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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to ap-
paratus, and systems for performing surgery, e.g., lapar-
oscopic surgery, and more particularly, to laparoscopic
surgical tools and to systems including such tools.

BACKGROUND

[0002] Surgery has become increasingly less invasive
thanks to advances in medical technology. Laparoscopy
is the dominant minimally invasive surgical (MIS) ap-
proach used today and has replaced many traditional
"open" approaches. Inlaparoscopic surgery, trocars (typ-
ically 3-5) are placed at separate points in the surgical
field. These trocars serve as ports into a body cavity or
other surgical space (such as the abdomen) through
which special long and thin instruments can be inserted.
Manipulation of these tools from outside the body me-
chanically translates into motion within the body cavity.
Depending on the tool head design, different instruments
have different functions. The appropriate instrument is
selected based on what the surgeon needs for that step
of the procedure.

[0003] Minimally Invasive Surgery (MIS) offers several
advantages compared to open surgical procedures in-
cluding minimal trauma to the abdominal wall and hence
less postoperative pain, fewer wound complications, ear-
lier patient mobilization, and shorter length of stay. Lapar-
oscopic access to the peritoneal space is the dominant
MIS approach when performing minimally invasive ab-
dominal operations.

[0004] Recent clinical studies show that further reduc-
tion of the size and/or number of incisions may offer add-
ed benefits such as faster recovery, less pain, reduced
operative time, and improved cosmetic result. Such ben-
efits may have physical and psychological impact. How-
ever, the size of the tool tips on conventional instruments
used in laparoscopic procedures generally limit the ability
to reduce the size of the incisions and trocars needed for
such procedures.

[0005] Recent waves of scar-free techniques, includ-
ing natural orifice trans-luminal endoscopic surgery
("NOTES") and single-port surgery, have emerged to
meet the need to further reduce the incisions required
for surgical procedures. Ample information explaining the
details of these new approaches exists in the public do-
main. Of the two, single-port surgery is thought among
the surgery community to be the more feasible approach
given available technology today.

[0006] Single-port surgery involves a multi-channel
port that is typically placed in the belly button. This results
in hidden scar post operatively. Through these channels,
standard laparoscopic tools can be inserted. However,
manipulation is more challenging because the tight ap-
erture of the belly button and strong connective tissue in
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the abdominal wall forces all the instruments to move
dependent on one another. In addition, the surgeon’s
hands are crowded together because of these con-
straints. Triangulation is largely lost. This makes the pro-
cedure frustrating to perform compared to other ap-
proaches.

[0007] A number of commercially available tools have
been designed to circumvent some of these limitations.
Some are variations of standard laparoscopic instru-
ments but have articulating tool heads. Such designs are
intended for re-enabling triangulation. WO 2010/114634
A1, closest prior est, describes such a design. However,
constraints of the belly button port may force these artic-
ulating tools to cross, thus reversing the left-right motion
between what the surgeon does with his hands and what
he sees on the video monitor. Also, the complex mechan-
ics behind the articulation may drive the cost up signifi-
cantly.

[0008] WO 2010/114634 A1 discloses a modular tool
head for performing a procedure within a surgical space
within a patient’s body when the tool head is connected
toasurgical tool including a control shaft including a distal
end sized for introduction into the surgical space, the tool
head comprising a housing to receive the distal end of
the control shaft and a pair of opposing end effector el-
ements; an actuator link coupled to the end effector ele-
ments for directing the end effector between open and
closed positions; a locking element comprising connec-
tors and rotatable on the housing between first and sec-
ond orientations to disconnect the connectors from the
control shaft such thatthe control shaftis removable from
the housing and to fix the control shaft distal end relative
to the housing and couple the surgical tool to the actuat-
ing link to direct the end effector elements between the
open and closed positions.

[0009] The need exists forarevised laparoscopic tech-
nique and tools that reduce surgery-induced trauma but
preserve the ergonomics and visualization to which sur-
geons have become accustomed. Such a procedure and
tools may be safer for patients. A scar-free or minimal
scar result may also appeal more to young adults, and
the potential health benefits of a less traumatic approach
may be higher for children and the elderly.

[0010] Thefirststep during alaparoscopic surgical pro-
cedure is to insufflate the body cavity with a harmless
gas (such as carbon dioxide) to increase the working
space for the tools. The trocars are inserted across the
abdominal wall and are designed to prevent excessive
leakage of the insufflation gas, which invariably happens
with incisions greater than three millimeters (3 mm).
[0011] Inendoscopic and laparoscopic surgical proce-
dures, a trocar device is used to puncture the patient’s
body in order to provide an access port through the ab-
dominal wall to allow for the introduction of surgical in-
struments. A typical trocar requires a one-centimeter in-
cision. Typically, a first trocar is placed above the umbili-
cus to introduce a camera to allow the surgeons to view
the surgical site. The camera view is projected on a
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screen outside the body, which the surgeon and his or
her assistants watch in order to appropriately manipulate
the instruments inside the body cavity. Additional trocars
are used to introduce surgical instruments, such as
grasping tools, scissors, clips, and electrosurgical instru-
ments. Typically, the laparoscopicinstruments extend to-
ward the surgical target from either side of the video cam-
era. This "triangulation" of the instruments provides the
most ergonomic and intuitive set up for the surgeon.
[0012] Patients who undergo laparoscopic surgery
may benefit from shorter hospital stays and reduced sur-
gery-inflicted morbidity compared to those who undergo
open surgery. But, the number of trocar ports used in an
operation is trauma-limited. For many cases, surgeries
requiring more than five to seven (5-7) ports may be bet-
ter performed using an open approach. Surgeons often
hesitate to place more ports, even ifitwould mean making
the procedure easier to do, because of the increased risk
of wound complications with each additional incision
(such as infection, dehiscence, or hernia).

SUMMARY OF THE INVENTION

[0013] The present invention is directed to apparatus
and systems for performing surgery, e.g., laparoscopic
surgery. More particularly, the presentinvention is direct-
ed to laparoscopic surgical tools and to systems and
methods including such tools, e.g., designed to facilitate
surgery while minimizing the number and/or size of ac-
cess sites used and/or minimizing visible scars.

[0014] For example, in one embodiment, a modular
surgical instrument may be provided that enables stand-
ard laparoscopic techniques to be performed through rel-
atively small puncture holes in the body wall of a patient
used to access the surgical space. In an exemplary em-
bodiment, the assembled modular instrument may in-
clude a handle, a relatively small diameter control shaft
(e.g., less than or equal to about 2.5 millimeter diameter),
and one or more interchangeable tool heads. The control
shaft may include two coaxial shafts, e.g., an outer can-
nular shaft and an inner "active" shaft, that move relative
to one another, e.g., to actuate a tool head attached to
the shaft in situ.

[0015] The tool head may be introduced into the sur-
gical site independently of the control shaft, e.g., through
separate trocar ports, punctures, or other access pas-
sages, e.g., located through the umbilicus and the like.
The control shaft may be attached to the tool head within
the surgical space inside the body. Once the modular
instrument is fully assembled, the tool head may be ma-
nipulated through the puncture hole, e.g., using an actu-
ator on the handle, to perform one or more procedures
within the surgical space.

[0016] Inan exemplary embodiment, a coaxial locking
mechanism is provided between the control shaft and
the tool head, e.g., thatlocks both an outer cannular shaft
and the inner "active" shaft on the control shaft with re-
spective elements on the tool head, e.g., as disclosed in
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International Publication No. WO 2010/ 114634. The in-
vention provides a modular tool head as claimed in
claim1. Preferred embodiments are disclosed in the de-
pendent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] It will be appreciated that the exemplary appa-
ratus shown in the drawings are not necessarily drawn
to scale, with emphasis instead being placed on illustrat-
ing the various aspects and features of the illustrated
embodiments.

FIG. 1 is a side view of a first example of a carrier
tool coupled to an endoscope for introducing a tool
head into a surgical space.

FIG. 1A is a cross-sectional view of the carrier tool
of FIG. 1 taken along line A-A.

FIG. 2 is a side view of another example of a carrier
tool coupled to an endoscope for introducing a tool
head into a surgical space.

FIGS. 3A and 3B are side views of an alternative set
of jaws that may be provided on the carrier tool of
FIG. 2, showing a tool head being secured to the
jaws.

FIG. 4 is a perspective view of another example of
a carrier tool to which a modular tool head may be
secured.

FIGS. 5A and 5B show jaws of the modular tool head
being opened and closed to allow the tool head to
be secured to jaws of the carrier tool. FIG. 5C is a
detail of optional detents that may be provided on
either or both jaws.

FIG. 6 is a side view of a distal end of yet another
example of a carrier tool including jaws with features
for securing a modular tool head to the carrier tool.
FIG. 7A is a side view of still another example of a
carrier tool coupled to an endoscope for introducing
a tool head into a surgical space.

FIG. 7B is a detail of a distal end of the carrier tool
and endoscope of FIG. 7A.

FIG. 8 is a side view of yet another example of a
carrier tool couple to an endoscope for introducing
a tool head into a surgical space.

FIGS. 8A-8C are details of a distal end of the carrier
tool of FIG. 8, showing the tool head being directed
into different orientations by the carrier tool.

FIG. 9 is a side view of an example of a carrier tool
forintroducing a plurality of tool heads into a surgical
space.

FIG. 9A is a cross-section of a housing of the carrier
tool of FIG. 9, taken along line B-B.

FIG. 9B is a side view of an alternative example of
a carrier tool for introducing a plurality of tool heads
into a surgical space.

FIG. 10Ais a cross-sectional view of a patient’s body
showing a carrier tool with a substantially straight
housing carrying a plurality of tool heads being in-
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troduced into a surgical space through a trocar.
FIG. 10B is a cross-sectional view of a patient’s body
showing a carrier tool with a curved housing carrying
a plurality of tool heads attached to an endoscope
and being introduced into a surgical space through
a trocar.

FIGS. 11A and 11B are side views of a distal end of
another carrier tool including a housing carrying a
plurality of tool heads, showing the tool heads re-
tracted within and deployed from the housing, re-
spectively.

FIGS. 12A and 12B are perspective views of a distal
end of yet another carrier tool including a housing
carrying a plurality of tool heads and attached to an
endoscope, showing the tool heads retracted within
and deployed from the housing, respectively.

FIG. 13 is a cross-sectional view of a patient’s body
showing a carrier tool introduced into a surgical
space through a trocar along with an endoscope,
and including a wire rail to facilitate attaching a tool
head carried by the carrier tool to a control shaft.
FIG. 14 is a cross-sectional view of a patient’s body
showing a carrier tool introduced into a surgical
space through a trocar independent of an endo-
scope, showing an example method for attaching a
tool head carried by the carrier tool to a control shaft.
FIG. 15 is a cross-sectional view of a patient’s body
showing an example method for attaching a tool
head carried by the carrier tool of FIG. 1 to a control
shaft.

FIG. 16 shows a plurality of exemplary tool heads
thatmay be introduced using the apparatus, and sys-
tems described herein.

FIG. 17 is a side view of another carrier tool coupled
to an endoscope for introducing a tool head into a
surgical space, the carrier tool including a plurality
of linkages for controlling an orientation of the tool
head.

FIG. 18 is a cross-sectional side view of an alterna-
tive carrier tool coupled to an endoscope for intro-
ducing a tool head into a surgical space, the carrier
tool including one or more control wires or cables for
controlling an orientation of the tool head.

FIGS. 19A and 19B are details of a distal end of a
tool carrier showing a mechanism on the tool carrier
directing a tool head carried thereby between prox-
imal and distal orientations, respectively.

FIGS. 20A and 20B are details of a distal end of a
tool carrier showing another mechanism on the tool
carrier directing a tool head carried thereby between
transverse and substantially axial orientations, re-
spectively.

FIGS. 21A and 21B are perspective and side views,
respectively, of an introducer tube or tool carrier in-
cluding a pair of elongate members defining a track
for receiving a plurality of tool heads inserted through
the introducer tube onto the track.

FIG. 22 is a side view of another tool carrier including
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a sleeve that may be directed over a distal end of an
endoscope and an introduction feature on a distal
end of the sleeve for carrying a tool head.

FIGS. 23-29 show alternatively introduction features
that may be provided on the tool carrier of FIG. 22
or other tool carriers herein for carrying a tool head.
Forexample, FIG. 23 shows an example introduction
ring that may be carried by a tube shaft.

FIGS. 24A and 24B show another introduction ring
that may be carried by a tube shaft.

FIGS. 25A and 25B are perspective and cross-sec-
tional views of another introduction feature for car-
rying a tool head.

FIGS. 26A and 26B are cross-sectional views of al-
ternative introduction rings that may be provided on
a tool head carried by corresponding introduction
features that may be provided on a tool carrier.
FIG. 27 is a cross-sectional view of another introduc-
tion ring carried by an endoscope and engaged with
corresponding features on a tool head.

28A and 28B are perspective views of another em-
bodiment of an introduction ring including a biasing
mechanism that biases the introduction ring to a de-
sired orientation relative to a shaft of a carrier tool.
FIG.28C isatop view of the introduction ring of FIGS.
28A and 28B showing an exemplary biasing mech-
anism. FIG. 28D is a perspective view of the intro-
duction ring of FIGS. 28A and 28B with a cover re-
moved to show another exemplary biasing mecha-
nism.

FIG. 29A is a side view of another tool carrier and
introduction feature carrying a tool head. FIG. 29B
is a side view of the introduction feature of FIG. 29A.
FIG. 30 is a perspective view of an exemplary mod-
ular tool head having a tapered shape.

FIGS. 31A and 31B are details of a detent that may
be engaged between a modular tool head and a con-
trol shaft of a surgical tool to prevent premature ac-
tuation of jaws on the tool head during connection
of the tool head to the control shaft.

FIG. 32A shows a clutch apparatus that may be pro-
vided on a surgical tool including a control shaft to
limittorsional forces applied to the control shaftwhen
a modular tool head is attached to or removed from
the control shaft. FIGS. 32B and 32C are cross-sec-
tional details of the clutch apparatus of FIG. 32A.
FIGS. 33A-33C are details of visual indicators that
may be provided on a control shaft of a surgical tool
to provide visual confirmation when a modular tool
head has been sufficiently received on the control
shaft.

FIGS. 34A and 34B are details of visual indicators
that may be provided on a modular tool head and an
introduction ring of a carrier tool to provide visual
confirmation when the tool head is rotatably aligned
with the introduction ring in a predetermined orien-
tation.

FIG. 35Ais an exploded perspective view of a control
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shaft of a surgical tool that includes an outer shaft
and an inner shaft including features that provide a
visual indication when the inner shaft is rotationally
aligned within the outer shaft. FIGS. 35B and 35C
are perspective views of the assembled outer and
inner shafts, showing the features misaligned and
aligned with one another, respectively.

FIGS. 36A and 36B are perspective views of a mod-
ular tool head and an introduction feature of a tool
head carrier including features (seen in FIG. 36A)
that provide a visual indication when the tool head
is fully inserted into the introduction feature (shown
in FIG. 36B).

FIG. 37A is a perspective view of alignment features
that may be provided on a handle of a surgical tool.
FIGS. 37B and 37C are end views showing the align-
ment features in and out of alignment with one an-
other.

FIGS. 38A-38E are cross-sectional views of a mod-
ular tool head showing features in a locking ring to
provide tactile feedback when the locking ring is in
locked and unlocked positions.

FIGS. 39A and 39B are side views of according to
the present invention a surgical tool including a han-
dle and control shaft with a modular tool head cou-
pled to the shaft, showing an end effector of the tool
head in open and fully closed positions, respectively.
FIG. 39C is a side view of the surgical tool of FIGS.
39A and 39B with an actuator on the handle directed
to an alignment position (from the operational posi-
tion shown in FIGS. 39A and 39B) in which the tool
head may be coupled or removed from the shaft.
FIGS. 39A(1)-39C(1) are details of the tool head of
FIGS. 39A-39C, respectively, showing relative align-
ment of internal features of the tool head and control
shaft.

FIGS. 40A and 40B are top and side views, respec-
tively, of an embodiment of an outer cannular shaft
that may included in the control shaft of the surgical
tool of FIGS. 39A-39C.

FIGS. 41A and 41B are top and side views, respec-
tively, of an embodiment of an inner "active" shaft
tube that may included in the control shaft of the sur-
gical tool of FIGS. 39A-39C.

FIGS. 42A and 42B are perspective views of an em-
bodiment of a tool head that may be coupled to the
surgical tool of FIGS. 39A-39C. FIGS. 42C-42E are
side, top, and end views, respectively, of the tool
head of FIGS. 42A and 42B.

FIGS. 43A-43F show embodiments of components
of the tool head of FIGS. 42A-42E. For example,
FIGS. 43A and 43B are perspective views of an em-
bodiment of a housing of the tool head. FIGS. 43C-
43F are side, top, and distal and proximal end views,
respectively, of the housing.

FIGS. 44A-44C are side and left and right perspec-
tive views of an embodiment of an end effector of
the tool head.
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FIGS. 45A and 45B are perspective views of an em-
bodiment of an actuating link that may be received
within the housing and coupled to the end effector
of the tool head. FIGS. 45C-45E are side, top, and
end views of the actuating link. FIGS. 45F-45H are
exploded views of an embodiment of the actuating
link formed from two components.

FIGS. 46A and 46B are perspective views of an em-
bodiment of a locking ring that may be rotatably cou-
pled to the housing of the tool head. FIGS. 46C and
46D are end and top views, respectively, of the lock-
ing ring.

FIGS. 47A and 47B are perspective and end views,
respectively, of a guide cap that may be coupled to
the housing of the tool head.

