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1
LAPAROSCOPIC TISSUE THICKNESS AND
CLAMP LOAD MEASURING DEVICES

FIELD OF THE INVENTION

The present invention relates in general to laparoscopic and
endoscopic surgical instruments and, more particularly, to
endoscopic surgical devices and grasping devices configured
to enable the surgeon to measure tissue thickness and clamp-
ing loads.

BACKGROUND OF THE INVENTION

Endoscopic surgical instruments are often preferred over
traditional open surgical devices since a smaller incision
tends to reduce the post-operative recovery time and compli-
cations. Consequently, significant development has gone into
a range of endoscopic surgical instruments that are suitable
for precise placement of a distal end effector at a desired
surgical site through a cannula of a trocar. These distal end
effectors engage the tissue in a number of ways to achieve a
diagnostic or therapeutic effect (e.g., endocutter, grasper, cut-
ter, staplers, clip applier, access device, drug/gene therapy
delivery device, and energy device using ultrasound, RF,
laser, etc.).

Known surgical staplers include an end effector that simul-
taneously makes a longitudinal incision in tissue and applies
lines of staples on opposing sides of the incision. The end
effector includes a pair of cooperating jaw members that, if
the instrument is intended for endoscopic or laparoscopic
applications, are capable of passing through a cannula pas-
sageway. One of the jaw members receives a staple cartridge
having at least two laterally spaced rows of staples. The other
jaw member defines an anvil having staple-forming pockets
aligned with the rows of staples in the cartridge. The instru-
ment commonly includes a plurality of reciprocating wedges
which, when driven distally, pass through openings in the
staple cartridge and engage drivers supporting the staples to
effect the firing of the staples toward the anvil.

When using an endocutter during endoscopic surgery, it is
often difficult for the surgeon to determine the thickness of the
tissue that they are about to transect. The thickness of the
tissue determines the type of cartridge/staple they need in
order to properly seal the transection. Often times, the sur-
geon must make the thickness determination based upon their
visual observations of the tissue on a monitor or, if possible,
they use their hands to feel the thickness of the tissue.

Another type of device that is commonly employed during
laparoscopic surgery is known as a grasper. Such graspers
typically have a pair of opposing jaws that are used to grasp
tissue or portions of other surgical instruments during the
surgical procedure. Such grasping devices, however, also lack
means for determining tissue thicknesses. In addition, the jaw
arrangements employed by such graspers are often ill-suited
to effectively grip and manipulate other surgical instruments
used during the operation.

Consequently, a significant need exists for a laparoscopic
device that would permit a surgeon to accurately and repeat-
ably measure tissue thickness to enable the surgeon to select
a proper staple cartridge to perform a transection. There is a
further need for graspers that have tissue thickness measuring
capabilities and jaws designed to effectively grasp other sur-
gical instruments therebetween.

The foregoing discussion is intended only to illustrate
some of the shortcomings present in the field of the invention
at the time, and should not be taken as a disavowal of claim
scope.
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2
SUMMARY

In one aspect of the invention, there is provided a surgical
instrument that comprises a pair of opposing jaws, wherein at
least one jaw is selectively movable relative to the other jaw in
response to opening and closing motions applied thereto for
selectively clamping tissue therebetween. An output genera-
tor is associated with the pair of opposing jaws and is capable
of generating tissue thickness data or indicia that represents a
thickness of the tissue that is clamped between the pair of
opposing jaws. The surgical instrument may further include a
display for displaying the tissue thickness data or indicia
thereon. In various embodiments, the tissue thickness data or
indicia may be displayed on a display located on the surgical
instrument itself or it may be displayed on a display located
remote from the surgical instrument.

In another general aspect of various embodiments of the
present invention there is provided a surgical instrument that
comprises a handle assembly and an end effector for perform-
ing a surgical operation. The end effector is coupled to the
handle assembly and has opposed jaw members for selec-
tively clamping tissue therebetween in response to opening
and closing motions applied thereto. A closure drive is sup-
ported by the handle assembly and is configured to generate
the opening and closing motions for selective application to
the end effector. The end effector may include at least one
signal generator for generating signals corresponding to a
thickness of the tissue clamped between the opposed jaw
members. The instrument may further include a signal pro-
cessor for receiving said signals from the signal generator and
calculating the thickness of the tissue. In addition, a display
communicates with the signal processor for displaying the
tissue thickness thereon.

In still another general aspect of various embodiments of
the present invention there is provided a jaw arrangement for
a surgical instrument that comprises a first jaw that is oper-
ably coupleable to the surgical instrument and has a distal end
and a first clamping face and at least one first nodule that is
formed on the first clamping face. The arrangement further
includes a second jaw that has a distal end and a second
clamping face. At least one second nodule is formed on the
second clamping face. The second jaw is operably coupleable
to the surgical instrument relative to the first jaw such that the
first and second distal ends of the first and second jaws,
respectively may be selectively moved toward and away from
each other upon application of open and closing motions to at
least one of the first and second jaws from the surgical instru-
ment such that as the first and second distal ends are moved
towards each other, the first and second distal ends and the
first and second nodules cooperate to define a cradle area
therebetween sized to grippingly support therein an object
having a specific cross-sectional shape.

In another aspect of the present invention, there is provided
a surgical instrument that may comprise a handle assembly
and a pair of opposing jaws that are operably coupled to the
handle assembly. The opposing jaws may be selectively mov-
able between open and closed positions for clamping tissue
therebetween. The surgical instrument may further include a
closure drive that is operably supported by the handle assem-
bly for selectively applying opening and closing motions to
the pair of opposing jaws. An output generator may cooperate
with the closure drive to display reference indicia that corre-
sponds to a thickness of the tissue clamped between the pair
of opposing jaws.

These and other objects and advantages of the present
invention shall be made apparent from the accompanying
drawings and the description thereof.



US 8,893,946 B2

3
BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments of the invention, and, together with the general descrip-
tion of the invention given above, and the detailed description
of the embodiments given below, serve to explain various
principles of the present invention.

FIG. 1 is a perspective view of a surgical stapling and
severing instrument of various embodiments of the present
invention;

FIG. 2 is a left side perspective view of an end effector
embodiment of the present invention;

FIG. 3 is a cross-sectional view of the end effector of FIG.
2 withaportion of tissue clamped between the anvil and tissue
measurement cartridge;

FIG. 4 is a cross-sectional view of the end effector of FIG.
3 taken along line 4-4 in FIG. 3;

FIG. 5 is a schematic diagram of a strain gauge and opet-
ating system arrangement of various embodiments of the
present invention;

FIG. 6 is a cross-sectional view of another end effector
embodiment of the present invention with tissue clamped
between the anvil and the tissue measurement cartridge;

FIG. 7 is a schematic diagram of a strain gauge and opet-
ating system arrangement of another embodiment of the
present invention;

FIG. 8 is a side elevational view of a grasper embodiment
of the present invention with the left hand side of the handle
casing removed to show the various components supported
within the handle assembly;

FIG. 9 is an exploded assembly view of a portion of the
grasper rod arrangement employed in the grasper embodi-
ment depicted in FIG. 8;

FIG. 10 is a schematic view of various components of the
grasper embodiment of FIG. 8 with the jaws thereof in an
open position;

FIG. 11 is another schematic view of various components
of the grasper embodiment of FIG. 8 with the jaws thereof
clamping a portion of tissue therebetween;

FIG. 12 is another schematic view of various components
of the grasper embodiment of FIG. 8 with the jaws thereofin
a fully closed position;

FIG. 13 is a right side elevational view of another grasper
embodiment of the present invention;

