lllustration adapted from servier medical art by Servier, licensed under a Creative Commons

Attribution 3.0 Unprotected License.



2.2. Eligibility criteria

The scope of this review is to create an overview of devices
that can be used to obtain a bone biopsy. Patents do not
always specify the clinical application, hence the following
eligibility criteria were used to exclude non-relevant patents.
Only patents that describe a design for a device that is able to
extract solid tissue such as bone, cartilage and/or tumor tissue,
neoplastic or pathologic tissue within the bone, were
included. Devices that merely focus on bone marrow aspira-
tion were excluded, as strategies used for bone marrow aspira-
tion are not applicable for bone biopsies due to substantial
differences between the procedures. Furthermore, the patent
was required to describe the method used to obtain the
biopsy. Patents solely focusing on, for instance, handle designs
were excluded. Lastly, only patents that focus on the extrac-
tion of an intact piece of tissue without damaging it were
included. This means that devices that focus on the extraction
of fragmented bone, for instance to acquire bone grafts, were
excluded as this would make the device unfitting for the
extraction of bone biopsies for diagnostic purposes.

2.3. General results

The search query resulted in the identification of 297 patents
(January 2023). The patents were screened for eligibility by
inspecting the title, abstract, and drawings. The description of
the patent was screened for eligibility for all patents that were not
excluded based on the inspection of the title, abstract and draw-
ings. This resulted in a total of 62 patents being included in this
review. Patents that had the same authors and described similar
devices were regarded as duplicates although they might not be
considered duplicates in the legal sense. In the case of ‘dupli-
cates,’ only the most recent patent was included in this review.

2.4. Classification

The patents were classified based on the method used for (1)
biopsy sampling, (2) biopsy severing and (3) biopsy harvesting
(Figure 2). In the methods used to sample the biopsy, a clear
distinction was made between (1.a) devices designed for use
in a pre-made hole, such that new bone is cultivated in the
device over time, and (1.b) devices that create a self-made
hole through the cancellous bone to sample a biopsy. The
hole is in those cases made by solely pushing the cannula into
the bone, or by combining the pushing with a twisting motion
in one or both directions. Severing of the biopsy sample from
the surrounding bone can be achieved by (2.a) inducing shear
forces by tilting or rotating the cannula. Severing of the biopsy
sample from the surrounding bone can also be achieved by (2.
b) tension forces or by (2.c) cutting the biopsy sample from
the surrounding bone. The biopsy must be harvested from the
patient’s body when the cannula is retrieved without the risk
of the biopsy slipping out the cannula. This can be achieved
by (3.a) creating a shape lock between the biopsy and the
cannula by either using a threaded section or a gripper, by (3.
b) inducing friction between the biopsy and the cannula by
a friction-inducing surface or by compressive forces on the
biopsy or (3.c) by using suction.

EXPERT REVIEW OF MEDICAL DEVICES 921

(1) Biopsy sampling

UOOOO(
.:.:.:.:.:l (1.b) Self-made hole
MW7 7 il IL
N O le oubl
hole | - X i
OO0 . rotation atl
S s N
l l e £/
v v
P /—\
........... \_/ \_—"‘
L RO ORI ORI SO
LS 3 ...'.it bt ’."»....‘t ths r{\ﬂ-...-‘t tht r"--....‘t th® r.‘-*....‘! '
P T LA P A L ] PR A L ] P SR L ] P A R L
R R A A T A A T AN A T AN
(2) Biopsy severing
(2.a) Fracture by shear ||||||||H
o;o;o;o:o;o‘ . (2 r b) (2 ’ C)
p0.0.0_0 0 Rotation Fracture | Fracture
« Tilting Shape A Frchon? by tension} by cutting
. D @8 S
eleledecele] lock tock 4 [ {1[1][]
/"\
SESAL T EE PRl P
IS 2 TR 8 th
Yl 1 TR T A%
ARSI T A B ) XD
S D RS T N - N
[} '-:... dbL1k s Lr t
» [~ la I~ o )

(3) Biopsy harvesting

(3.a) Shape lock

(3.b) Friction lock

> O . O OCOONTTTTTITTIInI
Setererecest 2 RRETRR Ic S(3-tt,:)
 Thread | Gripper | Surface ors?g;es- etal
. - )
OO / Sxexoxexexs| ITTTIRITNN

Figure 2. Overview of the methods used for (1) sampling the biopsy (2) severing
the biopsy and (3) harvesting the biopsy in patent literature. The cannula is
indicated in green, the biopsy in red and additional structures in yellow. The
arrows indicate the motions of the cannula.

