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1
SURGICAL DEVICES

FIELD OF THE INVENTION

This invention relates to endoscopic surgical instruments.

BACKGROUND OF THE INVENTION

Endoscopic surgical instruments for removing tissue or
bone are known. Such instruments generally comprise a
hollow tubular proximal member, a hollow distal end mem-
ber having a window therein, a cutting device which is
housed in the distal end member and part of which protrudes
beyond the window in the distal member, and a shaft which
passes through the proximal member and operates the cut-
ting device. The term “cutting device” is used in this
specification to include any device which can be used to cut
or debride bone or tissue, including but not limited to blades,
burs and microdebriders. The term “endoscopic” is used in
this specification to include, but is not limited to, procedures
such as arthroscopy, laparoscopy, subdermal percutaneous
surgery, ENT, trauma, subacromial decompression, acro-
mioplasty, notchplasty for ligament repair, osteochondral
debridement for osteochondral defect, ACL, OCD repair in
the knee, and other minimally invasive surgical procedures.
For information about known endoscopic surgical instru-
ments, reference may be made, for example to U.S. Pat. Nos.
4,646,738, 5,250,059, 5,254,130, 5,411,514, 5,669,926,
5,833,692, 6,290,709, and 7,951,161, US Patent Publica-
tions 2008/0125759, 2011/0071356 and 2010/0087711 The
entire disclosure of each of those patents and publications is
incorporated herein by reference for all purposes.

SUMMARY OF THE INVENTION

It has been discovered, in accordance with the present
invention, that improved results can be obtained with endo-
scopic surgical instruments containing a cutting device by
placing an elastically deformable member close to the distal
member containing the cutting device and between the distal
member and the proximal member. The elastically deform-
able member makes it easier for the operator to maintain the
shaver blade in a desired position relative to the material to
be removed. The operator can change the relative position of
the cutting device and the material to be removed by
pressing the distal member against the surface itself or
against an adjacent surface. In this way, if the operator
wishes, less or more of the cutting device can be brought into
contact with the material to be removed.

In a first aspect, this invention provides a generally
tubular component which is particularly, but not exclusively,
useful as a component of an endoscopic surgical instrument
for removing tissue or bone, the component comprising

(1) a hollow, generally tubular distal end member which

(a) has a first distal axis, (b) is rigid, and (c) comprises
a window which exposes a substantial part of the
interior of the distal end member, and

(2) a proximal member which (a) is rigid, and (b) com-

prises a first proximal section which is adjacent to the
distal end member and which has a first proximal axis
which is usually the same as the first distal axis but can
be different from the first distal axis, and

(3) between the distal end member and the proximal

member, a hollow, generally tubular intermediate mem-
ber which deforms elastically when the angle between
the first distal axis and the first proximal axis is
changed.
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As further described below, the proximal member can be
straight, or it can comprise the first straight proximal section
and a second straight proximal section which is remote from
the distal end member and which is at an angle to the first
proximal section. The axis of the intermediate member is
generally, but not necessarily, the same as the first distal axis.
The axis of the intermediate member is generally, but not
necessarily, the same as the first proximal axis.

Each of the members (1), (2) and (3) preferably ha a
substantially circular cross-section, with the cross-section of
the proximal member being the same as or slightly greater
than the cross-section of the intermediate member, and the
cross-section of the intermediate member being the same as
or slightly greater than the cross-section of the distal mem-
ber, and the invention will be described chiefly with refer-
ence to such members. However, the invention includes the
possibility that the members have a different hollow cross-
section, for example an oval cross-section. Because the
distal end member comprises a window which exposes a
substantial part of the interior of the distal end member, the
part of the distal end member which defines the window has
a cross-section which is only part of a circular cross-section.

