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Description

[0001] This invention relates to surgical instruments
for removing soft or hard tissue from a body. In particular,
the invention relates to endoscopic surgical instruments,
including those for use in arthroscopy.

[0002] Endoscopic surgical instruments typically in-
clude an outer tubular shaft that extends from a hub and
receives an inner tubular shaft which is rotated or other-
wise moved by a motor. A cutting implement such as a
blade or burr attached to the distal end of the inner shaft
is exposed to tissue through an opening in the distal end
of the outer shaft. Tissue severed by the cutting imple-
ment and irrigating fluid present at the surgical site are
drawn into the interior of the inner shaft by suction for
withdrawal from the body.

[0003] Some endoscopic surgical instruments are
straight; in other, curved instruments, the outer shaft is
bent between its proximal and distal ends to offset the
cutting implement with respect to the longitudinal axis of
the instrument. The inner shaft is flexible within the bend
region allow it to transmit force through the curve and
operate the cutting implement. The outer shaft of many
curved surgical instruments is rigid, and thus imposes a
fixed direction and amount of curvature. Alternatively, the
outer shaft may be flexible so that the user can impose
variable curvatures by grasping the hub and outer shaft
and bending the outer shaft by a selected amount.
[0004] US Patent No. 5,921,956 describes a surgical
instrument having a stem section extending from a han-
dle. A surgical tool is connected to the other end of the
stem by an articulated section. In this instrument, the tool
is moved by shortening wires which are connected to the
tool, thus exerting a pulling force on the tool.

[0005] Similarly, the surgical tool described in
WQ0O93/04634 has tethers which are shortened to exert a
pulling force, which serves to bend the instrument and
steer the cannula.

[0006] US patent No. 5,179,934 describes an endo-
scope in which an insertion section is coupled to a fluid-
pressure actuator via a bendable section. When fluid is
introduced into one of the actuators, it expands and ex-
erts either a pushing or pulling force on the insertion sec-
tion.

[0007] Document WO-A-94/10897 describes a surgi-
cal instrument comprising the features of the preamble
of independent claim 1.

[0008] The present invention is as defined in claim 1.
[0009] In accordance with the present invention, there
is provided a surgical instrument comprising a shaft dis-
posed along an axis having a flexible region and a sur-
gicaltool disposed at an end thereof, the instrument com-
prising a steering body coupled to the shaft and config-
ured to transmit steering forces to bend the flexible region
and offset the tool from the axis, the instrument further
comprising an actuator operatively coupled to the steer-
ing body characterised in that said actuator applied first
and second forces to progressively bend the flexible re-
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gion towards and to opposing first and second directions
respectively, wherein said force is a proximally directed
axial force and said second force is a distally directed
axial force, the actuator being coupled to a proximal end
of each of said members for selectively moving the mem-
bers in opposite proximal and distal directions along the
axis, thereby to transmit proximally directed and distally
directed forces to the shaft, semi-cylindrical sleeves that
the members being enclose the shaft.

[0010] This invention features a surgical instrument in
which the surgical tool is steerable to different offset po-
sitions from the hub of the instrument. This eliminates
the need for the user to grasp and bend the outer tube.
Thus, the surgical tool can be easily and accurately
steered to different positions without removing the instru-
ment from the surgical

[0011] Preferred embodiments may include some or
all of the following features.

[0012] The steering body may comprise a plurality of
generally rigid members disposed along the shaft. Each
member has a distal end connected to the shaft proxi-
mally of the surgical tool, and a flexible region disposed
axially adjacent to the flexible region of the shaft. The
actuator is coupled to a proximal end of each member
for selectively moving the members in opposite proximal
and distal directions along the axis, thereby to transmit
proximally directed and distally directed forces to the
shaft. The members maybe connected to the shaft be-
tween the shaft’s flexible region and a tissue-admitting
opening in the shaft.

[0013] The members maybe each relieved with a plu-
rality of openings, such as circumferentially extending
slots disposed therein transversely to the axis, to provide
their flexible regions. Preferably, the slots are arranged
to define a continuous strip of material that extends along
a substantially straight line over an entire length of the
flexible region of each member.

[0014] The instrument includes a hub disposed at the
proximal region of the shaft, and the actuator includes a
knob mounted for relative rotation on the hub. The prox-
imal ends of the members are linked to the knob by a
transversely extending pins which engage within a plu-
rality of channels in the knob. The channels maybe ori-
ented with respect to the axis so that the engagement of
the pins with the channels causes the members to move
in opposite proximal and distal directions along the axis
in response to relative rotation between said knob and
said hub. This opposing "push-pull" motion transmits
proximally directed and distally directed forces to the
shaft and steers the surgical tool. The channels maybe
oriented in opposite inclined directions with respect to
the longitudinal axis and are preferably helical.

[0015] To avoid twisting of the proximal ends of the
members in response to the torque imposed by the knob,
the members maybe equiped with second transversely
extending pins which are disposed proximal of the first-
mentioned pins and received in a plurality of passages
in the hub. The passages maybe oriented along the lon-
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gitudinal axis so that the engagement of the second pins
with the passages limits rotation of the proximal ends of
the members in response to relative rotation between the
knob and the hub.

[0016] In the knob is mounted to the hub to allow con-
tinuous relative rotation therebetween. Alternatively, the
mounting permits relative rotation in discrete steps.
[0017] The instrument may also include an inner shaft
movably disposed within the outer shaft and having a
flexible region positioned axially adjacent to the flexible
region of the outer shaft. The surgical tool may comprise
an opening in the distal region of the outer shaft and an
implement (e.g., a sharpened edge at the distal end of
the inner shaft) carried by the inner shaft for cutting tissue
exposed thereto through the opening.

[0018] Preferably, the inner shaft is relieved with a plu-
rality of openings to provide its flexible region, and a
sheath may be disposed over at least this flexible region.
A sheath is also placed over the steering members be-
tween their distal ends and the hub. The sheaths help
prevent leakage of suction (applied, as discussed above,
to remove severed tissue fragments from the surgical
site) through the relieved flexible regions.

[0019] Amongotheradvantages, because the surgical
tool is steered while the instrument remains in situ, sur-
gery need not be interrupted to withdraw the instrument,
bend it, and reinsert it in the body. In addition, the trauma
associated with removing and reinserting the instrument
is avoided. The push-pull action more easily and accu-
rately steers the surgical tool than if the bending force
was applied in one direction only (e.g., such as by pulling
the tip proximally), thereby lessening fatigue.

