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ARTHROSCOPIC SURGICAL DEVICE

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following PCT Patent Applications and U.S.
Provisional Applications which are believed to be related to the present application, the

contents of which are hereby incorporated by reference herein:

Published PCT Patent Application No. WO/2014/147619, entitled
“Arthroscopic Surgical Device” and published September 9, 2014;

Published PCT Patent Application No. WO/2013/102909, entitled
“Arthroscopic Surgical Device” and published July 11, 2013.

Published PCT Patent Application No. WO/2013/027209, entitled
“Arthroscopic Surgical Device” and published February 28, 2013.

Published PCT Patent Application No. WO/2013/027210, entitled
“Circular Bone Tunneling Device Employing a Stabilizing Element” and published
February 28, 2013.

Published PCT Patent Application No. WO 2012/007941, entitled
“Circular Bone Tunneling Device” and published July 11, 2011;

U.S. Provisional Patent Application Serial No. 61/802,958, entitled
“Arthroscopic Surgical Device" and filed March 18, 2013.

U.S. Provisional Patent Application Serial No. 61/887.,561, entitled
“Arthroscopic Surgical Device" and filed October 7, 2013.

U.S. Provisional Patent Application Serial No. 61/636,751, entitled
“Circular Bone Tunneling Device Employing a Stabilizing Element” and filed April 23,
2012;

U.S. Provisional Patent Application Serial No. 61/526,717, entitled
“Circular Bone Tunneling Device” and filed August 24, 2011;

U.S. Provisional Patent Application Serial No. 61/714,813, entitled
“Arthroscopic Surgical Device" and filed October 17, 2012; and

U.S. Provisional Patent Application Serial No. 61/584,267, entitled

“Circular Bone Tunneling Device” and filed January 8, 2012.
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FIELD OF THE INVENTION

The present invention relates generally to arthroscopic surgical devices

and more particularly to arthroscopic bone tunneling devices.

BACKGROUND OF THE INVENTION

Various types of arthroscopic surgical instruments are known for various

applications including orthopedic surgery.
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SUMMARY OF THE INVENTION

It is appreciated that the terms ‘tunnel’ and ‘channel’ are used
interchangeably in the description of the present invention and refer to a hollow bore,
such as a cylindrically circular hollow bore, formed in a bone. It is also appreciated that
the terms ‘tunneling’ and ‘channeling’ are used interchangeably in the description of the
present invention and refer to a method of forming a hollow bore, such as a cylindrically
circular hollow bore, in a bone.

It is further appreciated that the term “suture” as used throughout the
description of the present invention refers to any suitable suture and also refers to a
transfer wire which is used to pull a suture through the bone and that use of the term
“snare wire” as used throughout the description of the present invention refers to either
a transfer wire or a suture. Typically, a transfer wire is used with the system and method
of the present invention and is formed of Nitinol. Typically, a transfer wire used with
the system and method of the present invention is folded over to form a loop at one end.

It is yet further appreciated that the term “hexagonal wrench” as used
throughout the description of the present invention refers to any suitable wrench with an
hexagonal longitudinal shape, usually formed in a “L” shape. Hexagonal wrenches are
also sometimes referred to as Allen wrenches or hexagonal keys.

The present invention seeks to provide an improved arthroscopic bone
tunneling and suturing device.

There is thus provided in accordance with a preferred embodiment of the
present invention an arthroscopic bone channel forming and suturing system useful with
a punch configured to form a first generally straight channel in a bone and a drill
configured to form a second generally straight channel in the bone, the second generally
straight channel not intersecting the first generally straight channel, the system
including a curved bone puncture needle configured to be insertable into the first
generally straight channel, a curved needle driving assembly configured to manipulate
the curved needle to form a curved junction between the first generally straight channel
and the second generally straight channel, a suture snare wire assembly configured to
insert a suture snare wire to a suture snare wire pick-up location via the second

generally straight channel in the bone and a coordinated multi-function driving
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assembly operative to operate the curved needle driving assembly and the suture snare
wire assembly in coordinated operation to cause the suture snare wire to be pulled from
the suture pick up location and through the first generally straight channel via the
junction.

Preferably, the coordinated multi-function driving assembly operates
automatically in response to repeated manual actuations. Additionally or alternatively,
the coordinated multi-function driving assembly includes an override sub-assembly
which is selectably operative to withdraw the curved needle after the curved needle has
begun to be inserted into the first generally straight channel but before the curved needle
begins to pull the suture through the junction.

In accordance with a preferred embodiment of the present invention the
arthroscopic bone channel forming and suturing system also includes an arthroscopic
surgical device, a work channel assembly, a snare wire cartridge assembly and a curved
shaft assembly. Additionally or alternatively, the arthroscopic bone channel forming and
suturing system also includes at least one of a bone punch assembly, a quick connection
element, a drill bit assembly and a manual override gear shifter.

Preferably, the work channel assembly includes a hollow elongate tube, a
work channel hub, a rack-defining intermediate element in which the work channel hub
is at least partially seated and a retaining cap element, the hollow elongate tube
extending along a longitudinal axis and having an inclined forward edge and a rearward
end fixedly mounted within a socket formed in the work channel hub. Additionally, the
work channel hub is an integrally formed element including a forward socket-defining
portion having a transverse bore, a main cylindrical portion disposed rearwardly of the
forward socket-defining portion and an axial central bore and a flange disposed at a rear
end.

In accordance with a preferred embodiment of the present invention the
rack-defining intermediate element includes a main cylindrical portion formed with an
axial bore which extends along a longitudinal axis and a linear ratchet gear rack.
Additionally or alternatively, the snare wire cartridge assembly includes a main housing
portion, a secondary housing portion, an elongate hollow shaft, which is mounted onto
the main and secondary housing portions, a compression spring mounted over the

elongate hollow shaft, a tension spring mounted within the main housing portion, a
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snare wire winding drum located within the main housing portion and having circularly
symmetric array of gear teeth, a folded over length of snare wire, which defines a pre-
formed loop and is partially located within the elongate hollow, with the with loop
being located at a forward end of the elongate hollow shaft and partially wound about
the snare wire winding drum and a snare wire tensioning element, cooperating with the
snare wire winding drum.

In accordance with a preferred embodiment of the present invention the
tensioning element includes a disc portion having a central aperture and a spring
engaging protrusion which defines an inclined spring engaging surface and an abutment
engaging surface and a flexible ratchet gear engaging portion, extending radially
outwardly from the disc portion generally in a direction opposite to the spring engaging
protrusion and including a curved linear array of gear teeth that are configured for
ratchet-like engagement with the circularly symmetric array of gear teeth of the snare
wire winding drum. Additionally, pulling of the snare wire, which is wound under
tension on the snare wire winding drum rotates the snare wire winding drum against the
urging of a spring until the snare wire winding drum can no longer rotate due to
engagement of an abutment engaging surface of the spring engaging protrusion with an
abutment of the main housing portion, whereby continued pulling on the snare wire
enables the snare wire to be freely unwound from the snare wire winding drum and
drawn forwardly through the elongate hollow shalft.

Preferably, the curved shaft assembly includes a pair of curved shaft
assembly outer elements, a pair of curved shaft assembly inner elements and a curved
shaft assembly location ring which engages corresponding ends of the pair of curved
shaft assembly inner elements and is retained at a fixed axial location within the
arthroscopic surgical device and provides axial adjustability of the position of the
curved shaft assembly relative to the arthroscopic surgical device.

In accordance with a preferred embodiment of the present invention the
curved bone puncture needle is formed to have a radially inward-facing generally
curved edge surface which extends from a slightly rounded back end surface to a
tapered tip, a rearward radially outward-facing generally curved surface portion which
extends from a generally non-rounded corner at a back end surface to a top protrusion

and therebeyond to a shoulder from which extends a forward radially outward-facing
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generally curved surface portion and a pair of curved side surfaces each including a
tapered tip side surface.

Preferably, the arthroscopic surgical device includes first and second
housing portions, an arthroscopic surgical mechanism enclosed by the first and second
housing portions, a driving direction selector lever and a retaining cone, which is
operative for retaining the first and second housing portions together over and in
engagement with the curved shaft assembly. Additionally, the arthroscopic surgical
mechanism includes the following elements, which are operative for retraction of the
work channel assembly: a ratchet gear defining driving surfaces on each of a
multiplicity of gear teeth, which, in turn, engage a linear ratchet gear track forming part
of the work channel assembly, axle-mounted gear, which is preferably integrally formed
and includes a cylindrical axle onto a first end of which is mounted the ratchet gear, a
rotation urging spring having a coil a pair of spring end arms and a work channel
assembly retaining hook element, which selectably locks and releases the work channel
assembly with respect to the arthroscopic surgical device.

In accordance with a preferred embodiment of the present invention the
driving direction selector lever has rearwardly and forwardly-tilted operative
orientations.

In accordance with a preferred embodiment of the present invention the
arthroscopic surgical mechanism also includes a cartridge assembly retaining element, a
cartridge assembly retaining spring which defines a retaining arm and a manually
actuable driving engine assembly. Additionally, the manually actuable driving engine
assembly includes at least five of the following elements: a main chassis, an auxiliary
chassis, a cartridge pusher, a cartridge pusher connector, a hand-engageable driving
handle, a main driving direction shifting element, a shiftable element, a driving direction
selector lever responsive toggle element,a direction-shifting spring, a rearward driving
gear rack, a forward driving gear rack, a clutch, a main driving gear, a needle driving
ratchet arm, a forward driving gear, a work channel retracting ratchet arm, a pivotable
arm and a shiftable link. Additionally or alternatively, the manually actuable driving
engine assembly includes at least one of the following elements: a driving handle
spring, a main driving direction shifting element spring, a handle pivot axle, a driving

pin and a ratchet arm urging spring.
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In accordance with a preferred embodiment of the present invention
disengagement of the cartridge assembly retaining element produces immediate partial
axial retraction of the snare wire cartridge assembly from the work channel assembly.

Preferably, the coordinated multi-function driving assembly defines a
main driving axis and includes a hand engageable driving handle portion, which is
angled with respect to the main driving axis of between 120 and 140 degrees.
Additionally or alternatively, the coordinated multi-function driving assembly defines a
main driving axis and includes a hand engageable driving handle portion, which is
angled with respect to the main driving axis of 132.5 degrees.

There is also provided in accordance with another preferred embodiment
of the present invention a snare wire cartridge assembly including a main housing
portion, a secondary housing portion, an elongate hollow shaft, which is mounted onto
the main and secondary housing portions, a compression spring mounted over the
elongate hollow shaft, a tension spring mounted within the main housing portion, a
snare wire winding drum located within the main housing portion and having circularly
symmetric array of gear teeth, a folded over length of snare wire, which defines a pre-
formed loop and is partially located within the elongate hollow, with the with loop
being located at a forward end of the elongate hollow shaft and partially wound about
the snare wire winding drum and a snare wire tensioning element, cooperating with the
snare wire winding drum.

Preferably, the tensioning element includes a disc portion having a
central aperture and a spring engaging protrusion which defines an inclined spring
engaging surface and an abutment engaging surface and a flexible ratchet gear engaging
portion, extending radially outwardly from the disc portion generally in a direction
opposite to the spring engaging protrusion and including a curved linear array of gear
teeth that are configured for ratchet-like engagement with the circularly symmetric array
of gear teeth of the snare wire winding drum.

In accordance with a preferred embodiment of the present invention
pulling of the snare wire, which is wound under tension on the snare wire winding drum
rotates the snare wire winding drum against the urging of a spring until the snare wire
winding drum can no longer rotate due to engagement of an abutment engaging surface

of the spring engaging protrusion with an abutment of the main housing portion,
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whereby continued pulling on the snare wire enables the snare wire to be freely
unwound from the snare wire winding drum and drawn forwardly through the elongate
hollow shaft.

There is further provided in accordance with yet another preferred
embodiment of the present invention a curved shaft assembly including a pair of curved
shaft assembly outer elements, a pair of curved shaft assembly inner elements and a
curved shaft assembly location ring which engages corresponding ends of the pair of
curved shaft assembly inner elements and is retained at a fixed axial location within an
arthroscopic surgical device and provides axial adjustability of the position of the
curved shaft assembly relative to the arthroscopic surgical device.

Preferably, the outer elements are formed of metal and the inner elements
are formed of plastic.

There is even further provided in accordance with still another preferred
embodiment of the present invention a curved bone puncture needle including a radially
inward-facing generally curved edge surface which extends from a slightly rounded
back end surface to a tapered tip, a rearward radially outward-facing generally curved
surface portion which extends from a generally non-rounded corner at a back end
surface to a top protrusion and therebeyond to a shoulder from which extends a forward
radially outward-facing generally curved surface portion and a pair of curved side
surfaces each including a tapered tip side surface.

There is still further provided in accordance with yet another preferred
embodiment of the present invention an arthroscopic surgical device including first and
second housing portions, an arthroscopic surgical mechanism enclosed by the first and
second housing portions, a driving direction selector lever and a retaining cone, which is
operative for retaining the first and second housing portions together over and in
engagement with the curved shaft assembly.

Preferably, the arthroscopic surgical mechanism includes the following
elements which are operative for retraction of a work channel assembly a ratchet gear
defining driving surfaces on each of a multiplicity of gear teeth, which, in turn, engage a
linear ratchet gear track forming part of the work channel assembly, axle-mounted gear,
which is preferably integrally formed and includes a cylindrical axle onto a first end of

which is mounted the ratchet gear, a rotation urging spring having a coil a pair of spring
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end arms and a work channel assembly retaining hook element, which selectably locks
and releases the work channel assembly with respect to the arthroscopic surgical device.

In accordance with a preferred embodiment of the present invention the
arthroscopic surgical mechanism also includes a cartridge assembly retaining element, a
cartridge assembly retaining spring which defines a retaining arm; and a manually
actuable driving engine assembly.

There is also provided in accordance with still another preferred
embodiment of the present invention an arthroscopic surgical device including a
housing defining a main driving axis and including a hand engageable driving handle
portion, which is angled with respect to the main driving axis at an angle of between
120 and 140 degrees.

Preferably, the hand engageable driving handle portion is angled with
respect to the main driving axis at an angle of 132.5 degrees.

There 1is further provided in accordance with another preferred
embodiment of the present invention an arthroscopic bone channel forming and suturing
method useful following formation of a first generally straight channel and a second
generally straight channel in a bone, the second generally straight channel not
intersecting the first generally straight channel, the method including inserting a curved
bone puncture needle into the first generally straight channel, manipulating the curved
needle to form a curved junction between the first generally straight channel and the
second generally straight channel, inserting a suture snare wire to a suture snare wire
pick-up location via the second generally straight channel in the bone and causing the
suture snare wire to be pulled from the suture pick up location and through the first
generally straight channel via the junction.

Preferably, the causing step operates in response to repeated manual
actuations. Additionally or alternatively, the arthroscopic bone channel forming and
suturing method also includes withdrawing the curved needle after the curved needle
has begun to be inserted into the first generally straight channel but before the curved

needle begins to pull the suture through the junction.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated from the
following detailed description, taken in conjunction with the drawings in which:

Figs. 1A & 1B are simplified pictorial illustrations of an arthroscopic
surgical assembly constructed and operative in accordance with a preferred embodiment
of the present invention, showing opposite views;

Figs. 2A & 2B are simplified illustrations of a punch assembly forming
part of the arthroscopic surgical assembly of Figs. 1A & 1B;

Figs. 3A & 3B are simplified illustrations of a work channel assembly
forming part of the arthroscopic surgical assembly of Figs. 1A & 1B;

Figs. 3C, 3D, 3E & 3F are respectively a forwardly-facing pictorial
illustration; a rearwardly-facing pictorial illustration, a side view illustration and a
forwardly-facing rear end view illustration of a work channel hub, forming part of the
work channel assembly of Figs. 3A & 3B;

Figs. 3G, 3H, 31 & 3J are respectively a forwardly-facing pictorial
illustration; a rearwardly-facing pictorial illustration, a side view illustration and a
forwardly-facing rear end view illustration of a rack-defining intermediate element,
forming part of the work channel assembly of Figs. 3A & 3B;

Figs. 3K, 3L, 3M, 3N, 30 & 3P are respectively a forwardly-facing
pictorial illustration; a top rearwardly-facing pictorial illustration, a bottom rearwardly-
facing pictorial illustration, a rearwardly-facing front end view illustration, and first and
second interior side view illustrations of a retaining cap element, forming part of the
work channel assembly of Figs. 3A & 3B;

Figs. 4A, 4B, 4C & 4D are simplified illustrations of a quick connection
element forming part of the arthroscopic surgical assembly of Figs. 1A & 1B;

Figs. 5A & 5B are simplified illustrations of a drill bit assembly forming
part of the arthroscopic surgical assembly of Figs. 1A & 1B;

Figs. 6A, 6B, 6C & 6D are simplified respective rearward-facing and

forward-facing pictorial illustrations and rearward-facing and forward-facing exploded
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view illustrations of a snare wire cartridge assembly forming part of the arthroscopic
surgical assembly of Figs. 1A & 1B;

Figs. 6E, 6F, 6G & 6H are simplified respective interior plan view, first
and second interior pictorial view and rearward facing end view illustrations of a main
housing portion of the snare wire cartridge assembly;

Figs. 61, 6], 6K & 6L are simplified respective interior plan view, first
and second interior pictorial view and rearward facing end view illustrations of a
secondary housing portion of the snare wire cartridge assembly;

Figs. 6M, 6N, 60 & 6P are simplified respective plan view, first and
second pictorial view and edge view illustrations of a snare wire winding drum forming
part of the snare wire cartridge assembly;

Figs. 6Q & 6R are simplified first and second interior pictorial view
illustrations of a tensioning element cooperating with the snare wire winding drum;

Fig. 6S is a simplified side view illustration of the snare wire cartridge
assembly;

Figs. 7A, 7B, 7C, 7D, 7E, 7F, 7G, TH, 71, 7], 7K, 7L, 7M, 7N, 70 & 7P
are simplified illustrations of a curved shaft assembly forming part of the arthroscopic
surgical assembly of Figs. 1A & 1B;

Figs. 8A, 8B, 8C, 8D, 8E, 8F, 8G, 8H, 81, 8J, 8K, 8L, 8M, 8N, 8O, 8P,
8Q. 8R, 8S, 8T, 8U, 8V, 8W, 8X, 8Y, 8Z, 8AA, 8AB, 8AC, 8AD, 8AE, 8AF, 8AG,
8AH, 8AI, 8AJ, 8AK, 8AL, 8AM, 8AN, 8AO, 8AP, 8AQ, 8AR, 8AS, 8AT, 8AU, 8AV,
8AW, 8AX, 8AY, 8AZ, 8BA, 8BB, 8BC, 8BD, 8BE, 8§BF, 8BG, 8BH, 8BI, §BJ, §BK,
8BL, 8BM, 8BN, 8§BO, 8BP, 8BQ, 8BR, 8BS, 8BT, & 8BU are simplified illustrations
of the arthroscopic surgical device forming part of the arthroscopic surgical assembly of
Figs. 1A & 1B;

Figs. 9A, 9B & 9C are simplified respective top view, side view and
bottom view illustrations of a manual override element useful in the operation of the
arthroscopic surgical assembly of Figs. 1A & 1B;

Figs. 9D, 9E & 9F are simplified illustrations of respective applications
of manual override in the operation of the arthroscopic surgical assembly of Figs. 1A &

1B;
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Figs. 10A, 10B, 10C, 10D, 10E, 10F, 10G, 10H, 10I, 10J, 10K, 10L,
10M, 10N, 100, 10P, 10Q, 10R, 108, 10T, 10U, 10V, 10W, 10Y, 10Z, 10AA, 10AB,
10AC, 10AD, 10AE, 10AF, 10AG, 10AH, 10AI, 10AJ, 10AK, 10AL, 10AM & 10AN
are simplified illustrations of details of the operation of the arthroscopic surgical
assembly of Figs. 1A — 9F; and

Figs. 11A, 11B, 11C, 11D, 11E, 11F, 11G, 11H, 111, 11J, 11K, 11L,
11M, 11N, 110, 11P, 11Q, 11R, 11S & 11T are simplified illustrations of operation of

the arthroscopic surgical device of Figs. 1A — 10AN in a clinical context.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

It is appreciated that the terms ‘tunnel’ and ‘channel’ are used
interchangeably in the description of the present invention and refer to a hollow bore,
such as a cylindrically circular hollow bore, formed in a bone. It is also appreciated that
the terms ‘tunneling’ and ‘channeling’ are used interchangeably in the description of the
present invention and refer to a method of forming a hollow bore, such as a cylindrically
circular hollow bore, in a bone.

