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(57) ABSTRACT

A surgical instrument, such as an endoscopic or laparoscopic
instrument, includes a shaft having a proximal end and a distal
end. The shaft includes a first sensor element. An end effector
is coupled to the distal end of the shaft. The end effector
includes a second sensor element. A handle is connected to
the proximate end of the shaft. The handle includes a control
unit. The control unit is in communication with the first sen-
sor element and the first sensor element is in wireless com-
munication with the second sensor element.
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SURGICAL INSTRUMENT WITH ELEMENTS
TO COMMUNICATE BETWEEN CONTROL
UNIT AND END EFFECTOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is related to the following,
concurrently-filed U.S. patent applications, which are incor-
porated herein by reference:

[0002] (1) U.S. patent application Ser. No. . entitled
“SURGICAL INSTRUMENT WITH WIRELESS COM-
MUNICATION BETWEEN CONTROL UNIT AND SEN-
SOR TRANSPONDERS,” by I. Giordano et al. (Attorney
Docket No. 060338/END5923USNP);

[0003] (2) U.S. patent application Ser. No. . entitled
“SURGICAL INSTRUMENT WITH WIRELESS COM-
MUNICATION BETWEEN CONTROL UNIT AND
REMOTE SENSOR,” by J. Giordano et al. (Attorney Docket
No. 060339/END5924USNP);

[0004] (3) U.S. patent application Ser. No. . entitled
“PREVENTION OF CARTRIDGE REUSE IN A SURGI-
CAL INSTRUMENT,” by F. Shelton et al. (Attorney Docket
No. 060341/END5926USNP);

[0005] (4) U.S. patent application Ser. No. . entitled
“POST-STERILIZATION PROGRAMMING OF SURGI-
CAL INSTRUMENTS,” by J. Swayzeetal. (Attorney Docket
No. 060342/END5924USNP),

[0006] (5) U.S. patent application Ser. No. . entitled
“INTERLOCK AND SURGICAL INSTRUMENT
INCLUDING SAME, by F. Shelton et al. (Attorney Docket
No. 060343/END5928USNP); and

[0007] (6) U.S. patent application Ser. No. . entitled
“SURGICAL INSTRUMENT WITH ENHANCED BAT-
TERY PERFORMANCE,” by F. Shelton et al. (Attorney
Docket No. 060347/END5931USNP).

BACKGROUND

[0008] Endoscopic surgical instruments are often preferred
over traditional open surgical devices because a smaller inci-
sion tends to reduce the post-operative recovery time and
complications. 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,
cutter, staplers, clip applier, access device, drug/gene therapy
delivery device, and energy device using ultrasound, RF,
laser, etc.).

[0009] Known surgical staplers include an end effector that
simultaneously 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 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.
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[0010] An example of a surgical stapler suitable for endo-
scopic applications is described in U.S. Pat. No. 5,465,895,
which discloses an endocutter with distinct closing and firing
actions. A clinician using this device is able to close the jaw
members upon tissue to position the tissue prior to firing.
Once the clinician has determined that the jaw members are
properly gripping tissue, the clinician can then fire the surgi-
cal stapler with a single firing stroke, thereby severing and
stapling the tissue. The simultaneous severing and stapling
avoids complications that may arise when performing such
actions sequentially with different surgical tools that respec-
tively only sever and staple.

[0011] One specific advantage of being able to close upon
tissue before firing is that the clinician is able to verify via an
endoscope that the desired location for the cut has been
achieved, including that a sufficient amount of tissue has been
captured between opposing jaws. Otherwise, opposing jaws
may be drawn too close together, especially pinching at their
distal ends, and thus not effectively forming closed staples in
the severed tissue. At the other extreme, an excessive amount
of clamped tissue may cause binding and an incomplete fir-
ing.

[0012] Endoscopic staplers/cutters continue to increase in
complexity and function with each generation. One of the
main reasons for this is the quest to lower force-to-fire (FTF)
to a level that all or a great majority of surgeons can handle.
One known solution to lower FTF it use CO, or electrical
motors. These devices have not faired much better than tra-
ditional hand-powered devices, but for a different reason.
Surgeons typically prefer to experience proportionate force
distribution to that being experienced by the end effector in
the forming of the staple to assure them that the cutting/
stapling cycle is complete, with the upper limit within the
capabilities of most surgeons (usually around 15-30 Ibs).
They also typically want to maintain control of deploying the
staples and being able to stop at anytime if the forces feltinthe
handle of the device feel too great or for some other clinical
reason.

[0013] To address this need, so-called “power-assist” endo-
scopic surgical instruments have been developed in which a
supplemental power source aids in the firing of the instru-
ment. For example, in some power-assist devices, a motor
provides supplemental electrical power to the power input by
the user from squeezing the firing trigger. Such devices are
capable of providing loading force feedback and control to
the operator to reduce the firing force required to be exerted
by the operator in order to complete the cutting operation.
One such power-assist device is described in U.S. patent
application Ser. No. 11/343,573, filed Jan. 31, 2006 by Shel-
ton et al., entitled “MOTOR-DRIVEN SURGICAL CUT-
TING AND FASTENING INSTRUMENT WITH LOAD-
ING FORCE FEEDBACK,” (“the *573 application”) which
is incorporated herein by reference.

[0014] Thesepower-assist devices often include other com-
ponents that purely mechanical endoscopic surgical instru-
ments do not, such as sensors and control systems. One chal-
lenge in using such electronics in a surgical instrument is
delivering power and/or information or data to and from the
sensors, particularly when there is a free rotating joint or an
articulation pivot in the surgical instrument. Sensors may be
employed to determine the status of the staple cartridge, user
input loads, internal instrument loadings, stapler progress
during closure and firing, and many other aspects. Accord-
ingly, there may be a need for determining the status of the
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staple cartridge through the use of one or more passive and/or
active sensor elements that do not require power and/or a
wired electrical connection.

SUMMARY

[0015] In one general aspect, the present invention is
directed to a surgical instrument, such as an endoscopic or
laparoscopic instrument. According to one embodiment, the
surgical instrument includes a shaft having a proximal end
and a distal end. The shaft includes a first sensor element. An
end effector is coupled to the distal end of the shaft. The end
effector includes a second sensor element. A handle is con-
nected to the proximate end of the shaft. The handle includes
a control unit. The control unit is in communication with the
first sensor element and the first sensor element is in wireless
communication with the second sensor element.

FIGURES

[0016] Various embodiments of the present invention are
described herein by way of example in conjunction with the
following figures wherein:

[0017] FIGS. 1 and 2 are perspective views of a surgical
instrument according to various embodiments of the present
invention;

[0018] FIGS. 3-5 are exploded views of an end effector and
shaft of the instrument according to various embodiments of
the present invention;

[0019] FIG. 6isa side view of the end effector according to
various embodiments of the present invention;

[0020] FIG. 7 is an exploded view of the handle of the
instrument according to various embodiments of the present
invention;

[0021] FIGS. 8 and 9 are partial perspective views of the
handle according to various embodiments of the present
invention;

[0022] FIG. 10 is a side view of the handle according to
various embodiments of the present invention;

[0023] FIG. 11 is a schematic block diagram of one
embodiment of a control unit for a surgical instrument
according to various embodiments of the present invention;
[0024] FIG. 12 is a schematic diagram illustrating the
operation of one embodiment of the control unit in conjunc-
tion with first and second sensor elements for a surgical
instrument according to various embodiments of the present
invention;

[0025] FIG. 13 illustrates one embodiment of a surgical
instrument comprising a first element located in a free rotat-
ing joint portion of a shaft of the surgical instrument;

[0026] FIG. 14 illustrates one embodiment of a surgical
instrument comprising sensor elements disposed at various
locations on a shaft of the surgical instrument; and

[0027] FIG. 15 illustrates one embodiment of a surgical
instrument where a shaft of the surgical instrument serves as
part of an antenna for a control unit.

DETAILED DESCRIPTION

[0028] Inoneembodiment, the presentinvention is directed
to a surgical instrument, such as an endoscopic or laparo-
scopic instrument. The surgical instrument may comprise a
shaft having a distal end connected to an end effector and a
handle connected to a proximate end of the shaft. The handle
may comprise a control unit (e.g., a microcontroller) that is in
communication with a first sensor element. Further, the sur-
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gical instrument may comprise a rotational joint for rotating
the shaft. In such a case, the surgical instrument may com-
prise the first element located in the shaft distally from the
rotational joint. The first element may be coupled to the
control unit either by a wired or wireless electrical connec-
tion. A second element may be located in the end effector and
may be coupled to the first element by a wireless electrical
connection. The first and second elements may be connected
and/or coupled by a wired or a wireless electrical connection.
[0029] The control unit may communicate with the second
sensor element in the end effector without a direct wired
electrical connection through complex mechanical joints like
a rotating joint or articulating pivot where it may be difficult
to maintain such a wired electrical connection. In addition,
because the distances between the inductive elements may be
fixed and known, the couplings between the first and second
sensor elements may be optimized for inductive and/or elec-
tromagnetic transfer of energy. Also, the distances may be
relatively short so that relatively low power signals may be
used to minimize interference with other systems in the use
environment of the instrument.

[0030] Inanother embodiment of the present invention, the
electrically conductive shaft of the surgical instrument may
serve as an antenna for the control unit to wirelessly commu-
nicate signals to and from one or more sensor elements. For
example, one or more sensor elements may be located on or
disposed in a nonconductive component of the end effector,
such as a plastic cartridge, thereby insulating the sensor ele-
ment from conductive components of the end effector and the
shaft. In addition, the control unit in the handle may be elec-
trically coupled to the shaft. In that way, the shaft and/or the
end effector may serve as an antenna for the control unit to
radiate signals from the control unit to the one or more sensor
elements and/or receive radiated echo response signals from
the one or more sensor elements. Such a design is particularly
useful in surgical instruments having complex mechanical
joints (such as rotary joints) and articulating pivots, which
make it difficult to use a direct wired electrical connection
between the sensor elements and the control unit for commu-
nicating electrical signals therebetween.

[0031] Various embodiments of the present invention are
directed generally to a surgical instrument comprising one or
more sensor elements to sense the location, type, presence
and/or status of various components of interest disposed on
the surgical instrument. In one embodiment, the present
invention is directed generally to a surgical instrument having
one or more sensor elements to sense the location, type,
presence and/or status of various components of interest dis-
posed in an end effector portion of the surgical instrument.
These components of interest may comprise, for example, a
sled, a staple cartridge, a cutting instrument or any other
component that may be disposed on the surgical instrument
and more particularly disposed in the end effector portion
thereof. Although the present invention may be used with any
type of surgical instrument such as endoscopic or laparo-
scopic surgical instruments, it is particularly useful for surgi-
cal instruments comprising one or more free rotating joints or
an articulation pivots that make it difficult to use wired elec-
trical connections to the one or more passive and/or active
sensor elements.

[0032] The one or more sensor elements may be passive or
active sensor elements adapted to communicate with a control
unit in any suitable manner. In various embodiments, some of
the sensor elements may not be supplied power over a wired
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electrical connection and as described herein, neither the
passive nor the active sensor elements may comprise an inter-
nal power supply. The sensor elements may operate using the
power provided by the minute electrical current induced in
the sensor element itself or an antenna coupled to the sensor
element by an incoming radio frequency (RF) interrogation
signal transmitted by the control unit. This means that the
antenna and/or the sensor element itself may be designed to
collect power from the incoming interrogation signal and also
to transmit an outbound backscatter signal in response
thereto. The lack of an onboard power supply means that the
sensor elements may have a relatively small form factor. In
embodiments comprising a passive sensor element RF inter-
rogation signals may be received by the passive sensor ele-
ment wirelessly over a predetermined channel. The incident
electromagnetic radiation associated with the RF interroga-
tion signals is then scattered or reflected back to the interro-
gating source such as the control unit. Thus, the passive
sensor element signals by backscattering the carrier of the RF
interrogation signal from the control unit. In embodiments
comprising an active sensor element, on the other hand, just
enough power may be received from the RF interrogation
signals to cause the active sensor element to power up and
transmit an analog or digital signal back to the control unit in
response in response to the RF interrogation signal. The con-
trolunit may be referred to as a reader, interrogator or the like.

[0033] Inoneembodiment, the status of a component (e.g.,
sled, staple cartridge, cutting instrument) located in the end
effector portion of the surgical instrument may be determined
through the use of a system comprising passive and/or active
sensor elements coupled to a control unit. The passive sensor
elements may be formed of or comprise passive hardware
elements such as resistive, inductive and/or capacitive ele-
ments or any combination thereof. The active sensor elements
may be formed of or comprise active hardware elements.
These active hardware elements may be integrated and/or
discrete circuit elements or any combination thereof.
Examples of integrated and/or discrete hardware elements are
described herein below.

[0034] In one embodiment, the system may comprise a
control unit coupled to a primary sensor element (primary
element) disposed at a distal end of a shaft of the surgical
instrument prior to an articulation pivot (as described below)
and a secondary sensor element (secondary element) dis-
posed on a component of interest in an end effector portion of
the surgical instrument located subsequent to the articulation
pivot (e.g., on a sled as described below). Rather than trans-
mitting continuous power to the secondary element over a
wired electrical connection, the primary element wirelessly
interrogates or illuminates the secondary element by trans-
mitting an electromagnetic pulse signal over a channel at a
predetermined frequency, duration and repetition rate. When
the interrogation pulse signal is incident upon, i.e., strikes or
illuminates, the secondary element, it generated an echo
response signal. The echo response signal is a reflection of the
electromagnetic energy incident upon the secondary element.
After transmitting the interrogation signal, the primary ele-
ment listens for the echo response signal reflected from the
secondary element and couples the echo response signal to
the control unit in a suitable form for subsequent processing.
The echo response signal may be ofthe same frequency as the
interrogation pulse or some harmonic frequency thereof. The
amount of reflected energy in the echo response signal
depends upon the material, shape and size of the secondary
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element. The amount of reflected energy in the echo response
signal also depends upon the distance between the primary
element and the secondary element. Therefore, the material,
shape and size of the secondary element as well as the relative
distance between the primary and secondary elements may be
selected to generate a unique echo response signal that is
indicative of a desired measurement associated with the com-
ponent of interest coupled to the secondary element. For
example, unique echo response signals may indicate the loca-
tion, type, presence and/or status of various components and
sub-components disposed in the surgical instrument. Espe-
cially, the various components and sub-components disposed
in the end effector portion of the surgical instrument subse-
quent to a freely rotating joint or articulation pivot that may
make it difficult or impractical to provide a wired electrical
connection between the primary and the secondary elements.
The echo response signals also may be used to determine the
distance between the primary and secondary elements. In this
manner, the secondary element may be made integral with or
may be attached to a component of interest and the echo
response signal may provide information associated with the
component of interest. This arrangement may eliminate the
need to transmit or provide power to the secondary element
over a wired connection and may be a cost effective solution
to providing various additional passive and/or active sensor
elements in the surgical instrument. Before describing
aspects of the system, one type of surgical instrument in
which embodiments of the present invention may be used—
an endoscopic stapling and cutting instrument (i.e., an
endocutter)—is first described by way of illustration.

[0035] FIGS. 1 and 2 depict an endoscopic surgical instru-
ment 10 that comprises a handle 6, a shaft 8, and an articu-
lating end effector 12 pivotally connected to the shaft 8 at an
articulation pivot 14. Correct placement and orientation of the
end effector 12 may be facilitated by controls on the hand 6,
including (1) a rotation knob 28 for rotating the closure tube
(described in more detail below in connection with FIGS.
4-5) at a free rotating joint 29 of the shaft 8 to thereby rotate
the end effector 12 and (2) an articulation control 16 to effect
rotational articulation of the end effector 12 about the articu-
lation pivot 14. In the illustrated embodiment, the end effector
12 is configured to act as an endocutter for clamping, severing
and stapling tissue, although in other embodiments, different
types of end effectors may be used, such as end effectors for
other types of surgical instruments, such as graspers, cutters,
staplers, clip appliers, access devices, drug/gene therapy
devices, ultrasound, RF or laser devices, etc.

[0036] The handle 6 of the instrument 10 may include a
closure trigger 18 and a firing trigger 20 for actuating the end
effector 12. It will be appreciated that instruments having end
effectors directed to different surgical tasks may have differ-
ent numbers or types of triggers or other suitable controls for
operating the end effector 12. The end effector 12 is shown
separated from the handle 6 by the preferably elongate shaft
8. The handle may comprise a control unit 300 (described
below) in communication with a first element 21 by way of an
electrical connection 23. The electrical connection 23 may be
a wired electrical connection such as an electrically conduc-
tive insulated wire or may be a wireless electrical connection.
The electrically conductive insulated wire may be made of an
electrically conductive polymer and/or metal (e.g., copper)
and may be sufficiently flexible so that it could pass through
the articulation control 16, the rotation knob 28, the free
rotating joint 29 and other components in the handle 6 of the
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instrument 10 without being damaged by rotation. The first
element 21 may be disposed at a distal end of the shaft 8 prior
to the articulation pivot 14. A second element 35 (shown in
FIG. 3 below) may be disposed in the articulating end effector
12 and is in wireless communication with the first element 21.
The operation of the first and second elements 21, 23 and the
control unit 300 is described below. In one embodiment, a
clinician or operator of the instrument 10 may articulate the
end effector 12 relative to the shaft 8 by utilizing the articu-
lation control 16, as described in more detail in pending U.S.
patent application Ser. No. 11/329,020, filed Jan. 10, 2006,
entitled “SURGICAL INSTRUMENT HAVING AN
ARTICULATING END EFFECTOR,” by Geoffrey C. Hueil
et al., which is incorporated herein by reference.

[0037] Theend effector 12 includes in this example, among
other things, a staple channel 22 and a pivotally translatable
clamping member, such as an anvil 24, which are maintained
at a spacing that assures effective stapling and severing of
tissue clamped in the end effector 12. The handle 6 includes a
pistol grip 26 towards which a closure trigger 18 is pivotally
drawn by the clinician to cause clamping or closing of the
anvil 24 toward the staple channel 22 of the end effector 12 to
thereby clamp tissue positioned between the anvil 24 and
channel 22. The firing trigger 20 is farther outboard of the
closure trigger 18. Once the closure trigger 18 is locked in the
closure position, the firing trigger 20 may rotate slightly
toward the pistol grip 26 so that it can be reached by the
operator using one hand. Then the operator may pivotally
draw the firing trigger 20 toward the pistol grip 12 to cause the
stapling and severing of clamped tissue in the end effector 12.
The °573 application describes various configurations for
locking and unlocking the closure trigger 18. In other
embodiments, different types of clamping members besides
the anvil 24 could be used, such as, for example, an opposing
jaw, etc.

[0038] Itwill be appreciated that the terms “proximal” and
“distal” are used herein with reference to a clinician gripping
the handle 6 of the instrument 10. Thus, the end effector 12 is
distal with respect to the more proximal handle 6. It will be
further appreciated that, for convenience and clarity, spatial
terms such as “vertical” and “horizontal” 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.

[0039] The closure trigger 18 may be actuated first. Once
the clinician is satisfied with the positioning of the end effec-
tor 12, the clinician may draw back the closure trigger 18 to its
fully closed, locked position proximate to the pistol grip 26.
The firing trigger 20 may then be actuated. When the clinician
removes pressure from the firing trigger 20, it returns to the
open position (shown in FIGS. 1 and 2). A release button 30
on the handle 6, and in this example, on the pistol grip 26 of
the handle, when depressed may release the locked closure
trigger 18.

[0040] FIG. 3 is an exploded view of the end effector 12
according to various embodiments. As shown in the illus-
trated embodiment, the end effector 12 may include, in addi-
tion to the previously-mentioned channel 22 and anvil 24, a
cutting instrument 32, a sled 33, a staple cartridge 34 that is
removably seated in the channel 22, and a helical screw shaft
36. The second element 35 may be coupled or formed inte-
grally witha component of interest. The cutting instrument 32
may be, for example, a knife. The anvil 24 may be pivotably
opened and closed at a pivot point 25 connected to the proxi-
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mate end of the channel 22. The anvil 24 may also include a
tab 27 atits proximate end that is inserted into a component of
the mechanical closure system (described further below) to
open and close the anvil 24. When the closure trigger 18 is
actuated, that is, drawn in by a user of the instrument 10, the
anvil 24 may pivot about the pivot point 25 into the clamped
or closed position. If clamping of the end effector 12 is sat-
isfactory, the operator may actuate the firing trigger 20,
which, as explained in more detail below, causes the knife 32
and sled 33 to travel longitudinally along the channel 22,
thereby cutting tissue clamped within the end effector 12. The
movement of the sled 33 along the channel 22 causes the
staples of the staple cartridge 34 to be driven through the
severed tissue and against the closed anvil 24, which turns the
staples to fasten the severed tissue. U.S. Pat. No. 6,978,921,
entitled “SURGICAL STAPLING INSTRUMENT INCOR-
PORATING AN E-BEAM FIRING MECHANISM,” which
is incorporated herein by reference, provides more details
about such two-stroke cutting and fastening instruments. The
sled 33, which may comprise the second element 35, may be
part of the cartridge 34, such that when the knife 32 retracts
following the cutting operation, the sled 33 and the second
element 35 do not retract. The cartridge 34 could be made of
a nonconductive material (such as plastic). In one embodi-
ment, the second element 35 may be connected to or disposed
in the cartridge 34, for example. In the illustrated embodi-
ment, the second element 35 may be attached to the sled 33 in
any suitable manner and on any suitable portion thereof. In
other embodiments, the second element 35 may be embedded
in the sled 33 or otherwise integrally formed (e.g.,
co-molded) with the sled 33. Accordingly, the location of the
sled 33 may be determined by detecting the location of the
second element 35. The second element 35 may be formed of
various materials in various sizes and shapes and may be
located at certain predetermined distances from the first ele-
ment 21 to enable the control unit 300 to ascertain the type,
presence and status of the staple cartridge 34.

[0041] Itshouldbenoted that although the embodiments of
the instrument 10 described herein employ an end effector 12
that staples the severed tissue, in other embodiments different
techniques for fastening or sealing the severed tissue may be
used. For example, end effectors that use RF energy or adhe-
sives to fasten the severed tissue may also be used. U.S. Pat.
No. 5,709,680, entitled “ELECTROSURGICAL HEMO-
STATIC DEVICE” to Yates et al., and U.S. Pat. No. 5,688,
270, entitled “ELECTROSURGICAL HEMOSTATIC
DEVICE WITH RECESSED AND/OR OFFSET ELEC-
TRODES” to Yates et al., which are incorporated herein by
reference, discloses cutting instruments that use RF energy to
fasten the severed tissue. U.S. patent application Ser. No.
11/267,811 to Morgan et al. and U.S. patent application Ser.
No. 11/267,363 to Shelton et al., which are also incorporated
herein by reference, disclose cutting instruments that use
adhesives to fasten the severed tissue. Accordingly, although
the description herein refers to cutting/stapling operations
and the like, it should be recognized that this is an exemplary
embodiment and is not meant to be limiting. Other tissue-
fastening techniques may also be used.

[0042] FIGS. 4 and 5 are exploded views and FIG. 6 is a
side view of the end effector 12 and shaft 8 according to
various embodiments. As shown in the illustrated embodi-
ment, the shaft 8 may include a proximate closure tube 40 and
a distal closure tube 42 pivotably linked by a pivot links 44.
The distal closure tube 42 includes an opening 45 into which
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the tab 27 on the anvil 24 is inserted in order to open and close
the anvil 24. Disposed inside the closure tubes 40, 42 may be
a proximate spine tube 46. Disposed inside the proximate
spine tube 46 may be a main rotational (or proximate) drive
shaft 48 that communicates with a secondary (or distal) drive
shaft 50 via a bevel gear assembly 52. In the illustrated
embodiment, the first element 21 may be a coil disposed
about the proximate spine tube 46 (e.g., as shown in FIGS. 4
and 5). In a wired electrical connection configuration, the first
element 21 may be connected to the control unit 300 by way
of the wired electrical connection 23, which may comprise
lengths of wire forming the coil. The lengths of wire may be
provided along the proximate spine tube 46 to connect to the
control unit 300. In a wireless electrical connection configu-
ration, a wire is not necessary and the electrical connection 23
to the control unit 300 is a wireless electrical connection. In
one embodiment, the first element 21 may be contained
within the proximate spine tube 46 (e.g., as shown in FIG. 6).
In either case, the first element 21 is electrically isolated from
the proximate spine tube 46.

[0043] The secondary drive shaft 50 is connected to a drive
gear 54 that engages a proximate drive gear 56 of the helical
screw shaft 36. The vertical bevel gear 525 may sit and pivot
in an opening 57 in the distal end of the proximate spine tube
46. A distal spine tube 58 may be used to enclose the second-
ary drive shaft 50 and the drive gears 54, 56. Collectively, the
main drive shaft 48, the secondary drive shaft 50, and the
articulation assembly (e.g., the bevel gear assembly 52a-c),
are sometimes referred to herein as the “main drive shaft
assembly.” Components of the main drive shaft assembly
(e.g., the drive shafts 48, 50) may be made of anonconductive
material (such as plastic).

[0044] A bearing 38, positioned at a distal end of the staple
channel 22, receives the helical drive screw 36, allowing the
helical drive screw 36 to freely rotate with respect to the
channel 22. The helical screw shaft 36 may interface a
threaded opening (not shown) of the knife 32 such that rota-
tion of the shaft 36 causes the knife 32 to translate distally or
proximately (depending on the direction of the rotation)
through the staple channel 22. Accordingly, when the main
drive shaft 48 is caused to rotate by actuation of the firing
trigger 20 (as explained in more detail below), the bevel gear
assembly 52a-c causes the secondary drive shaft 50 to rotate,
which in turn, because of the engagement of the drive gears
54, 56, causes the helical screw shaft 36 to rotate, which
causes the knife 32 to travel longitudinally along the channel
22 to cut any tissue clamped within the end effector. The sled
33 may be made of, for example, plastic, and may have a
sloped distal surface. As previously discussed, the second
element 35 may be attached to the sled 33 in any suitable
manner to determine the status, location and type of the sled
33 and/or the staple cartridge 34. As the sled 33 traverses the
channel 22, the sloped forward surface may push up or drive
the staples in the staple cartridge 34 through the clamped
tissue and against the anvil 24. The anvil 24 turns the staples,
thereby stapling the severed tissue. When the knife 32 is
retracted, the knife 32 and sled 33 may become disengaged,
thereby leaving the sled 33 at the distal end of the channel 22.

[0045] According to various embodiments, as shown FIGS.
7-10, the surgical instrument may include a battery 64 in the
handle 6. The illustrated embodiment provides user-feedback
regarding the deployment and loading force of the cutting
instrument in the end effector 12. In addition, the embodiment
may use power provided by the user in retracting the firing
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trigger 18 to power the instrument 10 (a so-called “power
assist” mode). As shown in the illustrated embodiment, the
handle 6 includes exterior lower side pieces 59, 60 and exte-
rior upper side pieces 61, 62 that fit together to form, in
general, the exterior of the handle 6. The handle pieces 59-62
may be made of an electrically nonconductive material, such
as plastic. A battery 64 may be provided in the pistol grip
portion 26 of the handle 6. The battery 64 powers a motor 65
disposed in an upper portion of the pistol grip portion 26 of
the handle 6. The battery 64 may be constructed according to
any suitable construction or chemistry including, for
example, a Li-ion chemistry such as LiCoO2 or LiNiO2, a
Nickel Metal Hydride chemistry, etc. According to various
embodiments, the motor 65 may be a DC brushed driving
motor having a maximum rotation of, approximately, S000 to
100,000 RPM. The motor 64 may drive a 90° bevel gear
assembly 66 comprising a first bevel gear 68 and a second
bevel gear 70. The bevel gear assembly 66 may drive a plan-
etary gear assembly 72. The planetary gear assembly 72 may
include a pinion gear 74 connected to a drive shaft 76. The
pinion gear 74 may drive a mating ring gear 78 that drives a
helical gear drum 80 via a drive shaft 82. A ring 84 may be
threaded on the helical gear drum 80. Thus, when the motor
65 rotates, the ring 84 is caused to travel along the helical gear
drum 80 by means of the interposed bevel gear assembly 66,
planetary gear assembly 72 and ring gear 78.

[0046] The handle 6 may also include a run motor sensor
110 in communication with the firing trigger 20 to detect
when the firing trigger 20 has been drawn in (or “closed”)
toward the pistol grip portion 26 of the handle 6 by the
operator to thereby actuate the cutting/stapling operation by
the end effector 12. The sensor 110 may be a proportional
sensor such as, for example, a rheostat or variable resistor.
When the firing trigger 20 is drawn in, the sensor 110 detects
the movement, and sends an electrical signal indicative of the
voltage (or power) to be supplied to the motor 65. When the
sensor 110 is a variable resistor or the like, the rotation of the
motor 65 may be generally proportional to the amount of
movement of the firing trigger 20. That is, if the operator only
draws or closes the firing trigger 20 in a little bit, the rotation
of the motor 65 is relatively low. When the firing trigger 20 is
fully drawn in (or in the fully closed position), the rotation of
the motor 65 is at its maximum. In other words, the harder the
user pulls on the firing trigger 20, the more voltage is applied
to the motor 65, causing greater rates of rotation.

[0047] Thehandle 6 may include amiddle handle piece 104
adjacent to the upper portion of the firing trigger 20. The
handle 6 also may comprise a bias spring 112 connected
between posts on the middle handle piece 104 and the firing
trigger 20. The bias spring 112 may bias the firing trigger 20
to its fully open position. In that way, when the operator
releases the firing trigger 20, the bias spring 112 will pull the
firing trigger 20 to its open position, thereby removing actua-
tion of the sensor 110, thereby stopping rotation of the motor
65. Moreover, by virtue of the bias spring 112, any time a user
closes the firing trigger 20, the user will experience resistance
to the closing operation, thereby providing the user with
feedback as to the amount of rotation exerted by the motor 65.
Further, the operator could stop retracting the firing trigger 20
to thereby remove force from the sensor 100, to thereby stop
the motor 65. As such, the user may stop the deployment of
the end effector 12, thereby providing a measure of control of
the cutting/fastening operation to the operator.
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[0048] Thedistal end of the helical gear drum 80 includes a
distal drive shaft 120 that drives a ring gear 122, which mates
with a pinion gear 124. The pinion gear 124 is connected to
the main drive shaft 48 of the main drive shaft assembly. In
that way, rotation of the motor 65 causes the main drive shaft
assembly to rotate, which causes actuation of the end effector
12, as described above.

[0049] The ring 84 threaded on the helical gear drum 80
may include a post 86 that is disposed within a slot 88 of a
slotted arm 90. The slotted arm 90 has an opening 92 at its
opposite end 94 that receives a pivot pin 96 that is connected
between the handle exterior side pieces 59, 60. The pivot pin
96 is also disposed through an opening 100 in the firing
trigger 20 and an opening 102 in the middle handle piece 104.
[0050] In addition, the handle 6 may include a reverse
motor (or end-of-stroke sensor) 130 and a stop motor (or
beginning-of-stroke) sensor 142. In various embodiments,
the reverse motor sensor 130 may be a limit switch located at
the distal end of the helical gear drum 80 such that the ring 84
threaded on the helical gear drum 80 contacts and trips the
reverse motor sensor 130 when the ring 84 reaches the distal
end ofthe helical gear drum 80. The reverse motor sensor 130,
when activated, sends a signal to the control unit which sends
a signal to the motor 65 to reverse its rotation direction,
thereby withdrawing the knife 32 of the end effector 12 fol-
lowing the cutting operation.

[0051] The stop motor sensor 142 may be, for example, a
normally-closed limit switch. In various embodiments, it may
be located at the proximate end of the helical gear drum 80 so
that the ring 84 trips the switch 142 when the ring 84 reaches
the proximate end of the helical gear drum 80.

[0052] The handle 6 also may comprise the control unit
300. The control unit 300 may be powered through the battery
64 with the addition of a conditioning circuit (not shown). The
control unit 300 is coupled to the first element 21 by an
electrical connection 23. As previously discussed, the electri-
cal connection 23 may be a wired electrical connection or a
wireless electrical connection.

[0053] 1Inoperation, when an operator of the instrument 10
pulls back the firing trigger 20, the sensor 110 detects the
deployment of the firing trigger 20 and sends a signal to the
control unit which sends a signal to the motor 65 to cause
forward rotation of the motor 65 at, for example, a rate pro-
portional to how hard the operator pulls back the firing trigger
20. The forward rotation of the motor 65 in turn causes the
ring gear 78 at the distal end of the planetary gear assembly 72
to rotate, thereby causing the helical gear drum 80 to rotate,
causing the ring 84 threaded on the helical gear drum 80 to
travel distally along the helical gear drum 80. The rotation of
the helical gear drum 80 also drives the main drive shaft
assembly as described above, which in turn causes deploy-
ment of the knife 32 in the end effector 12. That is, the knife
32 and the sled 33 are caused to traverse the channel 22
longitudinally, thereby cutting tissue clamped in the end
effector 12. Also, the stapling operation of the end effector 12
is caused to happen in embodiments where a stapling-type
end effector is used.

[0054] By thetime the cutting/stapling operation of the end
effector 12 is complete, the ring 84 on the helical gear drum
80 will have reached the distal end of the helical gear drum 80,
thereby causing the reverse motor sensor 130 to be tripped,
which sends a signal to the control unit which sends a signal
to the motor 65 to cause the motor 65 to reverse its rotation.
This in turn causes the knife 32 to retract, and also causes the
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ring 84 on the helical gear drum 80 to move back to the
proximate end of the helical gear drum 80.

[0055] The middle handle piece 104 includes a backside
shoulder 106 that engages the slotted arm 90 as best shown in
FIGS. 8 and 9. The middle handle piece 104 also has a
forward motion stop 107 that engages the firing trigger 20.
The movement of the slotted arm 90 is controlled, as
explained above, by rotation of the motor 65. When the slot-
ted arm 90 rotates CCW as the ring 84 travels from the
proximate end of the helical gear drum 80 to the distal end, the
middle handle piece 104 will be free to rotate CCW. Thus, as
the user draws in the firing trigger 20, the firing trigger 20 will
engage the forward motion stop 107 of the middle handle
piece 104, causing the middle handle piece 104 to rotate
CCW. Due to the backside shoulder 106 engaging the slotted
arm 90, however, the middle handle piece 104 will only be
able to rotate CCW as far as the slotted arm 90 permits. In that
way, if the motor 65 should stop rotating for some reason, the
slotted arm 90 will stop rotating, and the user will not be able
to further draw in the firing trigger 20 because the middle
handle piece 104 will not be free to rotate CCW due to the
slotted arm 90.

[0056] Components of an exemplary closure system for
closing (or clamping) the anvil 24 of the end effector 12 by
retracting the closure trigger 18 are also shown in FIGS. 7-10.
In the illustrated embodiment, the closure system includes a
yoke 250 connected to the closure trigger 18 by a pin 251 that
is inserted through aligned openings in both the closure trig-
ger 18 and the yoke 250. A pivot pin 252, about which the
closure trigger 18 pivots, is inserted through another opening
in the closure trigger 18 which is offset from where the pin
251 isinserted through the closure trigger 18. Thus, retraction
of the closure trigger 18 causes the upper part of the closure
trigger 18, to which the yoke 250 is attached via the pin 251,
to rotate CCW. The distal end of the yoke 250 is connected,
via a pin 254, to a first closure bracket 256. The first closure
bracket 256 connects to a second closure bracket 258. Col-
lectively, the closure brackets 256, 258 define an opening in
which the proximate end of the proximate closure tube 40
(FIG. 4) is seated and held such that longitudinal movement
of the closure brackets 256, 258 causes longitudinal motion
by the proximate closure tube 40. The instrument 10 also
includes a closure rod 260 disposed inside the proximate
closure tube 40. The closure rod 260 may include a window
261 into which a post 263 on one of the handle exterior pieces,
such as exterior lower side piece 59 in the illustrated embodi-
ment, is disposed to fixedly connect the closure rod 260 to the
handle 6. In that way, the proximate closure tube 40 is capable
of moving longitudinally relative to the closure rod 260. The
closure rod 260 may also include a distal collar 267 that fits
into a cavity 269 in proximate spine tube 46 and is retained
therein by a cap 271 (FIG. 4).

[0057] In operation, when the yoke 250 rotates due to
retraction of the closure trigger 18, the closure brackets 256,
258 cause the proximate closure tube 40 to move distally (i.e.,
away from the handle end of the instrument 10), which causes
the distal closure tube 42 to move distally, which causes the
anvil 24 to rotate about the pivot point 25 into the clamped or
closed position. When the closure trigger 18 is unlocked from
the locked position, the proximate closure tube 40 is caused to
slide proximately, which causes the distal closure tube 42 to
slide proximately, which, by virtue of the tab 27 being
inserted in the window 45 of the distal closure tube 42, causes
the anvil 24 to pivot about the pivot point 25 into the open or
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unclamped position. In that way, by retracting and locking the
closure trigger 18, an operator may clanip tissue between the
anvil 24 and channel 22, and may unclamp the tissue follow-
ing the cutting/stapling operation by unlocking the closure
trigger 18 from the locked position.

[0058] The control unit 300 (described further below) may
receive the outputs from end-of-stroke and beginning-of-
stroke sensors 130, 142 and the run-motor sensor 110, and
may control the motor 65 based on the inputs. For example,
when an operator initially pulls the firing trigger 20 after
locking the closure trigger 18, the run-motor sensor 110 is
actuated. If the staple cartridge 34 is present in the end effec-
tor 12, a cartridge lockout sensor (not shown) may be closed,
in which case the control unit may output a control signal to
the motor 65 to cause the motor 65 to rotate in the forward
direction. When the end effector 12 reaches the end of its
stroke, the reverse motor sensor 130 will be activated. The
control unit may receive this output from the reverse motor
sensor 130 and cause the motor 65 to reverse its rotational
direction. When the knife 32 is fully retracted, the stop motor
sensor switch 142 is activated, causing the control unit to stop
the motor 65.

[0059] In other embodiments, rather than a proportional-
type sensor 110, an on-off type sensor may be used. In such
embodiments, the rate of rotation of the motor 65 would not
be proportional to the force applied by the operator. Rather,
the motor 65 would generally rotate at a constant rate. But the
operator would still experience force feedback because the
firing trigger 20 is geared into the gear drive train.

[0060] The instrument 10 may include a number of sensor
elements in the end effector 12 for sensing various conditions
related to the end effector 12, such as sensor elements for
determining the status of the staple cartridge 34 (or other type
of cartridge depending on the type of surgical instrument), the
progress of the stapler during closure and firing, etc. The
sensor elements may be passively powered by inductively
coupled signals, as described in commonly assigned U.S.
patent application Ser. No. , titled “SURGICAL
INSTRUMENT WITH WIRELESS COMMUNICATION
BETWEEN CONTROL UNIT AND SENSOR TRAN-
SPONDERS,” by J, Giordano et al. (Attorney Docket No.
060338/END5923USNP), which is incorporated herein by
reference. In other embodiments, the sensor elements reflect
or scatter incident electromagnetic energy or power up in
response to the interrogation signal and transmit echo
response pulses or signals that may be coupled back to the
control unit 300 for processing. In other embodiments, the
sensor elements may be powered by the minute electrical
current induced in the sensor element itself or an antenna
coupled to the sensor element by the incoming incident elec-
tromagnetic energy (e.g., the RF carrier of the interrogation
signal) transmitted by the control unit 300. These sensor
elements may comprise any arrangement of electrical con-
ductors to transmit, receive, amplify, encode, scatter and/or
reflect electromagnetic energy waves of any suitable prede-
termined frequency (e.g., wavelength [A]), having a suitable
predetermined pulse width that may be transmitted over a
suitable predetermined time period. The passive sensor ele-
ments may comprise any suitable arrangement of resistive,
inductive, and/or capacitive elements. The active sensor ele-
ments may comprise semiconductors such as transistors, inte-
grated circuits, processors, amplifiers and/or any combina-
tion of these active elements. For succinctness the passive
and/or active sensor elements are referred to hereinafter as the
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first element 21 and the second element 35. The first element
21 may be in wired or wireless communication with the
control unit 300, which, as previously discussed, may be
housed in the handle 6 of the instrument 10, for example, as
shown below in FIG. 11. The first element 21 is in wireless
communication with the second element 35.

[0061] FIG. 11 illustrates a schematic block diagram of one
embodiment of the control unit 300. According to various
embodiments, the control unit 300 may comprise a processor
306 and one or more memory units 308. By executing instruc-
tion code stored in the memory 308, the processor 306 may
control various components of the instrument 10, such as the
motor 65 or a user display (not shown), based on inputs
received from the one or more end effector sensor element(s)
and/or other sensor elements located throughout the instru-
ment 10 (such as the run-motor sensor 110, the end-of-stroke
sensor 130, and the beginning-of-stroke sensor 142, for
example). The control unit 300 may be powered by the battery
64 during surgical use of the instrument 10. The control unit
300 may be coupled to the first element 21 over the electrical
connection 23 and may communicate with the second ele-
ment 35, as described in more detail below. The control unit
300 may comprise a transmitter 320 and a receiver 322. The
first element 21 may be coupled to the transmitter 320 to
transmit an output interrogation signal or may be coupled to
the receiver 322 to receive an echo response signal in accor-
dance with the operation of a switch 324.

[0062] The switch 324 may operate under the control of the
processor 306, the transmitter 320 or the receiver 322 or any
combination thereof to place the control unit 300 either in
transmitter or receiver mode. In transmitter mode, the switch
324 couples the first element 21 to the transmitter 320 and
thus the first element 21 acts as a transmitting antenna. An
encoder 316 encodes the output interrogation signal to be
transmitted, which is then modulated by a modulator 318. An
oscillator 326 coupled to the modulator 318 sets the operating
frequency for the output signal to be transmitted. In receiver
mode, the switch 324 couples the first element 21 to the
receiver 322. Accordingly, the first element 21 acts as a
receiving antenna and receives input signals from the other
sensor elements (e.g., the second element 35). The received
input signals may be demodulated by a demodulator 310 and
decoded by a decoder 312. The input signals may comprise
echo response signals from one or more of the sensor ele-
ments (e.g., the second element 35). The echo response sig-
nals may comprise information associated with the location,
type, presence and/or status of various components located in
the end effector 12 or in other location in the instrument 10.
The echo signals, for example, may comprise signals
reflected by the second element 35, which may be attached to
the sled 33, the staple cartridge 34 or any other component
located in the end effector 12 or may be located on any
component of interest on any portion of the instrument 10.
The echo signal data reflected from the second element 35
may be used by the processor 306 to control various aspects of
the instrument 10.

[0063] To transmit an output signal from the first element
21 to the second element 35, the control unit 300 may employ
the encoder 316 for encoding the output signals and the
modulator 318 for modulating the output signals according to
a predetermined modulation scheme. As previously dis-
cussed, in transmitter mode, the first element 21 is coupled to
the transmitter 320 through the switch 324 and acts as a
transmitting antenna. The encoder 316 may comprise a tim-
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ing unit to generate timing pulses at a predetermined suitable
pulse repetition frequency. These timing pulses may be
applied to the modulator 318 to trigger the transmitter at
precise and regularly occurring instants of time. Thus, in one
embodiment, the modulator 318 may produce rectangular
pulses of known pulse duration to switch the oscillator 326 on
and off. In accordance with the modulation scheme, the oscil-
lator 326 produces short duration pulses of a predetermined
power and frequency (or wavelength L) set by the oscillator
326. The pulse repetition frequency may be determined by the
encoder 312 and the pulse duration may be determined by the
modulator 318. The switch 324 under control of the control
unit 300 automatically connects the transmitter 320 to the first
element 21 for the duration of each output pulse. In transmis-
sion mode, the first element 21 radiates the transmitter 320
output pulse signal and picks up or detects the reflected echo
signals for application to the receiver 322. In receiver mode,
the switch 324 connects the first element 21 to the receiver
322 for the intervals between transmission pulses. The
receiver 322 receives echo signals of the transmitted pulse
output signals that may be reflected from one or more sensor
elements located on the instrument such as the second ele-
ment 35 attached to the sled 33. The receiver 322 amplifies the
echo signals and presents them to the demodulator 310 in
suitable form. Subsequently, the demodulated echo signals
are provided to the decoder 312 where they are correlated
with the transmitted output pulse signals to determine the
location, type, presence and/or status of various components
located in the end effector 12. In addition, the distance
between the first and second elements 21, 35 may be deter-
mined.

[0064] Thecontrolunit300 may communicate with the first
element 21 using any suitable wired or wireless communica-
tion protocol and any suitable frequency (e.g., an ISM band).
The control unit 300 may transmit output pulse signals in
various frequency ranges. Although in the illustrated embodi-
ment, only the first element 21 is shown to perform the trans-
mission and reception functions, in other embodiments the
control unit 300 may comprise separate receiving and trans-
mitting elements, for example.

[0065] According to various embodiments, the control unit
300 may be implemented using integrated and/or discrete
hardware elements, software elements, or a combination of
both. Examples of integrated hardware elements may include
processors, microprocessors, microcontrollers, integrated
circuits, application specific integrated circuits (ASIC), pro-
grammable logic devices (PLD), digital signal processors
(DSP), field programmable gate arrays (FPGA), logic gates,
registers, semiconductor devices, chips, microchips, chip
sets, microcontroller, system-on-chip (SoC) or system-in-
package (SIP). Examples of discrete hardware elements may
include circuits, circuit elements (e.g., logic gates, field effect
transistors, bipolar transistors, resistors, capacitors, induc-
tors, relay and so forth). In other embodiments, the control
unit 300 may be embodied as a hybrid circuit comprising
discrete and integrated circuit elements or components on one
or more substrates. In various embodiments, the control unit
300 may provide a digital (e.g., on/off, high/low) output and/
or an analog output to a motor control unit. The motor control
unit also may be embodied using elements and/or compo-
nents similar to the control unit 300. The motor control unit
may be used to control the motor 65 in response to the radi-
ated echo response signals from the one or more passive
and/or active sensor elements.
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[0066] Referring back to FIGS. 1-6, in one embodiment,
the first element 21 may be an inductive element (e.g., a first
coil) coupled to the control unit 300 by the wired electrical
connection 23. The wired electrical connection 23 may be an
electrically conductive insulated wire. The second element 35
also may be an inductive element (e.g., a second coil) embed-
ded, integrally formed with or otherwise attached to the sled
33. The second element 35 is wirelessly coupled to the first
element 21. The first element 21 is preferably electrically
insulated from the conductive shaft 8. The second element 35
is preferably electrically insulated from the sled 33 and other
components located in the staple cartridge 34 and/or the
staple channel 22. The second element 35 receives the output
pulse signal transmitted by the first element 21 and reflects or
scatters the electromagnetic energy in the form of an echo
signal. By varying the material, size, shape and location ofthe
second element 35 relative to the first element 21, the control
unit 300 can determine the location, type, presence and/or
status of various components located in the end effector 12 by
decoding the echo signals reflected therefrom.

[0067] FIG. 12 is a schematic diagram 400 illustrating the
operation of one embodiment of the control unit 300 in con-
junction with the first and second elements 21, 35. The fol-
lowing description also references FIG. 11. The first element
21 is coupled to the control unit 300 by a channel, e.g., the
electrical connection 23. The electrical connection 23 may be
awired or wireless channel. As previously discussed, the first
element 21 wirelessly interrogates or illuminates the second
element 35 by transmitting an interrogation signal in the form
of one or more interrogation pulses 402. The interrogation
pulses 402 may be of a suitable predetermined frequency fas
may be determined by the oscillator 326. The interrogation
pulses 402 may have a predetermined pulse width PW as may
be determined by the modulator 318 and may be transmitted
at a pulse repetition rate T as may be determined by the
encoder 316. The transmitted interrogation pulses 402 that
are incident upon (e.g., strike or illuminate) the second ele-
ment 35 is reflected or scattered by the second element 35 in
the form of echo response pulses 404. The echo response
pulses 404 are electromagnetic energy reflections of the inter-
rogation pulses 402 incident upon the second element 21, but
much weaker in signal strength. After transmitting the inter-
rogation pulses 402, the first element 21 listens for the echo
response pulses 404 and couples the echo response pulses 402
to the control unit 300 in a suitable form. The demodulator
310 receives the weak echo response pulses 404 and amplifies
and demodulates them. The decoder 312 and the processor
306 process the received echo response pulses 404 to extract
information therefrom. The processor 306 (or other logic)
may be programmed to ascertain various properties associ-
ated with the end effector 12 and components in accordance
with the received echo response pulses 404.

[0068] The frequency f, PW and T of the echo response
pulses 404 may be the same as the interrogation pulses 402. In
various embodiments, the frequency f, PW and T of the echo
response pulses 404 may be different than the interrogation
pulses 402. In one embodiment, the frequency f, for example,
ofthe echo response pulses 404 may be a harmonic frequency
of the interrogation pulse 402 frequency. The amount of
reflected electromagnetic energy in the echo response pulses
404 depends upon the material, shape and size of the second
element 35. The amount of reflected electromagnetic energy
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in the echo response pulses 404 also depends upon the dis-
tance D between the first element 21 and the second element
35.

[0069] Thematerial that the second element 35 is formed of
may determine the amount of reflected energy. For example,
a metal object will reflect more energy than an object of the
same size and shape made of wood, plastic, etc. In general, the
better the electrical conductive properties of the material the
greater is the reflection. The shape of the second element 35
also may determine how the energy is reflected or scattered.
Forexample, if the second element 35 has a flat side facing the
first element 21, the second element 35 may reflect more
energy back towards the first element 21. A circular object
may reflect or scatter the energy in the various directions
normal to the surface struck by the incident electromagnetic
energy and an object with irregularities will scatter the inci-
dent electromagnetic energy more randomly. The size of the
second element 21 also may determine the amount of
reflected energy. For example, a larger second element 35 will
reflect more energy than a smaller second element 35 of the
same material and shape and at the same distance D from the
firstelement 21. It will be appreciated that the second element
35 should have a certain minimum size relative to the wave-
length (A) of the radiated electromagnetic energy of the inter-
rogation pulses 402 to produce practical reflected echo
response pulses 404. For example, the size of the second
element 35 may be equal to or greater than about a quarter of
the wavelength (A/4) of the electromagnetic energy of the
interrogation pulses 402. The wavelength A of the transmitted
interrogation pulses 402 is related to the frequency f'in accor-
dance with the equation: A=c/f; where c is the speed of light
and f is the signal frequency. Therefore, to detect small
objects the wavelength 2 must be small and thus the fre-
quency fmust be high. Any suitable predetermined frequency
f may be selected to accommodate the size of the second
element 35 to be detected. Accordingly, the size of the second
element 35 may be selected to be greater than or equal to A/4
(or c/4f), for example, once the interrogation pulse 402 fre-
quency is determined. As previously discussed, the amount of
energy reflected by the second element 35 also depends on the
distance D between the first element 21 and the second ele-
ment 35.

[0070] Accordingly, the material, shape and size of the
second element 35 and the relative distance D between it and
the first element 21 may be selected to generate unique echo
response pulses 404 that may be indicative of a desired mea-
surement associated with the second element 35. For
example, unique echo response pulses 404 may indicate the
location, type, presence and/or status of various components
and/or sub-components disposed on the surgical instrument
10. Especially the various components and sub-components
disposed in the end effector 12 portion of the surgical instru-
ment 10 subsequent to the articulation pivot 14. The echo
response pulses 404 also may be used to determine the dis-
tance D between the first element 21 and the second element
35. In this manner, by integrating the second element 35 or
attaching it to a components of interest, such as the sled 33,
the echo response pulses 404 may be processed by the control
unit 300 to extract and provide information associated with
the component of interest, such as the location, type, presence
and/or status of the sled 33, the staple cartridge 34. and so on.
This arrangement may eliminate the need to transmit or pro-
vide power over a wired connection to the second element 35
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and may be a cost effective solution to providing various
sensor elements on the surgical instrument 10.

[0071] Inoneembodiment, where the second element 35 is
an active sensor element, as previously discussed, the first
element 21 wirelessly interrogates or illuminates the second
element 35 by transmitting an interrogation signal in the form
of one or more interrogation pulses 402. The electromagnetic
energy in the interrogation pulses 402 are coupled by the
sensor element 35 and serve to power-up the sensor element
35. Once powered-up, the sensor element 35 transmits the
echo response pulses 404 back to the control unit 300.
[0072] Inoneembodiment, the status of the staple cartridge
34 and the location of the sled 33 may be determined by
transmitting the interrogation pulse 402 and listening for an
echo response pulse 404. As previously discussed, the first
and second elements 21, 35 may be passive sensors or elec-
tromagnetic elements (which may comprise resistive, induc-
tive and capacitive elements o any combination thereof). In
one embodiment, the first element 21 may be an inductance in
the form of a primary coil located at the distal end of the shaft
8 (as shown in FIGS. 1, 2, 4-6). The second element 35 may
be an inductive element in the form of a secondary coil
located in the sled 35 (as shown in FIGS. 3. 5, 6). The first
element 21 “ pings” or transmits interrogation pulses 402.
The echo response pulses 404 reflected by the second element
35 may be indicative of the presence of the sled 33 in the
staple channel 22, its distance from the first element 21 or its
location longitudinally along the staple channel 22. In this
manner, the instrument 10 can determine the presence or
status of the staple cartridge 34 or the sled 33 in the end
effector 12 or the longitudinal location of the sled 35 along the
staple channel 22. This information may be used to determine
the loaded status of the staple cartridge 34, for example.
Further the second element 35 may be formed of different
materials, in different shapes or sizes to produce a unique
echo response pulse 404 that is indicative ofthe instrument 10
type or presence of the staple cartridge 34 within the end
effector 12. This eliminates the need to include any powered
memory or sensor elements in the end effector 12 to electroni-
cally determine the type, presence or status of the staple
cartridge 34 in the end effector 12.

[0073] Inanother embodiment, the second element 35 may
be attached to the sled 33 and the echo response pulse 404
may be used to determine whether the sled 33 is located in a
first position at the proximal end of the staple channel 22 or a
second position at the distal end of the staple channel 22 or in
any intermediate positions therebetween. The control umt
300 may be determine the position of the sled 33 based on the
elapsed time between transmitting the interrogation pulse 402
and receiving the echo response pulse 404. If the sled 33 is in
the first position the echo response pulse 404 is received
sooner than ifthe sled 33 was located at the second position or
any position therebetween. For example, as the sled 33 moves
longitudinally along the staple channel 22 the response time
of the received echo response pulse 404 relative to the trans-
mitted interrogation pulse 402 increases. This information
may be used by the control unit 300 to determine the inter-
mediate location of the sled 33 in the channel 22 and provide
some measure of control of the cutting/fastening operation,
such as inhibiting the cutting/fastening operation if the sled
33, or other component, is not in a predetermined location.
[0074] Inyetanotherembodiment, the control unit 300 may
provide some measure of control of the cutting/fastening
operation based on whether or not an echo response pulse 404
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is received within a predetermined time period. For example,
if an echo response pulse 404 is received within the predeter-
mined period, the control unit 300 determines that the sled 33
in located in the proximate end on the staple channel 22. In
contrast, if the no echo response pulse 404 is received within
the predetermined period, the control unit 300 determines that
the sled 33 has moved away from the proximate end to the
distal end of the staple channel 22 (e.g., the instrument has
been fired). In this manner, if no echo response pulse 404 is
received, the control unit 300 may determine either that the
staple cartridge 34 has been fired and, therefore, the sled 33
has moved away longitudinally from the proximate end of the
staple channel 22 or that there is no staple cartridge 34 loaded
and, therefore, prevents the instrument 10 (e.g., a surgical
stapler) from firing.

[0075] Although the first element 21 is shown disposed at
one end of the elongate shaft 8 near the articulation pivot 14,
the first element 21 may be disposed anywhere along the
elongate shaft 8 and/or in the handle 6 in suitable wireless or
wired communication with the second element 35.

[0076] FIG. 13 illustrates one embodiment of the surgical
instrument 10 comprising the first element 21 located in the
free rotating joint 29 portion of the shaft 8. The following
description also references FIGS. 3, 5, 6 and 12. The first
element 21 is coupled to the control unit 300 via the electrical
connection 23. Additional elements may be employed, for
example, when the surgical instrument 10 has numerous com-
plex mechanical joints and where it would be difficult to
maintain a direct wired connection. In such cases, inductive
couplings may be used to span each such joint. For example,
inductive couplers may be used on both sides of the rotary
joint 29 and both sides of the articulation pivot 14, with an
inductive element on the distal side of the rotary joint 29
connected by an electrical connection to another inductive
element on the proximate side of the articulation pivot 14.
Accordingly, a third element 328 and a fourth element 330
may be disposed on the shaft 8. These elements 328, 330 may
disposed anywhere along the shaft 8. The third element 328
may be disposed on the proximal end of the shaft 8 just prior
to the articulation control 16. The fourth element 330 may be
disposed on the distal end of the shaft 8 just prior to the
articulation pivot 14. The third and fourth elements 328, 330
may be coupled by an electrical connection 332, which may
be a wired or a wireless electrical connection. The second
element 35 is disposed or attached to a component of interest
in the end effector 12. The third element 328 is wirelessly
coupled to the first element 21 and receives interrogation
pulses 402 therefrom. The third element 328 transmits the
interrogation pulse 402 along the electrical connection 332 to
the fourth element 330. The fourth element 330 wirelessly
couples the interrogation pulse 402 to the second element 35.
The echo response pulses 404 are transmitted back to the first
element 21 in reverse order. For example, the echo response
pulse 404 is wirelessly coupled to the fourth element 330, is
relayed to the third element 328 via the electrical connection
332 and is then wirelessly coupled to the first element 21.
Similarly to the first and second elements 21, 35, the third and
fourth elements 328, 330 may be formed of passive and/or
active sensor elements (e.g., resistive, inductance, capacitive
and/or semiconductor elements). In one embodiment, the
third and fourth elements 328, 330 may be passive coils
formed of various materials and in various shapes and sizes or
may comprise semiconductor elements such as transistors to
operate in active mode.

Jul. 10, 2008

[0077] FIG. 14 illustrates one embodiment of the surgical
instrument 10 comprising sensor elements disposed at vari-
ous locations on the shaft. For example, the first element 21
may be disposed on the proximate end of the shaft 8 just prior
to the articulation control 16. The first element 21 is wire-
lessly coupled to the control unit 300 via wireless electrical
connection 23. The third element 328 and the fourth element
330 are disposed along the shaft 8 subsequent to the articu-
lation control 16 and prior to the articulation pivot 14. The
third element 328 may be disposed on the proximate end of
the shaft 8 subsequent to the articulation control 16 and the
fourth element 330 may be disposed on the distal end of the
elongate shaft 8§ prior to the articulation pivot 14. The third
and fourth elements 328, 330 are coupled by the electrical
connection 332, which may be a wired or a wireless electrical
connection. As previously discussed, the second element 35
may be disposed on a component of interest located in the end
effector 12, The third element 328 is wirelessly coupled to the
first element 21 and receives the interrogation pulses 402
therefrom. The third element 328 transmits the interrogation
pulse 402 along the electrical connection 332 to the fourth
element 330. The fourth element 330 wirelessly couples the
interrogation pulse 402 to the second element 35. The echo
response pulses 404 are transmitted back to the first element
21 in reverse order. For example, the echo response pulse 404
is wirelessly coupled to the fourth element 330, is relayed to
the third element 328 via the electrical connection 332 and is
wirelessly coupled to the first element 21 thereafter.

[0078] FIG. 15 illustrates one embodiment of the instru-
ment 10 where the shaft serves as part of the antenna for the
control unit 300. Accordingly, the shaft 8 of the instrument
10, including for example, the proximate closure tube 40 and
the distal closure tube 42, may collectively serve as part of an
antenna for the control unit 300 by radiating the interrogation
pulses 402 to the second element 35 and receiving the echo
response pulses 404 reflected from the second element 35.
That way, signals to and from the control unit 300 and the
second element 35 disposed in the end effector 12 may be
transmitted via the shaft 8 of the instrument 10.

[0079] The proximate closure tube 40 may be grounded at
its proximate end by the exterior lower and upper side pieces
59-62, which may be made of a nonelectrically conductive
material, such as plastic. The drive shaft assembly compo-
nents (including the main drive shaft 48 and secondary drive
shaft 50) inside the proximate and distal closure tubes 40, 42
may also be made of a nonelectrically conductive material,
such as plastic. Further, components of the end effector 12
(such as the anvil 24 and the channel 22) may be electrically
coupled to (or in direct or indirect electrical contact with) the
distal closure tube 42 such that they may also serve as part of
the antenna. Further, the second element 35 may be posi-
tioned such that it is electrically insulated from the compo-
nents of the shaft 8 and the end effector 12 serving as the
antenna. For example, the second element 35 may be posi-
tioned in the cartridge 34, which may be made of a nonelec-
trically conductive material, such as plastic. Because the dis-
tal end of the shaft 8 (such as the distal end of the distal closure
tube 42) and the portions of the end effector 12 serving as the
antenna may be relatively close in distance to the second
element 35, the power for the transmitted signals may be held
at low levels, thereby minimizing or reducing interference
with other systems in the use environment of the instrument
10.
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[0080] In such an embodiment, the control unit 300 may be
electrically coupled to the shaft 8 of the instrument 10, such as
to the proximate closure tube 40, by an electrically conductive
connection 410 (e.g., a wire). Portions of the outer shaft 8,
such as the closure tubes 40, 42, may therefore act as part of
an antenna for the control unit 300 by radiating signals in the
form of interrogation pulses 402 to the second element 35 and
receiving radiated signals in the form of echo response pulses
404 from the second element 35. The echo response pulses
404 received by the control unit 300 may be demodulated by
the demodulator 310 and decoded by the decoder 312 as
previously discussed. The echo response pulses 404 may
comprise information from the second element 35 such as, the
location, type, presence and/or status of various components
disposed on the end effector 12 portion of the instrument 10,
which the processor 306 may use to control various aspects of
the instrument 10, such as the motor 65 or a user display.
[0081] To transmit data signals to or from the second ele-
ment 35 in the end effector 12, the electrical connection 410
may connect the control unit 300 to components of the shaft
8 of the instrument 10, such as the proximate closure tube 40,
which may be electrically connected to the distal closure tube
42. The distal closure tube 42 is preferably electrically insu-
lated from the remote sensor 368, which may be positioned in
the plastic cartridge 34. As mentioned before, components of
the end effector 12, such as the channel 22 and the anvil 24,
may be conductive and in electrical contact with the distal
closure tube 42 such that they, too, may serve as part of the
antenna.

[0082] With the shaft 8 acting as the antenna for the control
unit 300, the control unit 300 can communicate with the
second element 35 in the end effector 12 without a direct
wired connection. In addition, because the distances between
shaft 8 and the second element 35 is fixed and known, the
power levels could be optimized for low levels to thereby
minimize interference with other systems in the use environ-
ment of the instrument 10.

[0083] Although throughout this description, the second
element 35 is shown disposed in the articulating end effector
12, the second element 35 may be disposed in any suitable
location on the instruments 10 while maintaining wireless
communication with the first element 21 (and/or the shaft 8)
at least on one portion of the transmission or reception cycle.
The second element 35 also may be coupled to any compo-
nent within the staple cartridge 34.

[0084] The control unit 300 may communicate with any of
the first 21, second 35, third 328 and fourth 330 elements and
additional elements through complex mechanical joints like
the rotating joint 29 without a direct wired connection, but
rather through a wireless connection where it may be difficult
to maintain a wired connection. In addition, because the dis-
tances between the first, second, third, fourth 21, 35, 328, 330
elements, and any additional elements and/or any combina-
tion thereof, may be fixed and known the couplings between
these elements 21, 35, 328, 330 may be optimized for efficient
inductive transfer of electromagnetic energy. Also, these dis-
tances may be relatively short so that relatively low power
signals may be used and minimize interference with other
systems in the use environment of the instrument 10.

[0085] In other embodiments, more or fewer sensor ele-
ments may be inductively, electromagnetically and/or other-
wise coupled. For example, in some embodiments, the con-
trol unit 300 may comprise the first element 21 formed
integrally therewith. The first element 21 in the handle 6 and
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the second element 35 in the end effector 12 can communicate
directly without the third and fourth elements 328, 330. Of
course, in such an embodiment, a stronger signal may be
required due to the greater distance between the control unit
300 in the handle 6 and the second element 35 in the end
effector 12.

[0086] Inthe embodiments described above, the battery 64
(FIG. 7) powers (at least partially) the firing operation of the
instrument 10. As such, the instrument 10 may be a so-called
“power-assist” device. More details and additional embodi-
ments of power-assist devices are described in the *573 appli-
cation, whichis incorporated herein by reference. It should be
recognized, however, that the instrument 10 need not be a
power-assist device and that this is merely an example of a
type of device that may utilize aspects of the present inven-
tion. For example, the instrument 10 may include a user
display (suchas a LCD or LEDdisplay) that is powered by the
battery 64 and controlled by the control unit 300. Data from
the sensor transponders 368 in the end effector 12 may be
displayed on such a display.

[0087] The various embodiments of the present invention
have been described above in connection with cutting-type
surgical instruments. It should be noted, however, that in
other embodiments, the inventive surgical instrument dis-
closed herein need not be a cutting-type surgical instrument,
but rather could be used in any type of surgical instrument
including remote sensor transponders. For example, it could
be a non-cutting endoscopic instrument, a grasper, a stapler, a
clip applier, an access device, a drug/gene therapy delivery
device, an energy device using ultrasound, RF, laser, etc. In
addition, the present invention may be in laparoscopic instru-
ments, for example. The present invention also has applica-
tion in conventional endoscopic and open surgical instrumen-
tation as well as robotic-assisted surgery.

[0088] The devices disclosed herein can be designed to be
disposed 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 any 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 the particular pieces
or parts of the device can be selectively replaced or removed
in any combination. Upon cleaning and/or replacement of
particular parts, the device can be reassembled for subsequent
use either at a reconditioning facility, or by a surgical team
immediately priorto a surgical procedure. Those skilled in the
art will appreciate that reconditioning of a device can utilize
a variety of techniques for disassembly, cleaning/replace-
ment, and reassembly. Use of such techniques, and the result-
ing reconditioned device, are all within the scope of the
present application.

[0089] Preferably, the invention described herein will be
processed 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
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 high-energy electrons. The radia-
tion kills bacteria on the instrument and in the container. The
sterilized instrument can then be stored in the sterile con-
tainer. The sealed container keeps the instrument sterile until
it is opened in the medical facility.
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[0090] Tt is preferred that the device is sterilized. This can
be done by any number of ways known to those skilled in the
art including beta or gamma radiation, ethylene oxide, steam.
[0091] Although the present invention has been described
herein in connection with certain disclosed embodiments,
many modifications and variations to those embodiments
may be implemented. For example, different types of end
effectors may be employed. Also, where materials are dis-
closed for certain components, other materials may be used.
The foregoing description and following claims are intended
to cover all such modification and variations.

[0092] Some embodiments may be described using the
expression “coupled” and “connected” along with their
derivatives. These terms are not intended as synonyms for
each other. For example, some embodiments may be
described using the terms “connected” and/or “coupled” to
indicate that two or more elements are in direct physical or
electrical contact with each other. The term “coupled,” how-
ever, may also mean that two or more elements are not in
direct contact with each other, but yet still co-operate or
interact with each other.

[0093] Any patent, publication, or other disclosure mate-
rial, in whole or in part, that is said to be incorporated by
reference herein is incorporated herein only to the extent that
the incorporated materials does not conflict with existing
definitions, statements, or other disclosure material set forth
in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any con-
flicting material incorporated herein by reference. Any mate-
rial, or portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing defini-
tions, 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 disclo-
sure material.

What is claimed is:

1. A surgical instrument comprising:

a shaft having a proximal end and a distal end, the shaft
comprising a first sensor element;

an end effector coupled to the distal end of the shaft, theend
effector comprising a second sensor element; and

a handle connected to the proximate end of the shaft, the
handle comprising a control unit, wherein the control
unit is in communication with the first sensor element
and the first sensor element is in wireless communica-
tion with the second sensor element.

2. The surgical instrument of claim 1, wherein the handle

further comprises:

a motor in communication with the control unit, wherein
the motor is to power a main drive shaft assembly in the
shaft, wherein the main drive shaft assembly is to drive
the end effector; and

a battery to supply power to the motor.

3. The surgical instrument of claim 2, wherein the handle

further comprises:

a closure trigger to cause the end effector to clamp an
object positioned in the end effector, when retracted by
an operator; and

a firing trigger, separate from the closure trigger, to cause
actuation of the motor, when retracted by the operator.

4. The surgical instrument of claim 1, wherein the control

unit comprises:

a transmitter;

areceiver; and
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aswitch coupled to the transmitter, the receiver and the first
sensor element;

wherein the switch couples the first sensor element to the
transmitter to transmit an interrogation signal to the
second sensor element; and

wherein the switch couples the first sensor element to the
receiver to receive an echo response signal reflected by
the second sensor element in response to the interroga-
tion signal.

5. The surgical instrument of claim 4, wherein the control

unit comprises:

a processor coupled to the receiver, the processor to deter-
mine a status of the end effector based on the echo
response signal.

6. The surgical instrument of claim 1, wherein the control
unit is in wireless communication with the first sensor ele-
ment.

7. The surgical instrument of claim 1, wherein the surgical
instrument comprises at least one rotational joint for rotating
the shaft, wherein the surgical instrument further comprises:

athird sensor element located in the shaft proximally to the
rotational joint and in wireless communication with the
first sensor element; and

a fourth sensor element in communication with the third
sensor element, the fourth sensor element is located in
the shaft distally from the rotating joint and in wireless
communication with the second sensor element.

8. The surgical instrument of claim 7, wherein the at least
one rotational joint is located between the third sensor ele-
ment and the fourth sensor element.

9. The surgical instrument of claim 1, wherein the shaft
comprises an articulation pivot between the first and second
sensor elements.

10. The surgical instrument of claim 1, wherein the surgical
instrument comprises an endoscopic surgical instrument.

11. The system of claim 1, wherein the end effector com-
prises a moveable cutting instrument.

12. The surgical instrument of claim 11, wherein the end
effector comprises a staple cartridge.

13. A surgical instrument comprising:

a shaft having a proximal end and a distal end;

an end effector coupled to the distal end of the shaft, the end
effector comprising a sensor element; and

a handle connected to a proximate end of the shaft, the
handle comprising a control unit, wherein the control
unit is in communication with the shaft and the shaft is in
wireless communication with the sensor element.

14. The surgical instrument of claim 13, wherein the handle

further comprises:

a motor in communication with the control unit, wherein
the motor is to power a main drive shaft assembly in the
shaft, wherein the main drive shaft assembly is to drive
the end effector; and

a battery to supply power to the motor.

15. The surgical instrument of claim 14, wherein the handle
further comprises:

a closure trigger to cause the end effector to clamp an
object positioned in the end effector, when retracted by
an operator; and

a firing trigger, separate from the closure trigger, to cause
actuation of the motor, when retracted by the operator.

16. The surgical instrument of claim 13, wherein the con-
trol unit comprises:

a transmitter;

a receiver; and



US 2008/0167671 A1l

a switch coupled to the transmitter, the receiver and the
shaft;

wherein the switch couples the shaft to the transmitter to
transmit an interrogation signal to the sensor element;
and

wherein the switch couples the shaft to the receiver to
receive an echo response signal reflected by the sensor
element in response to the interrogation signal.

17. The surgical instrument of claim 16, wherein the con-

trol unit comprises:

a processor coupled to the receiver, the processor to deter-
mine a status of the end effector based on the echo
response signal.

18. The surgical instrument of claim 13 wherein the surgi-

cal instrument comprises an endoscopic surgical instrument.

19. The surgical instrument of claim 13, wherein the end

effector comprises a moveable cutting instrument.
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20. The surgical instrument of claim 19, wherein the end
effector comprises a staple cartridge.

21. A method comprising:

obtaining a surgical instrument, wherein the surgical
instrument comprises:

a shaft having a proximal end and a distal end, the shaft
comprising a first sensor element;

an end effector coupled to the distal end of the shaft, the end
effector comprising a second sensor element; and

a handle connected to the proximate end of the shaft, the
handle comprising a control unit, wherein the control
unit is in communication with the first sensor element
and the first sensor element is in wireless communica-
tion with the second sensor element.

sterilizing the surgical instrument; and

storing the surgical instrument in a sterile container.
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