FIGS. 48A-48C are top views of the tool head of
FIGS. 42A-42E being coupled to a control shaft, such
as that shown in FIGS. 40A-41B.

FIGS. 49A-49C are cross-sectional views of the tool
head and control shaft shown in FIGS. 48A-48C, re-
spectively.

FIG. 50 is a side view of the tool head and control
shaft of FIGS. 48A-49C. FIGS. 51A and 51B are
cross-sections taken at A-A and B-B, respectively,
before the tool head is coupled to the control shaft
(in the disengaged position). FIGS. 52A and 52B are
cross-sections taken at A-A and B-B, respectively,
after the tool head is coupled to the control shaft (in
the engaged position).

FIGS. 53A-53C are perspective views of the tool
head and control shaft with the end effector locked
in a closed position before the tool head is coupled
to the control shaft (FIG. 53A), with the end effector
unlocked and in a closed position after the tool head
is coupled to the control shaft (FIG. 53B), and with
the end effector unlocked and in an open position
(FIG. 53C).

FIGS. 54A-54C are perspective details of the FIGS.
53A-53C, respectively, showing the relative position
of a locking tooth and pocket on the locking collar
and actuating link in the different positions.

FIGS. 55A-55C are partial cross-sectional views of
the tool head in the positions shown in FIGS. 53A-
53C, respectively.

FIGS. 56A and 56B are cross-sectional details of the
tool head and control shaft of FIGS 53A-53C, show-
ing the actuating link in an alignment position that
enables disengaging the tool head from the control
shaft (FIG. 56A) and an operational position with the
end effector in a closed position (FIG. 56B).

DETAILED DESCRIPTION

[0018] Turning to the drawings, FIG. 1 shows an intro-
duction apparatus 10 that includes an elongate shaft 20
including a proximal end 22 and a distal end 24, one or
more clip elements 30 for slidably securing the shaft 20
to an endoscope 90, a handle 40 on the proximal end
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22, and a housing 50 on the distal end 24 for releasably
engaging a tool head 60. The handle 40 may include a
triggeror other actuator42, e.g., for operating the housing
50 to engage and/or release a tool head 60 with a con-
necting or actuating wire or rod 43.

[0019] As best seen in FIG. 1A, the shaft 20 includes
a generally "U" or "C" shaped cross-section, e.g., having
a periphery greater than one hundred eighty degrees
(180°), thereby defining opposing clip elements 30 for
securing the shaft 20 to the housing 50. The shaft 20
and/or clip elements 30 may be formed from substantially
rigid or semi-rigid material, e.g., plastic, metal, or com-
posite materials, having sufficient rigidity to maintain the
position of the housing 50 relative to the shaft 20 and/or
relative to a lens 92 of the endoscope 90. As shown, the
clip elements 30 may extend substantially the entire dis-
tance between the proximal and distal ends 22, 24 of the
shaft 20. Alternatively, the clip elements 30 may extend
only partially between the proximal and distal ends 22,
24 or a plurality of clip elements 30 may be provided that
are spaced apart from one another along a length of the
shaft 20 (not shown).

[0020] The internal diameter of the clip elements 30
may be sized to mate closely with the outer diameter of
the endoscope 90, while allowing the shaft 20 to be di-
rected axially relative to the endoscope 90, if desired.
Alternatively, the clip elements 30 may engage the en-
doscope 90 sufficiently to limit substantial axial move-
ment of the shaft 20 relative to the endoscope 90, while
allowing the shaft 20 to be removed from the endoscope
90, if desired, as described further below. The clip ele-
ments 30 may define a slit or a slot 31 therebetween,
e.g., such that the shaft 20 may be loaded onto the en-
doscope 90 laterally from the side. For example, the ma-
terial of the clip elements 30 and/or shaft 20 may be suf-
ficiently elastic to temporarily deform to clip onto the en-
doscope 90, yet sufficiently rigid to maintain its shape
and/or orientation relative to the endoscope 90.

[0021] The shaft 20 may have sufficient length such
that the handle 40 is located adjacent a proximal housing
90a of the endoscope 90 while the housing 50 is disposed
adjacent the lens 92, e.g., such that the handle 40 ex-
tends outside a patient’s body while the lens 92 and hous-
ing 50 are located within a surgical space within the pa-
tient’s body. The handle 40 allows the surgeon or other
user to clip the entire apparatus 10 onto the endoscope
90, and/or advance the apparatus 10 relative to the en-
doscope 90, e.g., into the patient’s body, and into the
field of view of the lens 92 of the endoscope 90.

[0022] Optionally, the apparatus 10 may include a stop
41, e.g., within or otherwise coupled to the handle 40,
that limits distal movement, e.g., when the apparatus 10
has been introduced to an appropriate depth relative to
the endoscope 90. The stop length may be manually ad-
justable by the surgeon, e.g., with a thumbwheel or other
actuator 44. In addition or alternatively, a stop may be
provided on the endoscope (not shown) that may limit
distal advancement of the apparatus 10 relative to the
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endoscope. In addition, the handle 40 may also allow the
surgeon to remove the apparatus 40 at least partially
from the surgical space relative to the endoscope 90.
[0023] The housing 50 is attached to or otherwise pro-
vided on the distal end 24 of the shaft 20. The housing
50 may be configured for one or more purposes, e.g., a)
to lock the tool head 60 to the housing 50 until it is un-
locked by the cannular tube or shaft 80, b) to orient the
tool head 60, and/or c) to shroud the ends of the tool
head 60, as described further below. Optionally, the
shroud 70 may be provided on the shaft 20, e.g., on the
distal end 24 or between the proximal and distal ends
22,24, i.e., proximal to the housing 50, to shroud the tool
head 60 with proximal and/or distal conical, curved, or
otherwise tapered features, e.g., to facilitate insertion
and/or removal of the tool head 60 carried by the appa-
ratus 10 into and out of the patient’s body.

[0024] The tool head 60 is locked into the housing 50
by an operator outside of the patient’s body, e.g., by load-
ing and rotating the tool head 60 relative to the housing
50. The orientation of the tool head 60 when fully captured
within the housing 50 may be such that the proximal end
60a of the tool head 60 is in the field of view of the lens
92 of the endoscope 90 when the apparatus 10 is ad-
vanced to its distal position.

[0025] TurningtoFIG. 2, an introduction apparatus 10’
is shown that includes a surgical jaw or forceps 65’ on
the distal end 24’ instead of the housing 50.” Generally,
the apparatus 10’ includes an elongate shaft 20’ including
a proximal end 22’ and a distal end 24,” one or more clip
elements 30’ for securing the shaft 20’ to an endoscope
90, and a moveable handle 40’ on the proximal end 22,
similar to the apparatus 10 of FIG. 1, but includes a sur-
gical jaw 65’ on the distal end 24’ for releasably engaging
atool head 60 instead of the housing 50.” The handle 40’
may include a trigger or other actuator 42,” e.g., for op-
erating the surgical jaw 65’ to engage and/or release the
tool head 60. Optionally, the handle 40’ may include a
pin or other locking element (not shown) for releasably
securing the trigger 42’ in its closed and/or open position,
e.g., to engage the tool head 60 without requiring the
surgeon to continue to pull the trigger 42.’

[0026] Unlike the previous example the clip 30’ in-
cludes a sleeve having a "U" or "C" shaped cross-section
that is attached to the shaft 20.” Similar to the previous
example, the clip 30’ may be resiliently expandable such
that the sleeve may be applied laterally to the endoscope
90 to capture the endoscope 90 within the sleeve, thereby
slidably or fixedly securing the shaft 20’ relative to the
endoscope 90. Also similar to the previous example, the
shaft 20’ may be sufficiently rigid to maintain the position
of the jaw 65’ relative to the clip 30’ and/or relative to the
lens 92 of the endoscope 90.

[0027] For example, the internal diameter of the clip
30’ may be sized to mate closely with the outer diameter
of the endoscope lens 90. The clip 30’ may define a slit
or a slot 31" such that the sleeve of the clip 30’ may be
loaded onto the endoscope 90 from the side. The material
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of the clip 30’ may be sufficiently elastic to temporarily
deform to allow the sleeve to expand to receive the en-
doscope 90 therein and resilient such that sleeve closes
around the endoscope 90. The material of the clip 30’
may be sufficiently rigid to maintain its shape and/or ori-
entation relative to the endoscope 90. Once received on
the endoscope 90, the clip 30’ may be slidable axially,
e.g.,toallow the shaft 20’ to be directed between proximal
and distal positions, similar to the previous example. Al-
ternatively, the clip 30’ may engage the endoscope with
sufficient frictional force such that there is minimal axial
movement of the clip 30’ relative to the endoscope 90.
In this alternative, the shaft 20’ may be movable axially
and/or rotationally relative to the clip 30’, e.g., between
proximal and distal positions, to allow the surgical jaw
65’ to be advanced into the field of view of the lens 92,
as described further below.

[0028] The shaft 20’ generally has sufficient length
such that the handle 40’ is located outside of the patient’s
body and next to the endoscope 90. The trigger 42’ on
the handle 40’ may be activated to actuate the surgical
jaw 65. The handle 40 may facilitate clipping the appa-
ratus 10’ onto the endoscope 90, advance the apparatus
10’ into the patient’s body and/or into the field of view of
the endoscope 90, and/or remove the apparatus 10’ from
the patient’s body. After the tool head 60 is in the field of
view of the endoscope 90, the handle 40’ may allow fur-
ther manipulation of the position of the tool head 60, e.qg.,
rotationally and/or axially relative to the field of view. Op-
tionally, the apparatus 10’ may include a stop 41, e.g.,
within or otherwise provided on,the handle 40, the ap-
paratus 10’ encountering the stop when the apparatus
10’ has been introduced to the appropriate depth relative
to the endoscope 90. If desired, the length and/or position
of the rigid stop 41’ may be adjustable, e.g., by a thum-
bwheel or other actuator 44.

[0029] The surgical jaw 65’ may be attached to or oth-
erwise provided on the distal end 24’ of the shaft 20.” The
surgical jaw or forceps 65’ may be moveable, e.g., by
actuation of the trigger 42’ on the handle 40’ from outside
the patient’'s body, which may transmit corresponding
motion from the trigger 42’ to one or both jaws of the
surgical jaw 64, e.g., by axial motion of an actuating rod
or wire 43.” Similar to the previous example a shroud 70’
may be provided to at least partially cover the tool head
60 with proximal and/or distal conical, curved, or other-
wise tapered features, e.g., to facilitate insertion into
and/or removal from the patient’s body. The surgical jaw
65’ may provide one or more purposes, e.g., to lock the
tool head 60 to the jaw 65’ until it is unlocked by the
control shaft 80, orient the tool head 60 such that the
surgeon is able to see the appropriate end of the tool
head 60 for assembly, and/or shroud the ends of the tool
head 60. The jaw 65’ may grip the tool head 60 in a pre-
determined orientation relative to the longitudinal axis of
the shaft 20,” e.g., with substantially coaxial or perpen-
dicular alignment.

[0030] The tool head 60 may be locked or otherwise
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secured into the surgical jaw 65’ by an operator outside
of the patient’'s body, e.g., by loading and rotating the
tool head 60 relative to the jaw 65.” When secured within
the jaw 65, the tool head 60 may be oriented transversely
relative to a longitudinal axis of the shaft 20,” e.g., such
that a proximal end 60a of the tool head 60 is in the field
of view of the endoscope 90 when the apparatus 10’ is
advanced to its distal position and/or otherwise manipu-
lated, e.g., by surgeon actuation of the handle 40.’
[0031] Turning to FIGS. 3A and 3B, another surgical
jaw 65" is shown, e.g., that may be provided on the ap-
paratus 10’ of FIG. 2. Unlike the previous jaw 65, the jaw
65" incorporates a relatively longer jaw with increased
reach 52" and/or special tines 54" to engage mating fea-
tures on the tool head 60, for example, similar to a dis-
sector or grasper tip.

[0032] Alternatively, the surgical jaw 65" may be con-
figured similar to existing standard tools as long as the
surgical jaw 65" is capable of holding the tool head 60
safely and securely during the introduction process. For
example, any grasper tip or dissector 130 (e.g., as shown
in FIG. 16) with extended front jaws may be used with
limited modification to the jaw 65" design shown and de-
scribed herein, e.g., similar to the jaw 65" shown in FIGS.
3A and 3B with extended front teeth.

[0033] For example, if a standard tool is identified as
having long enough jaws 65 so that the front tines 54 can
reach the locking ring 62 of the tool head 60, then the
tool head 60 may be inserted into the grasper jaws, e.g.,
as shown in FIGS. 3A and 3B, to minimize the exterior
size envelope and make it easier to pass through a port.
[0034] Turning to FIG. 4, another set of jaws 65™ is
shown, which may be provided on a carrier tool, e.g., a
standard tool 10," to introduce a modular tool head 60.
The jaws 65" may be used to introduce the tool head 60
using a method that involves engaging or grasping one
of the jaws 65" of the standard tool 10" with the jaws of
the modular tool head 60. For example, the modular tool
head 60 may be constrained to one of the jaws 65" of
the standard tool 10," e.g., by actuating a set of forceps
or other tool on the tool head 60 to close the tool head
60 onto one of the jaws 65," as shown in FIGS. 5A and
5B. Once introduced into a surgical space, the orientation
and/or location of the tool head 60 may be adjusted by
opening or closing the jaws 65" of the standard tool e.g.,
to vary the angle of the modular tool head 60 relative to
the standard tool 10."

[0035] Optionally, to ensure effective locking of the
modular tool head 60 to the standard tool jaws 65," de-
tents 66" may be provided on either or both the modular
tool head 60 or/and the standard tool jaws 65," as shown
in FIG. 5C. The detents 66" on the modular tool head 60
may be sufficient to maintain engagement to the standard
jaw 65," e.g., until the control shaft 80 activates the mod-
ular tool head 60 and overcomes the detents 66." The
detents 66" on the standard jaw 65 may be sufficient to
maintain engagement to the modular tool 60 until the
handle 67" of the standard tool 10" overcomes the de-
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tents 66."

[0036] Turning to FIG. 6, a distal end of yet another
carrier tool 10" is shown that includes a set of jaws 65™
that may be used to secure a modular tool head 60 to
the carrier tool 10™ with a transverse, e.g., substantially
perpendicular, alignment relative to a longitudinal axis of
the carrier tool 10."™" An example surgical jaw 65"" may
include a lengthened jaw with expanded reach 52"
and/or special tines 54" that may engage mating fea-
tures on the tool head 60. For example, the jaws 65™
may be configured such that existing standard tools can
hold the tool head 60 safely and securely during the in-
troduction process, similar to the previous example.
[0037] For example, as shown, the tool head 60 may
include a locking ring 62 with grooves 63 sized such that
the lengthened jaw 65™ with expanded reach 52"" may
be in a fully open position when the front tines 54™ and
the locking ring 62 are engaged. Such an example may
reduce the risk of the tool head 60 being accidentally
released prematurely, since the jaws 65" cannot be
opened further to release the tool head 60, while main-
taining operating principles similar to the previous exam-
ple

[0038] Optionally any of the examples herein, e.g., the
example of FIGS. 3, 4, and 6, may incorporate a grip
locking function, similar to the grip locking features 45™
shown on the handle 40™ of FIG. 4. The grip locking
features 45™" may be configured to lock the surgical jaw
65" closed around the tool head 60. While the surgical
jaw 65" is locked on the tool head 60, the tool head 60
may still be unlocked from the surgical jaw 65," e.g., by
the control shaft 80 of a laparoscopic tool introduced into
the surgical space to receive the tool head 60, as de-
scribed elsewhere herein . The grip locking features 45"
may lock the relative position of the surgical jaws 65"
relative to the shaft 20" and/or each other. Optionally,
any of the examples herein, e.g., the example of FIGS.
3,4, and 6, may incorporate four jaws instead of two jaws
(not shown).

[0039] Turning to FIG. 7A, another introduction appa-
ratus or carrier tool 10a is shown thatincorporates a sub-
stantially cylindrical sheath 20 with a housing 50 including
two or more protruding ears 51 extending adjacent an
endoscope 90 to which the apparatus 10a may be se-
cured. Generally, the apparatus 10aincludes an elongate
sheath 20 including a proximal end 22 and a distal end
24, a moveable handle 40 on the proximal end 22, and
two or more protruding ears 51 on the distal end 24 for
carrying and/or rotating a tool head 60. Rotating the tool
head 60 may be achieved by manipulating a trigger or
first actuator 42, thereby actuating a connecting rod or
wire 43. The handle 40 may include a thumb slide or
other second actuator 46 for operating the protruding
ears 51 to engage and/or release the tool head 60, e.g.,
by actuating a connecting rod or wire 47. The housing
50 may include a hinge 53 that is connected to thumb
slide 46 via connecting rod or wire 47. When the thumb
slide 46 is manipulated by the surgeon, the ears 51 of
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the housing 50 may selectively open and close to engage
or release the tool head 60.

[0040] The cylindrical sheath 20 may be configured to
at least partially surround the endoscope 90 and carry
the housing 50 and protruding ears 51. Similar to previ-
ous, examples the sheath 20 may have a desired length
and/or be sufficiently rigid to maintain the position of the
ears 51 relative to the endoscope lens 90. Also similar
to the previous examples, the sheath 20 may be movable
longitudinally along the endoscope 90 and/or rotatable
at least partially around the endoscope 90.