In a second aspect, this invention provides an endoscopic
surgical instrument for removing tissue or bone, the instru-
ment comprising (1) a generally tubular component accord-
ing to the first aspect of the invention, (2) a cutting device
which is housed in the distal end member and part of which
protrudes beyond the window in the distal member, and (3)
a means for operating the cutting device, for example a shaft
which attached to the cutting device and which extends
through the intermediate member and the proximal member.
The operator of such an endoscopic surgical instrument can
control the angle at which the cutting device bears upon the
surface of the material to be removed by forcing the distal
end member against the surface itself or against an adjacent
surface, thus deforming the intermediate member. The sur-
gical instruments of the second aspect of the invention can,
but preferably do not, comprise additional means for con-
trolling the angle between the distal and proximal members.

In a third aspect, this invention provides a method of
removing tissue and/or bone which comprises applying the
cutting device of a surgical instrument according to the
second aspect of the invention to the tissue or bone

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the accompanying draw-
ings, in which

FIGS. 1A, 1B and 1C illustrate part of three exemplary
components of the first aspect of the invention in which the
intermediate member is a collar which is composed of a
nickel-titanium (“Nitinol”) alloy, and the proximal member
is straight and is aligned with the distal member (FIG. 1A,
“straight™), or the proximal member is bent so that the
window is aligned with the proximal member (FIG. 1B,
“pre-curved extension”), or the proximal member is bent so
that the window is not aligned with the proximal member
(FIG. 1C, “pre-curved flexion”™);

FIGS. 2A, 2B and 2C illustrate part of three exemplary
components of the first aspect of the invention in which the
intermediate member is a slotted collar, and the proximal
member is straight and is aligned with the distal member
(FIG. 2A, “straight™), or the proximal member is bent so that
the window is aligned with the proximal member (FIG. 2B,
“pre-curved extension”), or the proximal member is bent so
that the window is not aligned with the proximal member
(FIG. 2C, “pre-curved flexion™);
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FIGS. 3A, 3B and 3C illustrates part of three exemplary
components of the first aspect of the invention in which the
intermediate member is an accordion collar, and the proxi-
mal member is straight and is aligned with the distal member
(FIG. 3A, “straight™), or the proximal member is bent so that
the window is aligned with the proximal member (FIG. 3B,
“pre-curved extension”), or the proximal member is bent so
that the window is not aligned with the proximal member
(FIG. 3C, “pre-curved flexion”™);

FIGS. 4A, 4B and 4C illustrate part of three exemplary
components of the first aspect of the invention in which the
intermediate member is a coiled collar, and the proximal
member is straight and is aligned with the distal member
(FIG. 4A, “straight™), or the proximal member is bent so that
the window is aligned with the proximal member (FIG. 4B,
“pre-curved extension”), or the proximal member is bent so
that the window is not aligned with the proximal member
(FIG. 4C, “pre-curved flexion”™);

FIG. 5 shows perspective, side and end views of the
component shown in FIG. 1A;

FIG. 6 shows perspective, side and end views of the
component shown in FIG. 2A;

FIG. 7 shows perspective, side and end views of the
component shown in FIG. 3A; and

FIG. 8 shows perspective, side and end views of the
component shown in FIG. 4A.

DETAILED DESCRIPTION OF THE
INVENTION

In the Summary of the Invention above, the Detailed
Description of the Invention below, and the accompanying
drawings, reference is made to particular features (including
for example components, ingredients, elements, devices,
apparatus, systems, groups, ranges, method steps, test
results, etc.) of the invention. It is to be understood that the
disclosure of the invention in this specification includes all
possible combinations of such particular features. For
example, where a particular feature is disclosed in the
context of a particular aspect, a particular embodiment, a
particular claim, or a particular Figure, that feature can also
be used, to the extent appropriate, in the context of other
particular aspects, embodiments, claims and Figures, and in
the invention generally. The invention disclosed includes
embodiments not specifically described herein and can for
example make use of features which are not specifically
described herein, but which provide functions which are the
same, equivalent or similar to, features specifically disclosed
herein.

