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(57) L’invention concerne un appareil chirurgical (100)
comprenant un corps (300) dont la forme permet son
insertion dans un alésage d’une piece 4 main chirurgicale
et un verrou (315) qui comprend un élément élastique
(335) relié audit corps. Cet élément élastique comporte
une structure de verrouillage (340) congue pour venir en
contact de verrouillage avec une surface intérieure de
I’alésage de la pieéce a main chirurgicale.
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(57) A surgical apparatus (100) includes a body (300)
configured for insertion into a bore of a surgical
handpiece and a latch (315) that includes a resilient
member (335) connected to the body. The resilient
member has a latching structure (340) configured to
latchingly engage a surface of the surgical handpiece
within the bore.
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(57) Abstract

A surgical apparatus (100) includes a body (300) configured for insertion into a bore of a surgical handpiece and a latch (315) that
includes a resilient member (335) connected to the body. The resilient member has a latching structure (340) configured to latchingly

engage a surface of the surgical handpiece within the bore.
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SURGICAL INSTRUMENT HANDPIECE AND SYSTEM

A surgical system may include a motorized handpiece in
which may be inserted a variety of surgical devices having different
functions and operating parameters. Typically, a surgical device is
engaged in a bore of a handpiece by interaction of spring-ivaded
ball locks in the bore with a groove around a circumference of the
surgical device. Typically, the ball locks are retracted by
manipulating a collar around the exterior of the handpiece to permit

insertion or removal of the surgical device.

Adapters may also be employed to permit surgical devices
that are not configured for use with a particular handpiece to be
used with that handpiece. For example, Sjostrom, U.S. Patent No.
4,705,038, describes a motorized handpiece that operates a set of
different surgical devices. Sjostrom’s system includes adapters that
permit surgical devices having differently sized hubs to be used in
conjunction with a single handpiece. Each adapter includes a first
end configured for engagement with the handpiece and a second

end configured for engagement with one or more surgical devices.

There is a general need in the art to make the manipulation of
surgical handpieces and instruments received therein, as easy and
trouble free as possible and it is an object of the present invention to
meet this need.

In accordance with the present invention, there is provided an
apparatus comprising a body configured for insertion into a bore of a
surgical handpiece, and a latch comprising a resilient member

connected to said body and having a latching structure configured to
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latchingly engage a surface of the surgical handpiece within the

bore.

In one aspect, generally, the invention features an apparatus
5 that includes a body configured for insertion into a bore of a surgical
handpiece and a latch. The latch includes a resilient member
connected to the body and having a latching structure configured to
latchingly engage a surface of the surgical handpiece within the
bore.
10
The invention prévides considered advantages over the prior
art. In particular, the body of the apparatus may be engaged with
and released frorn the surgical handpiece without manipulating the
handpiece. As a result, the handpiece doces not need to include any
15  moving parts for engagement with surgical devices or other

instruments.

Embodiments may include one or rmore of the foliowing
features. The resilient member may be a cantilevered arm and may
20 be configured to radially deflect during insertion into the bore of the
handpiece and ta return from the radial defiection to permit the
latching structure to latchingly engage the surface of the surgical
handpiece within the bore. The latch may also include a user-
manipulabie release portion mounted on the cantilevered arm, and
25 the cantilevered arm may be configured to radially defiect in
response o pressure on the release portion to disengage the
{atching structure from the surface of the surgical handpiece within
the bore. This pernmits the apparatus to be released from the
surgical handpiece with little effort. The latching structure may be
30 positioned adjacent to the release portion or may be spaced from

the release portion along a longitudinal axis of the body.
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The body includes a proximal end for insertion into the bore.

The latching structure may include a leading edge that is ramped in
a direction from the proxin:lal end of the body toward a distal end of
the body and a latching surface oriented transversely to a
longitudinal axis of the body. The latching surface may also include
a trailing edge at a distal end of the latching structure. This trailing
edge may be angled toward the distal end of the body in a radiai
direction from the body.

The body may also include a tab that extends radially from an
exterior surface of the body and is positioned to engage an opening
in the handpiece. The tab is positioned distally of the release
portion. The body may be formed from a single piece of injection
molded plastic, and may include a ring structure that carries the
cantilevered arm and is secured to the body so that the arm exitends
proximally to and adjacent to an exterior surface of the body. The
ring structure may be joined to a distal end of the bady by a snap fit.

The body may be configured as a hub of a surgical
instrument. When the body is configured as a hub, the surgical
instrument may also include an outer member connected to and
extending from the body to a tissue receiving opening at a distal end
of the outer member, an inner member positioned in the outer
member and including at its distal end a surgical tool to cut tissue,
and a drive shaft connected to the inner member for rotating the
inner member reiative to the outer member. The bady may carry a
magnet that is sensed when the apparatus is inserted into the bore
of the surgical handpiece

The body may also be tonfigured as an adapter for

i
interconnecting a hub of a sugical instrument tc the handpiece.
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The adapter includes a proximal end for insertion into the bore of the

handpiece and a distal end configured for attachment to the hub of

the surgical instrument.

The apparaius may be a component of a surgical device that
also includes a handpiece. The handpiece has a bore at its distal
end for insertion of the body of the apparatus and an annular flange
located within the bore to latchingly engage the latching structure
when the body is inserted into the bore. The annular flange may
include a ramped edge at an end closest to the distal end of the
handpiece and, at an end furthest from the distal end of the
handpiece, an edge that is angled toward the distal end of the
handpiece in a radial direction from a longitudinal axis of the bore
(i.e., a back-cut edge). The handpiece may also include a slot and
an opening at its distal end. A user-manipulable release portion of
the latch is inserted into the slot when the body is inserted into the
bore. A tab that extends radially from an exterior surface of the
body and is positioned distally of the release portion may be inserted
into the opening when the body is inserted into the bore.

In another aspect, generally, the invention features an
apparatus that includes a body configured for insertion into a bore of
a surgical handpiece, a latch and a tab. The latch includes a
resilient member connected to the body and having a latching
structure configured to latchingly engage a surface of the surgical
handpiece within the bore. The latch also includes a user-
manipuiable release portion mounted on the resilient member. The
tab extends radially from an exterior surface of the body.

Embodiments may inciude one or more of the features noted

above.
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in another aspect, generally, the invention features an
apparatus that includes a body configured for insertion into a bore of
a surgical handpiece and a iatch that includes a resilient
cantilevered arm connected to the body and having a latching
structure configured to latchingly engage a surface of the surgical
handpiece within the bore and a user-manipulable release portion
mounted on the cantilevered arm. The resilient cantilevered arm is
configured to radially deflect during insertion into the bore of the
handpiece and to return from the radial deflection to permit the
latching structure to latchingly engage the surface of the surgical
handpiece within the bore, and to radially deflect in response to
pressure on the release portion so as to disengage the latching

structure from the surface of the surgicai handpiece within the bore.

