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(57) Abstract: A bone material removal device including a cannula, a bone drilling forward tip and a bore widening element includ -
ing a bone carving portion that slides axially relative to the cannula and extends in a circumferential direction and wherein the axial
movement of the bore widening element relative to the cannula brings a carving portions to travel and extend radially in a circumfer -
ential direction beyond a surface of the cannula and carve bone from a wall of a bore.
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BONE MATERIAL REMOVAL DEVICE AND A METHOD FOR USE THEREOF

FIELD OF THE INVENTION
The present invention, in some embodiments thereof, relates to bone removal
devices, and more particularly, but not exclusively, to devices that change effective

diameter of bores.

RELATED APPLICATION/S

This application claims the benefit of priority and under 35 USC
§119(e) of U.S. Provisional Patent Applications Nos. 62/144,991 filed 9 April 2015 and
62/151,375 filed 22 April 2015, the contents of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

Various orthopedic reconstructive procedures and particularly ligament or
tendon reconstructive procedures such as, for example, Anterior Cruciate Ligament
(ACL) reconstruction require, implantation of a surgical tissue graft (e.g., ligament
graft) inserted into the bone in order to replace the injured tissue. The injured tissue is
removed from the bone before the graft is inserted through a bore created by drilling.

Some ligament or tendon reconstructive procedures benefit from drilling an
undercut deep to the surface of the bone to accommodate an anchor for the implanted
tissue.

Some commonly used devices that produce an undercut in bone employ a blade
having a single carving edge that circumferentially scrapes and widens a portion of a
wall of a drilled bore.

Such techniques utilize high friction between the blade and bone not only
requiring an effort to operate but may also produce debris mainly consisting of small
particles that may interfere with anchor placement and removal of which may be
challenging.

Various drilling tools employed to produce undercuts along bores drilled in
bone rely on moveable components such as hinges, springs and similar to operate that

may be expensive to manufacture and may tend to wear down and malfunction over
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time. Operation of such tools may also be somewhat cumbersome to handle and require

several operational steps to function.
SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, comprising a forward tip,a cannula, a bore
widening element including a bone carving portion, the element operative to axially
slide relative to the cannula and at least partially extend in a circumferential direction
and wherein axial movement of the bore widening element as a whole relative to said
cannula radially extends said carving portion that travels and extends radially bringing
the bore widening element from a closed retracted position in which the bone carving
portion is retracted to within a diameter of the cannula or a virtual axial extension
thereof to an open extended position in which the bone carving portion extends in a
circumferential direction beyond a diameter of a surface of the cannula or virtual
extension thereof and carves bone from a wall of a bore.

According to an aspect of some embodiments of the present invention there is
provided at least one resilient arm including at least one carving portion at the end
thereof; and wherein axial movement brings the at least one arm to engage a fixed
surface that geometrically interferes with the axial movement and bends the arm
deflecting the carving portions that travels and extends radially in a circumferential
direction beyond a surface of the cannula and carves bone from a wall of a bore.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a single elastic member bore widening
element wherein the bore widening element includes at least two distally extending
arms having at least one carving portion at a distal end thereof and separated by a
longitudinal recess having a proximal closed end and a distal open end.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a single elastic member bore widening
element having one or more arms that define a widened portion at the distal end of the
bore widening element that includes the carving portion and defines a distally facing

inwardly proximally tapered surface at a distal aspect of the carving portion.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device having a carving portion that includes at least
one carving edge.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a carving portion comprises at least
two first and second carving edges angled in respect to each other and joined at least at
one end.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a first carving edge cuts a main portion
of a fragment of bone creating a first surface of the fragment and the second carving
edge cuts a second adjoining surface of the fragment detaching the fragment of bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a bore widening element includes at
least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along which removed residual material rises and is collected into the
recess.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a carving portion that also comprises a
radially positioned curved plain bordered at one side thereof by the first carving edge
and forming an end relief or clearance curve that prevents the rubbing of the carving
portions against the bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a carving portion that is joined with an
outer surface of the arms by a generally proximally inwardly tapered surface.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a protrusion.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein the axial movement of the bore
widening element brings at least one resilient arm to engage the protrusion that

geometrically interferes with the axial movement of the bore widening element and
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bends the arm deflecting the carving portions that travels and extends radially in a

circumferential direction beyond a surface of the cannula and carves bone from a wall
of a bore.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device having a protrusion that extends proximally
from a proximally facing surface between the forward tip and the bore widening
element and wherein the at least one resilient arm also includes a distally facing inclined
surface at a distal aspect of the carving portion thereof and wherein the axial movement
brings the inclined surface of the carving portion to engage the protrusion that
geometrically interferes with the axial movement of the bore widening element and
bends the arm and deflects the carving portions radially.

It should be appreciated that in this and other embodiments, either of the two
matching surfaces, or both, maybe inclined.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein the at least one resilient arm includes
a centrally facing surface and wherein the protrusion abuts the centrally facing surface
so that the axial movement of the bore widening element relative to the cannula brings
the centrally facing surface to be urged against the protrusion that geometrically
interferes with the axial movement of the arm, bends and deflects the arm bringing the
carving portions to travel and extend radially beyond a surface of the cannula and carve
bone from a wall of a bore.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a resilient arm also comprises a non-
carving portion that extends distally beyond at least one carving portion and bordered
proximally thereby terminating at an inclined surface and wherein the axial movement
brings the inclined surface of the non-carving portion to engage the protrusion that
geometrically interferes with the axial movement of the bore widening element and
bends the arm bringing the carving portions to travel and extend radially beyond a
surface of the cannula and carve bone from a wall of a bore.

According to an aspect of some embodiments of the present invention there is

provided a bone material removal device includes a carving portion that is extended
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radially by bending forces exerted on a single surface of at least one arm of the

widening element.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein having a cannula that comprises a
hollow portion and at least one through openings in a wall thereof and wherein the bone
carving portion extends in a circumferential direction through at least one opening.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a carving portions comprises at least
one proximally inwardly tapered surface and the bore widening element is housed in a
stressed state within the cannula and wherein the axial displacement urges the inclined
surfaces against and over distally facing shoulders of at least one opening disengaging
the inclined surfaces therefrom and bringing about radial extension of at least one
carving portion.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a radial extension of at least one
carving portion is effected by the tendency of the stressed bore widening element to
return to its original resting state.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a bone material removal device also
includes counter support to support the carving portion in the extended position.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a bone material removal device also
includes counter support to oppose centrally directed radial forces and prevent the
carving portion from retraction back into the cannula.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein a bone material removal device also
comprises a protrusion that acts as a counter support.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device wherein the at least one arm, when fully
deflected, is generally parallel to the longitudinal axis of the bone material removal

device and the blade supported by a counter support.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device, wherein a tip is a bone drilling tip.

According to an aspect of some embodiments of the present invention there is
provided a method for removal of bone material from bone, comprising:

bringing a bore widening element having at least one resilient arm and at least
one carving portion at the end thereof to move axially; and

urging the resilient arm against a surface that geometrically interferes with the
axial movement of the bore widening element and exerting a force on the arm in a radial
direction; and

bending the arm and radially deflecting the carving portions into an extended
circumferential position; and

carving bone from walls of a bore and creating an undercut in the bone.

According to an aspect of some embodiments of the present invention there is
provided a method, wherein converting the axial force exerted against the surface by the
axial movement of the bore widening element to a radially directed force radially
deflecting the carving portions into an extended circumferential position.

According to an aspect of some embodiments of the present invention there is
provided a method for removal of bone material from bone, comprising:

housing a bore widening element having at least one carving portion including
at least one inclined surface in a stressed state within a cannula;

axially moving the bore widening element; and

urging the inclined surfaces against and over shoulders of at least one opening
in a wall of the cannula geometrically interfering with the axial movement of the bore
widening element; and

disengaging the surfaces from the shoulder; and
allowing the bore widening element to return to a resting state by
bringing the carving portions to travel and extend radially through the opening and
beyond a surface of the cannula and
carving bone from a wall of a bore.
According to an aspect of some embodiments of the present invention there is

provided a method for removal of bone material from bone, comprising:
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bringing a bore widening element having at least one resilient arm and

at least one carving portion at the end thereof to move axially;

placing a geometrically interfering surface in the path of travel of the
at least one resilient arm; and

engaging the arm with the interfering surface bending and deflecting
the arm; and

bringing the carving portion to travel and extend radially; and

carving bone from a wall of a bore.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal bone material removal device, comprising a cannula,
and a single elastic member including a bore widening element having a carving portion
and a forward tip and operative to axially slide relative to the cannula and to extend in a
circumferential direction and wherein axial movement of the widening element relative
to the cannula elastically radially extends the carving portion to an extended carving
position.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a single elastic member is moveably
housed in the cannula.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a forward tip is a bore drilling tip.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a carving portion is attached to at
least one cylindrical portion.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a single elastic member is movingly
housed in the cannula.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a cannula has a proximal portion
having an inner circumference substantially larger than the outer diameter of the

thickest portion of the single member.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device, wherein a cannula also includes an inwardly
tapered portion located adjacent to a distal end of the cannula and a cylindrical portion.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a diameter of a inner circumference
of the cylindrical portion located at the distal end of the cannula is substantially equal to
the outer diameter of the thickest portion of the single member and supports primarily
axial and rotational movement and minimal to no radial movement of the single elastic
member.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein in operation, a drilling tip acts as a
first shaft capture point and a point of contact between the bone widening element and
an inner circumference of the cannula acts as a second shaft capture point.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein axial movement of an elastic member
in respect to a cannula shortens the distance between a first shaft capture point and the
second shaft capture point, increasing the rigidity of a bone widening element and
bringing the carving portion to be translated radially.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein contact of an elastic member with a
tip of a cannula creates a third shaft capture being at or below a threshold length from
the first shaft capture at which the distal end of the bore widening element loses its
resilience, becomes rigid bringing the carving portion to be translated radially.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein in a cannula an elastic member is in a
stressed state in which the first and second cylindrical portions are not aligned with a
longitudinal axis of the bone material removal device.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein resilience of an elastic member
supports accommodation of the widening element within a bore drilled by a bore

drilling tip conforming to the diameter thereof.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device, wherein at least a peak of the carving portion
does not protrude radially and remains generally aligned with the longitudinal axis of
the bone material removal device.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a carving portion comprises at least
one carving edge.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a carving portion comprises at least
two first and second carving edges angled in respect to each other and joined at least at
one end.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein the first carving edge cuts a main
portion of a fragment of bone creating a first surface of the fragment and the second
carving edge cuts a second adjoining surface of the fragment detaching the fragment of
bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein bore widening element includes at
least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along which removed residual material rises and is collected into the
recess.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a carving portion comprises a
radially positioned curved plain bordered at one side thereof by the first carving edge
and forming an end relief or clearance curve that prevents the rubbing of the carving
portions against the bone.