The term “comprises” and grammatical equivalents
thereof are used herein to mean that, in addition to the
features specifically identified, other features are optionally
present. For example, a composition or device “comprising”
(or “which comprises”) components A, B and C can contain
only components A, B and C, or can contain not only
components A, B and C but also one or more other com-
ponents. The term “consisting essentially of” and grammati-
cal equivalents thereof is used herein to mean that, in
addition to the features specifically identified, other features
may be present which do not materially alter the claimed
invention. The term “at least” followed by a number is used
herein to denote the start of a range beginning with that
number (which may be a range having an upper limit or no
upper limit, depending on the variable being defined). For
example “at least 1” means 1 or more than 1, and “at least
80%” means 80% or more than 80%. The term “at most”
followed by a number is used herein to denote the end of a
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range ending with that number (which may be a range
having 1 or 0 as its lower limit, or a range having no lower
limit, depending upon the variable being defined). For
example, “at most 4” means 4 or less than 4, and “at most
40%” means 40% or less than 40%. When a range is given
as “(a first number) to (a second number)” or “(a first
number)-(a second number)”, this means a range whose
lower limit is the first number and whose upper limit is the
second number. For example, “from 8 to 20 carbon atoms”
or “8-20 carbon atoms” means a range whose lower limit is
8 carbon atoms, and whose upper limit is 20 carbon atoms.
The terms “plural”, “multiple”, “plurality” and “multiplic-
ity” are used herein to denote two or more than two features.

Where reference is made herein to a method comprising
two or more defined steps, the defined steps can be carried
out in any order or simultaneously (except where the context
excludes that possibility), and the method can optionally
include one or more other steps which are carried out before
any of the defined steps, between two of the defined steps,
or after all the defined steps (except where the context
excludes that possibility). Where reference is made herein to
“first” and “second” features, this is generally done for
identification purposes; unless the context requires other-
wise, the first and second features can be the same or
different, and reference to a first feature does not mean that
a second feature is necessarily present (though it may be
present). Where reference is made herein to “a” or “an”
feature, this includes the possibility that there are two or
more such features (except where the context excludes that
possibility). Where reference is made herein to two or more
features, this includes the possibility that the two or more
features are replaced by a lesser number or greater number
of features providing the same function (except where the
context excludes that possibility). The numbers given herein
should be construed with the latitude appropriate to their
context and expression; for example, each number is subject
to variation which depends on the accuracy with which it can
be measured by methods conventionally used by those
skilled in the art. The term monolithic is used herein to
denote an article which has substantially the same compo-
sition throughout.

This specification incorporates by reference all docu-
ments referred to herein and all documents filed concur-
rently with this specification or filed previously in connec-
tion with this application, including but not limited to such
documents which are open to public inspection with this
specification.

The terms nickel-titanium and nickel-titanium alloy (also
referred to herein as Nitinol) are used in this specification to
denote an alloy which consists essentially of nickel and
titanium, or which alternatively consists essentially of nickel
and titanium and a small quantity, e.g. less than 5%, of one
or more other metals. The proportion of titanium can for
example be 40-80% by weight. In some embodiments, the
alloy contains 48-55% of titanium. For further information
about nickel titanium alloys, reference may be made to U.S.
Pat. Nos. 5,398,916; 5,842,312; 6,796,408; 7,398,964; US
2009/002-5833; WO 2007/039271; Duerig et al, Engineer-
ing Aspects of Shape Memory Alloys, 1990; and Krumme et
al. Proceedings of SPIE, San Diego, Calif., USA, v. 2445, pp
225-240. The entire disclosure of each of those patents and
literature references is incorporated herein by reference for
all purposes. Some embodiments of the present invention
make use of a super elastic nickel titanium alloy, and those
skilled in the art will have no difficulty, having regard to
their own knowledge and the disclosure in this specification
(including the documents incorporated by reference herein),



US 9,474,541 B2

5

in identifying suitable intermediate components comprising

super elastic nickel titanium alloys for use in this invention

The different aspects of the invention can optionally have
the features set out above, and the features enumerated
below. The features set out above and enumerated below can
be present in any combination of two or more of those
features, except when the features are mutually exclusive.
The Intermediate Member.