Embodiments may include one or more of the features noted

above.

in another aspect, generally, the invention features a surgical
device that includes a handpiece having a bore at its distal end and
an apparatus that includes a body configured for insertion into the
bore of the handpiece. The apparatus also includes a latch having a
resilient member connected to the body and having a laiching
structure configured to {atchingly engage a surface of the handpiece
within the bore.

Additional embadiments may inciude one or more of the
fallowing features. When the apparatus is configured as a surgical
instrurnent having a drive shaft, the drive shaft may have an

extension that includes a drill tip configuration with sloped, canted

PCT/US96/17644 -
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edges at a proximal end of the drill tip configuration for engagement

with the drive shaft of the motor.

In yet another aspect, generally, the invention features a
surgical device that includes a handpiece having at its distal end a
bore, a recessed portion on the exterior surface that includes a siot,
an annular flange located within the bore, and an opening. The
surgical device also includes a surgical instrument that has a body
configured for insertion into the bore, a latching mechanism attached
to the body and configured to iatchingly engage with the annular
flange to secure the surgical instrument to the handpiece in an axial
direction, and a tab configured to engage with the opening to secure
the surgical instrument to the handpiece in a circumferential

direction.

Additional embodiments may include one or more of the
following features. The annular flange may be positioned proximally
of a proximal end of the slot of the recessed portion. The latching
mechanism may include a latch and a user-manipulable release
portion configured to move the latch from an engaging position in
which the latch engages the annular flange to a non-engaging
position in which the latch is disengaged from the annular flange
when the release portion is depressed. The latching mechanism
may aiso include a cantilevered armn that is radially spaced from an
exterior surface of the body, and on which the user-manipuiable
release partion is mounted. A spring-loaded plunger may be
coupled between the latch and the user-manipulable release
portion. In addition, the siot of the recessed portion may have a

flared opening at its distal end.
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in yet another aspect, generally, the invention features a

surgical handpiece having a proximal end and a distal end. Atits
distal end, the handpiece includes a bore configured for reception of
a body of a surgical apparatus, a recessed portion on the exterior
surface that includes a slot for reception of a user-manipulable
release button of the surgical apparatus, an annular flange located
within the bore and configured to iatchingly engage witii a latching
structure of the surgical apparatus to secure the surgical apparatus
within the bore in a direction corresponding to a longitudinal axis of
the bore, and an opening configured to engage a tab of the surgical
apparatus to secure the surgical apparatus within the bore in a
circumferential direction.

Additional embodiments may include one or more of the
following features. The annular flange may be jocated at a position
in the bore corresponding to the siot of the recessed portion and
may include a gap corresponding to the slot. Altematively, the
annular flange may be located at a position in the bore that is

proximal to the slot of the recessed portion.

In yet another aspect, generally, the invention features a
surgical instrument that includes a body configured for insertion into
a bore of a handpiecs, a latching mechanism and a tab. The
latching mechanism includes a latch and a user-manipulable release
portion. The release portion is configured to move the latch radially
between a first position in which the latch engages a surface within
the bore of the handpiece and a second position in which the latch is
disengaged from a surface within the bore of the handpiece when
the release button is depressed. The tab extends radially from an
exterior surface of the body and is positioned distally of a release

portion of the latching mechanism.
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Embodiments may include one or more of the features

noted above.

In yet another aspect, generally, the invention features a
surgical instrument that includes a body disposed along an axis.
The body is configured to be received in a bore of a surgical
handpiece. At least a portion of the body includes a ramped leading
surface configured to be advanced past a latching surface within the
bore while the bady is being inserted into the bore, and an
engagement surface oriented transversely with respect to the axis of
the body and configured to engage the latching surface when the
bedy is fully inserted into the bore. The surgical instrument also
includes a release mechanism for disengaging the engagement
surface from the latching surface to allow the body to be withdrawn

from the bore.

Embodiments may include one or more of the features

noted above.

In a further aspect, there is provided a surgical assembly
comprising the apparatus as hereinbefore described together with a

surgical handpiece.
in another aspect, there is also provided a surgical instrument
comprising the apparatus as hereinbefore described and further

comprising:

an outar member connected to and extending from said body

to a tissue receiving opening at a distal end of outer member;
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an inner member including at a distal end thereof a surgical

tool to cut tissue, said inner member being positioned within said
outer member and being rotatabie relative to said outer member;
and

5 a drive shaft connected to said inner member for rotating said
inner member; and

a surgical handpiece.

In further aspects of the present invention, there is provided

10 the surgical instrument as hereinbefore described in kit form.

Other features and advantages will become apparent from
the following description of the preferred embodiments, including the
drawings, and from the claims.

15

Brief D -  the I .

Fig. 1 is a perspective view of a surgical handpiece.

Fig. 2 is a block diagram of a surgical system inciuding the
handpiece of Fig. 1.

20 Fig. 3A is a side cross sectional view of a surgical handpiece.

Fig. 3B is an enlarged portion of the cross sectional view of
Fig. 3A.

Fig. 4A is an exploded top perspective view of a magnetic
switching element of the handpiece of Fig. 1.

25 Fig. 4B is a bottom perspective view of the magnetic
switching element of Fig. 4A.

Fig. 4C is a cross sectional view of an alternative magnetic
switching eilement.

Fig. 4D is a cross sectional view of the magnetic switching

30 element of Fig. 4A in a depressed position.
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Fig. 5A is a top view of a circuit board of the handpiece of Fig.

