woO 2007/008669 A2 |00 0 00T OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

18 January 2007 (18.01.2007) PCT WO 2007/008669 A2
(51) International Patent Classification: (74) Agent: GARDNER, Steven; Kilpatrick Stockton LLP,
A61B 17/88 (2006.01) A61C 1/18 (2006.01) 1001 West Fourth Street, Winston-Salem, NC 27101 (US).

AG1B 19/00 (2006.01) (81) Designated States (unless otherwise indicated, for every

(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2006/026526 AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

(22) International Filing Date: 10 July 2006 (10.07.2006) CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, I,
N _ GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,

(25) Filing Language: English KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
(26) Publication Language: English LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,

NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
60/698,288 11 July 2005 (11.07.2005) US
11/256,036 21 October 2005 (21.10.2005) US
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(71) Applicant (for all designated States except US):
KYPHON, INC. [US/US]; 1221 Crossman Avenue,
Sunnyvale, California 94089 (US).

(72) Inventor; and European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(75) Inventor/Applicant (for US only): PHAN, Christopher, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
U. [US/US]; 16251 Miramar Place, San Leandro, Califor- RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
nia 94578 (US). GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: TORQUE LIMITING DEVICE AND METHODS

(57) Abstract: Torque limiting devices, tools comprising torque
limiting devices, and methods for using torque limiting devices are
disclosed. A torque limiting device can include a first and a second
surface disposed in engageable relationship. Within a predetermined
torque range, the first and second surfaces can rotate together such
that a torque applied to the first surface is translated to the second
surface. When the torque applied exceeds a predetermined torque
limit, the first and second surfaces can disengage from each other,
preventing translation of the excessive torque between the surfaces
and any attached implements. By freely rotating one disengaged
surface relative to the other surface, the surfaces can be re-engaged
to operate the device.




WO 2007/008669 A2 |00 00000 0 000 0 O

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  without international search report and to be republished  ance Notes on Codes and Abbreviations” appearing at the begin-
upon receipt of that report ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2007/008669 PCT/US2006/026526

PATENT
TORQUE LIMITING DEVICE AND METHODS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a Continuation-in-Part application of, and claims benefit of, U.S.
Patent App. No. 11/256,036, filed on October 21, 2005, which claims benefit of U.S.
Provisional Patent App. No. 60/698,288, filed on July 11, 2005, each of which is incorporated
by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to torque limiting devices, tools comprising torque
limiting devices, kits comprising torque limiting devices, and methods for using torque
limiting devices.

| BACKGROUND

Tools, such as medical tools, may undergo relatively high torque forces. If the torque
force is greater than the tool can withstand, the tool may break or fracture. Tool breakage can
lead to serious injuries. For example, if a medical tool breaks while still inserted in a patient,
the patient may suffer serious injuries. Therefore, it is desirable to design tools such that
injury inducing breakage is minimized or eliminated.

In order to avoid injury-inducing breakage, conventional tools have been designed to
break in a predetermined position when torque forces are greater than the tool can withstand.
For example, a tool can include a groove at a particular location such that a predetermined
torque causes the tool to break at the groove. The predetermined torque breaking point is less
than the torque that would cause other portions of the tool to break. Conventional medical
curettes may employ such a design.

Although such a conventional design may be effective for reducing injuries, it is
costly because once the tool is broken, it may be un-repairable and thus require replacement.
Furthermore, this prior design is inconvenient because when the tool breaks, work must be
stopped and restarted with a new tool. In the case of a medical tool, a surgeon must stop
surgery, remove the broken portion, or all, of the medical tool, and insert a new, unbroken
tool.

Therefore, it is desirable to provide a device that avoids breaking from excess torque
so as to minimize injuries related to such breaking and to allow the tool to remain functional

for repeated use.
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SUMMARY OF THE INVENTION

The present invention provides a torque limiting device, tools, including medical
tools, comprising a torque limiting device, kits comprising a torque limiting device, and
methods for using a torque limiting device.

A torque limiting device of the present invention allows a predetermined amount of
torque to be applied to a tool and disengages the torque force from the tool after the
predetermined amount of torque has been reached. Torque limiting devices are also referred
to by other names, such as, for example, slip clutches, friction torque limiters, overload
clutches, torque limiting clutches, and the like. .

In an embodiment, a torque limiting device of the present invention can comprise a
plurality of substantially planar surfaces disposed in a substantially parallel relationship. At
least a first and a second planar surface are resiliently biased against one another such that,
within a predetermined torque range, rotational movement of the first planar surface results in
rotational movement of the second planar surface in the same direction through frictional
engagement of the surfaces. That is, the first and second surfaces are releasably engageable.
At, or above, a predetermined torque limit, frictional engagement of the surfaces is overcome
such that the first planar surface rotates independently of the second planar surface. Inan
embodiment, the first planar surface and second planar surface are resiliently biased through
the use of a spring. The spring may comprise a metal and/or a polymer. The spring may
comprise a coil spring, a compression spring, an extension spring, or a torsion spring.

In some embodiments, the first and second planar surfaces may be disposed in the
interior of a housing. The first planar surface may be resiliently biaspd against the second
planar surface through the use of a spring disposed between an interior wall surface of the
housing and a side of the first planar surface opposite the side facing the second planar
surface. |

In some embodiments of a torque limiting device of the present invention, the first
planar surface includes a projection and the second planar surface adjacent the first planar
surface includes a notch for receiving the projection. The projection can extend in a direction
substantiélly perpendicular to the planar surfaces. The projection is matingly engageable
with the receiving notch such that there is no separation between the two planar surfaces and
rotation of the planar surfaces is facilitated. When the planar surfaces are rotated and a
predetermined torque limit is reached, the projection disengages from the notch, causing the
projection to be positioned between the two planar surfaces such that the planar surfaces are

forced apart. As a result, the second planar surface no longer rotates upon further rotation of
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the first planar surrace. 1n an embodiment, the projection and notch may be realigned and
reengaged to permit further rotation.