FIG. 14 is a side elevational view of a jaw arrangement of
other embodiments of the present invention;

FIG. 15 is a side view of another surgical instrument
embodiment of the present invention;

FIG. 16 is an exploded assembly view of a portion of the
surgical instrument of FIG. 15;

FIG. 17 is a cross-sectional view of a handle assembly of
the surgical instrument of FIGS. 15 and 16 with some com-
ponents thereof shown in solid form for clarity;

FIG. 18 is a cross-sectional view of the surgical instrument
of FIGS. 15-17 in a fully closed and locked position with
some components thereof shown in solid form for clarity;

FIG. 19 is another cross-sectional view of the surgical
instrument of FIGS. 15-18 in a fully open position with some
components thereof shown in solid form for clarity;

FIG. 20 is another cross-sectional view of the surgical
instrument of FIGS. 15-19 in a fully closed position and with
the release trigger in a fully depressed position with some
components thereof shown in solid form for clarity;

FIG. 21 is another cross-sectional view of the surgical
instrument of FIGS. 15-20 in a tissue clamping position with
some components thereof shown in solid form for clarity;
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FIG. 22 is a cross-sectional view of the surgical instrument
of FIGS. 15-21 in a position wherein the clinician is applying
excessive clamping force to the tissue with some components
thereof shown in solid form for clarity; and

FIG. 23 is another cross-sectional view of the surgical
instrument of FIGS. 15-22 in a tissue clamping position
wherein the user can read the reference indicia corresponding
to a thickness “t” of the tissue clamped thereby.

DETAILED DESCRIPTION

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the devices and
methods disclosed herein. One or more examples of these
embodiments are illustrated in the accompanying drawings.
Those of ordinary skill in the art will understand that the
devices and methods specifically described herein and illus-
trated in the accompanying drawings are non-limiting exem-
plary embodiments and that the scope of the various embodi-
ments of the present invention is defined solely by the claims.
The features illustrated or described in connection with one
exemplary embodiment may be combined with the features of
other embodiments. Such modifications and variations are
intended to be included within the scope of the present inven-
tion.

The present invention generally relates to methods and
devices for measuring the thickness of tissue to be transected
or otherwise manipulated during endoscopic and laparo-
scopic procedures. In one exemplary embodiment, the mea-
suring device can be employed in connection with an
endocutter for transecting and stapling tissue. Such endocut-
ters typically include an end effector with opposing jaws that
are adapted to receive the target tissue therebetween. As will
be described in connection with one exemplary embodiment,
the end effector is attached to a handle assembly by an elon-
gated shaft assembly. The handle assembly is equipped with
a closure trigger that enables the surgeon to selectively open
and close the end effector jaws. The end effector is also
equipped with a firing drive system for driving a knife through
the staple cartridge and clamped tissue while also driving the
staples housed within the staple cartridge into forming con-
tact with an anvil. Other exemplary embodiments comprise a
surgical device that has a pair of opposed jaws for simply
manipulating and grasping tissue, other surgical instruments,
etc.

As the present Detailed Description proceeds, a person of
ordinary skill in the art will appreciate that the surgical instru-
ments described herein can have a variety of configurations,
and that one or more of the various tissue measurement fea-
tures of the various embodiments of the present invention
disclosed herein can be successfully used in a variety of
different grasping device/end effectors known in the art for
grasping/manipulating tissue or other objects. Thus, the term
“surgical instrument” as used herein is intended to include
any device that has opposed movable jaws that come together
to grasp, clamp, cut, dissect, staple, etc.

Turning to the Drawings, wherein like numerals denote
like components throughout the several views, FIGS. 1 and 2
depict a surgical stapling and severing instrument 10 that is
capable of practicing various unique benefits of the present
invention. The surgical stapling and severing instrument 10
incorporates an end effector 12 that has a first jaw 14 and a
second jaw 16. In various embodiments, the second jaw 16
may comprise elongate channel 17 and the first jaw may
comprise an anvil 15 that is pivotally attached to the elongate
channel 17, forming opposing jaws for clamping tissue to be
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severed and stapled. Those of ordinary skill in the art will
understand that the exemplary endocutter embodiment
depicted in the Figures comprises one endocutter version
with which various embodiments of the present invention
may be successfully employed. However, various embodi-
ments ofthe present invention may be used in connection with
a variety of different endocutter instruments. For example,
various embodiments of the present invention may be used in
connection with those surgical instruments disclosed in U.S.
Pat. No. 6,978,921 to Shelton, [ V et al., entitled Surgical
Stapling Instrument Incorporating an E-Beam Firing Mecha-
nism, the disclosure of which is herein incorporated by ref-
erence.

As can be seen in FIG. 1, the end effector 12 may be
coupled to a handle assembly 20 by an elongate shaft assem-
bly 18. An implement portion 22, formed by the end effector
12 and shaft assembly 18, may be advantageously sized for
insertion through a trocar or small laparoscopic opening to
perform an endoscopic surgical procedure while being con-
trolled by a surgeon grasping the handle assembly 20. The
handle assembly 20 may include features that allow separate
closure motions and firing motions, lockouts to prevent inad-
vertent or ill-advised firing of the end effector, as well as
enabling multiple firing strokes to effect firing (i.e., severing
and stapling) of the end effector 12 while indicating the
degree of firing to the surgeon.

To these ends, a closure tube 24 of the shaft assembly 18
may be coupled between a closure trigger 26 (FIG. 1) and the
anvil 15 to cause closure of the end effector 12. Within the
closure tube 24, a frame 28 may be coupled between the
elongate channel 17 and the handle assembly 20 to longitu-
dinally position and support the end effector 12. A rotation
knob 30 may be coupled with the frame 28, and both elements
may be rotatably coupled to the handle assembly 20. Thus, the
surgeon can rotate the end effector 12 by turning the rotation
knob 30 which causes rotation of the closure tube 24. The
frame 28 extends through the closure tube 24 along with a
firing rod 32 which is positioned for longitudinal movement
and is operably coupled to a firing trigger 34. In the embodi-
ment depicted in FIG. 1, the closure trigger 26 is distal to a
pistol grip 36 of the handle assembly 20 with the firing trigger
34 distal to both the pistol grip 36 and closure trigger 26.

It will be appreciated that the terms “proximal” and “dis-
tal” are used herein with reference to a clinician gripping a
handle of an instrument. Thus, the end effector 12 is distal
withrespect to the more proximal handle assembly 20. Analo-
gous terms such as “front” and “back” similarly correspond
respectively to distal and proximal. It will be further appre-
ciated that for convenience and clarity, spatial terms such as
“vertical”, “horizontal”, “up” and “down” are used herein
with respect to the drawings. However, surgical instruments
are used in many orientations and positions, and these terms
are not intended to be limiting and absolute.

The present invention is being discussed in terms of endo-
scopic procedures and apparatus. However, use herein of
terms such as “endoscopic”, should not be construed to limit
the present invention to a surgical stapling and severing
instrument for use only in conjunction with an endoscopic
tube (i.e., trocar). On the contrary, it is believed that the
present invention may find use in any procedure where access
is limited to a small incision, including but not limited to
laparoscopic procedures, as well as open procedures.