3. Results
3.1. Biopsy sampling

To sample the biopsy, the first step is to penetrate the
cortical bone. There are two bone conditions in which
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bone biopsies are performed: 1) intact cortical bone and 2)
weakened or non-existent cortical bone. After penetrating
the cortical bone layer, the bone biopsy device is advanced
into the cancellous bone sampling the targeted tissue such
as pathologic, tumorous, or neoplastic tissue.

3.1.1. Pre-made hole

Two patents describe a bone biopsy device that is intended to
be placed into a pre-made hole in the bone [13,14]. Over time
the bone will grow within the hollow section of the biopsy
device and subsequently the newly cultivated bone can be
removed to obtain the bone biopsy. The process of the bone
growing in the implant can span multiple weeks, and over this
time the device should remain fixated in the surrounding bone.

Fox [14] describes an implant comprising an outer collar
that is secured in the surrounding bone in which an inner
structure with multiple slots is placed (Figure 3(a)). These slots
allow bone ingrowth into the device. Furthermore, the sloths
have sharpened edges that aid the severing of the biopsy
during the removal of the inner structure. The collar may
remain within the bone during harvesting of the biopsy sam-
ple. Afterward, the inner structure can be placed back into the
collar to obtain another bone biopsy if required.

The devices that use a pre-made hole are mainly intended
for use in a research setting, for instance to investigate the
effects on bone growth while biopsy devices that create a self-
made hole are generally used for diagnostic purposes. This
difference in application area results in significantly different
designs, therefore, the patents of Albrektsson [13] and Fox
[14], that describe a biopsy device using a pre-made hole
will not be considered in the categorization (2) biopsy sever-
ing and (3) biopsy harvesting.

3.1.2. Self-made hole

3.1.2.1. Push. The remaining patents all describe the use of
a self-made hole to sample the biopsy. All devices use an
outer cannula that is advanced through the cancellous bone
to sample the bone biopsy. This cannula is often used in
combination with a stylet to penetrate the soft tissue sur-
rounding the bone and the strong cortical bone layer. After
reaching the target location within the softer cancellous bone,
the stylet is removed and the outer cannula is advanced
through the cancellous bone. During this step, the bone
biopsy material enters the lumen of the cannula.

Five patents describe the use of a linear pushing motion to
advance the outer cannula through the cancellous bone [21,24-
271. The outer cannula of the devices described in these patents
have a sharpened edge to cut through the bone. Malagoli [25]
describes an outer cannula with a non-circular lumen and
a sharpened distal end with teeth to help push the cannula
through the bone. The sampled biopsy will have a non-
cylindrical cross-section. Laughlin et al. [24] describe the use
of an impact force instead of continuous pushing force to
advance the cannula through the cancellous bone.

3.1.2.2. Single rotation. Fourteen (14) patents describe the
use of a single-sided rotation in combination with linear
advancement of the cannula into the cancellous bone

[15,28-40]. A rotation in a single direction may be preferred
when there is a thread-cutting section at the distal end of
the cannula, or because the introduction of the cannula is
motorized. Spranza [15] describes an outer cannula with
a cutting edge that is slightly wider than the wall thickness
of the cannula wall, resulting in a clearance between the
outer cannula and the surrounding bone. This clearance
eliminates friction and thus the generation of heat between
the rotating cannula and bone (Figure 3(b)). Furthermore,
the cutting edge has sections for the accumulation of bone
chips. Aakerfeldt et al. [8] also describe the use of a thicker
cutting edge to reduce heath generation, however the can-
nula is not introduced with a single rotation but with an
oscillating rotation.