The projection may comprise a tooth or a peg and may be substantially cylindrical,
rectangular, pyramidal, trapezoidal, or other three-dimensional geometrical shapes. The sides
of the projection may be sloped. In an embodiment, the projection may be in one planar
surface or an adjacent planar surface engageable with the one planar surface, and the
receiving notch is in the planar surface opposite the planar surface from which the projection
projects. Another embodiment may include more than one projection and matable receiving
notch in adjacent planar surfaces. In some embodiments, one planar surface can include a
projection for engaging with a notch in an adjacent planar surface and a notch for engaging a
projection from the adjacent planar surface.

The receiving notch in a planar surface may comprise a void, a hole, a slot, a track, or
other suitably configured depression for receiving a projection from an adjacent planar
surface. Preferably, the notch is configured to receive a projection from an adjacent planar
surface so as to engage the two planar surfaces.

Embodiments of a torque limiting device of the present invention are advantageous
for use in tools designed to impart a rotational force. A curette is a medical tool in which a
rotational force, or torque, is used to scrape, score, or otherwise form a cavity or create a void
within an interior body region, such as in bone, a solid organ, or other tissue. A curette can
include a tip that scrapes bone or other tissue. The tip may be made of any biocompatible
material, for example, stainless steel, cobalt, chromium, titanium, and alloys or mixtures
thereof suitable for scraping tissue. Because of the relatively small overall size and thinness
of the tip, it is possible that the tip may break or deform when too great a torque is applied to
the curette.

A surgical tool, such as a curette, having a torque limiting device of the present
mvention, can limit the torque applied to the tip of the tool to reduce the possibility of
damaging the tool. In addition, once a predetermined torque limit has been surpassed and
rotationally engaged planar surfaces of the tool are disengaged and forced apart, a torque
limiting device of the present invention allows the planar surfaces to be reengaged such that
the tool may be used again immediately after disengagement and without the need to remove
the tool or a portion of the tool from a surgical site.

In an illustrative embodiment, a surgical tool of the present invention may comprise a
rod having a first end and a second end, a handle positioned near the first end of the rod, and

a surgical implement attached to the second end of the rod. The surgical tool may further
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comprise a first surface attached to the handle and in frictional engagement with a second
surface attached to the rod. The first and second surfaces may comprise at least two plates,
one of which includes a projection and the other of which includes a notch, or another
configuration that will allow disengagement between the plates upon application of a preset
amount of torque. When a surgeon applies a rotational force to the handle and the first
surface attached to the handle, the engagement between the first surface and second surface
causes the torque applied to the first surface to translate to the second surface and the
attached surgical implement. If a torque greater than a predetermined, disengaging torque
limit is applied to the handle, the force of engagement between the first and second surfaces
due to friction between the surfaces and of the mated configuration between the projection
and the notch will be overcome, and the first surface will become disengaged from the second
surface. That is, the projection and the notch are releasably engageable. Disengagement of
the first and second surfaces results in the torque applied to the handle not being translated to
the rod. In this manner, a torque that exceeds a predetermined threshold can be prevented
from damaging the surgical tool or injuring a patient on whom the tool is being used. In
addition, after the first and second surfaces become disengaged, they may be readily
reengaged so that the surgeon may immediately continue using the tool.

That is, if a surgeon applies too great a rotational torque force to the handle of the
tool, the force-translating interface between the handle and the surgical implement will
become disengaged, thus avoiding damage to the tool. Accordingly, an embodiment of the
present invention can provide a surgical tool that limits torque applied to the surgical
implement without deforming or damaging the tool.

An embodiment of the present invention can include a kit. Such a kit can include a
surgical tool that includes a torque limiting device according to the present invention. The
medical kit may further comprise additional surgical instruments.

A tool, such as a surgical tool, of the present invention may be used in a manner
similar to conventional tools, while providing the benefit of being re-settable and reusable if a
predetermined torque is exceeded. For example, a method of the present invention can
include applying a torque to a tool comprising a torque limiting device according to the
present invention. If a predetermined torque is exceeded, the first and second planar surfaces
can become disengaged and rotate independently from each other. A rotational force can
then be applied to the first planar surface in a direction opposite the direction of the excess

torque to re-engage the first and second planar surfaces. When the first and second planar
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surfaces become re-engaged, a rotational force applied to the first planar surface can again be
translated to the second planar surface, causing the tool to rotate.

Features of a torque limiting device and method of the present invention may be
accomplished singularly, or in combination, in one or more of the embodiments of the present
invention. As will be realized by those of skill in the art, many different embodiments of a
torque limiting device and method according to the present invention are possible.

Additional uses, advantages, and features of the invention are set forth in the illustrative
embodiments discussed in the detailed description herein and will become more apparent to
those skilled in the art upon examination of the following.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of a surgical tool having engageable planar surfaces in
an embodiment of the present invention.

Fig. 2 is a diagrammatic view of a portion of the surgical tool shown in Fig. 1,
showing disengagement of the planar surfaces.

Fig. 3 is a cross-sectional view of a surgical tool in an embodiment of the present
invention.

Fig. 4 is a view of the surgical tool shown in Fig. 3, showing engagement of the
planar surfaces.

Fig. 5 is a view of a portion the surgical tool of Figs. 3 and 4.

Fig. 6 is a perspective view of the surgical tool shown in Figs. 3, 4, and 5.

Fig. 7 is a block diagram representation of a embodiment of a method of the present
invention.

Fig. 8 is a diagrammatic view of a surgical tool in another embodiment of the present
invention.

Fig. 9 is a close-up view of the handle of the surgical tool shown in Fig. 8, with part
of the handle housing removed to show the internal components of the handle.

Fig. 10 is a diagrammatic view of the shaft assembly shown in the embodiment in
Figs. 8 and 9.

Fig. 11 is view of the proximal portion of the shaft assembly shown in Figs. 8-10.

DETAILED DESCRIPTION

For the purposes of this specification, unless otherwise indicated, all numbers
expressing quantities, conditions, and so forth used in the specification are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the

contrary, the numerical parameters set forth in the following specification are approximations
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that can vary depending upon the desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their
respective testing measurements. Moreover, all ranges disclosed herein are to be understood
to encompass any and all subranges subsumed therein. For example, a stated range of “1 to
10” should be considered to include any and all subranges between (and inclusive of) the
minimum value of 1 and the maximum value of 10; that is, all subranges beginning with a
minimum value of 1 or more, e.g. 1 to 6.1, and ending with a maximum value of 10 or less,
for example, 5.5 to 10. Additionally, any reference referred to as being “incorporated herein”
is to be understood as being incorporated in its entirety.