With particular reference to FIG. 3, the anvil 15 is pivotally
coupled to the elongate channel 17 by a pair of laterally
projecting anvil pivot pins 54 that are proximal to a vertically
projecting anvil feature 56 (FIG. 4). The anvil pivot pins 54
translate within kidney shaped openings 58 in the elongate
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channel 17 to open and close anvil 15 relative to elongate
channel 17. The anvil feature 56 engages a tab 59 (FIG. 1)
extending inwardly in a tab aperture 60 on a distal end 62 of
the closure tube 24. Thus, when the closure tube 24 moves
proximally from its open position, the tab 59 of the closure
tube 24 draws the anvil feature 56 proximally, and the anvil
pivot pins 54 follow the kidney shaped openings 58 of the
elongate channel 17 causing the anvil 15 to simultaneously
translate proximally and rotate upward to the open position.
When the closure tube 24 moves distally, the tab 59 in the tab
aperture 60 releases from the anvil feature 56 and the distal
edge 64 pushes on the anvil face 50, closing the anvil 15.

Tt should be appreciated that, although a nonarticulating
shaft assembly 18 is illustrated herein, applications of the
present invention may include instruments capable of articu-
lation, such as those described in three commonly owned U.S.
patents and two commonly owned U.S. patent applications,
the disclosure of each being hereby incorporated by reference
in their entirety: (1) U.S. Pat. No. 7,111,769 to Kenneth S.
Wales, Douglas B. Hoffiman, Frederick E. Shelton 1V, and
Jeffrey S. Swayze, issued Sep. 26, 2006, entitled “Surgical
instrument Incorporating An Articulation Mechanism Having
Rotation About the Longitudinal Axis™; (2) U.S. Pat. No.
6,981,628 to Kenneth S. Wales, issued Jan. 3, 2006, entitled
“Surgical Instrument With A Lateral-Moving Articulation
Control”; (3) U.S. Pat. No. 7,055,731 to Frederick E. Shelton
1V, Michael E. Setser, William B. Weisenburgh IL, issued Jun.
6, 2006 entitled “Surgical Stapling Instrument Incorporating
A Tapered Firing Bar For Increased Flexibility Around The
Articulation Joint”; (4) U.S. Patent Publication No. 2005/
0006429 entitled “Surgical Stapling Instrument Having
Articulation Joint Support Plates For Supporting A Firing
Bar”, Ser. No. 10/615,971, to Kenneth S. Wales and Joseph
Charles Hueil, filed 9 Jul. 2003; and (5) U.S. patent applica-
tion entitled “Surgical Stapling Instrument Incorporating An
Articulation Joint For a Firing Bar Track”, Ser. No. 10/615,
962, to Brian J. Hemmelgam, filed 9 Jul. 2003. Those of
ordinary skill in the art will readily understand, however, that
the unique and novel aspects of various features of the present
invention may be employed in connection with still other
types of articulating surgical instruments without departing
from the spirit and scope of the present invention.

With reference to FIGS. 2 and 3, the elongate channel 17 is
configured to removably receive a thickness measurement
cartridge 100 therein. Thickness measurement cartridge 100
may resemble a conventional staple cartridge. However,
thickness measurement cartridge 100 lacks the staples and
staple firing drivers and may also differ from a conventional
staple cartridge in at least the manners described below. In
particular, the body portion 102 of the thickness measurement
cartridge 100 may have an upstanding clamping nodule 110
that is formed on a distal end 101 of the cartridge 100. The
clamping nodule 110 may be so oriented on the distal end 101
of the cartridge 100 such that when the cartridge 100 is
installed in the elongate channel 17, the clamping nodule 110
is located over a first conventional strain gauge 120 that is
mounted within the elongate channel 17. The purpose of the
first strain gauge 120 will be discussed in further detail below.

As can also be seen in FIGS. 2 and 3, the thickness mea-
surement cartridge 100 may also include a thickness or anvil
probe 130 that is mounted within the cartridge body 102.
More specifically, as can be seen in FIG. 3, the anvil probe 130
may include a first portion 132 that is mounted within the
cartridge body 102 and a second deflectable portion 134 that
protrudes upwardly from the cartridge body 102 for contact
with the underside 19 of the anvil 15. The anvil probe 130 may
be fabricated from metal or other suitable material and may be
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associated with a second strain gauge 140 that is mounted in
the cartridge body 102. The first and second strain gauges
120, 140 may each be coupled to a battery or other source of
electrical power 150, an amplifier 152, a digital-to-analog
converter 154, a conventional central processing unit “CPU”
156, and a display unit 158. The battery 150, amplifier 152,
the converter 154, CPU 156 and display unit 158 may be
housed within the handle assembly 20. Each strain gauge may
have its own amplifier. The first and second strain gauges 120,
140 and the source of electrical power 150, amplifier, 152,
converter 154 and CPU 156 may collectively form an output
generator generally designated as 118. In alternative embodi-
ments, the CPU 156 may also be coupled to a wireless signal
generator 160 that transmits the thickness data to a remote
(i.e., not supported by the handle assembly 20) monitor 162.
See FIG. 5. The measurement cartridge 100 may be formed
with a pin and socket connection (not shown) to facilitate
electrical communication between the second strain gauge
140 and conductors in the elongate channel 17 that extend
through the shaft 18 and are ultimately coupled to the CPU
156 and/or source of electrical power 150.

Operation of a thickness measurement cartridge 100 of
various embodiments of the present invention will now be
described with reference to FIGS. 1, 3, 4, and 5. Prior to
installing a conventional staple cartridge into the elongate
channel 17 of the instrument 10, the surgeon may first install
the thickness measurement cartridge 100 into the elongate
channel 17. The thickness measurement cartridge 100 may be
fabricated with retention features that are commonly found
on conventional staple cartridges to removably retain the
thickness measurement cartridge 100 within the elongate
channel 17. When installed, a pin and socket connector or
other arrangement may connect the second strain gauge 140
to the source of electrical power 150 and amplifier 152.

In laparoscopic and endoscopic surgical procedures, a
small incision or puncture is made in the patient’s body to
provide access for a tube or cannula device. Once extended
into the patient’s body, the cannula allows insertion of various
surgical instruments to perform the surgery. After the surgeon
has installed the thickness measurement cartridge 100 in the
elongate channel 17, the surgeon may then insert the imple-
ment 22 through the cannula (not shown) so that a portion T'
of the tissue “T” to be transected is positioned between the
underside 19 of the anvil 15 and the measurement cartridge
100. See FIG. 3. The surgeon then moves the closure trigger
26 towards the pistol grip 36 to move the closure tube 24 ina
known manner to pivot the anvil 15 in a closing direction. As
the anvil 15 is pivoted in the closing direction, a portion of the
tissue “T” to be transected is clamped between the underside
19 of the anvil 15 and the nodule 110. As can be most par-
ticularly seenin FIGS. 3 and 4, a pivot protrusion 104 may be
formed on the underside of the cartridge body 102 to rest on
the bottom of the elongate cartridge 17 to thereby enable the
cartridge body 102 to pivot thereon.

As the anvil 15 begins to clamp the tissue “T” between the
underside 19 of the anvil 15 and the nodule 110, the first strain
gauge 120 is placed under load and may act as a resistor, such
that, as the load that is applied to the first strain gauge 120, the
first strain gauge 120 either increases or decreases the amount
of resistance to the electricity supplied to it from the source of
electrical power 150. The amplifier 152 amplifies the signal
from the first strain gauge 120 and feeds the amplified signal
into the digital-to-analog converter 154 that changes raw
current into digital data. The digital data is then sent to the
CPU 156 which interprets the digital signal and mathemati-
cally transforms the data into a first amount of strain or load
which is displayed by the handle display 158 and/or is sent to
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awireless signal generator 160 which wirelessly transmits the
data to a remote monitor 162. See FIG. 5. The surgeon con-
tinues to close the anvil 15 until the display indicates that the
tissue “I”” within the first and second jaws 14, 16 has been
clamped under a predetermined amount of clamping load. For
example, the predetermined amount of clamping load or force
may be eight grams. Such force may not, for example, dam-
age the tissue “T”, but may provide a reference point for
repeatability purposes.