Fig. 5B is an end view of the circuit board of Fig. 5A.
Fig. 6A is a perspective view of a surgical instrument
S configured for attachment to the handpiece of Fig. 1.
Fig. 6B is a perspective view of a hub and drive shaft of the
surgical instrument of Fig. 6A. )
Fig. 6C is a side view of the hub and drive shaft of Fig. 6B.
Fig. 7A is a cross sectional side view of an interface between
10 the handpiece of Fig. 1 and the hub and drive shaft of Figs. 6A-6C,
taken at the longitudinal axis of the handpiece.
Fig. 7B is a cross sectional side view of the interface of Fig.
7A, offset from the longitudinal axis of the handpiece.
Figs. 8A-8D are functional diagrams of the latching
15 mechanisms of the interface of Fig. 7A.
Fig. 9A is a side view of an alternative latching mechanism.
Fig. 9B is a top view of an end of a handpiece configured for
interaction with the latching mechanism of Fig. 9A.
Fig. 9C is a sectional view of the handpiece end of Fig. 9B
20 taken along section 9C-9C.
Fig. 9D-9H are side and top views of other alternative latching
mechanisms.
Figs. 10A-10C are perspective and plan views of an
altemative latching mechanism.
25 Figs. 11A and 118 are perspective views of an alternative
latching mechanism.
Fig. 12 is a side view of an adapter including the latching

mechanism of Figs, 6A-8C.
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_With reference to Figs. 1 and 2, a motorized, reusable

surgical handpiece 100 (Fig. 1) is configured to operate a variety of
disposabie (or reusable) surgical instruments. The handpiece has a
generally cylindrical shape, with a teardrop-shaped cross section,
and inciudes a housing 105 made from a non-magnetic material
such as aluminum. At iis distal end, the handpiece includes a
cylindrical bore 110 for attachment of a surgical instrument. Within
the bore 110 is a drive shaft 115 that is coupled to a motor 120
positioned within the handpiece 100. The handpiece includes
pushbutton switches 125, 130 and 135§ that produce signals for use
in controlling the motor 120. The handpiece 100, including the
pushbutton switches 125, 130 and 135, is fully autoclavable.

The handpiece 100 is empioyed in a surgical systermn 200 that
includes the handpiece, a console 205, a surgical instrument 300 (or
a set of surgical instrurnents), and a foot controt assembly 210. A
processor 215 positioned within the console 205 controls the
operating speed and direction of the motor 120 of the handpiece
100. This, in turn, controls the operating speed and direction of the
surgical instrument 300. For exampie, when the surgical instrument
300 includes an active portion 305 (such as a cutting blade or an
abrading burr) that rotates about the longitudinal axis 140 of the
handpiece 100, the processor 215 controls the direction and speed
at which the active portion 305 rotates.

The processor 215 controls the motor 120 in response to
signals from the pushbutton switches 125, 130 and 135, the console
205, and the foot control assembly 210. In addition, as discussed
below, the handpiece 100 provides the processor 215 with
information indicative of the instrument type of the surgical
instrument positioned in the handpiece. The handpiece 100 is
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connected to the console 205 by a cable 145 that is attached to the

proximal end of the handpiece by a threaded connector 146.

In addition to the processor 215, the console 205 includes a
power switch 220 for activating or deactivating the system, and
buttons to increase (225) or decrease (230) the speed of the
handpiece motor 120. To dispiay information, the conscie inciudes
a sixteen character fluorescent display 235 for diagnostic messages,
digital dispiays of the motor speed (240) and the permissible range
for the rnotor speed (245, 250), and a bar graph dispiay 255 of the
motor speed within the permissible range. The foot control
assembly 210 is attached to the consoie 205 through a cable 260
and permits an operatior tc select between forward, reverse and
oscillate modes of operation for the motor 120 of the handpiece 100.
Alternatively, the foot control assembly can be used to control the

position of an operative portion of the surgical instrument.

Referring aiso to Figs. 3A and 3B, the three pushbutton
switches 125, 130 and 135 are attached to the exterior of the
housing 105 and are physically isolated from the electronic circuitry
associated with the switches by a wall of the housing. This isolation
ensures that the switches do not provide a leakage path to the
electronics and thereby ensures that the handpieca 100 and the
switches 125, 130 and 135 are autaclavable. In addition, no
separate seal is required to isolate the switches from the circuitry.
The switches, which are round and identically sized, are located
near the distal end of the handpiece 100 and are arranged in a
triangular configuration. Fewer or more switches (e.g.. two or four
switches) could be used and thga switches could be arranged in a

different configuration.
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As already discussed, the switches 125, 130 and 135 provide

signals to the processor 215 through cable 145, and the processor
215 uses the control signals to controi the motor 120 in the
handpiece 100. The functions of the switches need not be explicitly
5 defined and may be configured by programming the processor 215.
For example, switch 125 may cause the processor 215 to control the
motor 120 to cycle through forward, reverse and oscillate modes of
operation, while switch 130 causes the processor to cycle the motor
through a circular range of speeds and switch 135 causes the

10 processor to activate or deactivate the motor.

In another configuration, the switches respectively cause the

processor to control the motor to operate in a forward mode (switch
125), a reverse mode (switch 130), or an oscillate mode {switch

15  135). In this alternative configuration, pressing any one of the
switches activates the motor and causes the motor to operate in the
corresponding mode. Thereafter, pressing any switch deactivates
the motor. To switch, for example, from the forward operating mode
to the reverse operating mode, an operator would press any one of

20 the three swiiches to deactivate the motor and wouid thereafter

press switch 130 to reactivate the motor in the reverse mode.

Each of switches 125, 130 and 135 also may have muitiple
functions. For example, quickly pressing a switch may cause the
25 motor to switch between forward and reverse modes of operation
while continually pressing the switch causes the motor to operate in
an oscillation mode. Similarly, quickly pressing a switch may
activate the motor while continually pressing the switch gradually
increases the speed of the motor or controls the position of an

30 operative portion of the surgical instrument as discussed above,
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Referring also to Figs. 4A and 4B, each of switches 125, 130

and 135 comprises a magnetic switching element 400 that includes
a permanent magnet 405 surrounded by magnetically soft material.
The magnetically soft material absorbs the magnetic field produced
5 by magnet 405 to shunt the magnet to prevent the magnetic field
from actuating switching circuitry in the handpiece until the switch is
depressed by the user, and do so without becoming magnetized

over time.

10 Each of switches 125, 130 and 135 includes a rubber boot
150 positioned over the magnetic switching element 400. The
rubber boots 150 are formed in a sheet of silicone rubber 155 that is
secured to the housing 105 of handpiece 100 by a metal cover 160.
The permanent magnet 405 of each magnetic switching element

15 400 is secured to a switch cover 410 and positioned within a
cylindrical opening 415 of a switch bottomn 420. The switch cover
410 serves as an actuator for the switch. A spring 425 biases the
switch cover 410 away from the switch bottom 420, and rubber boot
150 maintains the switching element 400 as a single unit. In an

20 alternative arrangement, as illustrated in Fig. 4G, switch cover 410
and switch bottom 420 are mechanically interiocked so that rubber
boot 150 serves no role in maintaining switching element 400 as a
single unit. The switch cover 410, switch bottom 420 and spring 425
are made from a magnetically soft material such as Carpenter 430F

25 solenoid quality magnetically soft stainiess steel. Other magneticaily
soft materiais such as magnetically soft iroan could also be used, but
magnetically soft stainiess steel is employed for its corrosion

resistance.

30 The magnetic switching elements 400 are positioned and
configured to interact with corresponding Hall-effect sensors that are
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physically isclated from the switching elements. Each magnetic

switching element 400 is positioned in a recessed portion 165 of the
housing 105. In particular, each magnetic switching element 400 is
positioned on a recessed shelf 170 that is sized to accommodate
the switch bottom 420 and overlies a depression 175 in the housing.
The depression 175 has a diameter that is slightly larger than the
diameter of the cyiindricai opening 415 of the swiich bottorn 420 and
has a closed bottom. For example, at the bottorn of the depression
175 corresponding to switch 135 is a wall 180 of the housing 105
that physically isolates the magnetic switching element 400 from a
Hall-effect sensor 500 that corresponds to the switch 135. This
physical isolation provides a barrier against any potential leakage
path through the switch 135. However, because the housing 105 is
made from aluminum, a non-magnetic material, the magnetic
switching element 400 is not magnetically isolated from the Hali-
effect sensor 500.

when switch 135 is not depressed, the permanent magnet
405 is positioned within a volume defined by the switch cover 41 (6]
and switch bottom 420. As noted above, these elements absorb the
magnetic field produced by the permanent magnet 405. When the
permanent magnet 405 is positioned within the volume defined by
the switch cover 410 and the switch bottorn 420, these elements,
along with the spring 425, complete a magnetic circuit that prevents
a significant portion (if not all) of the magnetic field produced by the
permanent magnet 405 from reaching the Hall-effect sensor 500.

That is, the magnetic field is decoupled from the Hall-effect sensor
500.

As illustrated in Fig. 4D, depressing switch 135 causes a
portion of the magnet 405 to extend beyond switch bottorn 420 into
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the depression 175. As noted above, the housing 105 of the

handpiece 100 is made from aluminum. 2 material that does not
absorb the magnetlc field and does not shunt the magnet 405.
Thus. depressing switch 135 causes a portion of the magnet 408 to
5§ move from a shunted position to a relatively unshunted position.
When the magnet 405 is in the unshunted position, the magnetic
field produced by magnet 405 iz coupled to and sensed by the Hall-
effect sensor 500. Similar resuits could be obtained if the housing
108 were made from another non-magnetic materiai such as plastic
10  or austenitic non-magnetic stainiess steel.

The Hali-effect sensor 500 responds to the magnetic field by

sending a signal to consoie 205 along a muitipiexed bus in cable
110. The Hall-effect sensor 500 is a model A3054SU Hall-effect

15 sensor supplied by Allegro Microsystems, inc. of Worcester,
Massachusetts. The sensor includes a high-resoclution bipolar Hall-
effect switching circuit that drives high-density CMOS logic stages.
The logic stages decode serial address pulses sent by processor
215 on the multiplexed bus and produce a response when an

20 appropriate address is received. This response is indicative of
whether the Hali-effect sensor has detected a magnetio field.
Processor 216 responds to the signal from the Hall-effect sensor
600 by controlling the motor 120 in accordance with the function of
the switch 135. The Allegro senscr also includes an input that

25 permits connection of 3 mechanical switch. Thus, if desired, a
mechanical switch could be coupled to the magnetic switching
element 400 for redundancy or as a fallsafe measurs. or could
replace the magnetic switching element 400. However, such an
arrangement would likely require the formation of a physical

30 passage through the housing 105, Other magnetic sensors such as,
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for example, Hall-effect sensors by other manufacturers or reed

switches, could alsc be used.

Switch 135 has a stroke length on the order of 0.06 Inches
(.e., the magnet 405 is 0.08 closer o the Hall-effect sensor §00
when switch 135 is depressed than it is when switch 135 is not
depressed). Thus, the physical distance between the magnet 405
and the Hall-effect sensor 500 is of little significance to whether the
Hall-effect sensor 500 detects the magnetic field produced by the
magnet 405. Rather, the significant factor is whether magnet 405 is
extended beyond switch bottom 420 so that the magnat 405 is no
longer ehunted and the magnatic field is permitted to reach the Hall-
offect sensor 500. Magnet 405 is shunted during the first third of the
stroke of switch 135, and is extended beyond switch bottom 420
during the second two thirds of the stroke.

Referring also to Figs. 5A and 5B, Hali-effect sensor 500 is
mounted on a circuit board 505 that is positioned in a channel 185 in
the housing of the handpiece 100. The circuit board 505 is flat, 15
mils thick, and only slightly flexible. Hall-effect sensor 500 is
positioned within a cutout in the circuit board 505, and is conneoted
to the circuit board by leads 510 that are soldered to a pair of circuit
paths 515 that define the bus which electrically connecte the Hall-
effect sensor 500 to the consoie 205. Wires 520 eonnacted to the
cireuit paths 5§15 transmit signals to and from the console 205.

Hall-affact sensors 525 and 530, which correspond,
respectively, to switches 125 and 130, are positioned in cutouts in
the side of circuit board 505 and located beneath switches 125 and
130. Sensors 525, 530 are angled relative to the circuit board 505
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to accommodate curvature of the handpiece 100, and are connacted

by leads 510 that are solderad to the circuit paths 515.

An addltional pair of Hall-effect sensors 538 are positioned
adjacent to the bore 110 and respond to magnets in the surgical
instruments to identify the type of instrument installed in the
handpiece 100. Sensors 535 are angled and connectad in the same
way as are sensors 525 and §30. The Hall-effect sensors 535
detect whether magnets are present in cach of two chambars within
a surgical instrument and provide this information to the processor
218. Using this information, the processor 215 identifies an
instrument type to which the instrument belongs and uses the
instrument type to carry out subsequent processing. For exampie,
the processor 215 may use the instrumeant type to sat the
permissible range of operating speeds for the instrument. Through
use of the two Hall-effect sensors 835, up to four different instrument
types (l.e.. no magnets. a magnet in one of the chambers, a magnet
in the other chamber, magnets in both chambers) may be encoded.
Additional Hall-effect sensors 535 and corresponding magnet
chambers couid be empioyed to encode larger numbers of
instrument types (e.g., four Hall-effect sensors 538 could encode 16
instrument types). Techniques for encoding instrument types are
described in U.S. Patents Nos. 4,705,038 and Re. 34,558, which are
entitled "Surgical System for Powered Instrument" and are
incorporated by reference.

The circuit board 505 also includes an extension 540 that
aids In insertion of the circult board 503 into the channe! 1885.

Referring to Figs. 6A-6C, a disposable surgical instrument
300 for use with the surgical handpiece disoussed above includes a
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resilient latching mechanism 310 and is configured for insertion into

the handplece 100 without manipulating the fatching mechanism
310 or any latching mechanism on the handpiece. The latching
mechanism 310 includes a cantilevered resilient arm 315 that is
5 radially spaced from an exterior surface of a hub 320 of the

instrument 300. A user-manipulable release button 325 is mounted
on the cantilevered arm with ramped latches 330 positioned on
either side of the release button 326. Each of the latches 330
includes a ramped leading edge 335 and a back-cut trailing edge

10  340.

The hub 320 is formed from a singie piece of injection moided
plastic to which is secured a ring structure 342 that carries
cantilevered arm 315 so that arm 315 extends proximally and

15 adlacent to the exterior surface of hub 320. The ring structure 342
is joined to the distal end of the hub 320 by a snap fit. In alternative
arrangements, the ring structure could be integral to the hub or
secured to the proximal end of the hub. When the ring structure is
secured to the proximal end of the hub, the orientation of the latches

20 330 relative to the resilient arm 315 are reversed so that the latches
330 continue to have rampad leading edges and back-cut trailing
edges.

Referring aiso to Figs. 1, 3A, 7A and 7B, the bore 110 of the
25 handpiece 100 is configured to engage with the latching mechanism
310 of the surgical instrument 300. For this purpose, the exterior
surface of the distal end of the handpiece includes a recessed
portion 800 having a slot 605 for insertion of the release button 325
of the surgical instrument when the hub 320 is inserted into the bore
30 110. The recessed portion is provided for ease of operation and
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helps to ¢liminate any chance that a surgical instrument positioned

in the handpiece will be inadvertently released.

An annular flange 610 within the bore 110 engages the
ramped latches 330 of the surgical instrument to axially secure the
instrument to the handpiece 100. The annular flange 610 has a
ramp-ghaped leading edge 615 and a back-cut trailing edge 620.
With the exception of the region defined by the siot 605, the annular
flange extends around the entire interior diameter of the bore 110.
However, a partial flange could aiso be used. Indeed, tha only
functional limitation on the flange is that it engage the latching
mechanism 310. As such, the annular flange 6810 need not include
a ramp-shaped leading edge or a back-cut trailing edge and couid
have, for example, a square or rectangular cross section. In
addition, should excessive wear be a concern, the annular flange
108 could be formed with a stee! (nsert.

A guide siot 825 interacts with a tab 345 that protrudes from
surgical instrument hub 320 to radially secure the surgical
instrument to the handpiece and prevent rotation of the surgical
instrument in response to torque applied by the moter 120. As
illustrated, the guide slot 626 only extends through a pertion of the
radial dimension of the handpiece and is configured to accept an
squally sized tab. The dimensions of the guide siot and the tab may
be varied to prevent the use of certain surgical instruments in
conjunction with certain nandpieces. Far exampie, an aiternative
handpiece could include a guide slot extending completely through
the radial dimension. Surgical instruments configured for use only
with the alternative handpiece could include a tab that is fonger in
the radial direction than is the guide siot of the present handpiece so
that those instruments wouid not be attachable to the present
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handpiece. This arrangement would still permit surgical instruments

that are attachable to the present handpiece to be attached to the
aitarnative handpiece.

The tab 345 is located on the hub 320 opposite the latching
mechanism 310 and distally of the release button 325. Accordingly,
radial alignment of the tab 345 with the guide slot 82E as the
surgical instrument 300 is inserted into the handpiece 100 is
ensured by alignment of the release button 325 in the slot 605.

With reference also to Figs. 8A-8D, the latching mechanism
310 of the surgical instrument 300 permits an operator 1o fixedly
engage the surgical instrument 300 with the handpiece 100 by
merely inserting the hub 320 Inta the bore 110 of the handpiece 100.
The hub is inserted with the release button 325 aligned with the slot
805, which has a flared opening to ease alignment (Fig. 1). As the
hub is inserted. the ramped leading edges 335 of the ramped
latches 330 engage with the ramped leading edge €15 of the
annular flange 610 (Fig. 8A). Additional insertion foroe causes the
resilient arm 315 to bend as the ramped leading edges move past
each other (Fig. 8B). Eventuaily, the trailing edges 340 of the
ramped latches 330 pass the trailing edge 820 of the annular flange
810 (Fig. 8C). At thie point, the resilient arm 315 returns to its
normal, unbent orientation and the ramped latches 320 snap into
place with their trailing edges against the trailing edge of the annutlar
flange 610 (Fig 8D). Because the tralling edges of both the annular
flange 610 and the ramped fatches 330 are back-cut, the hub 320
moves slightly toward the distal end of the handpiece 100 when the
jatches 330 snap into place.
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Referring to Figs. 6A-6C, the surgical instrument 300 includes

a drive shaft 350 that is inserted inte the hub 320. The drive shaft
350 includes an extension 355 that engages with the spring-loaded,
sealed drive shaft 115 of the héndpiece 100. When the surgical
instrument 300 is positioned in the handpiece 100, rotatlon of the
drive shaft 115 causes tha drive shaft 350 to rotate. Techniques for
sealing the drive shaft 115 are described in U.S. Patent No.
5,133,729, which is entitied “"Motor-Driven Hand-Piece for a Surgical
Tool" and is incorporated by reference.

To ease alignment of extension 355 with drive shaft 115,
extension 355 includes a driil tip configuration 387 with sloped,
canted sdges at its proximal end. If extension 355 is not aligned
with drive shaft 116 as the surgical instrument is ingerted into the
handpiece, the drill tip configuration 357 engages with the drive
shaft 115 and causes the extension 355 (along with the drive shaft
350) to rotate until the extension and the drive shaft are properly

aligned.

The spring loading of drive shaft 115 effects a distally
directed force against the hub 320 through the drive shaft 350. This
force serves to secure the surgical instrument 300 in the bore 110.
Additional securing force is provided by a compliant rubber seal 366
that is secured to the hub 320 by a pair of tabs 367 and provides a
fluid-tight seal with the walls of the bore 110,

When the ramped latches 330 are engaged with the trailing
edge of the annular flange 610, the spring 190 of the drive shaft 115
is compressed and exerts a force against the ramped latches 330
through the drive shaft 330 and the hub 320. This force secures the
ramped latches 330 against the annular flange 610. Since the
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traliing edges of both the annular flange 610 and the ramped latches

330 are back-cut, the force exerted by the spring 180 must be
overcome before the latches 300 can be disengaged from the flange
810.

In addition to providing ease of engagement between the
randpizce 100 and the surgical instrument 300, the latching
mechanism 310 permits the operator to release the instrument 300
from the handpiece 100 by simply pressing release button 325, and
does not require manipulation of the handpiece 100 or further
maniputation of the surgical instrument 300. Yvhen the release
button 325 is pressed, the traliing edges of sloped ramps 330 are
moved along the trailing edge of the annular flange 810 until the
trailing edges no longer contact the annuiar flange (Fig. 8C). At that
point. the spring 190 of the drive shaft 115 forces the surgical
instrument 300 away from the proximal end of the handpiece 100
until the spring 190 is no longer compressed.

The hub includes a pair of radially extending chambers 360
(Fig. 7B) in which may be embedded magnets 362. As discussed
above, the magnets 365 interact with Hall-effect devices §35 to
identify the instrument type of surgical instrument 300. Each
chamber 360 is covered by a plastic cap 364. Techniques for
embedding the magnets are described In Application Serial No.
08/538,298. entitied "Surgical instrument with Embedded Cading
Element” and filed on October 2, 1895, which is incorperated by
reference.

Surgical instruments may be configured to perform a variety

of surgical operations. Numerous examples of surgical instruments

are provided in, for example, U.S. Patant No. 4,203,444, entitled
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"Surgical instrument Suited for Closed Surgery"; U.8. Patent No.

4,274,414, entitled "Meniscal Cutter (Surgical Instrument)"; U.S.
Patent No. 4,522,208, entitled "Surgical Instrument"; U.S. Patant No.
4,862,371, entitled "Surgical Instrument"; U.S. Patent No. 4,834,729,
entitied "Arthroecopic Surgiczl Instrument”; U.S. Patent No.
4,842,578, entitled "Surgical instrument for Arthroscopic
Arthroplasty": 1.5 Patent No. 4 883,179, entitled "Arthroscopic
Surgical instrument"; U.S. Patent No. 5,152,744, entitied "Surgical
Instrument”: U.S. Patent No. §,320.6335, entitled "Surgical Device",
and U.S. Patent No. 5,322.505. entitled "Surgical Instrument”, all of
which are incorporated by reference. Additional instruments are
described in U.8. Application Serial No. 08/318,057, entitied
"Surgical instrument”, which was filed on September 23, 1594; U.S.
Application Serial No. 08/425,719, entitled "Curved Surgical
Instrument with Segmented Inner Member", which was filed on April
20, 1996; U.S. Application Serial No. 08/388,992, entitled "Surgical
instrument”, which was filed on February 15, 1995; and U.S.
Application Serial No. 08/200,662, entitied "Surgical Instrumant”,
which was filed on February 23, 1994, all of which are incorporated
by referencs.

In the iliustrated embodiment, the surgical instrument 300 is a
cutting instrument that includes a fixed hub 320 to which is attached
a hollow outer tube 370, and a rotatable drive shaft 350 to which is
attached a hollow inner tube 375. Openings in the distal ends of the
tubes 370 and 375 have sharpened edges and perform a cutting
action when the inner tube 375 is rotated within the outer tube 370.
While hub 320 and drive shaft 350 are made from injection-molded
plastic, tubes 370 and 375 are made from stainless steel to render
the instrument readily disposable. Other materials could be used if it
was desirable 10 make the instrument reusable.
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Referring also to Fige. 3A, 3B, 7A and 7B, drive shaft 350
includes an opening 380 that permits material drawn through inner
tube 375 to pass into an aspiration channel 630 of the handpiece
100. The handpiece 100 also includes a handie 635 that controls a
valve 640 and thereby controls flow through the aspiration channel
630. The handle €38 !s positicned on the bottem of the handpiece
near the distat end of the handpiece, and rotates about an axis 845
that is perpendicular to a longitudinal axis 140 of the handpiece.
This orientation permits one-handed, finger contre! of flow through
the aspiration channel 630 by a person holding the handpiece 100.
The aspiration channel 630 ends at an aspiration spigot 650 at the
proximal end of the handpieca. During use, the spigot 650 is
connected to a sourca of suction (not shown).

Three knuried bands BSS define arcs about the circumfarence
of the handpiece 100. These bands provide ease of gripping, and
are formed by scoring the outer surface of the handpiece.

Other embodiments are also contemplated. For example, as
llustrated in Fig. SA, an aiternative latching mechanism 900 includes
a release button 905 that is axially spaced from a ramped latch 910.
Due to the axial displacement, relatively more force must be incident
on release button 905 to move ramped latch 810 than must be
inocident on release button 325 to move ramped latch 330 radially
away from flange 610. To ease assertion of the additional farce,
release button 805 typically has a larger surface area than does
reiease button 325. The avial dispiacement of the release button
905 relative to the ramped latch 910 permits the flange 610 to be
moved proximally relative to the siot 805, which can be
accomplished by shortening the slot, moving the flange, ora
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combination of the two. Movement of the flange relative to the siot

eliminates the break in the flange due to the siot. while movement of
the latch reiative to the release button eliminates the break in the
latch due to the release button. This permits the latch and flange to
engage each other along continuous surfaces.

Az shown in Figs, 98 and 9C, 2 handpiece 918 for use with
the latching mechanism 800 is identical to the handpiece 100
described above with the exception that the flange 920 of the
handpiece 915 is positioned further from the distal end of the
handpiece than is the flange 610 of the handpiece 100. In this
configuration, the flange 820 is positioned proximally of the siot 605
within the bore 110 and no longer intersects the slot 608.
Accordingly, the flange 920 Is uninterrupted and forms a continuous
ring around the Interior of the bore 110. Similar results may be
obtained by maintaining the position of the flange within the bore
and shortening the sliot 805.

The latching mechanism 310 may aiso be varied in other
ways, For exampie, Fig. 9D lliustrates an alternative latching
mechanism 926 that includes a releasa button 930 and a latch 935
having a square cross section. Figs. 9E and SF illustrate a latching
mechaniem 940 that includes a release button 945 and a ramped
latch 950. In addition to having a ramped leading surface 955, the
latch 850 includes a leading edge 960 that tapers to a point 965 in
the longitudinal diraction. Similarly, a latch 870 illustrated in Figs.
8G and 9H Inciudes a release button 875 and a latch 980 that
includes a ramped leading surface 985 and a curved leading edge
980.

PCT/US96/17644 -
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Referring to Figs. 10A-10C, another alternative latching

mechanism inoludes a tab 1000 and a tab 1005. Tab 1000 is
mounted on a hub 1010 of a surgicai instrument 1015, Tab 1005 is
mountad on the proximal side of a spring-loaded plate 1020 that is
positioned at the distal end of the hub 1010. Tabs 1000 and 1005
are positioned to define an arc on the order of 170° around the
circumnference of the hub 1010. At instaliation, the hub 1010 is
inserted into the bore 110 of the handplece, with the tab 1000
aligned with the slot 605. The hub is inserted until tab 1000 passes
through the gap in the flange 610 that is formed by the slot 605. At
that point. plate 1020 is pressed against the distal end of handpiece
100 so that a spring 1025 is compressed and, because the tabs
1000 and 1005 define an arc of 170° while siots 6§10 and 626 of the
handpiece are offset by 180°, tab 1005 is not aligned with siot 625.
Once the tab 1000 clears the gap, the hub 1010 is rotated untii the
tab 1005 aligns with the siot 525 and snaps into piace to lock the
hub 1010 within the bore. The instrument is removed from the bore
by pulling the piate 1020 away from the handpiece 100 until the tab
1008 is out of the slot 625 and rotating the hub 1010 until the tab
1000 aligns with the gap in the flange 610.

Referring to Figs. 11A and 11B. the latching mechanism also
may be implemented with a spring-loaded plunger 1100 positioned
in an indentation 1103 in the hub 1110 of a surgical instrument. A
spring 1115 could be a separate component or molded with the
plunger 1100.

Referring to Fig. 12, the latching mechanism 310 aiso may be
incorporated into an adapter 1200 for connecting a hub of a surgical
ingtrument to a handpiece. The adapter 1200 includes a proximal
end 1205 for insertion into the bore 110 of the handplece and a
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distal end 1210 configured for attachment to a hub of a surgical

instrument.

Other embogdiments are within the foliowing claims.
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CLAIMS

1. Apparatus compriging:
a body configured for insertion into a bore of a surgical
S handpiece, and
a latch comprising a resilient member connected to said body
and having a latching structure configured to latchingly engage a
surface of the surgical handpiece within the bore.

10 2. The apparatus of claim 1, wherein said resilient member
comprises a cantijevered arm.

3. The apparatus of ciaim 2, wherein said cantilevered arm is
configured to radially deflect during insertion into the bore of the

15 handpiece and to return from the radial deflection to permit said
latching structure to latchingly engage the surface of the surgical
handpiece within the bore.

4. The apparatus of claim 2, wherein said latch further
20 comprises a user-manipulabie release portion mounted on said
cantilevered arm.

s. The apparatus of ciaim 4, wherein said resilient member is
configured to radially defiect in response to pressure on said rejsase

25 portion so as to disengage said latching structure from the surface of
the surgical handpiece within the bore.

8. The apparatus of claim 4, wherein said latching structure is
positioned adjacent to said release portion.
30
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7. The apparatus of ciaim 4, wherein said latching structure is

spaced from said release portion along a longitudinal axis of said
body.

8. The apparatus of claim 1, wherein said body includes a
proximal end for insertion into the bore and wherein said latching
structure includes:

a leading edge that is ramped in a direction from the proximal
end of said body toward a distal end of said body; and

a latching surface oriented transversely to a longitudinal axis
of said body.

8. The apparatus of claim 8, wherein said latching surface
comprises a trailing edge at a distal end of said latching structure,
said trailing edge being angled toward the distal end of gaid body in
a radial direction frormn said body.

10. The apparatus of claim 4, wherein said body further
comprises a tab that extends radially from an exterior surface
thereof and is positioned to engage an opening in the handpiece.

11. The apparatus of claim 10, wherein said tab is positioned
distally of said release portion.

12. The apparatus of claim 2, wherein said body is formed from a
single piece of injection molded plastic.

13. The apparatus of claim 12, further comprising a ring structure
that carries said cantileversd arm and is secured to said body so
that said arm extends proxirnally to and adjacent to an exterior
surface of said body.
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14. The apparatus of claim 13, wherein said ring structure is
joined to a distal end of the body by a snap fit.

15. The apparatus of claim 1, wherein said body further
comprises a tab that extends radially from an exterior surface

thereof and is positioned to engage an opening in the handpiece.

16. A surgical instrument hub comprising the apparatus of claim 1
and further comprising:

an outer member connected to and extending from said body
to a tissue receiving opening at a distal end of said outer member;

an inner member including at a distal end thereof a surgical
tool to cut tissue, said inner member being positioned within 3,‘,“ 7
outer member and being rotatable relative to said outer member;
and

a drive shaft connected to said inner member for rotating said

inner member.

17. The apparatus of claim 1, wherein said body carries a magnet
that is sensed when said apparatus is inserted into the bore of the
surgical handpiecs.

18. The apparatus of claim 1, wherein said body comprises an
adapter for interconnecting a hub of a surgical instrument to the
handpiece, said adapter having a proximal end for insertion into the
bore and a distal end configured for attachment to the hub of the
surgical instrument,

18. A surgical device including the apparatus of claim 1, said
surgical device further comprising the handpiece having a proximail
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end and a distal end, wherein said handpiece includes a bore at the

distal end thereof for insertion of said body of said apparatus and an
annuiar flange located within the bore to latchingly engage said
latching structure when said body is inserted into said bore.

20. The surgical device of claim 19, wherein said annular flange
includes a ramped edge at an end closest to the distal end of the
handpiece and, at an end furthest from the distal end of the
handpiece, an edge that is angled toward the distal end of the

10 handpiecs in a radial direction from a longitudinal axis of the bore.

21. The surgical device of claim 18, wherein said handpiece

inciludes a slot at the distal end thereof and wherein said latch

further comprises a user-manipulable release portion positioned for
15 insertion into said siot when said body is inserted into said bora.

22. The surgicatl device of claim 21, wherein said body includes a
tab that extends radially from an exterior surface thereof and is
positioned distally of said release portion, and wherein said

20 handpiece includes an opening positioned for engagement with said

tab when said body ig insertaed into said bore.

23. The surgical device of ciaim 18, wherein said handpiece
further comprises a motor having a drive shaft, and wherein said
25 drive shatft of said surgicél instrument includes an extension having
a drill tip configuration with sioped, canted edged at a proximal end
of the drill tip configuration for engagement with said drive shaft of

said moaotor.
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24, The surgical device of claim 19 wherein said device further

comprises a recessed portion on the exterior surface and including a
slot.

25. The surgical device of claim 24 wherein said annular flange is
positioned proximaily of a proximal end of said slot of said recessed
portion.

28, The surgical device of claim 21 wherein said user-
manipulable release portion is configured to move said latch from an
engaging portion in which said latch engages said annular flange to
a non-engaging position in which said latch is disengaged from said
annuiar flange when said release portion is depressed.

27. The surgical device of claim 26 further comprising a spring-
ioaded plunger coupled between said iatch and said user-

manipulable release portion.

28. The surgical device of claim 24 wherein said slot of said

recessed portion hs a flared opening at its distal end.

29. A surgical instrument comprising:

a body disposed along an axis and configured to be received
in a bore of a surgical handpisce, at least a portion of said body
including a ramped leading surface configured to be advanced past
a latching surface within the bore while said body is being inserted
into the bore, and an engagement surface oriented transversely with
respect to the axis of said body and configured to engage the
latching surface when said body is fully inserted into the bore; and
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a release portion for disengaging said engagement surface

from the latching surface to aliow said body to be withdrawn from
the bore.

30. A surgical assembly comprising the apparatus of claim 1
together with a surgical handpiece.

31. A surgical instrument comprising the apparatus of claim 18
together with a surgical handpiece.

32. The surgical assembly of claim 30 in kit form.

33. The surgical instrument of claim 31 in kit form.

34. An apparatus substantially as herein described with reference
to accompanying drawings.



02234195 1998-04-28

CA

o Mie vp

96/ 1764k

.
(%)

PR,

1/17

JJ

Gol

in

/

00

AMENDED SHEET



? : CA 02234195 1998-04-28

PCTAUS 96/ | 765K
IPEA/US 16 mAY 1997

2117

200
o a5 30\ a0 4
—-}-——-é:—ﬁ—‘: ; ol
215
e
=77 1235
el VA
__,G__J;_LLIHIIHIIHH/"EOS
230 -
255
o)
250

iy

AMENDED Szl



PCTAUS 96/176 4 4
IPEA/US 16 MAY ©37

02234195 1998-04-28

CA

3/17

g¢ 9ld

Gl
aiv

\\X\_\\\\\\\\mﬁ
Cal I et

e

SO NN NN NN N Y
0.l [
03 PN

LA &
om¢oov N @8{

Ve Old & an oo O gel
0G9 g9

e O ol s g9
¢ 02g

,\\N\\\\\\\\\\\\\\\\\\

Z
a

/l 7 7 7 /7 7 7 7 7 7 /7 7 7 m
mo_\ m8\mm_\ ooe al
Sel— N gal X Ssl o

%_/
gc o4 33—~ 001 O




PEOLETAUS 96/ 17644

417

IPEA/US 16 MAY 1997

. FI1G. 4B

FIG. 4A




CA 02234195 1998-04-28

PCTUS v6/1764 &

A E“%/g S 16 MAY 1997
5/17
405 4i0
[ 400

s
4L g
€

425 | d
x>% \

3
)
\




4 ' CA 02234195 1998-04-28

FCTAIS voll7644

6/17
o v
5 ©
) )
AN klf_n g
[ ] 0
To)
8\\ — 0
To]
Te)
Pe] To)
%\\ = e Lfm)
IS <t m
0 g : 0
o N . o
o 4o © 5 o
; Peign
o)
| 3
S— IT—8
o] — L s}
~_ -

1D SHEET



CA 02234195 1998-04-28

PCTAUS 96717648 4
IPEA/US 16 may 1991

717

ARSENDED SHEET



342

[

/

265 320 330 zp5 35

CA 02234195 1998-04-28

PCTAIS 96/17644
IPEA/US 16 MAY Q9T

8/17

FIG. 6B

AMENDED SHEET



CA 02234195'1998-0?263%;8 9 6‘,7 176#@
IPEA/US 16 MAY 1997

9/17

A
(
320

FIG. 6C

L
6%345

370

LowicinDED SHEET



CA 02234195 199?‘;&4‘;’{’8 Y b/ 176)4_ }4_
IPEA/US 16 mav 93t

10/17

135
525 25
500 |go
325 535
342 35 -
] ‘ 7 4 ////// <
) /(Q—{#\\ "'eq//// s
A / |
ﬁ_/D Ay ) _\__/357
Y
/ Mg
“
320 \ 345
342
342
- nl.a:/ Z_Z /\/(Lo-pﬁ’/\/_,il/_
Y 1
320 I s Sees
342 L 365 105 =0 190
535 \350 135
364

AMENDED SHEET



CA 02234195 1998-04-28

PCTAUS 96/1764Kk
IPEA/US 16 mAY 1997

11/17

6l5
'(05 [ 80

35 340 ~N
330 335

FIG. 8A

/105 6I5 610

7 /
620

— 330
315 340 335

FIG. 8B

65 6l0
Z. 105 { /

~ )
3i5 340 335

FIG. 8C

Jlos 615 610 620

e

) \ )
315 340
335

FIG. 8D

—

620
330

AMENDED SHEL ¢



CA 02234195 1998-048TAID Yo'/ 176 4 &

IPEA/LS 16 MAY 1997

12/17
905
] !‘\QO
900
FIG. 9A
605 €00,9C ,125 95 _
9C+ 625 f C’@/o {
L. : Ql
<N
N
:3(0 60
FIG. 9B
a5
/605
—
g ~
/__/
110 s
gy
625/ ‘M
. 920
FIG. ©C

AMENDED SHEET



CA 02234195 1998-04-28

rmnu396/17644
PEAZUS 15wy 992

13/17

930
w |
925
FIG. 9D
960 )
945 o 950
_éj(<\955 :,5 - 965
‘ : (
olo 96(0 o6 940 945 oo 960
FIG. OE FIG. OF
975 980 /9?5 280
s T e
970 990 570 1990
FIG. 9G - FIG. 9H

AMENDED SFEF!



CA 02234195 1998-04-;23:’7-}!.28 vo/l/bhk

iven/sue 1o MAY 93

14/17

1020

5
| <
©
|
Q
o
8/

AMENDED SHEET



CA 02234195 1998-04-28

PGLAIS 94/ 1764 &
IPEA/US 16 var 89T

18/17

0B
w M 015
s §_/IO|O
\ 1000
'00\5 X \ 1020
ZZNN
X f\
FIG. 10C

ARERDFD SHEET



1105

1110

CA

02234195 1998-04-%8 B
TLLUE 9671764
[PEA/US 16 MAY 1997

16/17

FIG. 11A

AMENDED SHEET



no

CA 02234195 1998-04-28

PCT/US ¥6/1764%
IPEA/US 18 MAY 1997

17117
e}
8 %\
o L G
S g S
SaL g —t
! - -
: o
.
gn&:\\_ H o
\ [ ') LL._.
N

H)OO
FIG

AMENDED SHEET



650

/I



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	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 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - DRAWINGS
	Page 48 - DRAWINGS
	Page 49 - DRAWINGS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - REPRESENTATIVE_DRAWING