113 kN 13
a,

It is further noted that, as used in this specification, the singular forms an,” and
“the” include plural referents unless expressly and unequivocally limited to one referent.

In an embodiment, the present invention provides a torque limiting device which may
be used with medical devices or other mechanical devices to which a torque is applied.
Torque is defined as a turning or twisting force, or the measure of a force’s tendency to
produce torsion and rotation about an axis. The present invention provides a torque limiting
device that may be incorporated into any tool or system that experiences a torque.

In an embodiment, a surgical device of the present invention can comprise a rod
attached on one end to a rotatable handle. The rod can be attached on the opposite end to a
surgical implement. The surgical device can include a first forque limiting element connected
to the handle, and a second torque limiting element operably connected to the rod and
surgical implement. The second torque limiting element is releasably engageable with the
first torque limiting element. Rotation of the handle when the first and second torque limiting
elements are engaged causes rotation of the rod and surgical implement. When a rotational
force is applied to the handle that exceeds a predetermined torque limit, the first torque
limiting element disengages from the second torque limiting element, so that the handle is

rotatable without rotation of the rod and surgical implement. After becoming disengaged, the
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first torque limiting element is re-engageable with the second torque limiting element so that
further rotation of the handle causes rotation of the rod and surgical implement.

In one illustrative embodiment, a torque limiting device according to the present
invention may comprise a rod having a first end and second end. The first and second ends
may include the respective tip of the rod as well as a region of the rod near that tip. The
device may further comprise a handle rotatably attached to the first end of the rod and a
surgical implement fixedly attached near the second end of the rod. The device may further
comprise a first surface attached to the handle and a second surface attached to the rod. The
two surfaces may be disposed in frictional contact with each other, for example via a
projection and a notch. The two surfaces may be contained within a housing, which may be
attached to the handle.

The device may further comprise a biasing mechanism, such as a spring, positioned
between the housing and the first surface to force the projection into the notch when the
projection and notch are aligned. The two surfaces are able to rotate independently, but when
the projection and notch are engaged, the two surfaces rotate together. The projection and
notch may be designed to disengage when a torque equal to or greater than a predetermined
torque limit is applied to the device. The torque limit can be the torque that is required to
cause the projection to overcome the static friction force between the surfaces and the spring
force exerted by the spring on the first surface such that the projection disengages from the
notch. When the projection disengages from the notch, the two surfaces rotate independently,
and consequently the excessive torque applied to the first surface is not translated to the
second surface. The two surfaces may be made of a polymer, stainless steel, aluminum, or
any other material or combination of materials suitable for creating friction between the two
surfaces.

This torque limiting device may be used, for example, on a curette. A curette may
comprise the elements disclosed in PCT Patent Application WO 2005/023085, which is
incorporated herein by reference in its entirety. The disengagement of the projection from
the notch protects the curette tip, for example, from an application of torque that may be
sufficient to break the tip while still inserted in a patient. ‘

In addition to limiting the amount of torque that can be applied to the functional
implement of the tool, the device of the present invention may be re-engaged to resume use.
After the projection disengages from the notch, the device may be re-engaged by rotating the
first surface until the projection and notch re-align, at which point the spring forces the

projection into the notch. When the projection and notch are engaged again, the use of the



10

15

25

30

WO 2007/008669 PCT/US2006/026526

tool may resume. The ability to re-engage the device is a advantageous over conventional
devices, which may suffer permanent damage when an excessive torque is applied.
Therefore, conventional torque limiting devices are unable to be used after one instance of
excessive torque, whereas a torque limiting device of the present invention may be reused
after many instances of excessive torque.

The torque limiting device of the present invention may be used in medical tools, such
as a curette, as described above. The torque limiting device may be used in other surgical
tools for use in human and veterinary applications, including tools for grasping, scraping,
bending, pushing, or otherwise manipulating tissue or an organ, including bone. The device
may be used in other tools or machines in which a maximum torque should not be exceeded.
For example, the torque limiting device of the present invention can be included in a
screwdriver or wrench to prevent over-tightening of a screw or bolt. The torque limiting
device may also be used on machines in which cerfain components could break when
excessive torque is applied.

Referring now to Figures 1-2, in one embodiment of the present invention, a surgical
tool 10 may comprise a rod 12 having a first end 14 and a second end 16. The first end 14
and second end 16 may each comprise a tip of the rod 12 as well as a region of the rod 12
proximate each tip. A handle 20 may be positioned near the first end 14 of the rod 12, and
the handle 20 may be manipulated by a user. A surgical implement‘ 18 may be coupled or
fixedly attached to the second end 16 of the rod 12. A torque limiting device 22 may be
attached to the handle 20 and to the rod 12, so that rotation of the handle 20 causes rotation of
the rod 12, and therefore, of the surgical implement 18.

The torque limiting device 22 may comprise a first plate 24 having a projection 30
and a second plate 28 having a notch 26. The notch 26 and projection 30 can be
interchangeable, that is, the first plate 24 can have the notch 26 and the second plate 28 can
have the projection 30. The projection 30 and notch 26 may be substantially the same shape
and size so that they can fit together. The projection 30 may be V-shaped, V-shaped with a
flat bottom, U-shaped, semi-circular, or any other shape that provides a non-perpendicular
angle between the projection 30 and the surface of the second plate 28. The projection 30
and the notch 26 may be radially aligned such that the projection 30 fits into the notch 26
when they are rotationally aligned.

The first plate 24 and the second plate 28 may be disposed within a housing 32. The
housing 32 may be generally in the shape of a hollow cylinder having an inner diameter equal

to or larger than the diameter of the larger of the first plate 24 and the second plate 28. The
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housing 32 may comprise a cap 34, and a biasing mechanism, such as compression spring 30,
may be disposed between the cap 34 and the first plate 24. The first plate 24 may include a
collar 38 over which the spring 36 fits so that lateral movement of the spring 36 is
substantially prevented. The torque limiting device 22 may further comprise at least one
guide pin 40, and the first plate 24 may comprise at least one slot 42. The at least one guide
pin 40 may be integrally formed with the cap 34 or with the housing 32, or the at least one
guide pin 40 may be fixedly attached to the cap 34 or to the housing 32. The first plate 24
may be positioned in the housing 32 such that the at least one guide pin 40 fits into the at
least one slot 42. The at least one slot 42 allows the first plate 24 to slide longitudinally along
the at least one guide pin 40 and prevent the first plate 24 from rotating with respect to the
housing 32. The first plate 24 will then rotate only when the housing 32 rotates.