It is further appreciated that the term “suture” as used throughout the
description of the present invention refers to any suitable suture and also refers to a
transfer wire which is used to pull a suture through the bone and that use of the term
“snare wire” as used throughout the description of the present invention refers to either
a transfer wire or a suture. Typically, a snare wire is used with the system and method of
the present invention and is formed of Nitinol. Typically, a snare wire used with the
system and method of the present invention is folded over to form a loop at one end
thereof.

Reference is now made to Figs. 1A & 1B, which are simplified pictorial
illustrations of an arthroscopic surgical assembly, constructed and operative in
accordance with a preferred embodiment of the present invention, showing opposite
views, and to various additional drawings which are specifically referenced
hereinbelow.

As seen in Figs. 1A & 1B, the arthroscopic surgical assembly of Figs. 1A
& 1B includes a bone punch assembly 100, shown in Figs. 2A & 2B; a work channel
assembly 110, shown in Figs. 3A & 3B; a quick connect element 120, shown in Figs.
4A, 4B, 4C & 4D; a drill bit assembly 130, shown in Figs. SA & 5B; a snare wire
cartridge assembly 140, shown in Figs. 6A & 6B; a curved shaft assembly 150, shown
in Figs. 7A & 7B; an arthroscopic surgical device 160, shown in Figs. 8A & 8B and
manual override elements 170, shown in Figs. 9A, 9B, 9C, 9D, 9E & 9F and comprising
a manual override gear shifter 171 and a 2.5 mm hexagonal wrench 172.

Referring now additionally to Figs. 2A & 2B, there is seen bone punch
assembly 100, which preferably includes a handle portion 202, which is typically

formed of plastic and is preferably 130mm long, an intermediate portion 204, which is
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typically formed of steel and is preferably 85mm long, and a forward portion 206, also
typically formed of steel and preferably 20mm long, having a pointed tip 208. A
circumferential marking 210 is preferably formed on forward portion 206 to indicate a
desired extent of bone penetration to a surgeon using the punch. In the illustrated
embodiment, indicia "8" indicates that the circumferential marking is 8 mm from the
point of pointed tip 208. A generally convex impact surface 212 is preferably formed on
a rearward end of punch 100, for impact thereon by a surgical hammer.

Reference is now made to Figs. 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H, 31, 3J,
3K, 3L, 3M, 3N, 30 & 3P which are simplified illustrations of work channel assembly
110 forming part of the arthroscopic surgical assembly of Figs. 1A & 1B. As seen in
Figs. 3A — 3P, the work channel assembly 110 preferably includes a hollow elongate
tube 220, typically formed of stainless steel and preferably having an outer diameter of
3.2 mm and an inner diameter of 2.7 mm and a total length of approximately 231 mm
extending along a longitudinal axis 222. Preferably a front edge 224 of elongate tube
220 is inclined with respect to axis 222 by 100 degrees.

A rearward end 226 of elongate tube 220 is fixedly mounted within a
socket 228 formed in a work channel hub 230. Work channel hub 230 is shown in Figs.
3C, 3D, 3E & 3F, which are respectively a forwardly-facing pictorial illustration; a
rearwardly-facing pictorial illustration, a side view illustration and a forwardly-facing
rear end view illustration of work channel hub, forming part of the work channel
assembly of Figs. 3A & 3B.

As seen in Figs. 3C - 3F, work channel hub 230 is a generally circularly
cylindrical integrally formed element having a forward socket-defining portion 232,
having a transverse bore 233. Rearwardly of forward socket-defining portion 232 is a
main cylindrical portion 234 having a forward annular surface 235 and preferably
having formed at a forward end thereof a plurality, preferably four, azimuthally-
distributed cut outs 236. Main cylindrical portion 234 is preferably formed with an axial
central bore 238 having a flower-like cross-sectional configuration and preferably
having a hexagonal chamfered intermediate entry portion 240 and a circularly
chamfered rearward entry portion 242 adjacent a rear end 244 of hub 230. A flange 245
is provided at rear end 244 of hub 230 and defines a forward facing circumferential

flange surface 246.
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Main cylindrical portion 234 is preferably formed adjacent rear end 244
thereof with a partially circumferential slot 247 which removably accepts a retaining
clip element 248 (Fig. 3B). Slot 247 communicates with axial central bore 238 such that
clip element 248, when inserted, traverses axial central bore 238 at two azimuthal
locations therein.

Work channel hub 230 is partially seated within a rack-defining
intermediate element 260. Rack-defining intermediate element 260 is illustrated in Figs.
3G, 3H, 31 & 3J, which are respectively a forwardly-facing pictorial illustration; a
rearwardly-facing pictorial illustration, a side view illustration and a forwardly-facing
rear end view illustration of a rack-defining intermediate element 260, forming part of
the work channel assembly 110 of Figs. 3A & 3B.

As seen in Figs. 3G — 3J, rack-defining intermediate element 260
includes a main cylindrical portion 262 having a rear surface 264 having four
azimuthally distributed radially extending protrusions 266, each having a chamfered
forwardly facing surface 268. Extending radially outward in opposite directions from
main cylindrical portion 262 are a pair of wing-like protrusions 270 each having an
upper surface 272 and a lower surface 274 joined by a forward-facing surface 276.

Main cylindrical portion 262 is formed with an axial bore 280, which
extends along an axis 282 and has a somewhat narrowed forward bore aperture 284,
having a chamfered rearward facing edge 286. At a forward end 290 of main cylindrical
portion 262 there is provided a transverse angled flat portion 292, rearwardly of which
is formed a transverse undercut 294 having a rearward facing surface 296 and a
transverse surface 298 which joins surface 296 generally at a right angle.

Extending forwardly of forward end 290 of main cylindrical portion 262
is a shaft 300 of generally rectangular cross section and which is formed with a row of
ratchet teeth 302 defining a linear ratchet gear rack 304.

Reference is now made to Figs. 3K, 3L, 3M, 3N, 30 & 3P, which are
respectively a forwardly-facing pictorial illustration; a top rearwardly-facing pictorial
illustration, a bottom rearwardly-facing pictorial illustration, a rearwardly-facing front
end view illustration and first and second interior side view illustrations of a retaining

cap element 320, forming part of the work channel assembly of Figs. 3A & 3B.
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As seen in Figs. 3K - 3P, retaining cap element 320 is a generally
cylindrical element having a generally flat top surface 322, a curved combined bottom
and lower side surface 324 and generally flat side surfaces 326. An undercut hooked
engagement finger 328, having a rearward-facing retaining surface 329, is provided on
top surface 322. A rear surface 330 is formed with a plurality of apertures 332 which are
configured to lockably receive protrusions 266 of rack-defining intermediate element
260.

Reference is now made to Figs. 4A — 4D, which are, respectively, a
simplified forwardly-facing pictorial illustration, a rearwardly-facing pictorial
illustration, a side view illustration and a forwardly-facing rear end view illustration, of
a quick connect element 120, typically formed of plastic and preferably 56 mm long,
forming part of the arthroscopic surgical assembly of Figs. 1A & 1B, respectively,.

As seen in Figs. 4A — 4D, the quick connect element 120 comprises a
forward generally circularly cylindrical portion 340, preferably 35 mm long, and a
rearward hexagonally cylindrical extension 342, preferably 21 mm long with a 6 mm
diameter, having six elongate flat surfaces 343. To the rear of the circularly cylindrical
section 340 is a tapered section 344, which tapers down to a rearwardly-facing flat
surface 346. Extending from the rearwardly-facing flat surface 346 are a plurality of
tapered hexagonal portions 348 which join flat surfaces 343 of hexagonal extension 342.

At the rear of the hexagonal extension 342 is a hexagonally-shaped
rearward-facing flat surface 350 which is joined to elongate flat surfaces 343 by tapered
surfaces 352.

The interior of cylindrical portion 340 is preferably formed with an axial
central bore 354 having a flower-like cross-sectional configuration and preferably
having a hexagonal chamfered intermediate entry portion 356 adjacent a rear end 358 of
quick connect element 120. This bore serves as a socket for engaging the shaft portion
420 of drill bit assembly 130, as shown in Figs. 5A & 5B and described hereinbelow.

Reference is now made to Figs. SA & 5B, which are simplified
illustrations of drill bit assembly 130, forming part of the arthroscopic surgical assembly
of Figs. 1A & 1B. As seen in Figs. 5SA & 5B, the drill bit assembly 130 includes an
elongate shaft portion 400, typically formed of steel and preferably having a total length

of approximately 289 mm, having a sharpened helical drill tip 402 formed at a forward
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end thereof, typically 12 mm long. Preferably, overmolded over a rearward portion 404
of shaft portion 400 is an engagement portion 406, preferably formed of plastic and 32.1
mm long.

Engagement portion 406 preferably includes a flat rear-facing annular
surface 408. Forward of flat rear-facing annular surface 408 is a tapered ribbed grasping
portion 410. Forward of tapered ribbed grasping portion 410 is a preferably elongate
work channel driving shaft portion 412 having a hexagonal outer cross-section, which is
configured for driving engagement with axial central bore 238 of work channel hub 230.
A shallow circumferential recess 414 is formed in work channel driving shaft portion
412 for receiving clip element 248 (Fig. 3B), which retains work channel driving shaft
portion 412 in axial central bore 238 of work channel hub 230 against relative
longitudinal displacement therebetween. Elongate work channel driving shaft portion
412 terminates forwardly in a tapered forward face 416, which engages circularly
chamfered rearward entry portion 242 of hexagonal chamfered intermediate entry
portion 240 adjacent rear end 244 of hub 230.

Rearwardly of flat rear-facing annular surface 408 is a shaft portion 420,
having a hexagonal outer cross section and a chamfered end face 422. Shaft portion 420
engages bore 354 of quick connect element 120 for being driven thereby.

Reference is now made to Figs. 6A, 6B, 6C & 6D, which are simplified
respective rearward-facing and forward-facing pictorial illustrations and rearward-
facing and forward-facing exploded view illustrations of snare wire cartridge assembly
140, forming part of the arthroscopic surgical assembly of Figs. 1A & 1B; to Figs. 6E,
6F, 6G & 6H, which are simplified respective interior plan view, first and second
interior pictorial view and rearward facing end view illustrations of a main housing
portion of the snare wire cartridge assembly; to Figs. 61, 6], 6K & 6L, which are
simplified respective interior plan view, first and second interior pictorial view and
rearward facing end view illustrations of a secondary housing portion of the snare wire
cartridge assembly; to Figs. 6M, 6N, 60 & 6P, which are simplified respective plan
view, first and second pictorial view and edge view illustrations of a snare wire winding
drum forming part of the snare wire cartridge assembly; to Figs. 6Q & 6R, which are

simplified first and second interior pictorial view illustrations of a tensioning element
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cooperating with the snare wire winding drum; and to Fig. 6S, which is a simplified
sectional illustration, taken along lines S - S in Fig. 6B.

Turning now to Figs. 6A, 6B, 6C & 6D, which are simplified respective
rearward-facing and forward-facing pictorial illustrations and rearward-facing and
forward-facing exploded view illustrations of snare wire cartridge assembly 140, which
preferably has a total length of 313.5 mm, it is seen that the snare wire cartridge
assembly 140 preferably comprises a main housing portion 450 and a secondary
housing portion 452 and an elongate hollow shaft 454, having an aperture 455 and
preferably formed of stainless steel and extending 255.8 mm outside main and
secondary housing portions 450 and 452, which is mounted onto the main and
secondary housing portions 450 and 452.

Main housing portion 450 is described in detail hereinbelow with
reference to Figs. 6E, 6F, 6G & 6H and secondary housing portion 452 is described in
detail hereinbelow with reference to Figs. 61, 6J, 6K & 61.

A compression spring 456 is mounted over shaft 454 adjacent a rearward
end thereof and a tension spring 458 is mounted within main housing portion 450 as
described hereinbelow.

A folded over length 460 of snare wire 461 which also defines a pre-
formed loop 462, is partially located within hollow shaft 454, with loop 462 mounted at
a forward end 464 of elongate hollow shaft 454 thereof and partially wound about a
snare wire winding drum 466 located within main housing portion 450 and retained
thereon by means of a resilient retaining element 468 having a wire traversing aperture
469. Drum 466 is described hereinbelow in detail with reference to Figs. 6M - 6P.
Desired tensioning of the snare wire 461 is provided by a tensioning element 470,
cooperating with the snare wire winding drum 466. Tensioning element 470 is described
hereinbelow in detail with reference to Figs. 6Q & 6R.

Reference is now made additionally to Figs. 6E, 6F, 6G & 6H, which
illustrate main housing portion 450. As seen in Figs. 6A - 6D and 6E - 6G, the main
housing portion 450 comprises a generally rectangular outer surface 480 having a finger
engagement detent 482, a curved rearward-facing edge 484, respective top and bottom

edges 486 and 488 and a forward-facing edge 490.
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The interior of main housing portion 450 is delimited by a
circumferential wall surface 492 which includes a rearward wall surface 504
corresponding to curved rearward-facing edge 484, respective top and bottom wall
surfaces 506 and 508 corresponding to respective top and bottom edges 486 and 488
and a forward wall surface 510 corresponding to forward-facing edge 490.

A generally circular rearward interior wall 520 is located adjacent
rearward wall surface 504 and a generally circular forward interior wall 522 is located
adjacent forward wall surface 510. Inner and outer generally circular mutually nested
walls 524 and 526 defining respective openings 534 and 536 surround a central boss
538. Mutually aligned angled slits 540 and 542 are formed in respective walls 524 and
526. Opening 536 in wall 526 defines abutments 544 and 546.

Extending forwardly of forward-facing edge 490 is a shaft mounting
socket defining hollow protrusion 550 having a bore 554 for receiving a rearward end of
shaft 454 and a widened forward-facing recess 556 defining a rearward spring seat for
compression spring 456. Located rearwardly and below protrusion 550 is a wall 560.

Also extending forwardly of forward-facing edge 490 at an opening 570
formed in generally circular forward interior wall 522 is cartridge assembly retaining
shaft portion 572. Shaft 572 has a top-facing notch 574 having an inclined forward
facing surface 575 and an inclined rearward facing surface 576. Notch 574 is formed
adjacent a rounded forward end 577 thereof and a bottom-facing tooth 578, defining a
retaining surface 579, formed rearwardly of notch 574 on a bottom-facing surface of
shaft 572.

Reference is now made additionally to Figs. 61, 6J, 6K & 6L, which
illustrate secondary housing portion 452. As seen in Figs. 6A - 6D and 6I - 6L, the
secondary housing portion 452 comprises a generally rectangular outer surface 580
having a finger engagement detent 582, a curved rearward-facing edge 584, respective
top and bottom edges 586 and 588 and a forward-facing edge 590.

The interior of secondary housing portion 452 is delimited by a
circumferential wall surface 592 which includes a rearward wall surface 604
corresponding to curved rearward-facing edge 584, respective top and bottom wall
surfaces 606 and 608 corresponding to respective top and bottom edges 586 and 588

and a forward wall surface 610 corresponding to forward-facing edge 590.
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Three radially extending protrusions 618 join a generally circular interior
wall 620 to a central boss 628.

Extending forwardly of forward-facing edge 590 is a shaft mounting
socket defining hollow protrusion 650 having a bore 654 for receiving a rearward end of
shaft 454 and a widened forward-facing recess 656 defining a rearward spring seat for
compression spring 456, having spring retaining protrusions 658. Located rearwardly
and below protrusion 650 is a wall 660.

Also extending forwardly and rearwardly of forward-facing edge 590
through an opening 670 formed in generally circular interior wall 620 is a cartridge
assembly retaining shaft portion 672. Shaft portion 672 has a doubly tapered front end
674 defining adjacent inclined surfaces 676 and 678. Surface 676 is preferably coplanar
with surface 575 of shaft 572, which has a top-facing notch 574. As seen particularly in
Figs. 6B and 6L, shaft portion 672 is preferably formed with a dimple-like protrusion
680 for manual engagement thereof. It is appreciated that shaft portion 672 is
cantilevered relative to secondary housing portion 452, such that when dimple-like
protrusion 680 is pressed by a user, shaft portion 672 is brought closer to cartridge
assembly retaining shaft portion 572, thus releasing the cartridge assembly 140 from
snap-fit engagement with arthroscopic surgical device 160.

Reference is now additionally made to Figs. 6M, 6N, 60 & 6P, which
are simplified respective plan view, first and second pictorial view and edge view
illustrations of snare wire winding drum 466, forming part of the snare wire cartridge
assembly.

As seen in Figs. 6M - 6P, the snare wire winding drum 466 is a generally
circularly symmetric element, which is preferably injection-molded of plastic and has a
circumferential outer edge portion 700 defined by two mutually inclined edge portions
702 and 704, which are mutually inclined so as to define a ring of minimum radius
therebetween. A transverse slot 706 has an opening 707 at an edge of edge portion 704
and extends thereacross and partially into edge portion 702.

Circumferential outer edge portion 700 is integrally formed with a
generally planar base portion 710, having an annular ring portion 712 and a pair of cross

pieces 714 which are joined at a central region 716. A hollow axle 718 extends
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perpendicularly to generally planar base portion 710 along an axis 720. Hollow axle 718
includes a short portion 722 and a longer portion 724, coaxial therewith.

It is appreciated that axis 720 is an axis of symmetry and rotation of
snare wire winding drum 466. It is also seen that an edge region 726 of inclined edge
portion 702 extends beyond generally planar base portion 710.

Disposed interiorly of outer edge portion 700 and extending in a
circularly symmetric arrangement about longer portion 724 of axle 718 is an inner ring
portion 730 having an inner facing circular surface 732. A circularly symmetric portion
of inner facing circular surface 732 adjacent generally planar base portion 710 is formed
with a circularly symmetric array 734 of gear teeth. Extending generally radially
outwardly from a radially outwardly facing surface of inner ring portion 730 and joining
a radially inwardly facing surface of outer edge portion 700 is a rib 736.

Reference is now made additionally to Figs. 6Q & 6R, which are
simplified first and second interior pictorial view illustrations of tensioning element 470
cooperating with the snare wire winding drum 466. Tensioning element 470 preferably
comprises a disc portion 750 having a central aperture 752 and a spring engaging
protrusion 754 which extends radially outwardly from and to one side of disc portion
750. Spring engaging protrusion 754 defines an inclined spring engaging surface 756
and an abutment engaging surface 757.

Extending radially outwardly from disc portion 750 generally in a
direction opposite to spring engaging protrusion 754 is a flexible ratchet gear engaging
portion 758 which extends radially outwardly and then circumferentially from a recess
759 formed in disc portion 750. Flexible ratchet gear engaging portion 758 includes at a
top circumferentially outward portion thereof a curved linear array 760 of gear teeth that
are configured for ratchet-like engagement with circularly symmetric array 734 of gear
teeth of snare wire winding drum 466.

Reference is now made additionally to Fig. 6S which is a simplified side
view illustration of the snare wire cartridge assembly 140. As seen in Fig. 6S, an end
portion 770 of snare wire 461 is inserted through aperture 469 in pad 468, which in turn
is located between a radially outer-facing surface of an inner ring portion 730 and a

radially inner facing surface of circumferential outer edge portion 700 adjacent rib 736.
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Snare wire 461 extends from end portion 770 through slot 706 and is
wound about an outer surface of circumferential outer edge portion 700 of snare wire
winding drum 466 and extends through elongate hollow shaft 454.

It is seen that curved linear array 760 of gear teeth of flexible ratchet gear
engaging portion 758 engages curved linear array 734 of gear teeth on snare wire
winding drum 466 such that counterclockwise rotation of tensioning element 470
produces corresponding counterclockwise rotation of snare wire winding drum 466 in
the sense of Fig. 6S. Thus it is appreciated that the engagement of spring 458 with
abutment engaging surface 757 of spring engaging protrusion 754 urges both tensioning
element 470 and snare wire winding drum 466 into counterclockwise rotation in the
sense of Fig. 6S, thereby tensioning the snare wire 461.

As will be described hereinbelow, pulling of the snare wire 461 which is
wound under tension on snare wire winding drum 466 rotates the drum 466 in a
clockwise direction in the sense of Fig. 6S, against the urging of spring 458. This
clockwise rotation continues until the drum can no longer rotate clockwise due to the
engagement of abutment engaging surface 757 of spring engaging protrusion 754 with
abutment 546 of main housing portion 450. At this stage, continued pulling on the snare
wire 461 causes the wire to disengage from resilient retaining element 468 and can then
be freely unwound from drum 466 and drawn forwardly through elongate hollow shaft
454.

Reference is now made to  Figs. 7A, 7B, 7C, 7D, 7E, 7F, 7G, TH, 71,
7], 7K, 7L, 7M, 7N, 70 & 7P, which are simplified illustrations of curved shaft
assembly 150 forming part of the arthroscopic surgical assembly of Figs. 1A & 1B.