According to an aspect of some embodiments of the present invention there is
provided a method for removal of bone material from bone, comprising drilling a bore
in the bone, introducing a single elastic member including a bore widening element

having a carving portion and a tip through a cannula into the bore and stressing the
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member to conform to the diameter of the bore, reducing the distance between a shaft

capture point on the member and the tip bringing about a reduction of a bending
moment acting upon the carving portion and increasing the rigidity of the member,
bringing about radially directed force on the carving portion urging it to extend radially
to an extended position and carving bone from walls of a bore and creating an undercut
in the bone.

According to an aspect of some embodiments of the present invention there is
provided a method for removal of bone material from bone, comprising drilling a bore
in the bone, introducing a single elastic member including a bore widening element
having a carving portion and a tip through a cannula into the bore stressing the member
to conform to the diameter of the bore, reducing the distance between a shaft capture
point on the member and the tip relieving the stress on the member, allowing the
member to return to a resting state bringing about radially directed force on the carving
portion urging it to extend radially to an extended position and carving bone from walls
of a bore and creating an undercut in the bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, comprising a forward tip, a cannula, a
widening element including a bone carving portion operative to axially slide relative to
the cannula and move between a resting state and a stressed state and to extend in a
circumferential direction; and
wherein axial movement of the widening element relative to the cannula elastically
radially extends the blade to an extended carving position.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, comprising a cannula, a bore widening
element including at least one bone carving portion and an inclined surface, a pusher
rod and wherein the bore widening element is limited to movement in a radial direction
only and wherein the pusher rod moves axially, engages the inclined surface actuating
the bore widening element that travels in a purely radial direction, bringing the carving
portion to travel and extend radially beyond a surface of the bone material removal

device.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device, wherein movement of a bore widening
element is limited by a radial-direction-guiding mechanism.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a radial-direction-guiding mechanism
comprises elongated slot-like cutouts cut through the width of the bore widening
element, the length of the cutouts oriented radially from the longitudinal axis of the
bone material removal device and at least one pin fixed to a wall of the device and
protruding radially inward through the cutouts.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a bore widening element is resiliently
attached to a wall of the device by a resilient attachment that exerts tension, optionally
constant, in a radially inward direction

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a resilient attachment resists outward
radial extension of the bore widening element.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein comprising a forward tip and at least
one opening located at a predetermined distance proximally from a forward tip.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a forward tip is a bone drilling tip.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a bone material removal device also
includes a lumen that communicates with the atmosphere via the opening, and wherein
at rest the bone carving portion is at least partially retracted into the lumen, disposed
within margins of opening and not protruding therefrom.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a tip of the pusher rod is inclined.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a carving portion comprises at least

one carving edge.
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According to an aspect of some embodiments of the present invention there is

provided a bone material removal device, wherein a carving portion also comprises a
radially positioned curved surface bordered at one side thereof by the first carving edge
and forming an end relief or clearance curve that prevents the rubbing of the carving
portions against the bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein the carving portion comprises at least
two first and second carving edges angled in respect to each other and joined at least at
one end.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a first carving edge cuts a main
portion of a fragment of bone creating a first surface of the fragment and the second
carving edge cuts a second adjoining surface of the fragment detaching the fragment of
bone.

According to an aspect of some embodiments of the present invention there is
provided a bone material removal device, wherein a bore widening element includes at
least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along a clearance curve which removed residual material rises and is
collected into the device.

According to an aspect of some embodiments of the present invention there is
provided a method for removal of bone material from bone from bone, comprising:

limiting movement of a bore widening element having a carving portion and
an inclined surface to movement in a radial direction only, axially moving a pusher rod,

engaging the pusher rod with the inclined surface, actuating the bore
widening element that travels in a purely radial direction, bringing the carving portion
to travel and extend radially beyond a surface of a bone material removal device; and
carving a portion of bone.

According to an aspect of some embodiments of the present invention there is

provided a method wherein axially moving a pusher rod through a lumen of a cannula.
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According to an aspect of some embodiments of the present invention there is

provided a method, wherein radially extending a carving portion through an opening in
a wall of the cannula.

According to an aspect of some embodiments of the present invention there is
provided a method, wherein radially extending a carving portion against radially inward
tension effected by a resilient attachment of the bore widening element to a wall of the
cannula.

The present invention, in some embodiments thereof, seeks to provide an
improved bone material removal device.

There is thus provided in accordance with an embodiment of the present
invention a bone material removal device, including a cylindrical element arranged
along a longitudinal axis and having a proximal end and a distal end, the distal end has a
first cylindrical portion, a second cylindrical portion and a radially extending protrusion
which joins the first cylindrical portion and the second cylindrical portion and extends
radially outwardly from the longitudinal axis.

Preferably, the protrusion extends outwardly from the longitudinal axis by
0.1lmm — 0.2mm.

In accordance with an embodiment of the present invention, the drilling device
including a cannula having a proximal cylindrical portion of a first diameter and a distal
cylindrical portion of a second diameter, the first diameter is substantially greater than
the second diameter, a bone material removal device adapted to be inserted and
longitudinally displaced with respect to the cannula and having a cylindrical element,
the diameter of the cylindrical element substantially equals the second diameter.

In accordance with an embodiment of the present invention, a method of drilling
a varying diameter bore, including the steps of:

providing a cannula; providing a cylindrical element arranged along a
longitudinal axis and having a proximal end and a distal end and adapted to be inserted
and longitudinally displaced with respect to the cannula; the distal end has a radially
extending protrusion which extends outwardly from the longitudinal axis; distally
advancing the cylindrical element with respect to the cannula to create a longitudinal
bore within a bone of a patient; further distally advancing the cylindrical element with

respect to the cannula to create an undercut using the radially extending protrusion.
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In accordance with an embodiment of the present invention, a bone material

removal device configured to be advanced in two stages, including a cylindrical element
arranged along a longitudinal axis and having a proximal end and a distal end, the distal
end has a first cylindrical portion, a second cylindrical portion and a radially extending
protrusion which joins the first cylindrical portion and the second cylindrical portion
and extends outwardly from the longitudinal axis. A first stage in which the radially
extending protrusion is deflected and the first cylindrical portion, the second cylindrical
portion and the radially extending protrusion are aligned along the longitudinal axis to
create a straight bore within a bone; and

a second stage in which the radially extending protrusion radially protrudes from
the longitudinal axis to create an undercut within the bone.

In accordance with another embodiment of the present invention, a bone
material removal device, including a drilling element having an outer surface and a
widening element arranged along a mutual longitudinal axis, and wherein the drilling
element and the widening element are longitudinally displaceable with respect to each
other, the widening element selectively assumes a closed position enabling drilling of a
first bore of a first diameter and an open position enabling drilling of a second bore of a
second diameter, whereas the second diameter is preferably greater than the first
diameter.

Preferably, the widening element includes cutting edges and in the closed
position, the cutting edges extend radially to be aligned with the outer surface of the
drilling element.

Further preferably, in the open position, the cutting edges extend radially
outwardly from the outer surface of the drilling element to form an undercut within the
bone of a patient.

Still further preferably, the length of the undercut is a function of the length of
the cutting edge.

In accordance with an embodiment of the present invention, the drilling element
further has an internal protrusion and the widening element further has deflectable arms
spaced one from another and having at least one widened portion defining the cutting

edge. The bone material removal device assumes the open position when the deflectable
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arms slide over the internal protrusion and thus are spaced further away from each

other.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are illustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Some embodiments of the invention are herein described, by way of example
only, with reference to the accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are by way of example and for
purposes of illustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIG. 1 is a simplified side view illustration and an enlargement view of a bone
material removal device constructed and operative in accordance with an embodiment
of the present invention, shown in an unstressed orientation and outside of a bone of a
patient;

FIG. 2 is a side view illustration and an enlargement view of a bone material
removal device of Fig. 1 shown in a deflected orientation and outside of a bone of a
patient;

FIG. 3 is a partial cut away side view illustration and an enlargement view of a
bone material removal device of Fig. 1 inserted into a cannula, showing the positioning
of the cannula over the bone of a patient;

FIGs. 4A and 4B are a partial cut away side view illustration and an
enlargement view and cross section view simplified illustrations of a bone material
removal device of Fig. 1 inserted into a cannula, showing a first operative drilling

orientation within the bone of a patient;
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FIGs. 5A, 5B and 5C are a partial cut away side view illustration and an

enlargement view and cross section view simplified illustrations of a bone material
removal device of Fig. 1 inserted into a cannula, showing a second operative drilling
orientation within the bone of a patient;

FIG. 6 is a partial cut away side view illustration and an enlargement view of a
bone material removal device of Fig. 1 inserted into a cannula, showing removal of the
bone material removal device from the bone of a patient;

FIG. 7 is a simplified pictorial illustration of a bone material removal device
constructed and operative in accordance with an embodiment of the present invention;

FIG. 8A is a simplified pictorial illustration of a drill element of the bone
material removal device of Fig. 7;

FIG. 8B is a simplified cross sectional view illustration and an enlargement
thereof of the drill element of Fig. 8A, section being taken along lines B-B in Fig. 8A;

FIG. 9A is a simplified pictorial and cross section view illustration of a bore
widening element of the bone material removal device of Fig. 7;

FIG. 9B is a simplified cross sectional view illustration of the bore widening
element of Fig. 9A, section being taken along lines B-B in Fig. 9A;

FIG. 10A illustrates two different simplified planar views, front and side views
respectively, of the assembled bone material removal device of Fig. 7 in a closed
operative orientation;

FIG. 10B is a simplified partial cross sectional view illustration of the
assembled bone material removal device of Fig. 7 in the closed operative orientation,
section being taken along lines B-B in Fig. 10A;

FIG. 10C is a simplified side view of the assembled bone material removal
device in a closed operative orientation shown within the bone of a patient;

FIG. 10D is an enlargement of Fig. 10C, illustrating the assembled bone
material removal device in a closed operative orientation shown within the bone of a
patient;

FIG. 11 is a simplified planar front and a partial cross sectional view of an
example of the assembled bone material removal device of Fig. 7 in a transitional
operative orientation between the closed orientation position of Fig. 10 and open

orientation of Fig. 12.
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FIG. 12A illustrates two different simplified planar views, front and side views

respectively, of the assembled bone material removal device of Fig. 7 in an open
operative orientation;

FIG. 12B is a simplified partial cross sectional view illustration of the
assembled bone material removal device of Fig. 7 in the open operative orientation,
section being taken along lines B-B in Fig. 12A;

FIG. 12C is a simplified side view of the assembled bone material removal
device in an open operative orientation shown within the bone of a patient;

FIG. 12D is an enlargement of Fig. 12C, illustrating the assembled bone
material removal device in an open operative orientation shown within the bone of a
patient;

FIGs. 13A and 13B are cross section view simplified illustrations of additional
embodiments of a bone material removal device; and

FIGs. 14A and 14B are cross section view simplified illustrations of additional

embodiments of a bone material removal device.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The term “bone material removal device” as used in this disclosure should be
taken to mean a device that separates a portion of bone material in any form from a
bone regardless of whether the separated material is cleared away from the bone or not.