3.1.2.3. Double rotation. Twenty-five (25) patents describe
linear advancement of the cannula combined with a rotational
movement in both directions (oscillatory rotation) [4,8-11,16-
18,22,41-56]. Marino and Elbanna [49] describe the design of
a cannula with a castellated teeth pattern at its distal end to
reduce the accumulation of bone particles between the teeth
as this would diminish the cutting ability. Matthews [16]
describes a cannula that consists of two concentric tubes
with saw teeth (Figure 3(c)). These saw teeth are directionally
oriented such that the inner cannula should be rotated in the
opposite direction of the outer cannula.

3.1.2.4. Undefined. Sixteen (16) patents describe a biopsy
device that is able to create a self-made hole to sample the
biopsy, however the cannula motion that is used to advance
through the cortical bone is not defined [19,20,23,57-69].

3.2. Biopsy severing

Once the biopsy is sampled by the cannula, the biopsy must
be severed from the surrounding bone such that the biopsy
can be harvested from the patient.

3.2.1. Fracture by shear

3.2.1.1. Tilting. Severing of the biopsy can be achieved by
inducing shear forces. Thirteen (13) patents describe the use
of a primarily tilting motion of the cannula to sever the biopsy
[4,10,24,29,30,32,34,36,39,50,51,55,58]. Tilting of the cannula
induces shear forces in the contact plane between the biopsy
and the surrounding bone. The tilting of the cannula in differ-
ent directions may be combined with rotating the cannula to
sever the biopsy.

3.2.1.2. Shape lock. Fourteen (14) patents describe the use
of a rotational movement of the cannula to sever the biopsy
from the surrounding bone [9,11,17,25-28,41,46-49,62,63].
This eliminates the need to tilt the cannula. Severing by
rotating the cannula can only be successful if the biopsy
rotates together with the cannula to induce shear forces in
the contact plane between the biopsy and the surrounding
bone. Four patents provide designs that avoid the biopsy
from rotating within the cannula by using a non-circular
lumen [17,25-27]. Malagoli [25], and Sachse and Sachse
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Figure 3. Bone biopsy devices comprising an outer cannula (green) an additional (inner) structure (yellow) and a sharp edge (blue) for biopsy (red) sampling and
severing. (a) A bone biopsy device intended for implantation in a pre-made hole, figure adapted from [14]. (b) A biopsy device with a wider cutting edge compared
to the cannula wall, figure adapted from [15]. (c) Abone biopsy device comprising two concentrically counter rotating cannulas, figure adapted from [16]. (d) A bone
biopsy device that severs the biopsy by rotating the inner structure, figure adapted from [17]. (e) A bone biopsy device that severs the bone biopsy by pulling the
bulbous inner structure upwards, figure adapted from [18]. (f) A bone biopsy device that compresses the biopsy and severs the biopsy by the sharp cutting edge,
figure adapted from [19]. (g) A bone biopsy device with an inner needle with a snare that severs the biopsy, figure adapted from [20]. (h) A bone biopsy device that
cuts the biopsy by plastic deformation of the inner structure, figure adapted from [21]. (i) A bone biopsy device that cuts the the biopsy by advancement of the
additional outer structure, figure adapted from [22]. (j) A bone biopsy device that cuts the biopsy by rotating the inner structure, figure adapted from [23].

[26] both describe a cannula with a non-circular lumen to
allow the severing of the sample by rotating the cannula.
Joish [27] describes a cannula with an off-center lumen in
which the biopsy is captured. Rotation of the cannula around
its central axis will result in the severing of the sample.
Avaltroni [17] has a different approach as not the cannula
itself is rotated but rather a blade that is introduced into the
cannula after sampling the biopsy (Figure 3(d)). The blade
cuts the biopsy in two halves and rotating the blade will
sever the biopsy.