Conversely, the second plate 28 may be disposed in the housing 32 such that
rotational movement of the second plate 28 with respect to the housing 32 is allowed but
longitudinal movement with respect to the housing 32 is prevented. This may be
accomplished by providing the housing 32 with a support 44, such as a ledge, that contacts
the bottom surface of the second plate 28, or by other suitable means. Accordingly, the
second plate 28 is permitted to rotate about the support 44 but is not permitted to move
longitadinally along the rod 12.

The rod 12 may be integrally formed with the second plate 28 or may be fixedly
attached to the second plate 28, such as by welding. Therefore, rotation of the second plate
28 is directly translated to the rod 12, and consequently to the surgical implement 18.

In an embodiment, the housing 32 may be attached to the handle 20. As such,
rotation of the handle 20 can be directly translated to the housing 32; and consequently, via
the at least one guide pin 40, to the first plate 24.

Rotation of the first plate 24 is translated to the second plate 28 by the frictional
interface between the projection 30 and the notch 26. When the projection 30 and notch 26
are engaged, that is, when the projection 30 and notch 26 are rotationally aligned and the
projection 30 is positioned within the notch 26, rotation of the handle 20 causes rotation of
the surgical implement 18. The frictional engagement interface between the first plate 24 and
the second plate 28 that provides for translation of the torque applied to the first plate 24 to
rotate the second plate 28 can be referred to as a torque translation interface.

However, if a torque above a predetermined torque limit is applied to the handle 20,
the engaging friction force between the projection 30 and notch 26 and the spring force of

the compression spring 36 against the first plate 24 may be overcome. When these forces are
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overcome, and the projéction 30'may disengage from the notch 26, such that the projection
30 releases from the notch 26 and the projection-30 and the notch 26 are no longer
rotationally aligned. When the projection 30 is disengaged from the notch 26, a rotation of
the handle 20 does not cause a rotation of the implement 18. The projection 30 and notch 26
may be engaged again by rotating the handle 20 until the projection 30 and notch 26 are
rotationally aligned, at which point the compression spring 36 will push the projection 30 into
the notch 26 again.

The predetermined torque limit may be determined by varying any one or more of the
following or combination of the following: the spring rate of the compression spring 36; the
relative slopes of the projection 30 and notch 26; the length and depth of the notch 26; the
height of the projection 30; the radial distance of the projection 30 and notch 26 from the
center of the first and second plates 24, 28, respectively; and the materials used for the plates
24, 28. Spring rate is a measure of the compressive force potential of a compression spring.
Spring rate is expressed as the spring constant “k” for a compression spring that exerts a force
“F” when an applied load deforms the spring from a free length to particular deformed length.
The spring rate constant is calculated ask=F/ Liree — Laer:

In an embodiment, the surgical tool 10 of the present invention may be designed to
begin to disengage the torque translation interface at, for example, about 10 & 1 in.-Ibs. torque
and to completely disengage at, for example, about 13 & 1 in.-1bs. torque. Thus, if a torque of
13 in.-Ib., for example, is required to completely disengage the torque translation interface
(such as the coupling of the first and second plates 24, 28, respectively, between the handle
20 and the surgical implement 18), the projection 30 and notch 26 may be designed to begin
to disengage when a torque of approximately 10 in.-Ib, for example, is applied to the handle
20, and to completely disengage when 13 in.-Ib. torque is applied to handle 20. As aresult, a
torque greater than the predetermined torque limit, for example, a torque of 15 in.-Ib., cannot
be translated to the rod 12 because the projection 30 will disengage from the notch 26 at a
torque of 13 in.-Ib. It has been found that the mean torque required fo scrape normal bone
with a curette is approximately 2.0 in.-Ib. Therefore, a torque limiting device adapted 22 that
causes disengagement to begin at 10 in.-Ib and to complete at 13 in.-Ib. can allow a torque
that is required for normal bone scraping to be translated to the surgical implement.

Referring now to Figures 3-6, in another embodiment of the present invention, a
surgical tool 110 may comprise a rod 112 having a first end 114 and a second end 116. The
first end 114 and second end 116 may each comprise a tip of the rod 112 as well as a region

of the rod 112 proximate each tip. A handle 120 may be positioned near the first end 114 of
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the rod 112, and thé handlg"120"may be manipulated by a user. A surgical implement 113
may be coupled or fixedly attached to the second end 116 of the rod 112. A torque limiting
device 122 may be attached to the handle 120 and to the rod 112, so that a rotation of the
handle 120 causes a rotation of the rod 112, and therefore, of the surgical implement 118.

The torque limiting device 122 may comprise a plate 124 having a depression 126 and
a ball plunger 128 having a ball 130. The ball 130 and depression 126 may be substantially
the same shape and size so that they can fit together. The ball 30 may be V-shaped, V-shaped
with a flat bottom, U-shaped, semi-circular, or any other suitable shape. The ball 130 and the
depression 126 may be radially aligned such that the ball 130 fits into the depression 126
when they are rotatioﬁally aligned. The ball plunger 128 may comprise other components
(not shown), as will be apparent to those of skill in the art of surgical instrument design. For
example, the ball plunger 128 may comprise a hollow cylinder, partially within which the ball
slides longitudinally. The ball plunger 128 may also comprise a shaft that limits the
movement of the ball 130 and a biasing mechanism, such as a spring, that tends to push the
ball 130 longitudinally in the cylinder. The ball plunger 128 may also have other
configurations that allow for longitudinal movement of the ball 130.

The plate 124 and the ball plunger 128 may be disposed within a housing 132. The
housing 132 may be generally in the shape of a hollow cylinder having an inner diameter
equal to or larger than the diameter of the plate 124. The housing 132 may comprise a cap
134, and the ball plunger 128 may be mounted or attached to the cap 134. In such an
embodiment, rotation of the housing 132 results in a rotation of the ball plunger 128.