[0020] Other features and advantages of the invention
will be apparent from the following detailed description
and claims.

Fig. 1 shows a steerable surgical instrument.

Fig. 2is an exploded view of some of the components
of the instrument of Fig. 1.

Fig. 3 is an enlarged, cross-sectional side view of
the steering mechanism of the instrument of Fig. 1.
Figs. 4 and 5 are cross-sectional views of the steer-
ing mechanism, taken along line 4-4 and line 5-5,
respectively, of Fig. 3.

Fig. 6 shows the instrument in use during a surgical
procedure.

Figs. 7-9 show an alternative embodiment of the
steering mechanism.

[0021] Like numerals refer to like elements in the draw-
ings.
[0022] Referring to Figs. 1 and 2, surgical instrument

10 includes a cutting assembly 12 which extends distally
from a hub 14 along a longitudinal axis 16. Cutting as-
sembly 12 includes an inner tubular shaft 18 which is
rotatably received within an outer tubular shaft 20, which
is in turn enclosed over much of its length by a steering
sleeve 22. Shafts 18, 20 and sleeve 22 are generally rigid
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but are flexible in a bend region 24 (Fig. 1). Sleeve 22
comprises a pair of semi-cylindrical sleeve halves 22a,
22b having proximal ends linked to a rotatable knob 30
onhub 14, and distal ends attached to the exterior surface
of shaft 20 proximally of the distal tip 26 of cutting as-
sembly 12.

[0023] Thelinkage of sleeve 22 to knob 30 is discussed
in more detail below. Functionally, however, when knob
30 is rotated in either a clockwise direction (shown by
arrow 28) or a counterclockwise direction (shown by ar-
row 29) itapplies opposite proximally directed and distally
directed axial forces to sleeve halves 22a, 22b to move
sleeve halves 22a, 22b axially in opposite proximal and
distal directions along shaft 20. The axial motion of sleeve
halves 22a, 22b exerts a "push-pull" force on distal tip
26, thereby bending shafts 18,20 and sleeve 22 in flexible
region 24 and steering distal tip 26 in corresponding side-
to-side directions (shown by arrows 32, 33, respectively)
with respectto longitudinal axis 16. Thus, by rotating knob
30, the user can adjust the direction of cutting performed
by instrument 10 over a wide lateral range (such as 30
degrees) during a surgical procedure, while keeping in-
strument 10 in situ.

[0024] Tubular shafts 18, 20 and sleeve 22 the metal
(e.g., stainless steel), while hub 14 and knob 30 are plas-
tic. With this construction, instrument 10 is economically
disposable after a single use (although the instrument
may be sterilized, such as by autoclaving, and reused, if
desired). The proximal end of tubular shaft 20 is received
within and rigidly mounted to hub 14. The distal end 34
of shaft 20 includes an opening 36 with sharpened edges
which defines a tissue cutting window. Corresponding
sharpened edges 38 of an opening at the distal end of
innertubular shaft 18 cut tissue admitted through opening
36 as shaft 18 is rotated within a bore 40 in shaft 20.
Thus, together, the edges of opening 36 and inner shaft
edges 38 define a surgical tool for instrument 10. Edges
38 are serrated, but may be straight instead, and other
surgical tool configurations (e.g., abrading burrs) may
alternatively be employed.

[0025] The proximal end of inner shaft 18 extends
through hub 14 and is secured to a plastic shank 44 that
is rotatably received by hub 14. Hub 14 and shank 44
are configured to be received within a motorized hand-
piece (Fig. 6) which engages shank 44 to rotate inner
shaft 18 within shaft 20 so that edges 38 cut tissue ad-
mitted through opening 36. Severed tissue fragments are
aspirated through an interior suction bore 42 ininner shaft
18 by suction applied at the handpiece and are conveyed
to drainage via an exit portal 46 in shank 44. An example
of a handpiece suitable for use with instrument 10 is de-
scribed in commonly assigned U.S. Patent No.
4,705,038, (the 038 patent").

[0026] Inner tubular shaft 18 is relieved in a region 48
slightly proximal of its distal tip with a series of axially
spaced, circumferential slots 50 to render region 48 flex-
ible. Similarly, aregion 52 of outer tubular shaft 20 located
slightly proximally of distal end 34 is relieved with a series
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of axially spaced, circumferential slots 54 so that region
54 is flexible. Regions 48, 54 are axially aligned when
inner shaft 18 is in place within outer shaft 20. Slots 50,
54 can be formed in any suitable way and configured in
any suitable pattern. Examples are found in U.S. Patent
No. 5,322, 505, assigned to the present assignee (the
"505 patent "). Preferably, each series of slots 50, 54 is
arranged so that adjacent slots extend into respective
shafts 18, 20 in opposite directions, as shown in Fig. 2.
Slots 50 may be covered by a layer 56 of e.g., heat shrink
plastic (shown cut away in Fig. 2 so that the slots can be
seen) to avoid interference with the edges of slots 54 as
shaft 18 rotates. Layer 56 should be sufficiently thin (e.g.,
0.001 inches or 0.00254cm) to avoid binding without urg-
ing cutting edges 38 away from the edges of opening 36.
Examples of materials suitable for use as sheath 56 in-
clude polymers such as polyester, polyurethane and TE-
FLON®.

[0027] Semi-cylindrical sleeve halves 22a, 22b en-
close and are supported in opposing, sliding contact with
outer shaft 20, and meet each other at a pair of seams
23 (only one of which is shown in Fig. 1). A pair of trans-
versely extending pins 60, 62 attached to sleeve halves
22a, 22b, respectively, near their proximal ends are re-
ceived by corresponding helical channels 64, 66 in knob
30, as discussed in more detail below. The distal ends
25a, 25b of sleeve halves 22a, 22b are secured (such
as by spot welding) to the exterior surface of outer tubular
shaft 20 between flexible region 52 and outer shaft open-
ing 36.