The term “carving edge” as used in this disclosure should be taken to mean an
edge of a portion of the bone material removal device operative to separate a portion of
bone material, in any form, from a bone.

The term “carving portion” as used in this disclosure should be taken to mean a
portion of the bone material removal device including a carving edge.

The term “shaft capture” and “shaft capture point” are used interchangeably in
this disclosure and mean a point of contact between a shaft and a surrounding surface
that temporarily limits radial movement of the shaft at that location.

A bone material removal device is disclosed herein, which is particularly useful
for drilling a small diameter bore having one or more portions with varying diameters.

An aspect of some embodiments of the invention relates to a bone material

removal device in which axial movement of at least a portion of the device is converted
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to radial extension of one or more carving portions. In some exemplary embodiments of

the invention, the conversion is without constraining axial movement of a part of the
removal device. Optionally or alternatively, the conversion is by geometrical
interference with axial movement, which interference converts axial movement into
radial extension, while optionally allowing axial movement past the interference, so
there is no constraint. In some exemplary embodiments of the invention, the entire bone
removal device is a single monolithic element formed of one piece of material, for
example, metal. In some exemplary embodiments of the invention, the bone removal
device is in two or more parts, one which moves axially and one which moves radially.

In some exemplary embodiments of the invention, radial movement extends
said carving portion from a reduced diameter which is smaller than (or larger by no
more than 10% or 20 or intermediate percentages) a bore in the bone and/or diameter of
enclosing cannula or a virtual axial extension of the cannula in a distal direction, to an
expanded diameter which extends radially beyond a surface of the cannula and/or a
surface of said virtual extension, for example, extending 10%, 20%, 30%, 40%, 50% or
intermediate or greater percentages of a radius of the cannula or virtual axial extension
thereof and/or bore (e.g., typical diameter without widened section).

In some exemplary embodiments of the invention, the bone removal device
comprises a carving portion, which portion translates to a new radial position. In some
exemplary embodiments of the invention, the portion does not pivot and/or otherwise
rotate around an axial hinge. It is a particular feature of some embodiments of the
invention that the carving portion is robust. Optionally, the carving portion has cross-
section of, for example, at least 20%, 40%, 60%, 70% or intermediate or greater
percentages of a cross-section of a lumen of a cannula within which said portion is
located. Optionally or alternatively, the portion is robust and does not bend during
deployment, rather, any bending is at a part of the device which is not part of the
carving portion. In some exemplary embodiments of the invention, robustness is
provided by said portion material extending in a pure radial direction from inside the
cannula, which it is optionally supported by the cannula to outside the cannula where it
cute. Optionally, such extension is provided over at least 50%, 60%, 80% or greater or

intermediate percentages of the axial length of the carving edge of the carving portion.
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In some exemplary embodiments of the invention, translation is relatively or

substantially pure radial translation, for example, including less that 75%, 60%, 30%,
20%, 10% or smaller or intermediate percentages of axial translation, as a percentage of
distance of radial translation.

In some exemplary embodiments of the invention, radial movement comprises
a bending of the bone removal device, but not at a carving edge and/or not at a bending
of more than 10, 20, 30, 40 or 50 degrees or intermediate angles. Optionally or
alternatively, any bending is at a bending radius of more than 1 mm, 3 mm, 5 mm, 10
mm or intermediate or greater bending radiuses.

In some exemplary embodiments of the invention, any bending is due to
radially applied forces on the carving portion rather than axially applied forces.

An aspect of some embodiments of the invention relates to a method in which
converting axial force exerted against a surface by axial movement of a bore widening
element to a radially directed force radially deflecting the carving portions into an
extended circumferential position.

An aspect of some embodiments of the invention relates to an elastic bone
material removal device being a single member that may be moveably housed in a
cannula. The bone material removal device may include a bore drilling tip and a bore
widening element being a protrusion including a carving portion, disposed between two
cylindrical portions. In operation, the drilling tip may act as a first shaft capture and a
point of contact between the bore widening element and an inner circumference of the
cannula may act as a second shaft capture. Axial movement of the device in respect to
the cannula changes the location of the second shaft capture and shortens the distance
between the first and second shaft captures, increasing the rigidity of the bore widening
element. Further axial movement brings the bore widening element in contact with the
tip of the cannula and creates a third shaft capture being at the shortest distance from the
first shaft capture (the bore drilling tip) in respect to the distance of the second shaft
capture from the drilling tip. The distance between the third and first shaft captures
being below the bore widening element distal end threshold length at and below which
the distal end of the bore widening element loses its resilience, becomes rigid bringing

the carving portion to be translated radially to perform, for example, an undercut.
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An aspect of embodiments of the invention relates to an elastic bone material

removal device bone including a widening element with one or more resilient arms
including carving portions at an end thereof and urged to move axially and engage a
fixed surface that bends the arms and deflects the carving portions radially. Alternately
and optionally, the bore widening element includes one or more arms having carving
portions may be fixed in place and a moveable surface may be urged to move axially to
engage the bore widening element, bend the arms and deflect the carving surface
radially.

An aspect of embodiments of the invention relates to a bore widening element
including one or more carving portions that may be limited to movement in a radial
direction only and a pusher rod that moves axially to engage the bore widening element
actuating the bore widening element that travels in a purely radial direction and bringing
a carving portion thereof to travel and extend radially beyond a surface of a bone
material removal device.

An aspect of embodiments of the invention relates to an elastic bone material
removal device with bore widening element that includes one or more carving portions
having proximally inwardly tapered or inclined surfaces and may be housed in a
stressed state within a cannula. Axial displacement of the bore widening element along
the cannula may bring the proximally inwardly tapered or inclined surfaces to be urged
against and slide over shoulders of openings in the cannula wall and eventually be
disengaged from the shoulders, allowing for gradual radial extension of one or more
carving edges through the opening effected by the tendency of the bore widening
element to return to its original resting state.

An aspect of embodiments of the invention relates to a bone material removal
device including a moveable bore widening element being a single elastic member
having a carving portion and in which axial movement of the bore widening element in
respect to a fixed deflecting surface brings a non- carving end-portion of the bore
widening element to contact the fixed surface and be deflected thereby bringing the
carving portions to travel and extend radially beyond a surface of the cannula and carve
bone from a wall of a bore. Alternately and optionally, the bore widening element may
fixed and the deflecting surface moveable to be axially moved to engage the fixed bore

widening element, bend the arms and deflect the carving portion radially.
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Additionally and optionally, some embodiments of the invention relate to a

bone material removal device including a hingeless mechanism operative to effect
transition of the device from a resting state to a stressed state and vice versa and convert
axial movement relative to a cannula of a bore widening element having one or more
carving edges to radial movement and extension of the carving edges.

Additionally and optionally some embodiments of the invention relate to a
bone material removal device accommodated within a cannula and includes a
mechanism operative to collect and remove residual material and debris such as bone
fragments from a created undercut and store the debris within the cannula.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not necessarily limited in its application to the details of
construction and the arrangement of the components and/or methods set forth in the
following description and/or illustrated in the drawings and/or the Examples. The
invention is capable of other embodiments or of being practiced or carried out in various
ways.

Reference is now made to Fig. 1, which is a simplified side view illustration
and an enlargement thereof of a bone material removal device constructed and operative
in accordance with an embodiment of the present invention, shown in an unstressed or
resting state and outside of a bone of a patient.

Fig. 1 illustrates a bone material removal device 100 that may be a single
elastic member that includes both a bore drilling tip 116 and a radially protruding
circumferentially bore widening element 110 having a carving portion. Bone material
removal device 100 may have a proximal end 102 and a distal end 104. Device 100 may
be mainly arranged along a longitudinal axis 105 and may be formed from a
biocompatible shape memory alloy such as, for example, Nitinol.

As shown in the example of Fig. 1 bone material removal device 100 may
optionally be formed as a cylinder at the majority of its longitudinal extent. The cylinder
optionally may have a diameter in the range of 0.5mm-3mm, alternatively and
optionally in the range of 0.5mm-2.5mm and alternatively and optionally in the range of
Imm — 2mm.

It is a particular feature of an embodiment of the present invention that distal

end 104 of bone material removal device 100 may optionally have a first generally
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cylindrical portion 106 terminating at a distally facing shoulder 107, a second generally

cylindrical portion 108 and a bore widening element slightly radially extending so that
the bore widening element does not depart from the diameter of a bore drilled by bore
drilling tip 116. In some embodiments the bore widening element may extend radially
with respect to longitudinal axis 105 for example in a conical shape, arc shape,
triangular shape or any other shape.

In the embodiment of Fig. 1, the bore widening element is a slightly radially
extending eccentric protrusion 110 having a generally convex outer surface 112
including a carving portion throughout its length and a generally concave inner surface
114. In other embodiments inner surface 114 may have other geometrical shapes. E.g.,
inner surface 114 may be flat forming a triangular protrusion 110. Protrusion 110
optionally joins first cylindrical portion 106 and second cylindrical portion 108. In the
unstressed position of the embodiment depicted in Fig. 1, protrusion 110 may optionally
extend outwardly from longitudinal axis 105 by 0.05-0.4mm, alternatively and
optionally by 0.075-0.3mm and alternatively and optionally by 0.1mm — 0.2mm.