Figs. 7A & 7B are simplified respective rearward-facing and forward-
facing pictorial illustrations of the curved shaft assembly 150 and Figs. 7C & 7D are
respective rearward-facing and forward-facing exploded view illustrations of the curved
shaft assembly 150. As seen in Figs. 7A - 7D, the curved shaft assembly 150 preferably
comprises a pair of curved shaft assembly outer elements 800, which are preferably
mirror images of each other, are formed of metal and are joined by alignment pins 801
and preferably also by laser welding. Disposed interiorly of outer structural elements

800 are a pair of curved shaft assembly inner elements 802, which are preferably mirror
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images of each other, and are formed of plastic. Alignment pins 801 extend through
corresponding aligned apertures 803 formed in elements 800 and 802.

An internally threaded curved shaft assembly location ring 804
threadably engages corresponding threaded ends 806 of inner elements 802 and is
retained at a fixed axial location within a housing of arthroscopic surgical device 160. It
is appreciated that the threaded engagement between ring 804 and inner elements 802
provides axial adjustability of the position of the curved shaft assembly 150 relative to
the remainder of arthroscopic surgical device 160 during manufacture.

A pair of bendable pusher strips 810 and 812 extends through inner
elements 802 and are preferably formed with push rod engagement apertures 814 and
816 for driven engagement with a top protrusion 818 of an elongate push rod 820, as
seen particularly in enlargement C in Fig. 7P. Pusher strips 810 and 812 are also formed
with bone puncture needle engagement apertures 824 and 826 for driving engagement
with a top protrusion 830 of a bone puncture needle 840, as seen particularly in
enlargement B in Fig. 7P.

Reference is now also made to Figs. 7E, 7F & 7G, which illustrate bone
puncture needle 840, which is preferably formed of stainless steel. It is seen that bone
puncture needle 840 is a generally curved needle with a generally rectangular cross
section. Bone puncture needle 840 is preferably formed with a radially inward-facing
generally curved edge surface 842 which extends from a slightly rounded back end
surface 844 to a tapered tip 866 at which it has a somewhat flattened surface 868, as
seen particularly in enlargement A in Fig. 7P. Bone puncture needle 840 is formed with
a rearward radially outward-facing generally curved surface portion 869 which extends
from a generally non-rounded corner 870 at back end surface 844 to a top protrusion
830 (Figs. 7C & 7D) and therebeyond to a shoulder 872 from which extends a forward
radially outward-facing generally curved surface portion 874, as seen particularly in
enlargement B in Fig. 7P. Top protrusion 830 engages push rod engagement apertures
824 and 826 of respective bendable pusher strips 810 & 812 for being driven by
respective bendable push strips 810 and 812.

Forward radially outward-facing generally curved surface portion 874

extends to a forwardly and radially inwardly inclined notch 876, which defines a hook,
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and therebeyond to a forward, generally planar tapered top tip surface 878, as seen
particularly in enlargement A in Fig. 7P.

Bone puncture needle 840 includes a pair of curved side surfaces 890,
which are mirror images of each other and preferably comprise a marking 892, which
can readily be seen by an operator using a suitably positioned camera. Curved side
surfaces 890 each include a tapered tip side surface 894.

Reference is now made to Figs. 7H & 71, which illustrate elongate push
rod 820. Elongate push rod 820 is preferably formed of stainless steel and includes a
cylindrical rear portion 900 having a first radius, an intermediate rear portion 902
having a second radius smaller than the first radius and a main portion 904 having an
overall radius equal to the first radius and having flattened side surfaces 906 on opposite
sides thereof, as seen particularly in enlargements C & D in Fig. 7P. At a forward end
908 of elongate push rod 820 is formed top protrusion 818 (Fig. 7C & 7D), which
drivingly engages push rod engagement apertures 814 and 816 of respective bendable
pusher strips 810 & 812, as seen particularly in enlargement C in Fig. 7P.

Reference is now made to Figs 7] & 7K, which illustrate one of curved
shaft assembly outer elements 800. As seen in Figs. 7] & 7K, each of curved shaft
assembly outer elements 800 includes an elongate main portion 910 having top and
bottom curved elongate portions 912 and 914 respectively and a flat elongate portion
916 extending therebetween. A pair of apertures 918 are formed on flat elongate portion
adjacent a rearward end 919 thereof, as seen particularly in enlargement D in Fig. 7P.

Forwardly of main portion 910 is disposed a hook portion 920 having a
curved outer surface 922 having a generally convex cross section and a curved inner
surface 924 having a generally concave cross section, both of which terminate at a
forward edge 926.

Reference is now made to Figs 7L & 7M, which illustrate one of curved
shaft assembly inner elements 802. As seen in Figs. 7L & 7M, each of curved shaft
assembly inner elements 802 includes an elongate main portion 930 having top and
bottom curved elongate portions 932 and 934 respectively and a flat elongate portion
936 extending therebetween. A pair of alignment protrusions 938 are formed on flat

elongate portion adjacent a rearward end thereof and are arranged to extend through
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corresponding apertures 918 on corresponding curved shaft assembly outer elements
800.

Forwardly of main portion 930 is disposed a hook portion 940 having a
curved outer surface 942 having a generally convex cross section and an inner surface
944, both of which terminate at a forward edge 946. Rearwardly of main portion 930 is
an end portion 950 having a threaded semicylindrical outer surface 952, which together
with a similar surface on the other curved shaft assembly inner element 802 defines
threaded end 806 (Figs. 7C & 7D), as seen particularly in enlargement D in Fig. 7P.

As seen in Fig. 7L, a semicylindrical surface 960 extends from end
portion 950 through main portion 930 to an inclined forward opening 962 and, together
with a similar surface on the other curved shaft assembly inner element 802, defines a
bore which receives work channel assembly 110 (Figs. 3A - 4D) having a forward
opening 964.

Disposed above semicylindrical surface 960 1is a generally
semicylindrical surface 970 having an elongate recess 972. Semicylindrical surface 970
extends forwardly to a shoulder 974 and elongate recess 972 extends forwardly
therebeyond entirely through main portion 930 and hook portion 940 to forward edge
946. Elongate recess 972 accommodates bendable pusher strips 810 and 812.

Inner surface 944 of hook portion 940 preferably defines three bearing
surfaces, respectively designated 976, 978 and 980 for slidable engagement relative
thereto of respective surfaces 874, 890 and 842 of bone puncture needle 840. Inner
surface 944 of hook portion 940 also defines a receiving recess 982 for preformed loop
462, which recess has a flared opening 984 at forward edge 946.

Reference is now made additionally to Figs. 7N & 70, which illustrate
curved shaft assembly location ring 804. Curved shaft assembly location ring 804
preferably is a generally cylindrical ring having a threaded inner bore 990, which is
selectably threadably axially positionable over threaded semi-cylindrical outer surfaces
952 of curved shaft assembly inner elements 802, as seen particularly in enlargement D
in Fig. 7P. Ring 804 defines an outwardly-facing cylindrical surface 992 and a flange
994 having an outwardly-facing cylindrical flange surface 996 and a forwardly-facing

annular flange surface 998.
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Reference is now made Figs. 8A, 8B, 8C, 8D, 8E, 8F, 8G, 8H, 81, 8J, 8K,
8L, 8M., 8N, 80, 8P, 8Q, 8R, 8S, 8T, 8U, 8V, 8W, 8X, 8Y, 8Z, 8AA, 8AB, 8AC, 8AD,
8AE, 8AF, 8AG, 8AH, 8AI, 8AJ, 8AK, SAL, 8AM, 8AN, 8AO, 8AP, 8AQ, 8AR, 8AS,
8AT, 8AU, 8AV, 8AW, 8AX, 8AY, 8AZ, 8BA, 8BB, 8BC, 8BD, 8BE, 8BF, 8BG,
8BH, 8BI, 8BJ, 8BK, 8BL, 8BM, 8BN, 8BO, 8BP, 8BQ, 8BR, 8BS, 8BT, & 8§BU,
which are simplified illustrations of arthroscopic surgical device 160, forming part of
the arthroscopic surgical assembly of Figs. 1A & 1B.

Figs. 8A & 8B are respectively a rearward-facing exploded view
illustration and a forward-facing partially exploded view illustration of arthroscopic
surgical device 160. As seen in Figs. 8A & 8B, arthroscopic surgical device 160
includes first and second housing portions 1002 and 1004, which enclose an
arthroscopic surgical mechanism 1006, which is shown including work channel
assembly 110 (Figs. 3A - 3N) and the curved shaft assembly 150 (Figs. 7A - 7P) and a
spring 1007 associated with work channel assembly 110. Also seen in Figs. 8A & 8B
are a stopper pin 1008, a driving direction selector lever 1010 and a retaining cone 1011,
which is operative for retaining first and second housing portions 1002 and 1004
together over and in engagement with the curved shaft assembly 150.

Fig. 8C shows a partially exploded view of arthroscopic surgical
mechanism 1006 in which elements 1012, 1014, 1016 and 1018, which are operative for
retraction of the work channel assembly 110, are shown separately. As seen particularly
in Fig. 8D, element 1012 is a ratchet gear having a non-circular aperture 1022 and
defining driving surfaces 1024 on each of a multiplicity of gear teeth 1026, which, in
turn, engage linear ratchet gear track 304 (Figs. 3H - 3J).

Element 1014 is shown in Figs. 8E & 8F and is an axle-mounted gear,
which is preferably integrally formed and includes a cylindrical axle 1030 having a
ratchet gear portion 1032 located intermediate therealong and defining driving surfaces
1034 on each of a multiplicity of gear teeth 1036 thereof. At a first end 1038 of
cylindrical axle 1030 a recess 1040, preferably having an hexagonal cross-section and a
pair of oppositely facing flat side surface portions 1042 are provided. Ratchet gear 1012
is preferably mounted onto the first end 1038 of cylindrical axle 1030.
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Element 1016, shown in Fig. 8G, is a rotation urging spring having a coil
1044 arranged about an axis 1045 and a pair of spring end arms 1046 and 1048 which
extend radially with respect to axis 1045.

Element 1018 is seen in Figs. 8H & 8I from opposite directions and is a
work channel assembly retaining hook element, which selectably locks and releases
work channel assembly 110 with respect to arthroscopic surgical device 160. Work
channel assembly retaining hook element 1016 is preferably integrally formed of plastic
and includes a cylindrical axle portion 1050 from a side of which extends an arm 1052
having an undercut hook 1054 at an extreme end thereof. Hook 1054 includes an
inclined outer surface 1056 and an inclined inner surface 1058. A transverse bore 1060
extends through hook 1054 under surface 1056 and receives spring end arm 1046.

Arm 1052 includes a curved cam surface 1062 which is separated from
hook 1054 by an intermediate arm portion 1064.

It is appreciated that hook 1054 is urged by spring 1016 into engagement
with transverse undercut 294 of main cylindrical portion 234 of the work channel
assembly 110, thereby locking the work channel assembly 110 with respect to
arthroscopic surgical device 160.

Reference is now made additionally to Fig. 8J, which shows an
additional partially exploded view of arthroscopic surgical mechanism 1006 in which a
cartridge assembly retaining element 1070, a cartridge assembly retaining spring 1072
which defines a retaining arm 1073 and a manually actuable driving engine assembly
1074 are isolated. Cartridge assembly retaining element 1070 is illustrated in Figs. 8K,
8L & 8M and is preferably an integrally formed element made of plastic. Cartridge
retaining element 1070 preferably includes an axle 1080, extending along an axis 1081
and having a cartridge retaining arm 1082 extending from a side thereof. Arm 1082
defines an end surface 1083 and a side surface 1084.

Extending to a side of axle 1080 generally in a direction opposite to that
of arm 1082 is a manually engageable rotator surface defining portion 1085, which
defines a splined thumb engagement surface 1086 comprising forward-most convex
surface 1087 and, rearward of convex surface 1087, a notch 1088 for engagement
therewith by a lever (not shown) for providing rotation of cartridge retaining element

1070 about axis 1081, when manual engagement with surface 1086 is not sufficient.
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Also extending from a side of axle 1080 adjacent portion 1085 is a
cartridge release cam portion 1090, which defines a cam surface 1092.

Reference is now made to Figs. 8N & 80, and Figs. 8P & 8Q, which are
respectively pairs of assembled and exploded view illustrations of manually actuable
driving engine assembly 1074, each pair being taken from an opposite direction.

As seen in Figs. 8N - 8Q, the manually actuable driving engine assembly
1074 includes a main chassis 1100, which is described in detail hereinbelow with
reference to Figs. 8R - 8U, an auxiliary chassis 1110, which is described in detail
hereinbelow with reference to Figs. 8V - 8Y, a cartridge pusher 1120, which is
described in detail hereinbelow with reference to Figs. 8Z - 8AB; a cartridge pusher
connector 1130, which is described in detail hereinbelow with reference to Fig. 8AC; a
hand-engageable driving handle 1140, which is described in detail hereinbelow with
reference to Figs. 8AD - 8AG; a main driving direction shifting element 1150, which is
described in detail hereinbelow with reference to Figs. 8AH - 8AK; a shiftable element
1160, which is described in detail hereinbelow with reference to Figs. 8AL - 8AQO; a
driving direction selector lever responsive toggle element 1170, which is described in
detail hereinbelow with reference to Figs. 8AP - 8AR; a direction-shifting spring 1180,
which is described in detail hereinbelow with reference to Fig. 8AS; a rearward driving
gear rack 1190, which is described in detail hereinbelow with reference to Figs. 8AT &
8AU, a forward driving gear rack 1191, which is described in detail hereinbelow with
reference to Figs. 8AV & 8AW; a clutch 1192, which is described in detail hereinbelow
with reference to Figs. 8AX & 8AY; a rearward driving gear 1193, which is described
in detail hereinbelow with reference to Fig. 8AZ; a main driving gear 1194, which is
described in detail hereinbelow with reference to Fig. 8BA; a needle driving ratchet arm
1195, which is described in detail hereinbelow with reference to Figs. 8BB & 8BC; a
forward driving gear 1196, which is described in detail hereinbelow with reference to
Fig. 8BD; a work channel retracting ratchet arm 1197, which is described in detail
hereinbelow with reference to Figs. 8BE & 8BF; a pivotable arm 1198, which is
described in detail hereinbelow with reference to Figs. 8BG & 8BH and a shiftable link
1199, which is described in detail hereinbelow with reference to Figs. 8BI & 8BJ.

Manually actuable driving engine assembly 1074 also includes a driving

handle spring 1201 having ends 1202 and 1203; main driving direction shifting element
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spring 1204, a handle pivot axle 1206, a driving pin 1208; first and second washers
1210 and 1212; and a ratchet arm urging spring 1222.

Reference is now made to Figs. 8R - 8U, which show main chassis 1100.
As seen in Figs. 8R - 8U, main chassis 1100 is a generally rectangular element having a
top portion 1250, a bottom portion 1252, a forward side portion 1254, a rearward side
portion 1256, a forwardly-directed protrusion 1258, extending from forward side
portion 1254 and having an edge surface 1259 and a rearwardly extending protrusion
1260, extending rearwardly from top portion 1250.

Disposed below top portion 1250 between forward side portion 1254 and
rearward side portion 1256 is a socket 1262 which accommodates rearward driving gear
rack 1190.

Disposed above bottom portion 1252 between forward side portion 1254
and rearward side portion 1256 is a socket 1270 which accommodates forward driving
gear rack 1191.

As seen in Fig. 8R, disposed along one side of bottom portion 1252 is an
elongate protrusion 1272, having an elongate top surface 1274 and an elongate edge
surface 1276. Opposite rearward side portion 1256 on rear side of main chassis 1100, as
seen in balloon of Fig. 8R, is an aperture 1277, a recessed surface 1278 and a
semicircular elongate protrusion 1279 which together work to engage cartridge pusher
connector 1130. The transverse portion 1398 of the cartridge pusher connector 1130 is
seated in aperture 1277, the curved intermediate portion 1397 of cartridge pusher
connector 1130 resides against the recessed surface 1278 and is further supported by the
semicircular elongate protrusion 1279. As seen in Fig. 8S, disposed along an opposite
side of bottom portion 1252 is an elongate protrusion 1282, having an elongate top
surface 1284 and an elongate edge surface 1286.

As seen in Fig. 8T, disposed along one side of top portion 1250 is an
elongate protrusion 1292, having an elongate top surface 1294 and an elongate edge
surface 1296. As seen in Fig. 8R, disposed along an opposite side of top portion 1250 is
an elongate protrusion 1302, having an elongate top surface 1304 and an elongate edge
surface 1306. Extending rearwardly from forward side portion 1254 is a elongate push
rod retaining socket 1310 which engages portion 902 of push rod 820. Rearwardly of
socket 1310 is a recess 1312, which accommodates portion 900 of push rod 820.
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Extending rearwardly and transversely from rearward side portion 1256
is a cam protrusion 1320, which defines a curved forwardly and downwardly directed
cam surface 1322. Rearwardly extending protrusion 1260 includes a curved rearwardly
and downwardly extending cam surface 1328 and also defines an upwardly and
transversely extending portion 1330 having an upwardly facing indicator surface 1332.

Reference is now made to Figs. 8V - 8Y, which illustrate auxiliary
chassis 1110. Auxiliary chassis 1110 includes a top, generally planar surface 1350
which extends forwardly in the sense of Fig. 8P to an inclined planar surface 1352.
Underlying planar surface 1350 and extending transversely is a generally cylindrical
socket 1354, which rotatably accommodates cylindrical axle 1030 of axle mounted gear
element 1014. Rearwardly of socket 1354, auxiliary chassis 1110 defines generally
cylindrical axial socket 1356, whose outer surfaces 1358 and 1360 together define a
spring seat for spring 1007 (Figs. 8A - 8C). Auxiliary chassis 1110 also defines a
mounting socket 1370, which is defined by surfaces 1372, 1374 and 1376.

Reference is now made to Figs. 8Z - 8AB, which illustrate cartridge
pusher 1120. Cartridge pusher 1120 preferably includes a generally cylindrical portion
1380 having an elongate bore 1382, which accommodates an end of cartridge pusher
connector 1130. Rearwardly of cylindrical portion 1380 is an intermediate arm portion
1384 which extends to a transversely extending rearward portion 1386, having a
rearward-facing surface 1388 and having a first end portion 1390 and a second end
portion 1392 having an inclined planar surface 1394.

Reference is now made to Fig. 8AC, which illustrates cartridge pusher
connector 1130 and includes an axial portion 1396, which is seated in elongate bore
1382 of cartridge pusher 1120, a curved intermediate portion 1397 and a transverse
portion 1398, which is seated in aperture 1277 formed in main chassis portion 1100.

Reference is now made to Figs. 8AD - 8AG, which illustrate hand
engageable driving handle 1140. Hand engageable driving handle 1140 is preferably
molded from plastic as one piece and includes a grip portion 1400 and a rest portion
1402. Hand engageable driving handle 1140 preferably includes a pair of generally
parallel upstanding portions 1404 and 1406, each of which is formed with a forward
aperture 1408 and a rearward aperture 1410. Forward apertures 1408 of upstanding

portions 1404 and 1406 are mutually aligned in a transverse direction and accommodate
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driving pin 1208. Rearward apertures 1410 of upstanding portions 1404 and 1406 are
mutually aligned in a transverse direction and accommodate handle pivot axle 1206.

Upstanding portions 1404 and 1406 each define a stop engaging surface
1411.

As seen particularly in Fig. 8AF, the pair of generally parallel upstanding
portions 1404 and 1406 together define upper and lower spring retaining slots 1412 and
1414.

Reference is now made to Figs. 8AH - 8AK, which illustrate main
driving direction shifting element 1150. As seen in Figs. 8AH - 8AK, main driving
direction shifting element 1150 includes at a forward portion thereof a first arm 1416
defining an open socket 1418 and a second arm 1420, spaced from the first arm 1416
and defining a closed socket 1422. Open socket 1418 and closed socket 1422 together
slidably accommodate main driving direction shifting element 1150.

Open socket 1418 is defined, inter alia, by a semi- cylindrical surface
1424 and respective top and bottom forward tapered surface 1426 and 1428. First arm
1416 also is defined by an inward facing angled bottom edge surface 1430, an inward
facing angled top edge surface 1432, an arch-shaped inward facing surface 1434.
Respective top and bottom forward protrusions 1436 and 1438 extend forwardly of
respective edge surfaces 1430 and 1432. Closed socket 1422 is defined, inter alia, by a
semi- cylindrical surface 1444 and respective top and bottom rearward tapered surface
1446 and 1448. Second arm 1420 also is defined by an inward facing angled bottom
edge surface 1450, an inward facing angled top edge surface 1452, and respective outer
and inner arch-shaped inward facing surfaces 1454 and 1456.