The intermediate member can optionally have one or
more of the following features.

(1) The intermediate member comprises a nickel titanium
alloy, preferably a superelastic nickel titanium alloy. The
intermediate member can for example be (a) a simple
cylinder of a nickel titanium alloy, (b) a cylinder of a
nickel titanium alloy having a transverse pleats therein,
for example pleats which extend around the circumfer-
ence of the cylinder to form an accordion, (¢) a cylinder
of a nickel titanium alloy having slots variant, or (d) a coil
of a nickel titanium alloy wire. When the intermediate
member is a cylinder of a nickel titanium alloy having
slots therein, the slots can for example be transverse slots
which are at right angles to the axis of the cylinder and
which extend around 15-90% of the circumference of the
cylinder and which are staggered, so that the elastic
deformation of the intermediate member does not depend
upon the direction of the force exercised upon it. In
another embodiment, the slots are at an angle to the axis
of the cylinder and are arranged in an asymmetric pattern
so that the elastic deformation of the intermediate member
depends upon the direction of the force exercised upon it.
When the intermediate member has slots therein, it pref-
erably also comprises an elastically deformable polymeric
sleeve which covers the slots. A deformable polymeric
sleeve can also be present to cover an intermediate
member which has transverse pleats therein or which is a
coil.

An advantage of using an intermediate member which
comprises a nickel titanium alloy is that the member and the
alloy from which it is made can be chosen to produce a
desired resistance to bending up to a desired maximum
which cannot be exceeded, but from which the intermediate
member will recover to its original shape when the pressure
is released.

(2) The intermediate member is in the form of an accordion
and is composed of a resilient material, for example an
elastomeric polymer.

(3) The intermediate member is in the form of a coil and is
composed of a resilient material, for example a metal, for
example stainless steel or titanium.

(4) The intermediate member comprises a plurality of
spaced-part transverse slots which are separated by solid
members which are elastically deformed when the angle
between the first and second axes is changed. Such an
intermediate member may be composed of a metal, for
example stainless steel or titanium

(5) The intermediate member can be elastically deformed to
an extent which accommodates a change of the angle
between the first distal axis and the first proximal axis of
at least 5°, preferably at least 10°, for example in the range
10 to 50°, preferably 10 to 30°.

(6) The window has a periphery which extends to the end of
the distal member.

(7) The distance between (1) the edge of the window which
is closest to the intermediate member and (2) the part of
the intermediate member which is closest to the window,
is 0.5 to 3 mm, for example 1 to 2 mm.
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(8) The length of the intermediate member is 3 to 12 mm, for

example 4.5 to 9.5 mm
The Proximal Member.

The proximal member can be straight, or it can comprise
a first straight section which is adjacent to the intermediate
member and which has a first proximal axis, and a second
straight section which is remote from the intermediate
member and which has a second proximal axis which is at
an angle, for example an angle of 3 to 30° to the first
proximal axis.

The Spatial Relationship Between the Window and the
Proximal Member.

When the proximal member is straight, the first and
second proximal axes are the same, and pass through the
window in the distal member. When the proximal member
comprises a first straight section adjacent to the intermediate
member and a second straight section at an angle thereto, the
window preferably opens in a plane which is at right angles
to a plane containing the first and second proximal axes.
The Drawings.

In the drawings, the length of the collar is designated A
and can be for example 5, 6, 7, 8 or 9 mm; the outer diameter
of the proximal member is designated B and can be for
example 2.39, 3.50, 4.15, 5.00 and 5.48 mm respectively;
and the outer diameter of the distal member is for example
2.28, 3.23, 3.83, 4.73 and 5.14 mm respectively.

Further Description of the Invention Follows.