As the anvil 15 is being closed, the undersurface 19 of the
anvil 15 starts to impart a load onto the anvil probe 134 which
is conveyed to the second strain gauge 140 located in the
cartridge 100. The amplifier 152 amplifies the output signal
from the second strain gauge 140 and feeds the amplified
signal into the digital-to-analog converter 154 that changes
raw current into digital data. The digital data is then transmit-
ted to the CPU 156 which interprets the digital signal and
mathematically transforms the data into a tissue thickness
that is displayed on the handle display 158 and/or is transmit-
ted to the wireless signal generator 160 for sending to a
remote monitor 162. After the surgeon has determined the
thickness “t” of the tissue to be transected, the implement
portion 22 is withdrawn to enable the thickness measurement
cartridge 100 to be replaced with the appropriate staple car-
tridge. The measurement cartridge 100 may then be resteril-
ized for the next procedure or simply disposed of.

In an alternative embodiment as depicted in FIGS. 6 and 7,
the measurement cartridge 100' lacks the nodule and the first
strain gauge that was included in the measurement cartridge
100 as described above. This embodiment may only be
equipped with a strain gauge 140". Thus, in this embodiment,
the output generator 118' may comprise the source of electri-
cal power 150, the strain gauge 140", the amplifier 152, the
converter 154, and the CPU 156. Otherwise, cartridge 100’
may be substantially identical to cartridge 100. FIG. 7 is a
schematic drawing of the interface between the strain gauge
140" and the CPU 156. In this embodiment, the CPU 156
employs an algorithm that compares the strain values over
time and waits until the strain is no longer changing within a
desired delta, before it displays the final load reading or
calculated tissue thickness “t” on the display. In addition, a
switch 164 (mechanically or electrically activated) could be
associated with the clamping trigger 26 for detecting the
position of the clamping trigger 26. The switch 164 may
communicate with the CPU 156 such that the CPU 156 would
not start to process the strain loads until the clamping trigger
26 reached a predetermined position.

FIGS. 8-12 illustrate another surgical instrument 300 in the
form of a grasper 302 that may employ various unique and
novel features of various embodiments of the present inven-
tion. Such graspers 302 are known in the art and, therefore,
the known features thereof, will not be discussed in great
detail herein beyond what may be needed to fully understand
and appreciate various embodiments of the subject invention.
Examples of such devices are disclosed in U.S. Pat. No.
6,117,158 to Measamer et al. and U.S. Pat. No. 5,735,874 to
Measamer et al., the disclosures of which are herein incorpo-
rated by reference.

As can be seen in FIG. 8, the grasper 302 includes an end
effector 312 that has a first jaw 314 and a second jaw 316 that
are operably mounted to a grasper rod 400 that protrudes
distally from a handle assembly 320. As is known, a proximal
portion 402 of the grasper rod 400 may be rotatably supported
within the handle assembly 320 and coupled to a rotation
knob 330 rotatably supported on the handle assembly 320.
Such arrangement permits the surgeon to rotate the grasper
rod 400 (and jaws 314, 316) relative to the handle assembly



US 8,893,946 B2

9

320. As can also be seen in FIG. 8, the grasper rod 400 extends
through a closure tube 324 that also protrudes from the handle
assembly 320.

Asis knownin the art, as the jaws 314 and 316 are pivotally
coupled to a distal end 404 of the grasper rod 400 and may be
retained in the open position illustrated in FIG. 8 by a spring
arrangement (not shown). The jaws 314 and 316 are caused to
close when their respective proximal ends 315, 317 are
brought into contact with a distal end 325 of the closure tube
324 as the grasper rod 400 is drawn in the proximal direction
in response to the actuation of a closure trigger 326 attached
to the handle assembly 320. As can be seen in FIG. 8, the
closure trigger 326 is pivotally mounted on a pivotrod 328 for
selective pivotal travel therearound. The closure trigger 326
has an arcuate follower arm 340 attached thereto that is con-
strained to pivot along an arcuate path within the handle
assembly 320 as the closure trigger 326 is pivoted between
the open position shown in FIG. 8 and a closed position
wherein the proximal end 327 of the pivot trigger 326 is
substantially adjacent to a grip portion 336 of the handle
assembly 330. Supported within the handle assembly 320 is a
closure spring 342 that is arranged to engage the distal end of
the follower arm 340 to bias the closure trigger 326 in the
open position. In various embodiments, the grasper 320 may
further include a locking trigger assembly 350 for locking the
closure trigger 326 and ultimately the jaws 314, 316 in a
specific clamping position. The construction and operation of
such locking trigger assembly 350 is known in the art and
therefore will not be described in detail herein.

As can be seen in FIG. 8, the grasper 302 is provided with
an oufput generator generally designated as 500. In various
embodiments, the output generator 500 may include a first
gear 502 in the form of an arcuate arm 504 that has a series of
gear teeth 510 formed on a distal end 506 thereof. A proximal
end 508 is attached to the closure trigger 326. The gear teeth
510 are arranged in meshing engagement with the teeth of a
second or closure gear 520 which is nonrotatably coupled to
a bell crank 530. The second gear 520 may be rotatably
supported on a second pivot rod 514 within the handle hous-
ing 320. As can be seen in FIG. 8, a distal end 532 of the bell
crank 530 has a series of crank teeth 534 formed thereon and
a retainer tab 538 formed on a proximal end 536 thereof.
Thus, by pivoting the closure trigger 326 toward the grip
portion 330, the bell crank 530 is rotated in a clockwise
direction “CW” as shown in FIG. 8.

Also in this embodiment, a series of rings 550 may be
formed on a portion of the grasper rod 400. The rings 550 are
located on the grasper rod 400 for selective engagement with
the crank teeth 534. A lug 552 is also formed adjacent the
proximal-most ring 550. As can be seen in FIGS. 8 and 9, the
proximal end 410 of the grasper rod 400 may be attached to a
reference scale arm 560 by means of a linkage arm assembly
570. As was discussed above, it may be desirable for the
surgeon to be able rotate the grasper rod 400 relative to the
handle assembly 320 to facilitate accurate positioning of the
jaws 314 and 316. Thus, in various embodiments, the proxi-
mal end 410 of the grasper rod 400 may be attached to the
linkage arm assembly by a gimble-like joint assembly, gen-
erally designated as 580. As shown in FI1G. 9, the gimble-like
joint assembly 580 may include a collar 582 that has two
circumferentially opposed pivot pins 584, 586 protruding
therefrom. The collar 584 is received on a shoulder portion
412 of the grasper rod 400 and retained thereon by a screw
414 that threadably engages the proximal end 410 of the
grasper rod 400 as shown. Those of ordinary skill in the art
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will understand that such arrangement serves to permit the
grasper rod 400 to freely rotate within the collar 582 while
being attached thereto.

As canalsobeseen in FIG. 9, the linkage arm assembly 570
may comprise a right linkage arm 572 that is pivotally
attached to the right pivot pin 584 and a left linkage arm 574
thatis attached to the left pivot pin 586. The proximal end 573
of the right linkage arm 572 and the proximal end 575 of the
left linkage arm 574 may be pivotally attached to the scale
arm 560 by a pivot pin 590. Thus, such arrangement enables
grasper rod 400 to be linked to the scale arm 560 while
permitting free rotation of the grasper rod 400 relative thereto.
In various embodiments, the lower end 562 of the scale arm
560 may be pivotally coupled to handle case 320 by a pivot
pin 564 to enable the scale arm 560 to pivot in sync with the
grasper rod 400.