Extending rearwardly of first and second arms 1416 and 1420 is a central
portion including side walls 1460 and 1462 and transverse walls 1464, 1466 and 1468.
Side wall 1462 is formed with a spring end engagement aperture 1470 for
accommodating spring 1204. Rearwardly of the central portion is an end portion that
includes a transverse semi-cylindrical downwardly-facing transverse socket 1472 which
pivotably accommodates driving direction selector lever responsive toggle element
1170.

Rearwardly of socket 1472 there is provided an end portion 1474 which
defines an upwardly directed table 1476 having a forward edge surface 1478.
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Reference is now made to Figs. 8AL - 8AO, which illustrate shiftable
element 1160, which is slidably retained by the respective open and closed sockets 1416
and 1420 of main driving direction shifting element 1150. Shiftable element 1160 is
preferably injection molded of plastic and includes a central portion 1500 and identical
first and second side portions 1502 and 1504, having respective axles 1506 and 1508,
which respectively engage open socket 1416 and closed socket 1420.

First and second side portions 1502 and 1504 define respective generally
convex cam engagement surfaces 1512 and 1514 and each define respective
downwardly-facing planar surfaces 1516 and 1518. Central portion 1500 preferably
defines a nearly circumferential spring engagement surface 1520 and a nearly
circumferential edge surface 1522 for engagement with direction-shifting spring 1180.
Surfaces 1520 and 1522 cooperate with corresponding facing edge surfaces 1524 and
1526 of first and second side portions to define a spring seat 1530 for direction-shifting
spring 1180.

Reference is now made to Figs. 8AP - 8AR, which illustrate driving
direction selector lever responsive toggle element 1170. Driving direction selector lever
responsive toggle element 1170 is preferably a unitary element, injection molded of
plastic and includes a main axial portion 1550 and a transverse portion 1552, including
a pair of side directed arms 1554 and 1556 and a pair of elongate portions 1558 and
1560 extending therebetween.

Main axial portion 1550 preferably includes a pair of axial end
protrusions 1562 and 1564, preferably having a hexagonal cross section. Elongate
portion 1560 preferably includes a pair of planar cam surfaces 1568 and 1570 and 1is
engaged with semi-cylindrical downwardly-facing transverse socket 1472 of main
driving direction shifting element 1150.

Reference is now made to Fig. 8AS, which illustrates direction shifting
spring 1180. As seen in Fig. 8AS, the direction shifting spring 1180 includes a central,
generally planar, loop portion 1580, which is bent by approximately 90 degrees to
define a first generally planar intermediate portion 1582 and further bent by
approximately 90 degrees to define a second generally planar intermediate portion 1584.
Portions 1580, 1582 and 1584 preferably engage spring seat 1530 of shiftable element
1160.
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A pair of closed loop rings 1586 and 1588 define respective ends of
spring arms 1590 and 1592, which are, in turn extensions of respective ends of second
generally planar intermediate portion 1584.

Reference is now made to Figs. 8AT & 8AU, which illustrate forward
driving gear rack 1191. It is seen that forward driving gear rack 1191 includes a
multiplicity of linearly arranged gear teeth 1594, each having a rearwardly facing
engagement surface 1596.

Reference is now made to Figs. 8AV & 8AW, which illustrate rearward
driving gear rack 1190. It is seen that rearward driving gear rack 1190 includes a
multiplicity of linearly arranged gear teeth 1597, each having a forwardly facing
engagement surface 1598.

Reference is now made to Figs. 8AX & 8AY, which illustrate clutch
1192. As seen in Figs. 8AX & 8AY, clutch 1192 includes an elongate axle 1600 having
a first generally circularly cylindrical end portion 1602 having a hexagonal recess 1604
formed therein and having a first diameter. First end portion 1602 defines a shoulder
1606 with a second circularly cylindrical portion 1608 having a second diameter, greater
than the first diameter.

Second portion 1608 terminates in a first annular surface 1610 of a gear
disk portion 1612, which is also formed with a second annular surface 1614. First
annular surface 1610 is formed with a circular array of gear teeth 1616, each having a
tooth engagement surface 1618 arranged on a counterclockwise-facing edge thereof, in
the sense of Fig. 8AX. Second annular surface 1614 is formed with a circular array of
gear teeth 1620, each having a tooth engagement surface 1622 arranged on a
counterclockwise-facing edge thereof, in the sense of Fig. 8AX and on a clockwise-
facing edge thereof, in the sense of Fig. 8AY.

Extending beyond second annular surface 1614 is a third circularly
cylindrical portion 1628 having a third diameter, equal to the second diameter and
therebeyond, in the sense of Fig. 8AX is a outer-facing linearly splined portion 1630,
followed by a fourth circularly cylindrical portion 1632, having a diameter identical to
that of first circularly cylindrical portion 1602.

Reference is now made to Fig. 8AZ, which illustrates a rearward driving

gear 1193. As seen in Fig. 8AZ, rearward driving gear 1193 includes a disk-like portion
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1650 from one planar surface of which extends a circular array 1652 of complex gear
teeth 1654. It is seen that each tooth 1654 is provided with a pair of convex, oppositely-
facing driving surfaces 1656. In addition, each tooth is provided with a planar,
clockwise-facing, in the sense of Fig. 8AZ, driven surface 1658. It is also seen that
rearward driving gear 1193 is provided with a central bore 1660, which accommodates
third circularly cylindrical portion 1628 of clutch 1192.

Reference is now made to Fig. 8BA, which illustrates main driving gear
1194. As seen in Fig. 8BA, main driving gear 1194 is of generally disk-like
configuration and is formed with a central splined bore 1670, which accommodates
outer-facing linearly splined portion 1630 for driving of clutch 1192. Main driving gear
includes a circular array 1672 of gear teeth 1674, each having clockwise-facing
generally planar driven surface 1676.

Reference is now made to Figs. 8BB & 8BC which illustrate needle-
driving ratchet arm 1195. As seen in Figs. 8BB & 8BC, needle-driving ratchet arm
includes a pivot portion 1680 including a pivot axle accommodating aperture 1682 for
pivotably receiving driving pin 1208, Ratchet arm 1195 includes a generally straight
intermediate portion 1684 from which extends a curved gear engagement portion 1686
having on an inner curved surface thereof a curved elongate array 1688 of gear teeth
1690, each having a generally planar driving surface 1692.

Reference is now made to Fig. 8BD, which illustrates a forward driving
gear 1196. As seen in Fig. 8BD, forward driving gear 1196 includes a disk-like portion
1693 from one planar surface of which extends a circular array 1694 of complex gear
teeth 1695. It is seen that each tooth 1695 is provided with a pair of convex, oppositely-
facing driving surfaces 1696. In addition, each tooth is provided with a planar,
counterclockwise-facing, in the sense of Fig. 8BD driven surface 1698. It is also seen
that forward driving gear 1196 is provided with a central bore 1699, which
accommodates second circularly cylindrical portion 1608 of clutch 1192.

Reference is now made to Figs. 8BE & 8BF which illustrate work
channel retracting ratchet arm 1197. As seen in Figs. 8BE and 8BC, work channel
retracting ratchet arm 1197 includes a pivot portion 1700 including a pivot axle
accommodating aperture 1702 for pivotably receiving driving pin 1208, Ratchet arm

1197 includes a generally straight intermediate portion 1704 from which extends a
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curved gear engagement portion 1706 having on an outer curved surface thereof a
curved elongate array 1708 of gear teeth 1710, each having a generally planar driving
surface 1712.

Reference is now made to Figs. 8BG & 8BH which illustrate pivotable
arm 1198. As seen in Figs. 8BG & 8BH, pivotable arm 1198 includes a pivot portion
1720 including a pivot axle accommodating aperture 1722 for pivotably receiving work
channel assembly retaining hook element 1018. Pivotable arm 1198 includes an
intermediate portion 1723, having a protrusion 1724 defining a concave surface 1725
and a convex surface 1726, which engages intermediate arm portion 1064 of work
channel assembly retaining hook element 1018. An elongate portion 1727 extends
outwardly from intermediate portion 1723 and has a top surface 1728, a bottom surface
1729 and an end surface 1730.

Reference is now made to Figs. 8BI & 8BJ, which illustrate shiftable link
1199. As seen in Figs. 8BI & 8BJ, shiftable link 1199 includes a first arm portion 1750
including a forward and top facing curved elongate portion 1752 and a generally planar
forward facing elongate portion 1754. Extending perpendicularly to first arm portion
1750 is a first elongate portion 1756, which extends to a second elongate portion 1758,
which is upwardly offset with respect to first elongate portion 1756. A second arm
portion 1760 extends from and generally perpendicularly to second elongate portion
1758 and defines a rearwardly facing generally planar surface 1762.

Reference is now made to Figs. 8BK & 8BL, which illustrate driving
direction selector lever 1010. As seen in Figs. 8BK & 8BL, driving direction selector
lever 1010 includes upper and lower finger contact surfaces 1770 and 1772 respectively,
an inner surface 1773 and a pivot portion 1774 having a hexagonal recess 1776 for
receiving one of axial end protrusions 1562 and 1564.

Reference is now made to Fig. 8BM, which illustrates stopper pin 1008.
Stopper pin 1008 is a generally cylindrical element having a main portion 1778, a
threaded end 1780 and a hexagonal socket 1782 at an end 1784 opposite to threaded end
1780.

Reference is now made to Figs. 8BN & 8BO, which illustrate a generally
hollow retaining cone 1011. Retaining cone 1011 preferably has an outer generally

truncated conical shaped surface 1790. At a narrow end 1792 thereof, retaining cone

35



WO 2017/051404 PCT/IL2015/050978

1011 defines an inclined annular surface 1794. Interior of inclined annular surface is
formed a generally flat surface 1796 having a rounded rectangular aperture 1798 formed
therein.

At a wide end 1800 thereof, retaining cone 1011 defines a flat surface
1802 including a circular aperture 1804 having an interior circumferential aperture wall
1806 including three, generally evenly azimuthally distributed recesses 1808, which
extend interiorly of flat surface 1802 to a circumferential interior recessed wall 1810.

Reference is now made to Figs. 8BP, 8BQ & 8BR, which are
respectively simplified pictorial illustrations of inside and outside surfaces of first
housing portion 1002 and a plan view illustration of the inside housing surface of the
first housing portion.

As seen in Figs. 8BP - 8BR, it is seen that the first housing portion 1002
defines a main driving axis 1900 and a hand engageable driving handle portion 1902,
having an axis 1904 which is preferably angled with respect to main driving axis 1900
by 132.5 degrees. At a forward end of first housing portion 1002 there is defined a cone
engagement surface 1906, which preferably engages wide end 1800 of retaining cone
1011. Forwardly of cone engagement surface 1906 is a semi-cylindrical cone
engageable portion 1908 having a circumferential recess 1910 adjacent cone
engagement surface 1906. Forward of circumferential recess 1910 is a circumferential
protrusion 1912 and forward of circumferential protrusion 1912 is another
circumferential recess 1914. Recesses 1910 and 1912 and protrusion 1914 are arranged
for snap-fit engagement with circumferential aperture wall 1806 of retaining cone 1011.

An outer surface of first housing portion 1002 defines a recess 1920 for
receiving driving direction selector lever 1010 and including an aperture 1922. As seen
particularly in Figs. 8BP and 8BR, the first housing portion 1002 is formed with a pair
of curved apertures 1924 and a pair of round apertures 1926, all of which surround a
central aperture 1928.

An aperture 1930 and an aperture 1932 are also formed in the first
housing portion, as are a first top edge cut out 1934 and a second top edge cut out 1936,
which includes a pair of protrusions 1938 and 1940.

Turning now particularly to Figs. 8BQ & 8BR, it is seen that an inner

surface of first housing portion 1002 includes a forward generally concave surface 1950,
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which accommodates curved shaft assembly 150. Concave surface 1950 defines a pair
of recesses 1952, which accommodate pins 938 of curved shaft assembly 150. A recess
1954 is defined rearwardly of surface 1950 and accommodates curved shaft assembly
location ring 804. A rear wall of recess 1954 defines a concave surface 1956, which also
accommodates curved shaft assembly location ring 804.

A pair of elongate mutually spaced facing surfaces 1960 and 1962 on
respective protrusions 1964 and 1966 together define a slidable pathway for respective
surfaces 1274 and 1276 of elongate protrusion 1272 of bottom portion 1252 of main
chassis 1100.

A pair of elongate mutually spaced facing surfaces 1980 and 1982
together define a slidable pathway for respective surfaces 1304 and 1306 of elongate
protrusion 1302 of top portion 1250 of main chassis 1100.

A boss 1984 defines a socket 1986, which slidably receives second side
axle 1508 of main driving direction shifting element 1150.

A partially cylindrical protrusion 1990 defines an inner cylindrical
surface 1992 and a partially annular surface 1993 and has an inclined cut 1994 formed
therein. Aligned diagonally with inclined cut 1994 is a pathway 1996, having mutually
spaced walls 1997 and 1998, which extends through respective protrusions 1964 and
1966 Disposed inwardly of and coaxially with partially cylindrical protrusion 1990 and
surrounding aperture 1928 is a protruding socket 1999, which accommodates first end
portion 1602 of clutch 1192. Inner cylindrical surface 1992 of cylindrical protrusion
1990 accommodates closed loop ring 1586 as well as second washer 1212. Pathway
1996 accommodates end 1590 of central generally planar loop portion 1580 of direction
shifting spring 1180. Surface 1993 is rotatably engaged by forward driving gear 1196.

A boss 2000 defines a socket 2002, which defines a spring seat for main
driving direction shifting element spring 1204.

A stop defining protrusion 2010 is provided for providing a travel
limiting stop for rearward motion of hand engageable driving handle 1140 and engaging
stop engaging surfaces 1411 thereof.

A hook shaped protrusion 2012 defines an edge surface 2014 and an
inner surface 2016 which define a slidable travel path for work channel retracting

ratchet arm 1197 and driving pin 1208.
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A boss 2020 defines a socket 2022, which rotatably receives handle pivot
axle 1206. A boss 2024 defines a socket 2026, which rotatably receives cylindrical axle
portion 1050 of work channel assembly retaining hook element 1018.

A boss 2030 defines a socket 2032, which, in turn, defines a spring seat
for engaging end 1202 of driving handle spring 1201.

A boss 2034 defines a socket 2036, which, in turn, defines a spring seat
for engaging lower spring end arm 1048 of rotation urging spring element 1016.

A concave surface 2040 is defined at a rearward end of first housing
portion 1002 and slidably receives retaining cap element 320 of the work channel 110.
Generally centrally located within concave surface 2040 is an elongate recess 2041.
Recess 2041 engages wing-like protrusion 270 of rack defining intermediate element
260. Inwardly of concave surface 2040 is a narrower concave surface 2042, which
slidably receives rack defining intermediate element 260 of the work channel 110.

A protrusion 2044 is provided for engagement with mounting socket
opening 1370 of auxiliary chassis 1110.

A boss 2050 defines a socket 2052, which surrounds aperture 1930 and
rotatably receives cylindrical axle 1030 of axle mounted gear element 1014.

Rearward of boss 2050 are a pair of mutually spaced mutually facing
planar surfaces 2060 and 2062 of respective protrusions 2064 and 2066 which slidably
receive first end portion 1390 of cartridge pusher 1120. Protrusion 2066 also defines a
chamfered edge surface 2067 which engages undercut hooked engagement finger 328 of
retaining cap element 320. Protrusion 2064 also defines an inclined edge surface 2068.
Boss 2070 is defined near rearward upper corner of first housing portion 1002, as seen
in Fig. 8BR, and comprises socket 2072 which accepts axle 1080 of cartridge retaining
element 1070. Adjacent and rearward of boss 2070 is defined boss 2080 which has a
smaller diameter than boss 2070 and comprises socket 2082, which accepts retaining
arm 1073 of cartridge assembly retaining spring 1072. Recessed relative to top surface
of first housing portion 1002 is an elongated flat back surface 2084. Rearward of and
perpendicular to back surface 2084 is stop portion 2086. Stop portion 2086 comprises a
forward-facing flat side 2087 and a rearward-facing flat side 2088 with a concave recess
2089. Concave recess acts a stop for forward-most convex surface 1087 of splined

thumb engagement surface 1086. Protrusion 2066 further defines a stop 2090. Stop
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2090 acts as a stop for cartridge retaining arm 1082 of cartridge assembly retaining
element 1070.

Reference is now made to Figs. 8BS, 8BT & 8BU, which are
respectively simplified pictorial illustrations of inside and outside surfaces of second
housing portion 1002 and a plan view illustration of the inside housing surface of the
second housing portion.

As seen in Figs. 8BS - 8BU, it is seen that the second housing portion
1002 defines a main driving axis 2100 and a hand engageable driving handle portion
2102, having an axis 2104 which is preferably angled with respect to main driving axis
2100 by 132.5 degrees. At a forward end of second housing portion 1002 there is
defined a cone engagement surface 2106, which preferably engages wide end 1800 of
retaining cone 1011. Forwardly of cone engagement surface 2106 is a semi-cylindrical
cone engageable portion 2108 having a circumferential recess 2110 adjacent cone
engagement surface 2106. Forward of circumferential recess 2110 is a circumferential
protrusion 2112 and forward of circumferential protrusion 2112 is another
circumferential recess 2114. Recesses 2110 and 2112 and protrusion 2114 are arranged
for snap-fit engagement with circumferential aperture wall 1806 of retaining cone 1011.

An outer surface of second housing portion 1002 defines a recess 2120
for receiving driving direction selector lever 1010 and including an aperture 2122. As
seen particularly in Figs. 8BS and 8BU, the second housing portion 1002 is formed with
a central aperture 2128.

A boss 2131 comprising a socket 2132 is also formed in the second
housing portion, as are a first top edge cut out 2134 and a second top edge cut out 2136,
which includes a pair of protrusions 2138 and 2140.

Turning now particularly to Figs. 8BT & 8BU, it is seen that an inner
surface of second housing portion 1002 includes a forward generally concave surface
2150, which accommodates curved shaft assembly 150. Concave surface 2150 defines a
pair of recesses 2152, which accommodate pins 938 of curved shaft assembly 150. A
recess 2154 is defined rearwardly of surface 2150 and accommodates curved shaft
assembly location ring 804. A rear wall of recess 2154 defines a concave surface 2156,

which also accommodates curved shaft assembly location ring 804.
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A pair of elongate mutually spaced facing surfaces 2160 and 2162 on
respective protrusions 2164 and 2166 together define a slidable pathway for respective
surfaces 1274 and 1276 of elongate protrusion 1272 of bottom portion 1252 of main
chassis 1100. Protrusion 2167 is situated above, in the sense of Fig. 8BU, and parallel to
protrusion 2164. Another pair of elongate mutually spaced facing surfaces, 2168 and
2169, on respective protrusions 2164 and 2167 together define a slidable pathway for
edge surface 1259 of forwardly-directed protrusion 1258 of main chassis 1100.

A pair of elongate mutually spaced facing surfaces 2180 and 2182
together define a slidable pathway for respective surfaces 1304 and 1306 of elongate
protrusion 1302 of top portion 1250 of main chassis 1100.

A boss 2184 defines a socket 2186, which slidably receives first side axle
1506 of main driving direction shifting element 1150.

A partially cylindrical protrusion 2190 defines an inner cylindrical
surface 2192 and a partially annular surface 2193 and has an inclined cut 2194 formed
therein. Aligned diagonally with inclined cut 2194 is a pathway 2196, having mutually
spaced walls 2197 and 2198, which extends through respective protrusions 2164 and
2166 Disposed inwardly of and coaxially with partially cylindrical protrusion 2190 and
surrounding aperture 2128 is a protruding socket 2199, which accommodates first end
portion 1602 of clutch 1192. Inner cylindrical surface 2192 of cylindrical protrusion
2190 accommodates closed loop ring 1586 as well as second washer 1212. Pathway
2196 accommodates end 1590 of central generally planar loop portion 1580 of direction
shifting spring 1180. Surface 2193 is rotatably engaged by forward driving gear 1196.

A boss 2200 defines a socket 2202, which defines a spring seat for main
driving direction shifting element spring 1204.

A stop defining protrusion 2210 is provided for providing a travel
limiting stop for rearward motion of hand engageable driving handle 1140 and engaging
stop engaging surfaces 1411 thereof.

A hook shaped protrusion 2212 defines an edge surface 2214 and an
inner surface 2216 which define a slidable travel path for work channel retracting

ratchet arm 1197 and driving pin 1208.
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A boss 2220 defines a socket 2222, which rotatably receives handle pivot
axle 1206. A boss 2224 defines a socket 2226, which rotatably receives cylindrical axle
portion 1050 of work channel assembly retaining hook element 1018.