[0041] The sheath 20 may have a length such that the
handle 40 is disposed outside of the patient’s body and
next to the endoscope 90. The handle 40 may include a
trigger or other first actuator 42 and/or a thumb slide or
other second actuator 46, which may be actuated to ac-
tuate the protruding ears 51. The handle 40 may allow
the surgeon to slide the entire apparatus 10a onto the
endoscope 90, advance the apparatus 10a into the pa-
tient’'s body and into the field of view of the endoscope
90, and/or remove the apparatus 10a from the patient’s
body or otherwise relative to the endoscope 90. Once
the tool head 60 is in the field of view of the endoscope
90, actuation of the handle 40 may also allow the surgeon
to manipulate the position of the tool head 60 within the
field of view. Optionally, the apparatus 10a may include
a stop 41, e.g., within or otherwise coupled to the handle
40 when the apparatus 10a has been introduced to the
appropriate depth relative to the endoscope 90.

[0042] The protruding ears 51 may be attached to or
otherwise carried by the housing 50 and/or the distal end
24 of the sheath 20. The ears 51 may be moveable by
actuation of the trigger 42 and/or thumb slide 46 attached
to handle 40, e.g., such that the ears 51 may be manip-
ulated by the surgeon from outside the patient’s body.
The ears 51 may include one or more shroud elements
70 to at least partially cover the standard sized tool head
60, e.g., including proximal and/or distal conical or other
tapered features to facilitate insertion and/or removal
from the patient’s body. For example, similar to the pre-
vious examples the ears 51 may be configured to serve
one or more purposes, e.g., lock the tool head 60 to the
housing 50 until it is unlocked by the control shaft or it is
released by the thumb slide 46, orient the tool head 60
by actuating trigger 42 such that the surgeon is able to
see the appropriate end of the tool head 60 for assembly,
and/or at least partially cover the tool head with the
shroud 70.

[0043] The tool head 60 may be locked into the ears
51 by an operator outside of the patient’s body, e.g., by
loading and rotating the tool head 60 relative to the ears
51. The orientation of the tool head 60 with respect to
the ears 51 may be such that a proximal end 60a of the
tool head 60 is in the field of view of the endoscope 90
when the apparatus 10a is advanced to its final position
and manipulated by actuation of the handle 40 and trigger
42. Optionally, the tool head 60 may be rotated or other-
wise reoriented with respect to the ears 50, e.g., via
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mechanisms such as pulling/pushing of rods or geared
hinges (not shown) on the housing 50, similar to other
examples herein. Movement of the sheath 20 and/or tool
head 60 may facilitate proper alignment of the tool head
60 relative to a thin cannular tube or shaft 80 of a surgical
tool introduced into the surgical space to receive the tool
head 60.

[0044] Turning to FIG. 8, another carrier tool 10b is
shown that includes a shaft 20 and handle 40, similar to
previous examples and a movable distal housing 50b for
carrying a tool head 60. The housing 50b may be rotated
about a rotational axis transverse to the longitudinal axis
of the shaft 20, e.g., via actuation of a thumb slide or
other first actuator 46 around hinge 21, and the tool head
60 may be further rotatable, e.g., by actuation of trigger
or other second actuator 42. When the operator manip-
ulates the thumb slide 46 and/or trigger 46, the tool head
60 may be directed between a substantially coaxial-to-
the-endoscope state 12, a substantially perpendicular-
to-the-endoscope state 14, and a substantially parallel-
to-the-endoscope state 16, as shown in FIGS. 8A-8C,
respectively.

[0045] Turning to FIG. 9, another tool carrier 110 is
shown that includes a tool holding housing 50 capable
of holding multiple tool heads 60, e.g., in a rail or spline
56 coupled to an elongate shaft 20 by a hinge 21. As
shown, the spline 56 may include a pair of spaced apart
elongate members defining a generally circular cross
section (or alternatively, a rectangular, square, or other
polygonal cross-section), e.g., as shown in FIG. 9A, be-
tween which the tool heads 60 may be secured. Option-
ally, the tool carrier 110 may include one or more clip
elements (not shown) for slidably securing a shaft of the
tool carrier 110 to an endoscope (also not shown). Alter-
natively, the housing 50 of the tool carrier 110 may be
introducible into a surgical space independently of an
endoscope, e.g., through a trocar or other port, as shown
in FIG. 10A. In addition or alternatively, the carrier tool
110 may include similar advancement and/or actuation
features as previously described, e.g., including trigger
42 on handle 40.

[0046] Alternatively the housing 50 may be eliminated
altogether by holding the tool heads 60 on rails or splines
56 in a carrier tool 110,” as shown in FIG 9B. The method
of using a rail 56 and eliminating the housing 50 also
demonstrates a way by which the "tool holder" and "hous-
ing" 50 are one in the same and thus eliminates concern
surrounding a connection between the two.

[0047] Turning to FIGS. 10A and 10B, the housing 50
of the carrier tool 110," 110" may be substantially rigid
or malleable, e.g., to provide a desired shape or config-
uration for the housing 50 and/or to accommodate differ-
entlevels of space availability in the surgical cavity, e.g.,
within an abdomen. For example, FIG. 10A shows a car-
rier tool 110" including a housing 50 having a substan-
tially straight shape 17, e.g., extending substantially par-
allel to a longitudinal axis of the carrier tool, while FIG.
10B shows a carrier tool 110" including a housing 50
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having a curved or "L" shape 18. Any of these carrier
tools may be attached to an endoscope 90 via various
mechanisms, such as the clip elements described else-
where herein.

[0048] In a straight formation, e.g., as shown in FIG.
10A, each tool head 60 may have its own compartment
23 and may be rotated in one or more degrees of freedom,
allowing for accurate alignment with the control shaft 80
(not shown, see, e.g., FIG. 10B).

[0049] Ina curved configuration, e.g., as shownin FIG.
10B, the tool heads 60 may be movable along a conveyer
belt 58, e.g., to a tip of the housing 50, to facilitate at-
tachment to the control shaft 80. The rotation and/or ex-
change of the tool heads 60 may be actuated from the
proximal end of the carrier tool 110," e.g., using an ac-
tuator (not shown) on the handle 40. For example, a
ratchet-type actuator may cause a sliding action, advanc-
ing the tool heads around the conveyor track 58 until the
desired tool is presented, e.g., within the field of view of
the endoscope 90.

[0050] Turningto FIGS. 11A and 11B, another carrier
tool 110a is shown that includes multiple tool heads 60
carried within a housing 50, which may be provided on
a distal end of a shaft (not shown) and/or include other
features similar to other examples herein. Each tool head
60 may be releasably carried by a cable or other elongate
member, which may be biased away from one another
yet may be resiliently straightened within the housing 50.
For example, as shown in FIG. 11A, the tool heads 60
may be collapsed substantially in single file longitudinally
inside the housing 50, e.g., such that a cross-sectional
profile of the housing 50 may be minimized. As shown in
FIG. 11B, the cluster of tool heads 60 may be advance-
able from the housing 50, whereupon one or more of the
tool heads 60 may be directed away from the others with-
in the surgical space to facilitate selecting and/or attach-
ing a desired tool to a control shaft of a surgical tool (not
shown). Optionally, each tool head 60 may have one or
more degrees of freedom, e.g., to allow the tool heads
60 to rotate and/or otherwise align with the control shaft.
[0051] Turning to FIGS. 12A and 12B, an alternative
carriertool 110b is shown thatincludes a delivery housing
50 connected to an introduction shaft 20 that holds mul-
tiple tool tips 60 that expand in a radial fashion from a
central axis. The tool heads 60 may be aligned substan-
tially in single file longitudinally or in other orientations
as part of the delivery housing 50 in front of the endo-
scope 90, as shown in FIG. 12A. As shown in FIG. 12B,
after the tool heads 60 have been advanced from the
delivery housing 50, the tool heads 60 may expand out-
wardly, exposing each tool head 60. The housing 50 may
be rotated to position one of the tool heads 60 within the
field of view of the endoscope 90, e.g., to facilitate at-
taching the selected tool head 60 to the control shaft 80.
Each tool head 60 may have one or more degrees of
freedom to pivot and/or rotate, e.g., to facilitate align a
desired tool head 60 with the control shaft 80.

[0052] Turningto FIG. 13, an example system and ex-
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ample method are shown for introducing a tool head 60
into a surgical space and attaching the tool head 60 to a
control shaft80 for performing a surgical procedure within
the surgical space. Generally, the system includes a car-
rier tool 10, which may be any of described elsewhere
herein, e.g., attached to an endoscope 90 such that the
carrier tool 10 and endoscope 90 may be introduced to-
gether through a trocar 82 into the surgical space. As
shown, the system includes a wire rail 74 to assist in
assembly of the tool head 60 and the control shaft 80.
Optionally, this system may use a wire rail 74 in addition
to orinstead of a mechanism at the end of the endoscope
90.

[0053] The procedure to placing the wire rail 74 may
be similar to procedures used to place a percutaneous
gastric feeding tube. For example, the following steps
may be used:

1) a wire 74 may be placed through or otherwise
adjacent the percutaneous control shaft 80;

2) a share 76 may be passed next to the endoscope
90 and used to grab the end of the wire 74;

3) the snare 76 and, consequently, the wire 74 may
be pulled out of the umbilicus, e.g., adjacent the en-
doscope;

4) the tool head 60 may be threaded onto the wire
74 and introduced into the body cavity via the um-
bilicus, e.g., using a flexible introduction tube 71 (or
alternatively, any of the carrier tools described here-
in) advanced along the endoscope 90 or independ-
ently of the endoscope 90. For example, as shown,
the tool head 60 may ride in the end of the flexible
introduction tube 71;

5) the operator may push the tube 71 and/or the wire
74 may be manipulated to guide the tool head 60
towards the control shaft 80, e.g., until they mate up
at the end of the percutaneous control shaft 80; and
6) the tool head 60 may be loaded onto the percu-
taneous control shaft 80, e.g., as described else-
where herein.

[0054] Turning to FIG. 14, a system is shown for intro-
ducing a tool head 60 into a surgical space and/or con-
necting the tool head 60 to a control shaft 80. Unlike
previous examples the introduction apparatus 10 may be
introduced at a separate location from where the endo-
scope 90 is introduced into the patient’s body. The intro-
duction apparatus 10 may generally include a shaft 20,
a handle 40, and a housing 50, e.g., similar to other ex-
amples described elsewhere herein, but without clip el-
ements to attach to the endoscope 90. The housing 50
of the apparatus 10 may carry the tool head 60, e.g., by
locking onto the tool head 60 and/or orienting the tool
head 60 relative to the endoscope 90. Thus, the surgeon
may be able to see the appropriate end of the tool head
60 intended for assembly, e.g., by manipulation of a trig-
ger or other actuator 42, thereby actuating a connecting
rod or wire 43 within the shaft 20. As shown, the intro-
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10

duction apparatus 10 may be introduced through a sep-
arate trocar or other port than the endoscope 90.
[0055] As shown, the handle 40 may extend outside
of the patient’s body when the housing 50 and tool head
60 are disposed within the surgical space. The handle
40 may allow the surgeon to advance the apparatus 10
into the body, into the field of view of the endoscope 90,
and/or to remove the apparatus 10 from the patient’s
body.

[0056] The housing 50 may be attached to or otherwise
provided on the distal end of the shaft 20, similar to others
herein. Thus, the housing 50 may serve one or more
purposes similar to other examples herein, e.g., lock the
tool head 60 to the housing 50 until it is unlocked by the
control shaft 80, orient the tool head 60, and/or shroud
the ends of the tool head 60. Optionally, a shroud 70 may
be provided to at least partially cover the tool head 60,
e.g., with proximal and/or distal conical or other tapered
features, e.g., to facilitate insertion into and/or removal
from the patient’s body.

[0057] During use, the tool head 60 may be locked into
the housing 50 by an operator outside of the patient’s
body, e.g., by loading and rotating the tool head 60 rel-
ative to the housing 50. The orientation of the tool head
60 within the housing 50 may be such that the proximal
end 60a of the tool head 60 is in the field of view of the
endoscope 90 when it is advanced to its distal position,
as described elsewhere herein.

[0058] Any of the apparatus herein may be used to
perform one or more surgical or other procedures within
a patient’s body, e.g., within a surgical space within the
patient’s abdomen or within otherlocations. Forexample,
turning to FIG. 15, an Exemplary method will now be
described with reference to the apparatus 10 of FIG. 1,
although it will be appreciated that similar methods may
be performed with any of the examples herein. Generally,
the apparatus 10 may include an elongate shaft 20, a
handle 40, a trigger 42, a stop 41, a connecting wire or
rod 43, a housing 50, and/or a slotted clip 30, e.g., similar
to other embodiments described elsewhere herein.
[0059] Initially, the surgeon may load a desired tool
head 60 into the housing 50. The surgeon may then check
the ability to manipulate the tool head 60 by grasping the
handle 40 and actuating the trigger 42. Next, the surgeon
may introduce the endoscope 90 into a surgical space
within the patient’s body, e.g., using a trocar or other port
82 to cross the abdominal wall 84, e.g., as shown in FIG.
15. After the surgeon is comfortable with the state of the
abdomen, she may remove the endoscope 90 from the
trocar 82 and load the shaft 20 onto the endoscope 90,
e.g., utilizing clip features similar to the clip 30 shown in
FIG. 1 and 1A. Next, the surgeon may adjust the depth
of the stop 41, e.g., with the thumb wheel 44. Next, she
may shroud the tool head 60 with the shroud 70 and
introduce the entire assembly into the abdomen, e.g.,
until the stop 41 hits abdominal tissue or trocar 82. After
the apparatus 10 is in the abdomen, the shroud 70 may
release and the surgeon may be able to rotate the tool
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head 60 into the field of view of the endoscope 90.
[0060] Subsequently, the control shaft 80 may be in-
troduced into the surgical space, e.g., through another
trocar or other port (not shown), and inserted into the tool
head 60, e.g., while monitoring the procedure within the
field of view of the endoscope 90. With the tool head 60
coupled to the control shaft 80, the tool head 60 may be
used to perform a procedure, e.g., one or more steps of
asurgical procedure, such as those described elsewhere
herein. If desired, at any time, the tool head 60 may be
removed from the control shaft 80, e.g., by recoupling
the tool head 60 to the carrier tool 10, and, optionally,
another tool head 60 may be introduced and coupled to
the control shaft 80 in a similar manner. Thus, one or
more tool heads may be introduced sequentially into a
surgical space to perform a series of steps or procedures,
as desired. Once the desired procedure(s) is completed,
the carrier tool 10, control shaft 80, endoscope 90, and/or
any other devices may be removed from the patient’s
body using conventional methods.

[0061] Alternatively, with additional reference to FIG.
2, the apparatus 10’ may be used in a similar manner.
As described above, the apparatus 10’ may include an
elongate shaft 20, a handle 40, a trigger 42, a stop 41,
a connecting wire or rod 43, a standard surgical jaw or
forceps 65, and a slotted clip 30’ attached in parallel to
the introduction shaft 20,” The surgeon may first load a
tool head 60 into the surgical jaw 65.” The surgeon may
then check the ability to manipulate the tool head 60 by
grasping the handle 40’ and actuating the trigger 42,
Next, the surgeon may introduce the endoscope 90 into
the body, e.g., using a trocar or other port 82 to cross the
abdominal wall 84, as shown in FIG. 15.

[0062] After the surgeon is comfortable with the state
of the abdomen, she may remove the endoscope 90 from
the trocar 82 and load the shaft 20’ onto the endoscope
90, e.g., utilizing clip 30." Next, the surgeon may adjust
the depth of the stop 41, e.g., with the thumb wheel 44’
Next, she may shroud the tool head 60 with the shroud
70 and introduce the entire assembly into the abdomen,
e.g., until the stop 41’ hits abdominal tissue or trocar 82.
After the apparatus 10’ is in the abdomen, the shroud 70’
may release and the surgeon may rotate or otherwise
manipulate the apparatus 10’ to position the tool head
60 within the field of view of the endoscope 90, e.g., by
actuating jaw 65’ with trigger 42.” Subsequently, the con-
trol shaft 80 may be inserted into the tool head 60 in the
field of view of the endoscope 90, and coupled to the tool
head 60, similar to others herein.

[0063] Turningto FIG. 3, alternatively, the lengthened
jaw 65" with extended reach 52" and special tines
54" may be incorporated into the apparatus 10’ shown
in FIG. 2. It will be appreciated that extending the reach
and/or incorporating special tines may facilitate engaging
and introducing a variety of tool heads, such as any of
the tool heads shown in FIG. 16. The special tines 54"
may mate with corresponding features in a locking ring
62 of the tool head 60, as shown in FIG. 3.
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[0064] Turningto FIG. 4, an alternative apparatus 10"
may be used that includes a detent controlled engage-
ment system, which may be provided on any of the ex-
amples herein to facilitate introduction and/or manipula-
tion of a tool head 60. As shown, the apparatus 10" may
include first and second sets of detent locks 66," 45."
The first set of detent locks 45" may be included on the
handle 67" and trigger 42." The sawtooth like detents
45™ may provide a friction interface between the manip-
ulation trigger 42" and the handle 67," allowing the trig-
ger 42" to be pulled towards the handle 67" while pre-
venting subsequent movement away until the detents
45" are affirmatively disengaged by the user. Thus, the
first detent locks 45" may allow the surgeon to control
the position of surgical jaw 65." The second detent lock
66" may be provided between the jaws of the tool head
60. This second detent lock 66™ may allow the surgeon
to rigidly attach the tool head 60 to the surgical jaw 65."
For example, once the tool head 60 is introduced into the
body, the second detent system 66" may be overcome,
e.g., by coupling the tool head 60 to the control shaft 80
and manipulating the jaws ofthe toolhead 60 by actuation
of control shaft 80.