As can be seen in FIG. 8, the lower portion 562 of'the scale
arm 560 may also be attached to a load applying assembly
600. In various embodiments, the load applying assembly
may comprise a pin 610 that is sized to move axially within a
cavity 323 formed in the handle case 321. A measurement
spring 612 is located within the cavity 323 for biasing the pin
610 in a distal direction “DD”. As will be further discussed
below, the measurement spring 612 may be sized to apply an
8 gram or other predetermined load to close the jaws 314, 316
when the closure trigger 326 has been pivoted to a certain
position. The distal end of the pin 614 may be pivotally
coupled to the scale arm 560 by a pin 620 that is received in an
elongated slot 563 formed in the bottom end of the scale arm.
See FIGS. 10-12. A reference scale 566 may be attached to or
formed on the upper end of the scale arm 560 as shown. The
reference scale 566 may be provided with reference indicia
568, the purpose of which will be discussed in further detail
below. Also in the embodiment depicted in FIG. 8, a shroud
630 may protrude from the bell crank 530. The shroud 630
may have a first reference window 632 therethrough. In addi-
tion, a window 329 is also provided through the handle case
321 to enable the surgeon to read the reference indicia 568 on
the reference scale 566 that is aligned therewith. See F1G. 10.

The operation of the grasper 302 may be further appreci-
ated from reference to FIGS. 10-12 which schematically
illustrate one method of operation. FIG. 10 illustrates the
grasper 302 in schematic form with the jaws 314, 316 in the
fully open position. When in that position, the closure spring
342 biases the closure trigger 326 away from the grip portion
(not illustrated in FIG. 10). The closure spring 342 may be
sized relative to the measurement spring 612 such that the
closure spring 342 is stronger than the measurement spring
612 to cause the closure trigger 326 to be pivoted to the open
position when the grasper 302 is unactuated. In FIG. 10, the
closure spring 342 is biasing the closure trigger 326 in the
counterclockwise “CCW” direction. As can be seen in FIGS.
8 and 10, when the grasper rod 400 is in the fully opened
position, none of the teeth 534 on the bell crank 530 are in
engagement with any of the rings 550 on the grasper rod 400
and the retention tab 538 on the bell crank 530 is in contact
with the lug 552 on the grasper rod 400. In addition, the end
of the shroud 630 extends between the reference scale 566
and the viewing window 329 in the handle case 321 so that the
surgeon will only see the shroud 630 when looking through
the window 329; no reference indicia 568 would be viewable
in the window 329.

FIG. 11 illustrates use of the grasper 302 in schematic form
to measure the thickness “t” of the tissue “T”. As can be seen
in that Figure, the closure trigger 326 has been pulled in the
CCW direction against the closing force of the closing spring
342 to cause the bell crank 530 to rotate in the CW direction
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to move the retention tab 538 out of engagement with the lug
552 on the grasper rod 400. When the retention tab 538 has
been moved out of engagement with lug 552, the grasper rod
400 is caused to move in the proximal direction “PD” by
means of scale arm 560. In particular, the lower end 562 of the
scale arm 560 is moved in the distal direction by the pin 610
which causes the scale arm 560 to pivot about the pivot pin
564 and pull the grasper rod 400 in the proximal direction
“PD”. As the measurement spring 612 expands, the position
where the pin 610 engages the scale arm 560 in the slot 563
will change—moving further from the pivot rod 564. Thus, as
the measurement spring force reduces (resulting from exten-
sion of the measurement spring 612), the mechanical advan-
tage of the scale arm 560 would increase to maintain a con-
stant load on the grasper jaws 314, 316. As the grasper rod 400
moves in the proximal direction “PD”, it causes the jaws 314
and 316 to close upon the tissue “T””. In various embodiments,
the measurement spring 612 may be sized such that a prede-
termined amount of clamping load is applied to the tissue “T”".
For example, in one exemplary embodiment, the measure-
ment spring 612 is sized such that approximately eight grams
of closure load is applied to the tissue “T"".

When in the tissue “T” has been clamped between the jaws
314, 316 solely under the clamping load of the measurement
spring 612, a corresponding one of the reference indicia 568
will be aligned with the viewing window 329 in the handle
case 321. The surgeon can then position the closure trigger
326 to cause the bell crank 530 and shroud 630 to move to a
position wherein the viewing window 632 in the shroud 630
is in alighment with the viewing 329 window to permit the
surgeon to view the reference indicia 568 through the viewing
windows 329, 632 as shown in FIG. 11. When in that position,
the bell crank 530 is not influencing the position of the grasp-
ing rod 530. The position of the grasping rod 400 is solely
controlled by the influence of the measuring spring 612 on the
scale arm 560 in the manner described above. Thus, when in
that position, the surgeon is viewing the reference indicia 568
associated with the thickness of the tissue “I” as it is clamped
between the jaws 314, 316 under that predetermined load.
Those of ordinary skill in the art will appreciate that the
measurement spring and measurement lever may be con-
structed/calibrated such that the reference indicia 568 corre-
spond to the thickness of the tissue “T” that is clamped under
that load.

FIG. 12 illustrates the position of the various grasper com-
ponents when the surgeon has completely closed the jaws
314, 316 with no tissue clamped therebetween. As can be seen
in that Figure, the surgeon has pulled the closure trigger 326
to the point wherein the measurement spring 612 has biased
the scale arm 560 to pull the grasper rod 400 far enough in the
proximal direction “PD” to cause the jaws 314, 316 to com-
pletely close. When the surgeon releases the closure trigger
326, the closure spring 342, which is stronger that the mea-
surement spring 612, biases the closure trigger 326 to the
open position. As the closure trigger 326 rotates to the open
position, it causes the bell crank 530 to pivot in the CCW
direction in FIG. 12 to bring the retainer tab 538 into engage-
ment with the lug 552 on the grasper rod 400 to drive the
grasper rod 400 in the distal direction “DD” until the grasper
rod 400 reaches the open position (FIG. 10).

Thus, various embodiments of the grasper 302 may be used
in the following manner. The surgeon may initially close the
jaws 314, 316 to enable the implement portion 322 to be
inserted through the cannula or other opening. After the
implement portion 322 has been inserted into the patient, the
surgeon may release the closure trigger 326 to permit the jaws
314, 316 to open. The surgeon may then manipulate the
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instrument until the target tissue “T” is oriented between the
jaws 314, 316. The jaws 314, 316 may then be closed on the
target tissue “T” by depressing the closure trigger 326
towards the grip portion 336 of the handle assembly 320. As
the surgeon continues to depress the closure trigger 326, he or
she can observe the viewing window 329 in the handle assem-
bly 320 until the reference indicia 568 which corresponds to
the tissue thickness under a predetermined clamping load is
viewable. Further depressing of the closure trigger 326 would
further draw the grasper rod 400 in the proximal direction
“PD” by virtue of the engagement of the teeth 534 on the bell
crank 530 with one or more rings 550 on the grasper rod 400
and thereby apply further clamping force to the tissue “T”. In
doing so, however, the movement of the bell crank 530 and
shroud 630 causes the viewing window 632 in the shroud 630
to move out of alignment with the viewing window 329 in the
handle casing 321. Thus, the surgeon is unable to view the
reference indicia 568 when the tissue “I” has been placed
under a clamping load that is greater than the desired prede-
termined clamping load. If the surgeon desires to take a thick-
ness reading, he or she simply must start to release the closure
trigger 326 until the window 632 in the shroud 630 once again
aligns with the window 329 in the handle casing to permit
viewing of the reference indicia.