In the embodiment of Fig. 1, it is noted that the outer diameter of distal end 104
of the bone material removal device 100 is smaller than the outer diameter of the
remainder of the bone material removal device 100.

In the unstressed position of the embodiment depicted in Fig. 1,the majority of
the longitudinal extent of bone material removal device 100 is arranged along
longitudinal axis 105 except for protrusion 110 that may extend radially outwardly
therefrom.

Bone material removal device 100 bore drilling tip 116 at the distal end 104
thereof, may be located distally from second cylindrical portion 108.

It is noted that the length of the distal end 104 is optionally more than a
threshold length of, for example, 10mm in order to prevent rigidity thereof. As will be
explained in greater detail below, this characteristic allows to vary the rigidity of distal
end 104 as desired by lengthening or shortening the distance between bore drilling tip
116 and a shaft capture point located along device 100. In other words, the shorter the
length between bore drilling tip 116 and a shaft capture point located along device 100
the greater the rigidity of distal end 104 down to a threshold length (e.g., 8mm) at and
below which distal end 104 becomes fully rigid.
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The length of distal end 104 may optionally be in the range of 10mm — 25mm,

alternatively and optionally 13mm-23mm and alternatively and optionally 15mm —
20mm.

It is appreciated that in the unstressed or resting state of bone material removal
device 100 seen in Fig. 1, first cylindrical portion 106 and second cylindrical portion
108 are mutually aligned along longitudinal axis 105.

Reference is now made to Fig. 2, which is a side view illustration and an
enlargement view of the bone material removal device embodiment of bone material
removal device 100 of Fig. 1 in a stressed state. The example shown in Fig. 2
demonstrates the elastic qualities of bone material removal device 100 derived from
material characteristics e.g., those of shape memory alloys. As shown in Fig. 2, when
stressed, bone material removal device 100 shown outside a bone of a patient can be
elastically deformed into a deflected orientation. However, due to its elastic and shape
memory qualities, bone material removal device 100 may return to its original
unstressed or resting state shape shown in Fig. 1 once stress is relieved therefrom.

In the example seen in Fig. 2, distal end 104 of the bone material removal
device 100 is radially deflected due to the elastic characteristics of the bone material
removal device 100. First cylindrical portion 106 and second cylindrical portion 108 are
not aligned with longitudinal axis 105. The resilience of distal end 104 of the elastic
member being bone material removal device 100 at this stage also supports
accommodation of distal end 104 within a bore drilled by bore drilling tip 116
conforming to the diameter thereof, at least the peak if not all of the carving portion of
convex outer surface 112 does not protrude radially and remains generally aligned with
longitudinal axis 105.

Reference is now made to Fig. 3, which is a partial cut away side view
illustration and an enlargement view of the bone material removal device 100 of Fig. 1
inserted into a cannula, showing the positioning of the cannula over the bone of a
patient.

The embodiment of the bone material removal device of Fig. 3 depicts one
example of bone material removal device 100 inserted into a drill guiding tool 120
having a handle 122 at its proximal end 124 and a longitudinal cannula 126 at its distal
end 128, tool 120 is arranged along longitudinal axis 105. Cannula 126 has a teethed tip



10

15

20

25

30

WO 2016/162869 PCT/IL2016/050370

24
130 at its distal end for fixedly positioning the cannula over a location on a patient’s

bone 200. Drill guiding tool 120 may be positioned over the patient’s bone 200 such
that teethed tip 130 of cannula 126 engages the bone 200 and the bone material removal
device 100 inserted into cannula 126, extend along proximal cylindrical portion 134 and
terminate proximally to the inwardly tapered portion 136. In the example of Fig. 3 bone
material removal device 100 is shown to be positioned in the unstressed or resting state
similar to that shown in Fig. 1.

Reference is now made to Fig. 4A, which is a partial cut away side view
illustration and an enlargement view of the bone material removal device 100 of Fig. 1
inserted into cannula 126, showing a first operative drilling orientation within bone 200
of a patient.

Cannula 126 may have a proximal cylindrical portion 134 having an inner
circumference 132 including a first diameter (d1), an inwardly tapered portion 136
located adjacent to a distal end 128 of cannula 126 and a cylindrical portion 138 having
an inner circumference having a second diameter (d2) and located at the distal end 128
of cannula 126. It is appreciated that the first diameter of portion 134 inner
circumference 132 may be substantially greater than the second diameter (d2) of
distalmost cylindrical portion 138 at distal end 128. The outer diameter (d3) of bone
material removal device 100, excluding distal end 104, may be substantially equal to
second diameter (d2) of the inner circumference of cylinder 138 of distal end 128 of
cannula 126, so that to support primarily axial and rotational movement and minimal to
no movement of device 100 in a radial direction within distal portion 128 inner
circumference (d2) of cylindrical portion 138.

Reference is now made to Fig. 4A, 4B, 5SA, 5B and 5C which are cross-section
view simplified illustrations of examples of operative stages of bone material removal
device 100 at various points in time as it is advanced distally into the patient’s bone
200. It will become apparent to persons skilled in the art that the operating stages of
Figs. 4A-5B disclosed hereinbelow demonstrate conversion of bone material removal
device 100 from a bore-drilling device to an undercut producing device by conversion
of axial movement of device 100 to radial translation and extension of one or more

carving edges of protrusion 100 for example, by means of transition of device 100 from
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a resting state to a stressed state or vice versa. These steps may be commonly carried

out in a continuous fashion.

As illustrated in Fig. 4A and described above, a freedom degree exists between
bone material removal device 100 and cannula 126 that allows the bone material
removal device 100 to be advanced distally longitudinally along longitudinal axis 105
due to the elastic characteristics of the bone material removal device 100. The freedom
degree is created due to the fact that the outer diameter (d3) of the remainder of bone
material removal device 100, i.e., the thickest portion of the device3 100, except of the
distal end 104 is substantially smaller than the first diameter (d1) of the proximal
cylindrical portion 134 of the cannula 126.

As shown in Fig. 4B, at the point in time of the stage of insertion of bone
material removal device 100 depicted in Fig. 4A, device 100 may be free to move
radially within cannula 126 inner circumference 132 so that a point of contact (not
shown) of portion 134 inner circumference 132 with bone material removal device 100
can form a first shaft capture wherein the bone surrounding drilling tip 116 (i.e., bore
202, Fig. 5) may form a second shaft capture. The specific location of the first point of
contact (capture) may vary throughout the drilling process. The distance between the
first and second shaft captures may create a first bending moment on bone material
removal device 100 that elastically deforms device 100 into a stressed state such as that
depicted in Fig. 2. In this state, the elastic characteristics of device 100 bring protrusion
110 to succumb to bending forces thereupon and bend to become aligned with
longitudinal axis 105 and with first cylindrical portion 106 and second cylindrical
portion 108, conforming to the diameter of a bore drilled by bore drilling tip 116 thus
providing for longitudinal advancement of the device 100 within the bone 200 of the
patient and thus formation of a small diameter bore therewithin.

It 1s a particular feature of an embodiment of the present invention, in some
embodiments thereof, that at this stage first cylindrical portion 106, second cylindrical
portion 108 and protrusion 110 are mutually aligned along longitudinal axis 105 having
a diameter equal or less than the radius of a bore drilled by bore drilling tip 116 during
the operative orientation shown in Figs. 4A and 4B, while distally facing shoulder 107

does not yet engage the distalmost cylindrical portion 138 of the cannula 126.
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It is seen in Figs. 4A and 4B that distal advancement of the bone material

removal device 100 results in a straight longitudinal bore 202 in the patient’s bone 200.

The longitudinal bore 202 that is formed in this operative orientation optionally
has a diameter in the range of 2mm-4mm, alternatively and optionally in the range of
1.5mm-3mm and alternatively and optionally in the range of lmm - 2mm,
corresponding to the outer diameter of first cylindrical portion 106 and second
cylindrical portion 108.

Reference is now made to Figs. SA, 5B and 5C, which are partial cut away side
view illustration and an enlargement view and cross-section view simplified illustrations
of the embodiment of bone material removal device 100 of Fig. 1 inserted into cannula
126, showing a second operative drilling orientation within the bone 200 of a patient.

It 1s seen in Fig. S5A that the bone material removal device 100 is advanced
further distally into the patient’s bone 200. Further distal advancement of the bone
material removal device 100 can be in the range of approximately 1lmm — 8mm,
alternatively and optionally 1.5mm — 7mm and alternatively and optionally from 2mm —
6mm.

It is a particular feature of an embodiment of the present invention that at this
stage, as shown in Figs. 5A and in greater detail in Fig. 5B, shoulder 107 and a portion
of device 100 proximal thereto has been further moved axially and entered distalmost
cylindrical portion 138 of the cannula 126 in which no radial freedom degree exists
anymore between the bone material removal device 100 and cannula 126.

The freedom degree is lost due to the fact that the outer diameter of the
remainder of a bone material removal device 100 except of the distal end 104 engages
the substantially equal diameter of the distalmost cylindrical portion 138 of the cannula
126.

At this point in time, the bone surrounding drilling tip 116 (i.e., bore 202) may
remain a second shaft capture but distalmost cylindrical portion 138 becomes a third
shaft capture replacing the second shaft capture located at a contact point along portion
134 inner circumference 132. The distance between the first and third shaft captures,
being shorter than the distance between the second and first shaft captures, may create a

second smaller bending moment on bone material removal device 100 down to a
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threshold length designated in Fig. 5B with the letter (L) (e.g., the tip of the cannula) at

and below which distal end 104 becomes fully rigid.

The increase in rigidity (decrease in bending moment) and the shape memory
characteristics of the material of which bone material removal device 100 is made, tend
to return device 100 to its original resting state such as that shown in Fig. 1, thus placing
radially directed force on protrusion 110 indicated in Fig. 5B by an arrow designated
reference numeral 550 and urging protrusion 110 to extend radially. It is therefore a
particular feature of an embodiment of the present invention that axial movement of the
bore widening element in the form of protrusion 110 relative to cannula 126 increases
the rigidity of distal end 104 and radially extends the carving portion of protrusion 110
to a radially extended position.