[0065] TurningtoFIG.6, analternative carrier tool 10""
may be used in a similar manner to the examples of FIGS.
2-4, e.g., by engaging and releasing the tool head 60 with
the surgical jaw 65."" The carrier tool 10™ may carry a
tool head 60 in a predetermined orientation, e.g., sub-
stantially perpendicular to the shaft, which may be facil-
itated by the lengthened jaws with extended reach 52""
and/or the special tines 54,"" which may be configured
to be received in corresponding tool head grooves 63
and/or otherwise engage the locking ring 62.

[0066] Turning to FIG. 7A and 7B, the apparatus 10a
may also used in a similar manner. As described above,
the apparatus 10a includes an elongate shaft 20, a han-
dle 40, a trigger 42, a thumb slide 46, a stop 41, a tool
head manipulation connecting wire or rod 43, a housing
hinge 53 manipulation connecting wire or rod 47, a hous-
ing 50, a tool head shroud 70 attached to hinge 50, pro-
truding ears 51 that engage locking ring 62 and are suf-
ficiently featured to transmit rotation generated by trigger
42, arigid stop 41, a thumb wheel 44, and a slotted clip
30. The surgeon may first load a tool head 60 into the
housing 50 and protruding ears 51, e.g., by sliding the
tool head 60 into the housing 50 and/or by opening the
housing 50, e.g., by activating the housing hinge 53 by
sliding the thumb slide 46. The surgeon may load the tool
head 60 until the ears 51 mate with corresponding fea-
tures on the locking ring 62 of the tool head 60. If the
surgeon used thumb slide 46 to activate housing hinge
53, then she may reverse the position of the thumb slide
46 and close housing 50.

[0067] The surgeon may then check the ability to ma-
nipulate the tool head 60, e.g., by grasping the handle
40 and actuating the trigger 42. Next, the surgeon may
introduce the endoscope 90 into the patient’s body, e.g.,
using atrocar 82 to cross the abdominal wall 84, as shown
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in FIG. 15. After the surgeon is comfortable with the state
of the abdomen, she may remove the endoscope 90 from
the trocar 82 and load the shaft 20 onto the endoscope
90, e.g., utilizing the clip 30 (e.g., as shown in FIG. 1A).
Next, the surgeon may adjust the depth of the stop 41,
e.g., with the thumb wheel 44. Next, she may shroud the
tool head 60 with the shroud 70, and introduce the entire
assembly into the abdomen, e.g., until the stop 41 hits
abdominal tissue or the trocar 82. After the apparatus
10a is in the abdomen, the shroud 70 may release and
the surgeon may rotate and/or otherwise manipulate the
tool head 60 into the field of view of the endoscope 90.
Subsequently, the control shaft 80 may be inserted into
the tool head 60 in the field of view of the endoscope 90.
[0068] Turning to FIG. 8, the apparatus 10b may be
used generally in a similar manner. Unlike the previous
examples, the housing 50b may be rotated, e.g., by ac-
tuation of a thumb slide 46 around hinge 21 and/or the
tool head 60 may be rotated, e.g., by actuation of trigger
42.Whenthe operator actuates the thumb slide 46 and/or
trigger 41, the tool head 60 may be directed to a desired
orientation, e.g., between a substantially coaxial-to-the-
endoscope state 12 as shown in FIG. 8A, a substantially
perpendicular-to-the-endoscope state 14 as shown in
FIG. 8B, or a substantially parallel-to-the-endoscope
state 16 as shown in FIG. 8C. The freedom to move be-
tween all three positions (or anywhere in between) may
facilitate use by the surgeon, e.g., to accommodate the
introduction method of apparatus 10b into the patient’s
body, whether with a trocar 82 or without to cross the
abdominal wall 84, and/or to facilitate adaptation to var-
iable anatomy within the abdomen.

[0069] Turningto FIG.9, as described above, a carrier
tool 110 may be used that includes a housing 50 capable
of holding multiple tool heads 60, e.g., in a rail or spline
56. The surgeon may desire to have multiple tool heads
available together within the surgical space, e.g., to re-
duce time in the operating room, e.g., reducing the ex-
change time to change tool heads on the control shaft of
a surgical tool being used during the procedure. A single
rail or spline 56 may hold all or some of the necessary
tools required to complete a surgical procedure.

[0070] For example, an exemplary procedure that in-
cludes multiple tools is gall bladder removal. Such a pro-
cedure may involve using multiple end effectors, such as
those shown on the tool heads 100-170 in FIG. 16, name-
ly a serrated grasper 100, an atraumatic grasper 108, a
dissector 130, a clip applier 140, a scissor 140 a monop-
olar hook-cautery tool 160, and/or a bipolar cut-cautery
tool 170. Carrier tools, such as tool 110, may allow all or
some of these modular tool heads to be introduced to-
gether and be readily available to avoid having to remove
the carrier tool and/or endoscope in order to exchange
one tool head for another, which may reduce the duration
of the procedure.

[0071] Optionally, the carrier tool 110 and housing 50
holding multiple tool heads 60 may be attached to the
endoscope 90 using via various mechanisms and meth-
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ods. For example, the carrier tool 110 may include clip
elements (not shown) that allow the carrier tool 110 to
be attached laterally onto an endoscope 90, or slid axially
over the endoscope 90, e.g., similar to the examples of
FIGS. 1 and 2. As described elsewhere herein, the se-
lected housing 50 may be straight or curved, e.g., as
shown in FIGS. 10A and 10B, to accommodate different
levels of space availability and/or space geometry within
the surgical space. If the housing 50 includes a conveyer
belt 58, as shown in FIG. 10B, the conveyor belt 58 may
be actuated from outside the patient’s body to present
the desired tool head 60 within the field of view of the
surgeon and move the other tools out of the field of view.
[0072] Turning to FIGS. 11A-12B, alternative control-
led arrays of tool heads 60 may be provided to allow
multiple tool heads 60 to be introduced together. As ex-
plained above, these arrays may resiliently expand when
they are advanced from the housing 50. The expansion
of the array may allow the surgeon to orient a desired
tool head 60 within the field of view of the endoscope 90
to facilitate mating the desired tool head 60 with the con-
trol shaft 80.

[0073] Turning to FIG. 13, an alternative examplary
method is shown for coupling a tool head 60 to a control
shaft 80, e.g., using a wire-based connection between
the control shaft 80 and the carrier tool 10. First, a distal
end of a wire 74 may be introduced into the abdomen or
other surgical space, e.g., through or adjacent a control
shaft 80 and/or a first port (not shown), and a snare 76
may be introduced independently into the surgical space,
e.g., adjacent the endoscope 90 and/or a second port
(also not shown), to snare the distal end of the wire 74.
The snare 76 may be withdrawn to pull the wire 74 out
of the surgical space, and then the wire 74 may be se-
cured to the desired tool head 60. The tool head 60 may
then be introduced into the surgical space using a flexible
introduction tube 71 or other carrier tool via the second
port (not shown) and the wire 74 may be manipulated to
guide the tube 71 and tool head 60 to the control shaft
80. Thus, the wire rail system may facilitate mating the
control shaft 80 and the tool head 60. Exemplary appa-
ratus and methods for snaring and manipulating wires
are disclosed in U.S. Patent No. 6,379,319.

[0074] Turning to FIG. 14, an alternative exemplary
method is shown in which the carrier tool 10 is introduced
through a trocar 82 at a different point in the abdominal
wall 84 than the endoscope 90. One advantage of such
aprocedure is thatitmay provide more degrees of motion
freedom.

[0075] Turningto FIG. 17, another exemplary tool car-
rier or introduction apparatus 10c (which may be any of
the exemples herein) is shown, which may allow a tool
head 60 carried thereby to be actively positioned using
an actuating handle 40 connected by a series of linkages
25. This introduction apparatus 10c may be placed over
an endoscope 90, e.g., as shown above, or placed sep-
arate from the endoscope 90 in a parallel manner 16
through a location near the endoscope 90 such as the
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umbilicus or through an alternative port site (not shown)
away from that of the endoscope 90.

[0076] Asshownin FIG. 18, another tool carrier 10d is
shown that includes an alternative actuator 26. The ac-
tuator 26 may allow repositioning of the tool head, e.g.,
using tension members such as one or more wires or
cords, e.g., rather than the linkages 25 shown in FIG. 17
and described above.

[0077] Turning to FIGS. 19A and 19B, an alternative
tool carrier 10e is shown that include one or more rotating
tooth features or hinges 55, e.g., that correspond to a
groove 63 in a locking ring 62 of the tool head 60. As
shown, two circular features 55 may be provided that are
offset from one another such that axial movement of at
least one of the features 55 relative to the other, e.g., by
actuating rod 55a relative to the housing 50, rotates the
tool head 60, e.g., between the orientations shown in
FIGS. 19A and 19B.

[0078] TurningtoFIGS.20and 20B, yetanother mech-
anism is shown that may be provided on a tool carrier or
introduction apparatus 10f for carrying a tool head 60
and/or adjusted an orientation of the tool head 60. For
example, to allow the tool head 60 to be positioned sub-
stantially in-line with the shaft 20 of the introduction ap-
paratus 10f, a solid linkage 25a may be provided such
that, at complete rotation, the components of the solid
linkage 25a do not interfere with each other while main-
taining a relatively small cross-sectional envelope.
[0079] Turning to FIGS. 21A and 21B, another exem-
plary tool carrier 10g is shown that includes an elongate
introducer tube 20g including a distal end size for intro-
duction into a surgical space, e.g., via a trocar or port
(not shown). A pair of spaced apart elongate rails 50g
extend from the distal end of the introducer tube 20g,
thereby providing a track 52g for receiving a plurality of
tool heads 60. One or more tool heads 60 may be intro-
duced into the introducer tube 20g, e.g., via an insertion
tool (not shown) or simply by sliding the tool head(s) 60
through a bore of the introducer tube 20g such that fea-
tures on the tool heads 60 are slidably captured within
the track 52g and are exposed beyond the introducer
tube 20g. Thus, tool heads 60 may be dropped down the
introducer tube 20g and held by the track 52g to allow a
control shaft (not shown) to connect to a desired tool
head 60 carried by the track 52g. Optionally, the tool
heads 60 may be coupled to cables, belts, or another
mechanical features (not shown), e.g., to facilitate inser-
tion or removal of the tool heads 60 from the track 52g
and/or introducer tube 20g.

[0080] Turning to FIG. 22, another tool carrier or intro-
duction apparatus 10h is shown that may include a tube
shaft 20h that slidably fits over an endoscope 90. This
tube shaft 20h may be slid forwards or backwards along
the endoscope 90 during use, e.g., to adjust the relative
distance between the endoscope 90 and a tool head 60
(not shown) carried on an introduction feature 250, 252
on a distal end of the tube shaft 20h. Once the tool head
60 is removed from introduction feature of the introduc-

10

15

20

25

30

35

40

45

50

55

13

tion apparatus 10h, e.g., after being secured to a control
shaft (not shown), the tube shaft 20h may be retracted
so that the endoscope 90 has full visibility with minimal
or no obstruction from the introduction feature. The distal
end of the tube shaft 20h may include one or more intro-
duction features 250, e.g., an introduction ring 252, that
are sized to capture a tool head 60 and pass over the
distal end of the endoscope 90 when the tube shaft 20h
is retracted after locking the tool head 60 onto a control
shaft. The introduction ring 252 may be static or movable
relative to the tube shaft 20h, as described in the various
exemples below.

[0081] For example, FIG. 23 shows an exemplary in-
troduction feature or ring 252 that may be carried by the
tube shaft 20h (not shown). As shown, the introduction
ring 252 includes a pair of opposing tines, tabs, or other
locking features 252a that may be received in corre-
sponding features on a tool head, such as the grooves
63a, 63b of the tool head 60 shown in FIG. 30 or others
herein. Alternatively; the introduction ring 252 may in-
clude one, three, four, or more locking features (not
shown) spaced apart from one another extending into or
otherwise around an aperture through the introduction
ring 252 through which the tool head 60 may be received.
[0082] The introduction ring 252 and/or locking fea-
tures may have a length similar to or less than a locking
element on a tool head, e.g., shorter than a rotating lock-
ing ring 62 of the tool head 60 shown in FIG. 30, such
that the locking features do not interfere with rotation of
the locking ring 62 relative to a housing 68 or other com-
ponents of the tool head 60, similar to others herein. For
example, the width of the locking features 252a may allow
the locking features 252a to slide into the grooves 63a,
63b of the tool head 60 of FIG. 30 (without being remov-
able other than from the ends of the grooves 63a), and
the length may accommodate the locking features 252a
being received in the grooves 63b without impacting the
ability of the locking ring 62 to rotate relative to the hous-
ing 68.

[0083] The introduction ring 252 may be passively mo-
bile, e.g., may freely pivot about an axis transverse to
the longitudinal axis of the tube shaft 20h, e.g.; accom-
modating multiple angles of entry. Thus, the introduction
ring 252 may carry a tool head 60 (not shown) such the
tool head 60 may rotate freely to accommodate aligning
a control shaft with the tool head 60. The introduction
ring 252 may also freely rotate to allow the introduction
ring 252 to pass over the distal end of the endoscope 90
when the tube shaft 20h is retracted after removing the
tool head 60.

[0084] In another example shown in FIGS. 24A and
24B, an introduction ring 252, generally similar to the
example of FIGS. 23, may be configured to pivot about
at least one axis, e.g., to aid with alignment of the tool
head and control shaft (not shown). Alternatively, the in-
troduction ring 252 may also be held within a spherical
bearing surface 253 that allows the introduction ring 252
to move freely in any direction rather than pivoting about
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a single axis.

[0085] Turning to FIGS. 25A and 25B, another intro-
duction feature or clip 254 is shown that includes two
adjacent alignment and locking features 254a for releas-
ably securing a tool head 60 to the introduction feature
254. Alternatively, the introduction feature 254 may also
encompass a single locking feature, which may provide
multiple points of contact on the outside of the tool head
60.

[0086] FIGS. 26A and 26B show alternative introduc-
tion features 250 and corresponding locking rings 62 that
may be provided without slots and/or as a non-circular
shape. It will be appreciated that any shape may be pro-
vided to interface the introduction feature 250 to a simi-
larly shaped locking ring 62 of a tool head, including
cams, polygons, eccentrics, etc. Optionally, the introduc-
tion feature 250 may also encompass extra openings (not
shown) to engage mating features on the locking ring 62.
[0087] Turningto FIG. 27, another introduction feature
orring 256 is shown. The introduction ring 256 may allow
a tool head 60 to be placed through a trocar or other port
(not shown), substantially in parallel with a standard en-
doscope 90. As shown, the introduction ring 256 is a "C"
shaped clip extending from a sleeve coupled to the en-
doscope 90 such that the sleeve is fixed or slidable rel-
ative to the endoscope 90. The introduction ring 256 may
have a one quarter pivot in one axis, e.g., to facilitate
aligning a tool head 60 carried by the introduction ring
256 with a control shaft (not shown). Because the intro-
duction ring 256 includes fingers or prongs that are cap-
tured in or otherwise engaged to mating features in the
tool head 60, e.g., to locking ring (not shown), the height
or profile of the introduction ring 256 relative to the en-
doscope 90 may be minimized.

[0088] Turning to FIGS. 28A-28D, additional introduc-
tion features or ring 250 are shown that include a spring
element coupled to the introduction feature 250 for bias-
ing the introduction feature 250 towards a neutral position
but allowing the introduction feature 250 to rotate slightly,
e.g., to facilitate aligning a control shaft (not shown) with
the tool head 60. In examples, the spring element 258
may be a flat spring 259, as shown in FIG. 28C, a clock
spring 260, as shown in FIG. 28D, or the compliance may
be designed into a tool housing structure 50 of the intro-
duction ring 250. Once the tool head 60 has been re-
moved or replaced, the introduction feature 250 may au-
tomatically return to its neutral position, e, g., to facilitate
retracting the introduction feature 250 over the endo-
scope 90.

[0089] Turning to FIGS. 29A and 29B, another carrier
tool 10i is shown including a introduction feature 262 that
includes a generally "U" shaped member for capturing a
tool head 60. The introduction feature 262 may be de-
signed to allow some rotation while the tool head 60 is
locked inside of it, e.g., about a single transverse axis.
For example, the introduction ring 262 or the introduction
apparatus 10i may limit rotation of the tool head 60 locked
thereto to allow for some angular positioning. The intro-
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duction ring 262 may not completely surround the tool
head 60, but may only extend less than one hundred
eighty degrees (180°) around the tool head 60, e.g., if
features on the introduction ring 262 are engaged with
mating features on the tool head 60.

[0090] Turning to FIG. 30, an exemplary tool head 60
is shown that includes a non-tapered or blunt front sur-
face 61, e.g., which may reduce the likelihood of wedging
the tool head 60 into the interior of a tool carrier or intro-
duction apparatus (not shown), which may be any of the
examples herein.