FIG. 13 illustrates another surgical instrument 700 in the
form of a grasper 702 that may employ various unique and
novel features of various embodiments of the present inven-
tion. In this embodiment, a conventional grasper arrangement
may be employed. Such grasper 702 may include an end
effector 712 that has a first jaw 714 and a second jaw 716 that
are operably mounted to a grasper rod 800 that protrudes
distally from a handle assembly 720. As is known, a proximal
portion 802 of the grasper rod 800 is rotatably supported
within the handle assembly 720 and coupled to a rotation
knob 730 rotatably supported on the handle assembly 720.
Such arrangement permits the surgeon to rotate the grasper
rod 800 relative to the handle assembly 720. As can also be
seen in FIG. 13, the grasper rod 800 may extend through a
closure tube 724 that also protrudes from the handle assembly
720.

As is known in the art, the jaws 714 and 716 may be
pivotally coupled to a distal end 804 of the grasper rod 800
and may be retained in the open position illustrated in FIG. 13
by a spring arrangement (not shown). The jaws 714 and 716
are caused to close when their proximal ends 715, 717,
respectively are brought into contact with a distal end 725 of
the closure tube 724 as the grasper rod 800 is drawn in the
proximal direction in response to the actuation of a closure
trigger 726 attached to the handle assembly 720. The con-
struction and operation of the closure trigger and its interac-
tion with the grasper rod 800 are known in the art and there-
fore will not be discussed in detail herein.

In various embodiments, however, a strain gauge 900 may
be oriented for interaction with the grasper rod 800 such that
as the grasper rod is moved in the proximal direction “PD” by
depressing the closure trigger 726, the strain gauge 900 mea-
sures the strain on the closure rod 800. As can be seen in FIG.
14, the strain gauge 900 is coupled to a battery or other source
of electrical power 910, an amplifier 912, a digital-to-analog
converter 914, a conventional central processing unit “CPU”
916, and a display unit 918. In various embodiments, the
strain gauge 900, source of electrical power 910, the amplifier
912, converter 914 and CPU 916 may be collectively referred
to as an output generator, generally designated as 930. In
alternative embodiments, the CPU 916 may also be coupled
to a wireless signal generator 920 that transmits the thickness
data to a remote monitor 922.
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In this embodiment, the CPU 916 employs an algorithm
that compares the strain values over time and waits until the
strain is no longer changing within a given delta for example,
less than 1 to 2% variation, before it displays the final load
reading or calculated tissue thickness “t” on the display. Such
variation may be measured in raw voltage (strain gauge acts
as a resistor to modify voltage according to how much it is
stressed or pulled or compressed), deflection after the data is
translated from voltage to strain, or tissue thickness when the
strain 1s translated into thickness. In addition, a switch (me-
chanically or electrically activated) could be associated with
the clamping trigger for detecting the position of the clamp-
ing trigger. The switch 164 may communicate with the CPU
156 such that the CPU 156 would not start to process the
strain loads until the closure trigger 26 reached a predeter-
mined position.

Another feature of various embodiments of the present
invention is depicted in FIG. 14. In particular, FIG. 14 illus-
trates jaws 710, 720 that may be used in connection with any
of the grasper embodiments described herein or other con-
ventional grasper arrangements wherein it may be advanta-
geous to grasp and manipulate another surgical instrument
such as, an endocutter or the like. In the embodiment depicted
in FIG. 15, the first jaw 710 may have a clamping face 711 and
a distal end 712 that curves downward. The second jaw 720
has a clamping face 721 and a distal end 722 that curves
upwardly. A somewhat curved nodule 714 may be formed on
the clamping face 711 of the first jaw 710 and another some-
what curved nodule 724 may be formed on the clamping face
721 of the second jaw 720. In this embodiment, the nodules
714,724 may be so oriented and shaped to cooperate with the
respective distal ends 712, 722 of the first and second jaws
710, 720 so as to form a cradle, generally designated as 730,
for receiving and supporting a portion of a surgical instrument
750 that has a substantially circular cross-sectional shape.
Such arrangement serves to provide a positive support for the
surgical instrument 750 within the first and second jaws 710,
720 and enables the surgeon to accurately manipulate the
instrument 750 using the grasper. Those of ordinary skill in
the art will understand that, in other embodiments of the
present invention, the sizes, shapes and numbers of nodules
may vary and/or the distal ends of the jaws may have different
shapes to better form a cradle that corresponds to the cross-
sectional shape of the instrument to be grasped between the
jaws. Thus, the scope and protection afforded to these various
embodiments should not be limited to use of two nodules
having the specific shapes illustrated in FIG. 14.

FIGS. 15-23 illustrate another surgical instrument 1000 in
the form of a grasper 1002 that may employ certain unique
and novel features of various embodiments of the present
invention. In various embodiments, the grasper 1002 may
include an end effector 1012 that has a first jaw 1014 and a
second jaw 1016 that are operably mounted to a grasper rod
1100 that protrudes distally from a handle assembly 1020.
See FIG. 19. The grasper rod 1100 may be axially received
within a tube 1024 that may be rotatably affixed to the handle
assembly 1020. A rotation knob 1030 may be rotatably
affixed to the handle assembly 1020 as shown in FIG. 19 and
be attached to the tube 1024 such that rotation of the rotation
knob 1030 relative to the handle assembly 1020 may also
result in the rotation of the end effector 1012 relative to the
handle assembly 1020. The jaws 1014 and 1016 may be
pivotally coupled to a distal end 1104 of the grasper rod 1100
by corresponding linkages 1106, 1108. Movement of the
grasper rod 1100 in the distal direction “DD” will cause the
jaws to 1014, 1016 to pivot closed.
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In various embodiments, the grasper rod 1100 may be
selectively moved by actuation of a closure trigger 1026 that
is pivotally supported by the handle assembly 1020. More
specifically and with reference to FIGS. 17 and 18, a proximal
end 1102 of the grasper rod 1100 may be attached to a cali-
brated spring slide 1200 housed within the handle assembly
1020. In various embodiments for example, the proximal end
1102 of the grasper rod 1100 may be formed with a T-shaped
portion 1103 that is configured to be received in a correspond-
ingly shaped cavity 1204 in a distal end portion 1202 of the
calibrated spring slide 1200. The calibrated spring slide 1200
is configured to be movably received in an elongated opening
1040 in the handle assembly 1020 and has an actuator open-
ing 1208 therein for receiving a lever arm 1028 formed on the
closure trigger 1026. The lever arm 1028 may also protrude
through the actuator opening 1208 into a corresponding open-
ing 1212 in a window slide 1210 that is configured to be
slidably supported within a window slide cavity 1040 formed
in the handle assembly 1020. The widow slide 1210 may have
blocking portions 1214 formed thereon that, as will be dis-
cussed in further detail below, serve to block corresponding
window openings 1022 formed in the handle assembly 1020.
Thus, by pivoting the closure trigger 1026 toward the pistol
grip portion 1025 of the handle assembly 1020, the lever arm
1028 causes the calibration spring slide 1200 and the window
slide 1210 to move in the proximal “PD” direction. In various
embodiments, a window slide spring 1216 may be supported
by the handle assembly 1020 to bias the window slide 1210 in
the distal “DD” direction.

As can also be seen in FIGS. 16-23, the grasper 1002 may
also be configured with a releasable lock assembly, generally
designated as 1220. In various embodiments, the lock assem-
bly 1220 may comprise a lever lock arm 1222 that is attached
to or protrudes from the closure trigger 1026 that is pivotally
journaled on a pivot stud 1023 or other member formed on or
otherwise attached to the handle assembly 1020. See F1G. 16.
A torque spring 1230 may also be journaled on the pivot stud
1023 to apply a biasing force to the closure trigger 1026 to
bias the closure trigger 1026 to an open position as illustrated
in FIG. 18. In various embodiments, the lever lock arm 1222
may comprise a piece of metal or other suitable material that
is attached to the closure trigger 1026 and is configured to
extend into a lock cavity 1027 formed in the handle assembly
1020. Extending into the lock cavity 1027 is a lock member
that has a serrated or toothed end 1242 that is configured to
selectively engage a portion of the lever lock arm 1222 and
retain it within the lock cavity 1027. As shown in FIGS.
16-23, a lock spring 1250 may be supported in the handle
assembly 1020 for biasing the lock member 1240 into retain-
ing engagement with a portion of the lever lock arm 1222. To
enable the clinician to selectively release the lock member
1240 out of retaining engagement with the lever lock arm
1222, a release trigger 1260 may be provided. In various
embodiments, the release trigger 1260 may have a proximal
end 1262 portion that is slidably received within a trigger
cavity 1029 in the handle assembly. The proximal end 1262 of
the release trigger 1260 is also configured to extend into a
cavity 1244 formed in the lock member 1240. Depressing the
release trigger 1260 toward the pistol grip portion 1025 of the
handle assembly 1020 causes the proximal end 1262 of the
release trigger 1260 to cooperate with an angled surface 1246
within the cavity 1244 to cause the lock member 1240 to
moved downwardly against the lock spring 1250 to enable the
lever lock arm 1222 to be released from the lock cavity 1027.
When the lever lock arm 1222 is released, the closure trigger
1026 may pivot to an open position under the influence of the
torque spring 1230.
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Various embodiments may further include an output gen-
erator generally designated as 1201. In various embodiments,
the output generator may include a reference dial 1270 that is
rotatably supported on a dial stud 1272 formed or otherwise
supported within the handle assembly 1020. The reference
dial 1270 may be provided with reference indicia 1274, the
purpose of which will be discussed in further detail below. In
addition, the output generator 1201 may further include drive
gear 1280 may be formed or otherwise attached to the refer-
ence dial 1270 as shown in FIG. 16. The drive gear 1280 is
arranged for meshing engagement with gear teeth 1206
formed on the calibrated spring slide 1204. Also in various
embodiments, the output generator may, for example, include
acalibrated spring 1290 provided on the distal end 1202 of the
calibrated spring slide 1200 and be received within a corre-
sponding cavity 1292 in the handle housing 1020. As will be
appreciated from the discussion to follow, the output genera-
tor 1201 in various embodiments is mechanically actuated or
powered. As used herein, the term “mechanically actuated”
means that the output generator is actuated without any elec-
trically generated input.

Operation of various embodiments of the grasper 1002
may be understood from reference to FIGS. 18-23. FIG. 18
illustrates the grasper 1002 in a “fully closed” and locked
position. When the closure trigger 1026 is in the fully
depressed position, the lever arm 1028 is positioned within
the lever arm cavity 1208 in the calibrated spring slide 1200 to
permit the calibrated spring slide 1200 to slide proximally
under the biasing force created by the calibration spring 1292.
As the calibrated spring slide 1200 moves proximally, it
drives the reference dial 1270 in a clockwise direction by
virtue of the meshing engagement between the teeth 1206 and
the drive gear 1280. In various embodiments, the calibrated
spring 1292 may be sized such that the “0” on the reference
dial 1270 is aligned with the window 1022 in the handle
assembly 1020. To return to a fully open position (FIG. 19),
the clinician depresses the release trigger 1260 as shown in
FIG. 23 which releases the lever lock arm 1222 and permits
the closure trigger 1026 to return to the open position under
the force of the torque spring 1230. As the closure trigger
1026 moves to the open position, the lever arm portion 1028
pivots in a counterclockwise direction within the opening
1212 in the window slide 1210 thereby permitting the win-
dow slide 1210 to be biased in the distal direction by the
window slide spring 1216 such that the blocking portions
1214 block the windows 1022 in the handle assembly 1020. In
addition, the lever arm portion 1028 pushes the calibrated
spring slide 1200 distally which moves the grasper rod 1100
distally to open the jaws 1014 and 1016.

When the clinician desires to clamp the tissue “T” between
the jaws 1014, 1016 as shown in FIG. 21, the clinician moves
the end effector 1012 into position and depresses the release
trigger 1260 to permit the closure trigger 1026 to begin to be
depressed. When in that position, the window slide 1210 is
positioned in its distal-most position and the blocking por-
tions 1214 thereof do not obscure the windows 1022 in the
housing assembly. As the closure trigger 1026 is depressed,
the calibrated spring slide 1200 moves proximally which
draws the grasper rod 1110 proximally and causes the jaws
1014 and 1016 to clamp the tissue “T” therebetween (FIG.
21). The clinician continues to depress the closure trigger
1026 until the closure trigger has pivoted to a point wherein
the lever arm portion 1028 biases the window slide 1210
proximally to a position wherein the blocking portions 1214
block the windows 1022 in the handle assembly 1020. See
FIG. 22. The clinician thereafter slightly releases the closure
trigger 1026 to a point wherein the reference indicia 1274 on
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the reference dial 1270 is viewable through the windows 1022
in the handle assembly 1020. See FIG. 23. Those of ordinary
skill in the art will appreciate that the reference indicia may be
associated with a particular thickness “t” of tissue “I”. For
example, the number 1 on the reference dial 1270 may rep-
resent an approximate tissue thickness of 1 mm; the number
2 may represent an approximate tissue thickness of 2 mm and
so on. It will be further understood that such unique and novel
arrangement enables the clinician to obtain a thickness mea-
surement of the tissue “T” at a predetermined clamping load
(resulting from the calibrated spring 1292). For example, the
calibrated spring 1292 may be sized to apply an approximate
clamping load of 8 grams/mm squared when the grasper is
positioned to indicate the tissue thickness. If the clinician
“over clamps” the tissue, the window slide 1210 moves to a
position wherein the blocking portions 1214 block the win-
dows 1022 to thereby prevent the clinician from reading the
reference indicia 1274.

While the present invention has been illustrated by descrip-
tion of several embodiments and while the illustrative
embodiments have been described in considerable detail, it is
not the intention of the applicant to restrict or in any way limit
the scope of the appended claims to such detail. Additional
advantages and modifications may readily appear to those
skilled in the art. Those of ordinary skill in the art will readily
appreciate the different advantages provided by these various
embodiments. For example, various embodiments of the
present invention enable the surgeon to determine the thick-
ness of the desired target tissue to enable the properly sized
implementations (staple cartridges, etc.) to be employed.
Various embodiments are also constructed to enable the sur-
geon to take such tissue thickness measurements under a
predetermined compressive load.

While several embodiments of the invention have been
described, it should be apparent, however, that various modi-
fications, alterations and adaptations to those embodiments
may occur to persons skilled in the art with the attainment of
some or all of the advantages of the invention. For example,
according to various embodiments, a single component may
be replaced by multiple components, and multiple compo-
nents may be replaced by a single component, to perform a
given function or functions. This application is therefore
intended to cover all such modifications, alterations and adap-
tations without departing from the scope and spirit of the
disclosed invention as defined by the appended claims.

The devices disclosed herein can be designed to be dis-
posed of after a single use, or they can be designed to be used
multiple times. In either case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning
can include an combination of the steps of disassembly of the
device, followed by cleaning or replacement of particular
pieces, and subsequent reassembly. In particular, the device
can be disassembled, and any number of particular pieces or
parts of the device can be selectively replaced or removed in
any combination. Upon cleaning and/or replacement of par-
ticular parts, the device can be reassembled for subsequent
use either at a reconditioning facility, or by a surgical team
immediately prior to a surgical procedure. Those of ordinary
skill in the art will appreciate that the reconditioning of a
device can utilize a variety of different techniques for disas-
sembly, cleaning/replacement, and reassembly. Use of such
techniques, and the resulting reconditioned device, are all
within the scope of the present application.

Preferably, the invention described herein will be pro-
cessed before surgery. First a new or used instrument is
obtained and, if necessary, cleaned. The instrument can then
be sterilized. In one sterilization technique, the instrument is
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placed in a closed and sealed container, such as a plastic or
TYVEK® bag. The container and instrument are then placed
in a field of radiation that can penetrate the container, such as
gamma radiation, x-rays, or higher energy electrons. The
radiation kills bacteria on the instrument and in the container.
The sterilized instrument can then be stored in the sterile
container. The sealed container keeps the instrument sterile
until it is opened in the medical facility.

Any patent, publication, or other disclosure material, in
whole or in part, that is said to be incorporated by reference
herein is incorporated herein only to the extent that the incor-
porated materials does not conflict with existing definitions,
statements, or other disclosure material set forth in this dis-
closure. As such, and to the extent necessary, the disclosure as
explicitly set forth herein supersedes any conflicting material
incorporated herein by reference. Any material, or portion
thereof, that is said to be incorporated by reference herein, but
which conflicts with existing definitions, statements, or other
disclosure material set forth herein will only be incorporated
to the extent that no conflict arises between that incorporated
material and the existing disclosure material.

The invention which is intended to be protected is not to be
construed as limited to the particular embodiments disclosed.
The embodiments are therefore to be regarded as illustrative
rather than restrictive. Variations and changes may be made
by others without departing from the spirit of the present
invention. Accordingly, it is expressly intended that all such
equivalents, variations and changes which fall within the
spirit and scope of the present invention as defined in the
claims be embraced thereby.

What is claimed is:

1. A surgical instrument, comprising:

a pair of opposing jaws, wherein at least one jaw is selec-
tively movable relative to the other jaw in response to
opening and closing motions applied to at least one of
said opposing jaws for selectively clamping tissue ther-
ebetween;

an output generator associated with said pair of opposing
Jaws, said output generator generating tissue thickness
data representing thicknesses of the tissue clamped
between said pair of opposing jaws when said opposing
jaws are in a plurality of positions between opened and
closed;

a probe operably interfacing with said output generator,
wherein said probe is configured to operably contact
both of the jaws when said pair of opposing jaws are in
said plurality of positions such that at said plurality of
positions said probe causes said output generator to gen-
erate said tissue thickness data; and

a display for displaying said tissue thickness data thereon.

2. The surgical instrument of claim 1 wherein said output
generator comprises:

at least one strain gauge for generating a strain signal
corresponding to the tissue thickness of the tissue
clamped between said pair of opposing jaws; and

a processor communicating with said at least one strain
gauge for receiving said strain signal therefrom and gen-
erating said tissue thickness data corresponding to said
strain signal and communicating said tissue thickness
data to said display.

3. The surgical instrument of ¢laim 1 wherein said pair of

opposing jaws comprises:

a first jaw sized to removably support a cartridge therein;
and

a second jaw movably coupled to said first jaw and being
selectively movable between open and closed positions
relative to said first jaw in response to application of said
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open and closing motions to at least one of said first and
second jaws and wherein said output generator com-
prises:

a measurement cartridge removably supportable in said
first jaw;

at least one strain gauge associated with said measurement
cartridge for generating a strain signal corresponding to
the tissue thickness of tissue clamped between the mea-
surement cartridge and the second jaw; and

a processor communicating with said at least one strain
gauge for receiving said strain signals therefrom and
calculating said tissue thickness data corresponding to
said tissue thickness and communicating said tissue
thickness data to said display.

4. The surgical instrument of claim 3 wherein said strain
gauge is supported by said measurement cartridge and said
probe has a deflectable portion for contact with said second
jaw.

5. A surgical instrument comprising:

a handle assembly;

an end effector for performing a surgical operation, said
end effector coupled to said handle assembly and having
opposed jaw members for selectively clamping tissue
therebetween in response to opening and closing
motions applied to at least one of said opposing jaw
members;

a first signal generator in said end effector for generating
first signals corresponding to a thickness of the tissue
clamped between said opposed jaw members;

anodule oriented on said end effector such that said nodule
is aligned with the first signal generator;

a probe configured to operably contact both of the jaw
members when said pair of opposed jaw members are in
a plurality of positions between opened and closed such
that at said plurality of positions said probe causes a
second signal generator operably interfacing with said
probe to generate second tissue thickness signals;

a signal processor for receiving said first and second sig-
nals from said first signal generator and said second
signal generator and calculating the thickness of the
tissue clamped between said opposed jaw members; and

a display communicating with said signal processor for
displaying the tissue thickness thereon.

6. The surgical instrument of claim 5 further comprising a
measurement cartridge, comprising a cartridge body sized to
be removably supported in said end effector and wherein said
first signal generator comprises a first strain gauge supported
by said cartridge body and configured to communicate with
said signal processor when said cartridge body is removably
supported in said end effector, said first strain gauge gener-
ating first strain signals corresponding to an amount of com-
pressive load applied to the tissue clamped by said end effec-
tor.

7. The surgical instrument of claim 6 wherein said second
signal generator comprises a second strain gauge supported
within said cartridge body and communicating with said sig-
nal processor, said second strain gauge generating at least one
second strain signal corresponding to a thickness of tissue
clamped by said end effector.

8. The surgical instrument of claim 6 wherein said cartridge
body is pivotally supported within the end effector.

9. The surgical instrument of claim 8 wherein said oppos-
ing jaw members of said end effector comprise:

an elongate channel configured to removably support the
cartridge body therein; and

an anvil movably supported relative to the elongate chan-
nel.



US 8,893,946 B2

19

10. The surgical instrument of claim 9 wherein said elon-
gate channel is configured to operably support a surgical
fastener cartridge therein when said cartridge body of the
measurement cartridge has been removed from the elongate
channel.

11. The surgical instrument of claim 10 further comprising:

a closure drive supported by said handle assembly and

configured to generate said opening and closing motions
for selective application to said end effector; and

a firing drive supported by said handle assembly and con-

figured to selectively generate and apply firing motions
to said surgical fastener cartridge operably supported by
said elongate channel.

12. The surgical instrument of claim 6 wherein said car-
tridge body includes a tissue clamping surface and wherein
said nodule protrudes from said tissue clamping surface.

13. The surgical instrument of claim 6 wherein said first
signal generator is located distal to said second signal gen-
erator.

14. The surgical instrument of claim 5 wherein said tissue
thickness data is wirelessly transmitted to said display.

15. The surgical instrument of claim 5 wherein said display
is supported on said handle assembly.

16. The surgical instrument of claim 5 wherein said display
is remote from said handle assembly.

17. The surgical instrument of claim 5 further comprising a
closure drive supported by said handle assembly and config-
ured to generate said opening and closing motions for selec-
tive application to said end effector.
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