3.2.1.3. Friction lock. Rotation of the biopsy with respect to
the needle can also be avoided by increasing the friction
between the biopsy sample and the inner surface of the
cannula [9,11,28,41,46-49,62,63]. For example, the use of
a structure on the inside of the cannula such as barbs or
grooves may increase the friction between the biopsy and
the cannula [41,63]. Another way to increase the friction
between the biopsy and the inside of the cannula is by
compressing the biopsy against the cannula wall, for instance
by using a tapered tip [28], or a ridge at the distal end
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[9,11,46-48]. Due to the narrowing of the lumen at the distal
end of the cannula, the biopsy will be slightly compressed as it
enters the lumen due to the elasticity of the bone tissue. The
increased friction induced by compression prevents the rota-
tion of the sample with respect to the cannula and eases the
severing. Krueger and Clark [62] and Marino and Elbanna [49]
use the introduction of an inner needle in the cannula to
compress the biopsy such that the friction is increased.

3.2.2. Fracture by tension

Four patents describe a biopsy severing method by inducing
tensional forces on the bone [18,35,38,43]. Tensioning is only
possible if the biopsy is well connected to the cannula by
a shape lock, for instance, due to a threaded section at the
distal end of the cannula [35,38,43]. Pulling the cannula, and
thus the enclosed biopsy, out of the patient as to retrieve the
cannula results in tensioning and finally fracturing of the
biopsy from the surrounding bone. Baldridge [18] does not
use a threaded section but rather proposes the use of an inner
needle that has a bulbous end that extends from the outer
cannula and is slightly larger than the cannula lumen
(Figure 3(e)). Once the target area is reached, the cannula
with the inner needle is advanced through the cancellous
bone such that the lumen of the inner needle fills with the
cancellous bone. After obtaining a biopsy with the correct
length, the inner needle is pulled into the outer cannula.
Slits in the bulbous end allow for radial compression such
that the inner needle fits within the outer cannula. This results
in tensioning of the bone, and combined with the sharp edge
of the bulbous end, in severing of the bone biopsy.

3.2.3. Fracture by cutting
Sixteen (16) patents describe a cannula that can sever the
biopsy from the surrounding bone by means of cutting [19-
23,33,40,53,56,57,59,61,64-66,69]. Five patents describe the
use of an inner needle that consists of two or more semi-
circular cutting blades that form a tweezer-like structure
[19,64-66,69]. The inner needle is located within the cannula
during insertion into the bone. After the biopsy is enclosed,
the inner needle is moved deeper into the cannula, such that
the tweezer is at the distal end of the cannula. Since the
cannula is slightly tapered, this will result in compression of
the distal tips of the tweezer and thus the cutting of the
biopsy from the surrounding bone (Figure 3(f)). Rubinstein
[65] describes a slightly different approach to compress the
distal tips of the tweezer using a cannula with an oval lumen.
In this design, the tweezer tips can be compressed even
further by rotating the tweezer with respect to the oval
lumen of outer cannula.

Goldenberg [20,61] describes two cannula designs with
a snare at the distal end that can be constricted once the
bone biopsy is enclosed such that the biopsy is cut loose
from the surrounding bone (Figure 3(g)). Zambelli [40,56]
and Miller and lIreland [21] describe the use of an inner
needle that plastically deforms such that the biopsy is cut
loose due to the tapered tip of the outer cannula
(Figure 3(h)). Peliks et al. [22] describe the use of a pre-
bend cutting blade that is located at the outside of the
cannula (Figure 3(i)). During the insertion of the cannula,

the cutting blade is forced in a straight position such that
the cutting blade does not harm the advancement of the
cannula through the cancellous bone. Once a biopsy with
the right length is obtained, the pre-bend cutting blade is
advanced through a slit at the distal end of the cannula such
that the biopsy is severed from the surrounding bone.
Furthermore, two patents describe the rotation of an inner
needle as a means to cut the biopsy from the surrounding
bone [23,53] (Figure 3(j)).

3.3. Biopsy harvesting

After the biopsy is sampled by the cannula and severed from
the surrounding bone, the cannula must be retrieved from the
patient to harvest the biopsy. Harvesting the biopsy may fail
as the biopsy is not always well secured within the cannula
and may slip out when retrieving the cannula.

3.3.1. Shape lock

3.3.1.1. Thread. Of the included patents, nineteen (19)
describe the use of a shape lock to prevent the biopsy from
exiting the cannula such that the biopsy can successfully be
harvested. Four (4) patents describe a cannula with a threaded
section at the distal end [34,35,38,43] (Figure 4(a)). The can-
nula is advanced with a single rotation and as a result, threads
are cut in the bone biopsy. This creates a shape lock between
the biopsy and the threaded section such that the biopsy is
securely fixated. Gillespie et al. [43] also describe the use of
a threaded section, but in the proposed design, an inner
needle with a corkscrew at the distal end is used to create
a shape lock (Figure 4(b)). The biopsy can be harvested by
retrieving the cannula together with the inner needle without
the risk of losing the biopsy.

3.3.1.2. Gripper. The other fifteen (15) patents describe the
use of a gripper to create a shape lock to secure the biopsy
within the cannula when retrieving the cannula [20-
23,33,40,53,56,57,59,61,64-66,69]. Goldenberg [61] describes
an inner needle that is connected to the distal end of the
cannula with a spring (Figure 4(c)). Rotation of the inner
needle with respect to the cannula results in further coiling
of the spring causing a decrease in the inner diameter of the
spring. This secures the biopsy within the cannula.

3.3.2. Friction lock

3.3.2.1. Surface. Friction between the biopsy and the inner
wall of the cannula can be used to prevent the biopsy from
slipping out of the cannula during retrieval. Three patents use
a friction-inducing surface on the inside of the cannula to
prevent the biopsy from slipping out [10,41,63]. The inside of
the lumen has groves or barbs to increase the friction
between the cannula and the biopsy. The same friction-
inducing surface can be used to sever the biopsy as described
in Section 3.2.1.

3.3.2.2. Compression. Eighteen (18) patents describe the use
of compression of the biopsy to increase the friction between the
biopsy and the cannula via an increase in normal force to prevent
the biopsy sample from slipping out of the cannula during
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Figure 4. Bone biopsy devices comprising an outer cannula (green) an additional (inner) structure (yellow) and additional characteristics (orange) to retain the
biopsy. (a) A bone biopsy device with a threaded section to create a shape lock between the biopsy and the cannula, figure adapted from [38]. (b) A biopsy device
with a corkscrew inner structure to create a shape lock to retain the biopsy, figure adapted from [43]. (c) A bone biopsy device with a spring that can compress the
biopsy to retain it figure adapted from [61]. (d) A bone biopsy device with a tapered inner structure to compress the biopsy for successful retainment, figure adapted
from [45]. (e) A bone biopsy device that retains the biopsy by a sudden change in lumen diameter, figure adapted from [24]. (f) A bone biopsy device that
compresses the biopsy and allows for easy removal from the inner structure, figure adapted from [30].

retrieval [8,9,11,17-19,24,28,30,36,45-51,62]. An increase in fric-
tion by using compression can be achieved by a tapered tip of
the cannula [8,28,36,50,51]. The cannula lumen is narrower at the
distal end and as a result, the biopsy is slightly compressed at the
distal end which increases the normal force and thus the friction
between the biopsy and the cannula and secures the biopsy
during retrieving of the cannula. Hirsch et al. [45] describe
a tapered tip with a slightly wider cutting edge at the distal
end as compared to the rest of the lumen (Figure 4(d)). The
compression of the biopsy when it is pushed into the lumen
increases the friction between the cannula wall and the biopsy
and thus prevents the biopsy from slipping out.

Five patents describe a sudden change in lumen diameter
at the distal end of the cannula [11,24,46-48]. Although the
working principle is similar to the cannulas with a tapered tip,
these patents do not have a gradual change in lumen dia-
meter but a sudden narrowing of the lumen at the distal end
(Figure 4(e)). The tissue is cut and compressed through the
narrow section of the lumen, which increases the friction to
retain the biopsy. Furthermore, the biopsy can expand once it
reaches the wider section of the lumen, resulting in an addi-
tional shape lock to retain the biopsy.

Seven patents describe the use of an additional structure to
increase the friction between the biopsy and the cannula [9,17-
19,30,49,62]. Examples are inner needles that are introduced

within the cannula to compress the obtained biopsy. An exam-
ple is the inner needle which consists of two semi-circular
structures that together form a tweezer-like device described
by Doppelt [30] (Figure 4(f)). Advancement of the inner needle
through the cannula results in compression of the two tweezer
halves due to the narrowing lumen at the distal end of the
cannula. Compression of the tweezer tips compresses the
biopsy and prevents it from slipping out of the cannula.
A similar method is proposed by Mittermeier and Halbe [19].