[0091] Turningto FIGS. 31A and 31B, to prevent jaws
64 of a tool head 60 from opening prematurely due to
friction between the control shaft 80 and an actuating link
81 of the tool head 60, e.g., when the tool head 60 is
coupled to the control shaft 80, a detent or similar feature
may be provided between the actuating link 81 and the
housing 68 of the tool head 60. For example amale detent
feature 81a may be provided on the outside surface of
the actuating link 81, which may correspond to a hole or
recess 68a in the internal surface of the housing 68.
When the jaws 64 are in the alignment position (i.e., the
predetermined position for coupling decoupling the tool
head 60 to the control shaft 80, as described elsewhere
herein), the control shaft 80 may be inserted sufficiently
into the housing 68 such that the male detent 81a sits in
the hole or recess 68a of the housing 68. In order for the
jaws 64 to be subsequently opened, the actuating link 81
must be pushed axially with a force greater than the fric-
tional forces between the control shaft 80 and the actu-
ating link 81 encountered during insertion and coupling.
[0092] Turning to FIGS. 32A-32C, a surgical tool 206
may be provided that includes a thumbwheel 242 and
clutch 243 on a handle set 240, e.g., to prevent damage
to the tool 206 through use, e.g., when a tool head 60 is
being coupled to a control shaft 80 of the tool 206. For
example, the thumbwheel 242 may allow a maximum
torsional load allowed on a control shaft 80 to be set from
the thumbwheel 242. If a torsional force greater than that
required to lock or unlock the tool head 60 to/from the
control shaft 80 is exerted, the clutch 243 may "release"
enough to prevent the torsional load from increasing. Me-
chanical elements such as interlocking teeth 244 may be
used as a clutch 243 mechanism whereby one or more
toothed element 244a is elastically sprung against the
other tooth element 244b, as shown in FIGS. 32B and
32C. As the thumb wheel 242 is rotated with a sufficient
torsional load, the sprung tooth element 244a is forced
outward allowing it to slide over the other tooth element
244b. This same effect may be achieved using purely
frictional elements such as a rubber fitting 245 between
the control shaft 80 and the thumb wheel 242, e.g., where
the static friction created by the rubber is slightly greater
than the maximum force required to lock or unlock the
tool head 60.

[0093] Various indicators may be provided on compo-
nents of the apparatus described herein, for example, to
provide feedback, visual, audible, and the like, that com-
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ponents are aligned with one another in a desired man-
ner, e.g., when attaching or separating the components.
For example, turning to FIGS. 33A-33C, to provide indi-
cation that an outer cannular tube or shaft 80 and inner
active shaft 83 are fully inserted into a tool head 60 being
coupled to a tool, such as the tool 206 shown in FIG.
32A, a visual indicator or marker 85 may be provided on
the cannular shaft 80. As best seen in FIG. 33A, the end
of the cannular shaft 80 may be colored in a band that
ends at a distance corresponding to the proper insertion
depth when inserted into a guide cap 69 on the tool head
60. When fully inserted into the tool head 60, the marking
85 is no longer visible, giving feedback that the proper
depth has been achieved, as shown in FIG. 33C. Alter-
natively, the cannular shaft 80 may be marked where the
section left unmarked is at the end.

[0094] Turning to FIGS. 34A and 34B, to provide an
indication of the relative rotation of a tool head 60 and
an introduction ring 252, a visual indicator or marker 361
may be provided on the tool head 60 and another visual
indicator or marker 257 may be provided on the introduc-
tion ring 252. The indicators 361, 252 may be colored or
etched on the surface of adjacent components of the tool
head 60 arid introduction ring 252. When rotated to the
unlocked or locked position, the indicators 361, 252 may
become aligned (as shown in FIG. 34A) or misaligned
(as shown in FIG. 34B), thereby giving visual confirma-
tion that the tool head 60 is locked or unlocked from the
introduction ring 252.

[0095] TurningtoFIGS. 35A-35C, to provide indication
that a cannular shaft 80 and inner active shaft 83 of a
surgical tool are rotationally aligned in their relative
locked positions, a cut out or window 85a may be pro-
vided in the cannular shaft 80 while a corresponding
colored or altered surface indicator or marker 85b may
be provided on the active shaft 83 (e.g., through anodiz-
ing, etching, painting, and the like), as best seen in FIG.
35A. When properly aligned, as shown in FIG. 35C, the
indicator 85b is visible through the window or cutout 85a,
giving visual feedback on the relative shaft alignment. If
the outer cannular shaft 80 and inner shaft 83 are out of
rotational and/or axial alignment, the indicator 85b cannot
be seen through the window 85a, as shown in FIG. 35B.
[0096] Turningto FIGS. 36A and 36B, to provide visual
indication that a modular tool head 60 is fully inserted
into an introduction feature 250 of a tool carrier (not
shown), a locking ring 62 on the tool head 60 may be
colored or otherwise altered to provide a marker 362,
e.g., by some process such as anodizing, etching, paint-
ing, etc., as shown in FIG. 36A When the tool head 60
is fully inserted in the introduction feature 250, the marker
362 is no longer visible and the tool head 60 may then
be rotated and locked into the introduction feature 250,
as shown in FIG. 36B.

[0097] Turning to FIG. 37A, a rotation indicator 246 is
shown that may be provided on the back of a handle set
240 of a surgical tool where one component of the indi-
cator 246 is linked to an inner active shaft 83 of the tool
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and the other corresponds to an outer cannular shaft 80
of the tool. When the shafts 80, 83 are aligned in the
proper rotational position relative to each other, the pat-
terns of the indicator 246 also align, as shown in FIG.
37C, giving visual confirmation of the shaft alignment.
[0098] Turning to FIGS. 38A-38E, to prevent acciden-
tal rotation of a locking ring 62 of a modular tool head 60
and/or provide tactile feedback of the locked and un-
locked positions, first and second detents 62a, 62b may
be provided on the locking ring 62 that match up with a
cut out section 68b of a housing 68 of the tool head 60.
To allow for expansion and contraction of the locking ring
62, a small section 62c may be removed, e.g., at the
exemplary locations shown in FIGS. 38A-38E.

[0099] During use, as the locking ring 62 is rotated fully
in a predetermined direction, e.g., a counterclockwise
direction as shown in FIG. 38B, the first detent 62a falls
into the cutout 68b while the second detent 62b is forced
over the outer surface of the housing 68. In order for the
locking ring 62 to be rotated to its other position, e.g., in
a clockwise direction, as shown in FIG. 38A, it must be
rotated with a predetermined minimal force, e.g., a force
greater than would be found accidentally during use, to
cause the first detent 62a to be forced over the outer
surface of the housing 68. When fully rotated in the clock-
wise direction, the second detent 62b may enter the cut-
out 68b, thereby provided a predetermined resistance to
rotate the locking ring 62 again in the counterclockwise
direction.

[0100] Turning to FIGS. 39A-39C, an embodiment of
a surgical tool 410 is shown that includes a control shaft
412 and a handle 414, and has a modular tool head 460
coupled to the control shaft 412. Generally, similar to
others described herein, the control shaft 412 includes
an outer cannular tube or shaft 420 and an inner "active"
shaft 430 that are movable relative to one another, e.g.,
axially and/or rotationally, as described elsewhere here-
in. In addition, the outer and inner shafts 420, 430 include
features, e.g., on distal ends 422, 432 as shown in FIGS.
40 and 41, for engaging corresponding features on the
tool head 460, e.g., to couple the tool head 460 to the
control shaft 412 and/or actuate an end effector 480 on
the tool head 460, also as described further below.
[0101] For example, as shown in FIGS. 40A and 40B,
the distal end 422 of the outer cannular shaft 420 includes
a longitudinal slot 424, e.g., extending proximally from a
distaltip 423 of the cannular shaft420 to an angular pock-
et 426 that extends laterally from the slot 424 to provide
a blunt distal edge 426a. As shown in FIGS. 41A and
41B, the inner shaft 430 also includes a longitudinal slot
424, e.g., extending proximally from a distal tip 433 of
the inner shaft 430. An angular notch 436 is provided in
the distal end 432 at an intermediate location along the
slot 434. Initially, the slots 424, 434 may be aligned with
one another, e.g., to accommodate receiving the tool
head 460 onto the control shaft 412, yet may be directed
out of alignment with one another, e.g., by rotating the
outer shaft 420 relative to the inner shaft 430 (or vice
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versa), to secure the tool head 460 to the control shaft
412, as shown in FIGS. 51A-52B and described further
below.

[0102] Thedistaltips 423, 433 may be generally coex-
tensive with one another, e.g., as shown in FIGS. 49A
and 49B, although the distal tip 433 of the inner shaft 430
may extend from or retract into the distal end 422 of the
outer cannular shaft 420, e.g., when the inner shaft 430
is directed axially relative to the outer cannular shaft 420,
e.g.,as shownin FIG. 49C. As shown, the distal tips 423,
433 are beveled, e.g., sharpened to facilitate penetration
through tissue, if desired, and/or to facilitate insertion into
the tool head 460. Alternatively, the distal tips 423, 433
may be blunt or have other configurations, as desired.
[0103] Returning to FIGS. 39A-39C, the handle 414
includes a stationary housing 440 from which a hand rest
442 extends, e.g., configured to be held by a user. The
outer cannular shaft 420 may be substantially fixed axi-
ally relative to the housing 440, yet may be rotatable rel-
ative to the housing 440 and inner shaft 430. The inner
shaft 430 may substantially fixed rotationally, yet may be
movable axially relative to the housing 440 and outer
shaft 420.

[0104] For example, a proximal end 421 of the outer
shaft 420 may be rotatably mounted within the housing
440, e.g., using rotatable bearings or bushings (not
shown), and an actuator 444 may be coupled to the prox-
imal end 421 and rotatable relative to the housing 440 to
rotate the outer shaft 420 relative to the inner shaft 430,
e.g., to lock or unlock the tool head 460 from the control
shaft 412, as described further below. Optionally, the ac-
tuator 444 may be limited to rotate between two positions,
e.g., a first position corresponding to the control shaft
412 being disengaged from the tool head 460 and a sec-
ond position corresponding to the control shaft 412 being
engaged to the tool head 460, as described elsewhere
herein. Inthis embodiment, the actuator 444 and/or hous-
ing 440 may include cooperating features to releasably
secure the actuator 444 in the first and second positions.
Alternatively, if desired, the actuator 444 may be coupled
to the inner shaft 430, which may be rotatable and the
outer shaft 420 may be rotationally fixed, such that the
actuator 444 may rotate the inner shaft 430 relative to
the stationary outer shaft 420 to lock or unlock the tool
head 460 from the control shaft 412.

[0105] The handle 414 also includes a trigger or other
actuator 446 coupled to the inner shaft 430, e.g., for di-
recting the inner shaft 430 axially relative to the outer
cannular shaft 420. For example, with the tool head 460
coupled to the control shaft 412, the trigger 446 may be
activated to direct the inner shaft 420 axially to, in turn,
direct an end effector 480 of the tool head 460 between
open and closed positions, as shown in FIGS. 39A and
39B, and described further below.

[0106] Optionally, as shown, the handle 440 may in-
clude an alignment actuator 448 for limiting movement
of the inner shaft 430 proximally beyond an alignment
position, e.g., with the trigger 446 in the closed position.
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For example, with the trigger 446 and the end effector
480 in the closed position shown in FIG. 39B, the align-
ment actuator 448 may directed from an operational po-
sition (shown in FIGS. 39A and 39B) to an alignment
position (shown in FIG. 39C). For example, in the oper-
ational position, the actuator 446 may be used to direct
the end effector 480 between the open and closed posi-
tions, while in the alignment position, with the actuator
446 in the closed position, components of the tool head
460 and control shaft 412 may be aligned to allow the
tool head 460 to be separated from (or coupled to) the
control shaft 412, e.g., as shown in FIGS. 56A and 56B
and described further below.

[0107] Turning to FIGS. 42A-47B, an exemplary em-
bodiment of a tool head or end effector assembly 460 is
shown that may be selectively coupled to the shaft 412
of the surgical tool 410 of FIGS. 39A-39C, e.g., as shown
in FIGS. 48A-52B. As shown in FIGS. 42A-42E, the tool
head 460 includes a housing 470, an end effector 480,
an actuating link 490 movable axially relative to the hous-
ing 470 and coupled to the end effector 480, a locking
ring 500, and a guide cap 510.

[0108] With particular reference to FIGS. 43A-43F, the
housing 470 includes an elongate tubular body 472 in-
cluding a passage 474 extending between proximal and
distal ends 472a, 472b thereof, a proximal collar 476 for
receiving the locking ring 500 and guide cap 510 thereon,
and a pair of distal supports 478 for supporting the end
effector 480. As best seen in FIGS. 43A and 43F, the
proximal collar 476 includes an angular slot 476a such
that the collar 476 has a generally "C" shaped cross-
section providing stops 476b, 476c¢, e.g., to limit rotation
of the locking ring 500, as described further below. The
distal supports 478 are spaced apart from one another
to define a gap or slot 478a therebetween for receiving
the end effector 480 and/or to slidably receive the actu-
ating link 490 therein, as described further below. As
shown, the distal supports 478 include apertures 478b
therethrough for receiving a pin or other connector (not
shown) for rotatably coupling the end effector 480 to the
supports 478, also as described further below. In addi-
tion, a slot 472e is provided in the distal end 472b of the
housing 472, e.g., aligned with the gap 478a between
the supports 478, which may limit motion of the actuating
link 490.

[0109] Optionally, the housing 470 may include a plu-
rality of longitudinal grooves or slots 472c formed in or
otherwise extending along its outer surface between the
proximal and distal ends 472a, 472b, e.g., to accommo-
date releasably securing the tool head 460 to an intro-
duction device, as described elsewhere herein. As
shown, the grooves 472cinclude widened or tapered dis-
tal regions 472d adjacent the distal end 472b, e.g., for
guiding mating features on an introduction device (not
shown) into the grooves 472c.

[0110] Turning to FIGS. 44A-44C, the end effector in-
cludes a pair of grasper elements 480 that each includes
first and second ends 482, 484 on opposite sides of an
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aperture 486 extending through the end effector 480 to
provide a pivot axis 486a (shown in FIGS. 42A and 42B).
Thefirstend 482 includes an elongate jaw element 4823,
e.g., including a plurality of teeth or other gripping fea-
tures 482b. The second end 484 includes a tab 488 that
may be slidably engaged with the actuating link 490, as
described further below. It will be appreciated that other
cooperating elements may be provided instead of the
grasper elements 480 on the tool head 460, e.g., curved
and/or tapered elements (not shown) instead of the sub-
stantially flat elements shown, as described elsewhere
herein.

[0111] Turning to FIGS. 45A-45E, the actuating link
490 includes a tubular portion 492 and a planar track
member 494 extending from the tubular portion 492. The
tubular portion 492 may be sized to be slidably received
in the passage 474 in the housing 470, and include first
and second ends 492a, 492b and a passage 492c ther-
ebetween. The track member 494 may be a generally
flat or planar member that includes a pair of diagonal
slots 494a therein for slidably receiving the tabs 488 of
the grasper elements of the end effector 480, e.g., as
shown in FIGS. 49A-49C. In addition, the tubular portion
492 includes a longitudinal translation channel 496 ex-
tending from the first end 492a partially towards the sec-
ond end 492b. A lateral pocket 496a extends from the
translation channel 496 transverse to a longitudinal axis
of the actuating link 490. As shown, the lateral pocket
496a may be located at an intermediate location along
the translation channel 496, e.g., such that a relatively
short channel extension 496b is provided past the lateral
pocket 496a away from the first end 492a.

[0112] As described further below, the lateral pocket
496a may define a stop 496¢, which may provide a safety
feature that prevents undesired actuation of the end ef-
fector 480, e.g., before the tool head 460 has been fully
coupled onto a control shaft 412 (not shown). In addition,
the channel extension 496b may provide a predeter-
mined amount of additional proximal travel of the actu-
ating link 490, e.g., to close the end effector 480 with a
desired enhanced closing force, also as described further
below.

[0113] Theactuating link 490 also includes an actuator
key or tooth 498 extending inwardly within the passage
492c, e.g., at an intermediate location between the prox-
imal and distal ends 492a, 492b of the tubular portion
492, e.g., spaced apart distally from the translation chan-
nel 496.

[0114] FIGS. 45F-45H show an exemplary embodi-
ment of the actuating link 490 formed from two compo-
nents, namely a separate tubular portion 492 and track
member 494, that are attached together. For example,
as shown, the tubular portion 492 includes a longitudinal
slot 492d that extends from the second end 492b partially
towards the first end 492a. The track member 494 in-
cludes an extension 498a sized to be received within the
slot 492a and includes the actuating tooth 498 thereon.
Optionally, the track member extension 498a may in-
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clude a beveled or tapered surface 498b, e.g., to accom-
modate receiving distal tips of a control shaft (not shown)
immediately adjacent the extension 498a when the tool
head 460 is being coupled to the control shaft.

[0115] To assemble the actuating link 490, the exten-
sion 498a may be inserted into the slot 492d to position
the actuating tooth 498 at the desired axial location within
the passage 492c. Optionally, the tubular portion 492
may include a pocket 492e in the second end 492b op-
posite the slot492d, e.g., to receive a corresponding fea-
ture on the extension 498a therein, e.g., a lower edge of
the tapered surface 498b, to support the components
together. The tubular portion 492 and track member 494
may be attached together, e.g., by one or more of an
interference fit, bonding with adhesive, welding, fusing,
and the like. In an alternative embodiment, the actuating
link 490 may formed from one or more than two compo-
nents, e.g., by molding, machining, and the like.

[0116] Turningto FIGS. 46A-46D, the locking ring 500
includes an annular body including a passage 502 sized
to rotatably receive the collar 476 of the housing 470
therein (not shown, see, e.g., FIGS. 49A-49C, 51A, and
52A). In addition, the locking ring 500 includes a locking
key or tooth 504 extending inwardly into the passage
502, e.g., sized to be slidably received in the longitudinal
slots 424, 434 of the outer and inner shafts 420, 430, as
described elsewhere herein. Optionally, the locking ring
500 may include a plurality of grooves or slots 506 formed
in or otherwise extending along the outer surface of the
locking ring 500, similar to the grooves 472c¢ in the hous-
ing 470, e.g., to accommodate releasably securing the
tool head 460 to an introduction device.