A boss 2230 defines a socket 2232, which, in turn, defines a spring seat
for engaging end 1202 of driving handle spring 1201.

A boss 2234 defines a socket 2236, which, in turn, defines a spring seat
for engaging lower spring end arm 1048 of rotation urging spring element 1016.

A concave surface 2240 is defined at a rearward end of second housing
portion 1002 and slidably receives retaining cap element 320 of the work channel 110.
Inwardly of concave surface 2240 is a narrower concave surface 2242, which slidably
receives rack defining intermediate element 260 of the work channel 110.

A protrusion 2244 is provided for engagement with mounting socket
opening 1370 of auxiliary chassis 1110.

A boss 2250 defines a socket 2252, which surrounds aperture 2130 and
rotatably receives cylindrical axle 1030 of axle mounted gear element 1014.

Rearward of boss 2250 are a pair of mutually spaced mutually facing
planar surfaces 2260 and 2262 of respective protrusions 2264 and 2266 which slidably
receive first end portion 1390 of cartridge pusher 1120. Protrusion 2266 also defines a
chamfered edge surface 2267 which engages undercut hooked engagement finger 328 of
retaining cap element 320. Protrusion 2264 also defines an inclined edge surface 2268.
Boss 2270 is defined near rearward upper corner of second housing portion 1004, as
seen in Fig. 8BU, and comprises socket 2272 which accepts axle 1080 of cartridge
retaining element 1070.

Cam surfaces 2280 comprise an upper cam surface 2282, a cam surface
ramp 2284 and a lower cam surface 2286. Cam surfaces 2280 engage inclined planar
surface 1394 of cartridge pusher 1120.

Reference is now made to Figs. 9A, 9B & 9C, which are simplified
respective top view, side view and bottom view illustrations of a manual override
element useful in the operation of the arthroscopic surgical assembly of Figs. 1A & 1B.
It is seen that manual override gear shifter 171 has two elongate protrusions 2352 on the
inner surface 2353 thereof, each protrusion having a gear engagement surface 2354.

Also located on the inner surface 2353 of manual override gear shifter 171 are two snap-
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fit arms 2356 which comprise angled engaging surfaces 2358 and locking engagement
surfaces 2360. On the outer surface 2361 of the manual override gear shifter 171 are
two thumb engagement surfaces 2362 and a central aperture 2364. Manual override gear
shifter 171 is used specifically in the first of the three manual override applications, as
described below in reference to Fig. 6D.

Reference is now made to Figs. 9D, 9E & 9F, which are simplified
illustrations of respective applications of manual override in the operation of the
arthroscopic surgical assembly of Figs. 1A & 1B.

Reference is now made particularly to Fig. 9D, which is a simplified
illustration of a first manual override orientation. In cases where the user wishes to
effect a manual override of the device once bone puncture needle 840 has been partially
or fully extended, the manual override gear shifter 171 is attached to the outside of first
housing 1002 by inserting two snap-fit arms 2356 into the pair of curved apertures 1924
until they become engaged. At the same time, the two elongate protrusions 2352 are
inserted into the pair of round apertures 1926 also on the outside of first housing portion
1002, as seen for example in Fig. 8BP. When manual override gear shifter 171 is thus
engaged on the first housing portion 1002, the gear engagement surfaces 2354 of the
two elongate protrusions 2352 press against closed loop ring 1586 of direction shifting
spring 1180 which in turn urges second washer 1212 pushing clutch 1192 to rearward
position.

As seen in Fig. 9D, the manual override gear shifter 171 has been
engaged on the first housing portion 1002 of the arthroscopic surgical device 160. Once
manual override gear shifter 171 is thus engaged on the first housing portion 1002, a 2.5
mm hexagonal wrench 172 can be inserted into central aperture 1928 (as shown) thus
causing it to enter into hexagonal recess 1604 of clutch 1192, within the arthroscopic
surgical device 160. Once hexagonal wrench 172 has been thus inserted, clutch 1192
can be rotated by turning the hexagonal wrench 172 counterclockwise. This causes the
bone puncture needle 840 to be withdrawn into the curved shaft assembly 150.

Reference is now made particularly to Fig. 9E, which is a simplified
illustration of a second manual override orientation. As seen in Fig. 9E, the work
channel assembly 110 is engaged within the arthroscopic surgical device 160. In this

orientation, a 2.5 mm hexagonal wrench 172 has been inserted through aperture 1930 of
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first housing portion 1002. Hexagonal wrench 172 extends into recess 1040 of the axle
mounted gear element 1014, within the arthroscopic surgical device 160. Hexagonal
wrench 172 can now be rotated clockwise to cause the work channel assembly 110 to be
withdrawn from the arthroscopic surgical device 160.

Reference is now made particularly to Fig. 9F, which is a simplified
illustration of a third manual override orientation. As seen in Fig. 9F, the bone puncture
needle 840 extends through curved shaft assembly 150. It is understood that bone
puncture needle 840 may be either partially or fully extended. In this orientation, a 2.5
mm hexagonal wrench 172 has been inserted through aperture 1932 of first housing
portion 1002. Hexagonal wrench 172 extends into hexagonal socket 1782 of stopper pin
1008, within the arthroscopic surgical device 160. Hexagonal wrench 172 can now be
rotated counterclockwise to cause the stopper pin 1008 to be unscrewed and released
from within the arthroscopic surgical device 160. Removal of the stopper pin 1008
allows the main chassis 1100 to move forward and in turn causes the bone puncture
needle 840 to be released from within the curved shaft assembly 150.

Reference is now made to Figs. 10A — 10AN, which are simplified
illustrations of details of the operation of the arthroscopic surgical assembly of Figs. 1A
- 9C. Fig. 10A is a simplified top view illustration of the arthroscopic surgical device
160, showing the location of various section lines referenced in Figs. 10B - 10AN.

Reference is now made to Figs. 10B - 10E, which include enlargements
taken along respective section lines B - B, C- C, D - D and E - E in Fig. 10A and which
illustrate a first operative orientation of the arthroscopic surgical device 160, which is
set for forward motion, as indicated by a raised rotated orientation of driving direction
selector lever 1010.

As seen in Figs. 10B - 10E, bone puncture needle 840 is in a fully
retracted operative orientation at a forward end of curved shaft assembly 150 responsive
to the fact that main chassis 1100 is in a rearwardmost operative orientation, as
indicated by the position of upwardly-facing indicator surface 1332. The retracted
orientation of bone puncture needle 840 results from retraction of bendable pusher strips
810 and 812, which are in turn retracted by retraction of elongate push rod 820, which is

fixedly connected to main chassis 1100.
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As seen in Figs. 10B & 10C, driving direction selector lever responsive
toggle element 1170 is seen to be in a forwardly-tilted operative orientation responsive
to the orientation of driving direction selector lever 1010. Work channel assembly 110
is seen to be in a retracted operative orientation. As seen particularly in Fig. 10B, work
channel assembly retaining hook element 1018 is in the downward oriented position. As
also seen in Fig. 10B, pivotable arm 1198 is in the upward oriented position. As a result
of work channel assembly retaining hook element 1018 being in the downward position,
work channel assembly 110 is unengageable by the arthroscopic surgical device 160.

Reference is now made to Figs. 10C & 10D. As particularly seen in Fig.
10C, needle driving ratchet arm 1195 is operatively engaged with the gear teeth 1674 of
main driving gear 1194 under the urging of ratchet arm urging spring 1222 (Fig. 8BA).
As further shown in Fig. 10C & 10D, downwardly extending cam surface 1328 of
transversely extending portion 1330 of main chassis 1100 faces cam surface 1092 on
cartridge release cam portion 1090 of the cartridge assembly retaining element 1070,
thus limiting cartridge assembly retaining element 1070 upward counterclockwise
rotation with respect to arthroscopic surgical device 160. The limitation provided by
downwardly extending cam surface 1328 of transversely extending portion 1330 of
main chassis 1100 prevents snare wire cartridge assembly from being engaged by
cartridge assembly retaining element 1070. Fig. 10D illustrates the engagement of
forward driving gear 1196 with forward driving gear rack 1191, which is mounted in
main chassis 1100.

As seen particularly in Fig. 10E, the operative orientation of driving
direction selector lever responsive toggle element 1170 causes clutch 1192 to engage
forward driving gear 1196.

Reference is now made to Fig. 10F, taken along section lines B - B in
Fig. 10A, which shows a second operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C. It is seen that drill bit assembly 130 is partially inserted into
work channel assembly 110. Clip element 248 of work channel assembly 110 engages
shallow circumferential recess 414 of drill bit assembly 130. It is seen that sharpened
helical drill tip 402 of elongate shaft portion 400 of drill bit assembly 130 does not
protrude from opening 964 of curved shaft assembly 150.
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Reference is now made to Figs. 10G, taken along section lines B - B in
Fig. 10A, 10H, taken along section lines C - C in Fig. 10A, 10I, taken along section
lines D - D in Fig. 10A, and 10J, taken along section lines J - J in Fig. 10A, which show
a third operative orientation of the arthroscopic surgical assembly of Figs. 1A - 9C. In
this operative orientation, hand engageable driving handle 1140 is rotated rearwardly
about handle pivot axis 1206. This causes main chassis 1100 to move forwardly,
thereby forwardly displacing elongate push rod 820, and thereby forwardly displacing
bendable pusher strips 810 and 812, causing bone puncture needle 840 to emerge from
forward end 926 of hook portion 920, as seen by the position of upwardly facing
indicator surface 1332.

As seen particularly in Fig. 10H, rearward rotation of hand engageable
driving handle 1140 causes needle driving ratchet arm 1195, which is pivotably
mounted thereon by driving pin 1208, to be downwardly displaced while in engagement
with main driving gear 1194, thereby producing clockwise rotation of main driving gear
1194 in the sense of Fig. 10H. Clockwise rotation of main driving gear 1194 produces
corresponding rotation of clutch 1192.

As also seen particularly in Figs. 10H & 10I, rotation of clutch 1192
rotates forward driving gear 1196 in a clockwise direction in the sense of Fig. 10H. As
seen particularly in Fig. 101, counterclockwise rotation of forward driving gear 1196, in
the sense of Fig. 101, in engagement with forward driving gear rack 1191, located within
main chassis 1100, thereby produces forward displacement of main chassis 1100.

As also seen particularly in 10H & 101, downwardly extending cam
surface 1328 of transversely extending portion 1330 of main chassis 1100 disengages
cam surface 1092 on cartridge release cam portion 1090 of the cartridge assembly
retaining element 1070, thus releasing cartridge assembly retaining element 1070 to a
lowered position in respect to arthroscopic surgical device 160.

As seen particularly in Fig. 10G, 10H, 10I & 10J, work channel assembly
retaining hook element 1018 is in the upward oriented position. Also seen particularly in
Fig. 10J, pivotable arm 1198 is in the downward oriented position. As a result of the
work channel assembly retaining hook element 1018 being in the upward position, work

channel assembly 110 is now engageable by the arthroscopic surgical device 160.
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As further shown in Fig. 10J, downwardly extending cam surface 1328
of transversely extending portion 1330 of main chassis 1100, no longer faces cam
surface 1092 on cartridge release cam portion 1090 of the cartridge assembly retaining
element 1070, thus no longer limiting cartridge assembly retaining element’s 1070
upward counterclockwise rotation with respect to arthroscopic surgical device 160. As a
result of the cartridge assembly retaining element 1070 no longer limiting cartridge
assembly retaining element’s 1070 upward counterclockwise rotation, the snare wire
cartridge assembly 140 can now be engaged by the cartridge assembly retaining element
1070.

Reference is now made to Figs. 10K, taken along section lines B - B in
Fig. 10A, 10L, taken along section lines C - C in Fig. 10A, and 10M, taken along
section lines D - D in Fig. 10A, which show a fourth operative orientation of the
arthroscopic surgical assembly of Figs. 1A - 9C. In this operative orientation, hand
engageable driving handle 1140 is again rotated rearwardly about handle pivot axis
1206. This causes main chassis 1100 to move further forwardly, thereby further
forwardly displacing elongate push rod 820, and thereby further forwardly displacing
bendable pusher strips 810 and 812, causing bone puncture needle 840 to emerge further
from forward end 926 of hook portion 920, as seen by the position of upwardly facing
indicator surface 1332. It is seen that indicator surface 1332 is aligned with protrusions
1938 and 2138 which indicate that 8mm of the bone puncture needle 840 protrudes from
the forward end 926 of hook portion 920, as can also be seen in Figs. 10L and 10M
relative to marking 892.

As seen particularly in Fig. 10L, this further rearward rotation of hand
engageable driving handle 1140 causes needle driving ratchet arm 1195, which is
pivotably mounted thereon by driving pin 1208, to be further downwardly displaced
while in engagement with main driving gear 1194 thereby producing further clockwise
rotation of main driving gear 1194 in the sense of Fig. 10L. This further clockwise
rotation of main driving gear 1194 produces corresponding further rotation of clutch
1192.

As seen particularly in Fig. 10M, rotation of clutch 1192 further rotates

forward driving gear 1196 in a counterclockwise direction in the sense of Fig. 10, in
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engagement with forward driving gear rack 1191, located within main chassis 1100,
thereby producing further forward displacement of main chassis 1100.

Reference is now made to Fig. 10N, taken along section lines B - B in
Fig. 10A, which illustrates a fifth operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C. As seen in Fig. 10N, a conventional surgical drill 2300 is
seen driving quick connect element 120, which in turn drives drill bit assembly 130
rotationally and linearly forwardly. As a result hollow elongate tube 220 of work
channel assembly 110 extends forwardly from opening 964 beyond hook portion 920.

Work channel assembly retaining hook element 1018 engages rack
defining intermediate element 260 of work channel assembly 110 and locks the work
channel assembly 110 against linear motion relative to the arthroscopic surgical device
160. Thus work channel assembly 110 and drill bit assembly 130 become fully engaged
within the arthroscopic surgical device 160, as seen in Fig. 10N.

Reference is now made to Fig. 100, taken along section lines B - B in
Fig. 10A, which illustrates a sixth operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C. As seen in Fig. 100, the surgical drill 2300 and the driving
quick connect element 120 are decoupled from the drill bit assembly 130.

Reference is now made to Fig. 10P, taken along section lines B - B in
Fig. 10A, which illustrates a seventh operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C. As seen in Fig. 10P, the drill bit assembly 130 is partially
withdrawn from the arthroscopic surgical device 160, leaving the work channel
assembly 110 and the hollow elongate tube 220 in place, protruding from opening 964.

Reference is now made to Fig. 10Q, taken along section lines B - B in
Fig. 10A, which illustrates an eighth operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C. As seen in Fig. 10Q, snare wire cartridge assembly 140 is
seen to be fully inserted into operative engagement with the work channel assembly
110. It is seen that forward end 464 of elongate hollow shaft 454 extends forwardly of a
forward end of hollow elongate tube 220. Top facing notch 574 of main housing portion
450 engages cartridge retaining arm 1082 cartridge assembly retaining element 1070.

Reference is now made to Fig. 10R, taken along section lines B - B in
Fig. 10A, which illustrates a ninth operative orientation of the arthroscopic surgical

assembly of Figs. 1A - 9C, which occurs at an instantaneous moment in time following
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multiple rearward rotations of hand engageable driving handle 1140. As seen in Fig.
10R, cartridge pusher 1120, which is connected to main chassis 1100 by a cartridge
pusher connector 1130 (Figs. 8P & 8AC) is touching cartridge retaining arm 1082 of
cartridge assembly retaining element 1070. At this instant, aperture 455 of forward end
464 of elongate hollow shaft 454 is penetrated by bone puncture needle 840.

Reference is now made to Fig. 10S, taken along section lines B - B in
Fig. 10A, which illustrates a tenth operative orientation of the arthroscopic surgical
assembly of Figs. 1A - 9C, which occurs immediately after the instantaneous moment in
time depicted in Fig. 10R. Transversely extending rearward portion 1386 of cartridge
pusher 1120 engages cartridge retaining arm 1082 of cartridge assembly retaining
element 1070, thus causing it to disengage from top facing notch 574 of cartridge
assembly retaining shaft 572, producing immediate partial axial retraction of snare wire
cartridge assembly 140 from work channel assembly 110, preferably defining a gap of
at least 8mm between rear surface 330 of retaining cap element 320 and forward facing
walls 550 and 660 of main and secondary housing portions 450 and 452 of snare wire
cartridge assembly 140.

At this stage, it is seen that preformed loop 462 of the snare wire 461 is
looped over bone puncture needle 840 and elongate hollow shaft 454 is retracted into
hollow elongate tube 220 of work channel assembly 110. It is also seen that main
chassis 1100 is at the forwardmost position in engagement with stopper pin 1008 of
arthroscopic surgical device 160.

It is additionally seen at this stage that upwardly-facing indicator surface
1332 is located at protrusions 1940 and 2140, which represent the forward limit of
travel of bone puncture needle 840.

It is further seen that at this stage compression spring 456 and cartridge
pusher 1120 have retracted the snare wire cartridge assembly 140 such that rearward
facing retaining surface 329 of undercut hooked engagement finger 328 of retaining cap
element 320 have come into snap fit engagement with retaining surface 579 of bottom
facing tooth 578 of main housing portion 450, thereby retaining the snare wire cartridge

assembly 140 and stopping any linear forward displacement.
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It is still further seen that at this stage, tensioning element 470 and snare
wire winding drum 466 rotate clockwise, in the sense of Fig. 10S, against the urging of
tension spring 458.

Reference is now made to Figs. 10T, taken along section lines B - B in
Fig. 10A, and 10U, taken along section lines E - E in Fig. 10A, which illustrate an
eleventh operative orientation of the arthroscopic surgical assembly of Figs. 1A - 9C.
As seen in Figs. 10T & 10U, bone puncture needle 840 is fully extended.

Driving direction selector lever responsive toggle element 1170 is now
seen to be in a rearwardly-tilted operative orientation responsive to a lowered
orientation of driving direction selector lever 1010.

As seen particularly in Fig. 10U, the operative orientation of driving
direction selector lever responsive toggle element 1170 now causes clutch 1192 to
engage rearward driving gear 1193.

Reference is now made to Figs. 10V, taken along section lines B - B in
Fig. 10A, 10W, taken along section lines C - C in Fig. 10A, and 10X, taken along
section lines X - X in Fig. 10A, which illustrate a twelfth operative orientation of the
arthroscopic surgical assembly of Figs. 1A - 9C.

In this operative orientation, hand engageable driving handle 1140 is
rotated rearwardly about handle pivot axis 1206. This causes main chassis 1100 to move
rearwardly, thereby rearwardly displacing elongate push rod 820, and thereby
rearwardly displacing bendable pusher strips 810 and 812, causing bone puncture needle
840 to partially retract, as seen by the position of upwardly facing indicator surface
1332.

This partial retraction of bone puncture needle 840 causes loop 462 to be
engaged with forwardly and radially inwardly inclined notch 876 of bone puncture
needle 840.

It is seen that at this stage tensioning element 470 and snare wire
winding drum 466 further rotate clockwise, in the sense of Fig. 10V, against the urging
of tension spring 458.

As seen particularly in Fig. 10W, rearward rotation of hand engageable
driving handle 1140 causes needle driving ratchet arm 1195, which is pivotably

mounted thereon by driving pin 1208, to be downwardly displaced while in engagement
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with main driving gear 1194 thereby producing clockwise rotation of main driving gear
1194 in the sense of Fig. 10W. Clockwise rotation of main driving gear 1194, in the
sense of Fig. 10W, produces corresponding rotation of clutch 1192.

As seen particularly in Figs. 10W & 10X, rotation of clutch 1192 rotates
rearward driving gear 1193 in a clockwise direction in the sense of Fig. 10X. As seen
particularly in Fig. 10X, clockwise rotation of rearward driving gear 1193, in the sense
of Fig. 10X, in engagement with rearward driving gear rack 1190, located within main
chassis 1100, thereby produces rearward displacement of main chassis 1100.

Reference is now made to Figs. 10Y, taken along section lines B - B in
Fig. 10A, 10Z, taken along section lines C - C in Fig. 10A, and 10AA, taken along
section lines X - X in Fig. 10A, which illustrate a thirteenth operative orientation of the
arthroscopic surgical assembly of Figs. 1A - 9C.

In this operative orientation, hand engageable driving handle 1140 is
further rotated rearwardly about handle pivot axis 1206. This causes main chassis 1100
to move further rearwardly to the rearwardmost position. This rearward motion of main
chassis 1100 rearwardly displaces elongate push rod 820, and thereby rearwardly
displaces bendable pusher strips 810 and 812, causing bone puncture needle 840 to fully
retract, as seen by the position of upwardly facing indicator surface 1332.