The plate 124 may be disposed within the housing 132 such that rotational movement
of the plate 124 is allowed but longitudinal movement with respect to the housing 132 is
prevented. This may be accomplished by providing the housing 132 with a support 144, such
as a ledge, that contacts the bottom surface of the plate 124, or by other snitable means.

The rod 112 may be integrally formed with the plate 124 or may be fixedly attached
to the plate 124, such as by welding. As such, rotation of the plate 124 can be directly
translated to the rod 112, and consequently to the surgical implement 118.

The housing 132 may further comprise a flange 136 attached to the cap 134. The
handle 120 may be attached to the housing 132 by fitting over the flange 136 in a relatively
tight tolerance. Accordingly, rotational movement of the handle 120 can be translated
through the flange 136 to the housing 132, and in turn to the ball plunger 128.

Rotation of the ball plunger 128 is translated to the plate 124 by the frictional
engagement interface between the ball 130 and the depression 126. When the ball 130 and
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depression 126 are engaged, that is, when the ball 130 and depression 126 are rotationally
aligned and the ball 130 is positioned within the depression 126, rotation of the handle 120
causes rotation of the surgical implement 118, The frictional engagement interface between
the ball 130 and the depression 126 that provides for translation of the torque applied to the
plate 124 to rotate the surgical implement 118 can be referred to as a torque translation
interface.

However, when the torque applied to the handle 120 exceeds a certain predetermined
torque limit, the ball plunger 128 may be compressed and the ball 130 of the ball plunger 128
rises out of engagement with the depression 126 to a disengaged position. When the ball 130
and depression 126 are disengaged, rotation of the handle 120 no longer causes a rotation of
the surgical implement 118. The ball 130 and depression 126 may be engaged again by
rotating the handle 120 until the ball 130 and depression 126 are rotationally aligned, at
which point the ball plunger 128 can extend so that the ball 130 again rests in engagement
within the depression 126.

The maximum torque limit may be determined by varying any one or more of the
following or combination of the following: the spring rate of the compression spring in the
ball plunger 128; the shape and size of the ball 130 and depression 126; the radial distance of
the ball 130 and depression 126 from the center of the plate 124; and the materials used for
the ball 130 and the plate 124.

Figs. 8-11 illustrate another embodiment of the present invention. In such an
embodiment, a surgical tool 10 may comprise a shaft assembly 150 having a proximal end
151 and a distal end 152. The proximal end 151 and the distal end 152 of the shaft assembly
150 may each comprise a tip of the shaft assembly 150 as well as a region of the shaft
assembly 150 proximate each tip. The shaft assembly 150 can include a hollow shaft 153
having a ball engaging receptacle, for example, the ball detent collar 154, fixed to the outer
surface of the proximal end 151 of the shaft 153. A rod 155 having 2 length greater than the
length of the shaft 153 can be inserted into the shaft 153. The rod 155 can include a ball joint
156, as shown best in Figs. 10 and 11, attached at the proximal end 151 of the rod 155

A handle 160 may be operably connected to the proximal ends 151 of the rod 155 and
the shaft assembly 150, and the handle 160 may be manipulated by a user. Fig. 8 shows the
handle 160 as assembled with the shaft aséembly 150. Fig. 9 shows the handle 160 with one
side of the handle housing 161 removed to illustrate the internal configuration and operation
of the handle 160 and associated components of the surgical tool 10. The surgical tool 10 can

include a lever 162 hingedly attached on one end to the grip portion 163 of the handle 160.
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and pivotably attached on the opposite end to the head 164 of the handle 160 within the
handle housing 161. As shown in Fig. 9, the lever 162 can be configured on the end attached
to the head 164 of the handle 160 to include a ball joint receptacle 165, or socket, for
receiving the ball joint 156 at the proximal end 151 of the rod 155 and thereby operably
connect the lever 162 to the rod 155.

A surgical implement 166 may be attached to the distal end 152 of the rod 155, as
shown in Figs. 8 and 10. In this embodiment, the surgical implement 166 is a curette.
However, the surgical implement 166 can be any surgical implement adaptable for use at the
end of a rod 155 as described. As shown in Fig. 8, the curette can be aligned with the
longitudinal axis of the rod 155 and shaft 153, which may be a preferred position for the
curette as the surgical tool 10 is being inserted into a patient’s interior body region. When the
tool 10 is in a desired position in the patient’s body, the curette can be articulated about a
joint 167 in the rod 155 that extends beyond the distal 152 tip of the shaft 153 such that the
curette can be mbved into a different position. For example, the curette may be moved to a
desired position with a range of positions from alignment with the longitudinal axis of the rod
155 1o a position about 135 degrees from the aligned position (that is, forming an angle of
about 45 degrees with the rod). One preferred position for use of the curette is substantially
perpendicular with the longitudinal axis of the rod 155. Such articulation of the curette about
the joint 167 can be achieved by movement of the lever 162 toward or away from the grip
portion 163 of the handle 160. As the lever 162 is moved toward the grip portion 163 of the
handle 160, the pivotable end of the lever 162 pivots in the distal direction, causing the ball
joint 156 and the attached rod 155 to move in the distal direction. As the rod 155 moves in
the distal direction, the curette articulates about the joint 167 and moves out of alignment
with the rod 155 and into an angled position relative to the rod 155. As the lever 162 is
moved away from the grip portion 163 of the handle 160, the pivotable end of the lever 162
pivots in the proximal direction, causing the ball joint 156 and the attached rod 155 to move
in the proximal direction. As the rod 155 moves in the proximal direction, the curette
articulates about the joint 167 and moves toward alignment with the rod 155. In this manner,
the curette can be moved into various desired positions for scraping tissue in an interior body
region.

In the embodiment shown in Figs. 8-11, a torque limiting device 170 may be attached
to the handle 160 and to the shaft assembly 150, so that rotation of the handle 160 causes
rotation of the shaft assembly 150 and rod, and, in turn, rotation of the surgical implement

166. The torque limiting device 170 can include a first torque limiting element releasably
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engageable with'a second torgnélifiiiting element. The torque limiting device 170 can
comprise a ball plunger (not shown) having a ball, or engaging end, and the ball engaging
receptacle, or ball detent collar, 154 having a detent 172, in its outer surface. The ball
plunger and engaging ball may be similar to the ball plunger 128 and ball 130 shown in Fig.
3. The ball detent collar 154 is fixed to the proximal end 151 of the shaft 153. The detent
172 in the ball detent collar 154 can be a notch, depression, or other void configured to
receive and engage the ball of the ball plunger. The engaging ball may be rounded, semi-
circular, U-shaped, V-shaped, V-shaped with a flat bottom, or any other suitable shape that
allows for engagement and disengagement with the ball detent 172.