A preferred use of the present invention is the optimiza-
tion of cutting/resection during endoscopic procedures. The
elastically deformable intermediate section permits
increased surface area contact during the resection and/or
debridement of soft tissue, cartilage, ligament and/or bone
during endoscopic procedures; particularly arthroscopy.
Optimal surface contact is achieved due to the intermediate
member located just millimeters below the cutting window;
thus, when applying pressure to the patient’s bone and/or
tissue, improved surface contact is achieved. Current
designs offer insufficient contact on irregular surface areas.
Many also kink or clog and are limited in respect to cannula
sizes. When applying pressure to the desired cutting surface,
the flexible distal end located just below the cutting window
can be repeatedly flexed throughout any procedure without
deformation to the elongated outer sheath and inner-cutting-
shaft. The flexible section of the stainless steel/titanium
sheath can be made from any biocompatible materials,
including but not limited to a shape memory alloy known as
Nitinol, titanium, stainless steel, polymer, etc. The flexible
section can be designed in a number of ways to allow
flexibility once the surgeon applies minimal pressure onto
the desired cutting surface. Nitinol has shape memory prop-
erties that can be specifically tailored to flex up to a
maximum deformation and return to the original once pres-
sure is released. The maximum deformation of a member
composed of a nickel titanium alloy can be correlated to the
amount of pressure applied. The minimum amount of pres-
sure to allow flexibility applied can also be tailored. Thus,
the maximum flexibility and minimal pressure applied are
controllable. The flexible section of the shaft is located
millimeters below the cutting window, and can be %4 to 12
inches in length. This flexible Nitinol section can be ribbed
like an accordion or be flush with the titanium/stainless steel
sheath. The tip can be predesigned as straight shaft, curved
and/or in an upward or downward angle, thus, maximizing
surface contact depending the surgical application (e.g.
resurfacing the condyle, subacromial decompression, etc.)
Other methods for allowing the tip to flex up to a predeter-
mined max point and return to the original orientation
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(pre-angled or straight) without deformation can be used
with other biocompatible materials such as stainless steel,
titanium, and polymers. The flexing section could be
designed with a specific number of slits oriented in a fashion
to allow flexibility of the material, a coil-style encapsulated
with a biocompatible coating, ribbed similar to an accordion,
etc.
The flexible section is located millimeters underneath the
cutting window, being minimal in size. As mentioned above,
an example during subacromial decompression in the shoul-
der, a straight-edged shaft only makes full surface-to-win-
dow contact with bone on a flat surface. This is also true
during knee arthroplasty with the curvature anatomy of the
condyle. The present invention mitigates these issues with a
pre-curved, controlled flexing portion located millimeters
beneath the cutting window. Thus, a downward or pre-
curved sheath when resecting a flat surface would be straight
when full pressure is applied, and mimic the anatomy when
less pressure is a applied to irregular or curved surfaces. The
inner cutting shaft and outer sheath will flex in accordance
to the patient’s anatomy. These sheath would be able to flex
in a straight position during cannula insertion; thus users are
not limited to certain cannula sizes.
A principal purpose of this invention is to provide an
efficient cutting window, thus optimizing full surface contact
between the cutting window and the patient’s bone, tissue
etc. This will benefit both patients and surgeons.
The invention claimed is:
1. An endoscopic surgical instrument for removing tissue
or bone, the instrument comprising
(A) a generally tubular component which comprises
(1) a hollow, generally tubular distal end member
which (a) has a first distal axis, (b) is rigid, and (c)
comprises a window which exposes a substantial part
of the interior of the distal end member,
(2) a hollow, generally tubular proximal member which
(a) is rigid, and (b) comprises a first proximal section
which is adjacent to the distal end member and
which has a first proximal axis, and
(3) between the distal end member and the proximal
member, a hollow, generally tubular intermediate
member which
(1) connects the distal end member and the proximal
member,

(i1) has a first configuration having an axis

(i) deforms elastically from the first configuration to
a second configuration when the distal end mem-
ber is pressed against a surface, thus changing the
angle between the first distal axis and the first
proximal axis, and

(ii1) returns to the first configuration when the distal
end member is no longer pressed against a surface;

(B) a cutting device which is housed in the distal end

member and part of which protrudes beyond the win-

dow in the distal member, and

(C) a shaft which is attached to the cutting device and

which extends through the intermediate member and

the proximal member.