3.3.3. Suction

Only one patent of Wiksell et al. [55] describes the use of
suction to harvest the biopsy. In this device a negative pres-
sure differential (suction) is created within the cannula, which
prevents the biopsy from slipping out. Suction may also be
used in combination with the earlier-mentioned strategies to
harvest the biopsy.

After the removal of the cannula from the patient, the
biopsy material must be removed from the cannula. Often
a plunger with a blunt tip is used to push the biopsy out of
the lumen. The pushing force that is used to achieve this could
also harm the biopsy. As an alternative to using a plunger to
remove the bone biopsy from the cannula Doppelt [30] pro-
poses a design that captures the biopsy between two semi-
cylindrical structures. This would not only help to retain the
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Figure 5. Temporal distribution of the methods presented in the included patents for biopsy sampling, severing and harvesting until January 2023.

biopsy during the removal of the needle. It also makes it
possible to easily remove the bone biopsy from the needle
while maintaining the structural integrity of the biopsy.

4. Conclusion

This review provides a comprehensive overview of the different
bone biopsy devices described in patent literature. The search
query used in the Espacenet database returned 297 patents of
which 62 were deemed eligible for inclusion in this review. The
patents were categorized based on the strategies used for the
three major steps that are followed during a bone biopsy proce-
dure (1) biopsy sampling, (2) biopsy severing, and (3) biopsy
harvesting. The sampling of the biopsy may be achieved by
creating a hole through the bone or by cultivating new bone in
a pre-made hole. The severing of the biopsy can be achieved by
tension forces, shear forces, or cutting. Harvesting the biopsy can
be achieved by using a shape lock, friction between the biopsy
and the device, or suction. It must be noted that the strategies
used in one step of the biopsy procedure influences the possible
strategies that may be used in the other steps of the biopsy. The
provided overview may serve as a source of inspiration for the
design of novel bone biopsy devices.

5. Expert opinion
5.1. Comparative analysis

The goal of this review was to create a comprehensive overview
of bone biopsy devices in patent literature. The different designs
were categorized based on the strategies used for each of the
three steps that are followed during a bone biopsy procedure (1)
biopsy sampling, (2) biopsy severing and (3) biopsy harvesting.

Figure 5 shows the distribution of the filed patents over the years
for each of these identified steps. Between 1970 and 2010 there
has been a steady increase in filed patents however, this growth
dropped suddenly between 2010 and 2020. It seems plausible
that the growth in filed patents will recover after 2020 based on
the current amount of filed patents between 2020 and
January 2023.

Sixty-six percent (66%) of the included patents described
a method for both sampling, severing and harvesting of the
bone biopsy sample. Seventy-four percent (74%) of the included
patents clearly describe the introduction method of the cannula
and thus the sampling of the biopsy. However, for the remaining
26% only mention that the cannula was able to cut through the
bone without specifying the specific sampling method (e.g. push
possibly combined with a rotating motion). Seventy-six percent
(76%) of the included patents describe a method for severing the
biopsy and 66% of the patents describe a method to retain the
biopsy when the cannula is retrieved.

The overview with the different methods to sample, sever
and harvest the bone biopsy indicated that certain methods
are more frequently combined. For instance, the biopsy
devices that employ a shape lock to sever the biopsy sampled
the biopsy by pushing the cannula through the cancellous
bone. The shape lock was often created by a non-rotational
symmetric cross section of the cannula. Rotating the cannula
during sampling would results in a rotational symmetric
biopsy, making the use of a shape-lock to sever the biopsy
more challenging. Furthermore, biopsy devices that use
a threaded section are always introduced by a single rotating
motion such that screw thread cuts in the biopsy to achieve
the desired shape lock. Devices that severe the biopsy by
tensioning or cutting use an additional structure, such as an
inner needle, that is subsequently used to create a shape lock



in order to retain the biopsy when the cannula is retrieved
from the patient. Lastly, when friction is used to retain the
biopsy during severing, the same friction inducing strategy is
also used to retain the biopsy when the cannula is removed.