The ball plunger and attached engaging ball can be housed in a ball plunger housing
173. In the embodiment shown in Figs. 8-11, the ball plunger housing 173 is seated in a
depression in the handle housing 161 and is aligned perpendicularly with the ball detent
collar 154 such that the engaging ball is engageable with the detent 172 in the ball detent
collar 154. The ball plunger housing 173 may comprise a hollow cylinder, within which the
ball plunger and engaging ball can slide at least partially along the longitudinal axis of the
ball plunger housing 173. A biasing mechanism (not shown), for exémple, a compression
spring, can be positioned between the outer end 174 of the ball plunger housing 173 and the
ball plunger so as to bias the ball plunger longitudinally in the ball plunger housing 173
toward the ball detent 172 in the ball detent collar 154. The ball plunger housing 173, biasing
mechanism, ball plunger, and engaging ball may include other components (not shown)
and/or have other configurations that allow for longitudinal movement of the ball plunger
into and out of engagement with the ball detent 172.

The engaging ball and the detent 172 in the ball detent collar 154 may be matingly
configured such that the ball can engage the detent 172 so that the ball detent collar 154 and
attached shaft 153 can be rotated when the handle 160 is rotated. Rotational force applied to
handle 160 and the ball plunger is translated to the shaft 153 by the frictional engagement
interface between the engaging ball and the ball detent 172. When the ball and ball detent
172 are engaged, that is, when the ball and ball detent 172 are rotationally aligned and the
ball is positioned within the detent 172, rotation of the handle 160 causes rotation of the
surgical implement 166. The frictional engagement interface betweén the engaging ball and
the ball detent 172 that provides for translation of the torque applied to the handle 160 to
rotate the surgical implement 166 can be referred to as a torque translation interface.

‘When a user applies pressure to rotate the handle 160 beyond a predetermined torque

limit, the ball plunger may be compressed and the engaging ball rises out of engagement with
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the ball detent 1/2 to a disengaged position. ‘Lhat1s, the engagmg ball and the ball detent 1/2
are releasably engageable. When the ball and ball detent 172 are disengaged, rotation of the
handle 160 no longer causes a rotation of the surgical implement 166. When the handle 160
is rotated while the engaging ball is disengaged from the ball detent 172, the handle 160
rotates about the rod 153 by means of the ball joint receptacie 165 in the lever 162 rotating
about the ball joint 156 of the rod 153. As such, the handle 160 is disengaged from the shaft
assembly 150, and breaking of the surgical tool 10 from too gfeat a torque is avoided. The
configurations of the engaging ball and the ball detent 172 also provide for disengagement of
the ball from the detent 172 when a predetermined torque limit caused by rotation of the
handle 160 is surpassed. When the engaging ball becomes disengaged from the ball detent
172 on the shaft 153, the handle 160 can be freely rotated to reposition the ball plunger, and
engaging ball, back into the ball detent 172 to re-engage the handle 160 with the shaft |
asseﬁbly 150. In addition to avoiding breaking of the surgical tool 10, use of the tool can be
readily resumed without removing the tool 10 to repair or reset it for further use. These
features may avoid injury to a patient and decrease surgical time related to broken surgical
tools.

As shown in Fig. 8, the ball detent collar 154 may be in rotatable contact with a thrust
bearing 175 adjacent the proximal surface, or top, of the collar 154 and with another thrust
bearing 175 adjacent the distal surface, or bottom, of the collar 154. In this embodiment,
each of the thrust bearings 175 is embedded, or fixed, in a mating cavity 176 in the handle
housing 161. Ball bearings (not shown) are located at the interface between the thrust
bearings 175 and the ball detent collar 154. The thrust bearings 175 help reduce friction
between the ball detent collar 154 and the handle 160 when the ball plunger is disengaged
from the ball detent 172 and the handle 160 is rotated freely about the shaft assembly 150
after a predetermined torque limit is sﬁrpassed.

The surgical tool 10 may include a mechanism for further securing the shaft assembly
150 to the handle 160. As shown in Fig. 8, one such mechanism includes a hub 177, or plate,
having a threaded bore fixed to the handle housing 161. For example, the hub 177 can
include a notch 178 that is configured to securely fit about a mated portion of the handle
housing 161 so as to fix the hub 177 to the handle housing 161. A “through hole” bolt 180
can then be threaded through the threaded bore of the hub 177. In an alternative embodiment,
the hub 177 is not used and the handle housing 161 below the distal, or lower, thrust bearing
175 can be threaded to receive the through hole bolt 180. The through hole bolt 180 has a
hole through the center of the length of the bolt 180. The through hole bolt 180 can be slid
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over the distal'end T52 &f the"shdft 153 through the center hole in the bolt 180 and threaded
through the threaded bore of the hub 177. A thumb wheel 181 on one end of the through hole
bolt 180 can be rotated to thread the bolt 180 through the hub 177. The through hole bolt 180
can include a set screw support collar 182 positioned about the outer circumference of the
boIt. 180. The bolt 180 can be threaded through the hub 177 such that the upper edge 183 of
the set screw support collar 182 abuts the distal, or bottom, edge 185 of the handle housing
161. When the set screw support collar 182 is in position abutting the handle housing 161, a
set screw 184 can be inserted through the set screw support collar 182 and into contact with
the outer surface of the through hole bolt 180. In this manner, any clearance, or “slack,”
between the thrust bearings 175 and the shaft assembly 150, including the ball detent collar
154, is reduced or eliminated. As such, any radial or axial movement of the shaft assembly
150 relative to the handle 160 when the handle 160 is engaged with the shaft assembly 150 is
prevented.