[0117] Turning to FIGS. 47A and 47B, the guide cap
510 generally includes a cylindrical body including first
and second ends 512, 514 and a passage 516 extending
therebetween sized to receive a control shaft (not shown)
therein. As shown, the first end 512 includes a tapered
surface 516a communicating with the passage 516, e.g.,
to guide the distal tip of the control shaft into the passage
516 and into the housing 470. The guide cap 510 may
include arecess 514ain the second end 514 for receiving
the collar 476 therein. Optionally, the guide cap 510
and/or collar 476 may include one or more connectors
(not shown) for attaching the guide cap 510 to the collar
476 and/or the guide cap 510 may attached to the collar
475, e.g., by one or more of an interference fit, bonding
with adhesive, welding, fusing, and the like.

[0118] Optionally, as shown, the guide cap 510 may
include a hole 518 therethrough, e.g., extending between
the tapered surface 516a and an outer surface of the
guide cap 510. The hole 518 may be sized to receive a
suture, wire, or other tether (not shown) therethrough.
For example, a tether may be secured through the hole
518 to allow retrieval of the tool head 460, e.g., if the tool
head 460 somehow becomes loose within a surgical
space. In addition, the hole 518 may receive a rail, such
as the wire or filament 74 shown in FIG. 13, which may
be used to introduce and/or orient the tool head 460,
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similar to other systems and example methods herein.
Alternatively, a similar hole or other feature (not shown)
may be provided on another component of the tool head
460 if desired.

[0119] Returning to FIGS. 42A-42E, the tool head 460
may be manufactured and assembled using similar ma-
terials and methods herein. For example, the pair of
graspers of the end effector 480 may be oriented with
their jaws 482 oriented towards one another, as shown
in FIGS. 42A-42C, and the tabs 488 received within re-
spective tracks 494a of the track member 494 of the ac-
tuating link 490, e.g., as can be seen in FIGS. 49A-49C
and 55A-56B. The first end 492a of the tubular portion
492 of the actuating link 490 may be inserted into the
housing 470, e.g., between the supports 478. The track
member 478 may be aligned such that the narrow width
of the track member 478 is aligned with and slidably re-
ceived in the slots 472e in the distal end 472b of the
housing 470, as canbe seenin FIGS. 42A,42B, and 42D.
[0120] The apertures 486 in the end effector 480 may
be aligned with the apertures 478b in the supports, and
a pin or other axle member (not shown) may be received
through the apertures to secure the end effector 480 to
the supports 478. The pin may prevent substantial trans-
lational movement of the end effector 480 while accom-
modating rotation about the axis 4864, e.g., to open and
close the jaw elements 482s of the end effector 480. As
can be seen in FIGS. 49A-49C, the actuating link 490
may be slidable axially within the housing 470, e.g., be-
tween proximal and distal positions shown in FIG. 49B
and 49C, respectively. When the actuating link 490 is in
the proximal position, the tabs 488 of the end effector
480 may be directed into distal regions of the respective
tracks 494a, thereby closing the end effector 480, as
shown in FIG. 49B. As the actuating link 490 is directed
to the distal position, e.g., as the track member 494 ex-
tends at least partially from the distal end 472b of the
housing 470, the tabs 488 travel along the tracks 494a,
e.g., to proximal regions of the respective tracks 494a.
Due to the diagonal orientation of the tracks 494a, the
end effector 480 is opened as the tabs 488 move to the
proximal regions of the tracks 494a, as shown in FIG.
49C.

[0121] Returning to FIGS. 42A-42E, to complete as-
sembly of the tool head 460, the locking ring 500 may be
directed over the collar 476 of the housing 470, e.g., with
the locking tooth 504 aligned within the angular slot 476a
ofthe collar476. The guide cap 510 may then be received
over the collar 476 and secured thereto, e.g., such that
the locking ring 500 is substantially axially fixed relative
to the collar 476 but is free to rotate around the collar
476. With the locking tooth 504 received within the an-
gular slot 476a, however, rotation of the locking ring 500
may be limited by the stops 476b, 476¢ defined by the
slot 476a, as described further below.

[0122] Turningto FIGS.48A-50, the tool head 460 may
be coupled to the control shaft 412, e.g., within a patient’s
body, such as within a surgical space using an endo-
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scope and/or a tool carrier (not shown), similar the em-
bodiments described elsewhere herein. Forexample, the
tool head 460 may be connected to a tool carrier (not
shown) and introduced into the surgical space independ-
ently of the control shaft 412. In an exemplary embodi-
ment, connectors on the tool carrier (also not shown) may
be directed along the grooves 472, 506 of the housing
470 and locking ring 500, with the grooves 472, 506
aligned, e.g., as shown in FIGS. 42A-42D and 48B, such
that the connectors are received in the grooves 506 of
the locking ring 500. Once the connectors are received
within the grooves 506, the locking ring 500 may be ro-
tated such that the grooves 472, 506 are out of alignment,
e.g., as shown in FIGS. 48A and 50, thereby preventing
the connectors from escaping and coupling the tool head
460 to the tool carrier.

[0123] With the locking ring 500 rotated as shown in
FIGS. 48A and 50, the tool head 460 is considered to be
in an unlocked or disengaged configuration. In this ori-
entation, the locking tooth 504 may contact the first stop
476b on the collar 476, as best seen in FIG. 51A. In ad-
dition, in the unlocked configuration, the actuating tooth
498 is axially aligned with the locking tooth 504. For ex-
ample, as shown in FIGS. 51A and 51B, both the locking
tooth 504 and the actuating tooth 498 may be oriented
upwardly or at a "12:00 clock position."

[0124] With additionalreferenceto FIGS.53Aand 54A,
in the unlocked configuration, the locking tooth 504 may
be abutting the first stop 476b of the collar 476. In addi-
tion, the locking tooth 504 may be received within the
pocket 496a behind the stop 496¢ on the actuating link
490, with the end effector 480 in the closed position
and/or the actuating link 490 in its proximal position within
the housing 470. Thus, with the locking tooth 504 re-
ceived within the pocket 496a, the stop 496¢ prevents
the actuating link 490 from moving distally, which may
otherwise allow the end effector 480 to open.

[0125] A control shaft 412 of a surgical tool, such as
the tool 410 shown in FIGS. 39A-39C, may be received
within and coupled to the tool head 460. Initially, the outer
and inner shafts 420, 430 may be rotationally aligned
such that their longitudinal slots 424,434 are also aligned
with one another. The distal ends 422, 432 of the shafts
420, 430 may then be inserted into the passage 516 of
the guide cap 510 and into the collar 476 and tubular
portion 492 of the actuating link 490, e.g., as shown in
FIGS. 49A, 53A, 54A, 55A, and 56A. As best seen in
FIG. 56A, the tapered surface 516a of the guide cap 516
may facilitate inserting the distal ends 422, 432 of the
control shaft 412 into the passage 516, which may have
a relatively close fit around the outer shaft 420, e.g., to
minimize lateral movement of the control shaft 412 rela-
tive to the components of the tool head 460.

[0126] As best seen in FIG. 51A, as the distal ends
422, 432 of the shafts 420, 430 enter the collar 465, the
locking tooth 504 may enter and slide along the longitu-
dinal slots 424, 434 in the shafts 420, 430. Thus, the
locking tooth 504 may have a height extending inwardly
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sufficient distance to be received through the slot 424 of
the outer cannular shaft 420 and into the slot 434 of the
inner shaft 430. In addition, the locking tooth 504 may
have a width to accommodate being slidably received
within the longitudinal slots 424, 434 without excessive
space between the wall of the slots 424, 434 and the
locking tooth 504, e.g., to maintain the shafts 420, 430
in a desired rotational alignment with the tool head 460.
[0127] In addition, as the distal ends 422, 432 of the
shafts 420, 430 enter the passage 492c in the tubular
portion 492 of the actuating link 490, the actuating tooth
498 may be slidably received within the longitudinal slots
424, 434, similar to the locking tooth 504, although the
actuating tooth 498 is offset distally from the locking tooth
504.Thus, the actuating tooth 498 may also have a height
and width to be slidably received within the slots 424,
434. Advancement of the control shaft 412 may continue
until the locking tooth 504 reaches the end of the longi-
tudinal slot 424 of the outer cannular shaft 420, where-
upon the control shaft 412 cannot be advanced further,
providing tactile feedback to the user that the control shaft
412 has been fully seated in the tool head 460.

[0128] Once fully received within the tool head 460,
the locking tooth 504 may be axially aligned with the an-
gular pocket 426 extending from the slot 424, shown in
FIGS. 40A and 40B. Similarly, the actuating tooth 498
may be axially aligned with the notch 436 in the inner
shaft 430, e.g., as shown in FIGS. 49A-49C, 56A, and
56B.

[0129] Withadditional reference to FIGS. 39A-39C, the
actuator 444 on the handle 414 may then be rotated or
otherwise activated, e.g., rotated clockwise from a prox-
imal perspective above the handle 414 of the surgical
tool 410, to rotate the outer cannular shaft 420 relative
to the inner shaft 430. It will be appreciated that, in an
alternative embodiment, the actuator 444 may be cou-
pled to the inner shaft 430 such that the inner shaft 430
may be rotated counterclockwise relative to the outer
cannular shaft 420 to achieve the same result and con-
figuration described below. As can be seenin FIGS. 52A
and 52B, once the outer shaft 420 is rotated, the longi-
tudinal slot 434 of the inner shaft 430 is then out of align-
ment with the longitudinal slot 424 of the outer cannular
shaft 420.

[0130] AsshowninFIGS. 51A and 52A, with the actu-
ating tooth 498 received in the longitudinal slot 424, ro-
tation of the outer shaft 420 causes corresponding rota-
tion of the housing 470 and actuating link 490 relative to
the locking ring 500. For example, the locking ring 500
may remain substantially stationary, e.g., if coupled to a
tool carrier or other introduction device (not shown) used
to introduce the tool head 460 into the surgical space.
[0131] As the outer shaft 420 is rotated relative to the
locking ring 500, the locking tooth 504 (stationary on the
locking ring 500) may be directed from the slot 424 into
the angular pocket 426. The length of the locking tooth
504 may be similar to the length of the pocket 426 such
that the blunt distal edge 426a of the pocket 426 prevents
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subsequent axial movement of the tool head 460 relative
to the outer cannular shaft 420. Thus, the tool head 460
may become substantially fixed relative to the outer shaft
420 such that movement of the handle 414 of the surgical
tool 410 translates to corresponding movement of the
tool head 460.

[0132] Rotation of the outer shaft 420 may be limited
by the depth of the angular pocket 426, e.g., such that
when the locking tooth 504 fully enters the angular pocket
426, further rotation is prevented. In addition or alterna-
tively, as the housing 470 is rotated, the locking tooth
504 may abut the stop 476¢ on the collar 476, thereby
also preventing further rotation.

[0133] The rotation of the housing 470 and actuating
link 490 by the outer shaft 420 also causes the locking
tooth 504 to be directed out of the lateral pocket 496a in
the tubular portion 492 of the actuating link 490 and into
the translation channel 496, as best seen in FIGS. 54A
and 54B. For example, as shown, the outer shaft 420
and actuating tooth 500 have been rotated clockwise
such that the relative position of the locking tooth 504
(and slot 434 of the inner shaft 430) is at about a "10:00
position" while the actuating tooth 498 (and outer cannu-
lar shaft 420) has been rotated to about a "12:00 posi-
tion."

[0134] Substantially simultaneously, as the outer shaft
420 is rotated, the actuator tooth 498 may be received
in the notch 436 in the inner shaft 430, thereby coupling
subsequent movement of the actuating link 490 to the
inner shaft 430. For example, the actuator tooth 498 may
have a length and/or other size to be received within the
notch 436 with minimal gaps. Thus, with the actuator
tooth 498 engaged with the notch 436 and the locking
tooth 504 within the translation channel 496, the actuat-
ing link 490 may be free to move axially relative to the
locking ring 500 and consequently the housing 470.
[0135] Also as the housing 470 is rotated relative to
the locking ring 500, the grooves 472c, 506 on the hous-
ing 470 and locking ring 500 may again be aligned, there-
by allowing the connectors of the tool carrier (not shown)
to be slid from the grooves 506 through the grooves 472c,
thereby disengaging the tool head 460 from the tool car-
rier. The tool carrier may then be removed from the sur-
gical space and the tool 410 used during a surgical pro-
cedure within the surgical space, e.g., as described else-
where herein.

[0136] Forexample, as shown in FIGS. 49B, 53B, and
55B, the inner shaft 430 may be provided in a proximal
position in which the end effector 480 is closed, and may
be movable distally to cause the actuating link 490 to
advance distally, thereby opening the end effector 480,
e.g., as shown in FIGS. 49C, 53C, and 55C. With addi-
tional reference to FIGS. 39A and 39B, the trigger 446
may be coupled to a proximal end 431 of the inner shaft
430 such thatthe trigger 446 may be selectively activated
by the user to direct the inner shaft 430 between the
proximal and distal positions to close the end effector
480 (FIG. 39B) and open the end effector (FIG. 39C).
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[0137] Whenitis desired to remove the tool head 460,
e.g., upon completion of a procedure or to exchange the
tool head 460 for another tool head (not shown), the trig-
ger 446 may be activated to close the end effector 480
and prepare the tool head 460 for removal. Optionally,
as shown in FIGS. 39A-39C, the handle 416 of the tool
410 may include an alignment actuator 448 for aligning
the components of the tool head 460 in a predetermined
"alignment" position to allow disengagement of the tool
head 460 from the control shaft 412.

[0138] For example, during use, the trigger 446 may
be activated to close the end effector 480 with a desired
engagement force, e.g., to grasp or otherwise engage
tissue or other structures (not shown) during the proce-
dure. To maximize such force applied by the end effector
480, the inner shaft 430 may be retracted to direct the
tabs 448 of the end effector 480 to a distal-most position
within the tracks 494a, e.g., as shown in FIG. 56B. In this
distal-most position, however, the locking tooth 504 may
be received in the channel extension 496b of the trans-
lation channel 496, i.e., such that the locking tooth 504
is not aligned with the lateral pocket496a (shownin FIGS.
FIGS. 45A-45D)in the tubular portion 492 of the actuating
link 490, as can be seen in FIGS. 39A(1) and 56B. Op-
tionally, the handle 416 may include a ratchet or other
mechanism, similar to other embodiments herein (not
shown), for releasably securing the end effector 480 in
this closed position.

[0139] For example, with the trigger 446 and end ef-
fector 480 in the closed position, e.g., shownin FIG. 39B,
49B, 53B, 55B, and 56B, the actuator 448 may be acti-
vated to provide a stop preventing the inner shaft 430
from being retracted proximally beyond a predetermined
location, e.g., to limit the inner shaft 430 to the alignment
position corresponding to the offset of the channel ex-
tension 496b. Thus, as shown in FIGS. 39C, 39C(1),
when the inner shaft 430 is retracted, the actuating link
490 is also retracted, thereby directing the locking tooth
504 from the channel extension 496b and into alignment
with the pocket 496a. Alternatively, the actuator 448 may
override the actuator 446 and direct the inner shaft 430
to the alignment position independent of the position of
the actuator 446.

[0140] In this position, a tool carrier may be directed
over the housing 470, e.g., by advancing connectors on
the tool carrier along the grooves 472c¢ into the grooves
506 of the locking ring 500. The actuator 444 may then
be rotated or otherwise activated to rotate the outer can-
nular shaft 420 back into alignment with inner shaft 430.
Forexample, similar to the process described above, the
outer cannular shaft 420 may rotate the housing 470 and
actuating link 490 relative to the locking ring 500 to direct
the locking tooth 504 out of the angular pocket 426 into
the longitudinal slot 424 of the outer cannular shaft 420
and substantially simultaneously into the lateral pocket
496a in the tubular portion of the actuating link 490. This
action also disengages the actuator tooth 498 from the
notch 436 and directs the grooves 506 on the locking ring

10

15

20

25

30

35

40

45

50

55

20

500 out of alignment from the grooves 472¢ on the hous-
ing 470. Thus, the control shaft 412 may be withdrawn,
causing the actuator tooth 498 and locking tooth 504 to
slide along the longitudinal slots 424, 434 until the distal
ends 422, 432 of the shafts 420, 430 are removed from
the passage 516 in the guide cap 510. The tool head
460, again coupled to the tool carrier, may be removed
from the surgical space or otherwise exchanged for an-
other tool head.

[0141] It will be appreciated that elements or compo-
nents shown with any embodiment herein are exemplary
for the specific embodiment and may be used on or in
combination with other embodiments disclosed herein.

[0142] While the invention is susceptible to various
modifications, and alternative forms, specific examples
thereof have been shown in the drawings and are herein
described in detail. It should be understood, however,
that the invention is not to be limited to the particular
forms or methods disclosed, but to the contrary, the in-
vention is to cover all modifications, equivalents and al-
ternatives falling within the scope of the appended
claims.

