(12) PATENT (11) Application No. AU 199717755 B2
(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 722939

(54) Title
Process for shaping and sharpening a rotatable surgical shaver blade

(51)7 International Patent Classification(s)

B23H 009/08 B23H 009/00
A61B 017/32
(21)  Application No: 199717755 (22)  Application Date: 1997.04.07

(30)  Priority Data

(31)  Number (32) Date (33) Country
08/636990 1996.04.10 uUs
08/791233 1997.01.30 uUs

(43)  Publication Date : 1997.10.16

(43)  Publication Journal Date : 1997.10.16
(44)  Accepted Journal Date : 2000.08.17

(71)  Applicant(s)
Linvatec Corporation

(72)  Inventor(s)
Robert A. Van Wyk; Gary R. Heisler

(74)  Agent/Attorney
PHILLIPS ORMONDE and FITZPATRICK,367 Collins Street, MELBOURNE VIC
3000

(56) Related Art
US 4603694
US 5601583
US 5620447




10

16

000 000 000 o-o
LI ]

ABSTRACT

A process for simultaneously shaping and sharpening a cutting window at the
distal end of a tubular member of a rotary blade assembly. The assemlbly is provided
with a stationary elongated outer tube (30), having a cutting window (34) at its distal
tip (48) and includes a rotatable elongated inner tube (50) having a cutting means
(51) at its distal tip (48). The window (34) in the outer tube (30) has a curvilinear
profile defined by a peripheral rim (36) surrounded entirely by a land surface (38)
which is inclined relative to the rim (36). The inclination of the land (38) produces an
area which tapers from a full thickness, where the land is adjacent to the cylindrical
wall of the outer tube (30), to a sharp edge around the periphery of the window (34).
The curvilinear window (34) is produced by a manufacturing process which creates
the window opening with a sharpened periphery at the same time that the land (38)
surrounding the opening is inclined. A preferred embodiment utilizes electrochemical
grinding of the distal ends of the tubular member (30) by a tool (200) having a
rotatable wheel (202) with a perimeter in the shape of a groove (232) of

predetermined arcuate profile.
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PROCESS FOR SHAPING AND SHARPENING
A ROTATABLE SURGICAL SHAVER BLADE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The invention relates to elongated, powered surgical

in endoscopic tissue resection. More

instruments for use

particularly, the invention relates to an instrument having an

elongated inner tube rotatably situated within an elongated

both inner and outer tubes having, at
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stationary outer tube,
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their distal ends, cutting apertures which cooperate to resect
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or otherwise affect tissue during endoscopic surgical procedures.

Still more particularly, the invention relates to the method of

:"***s  manufacturing the cutting aperture at the distal end of an

: elongated tubular member of a rotatable surgical instrument.

o ' DESCRIPTION OF THE PRIOR ART

The use of elongated surgical cutting instruments has

become well accepted in performing closed surgery such as

"arthroscopic or, more generally, endoscopic surgery. 1In closed

access to the surgical site is gained via one or more

I




portals, and instruments used in the surgical procedure must be
elongated to permit the distal ends of the instruments to reach
the surgical site. Surgical cutting instruments for use in
closed surgery -- also known as “shavers” -- conventionally have
a straight, elongated outer tubular member terminating at a
distal end having an opening in the end or side wall (or both)
to form a cutting port or window and a straight, elongated inner
tubular member concentrically disposed in the outer tubular
member and having a distal end disposed adjacent the opening in
thé distal end of the outer tubular member. The distal end of
the inner tubular member has a surface or edge for engaging
tissue via the opening in the outer tubular member and in many
cases (but not‘all) cooperates with the opening to shear, cut or
trim tissue. In some cases, such as burrs, the opening in the
outer tube merely allows access to the tissue and does not
otherwise cooperate to resect tissue. The inner tubular member
is rotatably driven about its axis from its proximal end,
normally via a handpiece having a small electric motor which is
controlled by finger actuated switches on the handpiece, a foot
switch or switches on a console supplying power to the handpiece.
The distal end of the inner tubular member can have various
configurations depending upon the surgical procedure to be
performed, and the opening in the distal end of the outer tubular
member has a configuration to cooperate with the particular
configuration of the distal end of the inner tubular member. For

example, the inner and outer tubular members can be configured
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to produce whisker cutting, synovial resection, arthroplasty burring or abrading,
side cutting, meniscus cutting, trimming, full radius resection, end cutting and
the like, and the various configurations are referred to generically as shaver
blades. Cut tissue is aspirated through the hollow lumen of the inner tubular
member to be collected via a vacuum tUbe ‘communicating with the handpiece.

The aforementioned elongated surgical cutting instruments have also
been produced in angled configurations in which the distal tips of the inner and
outer members are aligned and offset or bent at either a fixed or variable angle
from the proximal ends of the aligned inner and outer members. In other
respects the operation of fixed and variable angle shavers is largely the same
as that of the straight shavers described above. ‘

One parameter affecting the efficiency of operation of shaver blades .is
sharpness of the edges of the windows. Various prior art designs are known to
have differing degrees of sharpness of both the inner cutting edges and the
periphery of the outer window. The present invention is concerned with the

- design and manufacture of an outer tubular member having a sharpened

window periphery.
Improved resection efficiency can be
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achieved by sharpening the cutting edges and this is true of
conventional scissors as well as endoscopic shavers although the
manufacture of the latter is considerably more difficult. The
smaller the included angle of the cutting edge, the sharper the
edge. Clearly, below.a certain limit the edge becbmes too
delicate to be practical. When applied to the tubular members
of cylindrical, rotating shavers, the cutting edges on the inner
member and the periphery of the outer window are the cooperating
edges which should have the smallest included angles in order to
produce sharp edges. However, this must be balanced with cost
and speed of ménufacture. In prior art designs, the outer window
is sometimes formed by simply grinding or milling an opening at
the distal tip of the outer tube, the opening lying ip.a plane
angled relative to the tﬁbe axis. Thus, the outer window faces
toward the end of the tube as well as toward the éide. It will
be understood that this process produces a generally elliptical
window periphery which has a lower inc}uded angle at its proximal
end and a larger included angle at its distal end. A land
surface surrounds the periphery and is angled (in the cutting
plane) such that the inner rim of the land defines the sharpened
cutting edge of the outer member. The formation of this t?pe of
outer window could be ach%eved by a variety of two-dimensional
through?cutting processes éuch as wire EDM (electrical discharge
machining), ram EDM, conventional or electrochemical grinding or

milling. For certain purposes, this type of cutting window may

be sufficient, however,. sub jecting the land



surface to additional processing can produce a sometimes more
preferable “three-dimensional” window shape and sharper edge.
The term “three—dimenéional” is used to distinguish the opening
from one formed by a simple planar cut through the tip of a tube:
the périphery of the latter lies only in a two-dimensional plane
while the periphery of the former also extends above and below»
this plane. However, the additional steps required to produce
such sharpness entail the use of either a tool having a complex
contour or a machining process capable of tmmplex contouring
motions (e.g., a computer numerical control (CNC) machine) .
Addifionally, practical manufacturé of these devices would be
hampered because simultaneous production of several blades is

more difficult with such processes, if at all possible.

It is yet another object of this invention to shape

e

.and sharpen a tubular member of a rotatableMSQrgical instrument.
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. 6
SUMMARY OF THE INVENTION
| According to one aspect of this invention there is provided a method of
forming an opening at one end of an elongated tubular surgical shaver blade
having a distal end and a proximal end, including the steps of:

5 providing an apparatus for performing an electro-chemical grinding
process on a portion of the elongated tubular surgical shaver blade, the
apparatus having a rotatable abrasive wheel with a perimetral surface wﬁich
has a circumferential groove formed therein, said groove having a
predetermined arcuate profile in a radial plane of said wheel;

10 orienting the distal end of the elongated tubular surgical shaver blade in
a predetermined orientation relative to said wheel;
activating said apparetus to perform an electro-chemical grinding
process; and _ _
moving the distal end of the elongated tubular shaver blade relative to
15 said wheel during the perfofmance of said electrochemical grinding process to
perform the electro-chemical grinding process on the distal end of the elongated
tubular surgical shaver blade to thereby form an opening therein.
According to another aspect of the invention there is provided a method
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of shaping an opening in a predetermined portion of a tubular member of a
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20 rotary shaver blade, said predetermined portion having an axis, said method

. including the steps of:
' providing a hollow tubular member having an ax_is, a distal end and a

proximal end;
: providing a grinding wheel having an axis and a predetermined arcuate
25  groove in its perimetral surface, said groove for creating in said tubular member
i an arcuate surface having at least one predetermined radius of curvature;
orienting said axis of said predetermined portion of said tubular member
at a predetermined angle relative to a line tangent to said wheel,;
rotating said grinding wheel about its axis;
30 advancing said predetermined portion of said tubular member along a
path which intersects with a selected portion of said grinding wheel whereby
such motion will result in an opening being shaped in said predetermined

portion of said tubular member.
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According fo further still another aspect of this invention there is provided
a method of shaping an opening in a tubular member of a rotary shaver blade
including the steps of: |

providing a cylindrical forming apparatus having a circumferential surface
for shaping in said tubular member an opening, said circumferential surface
situated at a predetermined radius from a first axis and being movable about
said first axis;

fixedly mounting a hollow tubular member-with its axis parallel to said
first axis; _

rotating said axis of said tubular member about a second axis parallel to
said first axis, the distance between said first and second axes being greater
than said predetermined radius and such that during rotation 6f said axis of said
tubular member about said second axis a predetermined portion of said tubular
member will intersect a predetermined portion of said circumferential surface.

According to further still another aspect of this invention there is provided

- a method of forming a window in a rotary shaver blade including the steps of:

providing a hollow tubular member having a distal end;

providing an elongated arcuate surface forming means including a first
elongated arcuate concave surface which is linear in the direction of elongation
and which has a predetermined transverse curvilinear shape for, upon operation
thereof, creating in said hollow tubular member at least one second arcuate
convex surface complementary to a predetermined portion of said first arcuate
surface;

orienting said first arcuate concave surface at a predetermined
orientation relative to and facing said hollow tubular member;

advancing said first arcuate concave surface toward said end and
operating said first arcuate concave surface to cause it to remove a
predetermined portion of said hollow tubular member to create in said hollow
tubular member a window defined by the intersection of said hollow tubular

member and said first arcuate surface.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a side elevational view of the distal tip of a prior art outer tube

having a curvilinear cutting window.
Figure 2 is an end view of Figure 1.
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Figure 3 is a plan view of Figure 1.

Figure 4 is a side elevational view of a distal tip of
an outer tube formed in accordance with the principles of this
invention.

Figure 5 is an end view of Figure 4.

Figure 6 is a plan view of Figure 4.

Figure 7 is a front perspective view of the outer
member shown in Figures 4-6 with a chosen inner member.

Figure 8 is a diagrammatic plan view of Figure 7.

Figure 9 is a sectional view of Figure 8 taken along
the line 9-9.

Figure 10 is a sectional view of Figure 8 taken along
the line 10-10.

Figure 11 is a sectional view of Figure 8 taken along
the line 11-11.

Figure i2 is a sectional view of Figure 8 taken along
the line 12-12.

Figure 13 is a diagrammatic elevational view in cross-

section of an apparatus and method step incorporating the

principles of this invention.

Figure 14 is a sectional view of Figure 13 taken along
the line 14-14.

Figure 15 is a view of the method and apparatus of
Figure 13 in a different stage of the process of this invention.

Figure 16 is a sectional view of Figure 15 taken along

the line 16-16.
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Figure 17 is a view of Figure 15 taken at a different
stage in the process of the invention.

Figure 18 is an end view of Figure 4 taken along the
line 18-18 showing the profile of the tip viewed along a line
angled relative to its axis.

Figure 19 is a diagrammafic front elevational view of
an electrochemical grinding apparatus used in a preferred
embodiment of the invention.

Figure 20 is a view of Figure 19 taken along the line
20-20.

Figure 21 is an enlarged view of a portion of Figure
20.

Figure 22 is a side elevational view of the distal end
of a prior art toothed outer member.

Figure 23 is a‘cross—sectional view of Fiéure 22 taken
along the line 23-23.

Figure 24 is a cross-sectional view of Figure 22 taken
along the line'24-24.

Figure 25 is a side elevational view of the distal end
of an outer tubular member constructed in accordance with the
principles of this invention.

Figure 26 is a cross-sectional view of Figure 25 taken
along the line 26-26.

Figure 27 is a cross—-sectional view of Figure 25 taken

along the line 27-27.

Figure 28 is a side elevational view of an apparatus
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used in the method of producing a toothed outer such as that

shown in Figure 25.

Figure 29 is a front elevational view of Figure 28.

Figure 30 is an enlarged view of a portion of Figure
29.

Figure 31 is a side elevational view of the components
of Figure 28 showing a portion of the method of producing the
toothed outer member of Figure 25.

Figure 32 is a view of Figure 31 at a different portion
of the method.

Figure 33 is an exploded view of Figure 30 showing in
phantom the path followed by various portions of the outer
tubular member during the manufacturing process.

Figure 34a through 34g show various positions of the
components of the invention during various portions of the method
used to form the toothed outer tubular member. -

Figure 35a and 35b show cross-sectional views of a
prior art rotatable surgical shaver having an outer tubular
member such as that shown in Figures 22-24 and an inner tubular
member having a cutting window formed by a straight cut.

Figure 36a and 36b are cross-sectional views of a
rotatable surgical shaver utilizing an outer tubular member
constructed with the principles of this invention and a prior art
inner tubular member having a cutting window with a straight cut.

Figure 37 is a cross-sectional view of an inner tubular

member during a process of forming sharpened edges around an
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opening of the member.

Figure 38 is a side elevational view of Figure 37.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Figures 1 and 2 show a distal tip of a prior art outer
tubular member 10 of a rotary shaver blade assembly (not to
scale). The proximal ends of the tubular member are convgntional
and well understood by those skilled in the art. Outer tubular
member 10 has a distal tip 12 with a curvilinear cutting window
14 which faces to the side, i.e. laterally, perpendicular to axis
15, and away from the end of the blade, i.e. longitudinally in
a direction parallel to axis 15. The terms “laterally” and
“longitudinally” mean that the interior of the outer tubular
member is visible when viewed from these vantage points. The
window has- a peripheral rim 16 which 1is formed by the
intersection of the window with the interior surface 17 of the
outer tube and is surrounded by a laﬁd 18 which is angled at its
distal end at an angle A relative to axis 15 and the distal tip
of window periphery 16. Angle A appears to be formed by a
complex grinding or shaping process and éppears to be uniform
along the extent of the land surface. Thus, land 18 lies at
angle A relative to the rim at each point along periphery 16.
It is noted that proximal end 20 of window 14 is not provided
with an angled land at all, thus resulting in portion 19 which

is simply the end facing surface of the outer tube wall which is

10
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exposed by the cut forming window 14. The curvilinear profile
of window 14 1is best seen in Figure 1 as comprising three
sections: a first section 21 extending from the proximal end 20
of the window to a first predetermined point Pl, and having a
radius of curvature Rl; a second section extending from point P1
to a predetermined point P2 adjacent the distal end of the
window, this second section 22 having whatever blended radius of
curvature R2 which is necessary to smoothly join the radiused
section 21 fo a third section 23 which is a linear portion
extending at some angle B relative to axis 15. The window thus
formed is best seen in Figure 3 as having a relatively
rectangular shape with rounded proximal and distal ends and
generally parallel sides. Window 14 is formed by a process
having at least two steps: a first step requiring passing a
cutting tool through the .distal tip of tube 10 aleng the
curvilinear profile shown in Figure 1 and a second step requiring

the formation of land 18.

11
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The subject invention relates to a process for forming an fmproved outer
tube 30 as shown in the remaining drawings. Referring to Figures 4 and 5,
outer tube 30 has a distal end 32 provided with a curvilinear window 34 having
a peripheral rim 36. The proximal end of tube 30 is conventional and forms no
5 part of this inventiov'n. Window 34 is surrounded by a peripheral land 38 angled
at its distal and proximal ends 39 and 40, respectively, at an angle C relative to

the axis 42 of the outer tube. It will be noted that land 38 is, unlike the
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prior art embodiment discussed above, angled around the entire
periphery of the window although points intermediate the distal
and proximal ends 39 and 40 may be at angles other than angle C
as will be understood below. As best seen in Figure 6, window
34 is less rectangular than window 14 of the prior art embodiment
and has more.of a pear-shaped or generally elliptical outline
with a large rounded distal end 44, a smaller rounded proximal
end 46 and non-parallel sides. It should also be noted that the
invéntion facilitates creation of a large window while
maintaining a distal bearing tip 48 on axis 42. Tip 48 may act
as a bearing surface against the exterior surface of the inner
member.

Figure 7 is a front perspective view of the distal tip
of outer tubular member 30 assembled with an inner member 50
having a cutting window 51 although it will be understood that
a variety of inner cutting window profiles could be used. To
facilitate the explanation of the invention, Figure 7 is
presented in diagrammatic plan view in Figure 8 showing the
various points at which cross-sectional views shown in Figures
9 through 12 are taken.

The particular form of cutting edge provided on inner
member 50 has a pair of inQardly facing cutting surfaces 52 and
54 created on either side of inner window 51. Since each cutting
surface 52 and 54 is close to if not exactly téngential with the
interior surface of the inner tube (best seen in Figure 10) and

extends proximally from the distal tip of the inner tube, the

12
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inner window has a generally rectangular opening when viewed from
the front. The inner window is formed, for example, by a wire
EDM process in which the wire is longitudinally extending at a
predeterminéd angle to the axis of the inner member and follows
a generally rectangular path (viewed from the end of the tube).
This path produces a tangential cutting surface at only certain
points (i.e. at Figqure 10 but not at Figure 9). The relationship
of the cutting surfaces 52 and 54 relative to adjacent portions
of outer window 34 is betfer seen by reference to Figures 9
through 12 which show sectional views through varying portions
of Figure 8. It will be noted that the angle of land 38 relative
to a horizontal plane through axis 42 varies depending upon the
longitudinal placement of the point on the land at which the-
angle is measured. Thus, as shown in Figure 9, the edge of outer
window 34 is fairly sharp because the wall of the outer tube is
cut at a relatively low included angle compared to the angle of
land 38 at other points, such as the point shown in Figure 10.
Similariy, the angle of land 38 at the point represented by
Figure 11 is different still and the angle shown in Figure 12 is
the angle C referred to above. It will be further noted that the
relatively low included angle forming the cutting edge of the
inner cutting window, i.e. the intersection of surfaces 52 and
54 with the outside surface of inner member 50 results in a sharp
edge in the areas of Figures 9 and 10. The curvilinear contour
of outer window 34 in combination with the sharpness of its edges

along rim 36 and the edges of the inner window produces efficient

13
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tissue resection.

One process of forming the curvilinear contour of
window 34 at distal tip 32 is best understood by reference to
Figures 13 through 18. The process utilizes a contouring
apparatus such as an electrical forming device capable of
creating an arcuate surface in another body. The embodiment
disclosed utilizes a plunge-type <conventional computer
numerically controlled (CNC) EDM device 100 incorporating a basin
(not shown) fof holding dielectric fluid 102, a work piece holder
104 and forming electrode tool 106 mounted to the EDM upper
platen. A plurality of hollow outer tubes 110 are attached in
a vertical orientation to opposite sides of holder 104, each
outer tube having a closed top end 112 and an open bottom end
114. Holder 104 is attached to a base 116 mounted to the EDM
lower platen, the base being provided with a plurality of fluid
channels 117 and 118 aligned with the open ends of associated
tubes 110. While only two tubes 110 are shown in Figure 13, it
will be understood that additional tubes are arranged on holder
104 in two parallel rows 120 and 122 'which may extend
perpendicularly to the plane of the paper. Similarly, tool 106
is an electrode having a trapezoidal cross-section, best seen in
Figure 13, extending perpendicularly to the plane of the paper
and above holder 104. The angled sides 130 and 132 of tool 106
are each provided with a plurality of parallel channels 134
having arcuate profiles oriented at angle C relative to the axes

of the tubes in rows 120 and 122 , each having a radius of

14



curvature R3, best seen in Figure 14, which ultimately interacts
with outer tubes 110 to create the unique profile of window 34.
It will be understood that the channels could have other than
circular profiles.

As shown in Figure 15, electrode tool 106 is first
moved down to a selected level between the parallel rows 120 and
122 of outer tubes 110 and then laterally toward one of the rows,
the rate being determined by the machine control parameters in
order to have the distal tip of outer tubes 110 contact a
selected channel 134. While a plurality of channels are provided
on each surface 130 and 132, not all portions of all channels
need to be used at any one time and the tool may be shifted
around by proper programming of the CNC machine to utilize
selected portions of the channels and selected channels as will
be understood below. For example, any given channel 134 may be
thought of as having a plurality of adjacent sections 140, 141,
142 and 143. The vertical positioning of electrode 106 could be,
for example, set to have lower-most section 140 be the active
section. As the electrode continues to move laterally a
predetermined distance to a selected point, the EDM process forms
an opening in each of the outer tubes while dielectric fluid is
flushed through channels 118 and out the opening created at the
distal tip. During machining, electrical discharge parameters
are modified under program control so as to minimize cycle time
while maintaining acceptable surface finish and edge sharpness

on the finished product. The pressurized dielectric fluid

15



introduced by the timed flushing port reduces the machining time
by removing swarf from the machining zone. The opening is defined
by the intersection of the cylindrical tube wall at the rounded,
closed end of the tubes with the arcuate profile of channels 134.

When the tool has been moved laterally a programmed
distance to form the desired window 34, the direction of the tool
is reversed to approach row 122 and the channels along surface
132 are brought into engagement with the outer tubes in row 122
in order to produce the chosen profiles in those tubes. |

It will be appreciated by those skilled in the art that
while tool 106 has a relatively simple shape and moves in a
relatively simple pattern, the intersection of the tool with the
outer tube produces a resultant complex profile. Rather than
being defined by a complex shape requiring several processing
steps for its formation, window 34 has a simple arcuate profile
when viewed in Figure 16, or better still, when viewed along a
line at an angle C to the tube axis as best seen in Figure 18.
The intersection of the arcuate channel profile with the
cylindrical tube results in cutting edges with low included
angles thereby making a subsequent sharpening operation
unnecessary. The shape of the surface of any given land 38
surrounding rim 36 and the shape of the associated actual window
34 may be considered as being defined by the locus of all points
lying at the intersection of an elongated, transversely arcuate
surface with the cylindrical body of the tube oriented at a

predetermined angle relative to the transversely arcuate surface.

16
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Put another way, the definition of the perimeter of window 34 may
be thought of as the intersection of a cylindrical body with an
imaginary surface having a predetermined, symmetrical, concave
arcuate profile. 1In practice this imaginary surface is defined
by the concave surface of channel 134 and is considered endless
because the surface extends entirely through the cylindrical body
enough to form a window therein. In the preferred embodiment,
however, the activatable sections (140, etc.) of the surface of
channel 134 lie on this imaginary surface and need only subtend
a lateral or transverse distance approximately greater than or
equal to one-half the outside diameter of the cylindrical body
in order to form land 38. If the imaginary surface is linearly
exteﬁded in a direction which is aligned with the axis of the
tube, and if the arcuate profile tréﬁsverse to the axis is a
simple concave radius, the resultant locus of points defines
convex land 38 (complementary to the concave radius). If some
other orientation or profile is used, the locus of points will
produce a different shape.

The transverse curvature of window 34 when viewed as

shown in Figure 16 is the same as that shown in Figure 18. While

the arcuate profiles of channels 134 are at a constant radius of
curvature along the length of the channels, it will be understood
that the radius of curvature may vary along the channel length
and/or the arcuate surface may have a contour other than circula:
extending along the axis line.

Because the shape 1is two-dimensional when viewed

17



axially to the cylindrical surfaces 130 and 132 of the tool,
complex shéped tooling or simultanebus programmed machine motions
are not required. The shape of the tool may be machined by using
CNC wire EDM, or produced by conventional or electrochemical
grinding using a wheel onto which the proper radius has been
dressed. Similarly, plunge type EDM or ECM may be used with the
part contour béing produced by contours on the tboling. Tooling
cost is low due to the simple profile and, because complex
machine motions are not required, simultaneous multiple part
machining is readily implemented.

A preferred process of forming the curvilinear contour
of window 34 at distal tip 32 is best understood by reference to
Figures 19-21. This process utilizes a cylindrical forming
apparatus which, in the preferred embodiment, is a conventional
electrochemical grinding machine (ECG) which has had the
perimetral (circumferential) surface of its abrasive grinding
wheel shaped to ultimately form the contour of window 34. It
will be understood that the processes disclosed herein could be
used to form an opening in a previously closed distal end of a
tubular member, or could be used to shape or sharpen an opening
previously formed therein.

Electrochemical grinding machine 200 comprises a
grinding wheel 202, a base (not shown) for supporting a table 206
movable relative to the base and wheel under - programmable
control. A nozzle 208 directs electrolyte 210 at the work

location adjacent wheel 202 in a conventional manner. - The

18



operation of the machine components, processes, table motion,
speed, etc. is controlled in a conventional manner. Table 206
receives a jig 212 to hold a plurality of tubular members 220 in
an inclined orientation relative to a line tangent to wheel 202.
The tubular members 220 are electrically conductive and serve as
one electrode within the apparatus (the wheel acting as the other
electrode). Each member 220 has a closed distal tip 32 into
which a window 34 (as shown in Figures 4-6) will be formed as
explained herein. The tubulér members 220 are inclined at an
angle C which is the same as the angle between the tubular axis
and the face of the channels of tool 106 as shown in Figure 13.
As table 206 moves in direction 222 the distal tips of successive
tubular members 220 will move tangentially past wheel 202.
Perimetral surface 230 of wheel 202 is provided with a groove 232
having the selected profile which in this embodiment is a simple
radius of curvature R3, the same radius as that of channel 134
shown in Fiqure 14. Groove 232 is best seen in Figure 21 which
shows avview of the wheel groove within essentially a radial
plane of the wheel. Moving table 206 along a linear path of
motion in the plane of wheel 202 to tangentially intersect distal
tips 32 of tubular membérs 220 with the groove at the wheel
periphéry during activation of the electrochemical process will
produce in each tip a curvilinear window 34 as shown in Figures
4-6 and 18 without any additional shaping or sharpening process.
While jig 212 and table 206 are shown in the drawings to fixedly

hold each tube in a fixed orientation relative to wheel 202, as
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will be explained belbw the tubes could be supported on jig 212
in a movable manner and the table could move along a complex path
of motion (other than simply in one linear direction). The
movement of the tubes relative to the jig or the movement of the
table relative to the base could be continuous or indexed (to
discrete positions) under programmable control. While the
apparatus of Figures 19-21 utilizes electrochemical grinding,
similar wheel shapes and motions may be applied to conventional
grinding or othér processes.

While the device and process disclosed have been
described in terms of an outer, stationary tubular member, it
will be understood by those skilled in the art that the cutting
edge of an inner, rotating tubular member may also be formed in
accordance with the principles of the invention disclosed herein.
Appropriate changes may'bé necessary in the shapes and sizes of
the electrode tool 106 or the wheel 202, supporting jigs and
paths of travel, depending upon the desired shape of the inner
cutting edge. One such device and process is disclosed below in
Figures 37 and 38.

Furthermore, the window shape of the preferred
embodiment of the outer tube disclosed herein is such that a
linear tangential motion of the incliﬁed tubular members 220
relative to wheel 202 is the desired motion to produce the
desired shape. Variations in window shape or cutting edges in
either the inner or outer members may require other orientations

of the tubular members or other than linear motion of table 206.
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Also, as briefly mentioned above, the path of motion
of the tubés relative to the wheel may change depending upon the
desired shape to be formed in a tubular member. For example, the
tube may be moved in varying directions other than linear and/or
it may be rotated about its axis as it moves past the wheel,
moved up and down relative to the wheel on any given pass to
change the depth of the cut in the tube, etc. Additionally, the
machine could have different ECG stages, each with a different
wheel so that a complex table path of motion would pass
differently shaped wheels to produce complex cuts and different
shapes. Another example may be a tube formed by a plurality of
linear passes. That 1is, the tube could be moved linearly
relative to a wheel as described above, rotated about its axis,

moved linearly again, rotated again, moved again, etc. The wheel

~in such case could even have a flat peripheral surface to produce

an opening approximating window 34. With appropriate indexing and
motion of the tubular member in all dimensions relative to the
jig (e.g. linearly along its axis, rotating about its axis and
about another axis transverse to its axis) and with appropriate
indexing and motion of the table relative to the wheel (or
relative to different wheels if additional stages are used), it
would be possible to prodﬁée cuts of almost any imaginable shape,
depth, angle and length such that this method would even make it
possible to proquce cutting teeth in the tubular member. This
latter method could be analogous to creating a complex shape by

a CNC (computer numerical control) milling machine operating with
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several degrees of freedém and would result in a toothed opening
in either an inner or outer tubular member of a rotating surgical
shaver.

One method of forming the cutting teeth in a tubular
member is shown in Figures 22 through 36. As shown in Figures
22-24 a prior art outer tubular member 300 has a distal tip 302
comprising a cutting window 304 bounded a plurality of teeth 306
in two, parallel and longitudinally extending rows 307 and 308.
The cutting window and teeth of such an outer tubular mehber 300
may be formed, for example, by a conventional EDM process in
which the cut is made transversely through the distal tip of the
tubular member so that the top edges 309, 310 of teeth in
opposing rows 307, 308 are coplanar at corresponding transverse
points and the troughs 312 and 314 between adjacent teeth in
opposing rows are also coplanar. The included angle of each
tooth is bounded by the horizontal surface 309 (or 310, depending
on the row) and the inner surface 311 of the tube.

As shown in Fiqures 25 through 27 outer tubular member
330 constructed in accordance with the principles of . this
invention has a toothed profile considerably sharper than that
of prior art tubular‘member 300. Outer tubular member 330 has
a distal tip 332 in which a cutting window 334 is formed which
is bounded by a plurality of teeth 336 in two, parallel and
longitudinally extending rows 337 and 338. As with the prior art
device, tﬁe teeth 336 in one row are transversely coplanar with

the corresponding teeth in the opposite row.. The top edges 339
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and 340 of each tooth 336 are curved to produce points 342 and
344. Troughs 346 and 348 between adjacent teeth are also curved
but at a different profile as will be understood below. The
included angle between edge 339 and the inner surface 341 is
smaller than the corresponding angle of the prior art device 300.

Cutting window 334 has a land 350 entirely surrounding
the window, the 1land being angled relative to the window
periphery so that there is a sharp edge on the radially innermost
side adjacent to the opening. The included angle between the land
surface and the inner surface 341 varies depending upon the
longitudinal position of the point where the angle is measured.
For example, the included angle at edge 339 is smaller than that
at trough 346. Land 350 comprises a proximal land section 352
and a distal land section 354, the shapes of which are shown
diagrammatica;ly. It will be understood that, while an inclined
land surface will surround window 334, the actual shape of this
land may Vary from that shown in Figure 25 depending upon the
actual tool used.

Figures 28-33 and 36 show an apparatus and method for
producing the toothed outer tubular member 330. Wheel 400 and
jig 402 are part of electrochemical grinding machine similar to
that shown in Figure. 19. The remaining components (table,
electrolyte nozzle, etc.) are omitted for clarity. Wheel 400 has
a predetermined thickness 404 and a predetermined perimetral
surface 406 which is dressed with a plurality of notches 408 and

proximal and distal angled surfaces 410 and 412, respectively,
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to form the various teeth 336 and proximal and distal land
sections 352 and 354 as will be understood below. The shapes of
surfaces 410 and 412 in combination with the motions of various
components will affect the shape of proximal and distal land
sections 352 and 354. The various cuts in the perimetral surface
406 have a radially outermostAportion (extent) 416 and a radially
innermost portion (extent) 417. The shape of the perimetral
surface may be changed to produce a variety of cuts in a
workpiece 420 as will be understood below.

Jig 402 supports a rotatable housing 430 which is
adapted to rotate about an axis 432 parallel to wheel axis 414.
Extending from the front face 434 of housing 430 is a tubular
workpiece 420 which has a distal tip 436 and an axis 438 which
is aligned parallel to and offset by a distance D from axis 432
as best seen in Figures 28 and 30. The distance 439 between axis
432 and the radially innermost portion 417 is less than the sum
of the radius T of the tubular member and the distance D between
the tubular member axis 438 and housing axis 432. Wheel 404 is
adapted to rotate about fixed axis 414 while the workpiece 420
is adapted to move in an eccentric pattern about axis 432. As
shown in Figures 29-33, the workpiece does not rotate about its
axis 438 but rotation of housing 430 about axis 432 causes the
workpiece axis 438 to be placed at variable radial distances from
the wheel axis 414 such that diffe;ent parts of the workpiece 420
will intersect the perimetral surface 406 of the wheel at

different points. The eccentric motion of workpiece 420 about
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axis 432, as best seen in Figure 33, causes points at varying
radial distances from axis 432 to rotate along different circular
paths. Thus, the circular path 441 is that defined by points on
workpiece 420 that rotate about axis 432 at a radial distance
from axis 432 equal to the distance between axis 432 and
innermost portion 417 of the wheel's perimetral surface.
Similarly; the circular path 442 is defined by points on
workpiece 420 that rotate about axis 432 at a radial distance
from axis 432 equal to the distance between axis 432 and
outermost portion 416. It will be understood that various parts
of the workpiece rotate along curvi-linear paths, in this case
circular paths having radii between paths 441 and 442. As shown
in Figure 34a-g the rotation of workpiece 420 relative to wheel
402 proceeds in various stages until ultimately, in Figure 34gq,
an outer tubular member 330 is produced.

The sharper teeth of an outer tubular member that can
be easily produced with this method produce a sharper rotatable
surgital shaver. As shown in Figure 35, a prior art surgical
shaver comprising an outer tubular member 300 and inner tubular
member 360 is limited in sharpness. Outer tubular member 300 is
identical to that shown in Figures 22-24. Inner tubular member
360 is shown alsd with a straight cut through its cutting window
so that all of the cutting surfaces lie in parallel planes Pl and
P2 (parallel to the plane of the inner window), as best seen in
Figure 35a. (Note that a sharper inner member 50 is shown in

Figures 8-11 with cutting surfaces 52 and 54 in parallel,
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longitudinal planes which are perpendicular to the inner window. Member 50 could be
combined with outer member 300.) When inner member 360 is rotated relative to the
outer member 300, the movement of cutting surface 362 past cutting edge 309
creates a shearing action. The actual cut occurs at the junction of the radially
innermost portion of edge 309 and the radially outermost edge of surface 362.
Because of the straight cuts used to form the cutting windows of such prior art
devices, the included angle of these edges is large and, therefore, their sharpness is
limited.

On the contrary, as shown in Figure 36, simply replacing a conventional outer
member 300 with an outer tubular member 330 constructed in accordance with the
principles of this invention will increase the sharpness of the junction between the
radially innermost portion of edge 339 and the radially outermost edge of surface 362
thereby producing a smaller included angle and a sharper cut. It will be understood
that inner member 360 may be produced with a toothed or untoothed cutting window.
In either case, the cross-section of the inner member shown in Figure 35 and 36 will
be similar.

The sharpened, non-toothed inner member shown in Figures 8-11 as inner
member 50 could also be combined with outer member 330 to produce a sharper
cutting action than that offered by the combination of Figure 35. If the inner member
is additionally provided with teeth that are sharpened to a point at the radially
outermost portion of each tooth (adjacent the innermost portion of edges 309 or 339)
the sharpnéss of the cut will be even further enhanced. One method of forming such
a sharpened toothed or non-toothed inner member is shown in Figures 37 and 38 in
which an electrochemical grinding machine or an electrical discharge machine may be
used to produce sharpened edges or teeth in the cutting window of an inner tubular
member 500. Tool 502 could be a rotating wheel in the case of an electrochemical
grinding machine or a non-rotating electrode in the case of an electrical discharge
machine. In each case the tool has a diameter smaller than that of the tubular
member so the sharpened edge is formed on the radially outermost surface of the
member. Moving the tool toward inner member 500 such that the intersection of tool
502 with the outer surface of tubular member 500 would produce opposing sharpened

outer edges 504 and 506. The edges could be produced with or without teeth. It will

C:\WINWORD\GAY\WNODELETEW83881.00C
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be understood that replacing member 360 of Figure 36 with inner tubular member 500

will replace flat surface 362 with an angled surface 508 thereby producing a sharper

cut.
It will be understood by those skilled in the art that numerous improvements

and modifications may be made to the preferred embodiment of the invention

disclosed herein without departing from the spirit and scope thereof.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:'
1. A method of forming an opening at one end of an elongated tubular
surgical shaver blade havihg a distal end and a proximal end, including the
steps of: |

providing an apparatus for performing an electro-chemical grinding
process on a portion of the elongated tubular surgical shaver blade, the
apparatus having a rotatable abrasive wheel with a perimetral surface which
has a circumferential groove formed therein, said groove having a
predeterminéd arcuate profile in a radial plane of said wheel; |

orienting the distal end of the elongated tubular surgical shaver blade in
a predetermined orientation relative to said wheel;

activating - said apparatus to perform an electro-chemical grinding
process; and

moving the distal end of the elongated tubular shaver blade relative to
said wheel during the performance .of said electrochemical grinding process to
perform the electro-chemical grinding process on the distal end of the elongated
tubular surgical shaver blade to thereby form an opening therein.

2. A method according to claim 1 wherein said wheel is planar, wherein
said elongated tubular surgical shaver blade has an axis and wherein said step
of orienting further includes securing the tubular shaver blade in a fixed posi'tic_)n
with its axis aligned within the plane of said wheel and further inéluding the step
of moving the distal end of the elongated tubular surgical shaver blade

tangentially relative to said wheel.

3. A method according to claim 1 or claim 2 wherein said predetermined

arcuate profile includes an arc having a predetermined radius of curvature.

4. A method according to claim 1, 2 or 3 wherein said distal end of the

elongated tubular surgical shaver blade includes an end which is initially closed.

&
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5. A method according to any one of the preceding claims wherein said
step of moving further includes moving said elongated tubular shaver blade in a

linear path relative to a predetermined tangential point on said wheel.

6. A method according to any one of the preceding claims wherein said
step of moving further includes moving said elongated tubular shaver blade in a

curvilinear path relative toa predetermined tangential point on said wheel.

7. A method according to claim 6 wherein said predetermined orientation is
such that said elongated tubular shaver blade is aligned within said radial plane

of said wheel.

8. A method of shaping an opening in a predetermined portion of a tubular
member of a rotary shaver blade, said predetermined portion having an axis,
said method including the steps of: "

providing a hollow tubular member having an axis, a distal end and a
proximal end;

providing a grinding wheel having an axis and a predetermined arcuate
groove in its perimetral surféce, said groove for creating in said tubular member
an arcuate surface having at least one predetermined radius of curvature;

orienting said axis of said predetermined portion of said tubular member
ata predetermined angle relative to a line tangent to said wheel;

rotating said grinding wheel about its axis;

advancing said predetermihed portion of said tubular member along a
path which intersects with a selected portion of said grinding wheel whereby
such motion - will result in an opening being shaped in said predeterrhined

portion of said tubular member.

9. A method according to claim 8 wherein said predetermined portion of

said tubular member is the distal tip thereof.

10. A method according to claim 8 or 9 wherein said grinding wheel is an

electrode component of a electrochemical grinding apparatus.

W:\lonia\BF\Speci\17755.doc
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11. A method according to claim 8, 9 or 10 wherein said orienting step
further includes aligning the axis of said tubular member perpendicular to the

axis of said wheel.

12. A method according to claim 8, 9 or 10 wherein said orienting step
further includes aligning the axis of said tubular member parallel to the axis of

said wheel.

13. A method of shaping an opening in a tubular member of a rotary shaver
blade including the steps of:

providing a cylindrical forming apparatus having a circumferential surface
for shaping in said tubular member an opening, said circumferential surface
situated at a predetermined radius from a first axis and being movable about
said first axis;

fixedly mounting a hollow tubular member with its axis parallel to said

~first axis;

rotating éaid axis of said tubular member about a second axis parallel to
said first axis, the distance between said first and second axes being greater
than said predetermined radius and such that during rotation of said axis of said
tubular member about said secbnd axis a predetermined portion of said tubular
member will intersect a predetermined portion of said circumferential surface.

14. A method according to claim 13 wherein said tubular member is fixedly

mounted with its distal end adjacent said circumferential surface.

15. A method according to claim 13 or 14 wherein said tubular member has

a closed distal end.

16. A method according to claim 13, 14 or 15 wherein said circumferential
surface " further “includes - a predetermined profile having a plurality of
circumferential notches adapted to produce a toothed opening in said tubular

member.

W:\tonia\BF\Speci\17755.doc
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17. A method according to claim 13, 14 or 15 wherein said circumferential
surface includes, relative to said first axis, a radially outermost portion and a
radially innermost portion, wherein said circumferential surface rotates about
said first axis and said tubular member rotates about said second axis, said
5 second axis being spaced from said radially innermost portion by a distance
which is less than the sum of the radius of said tubular member and the

distance between said tubular axis and said second axis.

18. A method of forming a window in a rotary shaver blade including the
10 stepsof: |
providing a hollow tubular member having a distal end;
providing an elongated arcuate surface forming means including a first
elongated arcuate concave surface which is linear in the direction of elongation
and which has a predetermined transverse curvilinear shape for, upon operation
15 thereof, creating in said hollow tubular member at least one second arcuate
convex surface complementary to a predetermined portion of said first arcuate
surface;
orienting said first arcuate concave surface at a predetermined

orientation relative to and facing said hollow tubular member,

20 ' advancing said first arcuate concave surface toward said end and
operating said first arcuate concéve surface to cause it to remove a
_ prédetermined portion of said hollow tubular member to create in said hollow
tubular member a window defined by the intersection of said hollow tubular
member and said first arcuate surface.

.25

19. A method according to claim 18 wherein said elongated arcuate surface
forming means is an electrode component of an electrical forming device and
cons wherein said first elongated concave arcuate surface includes an activatable

HI electrode surface thereof.
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20. A method according to claim 18 or 19 wherein said first arcuate surface
is elongated in a first direction and wherein a transverse cross-section of said
first arcuate surface in a blane perpendicular to said first direction includes, at
all operative points along the length of said first arcuate surface, a curve having

a predetermined radius of curvature.

21. A method according to claim 20 wherein said transverse cross-section is
the same at all points along the length of said first arcuate surface.

22. A method according to any one of claims 18 to 21 wherein said distal end
of said hollow tubular member has an axis and wherein said step of orienting
further includes:

positioning said first arcuate surface at a predetermined angle relative to
said axis of said distal end of said hollow tubular member such that at least one
longitudinally extending imaginary line, parallel to said axis and lying on said

- first arcuate surface will, upon formation of the window, intersect said axis at a

predetermined point distal to said distal end of said hollow tubular member.

23. A method according to claim 22 wherein said first arcuate surface is
symmetrical about a line of symmetry and wherein said line of symmetry
intersects said axis at a predetermined point distal to said distal end of said

hollow tubular member.

24. A method of forming an opening at one end of an elongated tubular
surgical shaver blade substantially as hereinbefore described with respect to
any one of the embodiments illustrated in FigUres 410 21, 25 to 34 or 36 to 38.

25. A method of shaping an opening in a tubular member substantially as

hereinbefore described with respect to any one of the embodiments illustrated
in Figures 4 to 21, 25 to 34 or 36 to 38.

W:\tonia\BF\Speci\17755.doc
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26. A cutting tip for a tubular member substantially as hereinbefore described

with respect to any one of the embodiments illustrated in Figures 4 to 21, 25 to

34 or 36 to 38.

DATED: 25 May 2000
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
BRISTOL-MYERS SQUIBB COMPANY
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