As illustrated in Fig. 5C the increased rigidity of distal end 104 brings
protrusion 110 to extend radially and to perform an undercut within the bone 200 of a
patient by means of rotation about longitudinal axis 105, increasing in diameter and
creating a bore (undercut) 204 having a diameter, which is substantially larger than the
diameter of bore 202. Due to the rigid characteristics of the bone material removal
device 100 at this stage, protrusion 110 protrudes radially externally to longitudinal axis
105, thus providing for longitudinal advancement of the bone material removal device
100 within bone 200 of the patient and thus formation of a large diameter bore
therewithin, corresponding to the outer diameter formed by protrusion 110.

It is a particular feature of an embodiment of the present invention that at this
point in time, first cylindrical portion 106 and second cylindrical portion 108 are
mutually aligned along longitudinal axis 105 during the operative orientation shown in
Figs 5A- 5C and that protrusion 110 extends radially outwardly with respect to
longitudinal axis 105 since the distally facing shoulder 107 engages the distalmost
cylindrical portion 138 of the cannula 126 and prevents from the protrusion 110 to lose
rigidity.

Undercut 204 that is formed in the operative orientation shown in Figs. SA-5C
optionally has a diameter in the range of 0.6mm — 3.2mm, alternatively and optionally
Imm — 2.8mm and alternatively and optionally 1.2mm — 2.4mm, corresponding to the

outer diameter of the protrusion 110 in its most radially extended configuration.
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It is seen in Figs. SA-5C that further distal advancement of the bone material

removal device 100 results in formation of an undercut 204 generally in the middle of
the straight longitudinal bore 202 formed in the patient’s bone 200.

Reference is now made to Fig. 6, which is a partial cut away side view
illustration and an enlargement view of the embodiment of the bone material removal
device of Fig. 1 inserted into the cannula 126, showing removal of the bone material
removal device 100 from the bone 200 of a patient.

It is seen in Fig. 6 that the bone material removal device 100 has been
withdrawn from the patient’s bone 200, leaving the bone with formed bore having
varying diameters, longitudinal bore 202 of a smaller diameter and undercut 204 of a
larger diameter.

Reference is now made to Fig. 7, which is a simplified pictorial illustration of a
bone material removal device 300 constructed and operative in accordance with an
additional embodiment of the present invention.

It is seen in Fig. 7 that bone material removal device 300 optionally includes a
drilling element 302 optionally having a form of a cannula and having a proximal end
310 and a distal end 312 and formed of a biocompatible metal. Distal end 312 may be
sealed by a tapered drilling tip 314. Drilling element 302 may optionally have a
diameter in the range 2mm-4mm, alternatively and optionally in the range of 1.5mm-
3mm and alternatively and optionally in the range of Imm — 2mm. Device 300 may also
include a bore widening element 304 disposed between distal end 312 and proximal end
310 of drilling element 302 and be at least partially inserted therein.

Drilling element 302 connects at proximal end 310 to a handle 306 having a
pushing element 308 inserted therein in contact with bore widening element 304.
Alternatively and optionally, drilling element 302 and bore widening element 304 can
be connected to a power tool, e.g., a power drill. Drilling element 302 and the bore
widening element 304 are arranged along a mutual longitudinal axis 309.

It is a particular feature of an embodiment of the present invention that the bore
widening element304 may be at least partially inserted into the drilling element 302 and
be selectively positioned in a closed position enabling drilling a bore of a first diameter
within the bone of a patient and in an open, radially extended position enabling drilling

a bore of a second diameter within the bone of a patient, wherein the first diameter may
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optionally be equal to the outer diameter of the tubular or cannula portion of the drilling

element 302 and the second diameter may be greater than the first diameter, thus
forming an undercut within the bone of a patient.

Reference is now made to Fig. 8A, which is a simplified pictorial illustration of
the drill element 302 of the bone material removal device 300of Fig. 7, and to Fig. 8B,
which is a simplified cross sectional view illustration and an enlargement thereof of the
drilling element 302 of Fig. 8A, section being taken along lines B-B in Fig. 8A.

Drilling element 302 may optionally be integrally made of a biocompatible
material (e.g., metal) and arranged along longitudinal axis 309.

It is seen in Figs. 8A & 8B that one or more through openings 320 in a wall
335 of drilling element 302 radially extend through drilling element 302 transversely to
longitudinal axis 309. An inner surface 336 of drilling element 302 wall 335 defines a
hollow portion of drilling element 302 proximally to opening 320 and optionally solid
distally to opening 320.

Each of the openings 320 longitudinally extends from a distally facing shoulder
322 to a proximally facing shoulder 324.

It is appreciated that the drilling tip 314 can be fixedly coupled to the drilling
element 302 or alternatively integrally made therewith.

In the example seen in Fig. 8B the solid part of the drilling element 302
extends proximally from the drilling tip 314 to approximately adjacent the proximally
facing shoulder 324 and defines a proximally facing surface 326 at this location. A
protrusion 328 optionally extends proximally from surface 326. The protrusion 328
shown in Fig. 8B optionally has a cylindrical portion 330 and a proximal portion 332
having one or more inclined surfaces (e.g., conical or tapered) proximally extending
therefrom. It is appreciated that protrusion 328 can alternatively be formed as a cone
along its entire longitudinal extent or any other widening geometry, for example
pyramidal or any other suitable shape. In accordance with the exemplary embodiment of
the present invention shown in Fig. 8A, the conical portion 332 defines one or more
distally extending tapered or inclined surfaces 334 extending in one or more radial
directions. For example, conical portion 332 may define two distally extending tapered

or inclined surfaces 334 extending in mutually opposite radial directions.
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The hollow part of the drilling element 302 defines an outer surface 335 and an

inner surface 336.

Reference is now made to Fig. 9A, which is a simplified pictorial and cross
section view illustration of an example of bore widening element 304 of the bone
material removal device 300of Fig. 7 and to Fig. 9B, which is a simplified cross
sectional view illustration of bore widening element 304 of Fig. 9A, section being taken
along lines B-B in Fig. 9A.

Bore widening element 304 optionally has a proximal end 350 and a distal end
352 and can be integrally made of an elastic biocompatible material having shape
memory qualities material (e.g., metal) and be arranged along longitudinal axis 309.

It is particularly seen in Fig. 9B that a generally cylindrical recess 354 is
formed at the proximal end 350 to be engaged by pushing element 308 (Fig. 7), distally
extends therefrom and terminates at a proximally facing surface 356.

Optionally, one or more distally extending arms 358 may extend from
approximately the middle of the longitudinal extent of bore widening element 304 to the
distal end 352, centrally facing surfaces thereof bordering and separated by a
longitudinal recess 360 having a proximal closed end and a distal open end. Each of the
arms 358 defines an outer surface 362.

As shown in Figs. 9A and 9B, bore widening element 304 arms 358 do not
parallel each other and may gradually approach and in some examples contact each
other distally from the proximal closed end of longitudinal recess 360. As will be
described in greater detail below, in one embodiment, bore widening element 304
depicted in Figs. 9a and 9B may be in a resting, unstressed state so that arms 358 can be
deflected inwardly one towards the other when force is exerted on outer surface 362 in a
radially inward direction. Arms 358 can be deflected outwardly to be further separated
one from each other when force is exerted on the inner surface of the arms 358 in a
radially outward direction. In an additional embodiment, bore widening element 304
depicted in Figs. 9a and 9B may be in a stressed or loaded state.

Each of the arms 358 defines a widened portion 364 at the distal end 352 of the
widening element 304. Each of the widened portions 364 preferably defines a distally
facing preferably inwardly proximally tapered or inclined surface 366. Inwardly

proximally tapered or inclined surface 366 define a distal aspect of carving portions 368
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proximally extending from surfaces 366. Carving portions 368 are generally

longitudinal widened defining an outer carving edge 370 or several carving edges 370
as will be explained in greater detail below and a radially positioned curved surface 921
bordered at one side thereof by carving edge 370 and forming an end relief or clearance
curve that prevents the rubbing of carving portions 368 against the bone, reducing the
amount of force (e.g., torque) required for operation of device 300. Longitudinal carving
portions 368 are joined with outer surfaces 362 of arms 358 by a generally proximally
inwardly tapered or inclined surface 372. It is appreciated that the longitudinal carving
portions 368 can be cylindrical or alternatively can be conical or have any other suitable
shape.

It is appreciated that widened portions 364 may be generally positioned at an
angle with respect to each other.

In some embodiments, bore widening element 304 may have a single arm 358
carrying one or more carving portions 368. In other embodiments, bore widening
element 304 may have more than one arm only one of which carrying one or more
carving portions 368.

Reference is now made to Figs. 10A-10D, collectively referred to as Fig. 10,
Fig. 11 and Figs. 12A-12D, collectively referred to as Fig. 12, which are simplified
illustrations of examples of operative stages of bone material removal device 300 at
various points in time as it is advanced distally into the patient’s bone 200. It will
become apparent to persons skilled in the art that the operating stages disclosed
hereinbelow demonstrate conversion of bone material removal device 300 from a bore-
drilling device to an undercut producing device by conversion of axial movement of
device 300 to radial translation and extension of one or more carving portions of bore
widening element 304 arm 358 through one or more openings 320, for example, by
means of transition of device 300 from a resting state to a stressed state or vice versa.
These steps may be commonly carried out in a continuous fashion.

Reference is now made to Fig. 10A, which illustrates two different simplified
planar views, front and side views respectively, of an example of the assembled bone
material removal device 300 of Fig. 7 in a closed operative orientation and to Fig. 10B,
which is a simplified partial cross sectional view illustration of the assembled bone

material removal device 300of Fig. 7 in the closed operative orientation, section being
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taken along lines B-B in Fig. 10A. Reference is additionally made to Fig. 10C, which is

a simplified side view of the assembled bone material removal device 300in a closed
operative orientation shown within the bone of a patient and to Fig. 10D, which is an
enlargement of Fig. 10C, illustrating the assembled bone material removal device 300in
a closed operative orientation shown within the bone of a patient.

In the example of Figs. 10A — 10D bore widening element 304 is inserted into
the drilling element 302, such that they are mutually arranged along longitudinal axis
309.

It is also seen that pushing element 308 is not yet fully inserted into the handle
306, thus bore widening element 304 is positioned at rest (Fig. 10B) in a proximal
location, thus providing for closed operative orientation of the bone material removal
device 300. In this proximal location, pushing element 308 does not engage the
proximally facing surface 356 of recess 354 of bore widening element 304.

The widened portions 364 of arms 358 of the widening element 304 are each
located within the respective opening 320 of the drilling element 302, such that
proximally inwardly tapered or inclined surfaces 372 are located adjacent the distally
facing shoulders 322 defined by openings 320 of the drilling element 302.

The distally facing preferably inwardly proximally tapered or inclined surface
surfaces 366 of the widening element 304 do not engage distally extending tapered or
inclined surfaces 334 of protrusion 328 of the drilling element 302, thus the arms 358 of
the widening element 304 are positioned in a closed resting state operative orientation.
At this point in time, arms 358 may optionally be generally slightly radially inwardly
deflected toward each other by means of inward radial force exerted by the inner surface
336 of the drilling element 302 on the proximally inwardly tapered or inclined surfaces
372 of widened portions 364 of the arms 358 of widening element 304.

It is a particular feature of an embodiment of the present invention that in the
closed operative orientation of the bone material removal device 300, carving edges 370
of widening element 304 may slightly extend radially so that only to be aligned with the
outer surface 337 of the drilling element 302. Thus, the drilling radius of the outer
surface of the drilling element 302 is substantially equal to the drilling radius formed by

the carving edges 370 of the widening element 304 thus forming an initial bore 400 of a
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first diameter is formed within the bone 402 of a patient particularly seen in Figs. 10C

and 10D.

The radius of the initially drilled bore can be for example in the range of
0.2mm — 1.4mm, alternatively and optionally 0.4mm — 1.2mm and alternatively and
optionally 0.5 mm — 1 mm or any other radius, preferably equal to the outer diameter of
drilling element 302.

Fig. 11, which is a simplified planar front and a partial cross sectional view of
an example of the embodiment of assembled bone material removal device 300 of Fig. 7
in a transitional operative orientation between the closed orientation position of Fig.
10A-10D and open orientation of Figs. 12A-12D.

At the point in time shown in Fig. 11, pushing element 308 has been partially
advanced axially distally and is partially inserted into handle 306, such that its distal end
engages bore widening element 304, axially displacing bore widening element 304
distally to be partially engaged by protrusion 328 tapered or inclined surfaces 334.

Pushing element 308 may attach and lock into recess 354 by quick release
coupling system or alternatively and optionally by a threaded mechanism allowing to
axially gradually move widening element 304 as desired by turning pushing element
308.

Axially distally displaced bore widening element 304 may move axially and
engage distally extending tapered or inclined surfaces 334 of protrusion 328, which
geometrically interfere with the axial movement of bore widening element 304 and may
exert radially directed bending force on arms 358 of bore widening element 304
bringing the carving portions to travel and extend radially and outwardly through one or
more openings 320.

Reference is now made to Fig. 12A, which illustrates two different simplified
planar views, front and side views respectively, of the assembled bone material removal
device 300of Fig. 7 in a fully open operative orientation and to Fig. 12B, which is a
simplified partial cross sectional view illustration of the assembled bone material
removal device 300of Fig. 7 in the fully open operative orientation, section being taken
along lines B-B in Fig. 12A. Reference is additionally made to Fig. 12C, which is a
simplified side view of the assembled bone material removal device 300 in a fully open

operative orientation shown within the bone of a patient and to Fig. 12D, which is an
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enlargement of Fig. 12C, illustrating the assembled bone material removal device 300 in

a fully open operative orientation shown within the bone of a patient.

It is seen in Figs. 12A — 12D that bore widening element 304 remains inserted
into the drilling element 302, such that they are mutually arranged along longitudinal
axis 309.

It is a particular feature of an embodiment of the present invention that the bore
widening portion 304 is fully axially displaced with respect to drilling element 302.

It is particularly seen at this stage that pushing element 308 is now fully
inserted into the handle 306, such that its distal end (not shown) engages proximally
facing surface 356 of recess 354 of bore widening element 304 and thus axially
displaces bore widening element 304 distally to be positioned at a distal location, thus
providing for open operative orientation of the bone material removal device 300 It 1is
appreciated that alternatively and optionally instead of utilizing handle 306 and pushing
element 308, a power tool can be used, selectively changing between a closed operative
orientation and an open operative orientation of the bone material removal device 300
for example, by means of changing the direction of rotation of the power tool, without
requiring manipulation of mechanical means, such as pushing element 308.

Distal displacement of bore widening element 304 may bring widened portions
364 of arms 358 of bore widening element 304 to slide axially longitudinally with
respect to the openings 320 of drilling element 302, such that the distally facing
preferably inwardly proximally tapered or inclined surfaces 366 of bore widening
element 304 engage distally extending tapered or inclined surfaces 334 of protrusion
328 of the drilling element 302 and slide therealong This brings tapered or inclined
surfaces 334 to enter longitudinal recess 360 formed between the arms 358 of bore
widening element 304 geometrically interfere with the axial movement of bore
widening element 304 arms 358 and provides for outward radial deflection of arms 358
of bore widening element 304. Arms 358 succumb to bending forces thereupon and are
thereby spaced one from another by means of outward radial force exerted by the
distally extending tapered or inclined surfaces 334 entering longitudinal recess 360
formed between the arms 358 of widening element bringing about radial displacement

and extension of widened carving portions 368 through one or more openings 320,
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positioning carving portions 368 in a fully extended position and bone material removal

device 300in a fully open operative orientation.

In this open operative orientation depicted in Figs. 12A-12D, distally facing
preferably inwardly proximally tapered or inclined surface 366 may be located adjacent
the proximally facing shoulders 324 defined by openings 320 of the drilling element
302 and widened carving portions 368 and carving edges 370 locked in a radially
extended position by cylindrical portion 330 of protrusion 328. Cylindrical portion 330
of protrusion 328 thereby acts as a counter support to support carving portions 368 in
the extended position, oppose centrally directed radial forces and prevent carving
portions 368 from retracting into drilling element 302.

It is therefore a particular feature of an embodiment of the present invention
that axial movement of bore widening element 304 relative to protrusion 328 elastically
and radially extends one or more carving portions 368 of bore widening element 304
arm 358 to a radially extended position.

It is a particular feature of an embodiment of the present invention that in the
open operative orientation of the bone material removal device 300, carving edges 370
of bore widening portion 304 extend radially outwardly from the outer surface 337 of
drilling element 302 through one or more openings 320 operative to carve bone in walls
of a bore and create an undercut in the bone. Thus, the drilling diameter formed by the
carving edges 370 of the bore widening element 304 is substantially greater than the
drilling diameter initially formed by drilling tip 314 of the drilling element 302.

It is seen particularly in Figs. 12C & 12D that an undercut 404 having a second
diameter is formed over the initial bore 400 of a first diameter in the bone 402 of a
patient, whereas the second diameter is substantially greater than the first diameter. The
radius of the undercut can be for example in the range of 1.5mm — 2.5mm, alternatively
and optionally Imm — 2mm and alternatively and optionally 0.75 mm — 1.25 mm.

Though carving edge 370 may be tapered to a point or inclined, it is a further
particular feature of an embodiment of the present invention that 370 has a length and
the length of the undercut 404 formed in the bone 402 of a patient is a function of the
length of the carving edge 370 of the bore widening element 304.

It is appreciated that due to engagement between two tapered or inclined

surfaces, namely distally facing optionally inwardly proximally tapered surface 366 of



10

15

20

25

30

WO 2016/162869 PCT/IL2016/050370

36
bore widening element 304 and distally extending tapered surfaces 334 of the drilling

element, residual drilling material can be removed into recess 360, act as a lubricant and
thus allow for smooth displacement of the widening element 304 with respect to the
drilling element 302.

As shown in Figs. carving portion is optionally extended radially by bending
forces exerted on a single surface of an arm of the widening element.

Referring once again to Figs. 9A and 9B, in another embodiment bore
widening element 304 depicted in Figs. 9a and 9B may be in a stressed or loaded state
inside drilling element 302, stressing bore widening element 304 arms 358 into an angle
in respect to each other.

In the closed position of the example depicted in Fig. 10B, generally
proximally inwardly tapered surface 372 of widened carving portion 368 are urged
against openings 320 longitudinally extends from a distally facing shoulder 322,
preventing widened carving portion 368 from extending radially. At this point in time
and as shown in Fig. 10 an initial bore 400 of a first diameter can be formed within the
bone 402 of a patient (Figs. 10C and 10D).

At the point in time shown in Fig. 11, pushing element 308 has been partially
advanced axially distally and is partially inserted into handle 306, such that its distal end
engages bore widening element 304, axially displacing bore widening element 304
distally. Axial displacement of bore widening element 304 in respect to drilling element
302 brings proximally inwardly tapered surface 372 to gradually engage and slide over
distally facing shoulder 322. Due to its elastic and shape memory qualities, bone
material removal device 300 may tend to return to its original unstressed or resting state
shape shown in Figs. 9A and 9B once stress is relieved therefrom allowing bore
widening element 304 arms 358 to extend outwardly radially through one or more
openings 320.

It is seen in Figs. 12A — 12D that bore widening element 304 is fully axially
displaced with respect to drilling element 302 and proximally inwardly tapered surface
372 is no longer in contact and limited by distally facing shoulder 322. This stage
allows bore widening element 304 to fully return to its original unstressed or resting
state shape shown in Figs. 9A and 9B and bore widening element 304 arms 358 to fully

extend outwardly radially through one or more openings 320.
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Optionally, protrusion 328 may act as a counter support to support carving

portions 368 in the extended position, oppose centrally directed radial forces and
prevent carving portions 368 from retracting into drilling element 302.

It is therefore a particular feature of an embodiment of the present invention
that axial movement of bore widening element 304 relative to protrusion 328 allows
bore widening element 304 to fully return to its original unstressed or resting state shape
bringing one or more carving edges of bore widening element 304 arm 358 to a radially
extended position.

Referring back once again to Fig. 9A, widened carving portions 368 may include
one carving edge or two or more carving edges 902 and 904 respectively, angled in
respect to each other and joined at least at one end.

A first or main carving edge 902 may be operative to cut a main portion of a
fragment of bone creating a first surface of the fragment and a second or auxiliary
carving edge 904 may be operative to cut along a second adjoining surface of the
fragment thus carving and detaching the fragment of bone.