Claims

1. A modular tool head (460) for performing a proce-
dure within a surgical space within a patient’'s body
when the tool head (460) is connected to a surgical
tool including a control shaft comprising an inner and
an outer shaft including a distal end sized for intro-
duction into the surgical space, the tool head (460)
comprising:

a housing (470) including a proximal end (472a)
sized for receiving the distal end of the control
shaft therein, a distal end (472b), and a pair of
opposing end effector elements (480) pivotably
coupled to the distal end (472b);

an actuator link (490) movable relative to the
housing (470) and coupled to the end effector
elements (480) for directing the end effector be-
tween open and closed positions;

a locking element (500) rotatable on the housing
(470) and coupled to the actuator link (490) in a
first position for preventing substantial move-
ment of the actuator link (490) and end effector
elements (480), the locking element (500) com-
prising connectors (504) for engaging one or
both of the distal ends of the inner and outer
shafts, the locking element (500) rotatable be-
tween first and second orientations on the hous-
ing (470), and in the first orientation, the con-
nectors (504) are disconnected from the control
shaft distal end such that the control shaft is re-
movable from the housing proximal end (472a)
and in the second orientation, the connectors
(504) substantially fix the control shaft distal end



39

relative to the housing (470) and couple an ac-
tuator on the surgical tool to the actuating link
(490) while releasing the actuating link (490)
from the locking element (500), the actuator ac-
tivatable for directing the actuator link (490) to
direct the end effector elements (480) between
the open and closed positions.

2. A surgical tool transfer system, comprising:

a tool head (460) according to claim 1;

an introduction tool (10, 10," 10, 110) compris-
ing a distal end (24, 24’) sized to be introduced
into a surgical space;

a surgical tool (410) comprising a control shaft
(412,420, 430) including a distal end (422, 432)
sized to be introduced into a surgical space in-
dependently of the introduction tool distal end
(24, 24’), and comprising a first actuator (444)
for coupling the tool head (460) to the control
shaft distal end (422, 432);

the tool head (460) configured to be coupled to
the introduction tool distal end (24, 24’) in a first
static position and receive the control shaft distal
end (422, 432) therein in the first position,
whereupon the first actuator (444) may be acti-
vated to rotate the locking element (500) relative
to the introduction tool distal end (24, 24’), there-
by directing the tool head (460) to a second ac-
tive position releasing the tool head from the in-
troduction tool distal end (24, 24’).

The system of claim 2, wherein the surgical tool (410)
comprises a second actuator (446), the second ac-
tuator (446) coupled to the end effector (480) of the
tool head (460) after the first actuator (444) directs
the tool head (480) to the second active position,
whereupon the second actuator (446) may be acti-
vated to operate the end effector (480).

The system of claim 3, wherein the end effector (480)
is locked with the tool head (460) in the first static
position.

The system of claim 4, wherein the end effector (480)
comprises a pair of jaws and the second actuator
(446) is configured for directing the jaws between
open and closed positions with the tool head (460)
in the second active position, and wherein the jaws
are locked in the closed position with the tool head
(460) in the first static position.

Asystem for performing a procedure within a surgical
space within a patient’s body, comprising:

asurgicaltool (410) comprising an elongate con-
trol shaft (412, 420, 430) including a distal (422,
432) end sized for introduction into a surgical
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space, and a handle (414) on a proximal end;
and

a tool head (460) according to claim 1

the locking element (500) and control shaft distal
end (422, 432) comprising cooperating connec-
tors (504, 426), the surgical tool (410) compris-
ing first and second actuators (444, 446) on the
handle (414), the first actuator (444) connecta-
ble to the locking element (500) for rotating the
locking element (500) between afirst orientation
where the cooperating connectors (504, 426)
are disconnected and control shaft distal end
(422, 432) is removable from the housing prox-
imal end (472a) and a second orientation where
the cooperating connectors (504, 426) substan-
tially fix the control shaft distal end (422, 432)
relative to the housing (470) and couple the sec-
ond actuator (446) to the actuator link (490)
while releasing the actuator link (490) from the
locking element (500), the second actuator
(446) activatable for directing the actuator link
(490) to direct the end effector (480) between
the open and closed positions.

The system of claim 6, wherein the end effector (480)
comprises a grasper.

The system of claim 7, wherein the locking element
(500) comprises a locking key (504) that is received
in a pocket (496a) in the actuator link (490) in the
first orientation, the locking key (504) being directed
into a translation channel (496) in the second orien-
tation, the translation channel (496) configured to
allow the actuator link (490) to move axially relative
to the housing (470) between distal and proximal lo-
cations to direct the grasper between the open and
closed positions, respectively.

The system of claim 8, wherein the translation chan-
nel (496) comprises an axial extension (496b) dis-
tally beyond the pocket (496a) that allows the actu-
ator link (490) to be directed to a proximal-most po-
sition proximally beyond the proximal position to im-
pose a clamping force on jaw elements of the grasper
in the closed position.

The system of claim 9, wherein the handle (414)
comprises a third actuator (448) for directing the ac-
tuator link (490) axially to align the pocket (496a)
with the locking key (504) with the locking element
(500) in the second orientation and the second ac-
tuator (446) directing the grasper to the closed po-
sition, whereby the first actuator (444) may be acti-
vated to direct the locking element (500) to the first
orientation.

The system of claim 6, further comprising a tool car-
rier (10, 10,” 10,", 110) including a proximal end



12.

41 EP 2 675 374 B1 42

(222), a distal end (24) sized for introduction into a
surgical space, and one or more introducer features
on the distal end (24),

wherein the housing (470) and locking element (500)
comprise one or more grooves (472c, 506), the one
or more grooves (472c, 506) on the housing (470)
and locking element (500) aligned with one another
in the second orientation such that the one or more
introducer features may be directed into the one or
more grooves (472c) on the housing (470) and into
the one ormore grooves (506) on the locking element
(500), the one or more grooves (472c, 506) out of
alignment with one another in the first orientation
such that the introducer features cannot be removed
from the one or more grooves (506) on the locking
element (500), thereby securing the tool head (460)
to the tool carrier (10, 10,” 10," 110).

The system of claim 6, wherein the control shaft (412)
comprises an outer shaft (420) and an inner shaft
(430), wherein the cooperating connectors comprise
a locking key (504) extending from the locking ele-
ment (500) and an actuator key (498) extending from
the actuator link (490), and longitudinal slots (424,
434) in the outer and inner shafts (420, 430) that
slidable receive the locking key (506) and actuator
key (498) when the control shaft distal end (422, 424)
is inserted into the proximal end (472a) of the hous-
ing (470).

Patentanspriiche

1.

Modularer Werkzeugkopf (460) zur Durchfiihrung ei-
nes Eingriffs in einem chirurgischen Raum bzw. Be-
reich in einem Patientenkdrper, sobald der Werk-
zeugkopf (460) mit einem chirurgischen Instrument,
welches einen Steuerschaft mit einem inneren und
einem aufleren Schaft einschlie3t, verbunden wird,
wobei der Steuerschaft ein distales Ende aufweist,
welches zur Einflihrung in den chirurgischen Raum
bzw. Bereich geeignet ist, wobei der Werkzeugkopf
(460) Folgendes umfasst:

ein Gehause (470), welches ein proximales En-
de (472a), welches zur Aufnahme des distalen
Endes des Steuerschafts darin geeignet ist, ein
distales Ende (472b) und ein Paar gegeniiber-
liegender Endeffektorelemente (480) aufweist,
welche mit dem distalen Ende (472b) schwenk-
bar verbunden sind;

eine Aktorverbindung (490), welche relativ zu
dem Gehduse (470) beweglich ist und mit den
Endeffektorelementen (480) zur Fihrung des
Endeffektors zwischen gedffneten und ge-
schlossenen Positionen gekoppelt ist;

ein Verriegelungselement (500), welches auf
dem Gehdause (470) drehbar gelagertist und mit
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der Aktorverbindung (490) in einer ersten Posi-
tion gekoppelt ist, um eine wesentliche Bewe-
gung der Aktorverbindung (490) und der Endef-
fektorelemente (480) zu verhindern, wobei das
Verriegelungselement (500) Anschlisse (504)
fur das Eingreifen in eines oder beide distale
Enden des inneren und auBeren Schafts auf-
weist, wobei das Verriegelungselement (500)
drehbar zwischen der ersten und zweiten Aus-
richtung des Gehauses (470) gelagert ist, und
wobei die Anschlisse (504) in der ersten Aus-
richtung von dem distalen Ende des Steuer-
schafts getrennt bzw. entriegelt sind, so dass
der Steuerschaft von dem proximalen Ende
(472a) des Gehauses entfernbar bzw. abnehm-
bar ist, und in der zweiten Ausrichtung die An-
schlisse (504) das distale Ende des Steuer-
schafts relativ zu dem Gehause (470) im We-
sentlichen fixieren und einen Aktor auf dem chi-
rurgischen Instrument mit der Aktorverbindung
(490) koppeln, solange die Aktorverbindung
(490) aus dem Verriegelungselement (500) frei-
gegeben ist, wobei der Aktor aktivierbar ist, um
die Aktorverbindung (490) zur Fiihrung der End-
effektorelemente (480) zwischen der gedffneten
und geschlossenen Position zu steuern.

2. Transfersystem fiir ein chirurgisches Instrument,

welches Folgendes umfasst:

einen Werkzeugkopf (460) nach Anspruch 1;
ein EinfGhrwerkzeug (10, 10,” 10,", 110), wel-
ches ein distales Ende (24, 24’) aufweist, wel-
ches zur Einflhrung in einen chirurgischen
Raum geeignet ist;

ein chirurgisches Instrument (410), welches ei-
nen Steuerschaft (412, 420, 430) einschlieRlich
einem distalen Ende (422, 432) aufweist, wel-
ches zur Einflhrung in einen chirurgischen
Raum bzw. Bereich unabhangig von dem dista-
len Ende (24, 24’) des Einfiihrwerkzeugs geeig-
netist, und welches einen ersten Aktor (444) zur
Kopplung des Werkzeugkopfs (460) an das dis-
tale Ende (422, 432) des Steuerschafts auf-
weist;

wobei der Werkzeugkopf (460) so konfiguriert
ist, dass er an das distale Ende (24, 24’) in einer
ersten statischen Position gekoppelt wird und
das distale Ende (422, 432) des Steuerschafts
in der ersten Position darin aufnimmt, woraufhin
der erste Aktor (444) betatigt werden kann, um
das Verriegelungselement (500) relativ zu dem
distalen Ende (24, 24’) des Einfihrwerkzeugs
zu drehen, wodurch der Werkzeugkopf (460) in
eine zweite aktive Position gefiihrt wird, welche
den Werkzeugkopf aus dem distalen Ende (24,
24’) des Einfliihrwerkzeugs freigibt.
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System nach Anspruch 2, wobei das chirurgische
Instrument (410) einen zweiten Aktor (446) umfasst,
wobei der zweite Aktor (446) an den Endeffektor
(480) des Werkzeugkopfs (460) gekoppelt wird,
nachdem der erste Aktor (444) den Werkzeugkopf
(480) zur zweiten aktiven Position fliihrt bzw. steuert,
woraufhin der zweite Aktor (446) zur Betétigung des
Endeffektors (480) aktiviert werden kann.

System nach Anspruch 3, wobei der Endeffektor
(480) mit dem Werkzeugkopf (460) in der ersten sta-
tischen Position verriegelt ist.

System nach Anspruch 4, wobei der Endeffektor
(480) ein Paar Klemmbacken aufweist und der zwei-
te Aktor (446) zur Fihrung der Klemmbacken zwi-
schen einer gedffneten und einer geschlossenen
Position konfiguriert ist, wobei sich der Werkzeug-
kopf (460) in der zweiten aktiven Position befindet,
und wobei die Klemmbacken in der geschlossenen
Position mit dem Werkzeugkopf (460) in der ersten
statischen Position verriegelt sind.

System zur Durchfiihrung eines Eingriffs in einem
chirurgischen Raum bzw. Bereich in einem Patien-
tenkérper, wobei das System Folgendes umfasst:

ein chirurgisches Instrument (410), welches ei-
nen langlichen Steuerschaft (412,420, 430) ein-
schlieRlich einem distalen Ende (422, 432), wel-
ches zur Einflihrung in einen chirurgischen
Raum bzw. Bereich geeignet ist, sowie einen
Griff (414) auf einem proximalen Ende aufweist;
und

einen Werkzeugkopf (460) nach Anspruch 1,
wobei das Verriegelungselement (500) und das
distale Ende (422, 432) des Steuerschafts zu-
sammenwirkende bzw. zueinander passende
Anschlisse (504, 426) aufweisen, wobei das
chirurgische Instrument (410) einen ersten und
und zweiten Aktor (444, 446) auf dem Griff (414)
aufweist, wobei der erste Aktor (444) mit dem
Verriegelungselement zur Drehung des Verrie-
gelungselements (500) zwischen einer ersten
Ausrichtung, in welcher die zueinander passen-
den Anschlisse (504, 426) voneinander ge-
trennt sind und das distale Ende (422, 432) des
Steuerschafts von dem proximalen Ende (472a)
des Gehauses entfernbar bzw. abnehmbar ist,
und einer zweiten Ausrichtung, in welcher die
zueinander passenden Anschliisse (504, 426)
das distale Ende (422, 432) des Steuerschafts
relativ zu dem Gehause (470) fixieren und den
zweiten Aktor (446) an die Aktorverbindung
(490) koppeln, solange die Aktorverbindung
(490) aus dem Verriegelungselement (500) frei-
gegeben wird, wobei der zweite Aktor (446) ak-
tivierbar ist, um die Aktorverbindung (490) zur
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Fihrung des Endeffektors (480) zwischen der
gedffneten und geschlossenen Position zu steu-
ern.

System nach Anspruch 6, wobei der Endeffektor
(480) einen Greifer aufweist.

System nach Anspruch 7, wobei das Verriegelungs-
element (500) einen Verriegelungskeil (504) um-
fasst, welcher in einer Aussparung (496a) in der Ak-
torverbindung (490) in der ersten Ausrichtung auf-
genommen ist, wobei der Verriegelungskeil (504) in
einen Translationskanal (496) in der zweiten Aus-
richtung gefiihrt wird, wobei der Translationskanal
(496) so konfiguriert ist, dass er zulasst, dass sich
die Aktorverbindung (490) axial relativ zu dem Ge-
hause (470) zwischen distalen und proximalen Orten
bewegen kann, um den Greifer zwischen gedffneten
bzw. geschlossenen Positionen zu fihren.

System nach Anspruch 8, wobei der Translations-
kanal (496) eine axiale Verlangerung (496b) distal
oberhalb der Aussparung (496a) aufweist, welche
ermdoglicht, dass die Aktorverbindung (490) zu einer
proximalsten Position proximal jenseits der proxima-
len Position gesteuert wird, um eine Klemmkraft auf
die Klemmbackenelemente des Greifers in der ge-
schlossenen Position auszuliben.

System nach Anspruch 9, wobeider Griff (414) einen
dritten Aktor (448) zur Fihrung der Aktorverbindung
(490) aufweist, um die Aussparung (496a) zu dem
Verriegelungskeil (504) axial auszurichten, wobei
sich das Verriegelungselement (500) in der zweiten
Ausrichtung befindet, und wobei der zweite Aktor
(446) den Greifer in die geschlossene Position fiihrt,
wobei der erste Aktor (444) aktiviert werden kann,
umdas Verriegelungselement (500) in die erste Aus-
richtung zu fiihren.

System nach Anspruch 6, welches des Weiteren ei-
nen Werkzeugtrager (10, 10,” 10,", 110) aufweist,
welcher ein proximales Ende (222), ein distales En-
de (24), das zur Einflhrung in einen chirurgischen
Raum bzw. Bereich geeignetist, sowie ein oder meh-
rere Inserter-Funktionen auf dem distalen Ende (24)
einschlief3t,

wobei das Gehause (470) und das Verriegelungse-
lement (500) ein oder mehrere Nuten (472c, 506)
umfassen, wobei die eine oder die mehreren Nuten
(472c, 506) auf dem Gehause (470) und dem Ver-
riegelungselement (500) in der zweiten Ausrichtung
derart zueinander ausgerichtet sind, dass die eine
oder die mehreren Inserter-Funktionen in die eine
oder die mehreren Nuten (472c) auf dem Gehduse
(470) und in die eine oder die mehreren Nuten (506)
aufdem Verriegelungselement (500) gefiihrt werden
kénnen, wobei die eine oder die mehreren Nuten
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(472c, 506) in der ersten Ausrichtung nicht zueinan-
der ausgerichtet sind, so dass die Inserter-Funktio-
nen nicht aus der einen oder den mehreren Nuten
(506) auf dem Verriegelungselement (500) entfernt
werden kdnnen, wodurch der Werkzeugkopf (460)
andem Werkzeugtrager (10, 10, 10,", 110) befestigt
wird.

System nach Anspruch 6, wobei der Steuerschaft
(412) einen duleren Schaft (420) und einen inneren
Schaft (430) umfasst, wobei die zueinander passen-
den Anschliisse einen Verriegelungskeil (504), wel-
cher sich von dem Verriegelungselement (500) er-
streckt, sowie einen Aktorkeil (498) umfassen, wel-
cher sich von der Aktorverbindung (490) erstreckt,
sowie Langsschlitze (424, 434) in dem dufieren und
inneren Schaft (420, 430), welche den Verriege-
lungskeil (506) und den Aktorkeil (498) verschiebbar
aufnehmen, wenn das distale Ende (422, 424) des
Steuerschafts in das proximale Ende (427a) des Ge-
hauses (470) eingeflihrt wird.