2. A method of removing tissue or bone which comprises
applying the cutting device of a surgical instrument as
defined in claim 1 to the tissue or bone, and operating the
cutting device.

3. An instrument according to claim 1 wherein the first
proximal axis, the first distal axis and the axis of the
intermediate member are the same.

4. An instrument according to claim 1 wherein the first
proximal axis is different from the first distal axis.
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5. An instrument according to claim 1 in which the
intermediate member is the sole means for controlling the
angle between the first proximal axis and the first distal axis.
6. An instrument according to claim 1 wherein the length
of the intermediate member is 3 to 12 mm.
7. An instrument according to claim 1 wherein the length
of the intermediate member is 4.5 to 9.5 mm.
8. An instrument according to claim 1 wherein the dis-
tance between (1) the edge of the window which is closest
to the intermediate member and (2) the part of the interme-
diate member which is closest to the window is 0.5 to 3 mm.
9. An instrument according to claim 1 wherein the dis-
tance between (1) the edge of the window which is closest
to the intermediate member and (2) the part of the interme-
diate member which is closest to the window is 1 to 2 mm.
10. An instrument according to claim 1 wherein the
intermediate member can be elastically deformed to an
extent which accommodates a change of the angle between
the first distal axis and the first proximal axis of at least 5°.
11. An instrument according to claim 1 wherein the
intermediate member is in the form of a coil composed of a
resilient metal.
12. An instrument according to claim 11 wherein the coil
is composed of a metal selected from stainless steel or
titanium.
13. An instrument according to claim 1 wherein the
intermediate member comprises a superelastic nickel tita-
nium alloy.
14. An instrument according to claim 1 wherein the
intermediate member comprises a nickel titanium alloy and
the intermediate member can be deformed elastically by
pressure from an original shape up to a maximum deforma-
tion which cannot be exceeded, but from which the inter-
mediate member will recover to its original shape when the
pressure is released.
15. An instrument according to claim 1 wherein each of
the distal end member, proximal member and intermediate
member has a substantially circular cross-section, except
that the part of the distal end member which defines the
window has a cross-section which is only part of a circular
cross-section.
16. An instrument according to claim 1 wherein the
cross-section of the proximal member is the same as the
cross-section of the intermediate member and the cross-
section of the intermediate member is the same as the
cross-section of the distal member.
17. An endoscopic surgical instrument for removing tis-
sue or bone, the instrument comprising
(A) a generally tubular component which comprises
(1) a hollow, generally tubular distal end member
which (a) has a first distal axis, (b) is rigid, and (c)
comprises a window which exposes a substantial part
of the interior of the distal end member, and
(2) a hollow, generally tubular proximal member which
(a) is rigid, and (b) comprises a first proximal section
which is adjacent to the distal end member and
which has a first proximal axis which is the same as
the first distal axis, and
(3) between the distal end member and the proximal
member, a hollow, generally tubular intermediate
member which
(1) connects the distal end member and the proximal
member,

(ii) has a first configuration,

(iii) has a length of 3 to 12 mm,

(iv) has an axis which is the same as the axis of the
proximal member and the distal member,
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(v) deforms elastically from the first configuration to
a second configuration when the distal end mem-
ber is pressed against a surface, thus changing the
angle between the first distal axis and the first
proximal axis, the extent to which the angle
between the first distal axis and the first proximal
axis can be changed being at least 5°; and

(vi) returns to the first configuration when the distal
end member is no longer pressed against a surface;

(B) a cutting device which is housed in the distal end

member and part of which protrudes beyond the win-
dow in the distal member, and

(C) a shaft which is attached to the cutting device and

which extends through the intermediate member and
the proximal member.

18. A method of removing tissue or bone which comprises
applying the cutting device of a surgical instrument as
defined in claim 17 to the tissue or bone,-pressing the distal
end member against a surface to change the angle between
the first distal axis and the first proximal axis, and operating
the cutting device.
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