All patents reviewed in this study describe innovative ideas
for sampling, severing and harvesting bone biopsies. While the
suitability for clinical practice is often not discussed in depth in
patent literature, we can evaluate the proposed biopsy device
designs’ suitability for clinical practice based on the included
information and current clinical practice. First of all, biopsy
devices should have a small outer diameter to minimize trauma
to the patient, while harvesting an as large as possible bone
biopsy. It is, therefore, preferred that bone biopsy devices have
a small wall thickness and thus a large lumen. The bone biopsy
devices described in Group 2.c ‘Fracture by cutting’ and Group 3.
a ‘Shape lock’ require an additional structure to sever and harvest
the biopsy. This additional structure requires space and may
increase the wall thickness and decrease the obtained biopsy
which would make these devices less desirable for clinical prac-
tice. Furthermore, these structures might lack structural rigidity
due to their small size, which can result in mechanical failure and
inability to downsize these devices in future. The use of a friction
lock, especially a friction inducing surface could, however, ease
severing and harvesting of the bone biopsy without requiring an
increase in wall thickness. This could increase the success-rate of
bone biopsy procedures without adverse effect such as a larger
outer diameter of the biopsy device.

Besides striving for a biopsy device with a small outer dia-
meter, the usability of the biopsy device is of great importance
for clinical application. Additional actions required by the user to
obtain the biopsy compared to conventional biopsy needles are
undesired as this will increase the procedure time and thus the
associated costs [12]. Furthermore, a more complex device that
requires more actions might increase the workload of the user,
which is associated with a higher chance of complications [70].
Biopsy devices in Group 2.c ‘Fracture by cutting’ and biopsy
devices in Group 3.a ‘Shape lock’ that use a gripper are expected
to require an additional action to sever the biopsy with the inner
needle and are, therefore, less desirable. Other solutions pre-
sented in Group 2.a ‘Fracture by shear’ do not require an addition
action as compared to the current procedure and are therefore
easier to implement in the current workflow. Finally, bone biopsy
devices requiring implantation for bone ingrowth are only fea-
sible if obtaining multiple samples over a longer time frame is
required. These devices could be of use in specific applications
but are not a substitute for the currently used biopsy needles.

5.2. Limitations and future research

This patent review focuses on the different mechanical solu-
tions for the sampling, severing and harvesting of bone biop-
sies. Often a bone biopsy is combined with a bone marrow
aspiration during one intervention with similar instrumenta-
tion. Even so, patents focusing on bone marrow aspiration
were excluded as this is a different procedure with different
challenges. Furthermore, this review only included patent lit-
erature and excluded scientific literature, as patents are gen-
erally a good way to gain insight into the future development
of devices. It could be of interest for future research to extend
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this patent review with a review of the scientific literature to
emphasize the suitability for clinical practice of different bone
biopsy designs more extensively.

This review provides a comprehensive overview of bone
biopsy devices which can provide insights into the future devel-
opment of the devices. The overview may also serve as a source
of inspiration for the development of novel bone biopsy devices.

5.3. Five-year view

Over the years there has been an increasing focus on the
severing and harvesting of bone biopsies. The successful
severing of the biopsy and subsequently the harvesting will
increase the success rate of the biopsy procedure. Fewer trials
are needed to obtain one useful biopsy which will significantly
decrease the discomfort to the patient. We expect that this
trend will continue in the coming years. Attention should be
directed to the discomfort that patients will experience with
the use of these new devices that can sever and harvest the
biopsies successfully. The use of an additional inner needle or
structure in the cannula may result in a larger outer diameter
of the cannula which may increase the discomfort of the
patient. Furthermore, the use of the bone biopsy devices in
the clinical workflow should not be forgotten. Ease of opera-
tion with a limited number of steps is a necessity to ensure
usability of newly designed bone biopsy devices in practice. It
is expected that in the next five years more focus will be on
easily obtaining bone biopsies of high quality with as little
discomfort to the patient as possible.
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