Revendications

Téte d’outil modulaire (460) pour réaliser une procé-
dure a lintérieur d’'un espace chirurgical dans le
corps d’'un patient lorsque la téte d’outil (460) est
raccordée a un outil chirurgical comprenant une tige
de commande comprenant une tige interne et une
tige externe comprenant une extrémité distale di-
mensionnée pour I'introduction dans I'espace chirur-
gical, la téte d’outil (460) comprenant :

un boitier (470) comprenantune extrémité proxi-
male (472a) dimensionnée pour recevoir I'extré-
mité distale de la tige de commande a l'intérieur
de cette derniere, une extrémité distale (472b),
et une paire d’éléments d’effecteur terminal op-
posés (480) couplés de maniére pivotante a I'ex-
trémité distale (472b) ;

une liaison d’actionneur (490) mobile par rap-
port au boitier (470) et couplée aux éléments
d’effecteur terminal (480) pour diriger I'effecteur
terminal entre les positions ouverte et fermée ;
un élément de blocage (500) pouvant tourner
sur le boitier (470) et couplé a la liaison d’ac-
tionneur (490) dans une premiére position pour
empécher le mouvement sensible de la liaison
d’actionneur (490) et des éléments d’effecteur
terminal (480), I'élément de blocage (500) com-
prenant des connecteurs (504) pour mettre en
prise 'une ou des deux extrémités distales des
tiges interne et externe, I'élément de blocage
(500) pouvant tourner entre les premiére et se-
conde orientations sur le boitier (470), et dans
la premiere orientation, les connecteurs (504)
sontdéconnectés del'extrémité distale delatige
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de commande de sorte que latige de commande
peut étre retirée de I'extrémité proximale (472a)
du boitier et dans la seconde orientation, les
connecteurs (504) fixent sensiblement I'extré-
mité distale de la tige de commande par rapport
au boitier (470) et couplent un actionneur sur
I'outil chirurgical a la liaison d’actionnement
(490) tout en libérant la liaison d’actionnement
(490) de I’élément de blocage (500), I'actionneur
pouvant étre activé pour diriger la liaison d’ac-
tionneur (490) afin de diriger les éléments d’ef-
fecteur terminal (480) entre les positions ouverte
et fermée.

2. Systeme de transfert d’outil chirurgical comprenant :

une téte d’outil (460) selon la revendication 1 ;
un outil d’introduction (10, 10°, 10’”, 110) com-
prenant une extréemité distale (24, 24’) dimen-
sionnée pour étre introduite dans un espace
chirurgical ;

un outil chirurgical (410) comprenant une tige
de commande (412, 420, 430) comprenant une
extrémité distale (422, 432) dimensionnée pour
étre introduite dans un espace chirurgical indé-
pendamment de I'extrémité distale d’outil d’in-
troduction (24, 24’) et comprenant un premier
actionneur (444) pour couplerlatéte d’outil (460)
a I'extrémité distale de tige de commande (422,
432);

la téte d’outil (460) étant configurée pour étre
couplée a I'extrémité distale d’outil d’introduc-
tion (24, 24’) dans une premiére position stati-
que et recevoir I'extrémité distale de tige de
commande (422, 432) a l'intérieur de cette der-
niere dans la premiére position, suite a quoi le
premier actionneur (444) peut étre activé pour
faire tourner I’élément de blocage (500) par rap-
port a I'extrémité distale d’outil d’introduction
(24, 24’), dirigeant ainsi la téte d’outil (460) vers
une seconde position active libérant la téte
d’outil de I'extrémité distale d’outil d’introduction
(24, 24).

3. Systéme selon la revendication 2, dans lequel I'outil

chirurgical (410) comprend un deuxieme actionneur
(446), le deuxiéme actionneur (446) étant couplé a
I'effecteur terminal (480) de la téte d’outil (460) apres
que le premier actionneur (444) a dirigé la téte d’outil
(480) vers la seconde position active, suite a quoile
deuxieme actionneur (446) peut étre activé pour ac-
tionner I'effecteur terminal (480).

Systéme selon la revendication 3, dans lequel I'ef-
fecteur terminal (480) est bloqué avec la téte d’outil
(460) dans la premiére position statique.

5. Systéme selon la revendication 4, dans lequel I'ef-
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fecteur terminal (480) comprend une paire de ma-
choires et le deuxieme actionneur (446) est configu-
ré pour diriger les machoires entre les positions
ouverte et fermée avec la téte d’outil (460) dans la
seconde position active, et dans lequel les machoi-
res sont bloquées dans la position fermée avec la
téte d’outil (460) dans la premiére position statique.

Systeme pour réaliser une procédure dans un espa-
ce chirurgical dans le corps dun patient,
comprenant :

un outil chirurgical (410) comprenant une tige
de commande allongée (412, 420, 430) com-
prenant une extrémité distale (422, 432) dimen-
sionnée pour l'introduction dans un espace chi-
rurgical, et une poignée (414) sur I'extrémité
proximale ; et

une téte d’outil (460) selon la revendication 1,
I'élément de blocage (500) et I'extrémité distale
de tige de commande (422, 432) comprenant
des connecteurs qui coopérent (504, 426), I'outil
chirurgical (410) comprenant des premier et
deuxiéme actionneurs (444, 446) sur la poignée
(414), le premier actionneur (444) pouvant étre
raccordé al'élément de blocage (500) pour faire
tourner I'élément de blocage (500) entre une
premiére orientation dans laquelle les connec-
teurs qui coopérent (504, 426) sont déconnec-
tés et I'extrémité distale de tige de commande
(422, 432) est amovible de I'extrémité proximale
de boitier (472a) et une seconde orientation
dans laquelle les connecteurs qui coopérent
(504, 426) fixent sensiblement I'extrémité dista-
le de tige de commande (422, 432) par rapport
au bottier (470) et couplent le deuxiéme action-
neur (446) a la liaison d’actionneur (490) tout en
libérantlaliaison d’actionneur (490) de I'élément
de blocage (500), le deuxiéme actionneur (446)
pouvant étre activé pour diriger la liaison d’ac-
tionneur (490) afin de diriger I'effecteur terminal
(480) entre les positions ouverte et fermée.

Systeme selon la revendication 6, dans lequel I'ef-
fecteur terminal (480) comprend un dispositif de pré-
hension.

Systeme selon la revendication 7, dans lequel I'élé-
ment de blocage (500) comprend une clé de blocage
(504) qui est recue dans une poche (496a) dans la
liaison d’actionneur (490) dans la premiére orienta-
tion, la clé de blocage (504) étant dirigée dans un
canal de translation (496) dans la seconde orienta-
tion, le canal de translation (496) étant configuré
pour permettre a la liaison d’actionneur (490) de se
déplacer axialement par rapport au boitier (470) en-
tre les emplacements distal et proximal afin de diriger
le dispositifde préhension entre les positions ouverte
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et fermée, respectivement.

Systéme selon la revendication 8, dans lequel le ca-
nal de translation (496) comprend une extension
axiale (496b), de maniére distale, au-dela de la po-
che (496a) qui permet a la liaison d’actionneur (490)
d’étre dirigée dans la position la plus proximale, de
maniére proximale, au-dela de la position proximale
afin d'imposer une force de serrage sur les éléments
de machoire du dispositif de préhension dans la po-
sition fermée.

Systéme selon la revendication 9, dans lequel la poi-
gnée (414) comprend un troisiéme actionneur (448)
pour diriger la liaison d’actionneur (490) axialement
afin d’aligner la poche (496a) avec la clé de blocage
(504), avec I'élément de blocage (500) dans la se-
conde orientation et le deuxiéme actionneur (446)
dirigeant le dispositif de préhension dans la position
fermée, moyennant quoi le premier actionneur (444)
peut étre activé pour diriger I'élément de blocage
(500) dans la premiére orientation.

Systéme selon la revendication 6, comprenant en
outre un porte-outil (10, 10’, 10, 110) comprenant
une extrémité proximale (222), une extrémité distale
(24) dimensionnée pour l'introduction dans un espa-
ce chirurgical, et une ou plusieurs caractéristiques
sur I'extrémité distale (24),

dans lequel le boitier (470) et I'élément de blocage
(500) comprennent une ou plusieurs rainures (472c,
506), les une ou plusieurs rainures (472c, 506) sur
le boitier (470) et I'élément de blocage (500) étant
alignées entre elles dans la seconde orientation de
sorte que les une ou plusieurs caractéristiques de
dispositif d’introduction peuvent étre dirigées dans
les une ou plusieurs rainures (472c) sur le boitier
(470) et dans les une ou plusieurs rainures (506) sur
I’élément de blocage (500), les une ou plusieurs rai-
nures (472c, 506) n’étant pas alignées entre elles
dans la premiére orientation de sorte que les carac-
téristiques de dispositif d’introduction ne peuvent
pas étre retirées des une ou plusieurs rainures (506)
sur I'élément de blocage (500), fixant ainsi la téte
d’outil (460) sur le porte-outil (10, 10°, 10", 110).

Systéme selon la revendication 6, dans lequel la tige
de commande (412) comprend une tige externe
(420) et une tige interne (430), dans lequel les con-
necteurs qui coopérent comprennent une clé de blo-
cage (504) s’étendant a partir de I'élément de blo-
cage (500) et une clé d’actionneur (498) s’étendant
a partir de la liaison d’actionneur (490), et des fentes
longitudinales (424, 434) dans les tiges externe et
interne (420, 430) qui recoivent de maniére coulis-
sante la clé de blocage (506) et la clé d’actionneur
(498) lorsque I'extrémité distale de tige de comman-
de (422, 424) est insérée dans I'extrémité proximale
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(472a) du boitier (470).

EP 2 675 374 B1

10

15

20

25

30

35

40

45

50

55

26

50



EP 2 675 374 B1

£ |

I P ¢

N/
Y

/

_ |-
I

%.
= <
O <
11|
v

60b

27

FIG. 1A



@ Z2oH o,

44
14

EP 2 675 374 B1

1§
Hie)
Y-

L
[
11
=
l
[
' |
I A
I
\ AT

0€ € g c6

28



EP 2 675 374 B1

4

29



EP 2 675 374 B1

% y

FIG.5B ]

DETAIL
A

FIG. 5C

66’"

30



54 5933

63

EP 2 675 374 B1

52 338

65 1323

FIG. 6

31




EP 2 675 374 B1

32



EP 2 675 374 B1

33



EP 2 675 374 B1

- o g-9 03
g6 "9/ | % V6 Ol

y

or

09

6 Old

34



EP 2 675 374 B1

FIG. 10A

FIG. 10B

35



EP 2 675 374 B1

L

FIG. 11A

N5 N
110a -

36



EP 2 675 374 B1

FIG. 12A

1106

- FIG.12B

37



EP 2 675 374 B1

38



EP 2 675 374 B1

2

0

e09

8

39



g/ 3 S

N
(S o)

e

= B
60_/
’ - 70




EP 2 675 374 B1

W W W

( ( ( (

" 108 120 150

(

( [ ( (

140 150 e T

FIG. 16



EP 2 675 374 B1

FIG. 17

42



EP 2 675 374 B1

40

va Z Z v . .
t
<
y.a WA A Lo Lol bbbt Va4
- /

FIG. 18

43




EP 2 675 374 B1

- 60 55

2N

-

55a O

I

10e

FIG. 19A

FIG. 19B

44



EP 2 675 374 B1

10f

N/

OL_
ol
° \253

¥
r FIG. 20A
Vo
ey

=

FIG. 20B



EP 2 675 374 B1

10g

50g /

TN

FIG. 21A

FIG. 21B

46



EP 2 675 374 B1

90

\20h o250
0OF L
252 ¢

FIG. 22

47



EP 2 675 374 B1

| _+2524

~—252a

\C

D —

252

FIG. 23

48



EP 2 675 374 B1

N, -
S e”

—
g ~.,

253

FIG. 24B

49



 FIG. 25A

FIG. 25B



EP 2 675 374 B1

62

/[

250

FIG. 26A

62

N

250

FIG. 26B

51



EP 2 675 374 B1

FIG. 27

52



EP 2 675 374 B1

. " | 250

FIG. 28A

50

O

259

FIG. 28C

53



EP 2 675 374 B1

' (lt ‘
e

FIG. 28D



EP 2 675 374 B1

7

. FIG. 29A

262

FIG. 29B

55



EP 2 675 374 B1

FIG. 30



o’ \\\
%////%W |

| FIG. 31B

A - 81

FIG. 31A



EP 2 675 374 B1

240

FIG. 32A

243

FIG. 32B

FIG. 32C

58



EP 2 675 374 B1

FIG. 33A

FIG. 33B

FIG. 33C

59




EP 2 675 374 B1

361
257
FIG. 34A
80
\
- ~361
252 ' | 257
60

FIG. 34B

60



EP 2 675 374 B1

‘ . 80
FIG. 35A d

FIG. 35C

61



EP 2 675 374 B1

62 o
- -, 362

250/ ‘/60
\

FIG. 36A

62

u

FIG. 36B



FIG. 37B | FIG. 37C



EP 2 675 374 B1

FIG. 38D

FIG. 38E

64



EP 2 675 374 B1

65



EP 2 675 374 B1

66



EP 2 675 374 B1

67



EP 2 675 374 B1

420

[ N\ !

423 426a 426

FIG. 40A

423 . 4.22/.
FIG. 40B
430
4}36 /
- [
C”/ = /'A N - ??
43(3 434 432
FIG. 41A
430
436 434 7/32 / .
r/___.;_ .;.__L__.._i___u jllt
433

FIG. 41B

68



EP 2 675 374 B1

3¢y Ol

69



EP 2 675 374 B1

© ©
S S |
© .
| & S / S
;R & A LL
N .
N 0wV T
NS N Q
N 0’) QO cy)
Qo 7Y 5| ¥
N S 2 N S
N W ¥ | y
\ E/ q ~ 0
0 A Q/ Q
. N Q‘ <+
[N
s . < .
©
o || g &
i | i A
o (O]

~ FIG. 43B

70



EP 2 675 374 B1

486

482 488

FIG. 44B

7



EP 2 675 374 B1

asy ‘9l
/ . 926"

(— , I i

/ T <
7 N : _ v6F

N ez6

06¥ S : 0726 ~

czer/ mm%.‘_mmw

067 - OGSt OId
968, N

-y w wor gy O iy i

a96%}. VS ‘Ol

06%

1494

72



EP 2 675 374 B1

496b //492
//,496// _—492d (4983 //494 o
—_ \ — / T :____¥ :1f‘—j;_
~ —"
492a 492b :
496a
FIG. 45G

492 494

7 » 7 498

492a 492b 498b

FIG. 45H

73



EP 2 675 374 B1

e my  FIG.46B

500. |

506 /

\u

FIG. 46C

FIG. 46D

74



EP 2 675 374 B1

FIG. 47A

510
e

516

FIG. 47B

75



EP 2 675 374 B1

FIG. 48A

480

7 , \
Vo \4/(\/\/«

(Feas

- hw; — Ny

S

FIG. 48C

Fwtsin ey

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

/b
(I
i

7
o 41

76



EP 2 675 374 B1

g15 Ol

ViG Old

g9 9l4
0% 4 _
\ %V 7

V25 Ol

00§

v

o9 , 0§ "Oid

NN

77



EP 2 675 374 B1

vvG "Old

€9 'Ol

78



EP 2 675 374 B1

¥S ‘DI

0¥

0€6 ‘Ol4

79



EP 2 675 374 B1

09y

x>

=]

80



EP 2 675 374 B1

T,

X/
VA7 77 Attty

AT ARV T AT A AT TSR CARAANAN (VAR AN 5

U s s e

.H ~ ////%F?

N S————
——

VoG Old

81



EP 2 675 374 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* WO 2010114634 A1 [0007] [0008] * US 6379319 B [0073]
« WO 2010114634 A [0016]

82



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

REBHA(F)
£ 5B

HAB 2N TF 3k

S EpEELE

E)

RATHTREBREFRORE , REMNHE

EP2675374A4 N (E)H
EP2012747562 HiEA
HR@E K

THER= HEBEMAFAZESES

THER= HHEREEHAZAZESES

PELL CHRISTOPHER STEVEN
DUGGAN BRYAN J

DONG HATTIE ZHI CHEN
RUBY THOMAS

ROOP JOHN AVI

TICKER JONATHAN B

LAU JAMES N

CHAO KEVIN

PELL, CHRISTOPHER STEVEN
DUGGAN, BRYAN J.

DONG, HATTIE ZHI CHEN
RUBY, THOMAS

ROOP, JOHN AVI

TICKER, JONATHAN, B.

LAU, JAMES N.

CHAO, KEVIN

A61B17/34 A61B17/29 A61B17/94

2014-07-23

2012-02-14

patsnap

A61B1/3132 A61B17/29 A61B2017/00265 A61B2017/00362 A61B2017/00455 A61B2017/00473
A61B2017/292 A61B2017/2927 A61B2017/2929 A61B2017/2931 A61B2017/2936 A61B2017/2946

A61B2090/031 A61B2090/08021 A61B2090/0808 A61B2090/0811

B/R4EWADE TENNANT

61/442788 2011-02-14 US

EP2675374A2
EP2675374B1

Espacenet

NFATRATERGESFANRE , REMNGE, S, RET -—HXERESF  ATEREFANFRAZEAANTEESZIIA
KHFR , URSEATIHFEGZER - IRENTEINBENTELZR , TELXXRHRTBELEEHRHEMROSIAFAR
ZH, ZRENEFETUNBEFAIR , ZFATEGETSIAFAZRFNIEH , FASERATHIEXEEI TENS

fE, A , TEAXRTSEATRIEARIRLEEIARENR T,


https://share-analytics.zhihuiya.com/view/628eac89-84cd-4bc8-a578-0409aee7bc3f
https://worldwide.espacenet.com/patent/search/family/046673137/publication/EP2675374A4?q=EP2675374A4