[0028] Sleeve halves 22a, 22b are relieved with a se-
ries of axially-spaced, circumferential slots 66a, 66b, re-
spectively, slightly proximally of distal ends 25a, 25b.
When sleeve halves 22a, 22b are in place an outer shaft
20, slots 66a, 66b are disposed in opposing relationship
in flexible region 24 overlying slots 50, 52 of inner and
outer shafts 18, 20. Slots 66a, 66b are formed in the same
manner as slots 50, 52 (e.g., by electric discharge ma-
chining). Each series of slots 66a, 66b extends in a single
direction from the planar side 68a, 68b of the respective
sleeve half. Thus, a continuous, axially directed flexible
strip of material 67a, 67b is defined between the ends of
the individual slots 66a, 66b of each series. Flexible strips
67a, 67b connect the rigid proximal regions 69a, 69b of
sleeve halves 22a, 22b with distal ends 25a, 25b and
extend along a substantially straight line over the entire
lengths of the flexible regions of sleeve halves 22a, 22b.
[0029] The orientation of flexible strips 67a, 67b, on
shaft 20 defines a plane in which the surgical tool is
steered from side to side by rotating knob 30. more spe-
cifically, with strips 67a 67b are arranged as shown in
Fig. 1, sleeve halves 22a, 22b (and hence shafts 18, 20)
will bend up and down with respect to opening 36 (i.e.,
in the direction of arrows 32, 33). In contrast, if sleeve
halves 22a, 22b are arranged as shown in Fig. 2 - with
flexible strips 67a, 67b positioned on either side of open-
ing 36 - the bend direction will be laterally with respect
to opening 36. The arrangement of slots 50, 54 on inner
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and outer shafts 18, 20 is preferably selected to allow
easy bending in the directions defined by sleeve halves
22a, 22b.

[0030] The length of flexible region 24 is a function of
lengths of flexible regions 48, 52 of shafts 18, 20 and the
length of the flexible region of sleeve halves 22a, 22b. In
this embodiment, the flexible region of sleeve halves 22a,
22b is approximately one inch long (or 2.54 cm), and is
slightly longer than that of flexible regions 48, 52, but any
suitable dimensions may be used. It will be appreciated
that the amount by which distal tip 26 can be moved from
side to side is a function of the length of flexible region 24.
[0031] Figs. 3-5illustrate the connection between hub
14 and knob 30, and the linkage between knob 30 and
the proximal ends of sleeve halves 22a, 22b. As dis-
cussed above, a pair of pins 60, 62 are mounted to, and
protrude radially from, respective sleeve halves 22a, 22b
near the proximal ends thereof for engagement within
helical channels 64, 66. A pair of radially extending, sec-
ondary pins 70, 72 are secured to sleeve halves 22a, 22b
respectively proximally of pins 60, 62. Pins 60, 62 and
secondary pins 70, 72 are secured to sleeve halves 223,
22b in any suitable way, such as by being press fit or
welded within holes (not shown) in the sleeve halves. In
addition, pins 60, 62 and studs 70, 72 may be coated
with any suitable low friction material for smooth opera-
tion, as discussed below.

[0032] Secondary pins 70, 72 are (but need not be)
circumferentially aligned with pins 60, 62 and are re-
ceived within a corresponding pair of axially oriented,
open-ended passages 74, 76 formed in the distal end 17
of hub 14 (Fig. 4). As shown in Fig. 4, passages 74, 76
are only slightly wider than secondary pins 70, 72 for
purposes which will become apparent. A corresponding
pair of grooves 75, 77, respectively, are formed in knob
30 for assembly purposes. Grooves 75, 77 extend from
open proximal ends which communicate with a cavity 78
in a cylindrical proximal section 80 of knob 30, to open
distal ends which communicate with respective helical
channels 64, 66 in a distal section 94 of knob 30.
[0033] Hub 14 is similar to the hub described in the
’505 patent but differs from it in some respects. One is
the inclusion of passages 74, 76 discussed above. In
addition, hub 14 includes an annular groove 15 (Figs. 3
and 5) in its exterior surface near distal end 17. Knob 30
is rotatably mounted on the distal end of hub 14 by a pair
of cylindrical posts 82, 84 which are press fit into respec-
tive through holes 86, 88 in knob proximal section 80 and
positioned longitudinally within groove 15. Posts 82, 84
may also be coated with a low-friction material for smooth
rotation. When in place within through holes 86, 88, posts
82, 84 lock knob 30 onto hub 14 while permitting knob
30 to be rotated with respect to hub 14. The exterior sur-
face of knob proximal section 80 includes a series of
raised, circumferentially spaced ridges 90 which are eas-
ily grasped by the user to rotate knob 30.

[0034] Helical channels 64, 66 are formed in the axially
extending walls 96 of knob distal section 94. Distal sec-
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tion 94 has a reduced diameter relative to proximal sec-
tion 80 and meets proximal section 80 at an annular
shoulder 92. Helical channels 64, 66 are oriented at op-
posite oblique angles (e.g., +/-15 degrees) with respect
to longitudinal axis 16 (Fig. 1) to define oppositely-in-
clined camming sidewalls 95, 97 for pins 60, 62. Distal
section 94 extends axially for a length sufficient to ac-
commodate helical channels 64, 66, which extend nearly
completely around the circumference of distal section 94.
The helix angle of channels 64, 66 is one factor that de-
termines the amount of bending produced by knob 30,
and can be increased or decreased to produce greater,
or lesser, bending amounts.

[0035] Sleeve halves 22a, 22b and knob 30 are as-
sembled onto hub 14 and outer tubular shaft 20 of instru-
ment 10 as follows. First, with shaft 20 held in a fixture
(not shown), distal ends 25a, 25b of sleeve halves 22a,
22b are welded to the exterior surface of shaft 20, be-
tween flexible region 52 and opening 36. The proximal
end of shaft 20 is then inserted into hub distal end 17 so
that secondary pins 70, 72 at proximal ends of sleeve
halves 22a, 22b are received within passages 74, 76 in
hub distal end 17. An annular groove 79 in distal end 17
communicates with the proximal ends of passages 74,
76 and receives the proximal tips of sleeve halves 223,
22b to allow secondary pins 70, 72 to be inserted fully
proximally into passages 74, 76. Shaft 20 is secured to
hub 14 in any suitable way.

[0036] Next, knob 30 is inserted over distal end 34 of
outer shaft 20 and advanced to hub 14. Knob 30 is po-
sitioned so that grooves 75, 77 are aligned with pins 60,
62 on sleeve halves 22a, 22b, and is then slid proximally
onto hub 14. As aresult, pins 60, 62 enter the open prox-
imal ends of grooves 75, 77 and pass into channels 64,
66 as hub distal end 17 is fully inserted into chamber 78.
Channels 64, 66 are arranged on knob 30 so that when
knob 30 is fully seated on hub 14, pins 60, 62 are located
in channels 64, 66 at appropriately their midpoints.
[0037] Knob 30 is positioned on hub 14 so that homes
86, 88 (Fig. 5) are axially aligned with groove 15. Then,
posts 82, 84 are driven through holes 86, 88 and into
engagement within groove 15 to secure knob 30 on hub
14. With knob 30 secured in place, pins 60, 62 are en-
gaged within channels 64, 66, and secondary pins 70,
72 are received within hub axial passengers 74, 76.
[0038] Inner tubular shaft 18 is inserted through hub
14 until cutting edges 38 are placed at the distal end 34
of outer shaft 20 and shank 44 is seated within hub 14.
Of course, inner shaft 18 may be installed prior to attach-
ing sleeve halves 22a, 22b and knob 30 to outer shaft 20
and hub 14. In either case, assembly is completed by
installing a plastic sheath 13 (Fig. 1) over sleeve halves
22a,22b. Sheath 13 (whichis cut away in Fig. 1 to expose
the majority of the length of sleeve halves 22a, 22b) ex-
tends from knob 30 to sleeve distal ends 25a, 25b and
is preferably formed from a heat shrink plastic material,
such as those discussed above for sheath 56. Sheath 13
need not extend all the way to knob 30.
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[0039] During use of surgical instrument 10 in a surgi-
cal procedure, the user rotates knob 30 with respect to
hub 14 to selectively steer the distal tip 26 of cutting as-
sembly 12 (and hence the surgical tool defined by cutting
edges 38 and outer shaft window 36) from side to side
with respect to axis 16. When knob 30 is rotated in either
the clockwise or counterclockwise direction on hub 14,
pins 60, 62 travel in sliding contact with sidewalls 95, 97
of respective channels 64, 66, thereby translating the ro-
tational motion of knob 30 into axial motion of sleeve
halves 22a, 22b in opposite directions with respect to
shaft20. The engagement of secondary pins 70, 72 within
axially extending passages 74, 76 of stationary hub 14
allows sleeve halves 22a, 22b to travel axially past each
other along seam 23, while preventing the proximal ends
of sleeve halves 22a, 22b from rotating around shaft 20
in response to the torque applied by knob 30. According-
ly, the rotation of knob 30 is translated into a smooth
"push-pull" motion of sleeve halves 22a, 22b along shaft
20 without twisting of the proximal ends of the sleeve
halves. The low friction coatings applied to pins 60, 62,
secondary pins 70, 72, and posts 82, 84 enhance the
ease with which knob 30 is rotated on hub 14.

[0040] More specifically, when knob 30 is rotated in a
clockwise direction (in the direction of arrow 28, Fig. 1),
the sliding engagement of pin 60 in helical channel 64
exerts adistally directed (i.e., a"pushing") force on sleeve
half 22b. In contrast, the engagement of pin 62 in helical
channel 66 exerts a proximally directed (i.e., a "pulling")
force on sleeve half 22a. Because the distal ends 25a,
25b of sleeve halves 22a, 22b are anchored to shaft 20
and sleeve 22 and shafts 18, 20 are flexible in region 24,
the push-pull force applied by sleeve halves 22a, 22b
cooperate to cause shafts 18, 20 to bend in flexible re-
gions 48, 52 to one side of axis 16 (i.e., in the direction
of arrow 32, Fig. 1).

[0041] Flexible strips 67a, 67b of sleeve halves 22a,
22b are sufficiently axially stiff to bend distal end 26 while
also being sufficiently flexible (due to the presence of
slots 66a, 66b) to resiliently accept the resulting curvature
in bend region 24 without crimping. The resilience of
strips 67a, 67b tends to urge knob 30, and hence sleeves
22a, 22b into a "neutral" position in which distal tip 26 is
positioned on longitudinal axis 16.

[0042] The amount by which the distal tip 26 of cutting
assembly 12 is bent is a function of the amount by which
knob 30 is rotated. When knob 30 is rotated to its full
clockwise position (i.e., so that pins 60, 62 engage the
ends of channels 64, 66), distal tip 26 is offset by between
approximately 15 degrees and 20 degrees from axis 16.
The bend amount can be varied by adjusting such pa-
rameters as the helical angle of channels 64, 66 and the
length of flexible region 24.

[0043] When knob 30 is rotated in the opposite, coun-
ter clockwise direction (i.e., in the direction of arrow 29,
Fig. 1), the axially-directed forces applied to sleeve
halves 22a, 22b are reversed. That is, the engagement
of pin 60 in channel 64 imparts a "pulling" force on sleeve
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22b, and a "pushing" force is exerted on sleeve 22a by
the engagement of pin 62 in channel 66. As aresult, distal
tip 26 is steered to the opposite side of axis 16 (i.e., along
arrow 33 in Fig. 1) by an amount that corresponds to the
amount of rotation applied to knob 30.

[0044] Thus, it will be appreciated that instrument 10
allows the user to steer distal tip 26 of cutting assembly
12 over a continuous range of angular positions between
opposite side-to-side extremes defined by the limits of
rotation of knob 30.

[0045] Fig. 6 illustrates an exemplary surgical proce-
dure in which instrument 10 can be used. Hub 14 of sur-
gical instrument 10 is inserted onto the distal end of a
motorized handpiece 100 until shank 44 (Fig. 1) is en-
gaged by the drive shaft of motor 101. With hub 14 fully
inserted, knob 30 is positioned adjacent the distal end
103 of handpiece 100, and thus is readily accessible by
the same hand that the surgeon uses to hold handpiece
100. Accordingly, the surgeon can easily steer distal tip
26 while he or she manipulates handpiece 100.

[0046] During the surgical procedure, cutting assem-
bly 12 is introduced through a puncture wound 102 into
the knee joint 104, below the patella. Light is projected
into the joint via a second puncture 106 using a fiber optic
light source 108, and a visual image of the surgical site
is returned through a separate optical path to a television
camera 110. The image is delivered by camera 110 onto
a television screen 112 for viewing by the surgeon. (Al-
ternatively, the surgeon can view theimage using an eye-
piece, or the image can be recorded.)

[0047] The operation (e.g., speed, torque, direction of
rotation) of motor 101 is controlled by a control unit 114
and other operational controls (such as a footswitch unit
or handpiece switches, not shown). Motor 101 is capable
of rotating inner tubular shaft 18 over a wide range of
speeds, e.g., between about 100 rpm and 5000 rpm, and
can deliver a torque of up to 25 oz. inches (18000 gmm).
Different types of surgical instruments such as instrument
10 have rotational and torsional limits. To prevent the
surgeon from inadvertently operating instrument 10 at
dangerously high speeds and torques, instrument 10
identifies to sensors in handpiece 100 what type of in-
strument it is, and the speed of and torsion applied by
motor 101 is controlled so that these limits are not ex-
ceeded. (This control technique is described in the '038
patent.)

[0048] During the surgical procedure, the body joint is
inflated with fluid introduced through a third puncture
wound 116 from a fluid source 118. The fluid irrigates the
site and renders the tissue in the joint mobile so that it
floats and can be displaced (similar to the movement of
seaweed in water). The surgeon progressively cuts away
the synovial tissue by moving instrument 10 from side to
side and in the axial direction (while viewing television
screen 112). Tissue fragments cut by instrument 10 are
withdrawn from the surgical site along with irrigation fluid
via bore 42 (Fig. 2) in response to suction applied by
vacuum source 120. Sheath 13 (Fig. 1) together with
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sheath 56 (Fig. 2) help prevent vacuum leakage. In ad-
dition, sheath 13 avoids tissue at the surgical site becom-
ing lodged in slots 66a, 66b of sleeve 22.

[0049] It will be appreciated that, with instrument 10 in
the position shown Fig. 6, the surgeon has rotated knob
30 sufficiently to steer opening 36 and cutting edges 38
to the side of axis 16 and against tissue 122 to be cut.
Accordingly, inner and outer shafts 18, 20 and sleeve 22
are bent in flexible region 24. The rotation of motor 101
and the torsion that it provides are efficiently delivered
by inner shaft 18 to the cutting implement (i.e., cutting
edges 38) through flexible region 48 (Fig. 2). Although
region 48 is sufficiently flexible to accept the curvature
imposed by the push-pull action of sleeve 22, it has a
high degree of torsional stiffness and thus provides good
torque response. That is, torsion applied by motor 101
is transmitted to cutting edges 38 substantially immedi-
ately when inner shaft 18 is rotated from its rest position,
without requiring any significant "preloading” of flexible
region 48 prior to passing the torque to distal end 26.
Also, flexible region 48 does not expand in diameter by
any significant amount as it rotates and applies torque
to cutting edges 38, reducing the possibility that inner
shaft 18 will bind within outer shaft 20 during rotation.
This risk is further reduced by the presence of heat shrink
plastic layer 56 (Fig. 2).

[0050] If the surgeon wishes to change the angle of
attack of cutting edges 38 during the procedure, he can
steer distal tip 26 from the position shown in Fig. 6 to
another angular position with respect to longitudinal axis
16 by rotating knob 30 with the hand used to grasp hand-
piece 100. There is no need to remove cutting assembly
12 form the body to change the steered direction of tip
26, and thus surgery may proceed uninterrupted while
the surgeon steers distal tip 26 to another tissue cutting
position. Thus, not only is the procedure simplified for
the surgeon, trauma to the patients from multiple inser-
tions of the surgical instrument is also reduced. Moreo-
ver, the surgeon can observe the repositioning of tip 26
on display 112 as he rotates knob 30 to ensure that tip
26 is accurately repositioned.

[0051] Other embodiments are within the scope of the
following claims.

[0052] For example, although the slot configurations
of inner and outer shafts 18, 20 are preferably identical,
different slot patterns may be used to further reduce the
risk of inner shaft 18 binding as it rotates within outer
shaft 20. Shafts 18, 20 and sleeve 22 may be rendered
flexible in other ways, for example, with non-slotted open-
ings (such as round holes). Alternatively, any of the flex-
ible regions of shafts 18, 20 and sleeve 22 may be com-
posed of other structures, such as the counter-wound
helical coils described in U.S. Patent No. 4,646,738, is-
sued to Trott.

[0053] Inner shaft 18 may move in other ways within
outer shaft 20 (e.g., axially).

[0054] Sleeve 22 may be made from a flexible, non-
metal material, and may be a unitary structure (such as
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aplasticsleeve), aslong as sleeve 22 remains sufficiently
axially stiff to exert the push-pull steering forces while
also being bendable to accommodate the resulting cur-
vature of shafts 18, 20. The distal end of sleeve 22 may
be secured to outer shaft 20 in ways other than by weld-
ing.

[0055] Shafts 18, 20 may also be plastic and be, e.g.,
equipped with metal distal ends to provide suitable cut-
ting implements.

[0056] Knob 30 may be rotatably attached to hub 14
in other ways, such as by a snap-fit connection.

[0057] A friction engagement with hub 14 may be pro-
vided to retain knob 30 in any rotational position set by
the user. This would somewhat counteract the resiliency
of flexible strips 76a, 67b and allow the user to release
knob 30 and still maintain cutting assembly 12 in the
steered position.

[0058] The knob may be mounted to the hub to allow
ratchet-like rotation, thatis, so that their relative rotational
positions are adjustable in discrete steps, rather than
continuously.

[0059] Figs. 7-9 show an example of a ratcheting con-
nection between a knob and a hub from U.S. Patent No.
5,620,447, which is assigned to the present assignee. In
the arrangement shown in Figs. 7-9, the relative rotation-
al positions of the knob and hub are changed in 45 degree
increments. It will be appreciated that smaller increments
may be preferred for steering surgical instrument 10.
[0060] The proximal section 80’ of ratcheting knob 30’
is shown in Figs. 7 and 8 (the distal section of the knob
is identical to that discussed above and is not shown). A
shoulder 200 on the inner surface of the proximal end of
knob section 80’ engages a mating shoulder 202 on the
outer surface of the distal end of hub 14’ (Fig. 9), such
that knob 30’ rotatably mounts to hub 14’. Knob 30’ is
provided with a series of circumferentially spaced inden-
tations 204 and ridges that facilitate the user’s efforts
manually to manipulate knob 30’. A central chamber 206
in knob section 80’ receives the distal end of hub 14’.
[0061] The interior of knob proximal section 80’ is oc-
tagonal in cross-section, its inner surface being com-
posed of eight flat surfaces 208a-h of equal width. Can-
tilevered from the distal end of hub 14’ are eight distally
projecting flexible fingers 210a-h spaced by equal
amounts (e.g., 45°) around the circumference of shoulder
202. Fingers 210 a-h lie perpendicular to the longitudinal
axis 203 of the instrument. Each of fingers 210a-h is an
irregular pentagon in cross-section, such that when knob
section 80’ is assembled onto hub 14’, the radial outer-
most point 212a-h of each finger 210a-h rests in an apex
formed by the intersection of adjacent flat surfaces 208a-
h.

[0062] Fingers 210a-h and flat surfaces 208a-h coact
to allow the relative rotational orientation between knob
30’ and hub 14’ to be changed, in a ratchet-like fashion,
indiscrete, 45° steps. As the relative rotational orientation
changes (i.e., as knob 30’ and hub 14’ rotate with respect
to one another), outermost points 212a-h move across
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flat surfaces 208a-h, initially forcing fingers 210a-h radi-
ally inward. When outermost points 212a-h move past
the respective midpoints of the surfaces 208a-h, the elas-
tic energy stored in the displaced flexible fingers 210a-h
forces the fingers radially outward until relative rotational
orientation between knob 30’ and hub 14’ has changed
by 45°, and fingers 210a-h rest in the adjacent apex.
Thus, fingers 210a-h positively urge outermost points
212a-h into each associated apex as it is encountered,
thereby giving the surgeon kinesthetic feedback as to the
amount by which distal tip 26 (Fig. 1) -- and hence the
surgical tool -- has been bent, and helping to avoid acci-
dental rotation of knob 30’ with respect to hub 14’.
[0063] Of course, the ratcheting increments may be
reduced from 45 degrees to any suitable amount by in-
creasing the number of flat surfaces 208 and fingers 210
and correspondingly reducing their width.

[0064] Still other embodiments are within the scope of
the claims.

Claims

1. A surgical instrument (10) comprising
a shaft (20) disposed along a longitudinal axis, hav-
ing a proximal region, a distal region and a flexible
region (2) therebetween;
a hub (14) disposed at said proximal region of said
shaft (20);
a surgical tool (38) disposed at said distal region of
said shaft (20);
a steering body coupled to the shaft (20) configured
to transmit steering forces to bend the flexible region
(24) and offset the tool (38) from the axis, the steering
body further comprising a plurality of generally rigid
members (22a, 22b) disposed along said shaft (20),
each of said members having a distal end connected
to said shaft (20) proximally of said surgical tool (38)
and a flexible region (67a, 67b) disposed axially ad-
jacent to said flexible region of said shaft;
an actuator operatively coupled coaxially to said
steering body
said actuator being adapted to apply first and second
forces to progressively bend the flexible region to-
wards and to opposing first and second directions
respectively, wherein said first force is a proximally
directed axial force and said second force is a distally
directed axial force, the actuator being coupled to a
proximal end of each of said members for selectively
moving said members in opposite proximal and distal
directions along said axis, thereby to transmit said
proximally directed and distally directed forces to
said shaft characterised in that said members are
semi-cylindrical sleeves (22a, 22b) that enclose said
shaft (20) and in that said actuator includes
a knob (30) mounted for relative rotation on said hub
(14).
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The surgical instrument of claim 1 wherein the distal
end of said shaft comprises an opening (36) said
flexible region (24) of said shaft (20) terminates prox-
imally of said opening, said members being connect-
ed to said shaft between said flexible region and said
opening.

The surgical instrument of claim 1 wherein each of
said members (22a,22b) is relieved with a plurality
of openings (66a,66b) to provide the flexible region
thereof.

The surgical instrument of claim 3 wherein said
openings (66a,66b) comprise circumferentially ex-
tending slots disposed transversely to said axis in
said members.

The surgical instrument of claim 4 wherein said slots
(66a,66b) are arranged to define a continuous strip
of material that extends along a substantially straight
line over an entire length of said flexible region of
each of said members.

The surgical instrument of claim 1 wherein each of
said members (22a,22b) further comprises a trans-
versely extending pin (60,62) disposed at said prox-
imal end, said knob including a plurality of channels
(64,66) configured to be engaged by said pins
(60,62), said channels (64,66) being oriented with
respect to said longitudinal axis so that the engage-
ment of said pins (60,62) with said channels (64,66)
causes said members to move in opposite proximal
and distal directions along said axis in response to
relative rotation between said knob (30) and said hub
(14), thereby to transmit said proximally directed and
distally directed forces to said shaft (20).

The surgical instrument of claim 6 wherein a pair of
said channels (64,66) are oriented in opposite in-
clined directions with respect to said longitudinal ax-
is.

The surgical instrument of claim 7 wherein said pair
of channels (64,66) are helical.

The surgical instrument of claim 6 wherein said
members (22a,22b) further comprise second trans-
versely extending pins (70,72) disposed proximal of
thefirst-mentioned pins (60,62), said hub (14) includ-
ing a plurality of passages (74,76) configured to re-
ceive said second pins (70,72), said passages being
oriented along said longitudinal axis so that the en-
gagement of said second pins (70,72) with said pas-
sages (74,76) limits rotation of said proximal ends
of said members (22a,22b) in response to relative
rotation between said knob (30) and said hub (14).

10. The surgical instrument of claim 1 wherein said knob
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1.

12.

13.

(30) is mounted to said hub (14) to allow continuous
relative rotation therebetween.

The surgical instrument of claim 10 wherein said
knob (30) is mounted to said hub (14) to allow relative
rotation therebetween in discrete steps.

The surgical instrument of claim 1 further comprising
an inner shaft (18) movably disposed within said
shaft (20) and having a flexible region (24) positioned
axially adjacent to said flexible region (24) of said
shaft (20),

said surgical tool (38) comprising an opening (36) in
said distal region of said shaft (20) and an implement
(38) carried by said inner shaft (18) for cutting tissue
exposed thereto through said opening (36).

The surgical instrument of claim 12 wherein said im-
plement (38) includes a sharpened edge at said dis-
tal end of said inner shaft.

Patentanspriiche

1.

Ein chirurgisches Instrument (10), das Folgendes
beinhaltet:

einen Schaft (20), der entlang einer Langsachse
angeordnet ist und einen proximalen Bereich,
einen distalen Bereich und einen flexiblen Be-
reich (2) dazwischen aufweist;

eine Nabe (14), die in dem proximalen Bereich
des Schaftes (20) angeordnet ist;

ein chirurgisches Werkzeug (38), das in dem di-
stalen Bereich des Schaftes (20) angeordnetiist;
einen Steuerkdrper, der an den Schaft (20) ge-
koppelt und konfiguriert ist, um Steuerkrafte
zum Biegen des flexiblen Bereichs (24) und Ver-
setzen des Werkzeugs (38) von der Achse zu
Ubertragen, wobei der Steuerkorper ferner eine
Vielzahl von im Allgemeinen steifen Elementen
(22a, 22b) beinhaltet, die entlang dem Schaft
(20) angeordnet sind, wobei jedes der Elemente
ein distales Ende, das mit dem Schaft (20) pro-
ximal von dem chirurgischen Werkzeug (38)
verbunden ist, und einen flexiblen Bereich (67a,
67b), der axial neben dem flexiblen Bereich des
Schaftes angeordnet ist, aufweist;

ein Betatigungsglied, das betriebsfahig koaxial
an den Steuerkorper gekoppelt ist;

wobei das Betatigungsglied ausgefiihrt ist, um
eine erste und eine zweite Kraft aufzubringen,
um den flexiblen Bereich progressiv in Richtung
auf und in einer ersten bzw. zweiten Richtung,
die einander entgegengesetzt sind, zu biegen,
wobei die erste Kraft eine proximal gerichtete
axiale Kraft und die zweite Kraft eine distal ge-
richtete axiale Kraft ist, wobei das Betatigungs-
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glied an ein proximales Ende von jedem der Ele-
mente gekoppelt ist, um die Elemente entlang
der Achse selektiv in die proximale und die ent-
gegengesetzte distale Richtung zu bewegen,
um dadurch die proximal gerichtete und die di-
stal gerichtete Kraft auf den Schaft zu tbertra-
gen, dadurch gekennzeichnet, dass die Ele-
mente halbzylindrische Manschetten (22a, 22b)
sind, die den Schaft (20) einschlief3en, und dass
das Betatigungsglied einen Knopf (30) umfasst,
der zur relativen Bewegung auf der Nabe (14)
montiert ist.

Chirurgisches Instrument gemal Anspruch 1, wobei
das distale Ende des Schaftes eine Offnung (36) be-
inhaltet, wobei der flexible Bereich (24) des Schaftes
(20) proximal von der Offnung endet, wobei die Ele-
mente mit dem Schaft zwischen dem flexiblen Be-
reich und der Offnung verbunden sind.

Chirurgisches Instrument gemar Anspruch 1, wobei
jedes der Elemente (22a, 22b) mit einer Vielzahl von
Offnungen (66a, 66b) ausgespart ist, um den flexi-
blen Bereich davon bereitzustellen.

Chirurgisches Instrument gemal Anspruch 3, wobei
die Offnungen (66a, 66b) sich im Umfang erstrek-
kende Schlitze beinhalten, die transversal zu der
Achse in den Elementen angeordnet sind.

Chirurgisches Instrument gemal Anspruch 4, wobei
die Schlitze (66a, 66b) arrangiert sind, um einen kon-
tinuierlichen Streifen von Material zu definieren, der
sich entlang einer im Wesentlichen geraden Linie
Uber eine gesamte Lange des flexiblen Bereichs je-
des der Elemente erstreckt.

Chirurgisches Instrument gemaR Anspruch 1, wobei
jedes der Elemente (22a, 22b) ferner einen sich
transversal erstreckenden Stift (60, 62) beinhaltet,
der an dem proximalen Ende angeordnet ist, wobei
der Knopf eine Vielzahl von Kanélen (64, 66) um-
fasst, welche konfiguriert sind, um mit den Stiften
(60, 62) in Eingriff zu stehen, wobei die Kanale (64,
66) mit Bezug auf die Langsachse so ausgerichtet
sind, dass der Eingriff der Stifte (60, 62) in die Kanale
(64, 66) bewirkt, dass sich die Elemente als Reaktion
auf die relative Drehung zwischen dem Knopf (30)
und der Nabe (14) entlang der Achse In die proximale
und entgegengesetzte distale Richtung bewegen,
um dadurch die proximal gerichtete und die distal
gerichtete Kraft auf den Schaft (20) zu Gbertragen.

Chirurgisches Instrument gemal Anspruch 6, wobei
ein Paar der Kanale (64, 66) in Bezug auf die Langs-
achse in entgegengesetzten, geneigten Richtungen
ausgerichtet sind.
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8.

9.

10.

11.

12.

13.

Chirurgisches Instrument gemaf Anspruch 7, wobei
das Paar Kanéle (64, 66) spiralférmig ist.

Chirurgisches Instrument gemaf Anspruch 6, wobei
die Elemente (22a, 22b) ferner zweite sich transver-
sal erstreckende Stifte (70, 72) beinhalten, die pro-
ximal von den zuerst erwdhnten Stiften (60, 62) an-
geordnet sind, wobei die Nabe (14) eine Vielzahl von
Durchgéngen (74, 76) umfasst, die konfiguriert sind,
um die zweiten Stifte (70, 72) aufzunehmen, wobei
die Durchgange entlang der Langsachse ausgerich-
tet sind, so dass der Eingriff der zweiten Stifte (70,
72) mit den Durchgéngen (74, 76) die Drehung der
proximalen Enden der Elemente (22a, 22b) als Re-
aktion auf die relative Drehung zwischen dem Knopf
(30) und der Nabe (14) begrenzt.

Chirurgisches Instrument gemal Anspruch 1, wobei
der Knopf (30) an der Nabe (14) montiert ist, um die
kontinuierliche relative Drehung zwischen ihnen zu
ermoglichen.

Chirurgisches Instrument gemaR Anspruch 10, wo-
bei der Knopf (30) an der Nabe (14) montiert ist, um
die relative Drehung zwischen ihnen in diskreten
Schritten zu ermdglichen.

Chirurgisches Instrument gemaR Anspruch 1, das
ferner Folgendes beinhaltet:

einen inneren Schaft (18), der beweglich inner-
halb des Schaftes (20) angeordnet ist und einen
flexiblen Bereich (24) aufweist, welcher axial ne-
ben dem flexiblen Bereich (24) des Schaftes
(20) positioniert ist,

wobei das chirurgische Werkzeug (38) eine Off-
nung (36) in dem distalen Bereich des Schaftes
(20) und ein Gerét (38), das von dem inneren
Schaft (18) getragen wird, um diesem durch die
Offnung (36) ausgesetztes Gewebe zu schnei-
den, beinhaltet.

Chirurgisches Instrument gemanl Anspruch 12, wo-
bei das Gerat (38) an dem distalen Ende des inneren
Schaftes eine gescharfte Kante umfasst.

Revendications

Un instrument chirurgical (10) comprenant

un arbre (20) disposé le long d’'un axe longitudinal,
ayant une région proximale, une région distale et
une région flexible (2) entre celles-ci;

un moyeu (14) disposé au niveau de ladite région
proximale dudit arbre (20) ;

un outil chirurgical (38) disposé au niveau de ladite
région distale dudit arbre (20) ;

un corps de direction couplé a I'arbre (20) configuré
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pour transmettre des forces de direction pour fléchir
la région flexible (24) et décaler I'outil (38) de I'axe,
le corps de direction comprenant de plus une plura-
lité d’éléments généralement rigides (22a, 22b) dis-
posés le long dudit arbre (20), chacun desdits élé-
ments ayant une extrémité distale connectée audit
arbre (20) de fagon proximale audit outil chirurgical
(38) et une région flexible (67a, 67b) disposée de
facon axialement adjacente a ladite région flexible
dudit arbre ;

un actionneur couplé de fagon opérationnelle
coaxialement audit corps de direction ;

ledit actionneur étant adapté pour appliquer une pre-
miére et une deuxiéme force pour fléchir progressi-
vement la région flexible en direction et vers une
premiére et une deuxiéme force en opposition res-
pectivement, dans lequel ladite premiére force est
une force axiale dirigée de fagon proximale et ladite
deuxiéme force est une force axiale dirigée de fagon
distale, I'actionneur étant couplé a une extrémité
proximale de chacun desdits éléments pour dépla-
cer de fagon sélective lesdits éléments dans une di-
rection proximale et une direction distale opposées
le long dudit axe, pour transmettre de ce fait ladite
force dirigée de fagon proximale et ladite force diri-
gée de fagon distale audit arbre, caractérisé en ce
que lesdits éléments sont des manchons semi-cy-
lindriques (22a, 22b) qui enferment ledit arbre (20)
et en ce que ledit actionneur inclut un bouton (30)
monté afin de tourner de fagon relative sur ledit
moyeu (14).

L’instrument chirurgical de la revendication 1 dans
lequel I'extrémité distale dudit arbre comprend une
ouverture (36), ladite région flexible (24) dudit arbre
(20) se termine de fagon proximale a ladite ouvertu-
re, lesdits éléments étant connectés audit arbre en-
tre ladite région flexible et ladite ouverture.

L’instrument chirurgical de la revendication 1 dans
lequel une pluralité d’ouvertures (66a, 66b) sont évi-
dées dans chacun desdits éléments (22a, 22b) pour
fournir la région flexible de ceux-ci.

L’instrument chirurgical de la revendication 3 dans
lequel lesdites ouvertures (66a, 66b) comprennent
des fentes s’étendant de fagon circonférentielle dis-
posées transversalement audit axe dans lesdits élé-
ments.

L’instrument chirurgical de la revendication 4 dans
lequel lesdites fentes (66a, 66b) sont arrangées afin
de définir une bande continue de matériau qui
s’étend le long d’une ligne substantiellement droite
sur une longueur tout entiére de ladite région flexible
de chacun desdits éléments.

L’instrument chirurgical de la revendication 1 dans
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10.

11.

12.

lequel chacun desdits éléments (22a, 22b) com-
prend de plus une broche s’étendant de fagon trans-
versale (60, 62) disposée au niveau de ladite extré-
mité proximale, ledit bouton incluant une pluralité de
canaux (64, 66) configurés pour étre mis en prise
par lesdites broches (60, 62), lesdits canaux (64, 66)
étant orientés par rapport audit axe longitudinal de
fagon a ce que la mise en prise desdites broches
(60, 62) avec lesdits canaux (64, 66) améne lesdits
éléments a se déplacer dans des directions proxi-
male et distale opposées le long dudit axe en répon-
se a la rotation relative entre ledit bouton (30) et ledit
moyeu (14), pour transmettre de ce fait ladite force
dirigée de fagon proximale et ladite force dirigée de
facon distale audit arbre (20).

L’instrument chirurgical de la revendication 6 dans
lequel une paire desdits canaux (64, 66) sont orien-
tés dans des directions inclinées opposées par rap-
port audit axe longitudinal.

L’instrument chirurgical de la revendication 7 dans
lequel ladite paire de canaux (64, 66) sont hélicoi-
daux.

L’instrument chirurgical de la revendication 6 dans
lequel lesdits éléments (22a, 22b) comprennent de
plus des deuxiémes broches s’étendant transversa-
lement (70, 72) disposées de fagon proximale aux
broches mentionnées en premier (60, 62), ledit
moyeu (14) incluant une pluralité de passages (74,
76) configurés pour recevoir lesdites deuxiémes bro-
ches (70, 72), lesdits passages étant orientés le long
dudit axe longitudinal de fagon a ce que la mise en
prise desdites deuxiémes broches (70, 72) avec les-
dits passages (74, 76) limite la rotation desdites ex-
trémités proximales desdits éléments (22a, 22b) en
réponse a la rotation relative entre ledit bouton (30)
et ledit moyeu (14).

L’instrument chirurgical de la revendication 1 dans
lequel ledit bouton (30) est monté sur ledit moyeu
(14) pour permettre la rotation relative continue entre
Ceux-ci.

L’instrument chirurgical de la revendication 10 dans
lequel ledit bouton (30) est monté sur ledit moyeu
(14) pour permettre la rotation relative entre ceux-ci
en étapes discréetes.

L’instrument chirurgical de la revendication 1 com-
prenant de plus

un arbre interne (18) disposé de fagon mobile au
sein dudit arbre (20) et ayant une région flexible (24)
positionnée de fagcon axialement adjacente a ladite
région flexible (24) dudit arbre (20),

ledit outil chirurgical (38) comprenant une ouverture
(36) dans ladite région distale dudit arbre (20) et un
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accessoire (38) porté par leditarbre interne (18) des-
tiné a couper du tissu exposé a celui-ci au travers
de ladite ouverture (36).

L’instrument chirurgical de la revendication 12 dans
lequel ledit accessoire (38) inclut un bord tranchant
au niveau de ladite extrémité distale dudit arbre in-
terne.
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