This full retraction of bone puncture needle 840 causes the pre-formed
loop 462 of snare wire 461 to be drawn through flared opening 984 of receiving recess
982 in the hook portion 920 of curved shaft assembly 150, by virtue of pre-formed loop
462 engaging with forwardly and radially inwardly inclined notch 876 of bone puncture
needle 840.

It is seen at this stage that tensioning element 470 and snare wire
winding drum 466 rotate clockwise still further, in the sense of Fig. 10Y, against the
urging of tension spring 458.

As seen particularly in Fig. 10Z, rearward rotation of hand engageable
driving handle 1140 causes needle driving ratchet arm 1195, which is pivotably
mounted thereon by driving pin 1208, to be downwardly displaced while in engagement
with main driving gear 1194, thereby producing clockwise rotation of main driving gear
1194, in the sense of Fig. 10Z. Clockwise rotation of main driving gear 1194 produces

corresponding rotation of clutch 1192.
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As seen particularly in Figs. 10Z & 10AA, rotation of clutch 1192 rotates
rearward driving gear 1193 in a clockwise direction in the sense of Fig. 10AA. As seen
particularly in Fig. 10A A, clockwise rotation of rearward driving gear 1193, in the sense
of Fig. 10AA, produces no further rearward displacement of main chassis 1100 because
rearward driving gear 1193 is no longer in driving engagement with rearward driving
gear rack 1190 located within main chassis.

Reference is now made to Figs. 10AB, taken along section lines J - J in
Fig. 10A; 10AC, taken along section lines AC - AC in Fig. 10A; and 10AD, taken along
section lines AD - AD in Fig. 10A, which illustrate a fourteenth operative orientation of
the arthroscopic surgical assembly of Figs. 1A - 9C.

In this operative orientation, elongate top surface 1274 of elongate
protrusion 1272 of main chassis 1100, which is in the rearwardmost operative
orientation, engages concave surface 1725 of pivotable arm 1198, causing pivotable arm
1198 to pivot counterclockwise, in the sense of Fig. 10AB, about cylindrical axle
portion 1050 of work channel assembly retaining hook element 1018. This
counterclockwise pivotal motion of pivotable arm 1198 pivots intermediate arm portion
1064 of work channel assembly retaining hook element 1018 about cylindrical axle
portion 1050 of work channel assembly retaining hook element 1018, against the urging
of rotation urging spring element 1016. This pivotal movement of work channel
assembly retaining hook element 1018 causes disengagement of undercut hook 1054
from transverse undercut 294 of rack defining intermediate element 260 of work
channel assembly 110.

Work channel retracting ratchet arm 1197, under the urging of ratchet
arm urging spring 1222, pivots about driving pin 1208 and pushes first arm portion
1750 of shiftable link 1199 underneath and into locking engagement with a protrusion
1724 of pivotable arm 1198, thereby locking pivotable arm 1198 in place in an upward
position. This enables work channel retracting ratchet arm 1197 to drivingly engage
ratchet gear element 1012.

As seen particularly in Fig. 10AC, work channel retracting ratchet arm
1197, under the urging of ratchet arm urging spring 1222, engages ratchet gear element

1012 which is coaxially connected with axle-mounted gear element 1014.
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As seen particularly in Fig. 10AD, axle-mounted gear element 1014 is
engaged with rack-defining intermediate element 260 (refer back to Fig. 10N). The
multiplicity of gear teeth 1036 on axle mounted gear 1014 engages the row of ratchet
teeth 302 on linear ratchet gear rack 304 on the shaft 300 of the rack defining
intermediate element 260.

Reference is now made to Figs. 10AE, taken along section lines B - B in
Fig. 10A; 10AF, taken along section lines AC - AC in Fig. 10A; and 10AG, taken along
section lines AD - AD in Fig. 10A, which illustrate a fifteenth operative orientation of
the arthroscopic surgical assembly of Figs. 1A - 9C.

In this operative orientation, hand engageable driving handle 1140 is
further rotated rearwardly about handle pivot axis 1206. This causes work channel
assembly 110 along with snare wire cartridge assembly 140 to move rearwardly to their
rearwardmost positions. This rearward motion of work channel assembly 110 along
with snare wire cartridge assembly 140 causes end portion 770 of snare wire 461 to
become disengaged from wire traversing aperture 469 of resilient retaining element 468
which is mounted in snare wire winding drum 466.

This full retraction of work channel assembly 110 along with snare wire
cartridge assembly 140 causes front edge 224 of hollow elongated tube 220 in the work
channel assembly 110 and forward end 464 of elongated hollow shaft 454 in snare wire
cartridge assembly 140 to fully retract into curved shaft assembly 150.

As seen particularly in Fig. 10AF, rearward rotation of hand engageable
driving handle 1140 causes work channel retracting ratchet arm 1197 which is pivotably
mounted thereon by driving pin 1208 to be downwardly displaced while in engagement
with ratchet gear element 1012, thereby producing clockwise rotation of ratchet gear
element 1012, in the sense of Fig. 10AF. Clockwise rotation of ratchet gear element
1012 produces corresponding clockwise rotation of axle mounted gear element 1014.

As seen particularly in Fig. 10AG, rotation of ratchet gear element 1012
rotates axle mounted gear element 1014 in a clockwise direction in the sense of Fig.
10AF. As further seen in Fig. 10AG, counterclockwise rotation of axle mounted gear
element 1014 produces no further rearward displacement of work channel assembly 110
or snare wire cartridge assembly 140, because axle mounted gear element 1014 is no

longer in driving engagement with the row of ratchet teeth 302 on linear ratchet gear
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rack 304 on the shaft 300 of the rack defining intermediate element 260. Following the
disengagement of end portion 770 of snare wire 461 from wire traversing aperture 469
of resilient retaining element 468 which is mounted in snare wire winding drum 466, the
snare wire cartridge assembly 140 is retained by the cartridge assembly retaining shaft
portion 672 of the secondary housing portion 452. Upper adjacent inclined surface 676
of the cartridge assembly retaining shaft portion 672 on the secondary housing portion
452 engages concave surface 2240 in first housing portion 1002.

Reference is now made to Figs. 10AH - 10AK, which include
enlargements taken along respective section lines B - B, C - C, D - D and E - E in Fig.
10A and which illustrate a sixteenth operative orientation of the arthroscopic surgical
device 160, which is set for forward motion, as indicated by a raised rotated orientation
of driving direction selector lever 1010.

As seen in Figs. 10AH - 10AK, bone puncture needle 840 is fully
retracted in this operative orientation at a forward end of curved shaft assembly 150,
responsive to the fact that main chassis 1100 is in a rearwardmost operative orientation
as indicated by the position of upwardly-facing indicator surface 1332. The retracted
orientation of bone puncture needle 840 results from retraction of bendable pusher strips
810 and 812, which are in turn retracted by retraction of elongate push rod 820, which is
fixedly connected to main chassis 1100.

As seen in Figs. 10AH & 10AI, driving direction selector lever
responsive toggle element 1170 is seen to be in a forwardly-tilted operative orientation
responsive to the orientation of driving direction selector lever 1010. Work channel
assembly 110 is seen to be in a retracted operative orientation. As seen particularly in
Fig. 10AH, work channel assembly retaining hook element 1018 is in the downward
oriented position. Also seen in Fig. 10AH, pivotable arm 1198 is in the upward oriented
position. As a result of work channel assembly retaining hook element 1018 being in the
downward position, work channel assembly 110 is unengageable by the arthroscopic
surgical device 160.

As particularly seen in Fig. 10AIl, needle driving ratchet arm 1195 is
operatively engaged with the gear teeth 1674 of main driving gear 1194 under the
urging of ratchet arm urging spring 1222 (Fig. 8BA). As further shown in Fig. 10Al &

10AJ, downwardly extending cam surface 1328 of transversely extending portion 1330

53



WO 2017/051404 PCT/IL2015/050978

of main chassis 1100 faces cam surface 1092 on cartridge release cam portion 1090 of
the cartridge assembly retaining element 1070, thus limiting cartridge assembly
retaining element’s 1070 upward counterclockwise rotation with respect to arthroscopic
surgical device 160. The limitation provided by downwardly extending cam surface
1328 of transversely extending portion 1330 of main chassis 1100 prevents snare wire
cartridge assembly from being engaged by cartridge assembly retaining element 1070.
Fig. 10AJ, particularly, illustrates the engagement of forward driving gear 1196 with
forward driving gear rack 1191, which is mounted in main chassis 1100.

As seen particularly in Fig. 10AK, the operative orientation of driving
direction selector lever responsive toggle element 1170 causes clutch 1192 to engage
forward driving gear 1196.

Reference is now made to Figs. 10AL, taken along section lines B - B in
Fig. 10A, 10AM, taken along section lines C - C in Fig. 10A, and 10AN, taken along
section lines D - D in Fig. 10A, which show a seventeenth operative orientation of the
arthroscopic surgical assembly of Figs. 1A - 9C. In this operative orientation, hand
engageable driving handle 1140 is rotated rearwardly about handle pivot axis 1206. This
causes main chassis 1100 to move forwardly, thereby forwardly displacing elongate
push rod 820, and thereby forwardly displacing bendable pusher strips 810 and 812,
causing bone puncture needle 840 to emerge from forward end 926 of hook portion 920,
as seen by the position of upwardly facing indicator surface 1332. It is seen that
indicator surface 1332 is aligned with protrusions 1938 and 2138 which indicate that
8mm of the bone puncture needle 840 protrudes from the forward end 926 of hook
portion 920, as can also be seen in Figs. 10AM & 10AN relative to marking 892.

As seen in Figs 10AL - 10AN, the emerging of the bone puncture needle
840 from forward end 962 of hook portion 920 of curved shaft assembly 150 releases
the pre-formed loop 462 of the snare wire 461 from the forwardly and radially inwardly-
inclined notch 876 of the bone puncture needle 840.

As seen particularly in Fig. 10AM, this further rearward rotation of hand
engageable driving handle 1140 causes needle driving ratchet arm 1195, which is
pivotably mounted thereon by driving pin 1208, to be further downwardly displaced
while in engagement with main driving gear 1194, thereby producing further clockwise

rotation of main driving gear 1194 in the sense of Fig. 10AM. This further clockwise
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rotation of main driving gear 1194 produces corresponding further rotation of clutch
1192.

As seen particularly in Fig. 10AN, rotation of clutch 1192 further rotates
forward driving gear 1196 in a counterclockwise direction in the sense of Fig. 10AN, in
engagement with forward driving gear rack 1191 located within main chassis 1100,
thereby producing further forward displacement of main chassis 1100.

Reference is now made to 11A, 11B, 11C, 11D, 11E, 11F, 11G, 11H,
111, 11J, 11K, 11L, 11M, 11N, 110, 11P, 11Q, 11R, 11S & 11T, which are simplified
illustrations of operation of the arthroscopic surgical device of Figs. 1A — 10AN in a
clinical context.

Reference is initially made to Fig. 11A — 11D, which show initial steps
of using bone punch assembly 100 (Figs. 1A & 1B) to form a socket in a bone, such as a
humerus. Prior to using bone punch assembly 100, the surgeon preferably forms at least
three incisions 2500, 2502 and 2504 in the upper shoulder of the patient. Bone bunch
assembly 100 engages the bone via incision 2500. Incision 2504 is employed for
insertion of a camera (not shown) and for introduction of fluid for separating flesh from
the bone and thus creating a clear vision space at the bone which enables the bone to be
viewed via the camera.

As seen in Fig. 11B, the surgeon initially positions the pointed tip 208 of
the forward portion 206 of bone punch assembly 100 through incision 2500 precisely at
a location desired for creating a tunnel. The surgeon views this location and the
placement of the pointed tip 208 by using the camera. Once the surgeon is satisfied that
the location and orientation of the pointed tip 208 is correct, he employs a surgical
hammer which engages generally convex impact surface 212 to drive the pointed tip
208 into the bone, thereby creating a socket 2506, as seen in Fig. 11C. The desired
depth of the socket 2506, preferably 8mm, can be seen by the surgeon using the camera
and using circumferential marking 210 on forward portion 206.

The surgeon then removes the bone punch assembly 100, via incision
2500, leaving the socket 2506 intact, as seen in Fig. 11D.

Reference is now made to Fig. 11E, which illustrates initial insertion of
hook portion 920 of curved shaft assembly 150 of the arthroscopic surgical device 160

in the second operative orientation, as shown in Fig. 10F, through incision 2502 into the
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flesh of the patient. Thereafter, the arthroscopic surgical device 160 is caused to assume
the third operative orientation shown in Figs. 10G - 10I, while it is oriented as shown in
Fig. 11E.

As seen in Figs. 11F — 11H, the arthroscopic surgical device 160 is
caused to assume the fourth operative orientation shown in Figs. 10K — 10M. While in
this operative orientation, the arthroscopic surgical device 160 is maneuvered so that the
tapered tip 866 of bone puncture needle 840 is positioned at least partially within the
socket 2506 which has been formed in the bone by the bone punch 100.

Reference is now made to Fig. 11F, which shows further insertion of
hook portion 920 of curved shaft assembly 150 of the arthroscopic surgical device 160
through incision 2502. It is seen that tapered tip 866 of bone puncture needle 840
extends forwardly of forward edge 926 of hook portion 920. It is also seen that tapered
tip 866 lies opposite socket 2506.

Reference is now made to Fig. 11G, which shows still further insertion of
hook portion 920 of curved shaft assembly 150 of the arthroscopic surgical device 160
through incision 2502, downward shifting and clockwise rotation of the hook portion
920 relative to socket 2506, such as tapered tip 866 of bone puncture needle 840 lies at
least partially within socket 2506 and forward opening 964 of curved shaft assembly
150 lies against a surface of the bone.

Reference is now made to Fig. 11H, which shows hook portion 920 of
curved shaft assembly 150 of the arthroscopic surgical device 160 in the same
orientation relative to the bone as shown in Fig. 11G and attachment of surgical drill
2300 and quick connect element 120 to drill bit assembly 130.

Reference is now made to Fig. 111, which shows hook portion 920 of
curved shaft assembly 150 of the arthroscopic surgical device 160 in the fifth operative
orientation shown in Fig. 10N in the same orientation relative to the bone as shown in
Figs. 11G and 11H. Use of surgical drill 2300 to rotate and advance sharpened helical
drill tip of elongate shaft portion 400 of drill bit assembly 130 through the hollow
elongate tube 220 causes the sharpened helical drill bit 402 to exit front edge 224 of
hollow elongate tube 220 and create a bore 2508 in the bone. Bore 2508 has a wider
diameter portion 2510 close to the outer bone surface and a narrower diameter portion

2512 inset deeper into the bone, as shown in Fig. 111.
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Reference is now made to Fig. 11J, which shows the arthroscopic
surgical device 160 now in the sixth operative orientation as shown in Fig. 100 in the
same orientation relative to the bone as shown in Figs. 11G and 11H. Fig. 11J shows
surgical drill 2300, attached to quick connect element 120, withdrawn from drill bit
assembly 130 which is still fully engaged in work channel assembly 110.

Reference is now made to Fig. 11K, which shows the arthroscopic
surgical device 160 now in the seventh operative orientation as shown in Fig. 10P in the
same orientation relative to the bone as shown in Figs. 11G and 11H. As seen in Fig.
11K, drill bit assembly 130 has been withdrawn from bore 2508, particularly the smaller
diameter portion 2512 of the bore 2508, and completely disengaged from work channel
assembly 110.

Reference is now made to Fig. 11L, which shows the arthroscopic
surgical device 160 now in the eighth operative orientation as shown in Fig. 10Q in the
same orientation relative to the bone as shown in Figs. 11G and 11H. In this eighth
operative orientation, the snare wire cartridge assembly 140 has been deployed and is
fully engaged within the work channel assembly 110. Snare wire cartridge assembly 140
is seen to extend through hollow elongate tube 220 of work channel assembly 110 and
protrude from front edge 224 of hollow elongate tube 220 into bore 2508 and
particularly to extend into the smaller diameter portion 2512 of the bore 2508.
Thereafter, the arthroscopic surgical device 160 is caused to assume the ninth operative
orientation shown in Figs. 10R, while it is oriented as shown in Fig. 11L.

Reference is now made to Fig. 11M, which shows the arthroscopic
surgical device 160 now in the tenth operative orientation as shown in Fig. 10S in the
same orientation relative to the bone as shown in Figs. 11G and 11H but with the
tapered tip 866 of bone puncture needle 840 having further breeched the bone socket
2506 and extended into, and passing through, both sides of the smaller diameter portion
2512 of the bore 2508. It is seen that the tapered tip 866 of the bone puncture needle 840
also passes through the pre-formed loop 462 of the snare wire 461. Once the bone
puncture needle 840 is fully extended, the snare wire assembly 140 is released and
becomes disengaged from the cartridge assembly retaining element 1070, while the

snare wire loop 462 is pulled taut against the bone puncture needle 840 as seen in Fig.
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11M. It is additionally seen in Fig. 11M that forwardly and radially inwardly-inclined
notch 876 has passed through snare wire loop 462.

Reference is now made to Fig. 11N, which shows the arthroscopic
surgical device 160 now in the eleventh operative orientation as shown in Figs. 10T &
10U, in the same orientation relative to the bone as shown in Figs. 11G and 11H. It is
seen that the driving direction selector lever 1010 has been pressed downward in a
clockwise direction.

Reference is now made to Fig. 110, which shows the arthroscopic
surgical device 160 now in the twelfth operative orientation as shown in Figs. 10V,
10W & 10X, in the same orientation relative to the bone as shown in Figs. 11G and
11H. In this operative orientation, as seen in Fig. 110, forwardly and radially inwardly-
inclined notch 876 of the bone puncture needle 840 has been partially withdrawn, in a
clockwise direction, into forward edge 926 of the hook portion 920 of the curved shaft
assembly 150 and, as a result, through snare wire loop 462 until snare wire loop 462 is
engaged by the forwardly and radially inwardly-inclined notch 876 of the bone puncture
needle 840.

Reference is now made to Fig. 11P, which shows the arthroscopic
surgical device 160 now in the thirteenth operative orientation as shown in Figs. 10Y,
10Z & 10AA, in the same orientation relative to the bone as shown in Figs. 11G and
11H. In this operative orientation, as seen in Fig. 11P, the bone puncture needle 840 has
been fully withdrawn, in a clockwise direction, into the hook portion 920 of the curved
shaft assembly 150 and, as a result, the snare wire 461 has been pulled into the hook
portion 920 due to snare wire loop 462 being engaged by the forwardly and radially
inwardly-inclined notch 876 of the bone puncture needle 840, as seen in Fig. 110.

Reference is now made to Fig. 11Q, which shows the arthroscopic
surgical device 160 now in the fourteenth operative orientation as shown in Figs. 10AB,
10AC & 10AD, in the same orientation relative to the bone as shown in Figs. 11G and
11H. In this operative orientation, as seen in Fig. 11Q, the snare wire assembly 140 and
the work channel assembly 110 have been partially withdrawn rearwardly from the
arthroscopic surgical device 160, but not disengaged.

Reference is now made to Fig. 11R, which shows the arthroscopic

surgical device 160 now in the fifteenth operative orientation as shown in Figs. 10AE-
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10AG. In this operative orientation, as seen in Fig. 11R, the work channel assembly 110
and the snare wire cartridge assembly 140 have been fully withdrawn from the bone.
The work channel assembly 110 and the snare wire cartridge assembly 140 have been
pulled back into the curved shaft assembly 150, pulling the snare wire 461 with them.
The snare wire 461, as shown in Fig. 11R, is the only portion of the arthroscopic
surgical device 160 remaining in the bone, extending outside incision 2502.

Reference is now made to Fig. 11S, which shows the arthroscopic
surgical device 160 now in the sixteenth operative orientation as shown in Figs. 10AH-
10AK. In this operative orientation, the driving direction selector lever 1010 has been
rotated counterclockwise into the forward position.

Reference is now made to Fig. 11T, which shows the arthroscopic
surgical device 160 now in the seventeenth operative orientation as shown in Figs.
10AL-10AN. It is seen that tapered tip 866 of bone puncture needle 840 extends
forwardly of forward edge 926 of hook portion 920, releasing the pre-formed loop 462
of the snare wire 461 from the forwardly and radially inwardly-inclined notch 876 of the
bone puncture needle 840.

It is appreciated that operation of the arthroscopic surgical device, as
described hereinabove, is preliminary to other operative procedures. Typically, once a
snare wire has been pulled through and exits through both of a pair of channels in a
bone, the snare wire may be used to pull sutures into and through the two channels so
the sutures extend through and outside both channels, in place of the snare wire. The
sutures then may be used to tie tissue, such as a ligament or a tendon, to the bone and
secure the tissue to the bone.

Provided along with the above described invention are kits that include at
least the subject devices and/or components thereof which may be used according to the
subject methods. The subject kits include at least bone punch assembly, drill bit
assembly, snare wire cartridge assembly, curved shaft assembly, manual override gear
shifter, work channel assembly, quick connection element, and at least one snare wire,
e.g., as described above. The kits may further include one or more components to be
employed in a given surgical procedure, e.g., additional snare wire cartridge assemblies,
additional manual override gear shifters, drill, sutures, additional snare wires, one or

more hexagonal wrenches, other replacement components and the like. The components
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of the kits may be present in sterile packaging, as desired, where various components
may be combined in a given packaging or each component present in its own packaging.

In certain embodiments, the kits which are disclosed herein include
instructions, such as instructions for using the devices. The instructions for using the
devices are generally recorded on a suitable recording medium. For example, the
instructions may be printed on a substrate, such as paper or plastic, etc. As such, the
instructions may be present in the kits as a package insert, in the labeling of the
container of the kit or components thereof (i.e., associated with the packaging or
subpackaging etc.). In other embodiments, the instructions are present as an electronic
storage data file present on a suitable computer readable storage medium, e.g., Portable
Flash drive, CD-ROM, diskette, etc. The instructions may take any form, including
complete instructions for how to use the device or as a website address with which
instructions posted on the worldwide web may be accessed.

In addition, embodiments of the disclosed kits or their components may
be used according to any of the embodiments of the methods described herein or
combinations thereof.

It is also appreciated that the arthroscopic surgical device of the present
invention and components thereof, including, but not limited to, the bone punch
assembly, the drill bit assembly, the snare wire cartridge assembly, the drill, the curved
shaft assembly, the manual override gear shifter, the work channel assembly, the quick
connection element, the snare wires or sutures and the allen wrenches, may be
disposable and / or sterilizable so as to be reusable. Typically, the components are
sterilizable and reusable, except for the snare wires and sutures which are typically
disposable rather than reusable.

As noted above, it is appreciated that the terms ‘tunneling’ and
‘channeling’ are used interchangeably in the description of the present invention and
refer to a method of forming a hollow bore, such as a cylindrically circular hollow bore,
in a bone.

It will be appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown and described hereinabove.
Rather the scope of the present invention includes both combinations and

subcombinations of the various features described hereinabove as well as modifications
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thereof which would occur to persons skilled in the art upon reading the foregoing

description and which are not in the prior art.
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CLAIMS

1. An arthroscopic bone channel forming and suturing system useful with a
punch configured to form a first generally straight channel in a bone and a drill
configured to form a second generally straight channel in said bone, said second
generally straight channel not intersecting said first generally straight channel, said
system comprising:

a curved bone puncture needle configured to be insertable into said first
generally straight channel;

a curved needle driving assembly configured to manipulate said curved
needle to form a curved junction between said first generally straight channel and said
second generally straight channel;

a suture snare wire assembly configured to insert a suture snare wire to a
suture snare wire pick-up location via said second generally straight channel in said
bone; and

a coordinated multi-function driving assembly operative to operate said
curved needle driving assembly and said suture snare wire assembly in coordinated
operation to cause said suture snare wire to be pulled from said suture pick up location

and through said first generally straight channel via said junction.

2. An arthroscopic bone channel forming and suturing system according to
claim 1 and wherein said coordinated multi-function driving assembly operates

automatically in response to repeated manual actuations.

3. An arthroscopic bone channel forming and suturing system according to
claim 1 or claim 2 and wherein said coordinated multi-function driving assembly
includes an override sub-assembly which is selectably operative to withdraw said
curved needle after said curved needle has begun to be inserted into said first generally
straight channel but before said curved needle begins to pull said suture through said

junction.
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4. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and comprising:

an arthroscopic surgical device;

a work channel assembly;

a snare wire cartridge assembly; and

a curved shaft assembly.

5. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and comprising at least one of:

a bone punch assembly;

a quick connection element;

a drill bit assembly; and

a manual override gear shifter.

6. An arthroscopic bone channel forming and suturing system according to
claim 4 or claim 5 and wherein said work channel assembly comprises:

a hollow elongate tube;

a work channel hub;

a rack-defining intermediate element in which said work channel hub is
at least partially seated; and

a retaining cap element,

said hollow elongate tube extending along a longitudinal axis and having
an inclined forward edge and a rearward end fixedly mounted within a socket formed in

said work channel hub.

7. An arthroscopic bone channel forming and suturing system according to
claim 6 and wherein said work channel hub is an integrally formed element including:

a forward socket-defining portion having a transverse bore;

a main cylindrical portion disposed rearwardly of said forward socket-
defining portion and an axial central bore; and

a flange disposed at a rear end.
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8. An arthroscopic bone channel forming and suturing system according to
claim 6 or claim 7 and wherein said rack-defining intermediate element comprises:

a main cylindrical portion formed with an axial bore which extends along
a longitudinal axis; and

a linear ratchet gear rack.

9. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims 4 - 8 and wherein said snare wire cartridge assembly
comprises:

a main housing portion;

a secondary housing portion;

an elongate hollow shaft, which is mounted onto said main and secondary
housing portions;

a compression spring mounted over said elongate hollow shaft;

a tension spring mounted within said main housing portion;

a snare wire winding drum located within said main housing portion and
having circularly symmetric array of gear teeth;

a folded over length of snare wire, which defines a pre-formed loop and
is partially located within said elongate hollow, with said with loop being located at a
forward end of said elongate hollow shaft and partially wound about said snare wire
winding drum; and

a snare wire tensioning element, cooperating with said snare wire

winding drum.

10. An arthroscopic bone channel forming and suturing system according to
claim 9 and wherein said tensioning element comprises:

a disc portion having a central aperture and a spring engaging protrusion
which defines an inclined spring engaging surface and an abutment engaging surface;
and

a flexible ratchet gear engaging portion, extending radially outwardly
from said disc portion generally in a direction opposite to said spring engaging

protrusion and including a curved linear array of gear teeth that are configured for
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ratchet-like engagement with said circularly symmetric array of gear teeth of said snare

wire winding drum.

11. An arthroscopic bone channel forming and suturing system according to
claim 10 and wherein pulling of said snare wire, which is wound under tension on said
snare wire winding drum rotates said snare wire winding drum against the urging of a
spring until said snare wire winding drum can no longer rotate due to engagement of an
abutment engaging surface of said spring engaging protrusion with an abutment of said
main housing portion, whereby continued pulling on said snare wire enables said snare
wire to be freely unwound from said snare wire winding drum and drawn forwardly

through said elongate hollow shaft.

12. An arthroscopic bone channel forming and suturing system according to
any of claims 4 - 11 and wherein said curved shaft assembly comprises:

a pair of curved shaft assembly outer elements;

a pair of curved shaft assembly inner elements; and

a curved shaft assembly location ring which engages corresponding ends
of said pair of curved shaft assembly inner elements and is retained at a fixed axial
location within said arthroscopic surgical device and provides axial adjustability of the

position of said curved shaft assembly relative to said arthroscopic surgical device.

13. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and wherein said curved bone puncture needle is formed to
have:

a radially inward-facing generally curved edge surface which extends
from a slightly rounded back end surface to a tapered tip;

a rearward radially outward-facing generally curved surface portion
which extends from a generally non-rounded corner at a back end surface to a top
protrusion and therebeyond to a shoulder from which extends a forward radially
outward-facing generally curved surface portion; and

a pair of curved side surfaces each including a tapered tip side surface.
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14. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and wherein said arthroscopic surgical device comprises:

first and second housing portions;

an arthroscopic surgical mechanism enclosed by said first and second
housing portions;

a driving direction selector lever; and

a retaining cone, which is operative for retaining said first and second

housing portions together over and in engagement with said curved shaft assembly.

15. An arthroscopic bone channel forming and suturing system according to
claim 14 and wherein said driving direction selector lever has rearwardly and forwardly-

tilted operative orientations.

16. An arthroscopic bone channel forming and suturing system according to
claim 14 or claim 15 and wherein said arthroscopic surgical mechanism includes the
following elements which are operative for retraction of said work channel assembly:

a ratchet gear defining driving surfaces on each of a multiplicity of gear
teeth, which, in turn, engage a linear ratchet gear track forming part of said work
channel assembly;

axle-mounted gear, which is preferably integrally formed and includes a
cylindrical axle onto a first end of which is mounted said ratchet gear;

a rotation urging spring having a coil a pair of spring end arms; and

a work channel assembly retaining hook element, which selectably locks
and releases said work channel assembly with respect to said arthroscopic surgical

device.

17. An arthroscopic bone channel forming and suturing system according to
claim 16 and wherein said arthroscopic surgical mechanism also comprises:

a cartridge assembly retaining element;

a cartridge assembly retaining spring which defines a retaining arm; and

a manually actuable driving engine assembly.
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18.

claim 17 and wherein said manually actuable driving engine assembly comprises at least

An arthroscopic bone channel forming and suturing system according to

five of the following elements:

19.

claim 18 and wherein said manually actuable driving engine assembly comprises at least

a main chassis;

an auxiliary chassis;

a cartridge pusher;

a cartridge pusher connector;

a hand-engageable driving handle;

a main driving direction shifting element
a shiftable element;

a driving direction selector lever responsive toggle element;
a direction-shifting spring;

a rearward driving gear rack;

a forward driving gear rack;

a clutch;

a main driving gear;

a needle driving ratchet arm;

a forward driving gear;

a work channel retracting ratchet arm;

a pivotable arm; and

a shiftable link.

An arthroscopic bone channel forming and suturing system according to

one of the following elements:

a driving handle spring;

a main driving direction shifting element spring;
a handle pivot axle;

a driving pin; and

a ratchet arm urging spring.
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20. An arthroscopic bone channel forming and suturing system according to
claim 16 and wherein disengagement of said cartridge assembly retaining element
produces immediate partial axial retraction of said snare wire cartridge assembly from

said work channel assembly.

21. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and wherein said coordinated multi-function driving
assembly defines a main driving axis and includes a hand engageable driving handle
portion, which is angled with respect to said main driving axis of between 120 and 140

degrees.

22. An arthroscopic bone channel forming and suturing system according to
any of the preceding claims and wherein said coordinated multi-function driving
assembly defines a main driving axis and includes a hand engageable driving handle

portion, which is angled with respect to said main driving axis of 132.5 degrees.

23. A snare wire cartridge assembly comprising:

a main housing portion;

a secondary housing portion;

an elongate hollow shaft, which is mounted onto said main and secondary
housing portions;

a compression spring mounted over said elongate hollow shaft;

a tension spring mounted within said main housing portion;

a snare wire winding drum located within said main housing portion and
having circularly symmetric array of gear teeth;

a folded over length of snare wire, which defines a pre-formed loop and
is partially located within said elongate hollow, with said with loop being located at a
forward end of said elongate hollow shaft and partially wound about said snare wire
winding drum; and

a snare wire tensioning element, cooperating with said snare wire

winding drum.
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24. A snare wire cartridge assembly according to claim 23 and wherein said
tensioning element comprises:

a disc portion having a central aperture and a spring engaging protrusion
which defines an inclined spring engaging surface and an abutment engaging surface;
and

a flexible ratchet gear engaging portion, extending radially outwardly
from said disc portion generally in a direction opposite to said spring engaging
protrusion and including a curved linear array of gear teeth that are configured for
ratchet-like engagement with said circularly symmetric array of gear teeth of said snare

wire winding drum.

25. A snare wire cartridge assembly according to claim 23 and wherein
pulling of said snare wire, which is wound under tension on said snare wire winding
drum rotates said snare wire winding drum against the urging of a spring until said snare
wire winding drum can no longer rotate due to engagement of an abutment engaging
surface of said spring engaging protrusion with an abutment of said main housing
portion, whereby continued pulling on said snare wire enables said snare wire to be
freely unwound from said snare wire winding drum and drawn forwardly through said

elongate hollow shaft.

26. A curved shaft assembly comprising:

a pair of curved shaft assembly outer elements;

a pair of curved shaft assembly inner elements; and

a curved shaft assembly location ring which engages corresponding ends
of said pair of curved shaft assembly inner elements and is retained at a fixed axial
location within an arthroscopic surgical device and provides axial adjustability of the

position of said curved shaft assembly relative to said arthroscopic surgical device.\

27. A curved shaft assembly according to claim 26 and wherein said outer

elements are formed of metal and wherein said inner elements are formed of plastic.

28. A curved bone puncture needle comprising:
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a radially inward-facing generally curved edge surface which extends
from a slightly rounded back end surface to a tapered tip;

a rearward radially outward-facing generally curved surface portion
which extends from a generally non-rounded corner at a back end surface to a top
protrusion and therebeyond to a shoulder from which extends a forward radially
outward-facing generally curved surface portion; and

a pair of curved side surfaces each including a tapered tip side surface.

29. An arthroscopic surgical device comprising:

first and second housing portions;

an arthroscopic surgical mechanism enclosed by said first and second
housing portions;

a driving direction selector lever; and

a retaining cone, which is operative for retaining said first and second

housing portions together over and in engagement with said curved shaft assembly.

30. An arthroscopic surgical device according to claim 29 and wherein said
arthroscopic surgical mechanism includes the following elements which are operative
for retraction of a work channel assembly:

a ratchet gear defining driving surfaces on each of a multiplicity of gear
teeth, which, in turn, engage a linear ratchet gear track forming part of said work
channel assembly;

axle-mounted gear, which is preferably integrally formed and includes a
cylindrical axle onto a first end of which is mounted said ratchet gear;

a rotation urging spring having a coil a pair of spring end arms; and

a work channel assembly retaining hook element, which selectably locks
and releases said work channel assembly with respect to said arthroscopic surgical

device.

31. An arthroscopic surgical device according to claim 30 and wherein said
arthroscopic surgical mechanism also comprises:

a cartridge assembly retaining element;
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a cartridge assembly retaining spring which defines a retaining arm; and

a manually actuable driving engine assembly.

32. An arthroscopic surgical device comprising a housing defining a main
driving axis and including a hand engageable driving handle portion, which is angled

with respect to said main driving axis at an angle of between 120 and 140 degrees.

33. An arthroscopic surgical device according to claim 32 and wherein said
hand engageable driving handle portion is angled with respect to said main driving axis

at an angle of 132.5 degrees.

34. An arthroscopic bone channel forming and suturing method useful
following formation of a first generally straight channel and a second generally straight
channel in a bone, said second generally straight channel not intersecting said first
generally straight channel, the method comprising:

inserting a curved bone puncture needle into said first generally straight
channel;

manipulating said curved needle to form a curved junction between said
first generally straight channel and said second generally straight channel;

inserting a suture snare wire to a suture snare wire pick-up location via
said second generally straight channel in said bone; and

causing said suture snare wire to be pulled from said suture pick up

location and through said first generally straight channel via said junction.

35. An arthroscopic bone channel forming and suturing method according to

claim 34 and said causing step operates in response to repeated manual actuations.

36. An arthroscopic bone channel forming and suturing method according to
claim 34 or claim 35 and including override functionality which is selectably operative
to withdraw said curved needle after said curved needle has begun to be inserted into
said first generally straight channel but before said curved needle begins to pull said

suture through said junction.

71



1 /121

FIG.1A



2 /121

(-]
O
1=



WO 2017/051404 _ PCT/IL2015/050978

3 /121

<
FIG.2B




WO 2017/051404 PCT/IL2015/050978

4 /121

222

da A Anan
Il

-
220

230

260

320

260

320

230




WO 2017/051404 PCT/IL2015/050978

5 /121

224

/

110
220

O
N
N

222
260

FIG.3B



PCT/IL2015/050978

WO 2017/051404

6 /121

974 1€°Old 4€°OH

97z
omm/ A o7z ecz

vz e \ oz °
~ = e o

ez cee \
Yizd \\ 98¢ oee

%4

vye

8ze asoi

9%z Sre
zee \

e

ore

3144

0eg

~_ VYT



WO 2017/051404 PCT/IL2015/050978

<
N
~t
~D
& & &
3 2
N (o]
AN g | \g
N N <
o N
P~
o™ ™ \ @
M~ N
N <
o~
/N
N
L)
R/\_/m o~
™~ | &
"
O
L.
<
(@]
™)
o
O
o~
\ ~
[e 0]
[aN]
-
“®
O
LL.

266



WO 2017/051404 PCT/IL2015/050978

324

FIG.3L

FIG.3M

—
H =
|
FIG.30

FIG.3N




PCT/IL2015/050978

WO 2017/051404

9 /121

or'Ol
ocl

ore \\

(
.

144> ore

0s€

£
.
N

Vi'OH
86¢

45>
95¢

Eve

ore

ve 0zl

ay ol




WO 2017/051404 PCT/IL2015/050978

10 /121

130

400
402

416

FIG.5A

406

410



WO 2017/051404

PCT/IL2015/050978

11 /121

408

/ﬂ( E f > X
404

406
\XX)):i

400

FIG.5B



WO 2017/051404 PCT/IL2015/050978

12 /121

462

140

FIG.6A




WO 2017/051404 PCT/IL2015/050978

13 /121

140

FIG.6B

464




WO 2017/051404 PCT/IL2015/050978

14 /121




PCT/IL2015/050978

WO 2017/051404

15 /121

A4

orl

1444

as'ou



WO 2017/051404 PCT/IL2015/050978

16 /121

450

560

488

X
~
O
% ™
L
<
o o 3
™~
5882 g
o ~r

484
520
526
526
/
O
S

488

e ’ s
| ™8
~O ) )
@ S
un
< ®
0 [—\’
(] o
~O
g § 3
0 o]
<t M~
3 = 0 >
o w0 W
3 2
g T BT
[rs} u‘% ~0
[T W .
©9 S 2
[T
S 28
L
< & \
V)

SC;

576
577
450



WO 2017/051404 PCT/IL2015/050978

17 /121

580

9
]Z"y\, 680
58

&
674

588 608

a “l A} ‘ Tl
6&)\& 628

592

FIG.61



WO 2017/051404 PCT/IL2015/050978

18 /121

704

466

S
N~ <
R N
~~
Q C
~0
Q S 0 N 2
~ PO T / =
4

FIG.6P

706

FIG.6M




WO 2017/051404 PCT/IL2015/050978

19 /121

FIG.6R

750
752

FIG.6Q

754




WO 2017/051404 PCT/IL2015/050978

20 /121
O
o —
~0
<t
e 3
S R g
I~ —
[
BB
o =t
(]
N~ O
9
[Fp]
[e'e]
~0
~ M
<t
w)
M~
¢
|
3 \
Wy
NN
<t
3 d
~
[ve)
[¥p)
™~
<
)
~f
- ~J
2 3
7o N

700

46]

45

FIG.63



WO 2017/051404 PCT/IL2015/050978

21 /121

FIG.7A




WO 2017/051404 PCT/IL2015/050978

22 /121

804

920

FIG.7B




23 /121

FIG.7C



WO 2017/051404 PCT/IL2015/050978

24 /121

~O
cO

820

818

814

810

824

FIG.7D




WO 2017/051404

840

874

876

874

840

844

25 /121

FIG.7E

869

PCT/IL2015/050978

(=)
2
O
N
O
[
™N
%

830



WO 2017/051404 PCT/IL2015/050978

26 /121

K
Q
o~

818




WO 2017/051404 PCT/IL2015/050978

27 /121

o~
o~

803




WO 2017/051404 PCT/IL2015/050978

28 /121

FIG.7M 806



PCT/IL2015/050978

WO 2017/051404

29 /121

066

4]

OLOH

966

¥66

966

\VARIE




WO 2017/051404 PCT/IL2015/050978

30 /121

150

FIG.7P




WO 2017/051404 PCT/IL2015/050978

31 /121

FIG.8A




WO 2017/051404 PCT/IL2015/050978

32 /121




WO 2017/051404 PCT/IL2015/050978

33 /121

FiG.8C



WO 2017/051404 PCT/IL2015/050978

34 /121

1042
1032
Y
I\
N
1042 FIG.8E

1030

& <
, K
o\
1024 FIG.8F
1038
1040

1030
T
S

FIG.8D



WO 2017/051404 PCT/IL2015/050978

35 /121

FIG.8I

FIG.8H




WO 2017/051404 PCT/IL2015/050978

36 /121

1073

/1072

1070

1074

-
@
O
Rl



WO 2017/051404 PCT/IL2015/050978

37 /121




WO 2017/051404 PCT/IL2015/050978

38 /121

FIG.8N



WO 2017/051404 PCT/IL2015/050978

39 /121

FIG.80



WO 2017/051404 PCT/IL2015/050978

40 /121

o
N




WO 2017/051404 PCT/IL2015/050978

41 /121




WO 2017/051404 PCT/IL2015/050978

42 /121

1100

1100

1296 1294

FIG.8U
FIG.8T

1284
1274

1286

FIG.8R




WO 2017/051404 PCT/IL2015/050978

43 /121

A
FIG.8Y

1374

1 A //“/ X S
1 RS } /
/)
136 \/j- 5
FIG.8W
@\\
[
g
|
o
FIG.8V 1358

1360



WO 2017/051404 PCT/IL2015/050978

44 /121

1120

1130

1396

1397

FIG.8AC

1398
1386

FIG.8AA

1120
1120

1380

FIG.BAB
FIG.8Z




WO 2017/051404 ‘ PCT/IL2015/050978

45 /121

1140
1408 /
1410

FIG.8AG

1402

1140

T

il

i
FIG.8AF

1140

FIG.8AE

1140

FIG.8AD




WO 2017/051404 PCT/IL2015/050978

46 /121

1150

FIG.8AK

1432

FIG.8AH

1478
7

FIG.8AJ



WO 2017/051404 ~ PCT/IL2015/050978

47 /121

Q
~O

1508

1500

FIG.8AM

1530

N
o

1506

™
[
0

1524

1506

1514

FIG.8AN
1500

o
[32]
L

1160
1508



WO 2017/051404 PCT/IL2015/050978

48 /121

1180
y
1562

o
P~

1584
1582

1590

1564
1584
1556
1564

1556

FIG.8AP

1170
N

1554

~
Vgl
Y}

1562
/
1170



WO 2017/051404 PCT/IL2015/050978

49 /121

1190
1191

1596

1597

FIG.8AU

FIG.8AW

1598

FIG.8AV

1190
1191



WO 2017/051404 PCT/IL2015/050978

50 /121

<
O~

1676

1612

FIG.8BA
FIG.8AY

1632

1654

FIG.8AX

1660

e8] N
wn w
~0 ~0




WO 2017/051404 PCT/IL2015/050978

51 /121

1195

1682

FIG.8BD

FIG.8BC

1682




WO 2017/051404 PCT/IL2015/050978

52 /121

\
1198

1197

\\
\

1728

FIG.8BG



WO 2017/051404 PCT/IL2015/050978
53 /121

=
1]
€0
Q
w

FIG. 8BJ

1758

FIG. 8BI

FIG. 8BK

SUBSTITUTE SHEET (RULE 26)



WO 2017/051404 PCT/IL2015/050978

54 /121

1800
1806

N
Q
[<e]

1011

1790

1011

1780

FIG.8BM

1778

1784

/
1008

1782



PCT/IL2015/050978

WO 2017/051404

55 /121

©d8'OH

d98'Old

v061




PCT/IL2015/050978

WO 2017/051404

56 /121

¥48°OH
00l
O )
zZe0e (4404
o010z
om0z 0z0Z
710z
9202 7l gl
£90C  060T ¥Z0T gssl| 786l
PE0Z-_ IS 9961 941
9€0T 2961 £661 ol
ov0z 861 561
ZvoT o 561
— o
170z
9907, >omm_
S 290
” ] /
NI =4 oL
///lfnnt\ywv 090C [ ol
8807
z80z | 0/0T il
gz L0T



WO 2017/051404 PCT/IL2015/050978

57 /121

2138

2140~ 2136

FIG.8BS

2104



PCT/IL2015/050978

WO 2017/051404

58 /121

nds old
O
Yoot
yice
véle
0cee
B g1z otz cete -
8912 ¥81¢ | L61C

¥o1z 91Z ommmowm

polz 951z~ DIT 0502
A A
9 ovee
ﬁ—Al—H ri Cll— . 1]
@ | lyee
\J A} T
[91¢ =] - (4144
AN I
lete = WA —— ] @ 9922
O~ WA\ |\ 1922

7 0912 ¥9CC y

sle )8l &_N&mw_m B oot | ouzz\ 2z

861e e61e 062C 8T
08¢ tALAA

N

SUBSTITUTE SHEET (RULE 26)



PCT/IL2015/050978

WO 2017/051404

59 /121

V6 ‘Bl - 8675

09ee

45154

85€C

85¢€C
09¢c

\\ £5€T _ :\\ \

LZL
LZ1

L9ee

[ALY4



WO 2017/051404 PCT/IL2015/050978

60 /121

172




WO 2017/051404 PCT/IL2015/050978

61 /121




WO 2017/051404 PCT/IL2015/050978

62 /121




WO 2017/051404 PCT/IL2015/050978

63 /121

[NE] %3]
N ' ' P
|
O 1 I\f
<] <
"\\J‘I <
- =
R 9
) 1 M
——-I";<




PCT/IL2015/050978

WO 2017/051404

64 /121

8101

OLLL

0z8




WO 2017/051404 PCT/IL2015/050978

65 /121

160
y

Y
1018

1100

1198

1195

1194




PCT/IL2015/050978

WO 2017/051404

66 /121

L6t

=G

e O e-1 ..
SO @wim:llq\.m @\
NM_ _ Qlilhlw..wﬂ G==1114A
9611 /

aol by




WO 2017/051404 PCT/IL2015/050978

67 /121

1010

N

1196

1192
/

1010

FIG.10E



PCT/IL2015/050978

WO 2017/051404

68 /121

f ik ) ,
s |

T et L)

S ey gt | By

HE u\:”
o E\\@W&ML:.J&




WO 2017/051404 PCT/IL2015/050978

69 /121

Ty
'—?&4 s

5
R

—f
‘.'.

L7

radliy
——

‘.‘——
S

\

1332
]
A2l

]
e

s
Nl

T
I e |

SR .
0I~ ..
\/1 ln(

Ao

1198

=

1100
- —— - A—.

//I:
o

H/@val

=
24@
i,

820

926



WO 2017/051404

1195

1194

!

19

1192

70 /121

1018

1050

1206

PCT/IL2015/050978



WO 2017/051404 PCT/IL2015/050978

71 /121

1196




PCT/IL2015/050978

WO 2017/051404

72 /121

rolL-by
6611
2ad ;
zzl — N«E‘ﬂﬁ
SIS AV
S AVAA\\UMW‘\ 92/
A <>
8611 5z/1 =
% =
owrl )
~7 =<
= SEEE AN z601
7 N
0oLt 0EEl mﬂml 0601l /01



PCT/IL2015/050978

WO 2017/051404

73 /121




WO 2017/051404 PCT/IL2015/050978

74 /121

Ot—

1140

1195

3

1194
1208

1192

892



PCT/IL2015/050978

WO 2017/051404

75 /121

68

Létl
0oLl

2611

céll

woL 614



PCT/IL2015/050978

WO 2017/051404

76 /121

¥96

[484

)

S =

091

|||..||..\\WNL\\\\

\




PCT/IL2015/050978

WO 2017/051404

77 /121




PCT/IL2015/050978

WO 2017/051404

78 /121




WO 2017/051404 PCT/IL2015/050978

79 /121

140

110

574
@

(@]
N~
S
O
% O
|
o |
N
[e.0]
(@]
- o
)
~r
O.
e |
%/ 3
@
(]
N
N

464



WO 2017/051404 PCT/IL2015/050978

80 /121

1120

1082 1070

1100

(=}
<t

i
455X
464

840



WO 2017/051404 PCT/IL2015/050978

81 /121

o
5 R
[s0) o <~ n
0 ~
~ ﬂ-\\g o
o N o
¥ o o &
5 ©
Q
3 K
W0 o S
N
]
<
oN @ e @
N 0 ® /._
o
- O
¥s)
3 5 b h
]
-0
N ;O
- ¥
~ 1
8
- O
oo
3 By |
N - ke
o
“©
o
£
L
b
<
3
o
S

1008




WO 2017/051404 PCT/IL2015/050978

82 /121

1170

840



WO 2017/051404 PCT/IL2015/050978

83 /121

1170

FIG.10U



PCT/IL2015/050978

WO 2017/051404

84 /121

929y

0

4

\\\\ NN e £V R e e T T T2 )

R
N
HE R ..“ e
7
0cé

ra
R e o
- — e 7

0cs
0Ly



WO 2017/051404 PCT/IL2015/050978

85 /121

1208

1195
(o)

1194

1192




WO 2017/051404 PCT/IL2015/050978

86 /121

1193
(8

1192
[
)%

1190

1100




WO 2017/051404

1332

1100

87 /121

FrE—E o
of W ¢ oy | A .
§<\ 7l < Z .@-_
B\ v R oy -
h /i

=T
OM; I
| b/
\:'\'C%apﬂ“]’
'\‘illi}“iri

% N | l}’

-

w

|

|

|

A e

2272, 810,812 /

PCT/IL2015/050978

>
o
-
Ko
ic



WO 2017/051404 PCT/IL2015/050978

88 /121

1208

7
1140

1192

1194 K (]]95

3
AN




WO 2017/051404 PCT/IL2015/050978

89 /121
3
= 0/
SE=N
R W
- a J
-z 5
oo




WO 2017/051404 PCT/IL2015/050978

90 /121

1064

A

RS

Y

==

LTS
Ol
-3!‘:\.‘ 9
/

"'el‘.&' ]

/3

TS
e
ARV
TR L

'ﬂilr

za

N _‘;,,’ ) =

= L\),""_’ £
LD IS

1 ,H» I\
(5T
7

]
8

\%
Fig.10AB



WO 2017/051404 PCT/IL2015/050978

91 /121

(’]97
X -

1012
\\

1014

Fig.10AC



WO 2017/051404 PCT/IL2015/050978

92 /121




PCT/IL2015/050978

WO 2017/051404

93 /121

o v (©
o= PR 14.71\ Ny

st

— \L



WO 2017/051404 PCT/IL2015/050978

94 /121

1197

1140

.

1014

1012
IR

1208

Fig.10AF



WO 2017/051404 PCT/IL2015/050978

95 /121
5 g
o
o
(] o
M~ —
< o
Q —
§ —
N / @)
Q
© ™
~
0
<
@]
&
=5
<~
S
1l
O_




PCT/IL2015/050978

WO 2017/051404

96 /121

Hvol By

g A A\ b
L s I AT Ya W

{

miw,?é_F }IIJ»E«H&%& :»\“\\smw\..l e

ey i%’«bﬂb«..’%’«.’.«%ﬂlﬂ\HL.

N—r—— O} == =
V\ L\“ml e Rﬂdlh\l\l\“\l‘\\l\\ -

e M)
#QAWJI s ‘

s

0c8
001 zeel



WO 2017/051404 PCT/IL2015/050978

97 /121

1195

| ¢

1194
1

1192




PCT/IL2015/050978

WO 2017/051404

98 /121

rvolL-b6y

télt

-
)

\\b [immi .\,; 4 fw‘l A A_,\/v § = ]
d&ﬂmﬁw@xu&%ﬁl B p

=il Gl T =T T TR

]|

\.
=)

<3

- el

)

G

j b\ i
S EE — e e, R 22— WK
/A, AL |_...=_l._||1u .»Tx....» (pIIRARALE, ‘\Wmnﬂn.vﬁ%vn1%£®"®“0“0%a
RO ] nﬁé}lill o \r=id J//%w%ooo\‘

\ O
S e
9611 \ /




WO 2017/051404 PCT/IL2015/050978

99 /121

[
07
NI
®
g N
Z

1170

FIG.10AK



PCT/IL2015/050978

WO 2017/051404

100 /121

=
=

z :1 NS \/;. { R N_.m O—w
N B S RS ORI = AR = N\ D e
s@\\\\n‘lwy///\g.r P lllmnl‘h_.:ry-b!p r=iuil mwmhlnlhli,Lﬂ'l|||.“/_ls|W.luln|l|llnl|-lly
/ 7z deemmammre e — ——r———— S —om— e e i . e P T

ANt ol
e e A [ i, SIS 2 2 s
?./w\.r// R ? ‘.‘_\ i r 4 \ ~

) 0z6 9/8 %

=
S =r—=l——— 0c8

D= )

zeel 8e61 0oL L

volL By

044



WO 2017/051404 PCT/IL2015/050978

101 /121

1195

1194
=

1192




WO 2017/051404 PCT/IL2015/050978

102 /121

S
o) = N
o f k<
0 \
. \
NN SEN Taes
ANINGS 78
< _
> NS N
~ Ql
Sy

S 1\‘ Vib

MWi';H' X )

Al QN

N = Z
N (g S
A I =
(@i =
sl &
RSN .
(seee
A XX XXX
(1e%%e%e%¢




PCT/IL2015/050978

WO 2017/051404

103 /121

gaL1°6d

viLBy

¢05¢

005z x/\/vomm

90z - T

80¢
Olc
4074



PCT/IL2015/050978

WO 2017/051404

104 /121

90¢

oLLbYy

404

0l¢



WO 2017/051404

~O
Q
Yol
N

PCT/IL2015/050978
105 /121

2502

Fig.11D



WO 2017/051404 PCT/IL2015/050978

106 /121

— O
2504
2506
Fig.11E



WO 2017/051404 PCT/IL2015/050978

107 /121

1140

2502

2500
920

2504 I
V‘Q
N

Fig.11F

866



WO 2017/051404 PCT/IL2015/050978

108 /121

2500

Fig.11G



WO 2017/051404 PCT/IL2015/050978

109 /121




WO 2017/051404 PCT/IL2015/050978

110 /121

2502

2500




PCT/IL2015/050978

WO 2017/051404

111 /121

ro-by



WO 2017/051404 PCT/IL2015/050978

112 /121

2510

Fig.11K



WO 2017/051404 PCT/IL2015/050978

113 /121

2500

2510

Fig.11L



WO 2017/051404 PCT/IL2015/050978

114 /121

Fig.11M



WO 2017/051404 PCT/IL2015/050978

115 /121

Z
—
-
Ry
L.



WO 2017/051404

2500

PCT/IL2015/050978

116 /121

2502

920

o
—
X

d
866

'J/"

2512
876
Fig.110

2508



WO 2017/051404 PCT/IL2015/050978

117 /121

2500

(@]
D
o~

2512

Fig.11P



WO 2017/051404 PCT/IL2015/050978

118 /121

2500

2510

Fig.11Q



WO 2017/051404 PCT/IL2015/050978

119 /121

p/A
/
//
.//
7
4
41
/
oz
L]
-~
o
LL.
<
o
N3]
™~



WO 2017/051404 PCT/IL2015/050978

120 /121

/
//
//
v/
/
7
2 '/
/4
<
//‘.
4
(%2 ]
-—
—
o

i

<

o)

[¥p]

N



WO 2017/051404 PCT/IL2015/050978

121 /121

St
4
\
[
—
Lo
O

[t ™

~t

o

wn

o]



INTERNATIONAL SEARCH REPORT

International application No.
PCTAL 15/50978

A. CLASSIFICATION OF SUBIECT MATTFR
IPC(8) - A61B 17/16 (2016.01)
CPC - A61B 17/1642

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
1PC(8) : AG1B 17/16 (2016.01)

CPC : A61B 17/1642

lassification symbols)

IPC(8) : A61B 17/00, 17/17, 17/56, 17/88, 17/90 (2016.01)
CPC: A61B 17/00, 17/17, 17/56, 17/88, 17/1604, 17/1662, 17/1675,

Documentation searched other than minimum documentation to the extent that such documents

are included in the fields searched

17/8861

Electronic data base consulted during the international search (name of

probe, snare, loop, suture, wire, capture, transfer, hook, retrieve, pull,
retract, withdraw, reverse, arthroscope

data base and, where practicable, search terms used)

Patbase, Google Patent, Google Scholar: two, twin, double, dual, parallel, channel, tunnel, drill, hole, punch, curve, arc, bent, needle,

repeat, multi, plural, handle, pump, squeeze, override, manual,

“

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2014/147619 A1 (MININVASIVE LTD.) 25 September 2014 (25.09.2014) see especially pg | 1-2, 28, 34-35

- 11, In 10-32, pg 12, In 1-32, pg 22, In 15-19, pg 22, In 26 to pg 23, In 3, pg 23, In 17 to pg 24, In

A 9, pg 24, In 15-32, pg 25, In 8-24, fig 1A, B, 28A-D, N, R 3,36

A US 2014/0303625 A1 (SHOLEV et al) 9 October 2014 (09.10.2014) see whole document 1-3, 28, 34-36

A US 2012/0323248 A1 (DROSS) 20 Devernber 2012 (20.12.2012) see whole document 1-3, 28, 34-36

A US 2007/0179509 A1 (NAGATE et al) 2 August 2007 (02.08.2007) see whole document 1-3, 28, 34-36

A US 5,250,055 A (MOORE et al) 5 October 1993 (05.10.1993) see whole document 1-3, 28, 34-36

A WO 2000/074578 A2 (INFLUENCE MEDICAL TECHNOLOGIES, LTD.) see whole document 1-3, 28, 34-36

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or afler the international
filing date :

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q" document referring to an oral disclosure, use, exhibition or other
means

“p”  document published prior to the international filing date but later than

the priority date claimed

“T" \ater document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

22 March 2016 (22.03.2016)

Date of mailing of the international search report

09 JUN 2016

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissiuner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/IL 15/50978

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful interational search can be carried out, specifically:

3. Xl Claims Nos.: 4-22
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

‘I'his International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1,

Group I: claims 1-3, 28, 34-36 directed to an arthroscopic bone channel forming and suturing system having a curved needle
Group II: claims 23-25 directed to a snare wire cartridge assembly having a tensioning device with a drum and springs
Group lil: claims 26-27 directed to a curved shaft assembly a pair of curved shaft elements and a location ring

Group IV: claim 29-31 directed to an arthroscopic surgical device having a selection lever and retaining cone

Group V: claims 32-33 directed to an arthroscopic surgical device having a handle at an angle

--- see continuation sheet ---

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, }x No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3, 28, 34-36

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. :

l:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specificd in the invitation.

D No protest accompanied the payment of additional search fees.
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Box Il - Observations where unity of invention is lacking (Continuation of item 3 of first sheet):

The groups of inventions above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 13.2,
they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

The special technical feature of the Group | claims is a curved needle, which is not present in the claims of Group iI-V.

The special technical feature of the Group Il claims is a tensioning device with a drum and springs, which is not present in the claims of
Group 1, HlI-V.

The special technical feature of the Group |li claims is a pair of curved shaft elements and a location ring, which is not present in the
claims of Group I-1l, IV-V.

The special technical feature of the Group 1V claims is a selection lever and retaining cone, which is not present in the claims of Group |-
i, v.

The special technical feature of the Group V claims is a handle at an angle, which is not present in the claims of Group I-IV.

Common Technical Features

Groups |-V share the technical feature of an arthroscopic device. This generic feature does not avoid the prior art, as evinced by WO
2014/147619 A1 to Mininvasive Ltd (hereinafter Mininvasive). Mininvasive teaches an arthroscopic device (pg 11, In 10-32, fig 1A, 1B,
2A, 2B).

Groups I-1l share the technical feature of an arthroscopic device having a snare. This generic feature does not avoid the prior art, as
evinced by Mininvasive. Mininvasive teaches an arthroscopic device having a snare (pg 11, In 10-32, fig 1A, 1B, 2A, 2B, transfer wire
with a loop). See also US 5,499,991 A to Garman et al (hereinafter Garman). Garman teaches a suture snare (col 2, In 55 to col 3, In
27). :

Groups V-V share the technical feature of an arthroscopic device having a housing. This generic feature does not avoid the prior art, as
svinced by Mininvasive (pg 11, In 10-32, fig 1A, 1B, 2A, 2B).

Therefore, the listed inventions fack unity of invention under PCT Rule 13 because they do not share a same or corresponding special
technical featira

Claiins 4-22 are improper multiple dependent claims not in compliance with PCT Rule 6.4 (a) and have not been included in any of the
above groups. -

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - claims
	Page 68 - claims
	Page 69 - claims
	Page 70 - claims
	Page 71 - claims
	Page 72 - claims
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - drawings
	Page 168 - drawings
	Page 169 - drawings
	Page 170 - drawings
	Page 171 - drawings
	Page 172 - drawings
	Page 173 - drawings
	Page 174 - drawings
	Page 175 - drawings
	Page 176 - drawings
	Page 177 - drawings
	Page 178 - drawings
	Page 179 - drawings
	Page 180 - drawings
	Page 181 - drawings
	Page 182 - drawings
	Page 183 - drawings
	Page 184 - drawings
	Page 185 - drawings
	Page 186 - drawings
	Page 187 - drawings
	Page 188 - drawings
	Page 189 - drawings
	Page 190 - drawings
	Page 191 - drawings
	Page 192 - drawings
	Page 193 - drawings
	Page 194 - wo-search-report
	Page 195 - wo-search-report
	Page 196 - wo-search-report