Rotation of the ball plunger in the handle 160 is translated to the shaft 153 by the
frictional interface between the engaging ball and the ball detent 172. When the ball and ball
detent 172 are engaged, that is, when the ball and ball detent 172 are rotationally aligned and
the ball is positioned within the detent 172, rotation of the handle 160 causes rotation of the
surgical implement 166. However, when the torque applied to the handle 160 exceeds a
certain predetermined torque limit, the ball plunger may be compressed and the engaging ball
rises out of engagement with the ball detent 172 to a disengaged position. When the ball is
disengaged from the ball detent 172, rotation of the handle 160 no longer causes a rotation of
the surgical implement 166. The ball and ball detent 172 may be engaged again by rotating
the handle 160 until the ball and ball detent 172 are rotationally aligned, at which point the
ball plunger can extend so that the engaging ball again rests in engagement within the ball
detent 172.

The maximum torque limit in the embodiment of the torque limiting device 170
shown in Figs. 8-11 may be determined by varying any one or more of the following or
combination of the following: the spring rate of the compression spring in the ball plunger;
the shape and size of the engaging ball (not shown) of the ball plunger; the size and shape of
the ball detent 172; the radial distance of the ball detent 172 from the shaft 153; and the
materials used for the ball plunger ball and the ball detent 172.

The present invention may include embodiments of a method for using the torque
limiting device 22, 122 as described herein. Referring now to Figure 7, the illustrated

embodiment of the method 200 comprises inserting 210 a surgical tool into a body, the
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surgical tool having a hanidlé Raving a torque translation interface with a rod, the rod being
attached to a surgical implement. The surgical implement, such as the curette, can be
positioned 220 at a desired location within the body. Torque can then be applied 230 to the
bandle to cause the rod and the surgical implement to rotate. The method further includes
disengaging 240 the torque translation interface between the handle and the rod by applying a
torque greater than a predetermined torque limit. The method may further include re-
engaging 250 the torque translation interface after an excessive torque has caused its
disengagement. In an embodiment, the torque translation interface comprises a first surface
of the surgical tool and a second surface of the surgical tool. One of the surfaces includes a
projection 30 engageable with a notch 26 in the other surface. Re-engaging 240 the first
surface with the second surface may comprise rotating the handle until the projection 30 and
the notch 26 are re-aligned for re-engagement.

Although the present invention has been described with reference to particular
embodiments, it should be recognized that these embodiments are merely illustrative of the
principles of the present invention. Those of ordinary skill in the art will appreciate that a
torque limiting device and methods of the present invention may be constructed and
implemented in other ways and embodiments. Accordingly, the description herein should not
be read as limiting the present invention, as other embodiments also fall within the scope of

the present invention.

17



10

15

20

25

30

WO 2007/008669 PCT/US2006/026526

........................

1. A surgical device comprising:

a rod attached on one end to a rotatable handle and attached on the opposite end to a
surgical implement;

a first torque limiting element connected to the handle; and

a second torque limiting element operably connected to the rod and surgical
implement and releasably engageable with the first torque limiting element,

wherein rotation of the handle causes rotation of the rod and surgical implement, and

wherein when a rotational force applied to the handle exceeds a predetermined torque
limit, the first torque limiting element disengages from the second torque limiting element, so
that the handle is rotatable without rotation of the rod and surgical implement.
2. The surgical device of claim 1, wherein after becoming disengaged, the first torque
limiting element is re-engageable with the second torque limiting element so that further
rotation of the handle causes rotation of the rod and surgical implement.
3, The surgical device of claim 1,

wherein the first torque limiting element further comprises (a) a ball plunger
comprising a ball and housed in a cylinder attached to the handle, and (b) a biasing
mechanism positioned in the cylinder and configured to urge the ball plunger ball into
engagement with second torque limiting element, and

wherein the second torque limiting element further compriseé a ball engaging
receptacle attached to the rod for releasably engaging the ball plunger ball.
4, The surgical device of claim 3, wherein after becoming disengaged, the ball plunger
ball is re-engageable with the ball engaging receptacle so that further rotation of the handle
causes rotation of the rod and surgical implement.
5. The lsurgical device of claim 3, wherein the ball plunger is positioned substantially

perpendicular to the rod.

6. The surgical device of claim 3, wherein the biasing mechanism further comprises a
spring.
7. The surgical device of claim 3, wherein the second torque limiting element is attached

to a hollow shaft through which the rod is slidingly movable, and wherein the first and
second torque limiting elements are embedded in a cavity in the handle.
8. The surgical device of claim 3, further comprising a ball bearing positioned on

opposite sides of the ball engaging receptacle and fixedly attached in a cavity in the handle.
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9, Thesiirgical devite of ¢ldini"1, the rod further comprising a ball joint attached to the
end of the rod attached to the handle, and the handle further comprising a lever pivotably
attached to the handle and having a ball joint receptacle rotatably positioned about the ball
joint,

wherein when the lever pivots in the handle, the surgical implement is moved to an
angle relative to the rod, and

wherein when the torque limiting elements are disengaged, the handle is rotatable
about the rod without rotation of the surgical implement.
10.  The surgical device of claim 1, further comprising a first surface attached to the
handle and in biased contact with a second surface attached to the rod,

the first torque limiting element further comprising a proj ection from the first surface
and the second torque limiting element further comprising a notch in the second surface for
releasably engaging the projection. '
11. The surgical device of claim 10, wherein after becoming disengaged, the projection is
re-engageable with the notch so that further rotation of the handle causes rotation of the rod
and surgical implement.
12. A surgical device comprising:

a rod having a first end and a second end;

a handle positioned near the first end of the rod;

a surgical implement attached to the second end of the rod,;

a first surface attached to the handle; and

a second surface attached to the rod, the second surface in releasably engageable
contact with the first surface such that rotation of the handle causes rotation of the rod and
surgical implement, ‘

wherein when a rotational force applied to the handle exceeds a predetermined torque
limit, the first surface disengages from the second surface, so that the handle is rotatable
without rotation of the rod and surgical implement.
13. The surgical device of claim 12, further comprising a housing attached to the handle
and defining a cavity within which the first and second surfaces are positioned.
14.  The surgical device of claim 13, the first surface comprising a first plate having a
projection and the second surface comprising a second plate having a notch, wherein the