When rotated in a direction depicted in Fig. 9A by an arrow designated reference
numeral 950 a leading wall, defined by the direction of rotation and by main carving
edge 902, auxiliary carving edge 904 and the angle therebetween, may define a rake
angle 906 that provides a surface up and along which removed residual material (i.e.,
fragment of bone) may rise over an end relief or clearance curved surface 921 (broken
line arrow 952) or along distally facing inwardly proximally tapered surface 366 to be
collected into recess 360 (broken line arrow 954). Additionally, due to engagement
between two tapered or inclined surfaces, namely distally facing inwardly proximally
tapered surface 366 of the widening element and distally extending tapered surfaces 334
of the drilling element, residual drilling material can infiltrate recess 360, act as a
lubricant and thus allow for smooth displacement of the widening element 304 with
respect to the drilling element 302.

Reference is now made to figs. 13A and 13B, which are cross section view
simplified illustrations of additional embodiments of a bone material removal device.
Fig. 13A depicts an embodiment of a bone material removal device 1300 similar to the
embodiment of Fig. 7, differing from the embodiment of Fig. 7 in that a non-carving

end-portion 1310 of one or more arms 1302 of bore widening element 1304 extends
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distally beyond one or more carving portions 1306 and bordered proximally thereby

terminating at inwardly proximally tapered or inclined surface 1308 of arms 1302.

Axial movement of bore widening element 1304 in respect to drilling element
302 brings inwardly proximally tapered or inclined surface 1308 of non- carving end-
portion 1310 of arms 1302 to engage protrusion 328 that geometrically interferes with
the axial movement of bore widening element 1304 and bends arms 1302 deflecting the
arm bringing carving portion 1306 to travel and extend radially beyond a surface of the
cannula and carve bone from a wall of a bore.

Alternately and optionally and as shown in Fig. 13B, an embodiment of a bone
material removal device 1350 similar to the embodiment of Fig. 7, differing from the
embodiment of Fig. 7 in that recess 360 is narrow proximately and widens distally
bordered and defined by centrally facing surfaces 1314 of arms 1302 and a fixed
protrusion 1352 is disposed abutting centrally facing surfaces 1314 and/or within a
distal portion of recess 360 between two or more centrally facing surfaces 1314 of arms
1312. One or more non-carving proximal portions 1312 of arms 1302 extend from arms
1302 origin at the proximal border of recess 360 to a carving portion 1306 and distally
bordered thereby. Axial movement of bore widening element 1304 brings one or more
surfaces of non-carving proximal portions 1312 of arms 1302 defining recess 360 to be
urged against protrusion 1352 that geometrically interferes with the axial movement of
bore widening element 1304 and bends arms 1302 and deflecting the arm bringing
carving portion 1306 to travel and extend radially beyond a surface of the cannula and
carve bone from a wall of a bore.

As shown in Figs. 10B, 11, 12B, 13A and 13B, carving portion 364/1306 is
extended radially by bending forces exerted on a single surface of one or more arms
358/1302 of widening element 304/1304 respectively. Additionally, in some
embodiments, when one or more arms 358/1302 are fully deflected and one or more
carving portions 364/1306 are fully extended radially, one or more arms 358/1302 is
generally parallel to the longitudinal axis of the device and carving portions 364/1306
supported by a counter support such as, for example, protrusion 328.

As depicted in Figs. 14A and 14B, which are cross section view simplified
illustrations of an embodiment of a bone material removal device 1400, a bore widening

element 1402 including one or more carving portions 1404 may be limited to movement
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in a radial direction only and a pusher rod 1426 may be urged to move axially to engage

the bore widening element actuating bore widening element 1402 that travels in a purely
radial direction and bringing carving portion 1404 to travel and extend radially beyond
surface 1406 of bone material removal device 1400.

As shown in Fig. 14A, bone material removal device 1400 may include a
lumen 1428 that communicates with the atmosphere via an opening 1408 in a wall 1410
thereof. A distal margin 1412 of opening 1408 may be located at a predetermined
distance proximally from a bone drilling tip 1414, opening 1408 extending
longitudinally and proximally therefrom. Longitudinal bore widening element 1402 may
include a bone carving portion 1404 that may be generally longitudinally widened
defining an outer carving edge 1416 or several carving edges 1416. Bone carving
portion 1404 may also define a radially positioned curved surface 1418 bordered at one
side thereof by carving edge 1416 and forming an end relief or clearance curve that
prevents the rubbing of carving portion 1404 against the bone, reducing the amount of
force (e.g., torque) required for operation of bore widening device 1400.

Longitudinal bore widening element 1402 may be resiliently attached to wall
1410 of bore widening device 1400 by a resilient attachment that exerts constant tension
in a radially inward direction, resisting outward radial extension of bore widening
element 1402 such that at rest bone carving portion 1414 is at least partially retracted
into a lumen 1420 of bone material removal device 1400 disposed within margins of
opening 1408 and not protruding therefrom.

One or more elongated slot-like cutouts 1422 may be cut through the width of
element 1402 the length of the cutouts oriented radially from the longitudinal axis of
bone material removal device 1400. Movement of longitudinal bore widening element
1402 may be limited in a radial direction only by a radial-direction-guiding mechanism
that includes one or more pins 1424 fixed to wall 1410 and protruding radially inward,
optionally perpendicular to and through cutouts 1422. Bore widening element 1402 may
also include an inclined surface 1424 along a border thereof or protruding from a
surface of element 1402.

Bone material removal device 1400 may also include a pusher rod 1426 that
moves axially within a lumen 1428 of bone material removal device 1400. Optionally, a

tip 1430 of pusher rod 1426 may be inclined.
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In operation, pusher rod 1426 may move axially and tip 1430 engages and

slides along inclined surface 1424 exerting an outwardly radially directed force acting
against and overcoming radially inward tension effected by the resilient attachment of
bore widening element 1402 to wall 1410, actuating bore widening element 1402 that
travels in a purely radial direction limited by the radial-direction guiding mechanism
and brings bone carving portion 1404 to protrude circumferentially through opening
1408 into a fully extended bone carving position shown in Fig. 14B.

Retraction of pusher rod 1426 diminishes the outwardly radially directed force
exerted upon inclined surface 1424 against the tension effected by the resilient
attachment of bore widening element 1402 to wall 1410 that now, with no outwardly
radially directed counter force returns to its resting state radially centrally urging bore
widening element 1402 back into a retracted position inside lumen 1428 and bone
carving portion 1414 disposed within margins of opening 1408 and not protruding
therefrom.

Carving portion 1404 may be similar in structure to widened carving portion
368 also including a first carving edge 902, a second carving edge 904 and the angle
therebetween that may define a rake angle 906 that provides a surface up and along
which removed residual material (i.e., fragment of bone) may rise over an end relief or
clearance curved surface 921 to be collected into bone material removal device 1400.

First carving edge 902 may cut a main portion of a fragment of bone creating a
first surface of the fragment and second carving edge 904 may cut along a second
adjoining surface of the fragment thus carving and detaching the fragment of bone.

It is expected that during the life of a patent maturing from this application
many relevant bone removal mechanisms will be developed; the scope of the term “bone
carving” is intended to include all such new technologies a priori.

As used herein with reference to quantity or value, the term “about” means
“within = 15% of”.

The terms “comprises”, “comprising”, “includes”, “including”, “has”, “having”
and their conjugates mean “including but not limited to”.

The term “consisting of” means “including and limited to”.

The term “consisting essentially of” means that the composition, method or

structure may include additional ingredients, steps and/or parts, but only if the
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additional ingredients, steps and/or parts do not materially alter the basic and novel

characteristics of the claimed composition, method or structure.

As used herein, the singular forms “a”, “an” and “the” include plural references
unless the context clearly dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of compounds, including mixtures
thereof.

Throughout this application, embodiments of this invention may be presented
with reference to a range format. It should be understood that the description in range
format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges as
well as individual numerical values within that range. For example, description of a
range such as “from 1 to 6” should be considered to have specifically disclosed
subranges such as “from 1 to 3”7, “from 1 to 4”, “from 1 to 57, “from 2 to 4”, “from 2 to
6”7, “from 3 to 67, etc.; as well as individual numbers within that range, for example, 1,
2,3,4,5, and 6. This applies regardless of the breadth of the range.

Whenever a numerical range is indicated herein (for example “10-15”, “10 to
157, or any pair of numbers linked by these another such range indication), it is meant to
include any number (fractional or integral) within the indicated range limits, including
the range limits, unless the context clearly dictates otherwise. The phrases
“range/ranging/ranges between” a first indicate number and a second indicate number
and “range/ranging/ranges from” a first indicate number “to”, “up to”, “until” or
“through™ (or another such range-indicating term) a second indicate number are used
herein interchangeably and are meant to include the first and second indicated numbers
and all the fractional and integral numbers therebetween.

Unless otherwise indicated, numbers used herein and any number ranges based
thereon are approximations within the accuracy of reasonable measurement and
rounding errors as understood by persons skilled in the art.

As used herein the term “method” refers to manners, means, techniques and
procedures for accomplishing a given task including, but not limited to, those manners,

means, techniques and procedures either known to, or readily developed from known
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manners, means, techniques and procedures by practitioners of the chemical,

pharmacological, biological, biochemical and medical arts.

As used herein, the term “treating” includes abrogating, substantially inhibiting,
slowing or reversing the progression of a condition, substantially ameliorating clinical
or aesthetical symptoms of a condition or substantially preventing the appearance of
clinical or aesthetical symptoms of a condition.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the invention, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in the context of various
embodiments are not to be considered essential features of those embodiments, unless
the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad scope
of the appended claims.

All publications, patents and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent application was specifically and
individually indicated to be incorporated herein by reference. In addition, citation or
identification of any reference in this application shall not be construed as an admission
that such reference is available as prior art to the present invention. To the extent that

section headings are used, they should not be construed as necessarily limiting.
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WHAT IS CLAIMED IS:

1. A bone material removal device, comprising:

a forward tip;

a cannula;

a bore widening element including a bone carving portion, said
element operative to axially slide relative to said cannula and at least partially extend in
a circumferential direction; and

wherein axial movement of the bore widening element as a whole
relative to said cannula radially extends said carving portion that travels and extends
radially bringing the bore widening element from a closed retracted position in which
the bone carving portion is retracted to within a diameter of the cannula or a virtual
axial extension thereof to an open extended position in which the bone carving portion
extends in a circumferential direction beyond a diameter of a surface of the cannula or

virtual extension thereof and carves bone from a wall of a bore.

2. A device according to claim 1, wherein the bore widening element
comprises at least one resilient arm including at least one carving portion at the end
thereof; and wherein the axial movement brings the at least one arm to engage a fixed
surface that geometrically interferes with the axial movement and bends the arm
deflecting the carving portions that travels and extends radially in a circumferential

direction beyond a surface of the cannula and carves bone from a wall of a bore.

3. A device according to claim 1, wherein the bore widening element is a

single elastic member.

4. A device according to claim 1, wherein said bore widening element
includes at least two distally extending arms having at least one carving portion at a
distal end thereof and separated by a longitudinal recess having a proximal closed end

and a distal open end.
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5. A device according to claim 2, wherein the arm defines a widened

portion at the distal end of the bore widening element that includes the carving portion
and defines a distally facing inwardly proximally tapered surface at a distal aspect of the

carving portion.

6. A device according to claim 1, wherein said carving portion comprises at least two
first and second carving edges angled in respect to each other and joined at least at one

end.

7. A device according to claim 6, wherein bore widening element includes
at least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along which removed residual material rises and is collected into the

recess.

8. A device according to any one of the preceding claims 2 and 4, wherein
the carving portion also comprises a radially positioned curved plain bordered at one
side thereof by the first carving edge and forming an end relief or clearance curve that

prevents the rubbing of the carving portions against the bone.

9. A device according to any one of the preceding claims 2 and 4, wherein
the carving portion is joined with an outer surface of the arms by a generally proximally

inwardly tapered surface.

10. A device according to claim 2, wherein the fixed surface is a protrusion.

11. A device according to anyone of claims 2 and 4, wherein the axial
movement of the bore widening element brings at least one resilient arm to engage the
protrusion that geometrically interferes with the axial movement of the bore widening

element and bends the arm deflecting the carving portions that travels and extends
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radially in a circumferential direction beyond a surface of the cannula and carves bone

from a wall of a bore.

12. A device according to claim 10 wherein the protrusion extends
proximally from a proximally facing surface between the forward tip and the bore
widening element and wherein the at least one resilient arm also includes a distally
facing inclined surface at a distal aspect of the carving portion thereof and wherein the
axial movement brings the inclined surface of the carving portion to engage the
protrusion that geometrically interferes with the axial movement of the bore widening

element and bends the arm and deflects the carving portions radially.

13. A device according to claim 10, wherein the at least one resilient arm
includes a centrally facing surface and wherein the protrusion abuts the centrally facing
surface so that the axial movement of the bore widening element relative to said cannula
brings the centrally facing surface to be urged against the protrusion that geometrically
interferes with the axial movement of the arm, bends and deflects the arm bringing the
carving portions to travel and extend radially beyond a surface of the cannula and carve

bone from a wall of a bore.

14. A device according to claim 10, wherein the resilient arm also comprises
a non-carving portion that extends distally beyond at least one carving portion and
bordered proximally thereby terminating at an inclined surface and wherein the axial
movement brings the inclined surface of the non-carving portion to engage the
protrusion that geometrically interferes with the axial movement of the bore widening
element and bends the arm bringing the carving portions to travel and extend radially

beyond a surface of the cannula and carve bone from a wall of a bore.

15. A device according to any one of the preceding claims 1, 2, 13 and 14,
wherein said carving portion is extended radially by bending forces exerted on a single

surface of at least one arm of the widening element.
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16. A device according to claim 1, wherein the cannula also comprises a

hollow portion and at least one through openings in a wall thereof and wherein the bone

carving portion extends in a circumferential direction through at least one opening.

17. A device according to claim 16, wherein the carving portions comprises
at least one proximally inwardly tapered surface and the bore widening element is
housed in a stressed state within the cannula and wherein the axial displacement urges
the inclined surfaces against and over distally facing shoulders of at least one opening
disengaging the inclined surfaces therefrom and bringing about radial extension of at

least one carving portion.

18. A device according to claim 17, wherein the radial extension of at least
one carving portion is effected by the tendency of the stressed bore widening element to

return to its original resting state.

19. A device according to claim 1, wherein the device also includes counter

support to support the carving portion in the extended position.

20. A device according to claim 1, wherein the device also includes counter
support to oppose centrally directed radial forces and prevent the carving portion from

retraction back into the cannula.

21. A device according to any one of the preceding claims 17 and 18,

wherein the device also comprises a protrusion that acts as a counter support.

22. A device according to any one of the preceding claims 1, 2, 13 and 14,
wherein the at least one arm, when fully deflected, is generally parallel to the

longitudinal axis of the device and the blade supported by a counter support.

23. A bone material removal device, comprising:

a cannula; and
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a single elastic member including a bore widening element having a

carving portion and a forward tip and operative to axially slide relative to said cannula
and to extend in a circumferential direction; and
wherein axial movement of the widening element relative to said cannula elastically

radially extends said carving portion to an extended carving position.

24. A device according to claim 23, wherein the single elastic member is

moveably housed in the cannula.

25. A device according to claim 1 or claim 23, wherein the forward tip is a
bore drilling tip.
26. A device according to claim 23, wherein the carving portion is attached

to at least one cylindrical portion.

27. A device according to claim 23, wherein the cannula has a proximal
portion having an inner circumference substantially larger than the outer diameter of the

thickest portion of the single member.

28. A device according to claim 23, wherein the cannula also includes an
inwardly tapered portion located adjacent to a distal end of the cannula and a cylindrical

portion.

29. A device according to claim 28, wherein the diameter of the inner
circumference of the cylindrical portion located at the distal end of the cannula is
substantially equal to the outer diameter of the thickest portion of the single member
and supports primarily axial and rotational movement and minimal to no radial

movement of the single elastic member.

30. A device according to claim 24, wherein in operation, the drilling tip acts
as a first shaft capture point and a point of contact between the bone widening element

and an inner circumference of the cannula acts as a second shaft capture point.
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31. A device according to claim 30, wherein axial movement of the elastic

member in respect to the cannula shortens the distance between the first shaft capture
point and the second shaft capture point, increasing the rigidity of the bone widening

element and bringing the carving portion to be translated radially.

32. A device according to claim 30, wherein contact of the elastic member
with a tip of the cannula creates a third shaft capture being at or below a threshold
length from the first shaft capture at which the distal end of the bore widening element

loses its resilience, becomes rigid bringing the carving portion to be translated radially.

33. A device according to claim 26, wherein in the cannula the elastic
member is in a stressed state in which the first and second cylindrical portions are not

aligned with a longitudinal axis of the device.

34. A device according to claim 33, wherein resilience of the elastic member
supports accommodation of the widening element within a bore drilled by a bore

drilling tip conforming to the diameter thereof.

35. A device according to claim 33, wherein at least the peak of the carving
portion does not protrude radially and remains generally aligned with the longitudinal

axis of the device.

36. A device according to claim 1 or claim 23, wherein said carving portion

comprises at least one carving edge.

37. A device according to claim 23, wherein said carving portion comprises at least two
first and second carving edges angled in respect to each other and joined at least at one

end.

38. A device according to claim 6 or claim 23, wherein the first carving edge

cuts a main portion of a fragment of bone creating a first surface of the fragment and the
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second carving edge cuts a second adjoining surface of the fragment detaching the

fragment of bone.

39. A device according to claim 23, wherein bore widening element includes
at least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along which removed residual material rises and is collected into the

recess.

40. A device according to claim 23, wherein the carving portion also
comprises a radially positioned curved plain bordered at one side thereof by the first
carving edge and forming an end relief or clearance curve that prevents the rubbing of

the carving portions against the bone.

41. A bone material removal device, comprising:

a forward tip;

a cannula;

a widening element including a bone carving portion operative to
axially slide relative to said cannula and move between a resting state and a stressed
state and to extend in a circumferential direction; and
wherein axial movement of the widening element relative to said cannula elastically

radially extends said blade to an extended carving position.

42. A bone material removal device, comprising:

a cannula;

a bore widening element including at least one bone carving portion
and an inclined surface;

a pusher rod; and
wherein the bore widening element is limited to movement in a radial direction only and

wherein the pusher rod moves axially, engages the inclined surface actuating the bore
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widening element that travels in a purely radial direction, bringing the carving portion to

travel and extend radially beyond a surface of the bone material removal device.

43. A device according to claim 42, wherein movement of the bore widening

element is limited by a radial-direction-guiding mechanism.

44, A device according to claim 43, wherein the radial-direction-guiding
mechanism comprises elongated slot-like cutouts cut through the width of the bore
widening element, the length of the cutouts oriented radially from the longitudinal axis
of the bone material removal device and at least one pin fixed to a wall of the device

and protruding radially inward through the cutouts.

45. A device according to claim 42, wherein the bore widening element is
resiliently attached to a wall of the device by a resilient attachment that exerts constant
tension in a radially inward direction and wherein the resilient attachment resists

outward radial extension of the bore widening element.

46. A device according to claim 42, wherein also comprising
a forward tip; and
at least one opening located at a predetermined distance proximally

from a forward tip, wherein, the forward tip is a bone drilling tip.

47. A device according to claim 46, wherein the device also includes a lumen
that communicates with the atmosphere via the opening, and wherein at rest the bone
carving portion is at least partially retracted into the lumen, disposed within margins of

opening and not protruding therefrom.

48. A device according to claim 42, wherein the tip of the pusher rod is
inclined.
49. A device according to claim 42, wherein said carving portion comprises

at least one carving edge and wherein the carving portion also comprises a radially
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positioned curved surface bordered at one side thereof by the first carving edge and

forming an end relief or clearance curve that prevents the rubbing of the carving

portions against the bone.

50. A device according to claim 42, wherein said carving portion comprises at least two
first and second carving edges angled in respect to each other and joined at least at one
end and wherein the first carving edge cuts a main portion of a fragment of bone
creating a first surface of the fragment and the second carving edge cuts a second

adjoining surface of the fragment detaching the fragment of bone.

51. A device according to claim 50, wherein bore widening element includes
at least two distally extending arms having at least one carving portion at a distal end
thereof and separated by a longitudinal recess and wherein the first carving edge, the
second carving edge and the angle therebetween, define a rake angle that provides a
surface up and along a clearance curve which removed residual material rises and is

collected into the device.
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