projection is engageable with the notch.
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15.  The'surgical device of Cliini 14, wherein the projection and the notch are substantially
the same size and shape.
16.  The surgical device of claim 14, further comprising a spring disposed between the
housing and the first surface, the spring capable of exerting a force on the first surface to
engage the projection with the notch.
17.  The surgical device of claim 14, the housing further comprising a support that
prevents movement of the second surface toward the second end of the rod.
18.  The surgical device of claim 13, the first surface comprising a ball plunger having a
ball attached at one end and the second surface comprising a disk having a depression,
wherein the ball is releasably engageable with the depression.
19.  The surgical device of claim 18, wherein the ball and the depression are substantially
the same size and shape.
20. A surgical device comprising:

a rod comprising a first section and a second section, the first section rotatably
connected to the second section;

a handle attached to the first section of the rod;

an implement attached to the second section of the rod,

a first plate attached to the first section of the rod, the first plate having a raised
portion;

a second plate attached to the second section of the rod, the second plate having a
depression of substantially the same size and shape as the raised portion of the first plate;

a housing that defines a cavity, the first plate and second plate fitting inside the cavity
and the second plate restrained within the housing by a ledge; and

a compression spring disposed between a cap of the housing and a surface of the first
plate such that the spring pushes the first plate longitudinally toward the second plate,

wherein the raised portion of the first plate is engageable with the depression of the
second plate, so that rotation of the first section of the rod causes rotation of the second
section of the rod and the implement, and

wherein when a rotational force applied to the handle and the first section of the rod
exceeds a predetermined torque limit, the spring compresses and the raised portion of the first
plate disengages from the depression of the second plate, so that the first section is rotatable

without rotation of the second section and the implement.
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21.  The sitgical'device of ¢14ini"20, the rod further comprising a cylindrical tube in which
an actuator is disposed, the actuator being operable to activate the implement.
22.  The surgical device of claim 20, further comprising a trigger positioned on the handle
operable to control the actuator.
23. A surgical device comprising:

a rod having a first end and a second end;

a handle positioned near the first end of the rod,

a surgical implement attached to the second end of the rod;

a ball plunger comprising a ball and housed in a cylinder attached to the handle;

- a spring positioned in the cylinder and configured to push the ball plunger in a

longitudinal direction within the cylinder; and

a disk attached to the rod and having a depression of substantially the same size and
shape as the ball of the ball plunger,

wherein the ball plunger ball is engageable with the depression of the disk so that
rotation of the handle causes rotation of the rod and surgical implement, and

wherein when a rotational force applied to the handle exceeds a predetermined torque
limit, the spring compresses and the ball plunger ball disengages from the depression, so that
the handle is rotatable without rotation of the rod and surgical implement.
24. The surgical device of claim 23, further comprising a housing attached to the handle
and defining a cavity having a substantially cylindrical shape and a diameter and in which the
disk and ball plunger are positioned.
25. The surgical device of claim 24, the disk and the housing cavity each have a diameter,

wherein the cavity diameter is between 0 and 10 millimeters larger than the disk diameter.

26. The surgical device of claim 23, the handle having a cavity for receiving the first end
of the rod. '
27.  The surgical device of claim 23, the housing comprising a mechanism for limiting

longitudinal movement of the rod.
28. A method of using a surgical tool, comprising:

providing the surgical tool having a rod rotatingly engageable on one end with a
handle and attached on the opposite end to a surgical implement, and a first torque limiting
element connected to the handle and engageable with a second torque limiting element
operably connected to the surgical implement;

inserting the surgical implement and a portion of the rod into an interior body region;

applying a first rotational force to the handle to rotate the surgical implement; and
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applying a second fotatidital Torce to the handle that exceeds a predetermined torque
limit, thereby disengaging the first element from the second element such that the handle
rotates without rotation of the surgical implement.
29.  The method of claim 28, further comprising rotating the handle to re-engage the first
element with the second element so that further rotation of the handle causes rotation of the
surgical implement.
30. The method of claim 29,

the surgical tool further comprising a first surface attached to the handle and in biased
contact with a second surface attached to the rod,

the first torque limiting element further comprising a projection from the first surface
and the second torque limiting element further comprising a notch in the second surface,

wherein the rotating the handle to re-engage the first element with the second element
further comprises realigning the projection from the first surface with the notch in the second
surface.
31. The method of claim 29,

the first torque limiting element further comprising a ball plunger having an attached
ball and the second torque limiting element further comprising a ball engaging receptacle, the
ball in biased contact with the ball engaging receptacle,

wherein the rotating the handle to re-engage the first element with the second element
further comprises realigning the ball plunger ball with the ball engaging receptacle.
32.  The method of claim 28, wherein the ball plunger is positioned substantially

perpendicular to the rod.

22



WO 2007/008669 PCT/US2006/026526

1/9

/?? i

20
| } 34
40— |32
I_ .
' ~— 40
38 ll 3 | 42
421 i
/ 0 36
|
22 24—/ }
30 ' | 14
28 : |
/

18 % 16




WO 2007/008669 PCT/US2006/026526

2/9
36
42 38
42
24
30
28
26 '
10
\/
//\_——12

<=




PCT/US2006/026526

WO 2007/008669

3/9

OO

¢ "bi-

8l
Ol —a Nﬁ\
Q

E\/
b
Zhh il
oL ZA)
\ d)
oz} \x
0ElL
ozl ZEL
el
e} O
° ©
— @ ]
= ocl
®) o 0O




WO 2007/008669 PCT/US2006/026526

4/9

116




WO 2007/008669 PCT/US2006/026526

5/9

s




WO 2007/008669 PCT/US2006/026526

6/9

120

' 126
124 14

j:ko)w\ﬂe
118



WO 2007/008669 PCT/US2006/026526

7/9

o e Insert surgical tool into body

l

Pasition surgical implement within body
220/ :

J

.30~ | Apply torque to handle of surgical tool

i

% Disengage torque translation interface
o with excessive torque

!

50— | Re-engage torque transiation interface

Fig. 7



PCT/US2006/026526

WO 2007/008669

8/9

3°3%
291 /

T

9>
M~
L~
-

0l

181
€8!
8.1

oLl
1212

¢l



WO 2007/008669 PCT/US2006/026526

9/9

181 B \\ 155
151
| T “—154
172
! \\ 156
153_/_ | 151
i
172
155
150
/ 150 ,
¥ T\ 153
167y B~ 466 53—
Fig. 8 |
Fig. 11
152

16’6\/‘2;\167
Fig. 10



	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings

