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57 ABSTRACT

An absorbable surgical screw fastener is provided which
includes a head and a tapered shaft extending distally of the
head. Buttress threads are provided about the tapered shaft to
secure the fastener in tissue. The fastener includes slots
formed in the head and buttress threads. A gap is provided
between the buttress threads in the head to secure a prosthetic.
There is also provided a surgical instrument having novel
lockout structure to prevent inadvertent actuation.
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MULTIPLE MEMBER INTERCONNECT FOR
SURGICAL INSTRUMENT AND
ABSORBABLE SCREW FASTENER

BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure relates to an absorbable

screw fastener and to a multi-fire surgical instrument for
inserting the fastener into tissue. More particularly, the
present disclosure relates to an absorbable screw fastener and
to a multi-fire surgical instrument having a novel interlock
system for preventing actuation of the surgical instrument.
[0003] 2. Background of Related Art

[0004] Various surgical procedures require instruments
capable of applying fasteners to tissue to form tissue connec-
tions orto secure objects to tissue. For example, during hernia
repair procedures it is often desirable to fasten a mesh to body
tissue. In certain hernias, such as direct or indirect inguinal
hernias, a part of the intestine protrudes through a defect in the
support abdominal wall to form a hernial sac. The defect may
be repaired using an open surgery procedure in which a rela-
tively large incision is made and the hernia is closed off
outside the abdominal wall by suturing. The mesh is attached
with sutures over the opening to provide reinforcement.

[0005] Less invasive surgical procedures are currently
available to repair a hernia. In laparoscopic procedures, sur-
gery is performed in the abdomen through a small incision
while in endoscopic procedures, surgery is performed
through narrow endoscopic tubes or cannulas inserted
through small incisions in the body. Laparoscopic and endo-
scopic procedures generally require long and narrow instru-
ments capable of reaching deep within the body and config-
ured to seal with the incision or tube they are inserted through.
Additionally, the instruments are generally capable of being
actuated remotely, that is, from outside the body.

[0006] Currently, endoscopic techniques for hernia repair
utilize fasteners, such as, surgical staples or clips, to secure
the mesh to the tissue to provide reinforcement in the repair
and structure for encouraging tissue regrowth. The staples or
clips are compressed against the tissue and mesh to secure the
two together.

[0007] One other type of fastener and surgical instrument
suited for use in affixing mesh to tissue during procedures
such as hernia repair, is a coil fastener having a helically
coiled body portion terminating in a tissue penetrating tip.
Instruments have been developed to rotate these helically
coiled fasteners into tissue. Examples of this type of surgical
fasteners and surgical instruments are disclosed in com-
monly-owned U.S. Pat. No. 5,830,221.

SUMMARY

[0008] The presently disclosed surgical screw fastener gen-
erally includes a head having a tapered shaft extending dis-
tally from the head. A buttressed thread extends along the
tapered shaft and terminates in a blunt tip. In one embodi-
ment, a pair of opposed slots are formed in the head. A further
pair of opposed slots may also be formed lengthwise through
the buttressed threads. The head and tapered shaft define a
throughbore for receipt of a mating part of a surgical instru-
ment. The buttressed threads have a flat proximal-facing sur-
face and a conical distal-facing surface. In one embodiment
the screw fastener is absorbable. A proximal-most thread of
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the buttressed thread and a distal-facing surface of the head
define a gap for receipt of a prosthetic.

[0009] There is also disclosed a surgical instrument having
abody and a elongate tubular member extending distally from
the body. The elongate tubular member is longitudinally mov-
able with respect to the body. The body contains a gear train
and a bevel gear assembly for providing rotational motion to
components contained in the elongate tubular member. The
surgical instrument includes a lockout member which pre-
vents motion of the gear train and bevel gear assemblies.
Movement of the elongate tubular member relative to the
body disengages a lockout member and allows motion of the
gear train and bevel gear assemblies.

[0010] In one embodiment, the surgical instrument
includes a driver assembly and a cartridge assembly contain-
ing a plurality of fasteners. The driver assembly drives the
fasteners out of the elongate tubular member and into target
tissue. The surgical instrument includes a socket associated
with the driver assembly and the cartridge assembly. A pin
provided on the socket is engageable with the lockout mecha-
nism. In one embodiment, the lockout mechanism includes a
hook engageable with the pin to prevent movement of the
socket.

[0011] Thereis also disclosed a surgical instrument includ-
ing a handle having a gear assembly and a bevel gear assem-
bly associated with the gear assembly. An elongate tubular
member extends distally from the handle. The surgical instru-
ment also includes a link member configured to disengage the
gear assembly from the bevel gear assembly. The link mem-
ber includes a cam which is engageable with a clutch associ-
ated with the gear assembly.

[0012] Inoneembodiment, the cartridge assembly includes
at least one longitudinally extending beam engageable with a
corresponding slot formed in a surgical fastener. A torque
member is associated with the driver and is also engageable
with a surgical fastener to drive the surgical fastener into
tissue.

DESCRIPTION OF THE DRAWINGS

[0013] Various embodiments of the presently disclosed
absorbable fastener and surgical instrument are disclosed
herein with reference to the drawings, wherein:

[0014] FIG. 1A is a perspective view of an absorbable
screw fastener;

[0015] FIG. 1B is a side view of the absorbable screw
fastener;

[0016] FIG. 1C is a front view of the absorbable screw
fastener;

[0017] FIG. 1D is a top view of the absorbable screw fas-
tener;

[0018] FIG. 1E is a bottom view of the absorbable screw
fastener;

[0019] FIG. 2 is a perspective view of one embodiment of a

multi-fire surgical instrument;

[0020] FIG. 3 is a side view of the multi-fire surgical instru-
ment;

[0021] FIG. 4 is a top view of the multi-fire surgical instru-
ment;

[0022] FIG. 5 is a bottom view of the multi-fire surgical
instrument;

[0023] FIG. 6 is a front view of the multi-fire surgical
instrument;

[0024] FIG. 7 is a rearview of the multi-fire surgical instru-
ment;
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[0025] FIG. 8 is a perspective view of the multi-fire surgical
instrument with the handle parts separated;

[0026] FIG. 9 is a perspective view of the gear train of the
multi-fire surgical instrument with parts separated;

[0027] FIG.10is a perspective view of the distal end of the
multi-fire surgical instrument with parts separated;

[0028] FIG.11 is a perspective view of the proximal end of
the multi-fire surgical instrument with one handle half
removed;

[0029] FIG.12 is a perspective view of the proximal end of
the multi-fire surgical instrument with both handle halves
removed;

[0030] FIG.13 is a perspective view, taken from the rear, of
the proximal end of a multi-fire surgical instrument;

[0031] FIG. 14 is a side view of the proximal end of the
multi-fire surgical instrument with a handle half removed;
[0032] FIG.15 s a perspective view of the proximal end of
the multi-fire surgical instrument with both handle heads
removed;

[0033] FIG.16 is a perspective view of the proximal end of
the multi-fire surgical instrument illustrating the lockout
mechanism;

[0034] FIG. 17 is a top view of the proximal end of the
multi-fire surgical instrument with both handle halves
removed;

[0035] FIG. 18 is a perspective view, partially shown in
section, of the distal end of the multi-fire surgical instrument;
[0036] FIG.19is a perspective view of the distal end of the
multi-fire surgical instrument with the outer tube removed;
[0037] FIG. 20 is a side view, shown in section, of the
distal-most end of the multi-fire surgical instrument;

[0038] FIG. 21 is a perspective view of the distal-most end
of the multi-fire surgical instrument;

[0039] FIG. 22 is a perspective view of the proximal end of
the multi-fire surgical instrument at the beginning of the
lockout sequence;

[0040] FIG. 23 is a perspective view of the lockout mecha-
nism immediately prior to being deactivated;

[0041] FIG. 24 is atop view illustrating the lockout mecha-
nism deactivated;

[0042] FIG. 25 is a side view, partially shown in section, of
the distal-most end of the multi-fire surgical instrument dur-
ing deactivation of the lockout mechanism;

[0043] FIG. 26 is a perspective view of the proximal end of
the multi-fire surgical instrument, with both handle halves
removed, during initial actuation of the trigger;

[0044] FIG. 27 is a perspective view of the proximal end of
the multi-fire surgical instrument with the cartridge assembly
in an initial position;

[0045] FIG. 28 is a perspective view of the proximal end of
the multi-fire surgical instrument with the cartridge assembly
indexed 90°;

[0046] FIG.29 is a perspective view of the distal end of the
cartridge assembly in an initial position;

[0047] FIG.30is aside perspective view of the distal end of
the cartridge assembly indexed 90°;

[0048] FIG. 31 is a front perspective view of the distal end
of the cartridge assembly indexed 90°;

[0049] FIG. 32 is aside view, shown in section, of the distal
end of the multi-fire surgical instrument during actuation;
[0050] FIG. 33 is a perspective view of the distal end of the
multi-fire surgical instrument, shown in section, ejecting a
fastener;
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[0051] FIG. 34 is a perspective view of the proximal end of
the multi-fire surgical instrument during actuation;

[0052] FIG. 35 is a perspective view of the proximal end of
the multi-fire surgical instrument with the link rotated to
disengage the clutch;

[0053] FIG. 36 is a perspective view of the proximal end of
the multi-fire surgical instrument illustrating the clutch dis-
engaged from the bevel gear;

[0054] FIG. 37 is a perspective view of the proximal end of
the multi-fire surgical instrument at the end of the trigger
squeeze sequence;

[0055] FIG. 38 is a side view, shown in section, of the distal
end of the multi-fire surgical instrument immediately prior to
the cartridge assembly being retracted;

[0056] FIG. 39 isa side view, shown in section, of the distal
end of the multi-file surgical instrument reindexed 90°;
[0057] FIG. 40 is a side view, shown in section, of the distal
end of the surgical instrument with the cartridge assembly
retracted;

[0058] FIG. 41 is a side view, shown in section, of the distal
end of the multi-fire surgical instrument with the outer tubular
member re-extended;

[0059] FIG. 42 is a perspective view, shown in section, of
the distal end of the multi-fire surgical instrument after actua-
tion and release of the trigger;

[0060] FIG. 43 is a side view, shown in section, of the distal
end of the multi-fire surgical instrument after the last fastener
has been ejected;

[0061] FIG. 44 is a perspective view of the multi-fire sur-
gical instrument inserted through an access port in a patient;
[0062] FIG. 45 is a perspective view of a surgical mesh
secured to tissue by the disclosed absorbable screw fastener;
[0063] FIG. 46 is a perspective view of another embodi-
ment of a multi-fire surgical instrument;

[0064] FIG. 47 is a perspective view of a needle, fasteners,
spring and coupling of the multi-fire surgical instrument of
FIG. 46;

[0065] FIG. 48 is a perspective view of the distal end of an
inner tube of the multi-fire surgical instrument of FIGS. 46
and 47,

[0066] FIG. 49 is a perspective view of the distal end of the
inner tube illustrated in FIG. 48 further including the needle
and fasteners therein;

[0067] FIG. 50 is a perspective view of the distal end of the
inner tube illustrated in FIG. 49 further including bands dis-
posed on the inner tube;

[0068] FIG. 51 is a perspective view of the proximal end of
the inner tube and the coupling of the multi-fire surgical
instrument of FIGS. 46-51;

[0069] FIG. 52 is a perspective view of the multi-fire sur-
gical instrument of FIG. 51 further including a socket;
[0070] FIG. 53 is a perspective view of the multi-fire sur-
gical instrument of FIG. 52 further including a needle pin, a
torque pin and a ring half}

[0071] FIG. 54 is a perspective view of the multi-fire sur-
gical instrument of FIG. 53 further including a second ring
half and a rack;

[0072] FIG. 55 is a perspective view of the multi-fire sur-
gical instrument of FIG. 54 further including an outer tube, a
lockout, a needle plate and a small bevel gear;

[0073] FIG. 56 is a perspective view of the multi-fire sur-
gical instrument of FIG. 55 further including a large bevel
gear, a movable handle and a portion of housing;
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[0074] FIG. 57 is a perspective view of the multi-fire sur-
gical instrument of FIG. 56 further including a planetary ring
place, planetary gear carrier and planets;

[0075] FIG. 58 is a perspective view of the multi-fire sur-
gical instrument of FIG. 57 further including a first bushing
and a second bushing;

[0076] FIG. 59 is a perspective view the movable handle
and planetary gear carrier of the multi-fire surgical instrument
of FIGS. 46-59;

[0077] FIG. 60 is a perspective view of the planetary gear
carrier and planets of the multi-fire surgical instrument of
FIGS. 46-60;

[0078] FIG. 60a is a front view of the planetary gear carrier
and planets of FIG. 60 illustrated on a planetary ring plate;
[0079] FIG. 61 is a perspective view of a planetary sun of
the multi-fire surgical instrument of FIGS. 46-60a;

[0080] FIG. 62 is a perspective view of the planetary sun of
FIG. 61 and the planetary ring plate of FIG. 60q;

[0081] FIG. 63 is a perspective view of the multi-fire sur-
gical instrument of FIG. 62 further including a clutch and a
clutch spring;

[0082] FIG. 64 is a perspective view of the multi-fire sur-
gical instrument of FIG. 63 further including the small bevel
gear;

[0083] FIG. 65 is a partial cross-sectional view of the distal
end of multi-fire surgical instrument of FIGS. 46-64 illus-
trated prior to disengaging the lockout;

[0084] FIG. 66 is a partial cross-sectional view of the distal
end of multi-fire surgical instrument of FIGS. 46-65 illus-
trated with the lockout disengaged;

[0085] FIG. 67 is a side view of the multi-fire surgical
instrument of FIGS. 46-66 illustrated prior to disengaging the
lockout;

[0086] FIG. 68 is a side view the multi-fire surgical instru-
ment of FIGS. 46-67 illustrated with the lockout disengaged;
[0087] FIG. 69 is a side view of the multi-fire surgical
instrument of FIGS. 46-68 illustrated prior to disengaging the
lockout;

[0088] FIG. 70 is a side view of the multi-fire surgical
instrument of FIGS. 46-69 illustrated with the lockout disen-
gaged;

[0089] FIG. 71 is a perspective view of the multi-fire sur-

gical instrument of FIGS. 46-70 illustrating the needle pin
contacting the needle plate;

[0090] FIG. 72 is a partial cross-sectional view of the distal
end of the multi-fire surgical instrument of FIGS. 46-71 illus-
trating the needle extending beyond the distal end of the outer
tube;

[0091] FIG. 73 is a side view of the multi-fire surgical
instrument of FIGS. 46-72 illustrated with the movable
handle fully squeezed;

[0092] FIG. 74 is a cross-sectional view of the distal end of
the multi-fire surgical instrument of FIGS. 46-73 illustrated
with the movable handle fully squeezed;

[0093] FIG. 75 is a partial cross-sectional view of the distal
end of the multi-fire surgical instrument of FIGS. 46-74 illus-
trating the final fastener within the inner tube being fired; and
[0094] FIG. 76 is a cross-sectional view of the distal end of
the multi-fire surgical instrument of FIGS. 46-75 illustrating
an elongated pusher, in accordance with an embodiment of
the present disclosure.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0095] Embodiments of the presently disclosed absorbable
screw fastener and multi-fire surgical instrument are
described in detail with reference to the drawings wherein
like numerals designate identical or corresponding elements
in each of the several views. As is common in the art, the term
“proximal” refers to that part or component closer to the user
or operator, e.g., surgeon or physician, while the term “distal”
refers to that part or component farther away from the user.
[0096] FIGS. 1A-1E illustrate an embodiment of the pres-
ently disclosed absorbable screw fastener. Referring initially
to FIG. 1A, the disclosed absorbable screw fastener 10 gen-
erally includes a head 12 having a tapered shaft 14 extending
distally from head 12. Head 12 has a generally reduced profile
to reduce potential discomfort or irritation when fasteners
with high profile heads are used. A series of buttress threads
16 extend along tapered shaft 14. Buttress threads 16 gener-
ally have a flat proximal-facing surface 18 and a generally
conical distal-facing surface 20. Flat proximal-facing surface
18 provides a greater surface area to prevent against pullout of
fastener 10, while conical distal-facing surface 20 facilitate
ease of insertion into tissue. Buttress threads 16 terminate in
a generally blunt distal end 22 which also facilitates insertion
into tissue. In one embodiment, buttress threads 16 have a
pitch of about 0.045 threads per inch so as to provide suffi-
cient threads in the fastener to prevent pullout from tissue.
One type of fastener is disclosed in various embodiments of
commonly-owned U.S. patent application Ser. No. 11/113,
879 (Atty. Docket No. H-US-00178 (203-4349)).

[0097] Referring now to FIGS. 1B and 1C, a proximal end
of buttress threads 16 has a flat surface 24 which is spaced
apart from a distal face 26 of head 12 to define a gap 28
therebetween. Gap 28 is designed to provide a space for a
prosthetic, such as, for example, a surgical mesh, applied to
tissue.

[0098] As best shown in FIGS. 1A, 1D and 1E, fastener 10
is provided with torque slots 30 which are configured to
engage members of a drive assembly of the multi-fire surgical
instrument. Torque slots 30 include head slots 32 formed in
head 12 and thread slots 34 formed in buttress threads 16. In
an alternative embodiment, thread slots 34 may be omitted
leaving only head slots 32 for engagement with a drive assem-
bly. As shown, fastener 10 has a throughbore 36 which allows
fastener 10 to ride along a meeting part in the multi-fire
surgical instrument so as to advance fastener 10 within the
surgical instrument.

[0099] Referring now to FIGS. 2-5, there is disclosed an
embodiment of a multi-fire surgical instrument 50 for install-
ing fasteners 10 into tissue. Surgical instrument 50 generally
includes a body 52 having a trigger 54 movably mounted to
body 52. In the figures illustrated, body 52 is shown with
sections open to view the internal components, however, it is
contemplated that the actual commercial embodiment will
have a body 52 which fully encloses the internal components
of surgical instrument 50. Surgical instrument 50 as an outer
tubular member 56 extending distally from body 52. Outer
tubular member 56 is movably mounted to body 52. Specifi-
cally, outer tubular member 56 can move a limited distance
distally and proximally relative to body 52. Outer tubular
member 56 encloses a fastener cartridge subassembly and a
drive subassembly as disclosed in more detail below.

[0100] Referring now to FIG. 4, surgical instrument 50
includes a gear train 58 which is designed to convert linear
motion of trigger 54 into rotary motion within outer tubular
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member 56. As is also shown in FIG. 4, surgical instrument 50
includes a novel lockout mechanism including a lockout
member 60 which is biased within body 52 by spring 62.
Lockout member 60 is provided to restrain or “lock™ gear
train 58, and thus prevent actuation of surgical instrument 50
until outer tubular member 56 has been moved to a proximal
position.

[0101] FIGS.5, 6 and 7 illustrates surgical instrument 50 as
viewed from the bottom, the front, and the rear of surgical
instrument 50, respectively. Gear train 58 is visible in FIGS.
5 and 7. A portion of lockout member 60 and lockout spring
62 is also visible in FIG. 5.

[0102] Referring now to FIG. 8, the details of the internal
handle components will now be described. As noted herein-
above, lockout member 60 is provided to immobilize gear
train 58 until such time as outer tubular member 56 is moved
to a proximal position within handle 52. This ensures that
surgical instrument 50 cannot be actuated until outer tubular
member 56 is pressed against tissue. This avoids any inad-
vertent ejection of fasteners 10 and ensures that the distal end
of outer tubular member 56 is properly positioned against
mesh and/or tissue. Lockout member 60 generally includes a
baseplate 64 having a bore 66 therethrough. Baseplate 64
provides a surface against which a proximal end of outer
tubular member 56 can be biased. Bore 66 allows various
driver and cartridge subassemblies to move therethrough as
described in more detail below. Lockout member 60 further
includes a proximally extending arm 68 which terminates in
ahook 70. Hook 70 is configured to engage a torque pin 72 to
prevent rotation of gear train 58. As noted hereinabove, lock-
out spring 62 biases lockout member 60 to a distal-most
position and thus biases outer tubular member 56 distally
relative to body 52.

[0103] A pair of rings 74 is provided to rotatably support a
socket 76. Specifically, projections 78 formed in rings 74
cooperate with a socket groove 80 formed on socket 76. A link
82 is provided which serves several functions including sup-
porting rings 74 and disabling gear train 58 after trigger 54
has been fully pulled proximally and a fastener 10 ejected.
Link 82 includes brackets 84 which are configured to engage
ring pins 86 on rings 74. Link 82 further includes a proximally
extending arm 90 which terminates in a clutch cam 92. Clutch
cam 92 is configured to disengage a clutch from a bevel gear
associated with gear train 58. A slot 94 is provided in link 82
to allow link 82 to pivot upwardly to engage clutch cam 92
with a clutch.

[0104] A bevel pinion 96 is provided to engage drive
assembly components extending through outer tubular mem-
ber 56 as described in detail hereinbelow. Bevel pinion 96
includes bevel teeth 98 which are provided to engage a com-
ponent of drive train 58. Bevel pinion 96 includes a tube 100
extending distally from bevel teeth 98 and is rotatably and
longitudinally movable within socket 76. Bevel pinion 96
also includes a throughbore 102 for receipt of components
associated with a needle assembly. Specifically, a needle cou-
pling 104 is rotatably and longitudinally movable within
bevel pinion 96 and is provided to attach to a proximal end of
a needle extending through outer tubular member 56 to allow
the needle to move longitudinally within outer tubular mem-
ber 56. Needle coupling 104 has a needle spring 106 associ-
ated with it to bias needle coupling 104 within body 52. A
needle pin 108 extends through a proximal slot 110 in needle
coupling 104 to limit the proximal and distal travel distance of
needle coupling 104 within body 52.
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[0105] As noted hereinabove, trigger 54 is pivotally
mounted within body 52. Trigger 54 is mounted on a trigger
pin 112 which is affixed to both halves of body 52. A trigger
spring (not explicitly shown in this embodiment) is also pro-
vided within body 52 to bias trigger 54 to an open or un-
retracted position prior to actuation of surgical instrument 50.
Trigger 54 is provided with a trigger gear 114 configured to
engage a component of gear train 58.

[0106] Gear train 58 includes a variety of components
which function together to transfer linear motion of trigger 54
into rotational motion of gear train 58 and thus to a drive
assembly associated with surgical instrument 50. Gear train
58 includes a combination gear 116 which serves several
functions. Combination gear 116 includes a trigger spur gear
118 which is engageable with trigger gear 114 of trigger 54.
A gear plate 120 is provided within body 52 to support the
various gear assemblies. Combination gear 116 is supported
within body 52 by a D-pin 122 extending through gear plate
120. Combination gear 116 includes a ratchet feature which
functions with a pawl 124 to prevent reverse rotation of com-
bination gear 116 until trigger 54 has been fully depressed.
Pawl 124 is biased into engagement with combination gear
116 by a pawl spring 126. Pawl 124 is supported within body
52 by a pawl pin 128.

[0107] Combination gear 116 is engageable with a first
10-tooth gear 130. First 10-tooth gear 130 is mounted to a
coupling 132 which extends through gear plate 120. A
27-tooth gear 134 is provided on an opposite side of gear plate
120 and is mounted to coupling 132. A second 10-tooth gear
136 is mounted on D-pin 122 and is engageable with 27-tooth
gear 134. A clutch 138 is mounted on one end of D-pin 122
such that rotation of D-pin 122 rotates clutch 138 within body
52. A large bevel gear 140 is engageable with clutch 138 to
transfer rotational motion of clutch 138 to bevel pinion 96. A
gear spring 142 biases clutch 138 into engagement with large
bevel gear 140. A recess 144 in body 52 rotatably supports
large bevel gear 140 within surgical instrument 50. As noted
hereinabove, clutch cam 92 provided on link 90 allows clutch
138 to be disengaged from large bevel gear 140 to isolate the
drive assembly of surgical instrument 50 from gear train 58
after a full actuation stroke.

[0108] Referring now to FIG. 9, more specific details of
gear train 58 are described. As noted above, combination gear
116 is rotatably mounted on D-pin 122. Combination gear
116 includes a circular throughbore 150 such that combina-
tion gear 116 can freely rotate on D-pin 122. Trigger spur gear
118 of combination gear 116 includes teeth 152 which are
engageable with trigger gear 114. Thus, as trigger 54 is piv-
oted, trigger spur gear 118 engages teeth 152 to initiate rota-
tion of gear train 58.

[0109] As noted hereinabove, combination gear 116 pro-
vides various functions including that of a ratchet feature.
Ratchet feature 154 is includes components of pawl 124 and
combination gear 116. Specifically, combination gear 116
includes toothed surface 156 and a smooth surface 158. Pawl
124 has a tooth or tip 160 which is configured to ride on
toothed surface 156 and smooth surface 158. Tip 160 is ori-
ented such that when riding on tooth surface 156 and as
combination gear 116 is rotated clockwise as trigger 54 is
depressed, combination gear 116 cannot rotate in a counter-
clockwise direction. Once trigger 54 has been completely
depressed, tip 160 can ride on smooth surface 158 to allow
trigger 54 to return to its initial position. As noted herein-
above, pawl 124 is rotatably mounted on a pawl pin 128. One
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end of pawl pin 128 extends through a bore 162 in pawl 124
while an opposite end of pawl pin 128 is mounted in a hole
164 in gear plate 120.

[0110] Inorderto transfer rotational motion of combination
gear 154 to the remaining components of gear train 58, com-
bination gear 154 includes gear teeth 166 which are engage-
able with gear teeth 168 on first 10-teeth gear 130. First
10-teeth gear 130 includes a D-shaped bore 170 which is
configured to mount on a D-shaped pin 174 extending from
one side of coupling 132 such that first 10-teeth gear 130
rotates with coupling 132. Coupling 132 includes a second
D-shaped pin 174 which extends through a hole 176 in gear
plate 120. D-shaped pin 174 engages a D-shaped bore 178 in
27-tooth gear 134 such that 27-tooth gear 134 rotates with
coupling 132. 27-tooth gear 134 includes teeth 180 which are
engageable with teeth 182 on second 10-tooth gear 136.
D-pin 122 extends through a hole 184 in gear plate 120 and is
engageable within a D-shaped hole 186 in second 10-tooth
gear 136. D-pin 122 continues through clutch spring 142 and
through a D-shaped hole 188 in clutch 138. D-pin 122 con-
tinues through a hole 190 formed in large bevel gear 140 and
into a recess in body 52.

[0111] A series of teeth 192 is formed on large bevel gear
140 and is configured to engage teeth 98 on bevel pinion 96
which allows the rotational movement of gear train 58 to be
transferred approximately 90° to bevel pinion 96 and thus to
components of the cartridge and drive assemblies contained
within outer tubular member 56.

[0112] Itshould be noted that gear plate 120 also includes a
slot 194 for receipt of a shaft or pin (not shown) extending
from rack 146 to transfer linear movement of rack 146 from
one side of gear plate 120 to the opposite side of gear plate
120. This pin is configured to engage slot 94 in link 82 and
move link 82 longitudinally within body 52.

[0113] As noted hereinabove, clutch 138 is engageable and
disengageable with large bevel gear 140 enabling rotation of
large bevel gear 140 when clutch 138 is engaged with large
bevel gear 140. Thus, clutch 138 includes a series of inter-
locking teeth or projections 196 and recesses 198 which mate
up with corresponding projections 200 and recesses 202 in
large bevel gear 140. Thus, as trigger 54 is squeezed during
actuation, the rotation imparted to combination gear 116 is
translated to rotation of large bevel gear 140. The use of
multiple parallel sets of gears on either side of gear plate 120
to transfer motion of trigger 54 to large bevel gear 140 helps
gear efficiency by keeping the pitch diameters of all the mat-
ing gears tight together.

[0114] Referring now to FIG. 10, the specific details of the
various components of the distal end of surgical instrument
50 are described. As noted hereinabove, surgical instrument
50 includes an outer tubular member 56 extending distally
from body 52. Outer tubular member 56 is configured for
longitudinal motion relative to body 52 over a limited prede-
termined distance. Outer tubular member 56 includes an open
distal end 204 and an open proximal end 206. Flats 208
adjacent the proximal end of outer tubular member 56 allow
for longitudinal motion of outer tubular member 56 within
body 52.

[0115] Within outer tubular member 56 are contained a
cartridge subassembly 210 and a driver subassembly 212.
Cartridge subassembly 210 generally includes a proximal
hollow tube 214, a pair of parallel beams 216 and a distal
hollow tube 218. A pair of slots 220 is provided on proximal
hollow tube 214 and engages proximal ends 222 of beams
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216. A pair of slots 224 is provided on distal hollow tube 218
and engages stepped down distal ends 226.

[0116] Driversubassembly 212 generally includes a hollow
tube 228 having tabs 230 at a distal end 232. Tabs 230 are
configured to engage a torque ring 234 in order to rotate
surgical fastener 10 into tissue. Tabs 230 engage slots 236 in
torque ring 234. A proximal slot 238 is provided on hollow
tube 228 for receipt of a torque pin as described in more detail
hereinbelow.

[0117] A plurality of fasteners 10 is contained within car-
tridge subassembly 210. Fasteners 10 are biased distally
within cartridge subassembly 210 by a compression spring
240. A pusher 242 is provided between compression spring
240 and fasteners 10.

[0118] A needle 244 is also contained within outer tubular
member 56 and is longitudinally movable relative to body 52.
Needle 244 is provided to facilitate piercing mesh and tissue
in advance of the insertion of fastener 10. Needle 244 includes
apointed distal tip 246 and a retention feature 248 proximal of
distal tip 246, the purpose of which is described in more detail
hereinbelow. Needle 244 also includes a proximal hook 250
for engagement with needle coupling 104.

[0119] Referring now to FIGS. 11-17, surgical instrument
50 is shown in various assembled configurations with certain
parts removed for clarity. Referring initially to FIG. 11, sur-
gical instrument 50 is shown with one body half 52 removed.
Surgical instrument 50 is in the initial pre-fired state with
outer tubular member 56 and lockout 68 in a distal-most
position. Flats 208 of elongate tubular member 56 are also in
the distal-most position relative to body half 52. Hook 70
constrains torque pin 72 which is press fit within socket 76. As
shown, trigger 54 has yet to been moved such that trigger gear
114 is in an initial position relative to trigger spur gear 118 on
combination gear 116.

[0120] Referring now to FIG. 12, surgical instrument 50 is
illustrated with both body halves 52 removed. Clutch 138 is
shown engaged with large bevel gear 140 and teeth 192 of
large bevel gear 140 are shown engaged with teeth 98 of bevel
pinion 96. Pawl 124 is shown engaged with combination gear
116. A hole 252 is provided through gear plate 120 for receipt
of'needle pin 108 therethrough. As noted hereinabove, needle
pin 108 extends into slot 110 in needle coupling 104 allowing
needle 244 to move proximally and distally relative to body
52. Lockout member 60 is also shown in a distal-most posi-
tion with hook 70 engaging torque pin 72.

[0121] FIG. 13 illustrates surgical instrument 50 from a
rearview with both body halves 52 removed. As shown, clutch
138 is engaged with large bevel gear 140. Link 82 is in a
proximal-most position with clutch cam 92 remote from
clutch 138. As noted hereinabove, link 82 is capable of linear
motion through body 52 in response to movement of rack 146.
Specifically, rack 146 includes a shaft 254 which extends
through slot 194 in gear plate 120 and into slot 94 of link 82.
As rack 146 moves distally or proximally it carries link 82
with it. Slot 94 is also provided to allow link 82, and specifi-
cally clutch cam 92, to pivot upwardly when link 82 has
reached its distal-most position. At the distal-most position,
clutch cam 92 cams clutch 138 away from large bevel gear
140 to separate the gear train 58 from large bevel gear 140 and
allow pawl 124 to reset without rotation of large bevel gear
140.

[0122] Turning now to FIG. 14, surgical instrument 50 is
shown from a side view with one body half 52 removed. Link
82 is in a proximal-most position while lockout member 60 is
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in a distal-most position against the bias of lockout spring 62.
Additionally, baseplate 64 biases outer tubular member 56 to
a distal-most position. As noted above, slots 208 in outer
tubular member 56 allow for a limited range of longitudinal
motion of outer tubular member 56 relative to body 52. Fur-
ther, as noted above, link 82 is connected to socket 80 by way
of rings 74 affixed around socket 76. Ring pins 86 on rings 74
extend through bracket slots 88 on link 82. Thus, as link 82
moves distally, socket 76 is also moved distally through body
52.

[0123] Referring to FIG. 15, surgical instrument 50 is illus-
trated with both body halves removed from a general side
view. Large bevel gear 140 is not shown in this figure for
clarity. As noted above, rings 74 engage and support socket 76
by way of projections 78 which extend into groove 80 on
socket 76. As shown, outer tubular member 56 has been
forced proximally against baseplate 64 of lockout member 60
and against the bias of lockout spring 62. This corresponds to
an initial positioning of outer tubular member 56 against
mesh and/or tissue and prior to actuation of surgical instru-
ment 50. Hook 70 of lockout member 60 has moved off of
torque pin 72 allowing socket 76 to rotate upon initial actua-
tion of surgical instrument 50. Pin 252 is still in a proximal-
most position within slot 110 in needle coupling 104.

[0124] It should be noted that cartridge and driver subas-
semblies 210 and 212, respectively, are pinned to socket 76 by
means of torque pin 72. This allows the subassemblies to
rotate and move linearly with socket 76, as discussed herein-
below.

[0125] Referring now to FIG. 16, the internal connections
between needle coupling 104 and bevel pinion 96 are
described. In order for fastener 10 to be inserted through mesh
and/or into tissue, needle 244 is used to punch an initial hole
through the mesh and/or tissue. Rotation of bevel pinion 96
moves needle coupling 104 distally and proximally relative to
bevel pinion 96. Needle coupling 104 may move proximately
at a distance of about 3.5 mm. When threads 258 on needle
coupling 104 disengage from threads 260 on bevel pinion 96,
needle coupling 104 ceases its linear movement. Coupling
spring 106 keeps needle coupling 104 from reengaging bevel
pinion 96 until a later sequence where needle 244 is retracted.
[0126] Since needle pin 108 extends through slot 110 in
needle coupling 104, needle coupling 104 cannot rotate with
bevel pinion 96. Additionally, slot 110 limits the distal and
proximal travel of needle coupling 104 and thus of needle
244. Bevel pinion 96 is keyed into slots (not explicitly shown)
of socket 76, which allows for translation of socket 76. When
needle coupling 104 is disengaged from bevel pinion 96,
socket 76 can continue to rotate and travel linearly. This
allows fastener 10 to rotate and travel farther than needle 244.
As noted hereinabove, needle 244 extends from needle cou-
pling 104 through the cartridge and driver subassemblies, 210
and 212, respectively, to the distal end of surgical instrument
50.

[0127] Turning now to FIG. 17, various assembled compo-
nents of surgical instrument 50 are visible from a top view. As
shown, lockout member 60 rides on an outer surface of driver
subassembly 210 and constrains torque pin 72 on socket 76
against movement until such time as lockout member 60 has
been biased proximally as outer tubular member 56 engages
a target area and moves proximally. As noted hereinabove,
combination gear 116 includes a spur gear 262 which engages
rack 148 and moves the rack 148 proximally and distally
within body 52.
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[0128] Referring to FIG. 18, outer tubular member 56 is
shown sectioned at its distal end to reveal fastener 10 and
needle 244. As noted hereinabove, driver subassembly 212
has a hollow tube 228 with a slot 238 at its proximal end.
Torque ring 234 is located adjacent distal end 232 of hollow
tube 228. Torque ring 234 includes slots 236 thereon for
engagement with tabs 237 (see FIG. 29) on cartridge subas-
sembly 210 and tabs 230 on distal end of driver assembly 228.
This interaction between slots 236 and tabs 230, 237 helps
distal alignment of cartridge beams 216 (see FIG. 29) and
torque ring 234.

[0129] Cartridge subassembly 210 is illustrated in the
assembled condition in FIG. 19. As described hereinabove,
cartridge subassembly 210 includes a proximal tube 214, a
pair of beams 216 extending distally from proximal tube 214
and a hollow distal tube 218 affixed to the opposed ends of
beams 216. Fasteners 10 are constrained within cartridge
subassembly 210 by engagement of torque slots 30 (FIG. 1)
with beams 216. As shown, all fasteners 10 are constrained
within cartridge subassembly 210 except for a distal-most
fastener 264 which is retained by torque ring 234. While not
explicitly shown, spring 240 and pusher 242 bias fasteners 10
distally within cartridge subassembly 210.

[0130] Referring now to FIG. 20, the distal end of surgical
instrument 50 is shown, partially in section, with the distal
components assembled. Specifically, needle 244 is positioned
within outer tubular member 56 and extends through driver
subassembly 212. In the initial unfired position, sharp tip 246
of needle 244 is retracted within outer tubular member 56.
The initial, or first, distal-most fastener 264 is positioned over
needle 244 and retained in position by torque ring 234 and
needle retention feature 248. As noted hereinabove, surgical
instrument 50 is supplied with distal-most fastener 264 sepa-
rated from the remaining fasteners 10 which are contained in
the cartridge subassembly 210. In this state, surgical instru-
ment 50 is ready to be used to apply distal-most fastener 264,
and the remaining fasteners 10, to surgical mesh and/or tissue.
[0131] The use of surgical instrument 50 to apply fasteners
10 to secure a mesh to tissue is described. Initially, referring
to FIGS. 21-25, there is illustrated the procedure for disen-
gaging the lockout mechanism, i.e., disengaging lockout
member 60 from torque pin 72 on socket 76 so that gear train
58 can rotate and surgical instrument 50 can be actuated. As
noted above, the lockout mechanism is used to prevent actua-
tion of the instrument until desired. Additionally, the lockout
mechanism forces the distal end of surgical instrument 50 to
be firmly seated against the mesh before it can be actuated.
[0132] Referring to FIG. 21, the distal end of outer tubular
member 56 is illustrated with sharp needle tip 246 in a
retracted position. A series of small projections or crenella-
tions 266 are formed on the distal end of outer tubular mem-
ber 56 about opening 204. Crenellations 266 hold the mesh
taught against tissue and prevent the mesh from twisting
when needle 244 punches through the mesh as distal-most
fastener 264, as well as following fasteners 10, are inserted to
the mesh and into tissue.

[0133] Referring for the moment to FIG. 22, flats 208 on a
proximal end of outer tubular member 56 mate with corre-
sponding flats formed on the distal end of body 52. Flats 208
prevent outer tubular member 56 from rotating along with
cartridge and driver subassemblies 210 and 212, respectively,
as gear train 58 is actuated, while still allowing outer tubular
member 56 to travel linearly. It should be noted that, in
alternative embodiments of surgical instrument 50, other fea-
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tures may be provided to prevent outer tubular member 56
from rotating while allowing it to travel linearly, such as, for
example, direct connections to lockout member 60.

[0134] As described hereinabove, lockout member 60
engages torque pin 72, affixed to socket 76, which prevents
gear train 58 from rotating and thus prevents trigger 54 from
being moved. Referring to FIG. 23, the proximal end of outer
tubular member 56 rests against baseplate 64 of lockout mem-
ber 60. Lockout spring 62 biases lockout member 60, and thus
outer tubular member 56, in a distal-most position. In this
initial position, hook 70 surrounds and holds torque pin 72
against movement (see FIG. 11). As shown in the initial
position, lockout member 60, and specifically hook 70, is
prevented from moving in the vertical direction by ribs 268
formed on body halves 52. This ensures that torque pin 72 is
securely constrained by hook 70.

[0135] Referring now to FIG. 24, in use, the surgeon inserts
surgical instrument 50 through an access port and applies the
distal end of outer tubular member 56 against mesh and tissue.
The distal end of outer tubular member 56 is then forced
against the mesh and tissue with a predetermined amount of
force sufficient to overcome the bias of lockout spring 62. In
one embodiment, lockout spring 62 can be overcome with a
force of approximately 2 pounds. It should be noted that a
lockout spring 62 can be chosen such that it can be overcome
by forces of more or less than 2 pounds depending upon the
intended application of surgical instrument 50. As shown,
when outer tubular member 56 is urged against tissue, outer
tubular member 56 is forced proximally relative to body 52 in
the direction of arrow A. The length of travel of outer tubular
member 56 is limited by a body rib 53. A portion of lockout
member 60 contacts body rib 53, this prohibiting continued
proximal movement of outer tubular member 56. As outer
tubular member 56 is forced proximally, outer tubular mem-
ber 56 forces lockout member 60 proximally against the bias
of lockout spring 62. As lockout member 60 moves proxi-
mally, hook 70 disengages from torque pin 72 and moves out
from underneath ribs 268. (See also FIG. 15). Once lockout
member 60 is disengaged from torque pin 72 on socket 76,
gear train 58 is freed up for rotation, i.e., trigger 54 can now
be depressed.

[0136] Referring for the moment to FIG. 25, the distal end
of surgical instrument 50 is shown with outer tubular member
56 in a retracted position and needle tip 246 of needle 244 in
approximate alignment with crenellations 266. At this point,
the lockout sequence has been completed and needle 244 is in
a position to puncture mesh and tissue.

[0137] Referring now to FIGS. 26-31, the initial actuation
of surgical instrument 50 will now be described. During this
initial actuation by squeezing trigger 54, cartridge subassem-
bly 210 is rotated or indexed approximately 90° relative to
outer tubular member 56. At this point in the actuation
sequence, driver subassembly 212 does not rotate. This initial
actuation and indexing of cartridge subassembly 210 isolates
distal-most fastener 264 from the remaining fasteners 10 in
cartridge subassembly 210. Additionally, rotating cartridge
subassembly 210 approximately 90° aligns stepped down
distal ends 226 of beams 216 with a proximal face of distal-
most fastener 264.

[0138] Referring to FIG. 26, as trigger 54 it is initially
depressed, trigger gear 114 engages teeth 152 on trigger spur
gear 118 and begins to rotate trigger spur gear 118 and thus
combination gear 116. As combination gear 116 begins to
rotate, pawl 124 begins to ride over toothed surface 156 on
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combination gear 116. As noted hereinabove, engagement of
pawl 124 with toothed surface 156 prevents gear train 58 from
reversing until trigger 54 has been fully depressed. As shown,
hook 70 of lockout member 60 is disengaged from torque pin
72 and socket 76 has not yet begun to rotate.

[0139] Referring now to FIGS. 27 and 28, and initially with
regard to FIG. 27, the rotation of cartridge subassembly 210 is
described. As shown, torque pin 72 is press fit in socket 76.
Torque pin 72 extends through slot 234 in driver subassembly
212 and is press fit into cartridge subassembly 210. While
torque pin 72 is described as being press fit in to socket 76 and
cartridge subassembly 210, other methods of affixing torque
pin 72 are contemplated, such as, for example, gluing, weld-
ing, etc. Lockout member 60 is disengaged from torque pin 72
leaving torque pin 72 free to rotate with socket 76 and car-
tridge subassembly 210.

[0140] Referring to FIG. 28, as trigger 54 is pivoted farther
to rotate gear train 58, socket 76 and thus torque pin 72 begin
to rotate. Torque pin 72 rotates approximately 90° through
slot 234 on driver subassembly 212 thereby rotating or index-
ing cartridge subassembly 210 approximately 90°. As noted
hereinabove, this aligns the distal end of cartridge subassem-
bly 210 with a proximal face of distal-most fastener 264. At
this point, driver subassembly 212 has not yet begun to rotate.

[0141] Referring now to FIGS. 29 to 31, the indexing of
cartridge subassembly 210 from its initial position to its 90°
indexed position is shown with regard to the distal end of
cartridge subassembly 210. As shown in FIG. 29, in an initial
position, beams 216 are aligned with slots 30 in distal-most
fastener 264.

[0142] It should be noted that, with regard to subsequent
fasteners 10 when beams 216 are in an initial position, beams
216 allow subsequent fasteners 10 to pass into torque ring
234.

[0143] Referring now to FIG. 30, cartridge subassembly
210 is shown rotated or indexed approximately 90° moving
beams 216 out of alignment with slots 30 in distal-most
fastener 264. In this position, stepped down distal ends 226 of
beams 216 (not explicitly shown) are in alignment with a
proximal face of distal-most fastener 264. Cartridge subas-
sembly 210 is shown in FIG. 31 in its indexed position relative
to torque ring 234.

[0144] Referring now to FIGS. 32 to 37, and initially with
regard to FIG. 32, the final movement of trigger 54 to cause
needle 216 to pierce mesh and tissue and insert distal-most
fastener 264 through the mesh and into tissue is described. As
shown in FIG. 32, needle 216 has been extended beyond the
distal end of outer tubular member 56 to cause sharp tip 246
of needle 216 to pierce mesh and tissue (not shown). This is
accomplished in the manner described hereinabove with
regard to FIG. 16. Referring back for the moment to FIG. 16,
it was disclosed that as bevel pinion 96 rotates, threads 260
rotate against threads 258 in needle coupling 104 to drive
needle coupling 104 distally a distance of approximately 3.5
mm. This extends needle 244 distally through the mesh and
into tissue. As noted above with reference to FIG. 16, needle
coupling 104, and thus needle 244, can only move distally the
length of slot 110 which is restrained by needle pin 108.

[0145] Referring now to FIG. 33, distal-most fastener 264
is illustrated being held by torque ring 234 and being driven
and rotated into engagement with tissue by torque ring 234
and stepped down distal ends 226 of beams 216. As described
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in more detail below with reference to FIG. 71, distal-most
fastener 264 is advanced over the needle retention feature of
needle 244.

[0146] In order to prevent unscrewing the distal-most fas-
tener 264 when trigger 54 is released and gear train 58
reverses direction, torque ring 234 must be removed from
distal-most fastener 264 before it begins to rotate in the
reverse direction. This is accomplished by disengaging clutch
138 from large bevel gear 140. Referring now to FIG. 34, at
the very end of the trigger squeeze of trigger 54, link 82 is
driven distally such that bracket 84 engages a stop 270 formed
on body 52. Rack 146 (not shown) is still being driven distally
such that shaft 254 continues to move distally and resides in
slot 94. At this point, link 82 has cleared a proximal stop 272
which, up until this point, has restricted link 82 from rotating
upwardly.

[0147] Referring now to FIG. 35, since shaft 254 is still
moving distally, and link 82 has engaged stop 270 and cannot
travel linearly any farther, link 82 can only pivot upwardly as
shaft 254 moves within slot 94. Specifically, bracket 84 pivots
about ring pins 86 positioned within bracket slots 88. This
motion drives clutch cam 92 up into engagement with clutch
138 to initiate disengagement of clutch 138 with large bevel
gear 140 (not shown).

[0148] As shown in FIG. 36, clutch cam 92 of link 82 cams
clutch 138 away from large bevel gear 140 thereby disengag-
ing projections and recesses 196, 198 on clutch 138 from
projections and recesses 200, 202 on large double gear 140.
Gear train 58 has now been disconnected from large bevel
gear at 140 and thus can counter rotate as trigger 54 is released
and pawl 124 is reset.

[0149] Referring to FIG. 37, as trigger 54 has reached the
limit of its travel, trigger gear 114 rotates spur gear 118, and
thus combination gear 116, the full extent of its counterclock-
wise rotation. At this point, point 160 of pawl 124 has cleared
toothed surface 156 of combination gear 116 and resides
adjacent smooth surface 158 of combination gear 116. Thus,
the ratchet feature of surgical instrument 50 has been disen-
gaged from combination gear 116. Upon release of trigger 54
against the bias of trigger spring (not shown in this embodi-
ment), pawl 124 can pivot about pin 128 such that point 160
drags back over toothed surface 156 to the initial pre-fired
position.

[0150] The release of trigger 54 to reset gear train 58, link
82, needle coupling 104 and cartridge and driver subassem-
blies 210 and 212, respectively, is described. While the rever-
sal procedure is not specifically shown, reference is made to
FIGS. 16 and 35 for illustration of the various components. As
trigger 54 is released, trigger 54 moves back to its original
position. This reverses gear train 58 such that rack 146 is now
pulling link 82 in a proximal direction. Clutch cam 92 on link
82 remains engaged with clutch 138 until rack 146 has moved
proximally sufficient enough for shaft 254 to travel upwardly
within slot 94 and link 82 to disengage clutch cam 92 from
clutch 138. The distance rack 146 moves proximally is
approximately equal to the distance torque ring 234 moves
proximally to disengage from distal-most fastener 264,
thereby leaving distal-most fastener 264 threaded through the
mesh and into tissue.

[0151] Once clutch cam 92 has been disengaged from
clutch 138, clutch 138 reengages large bevel gear 142 to affect
counter rotation of the cartridge and driver subassemblies
210, 212. Socket 76 is drawn proximally by the proximal
movement of link 82 which is affixed to rings 74 attached to
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socket 76. Socket 76 contacts needle coupling 104 and com-
presses needle coupling spring 106 such that the left-hand
thread 258 on needle coupling 104 reengages lefi-hand thread
260 in bevel pinion 96. Needle 244 is thus drawn proximally
to its initial position by the proximal movement of needle
coupling 104.

[0152] Referring now to FIGS. 38 to 41, the corresponding
effect of the resetting of surgical instrument 50 on the distal
end components of surgical instrument 50 is described.
Referring initially to FIG. 38, distal-most fastener 264 has
been installed in tissue and needle 244 has not yet retracted.
New fastener 10 is adjacent needle retention member 248 on
needle 244. Needle 244 is still in the extended position cor-
responding to needle coupling 104 being in its distal-most
position. In this position, cartridge subassembly 210 is still
rotated approximately 90° such that beams 216 are out of
alignment with slots 236 in torque ring 234.

[0153] Referring now to FIG. 39, cartridge beams 216 have
been rotated back approximately 90° such that cartridge
beams 216 are now in alignment with slots 236 in torque ring
234 so as to allow a new fastener 10 to be positioned within
torque ring 234.

[0154] Referring now to FIG. 40, driver and cartridge sub
assemblies 210 and 212, respectively, have been withdrawn
proximally to their retracted position by gear train 58 (shown
about 3.5 mm into the firing stroke), needle 244 is still in the
extended position but will retract once needle coupling 104
moves proximally rethreading itself within bevel pinion 96.
[0155] As shown in FIG. 41, needle 244 is in a proximal
initial position and a new fastener 10 is in position to be
advanced over needle retention feature 248 on needle 244. At
this point surgical instrument 50 is in a condition to be refired
to thereby insert the next fastener 10 through mesh and into
tissue.

[0156] Referring now to FIG. 42, distal-most fastener 264
is shown inserted through mesh M and into tissue T. Surgical
instrument 50 has been pulled away from the tissue T such
that outer tubular member 56 moves to its distal-most position
since the approximate 2 pounds of pressure against mesh M
and tissue T has been relieved. Additionally, the movement of
outer tubular member 56 to its distal-most position assists in
pushing distal-most fastener 264 out of surgical instrument
50. Thus, the firing cycle has been completed.

[0157] Referring to FIG. 43, the distal end of surgical
instrument 50 is shown with the last fastener 10 ejected from
surgical instrument 50. Pusher 242 is biased against needle
retention feature 248 due to the bias of spring 240 and traps
spring 240 within outer tubular member 56.

[0158] As shown in FIG. 44, during use, surgical instru-
ment 50 is inserted through an access port AP in a patient P to
perform the laparoscopic or endoscopic procedure. FIG. 45
illustrates surgical mesh M affixed to tissue T by distal-most
fastener 264 and subsequently-installed fasteners 10.

[0159] Now referring to FIGS. 46-76, another embodiment
of'a multi-fire surgical instrument 300 for installing fasteners
10 into tissue is shown. Surgical instrument 300 includes a
shaft assembly 310 (see generally FIG. 47) and a handle
assembly 700 (see generally FIG. 56). Shaft assembly 310
includes first sub-assembly 320 (FIG. 47) having an intro-
ducer or needle 330, a pusher 340 and a feed spring 360; a
second sub-assembly 400 (FIGS. 47-53) having a coupling
410, an inner tube 430, bands 450, a socket 470, a torque pin
490 and a needle pin 494; a third sub-assembly 500 (FIG. 53)
having first and second ring halves 5104, 5105 that form ring
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510; a fourth sub-assembly 550 (FIG. 54) having a rack 560;
and a fifth sub-assembly 600 (FIG. 55) having a needle plate
610, a lockout 620, an outer tube 640 and a small bevel gear
660. Handle assembly 700 includes a housing 710, a movable
handle 720, a fixed handle 722, a large bevel gear 730, a pawl
740, a clutch 750, a planetary gear 760, a planetary ring plate
770, atooth gear 780, a planetary sun 780 and a spur gear 800.
[0160] The interconnection of the various parts of surgical
instrument 300 is discussed with reference to FIGS. 47-64.
Initially, the description of shaft assembly 310 and more
specifically first sub-assembly 320 is discussed with refer-
ence to FIG. 47. Needle 330 includes a proximal end 332, a
distal end 334, a bend 336 adjacent proximal end 332 and a
needle retention feature 338 (FIG. 65) near distal end 334.
Needle 330 may be tapered at distal end 334. A plurality of
fasteners 10 is illustrated on needle 330. Pusher 340 (a larger
view of pusher 340 is shown in FIG. 75) is located around
needle 330 (needle 330 is inserted through a hole of pusher
340) at a location that is proximal to fasteners 10. Feed spring
360 is radially disposed around needle 330 and distal portion
362 of feed spring 360 is in mechanical cooperation with
pusher 340. Further, feed spring 360 is disposed between
pusher 340 and bend 336. Feed spring 360 distally biases
pusher 340 towards distal end 334 of needle 330. Initially,
needle retention feature 338 withstands the distal force
exerted by feed spring 360, thus maintaining fasteners 10 on
needle 330.

[0161] With reference to FIGS. 47-53, second sub-assem-
bly 400 is illustrated. Coupling 410 of second sub-assembly
400 is illustrated in FIG. 47. Coupling 410 includes a proxi-
mal portion 412, a distal portion 414, a proximal hole 416, a
distal hole 418 and a slot 420. Distal hole 418 receives bend
336 of needle 330. Proximal hole 416 and slot 420 receive
needle pin 494 and torque pin 490, respectively, as is dis-
cussed in more detail below.

[0162] Elongate tubular member or inner tube 430 is illus-
trated in FIGS. 48-52. Inner tube 430 includes a proximal
portion 432 (FIG. 51), a distal portion 434 (FIG. 48), a pair of
grooves 436a, 4365 (F1G. 48), a pair of proximal slots 438a,
438b (proximal slot 4384 shown in FIG. 49), a pair of distal
slots 439a, 4395 (distal slot 439a shown in FIG. 49), a pin
hole 440 (FIG. 51) disposed near proximal portion 432 and an
alignment hole 442 (FIG. 51) disposed distally of pin hole
440. Inner tube 430 at least partially surrounds needle 330 and
fasteners 10 (see FIGS. 49 and 50) as well as pusher 340 (FIG.
75), feed spring 360 (F1G. 75) and coupling 410 (FIG. 51). As
illustrated in FIG. 50, a pair of bands 450a, 4505 (only one
band 450a being shown) is inserted on inner tube 430. Spe-
cifically, a proximal face 4524 of band 450q is inserted into
proximal slot 438a of inner tube 430, while proximal face
4525 of band 4505 is inserted into proximal slot 4385 (not
shown). Similarly, a distal face 454a of band 4504 is inserted
into a distal slot 4394 of inner tube 430 and a distal face 4545
of band 4505 is inserted into a distal slot 4395 of band 4505
(not shown). Bands 450a, 4505 rest in grooves 436a, 4365,
respectively, of inner tube 430. It is envisioned that at least
one band 450a or 4505 is disposed of an elastic material such
that band 4504 and/or 45056 is flexible.

[0163] Socket 470 is best illustrated in FIG. 52. Socket 470
includes a proximal portion 472, a distal portion 474, an
intermediate portion 476, a distal hole 478, a slot 480 and a
groove 482. Distal portion 474 of socket 470 is configured to
be linked to proximal portion 412 of coupling 410 and to
proximal portion 432 of inner tube 430 (see also FIG. 51).
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Distal hole 478 of socket 470 aligns with pin hole 440 of inner
tube 430. A torque pin 490 is insertable through both distal
hole 478 and pin hole 440 (see FIGS. 53 and 54). Slot 480 of
socket 470 extends through socket 470. A portion of slot 480
is positioned to align with proximal hole 416 of coupling 410.
A needle pin 494 is insertable through both slot 480 and
proximal hole 416 of coupling 410 (see FIGS. 53-55). This
arrangement allows for relative movement between socket
470 and coupling 410. Additionally, alignment hole 442 in
inner tube 430 facilitates proper alignment between socket
470 and inner tube 430.

[0164] Withreferenceto FIG. 53, third sub-assembly 500 is
illustrated, including ring 510. Ring 510 is comprised of two
ring halves 510a, 5105 (only ring half 510q¢ is illustrated in
FIG. 53) which are dimensioned to fit together (either by
snapping, welding, or the like) over proximal portion 472 of
socket 470. Specifically, a protrusion 512 of each of ring
halves 510a and 51054 fits into groove 482 of socket 470.
Further, each ring half 5104 and 5105 may include a boss 516
and an aperture 518 (FIG. 53), boss 516 being appropriately
sized to fit within aperture 518 to lock each ring half 510a,
5106 together. Additionally, each ring half 510a, 5105
includes an attachment structure 514 (FIG. 54) for connection
with rack 560, as described below. Ring 510 and socket 470
are situated such that socket 470 is rotatable with respect to
ring 510.

[0165] Fourth sub-assembly 550 is illustrated in FIG. 54
and includes a rack 560. Rack 560 includes a proximal por-
tion 562, a distal portion 564, a pair of openings 566 and a
plurality of teeth 568. Pair of openings 566 are mechanically
engagable with attachment structure 514 of ring halves 510q,
5106. Thus, distal movement of rack 560 translates ring 510,
socket 470, inner tube 430, bands 450a, 4505 and thus distal-
most fastener 264 longitudinally, as described in more detail
below. Rack 560, ring 510 and socket 470 are disposed at least
partially within housing 710 and are collectively referred to as
actuation assembly.

[0166] With reference to FIG. 55, fifth sub-assembly 600 is
illustrated. Needle plate 610 of fifth sub-assembly 600
includes an opening 612 therein. Opening 612 is appropri-
ately sized to enable needle plate 610 to fit around socket 470.
Needle plate 610 is positioned around socket 470 such that
socket 470 is capable of longitudinal and/or rotational move-
ment with respect to needle plate 610. As seen in FIG. 55,
needle pin 494 has a larger length than the diameter of open-
ing 612 in needle plate 610, thus limiting distal translation of
needle pin 494. A second housing rib 674 (FIG. 68) restricts
distal movement of needle plate 610.

[0167] With continued reference to FIG. 55, lockout 620 of
fifth sub-assembly 600 includes a proximal portion 622 and a
distal portion 624. A slot (not explicitly shown) is disposed at
least partially through lockout 620 adjacent proximal portion
622 and is configured to allow a portion of torque pin 490 to
longitudinally travel therethrough. An opening 628 is dis-
posed through distal portion 624 to allow inner tube 430 to
pass therethrough. Lockout spring 630 is disposed adjacent
distal portion 624 of lockout 620, extending towards proximal
portion 622. Lockout spring 630 is bounded at its proximal
portion by a first housing rib 672 within housing 670 (see
FIG. 67).

[0168] With continued reference to FIG. 55, outer tube 640
is disposed distally of lockout 620 and around inner tube 430.
A slot 648 disposed adjacent a proximal portion 632 of outer
tube 640 engages a pin 444 of inner tube 430. This relation-
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ship allows for longitudinal translation of outer tube 640 with
respect to inner tube 430 and prevents rotational movement of
outer tube 640 with respect to inner tube 430.

[0169] With reference to FIG. 58, a first bushing 680 and a
second bushing 682 are shown in accordance with an embodi-
ment of the present disclosure. First bushing 680 is a hollow
cylindrical member disposed around distal portion 474 of
socket 470 (illustrated in a non-actuated position. First bush-
ing 680 prevents body portions 710a, 7105 (FIG. 46) of
housing 710 from frictionally interfering with the rotation
and/or longitudinal movement of socket 470, lockout 620
and/or inner tube 430. Similarly, second bushing 682 is a
hollow cylindrical member disposed around a portion of
small bevel gear 660 and prevents body portions 710a, 7105
of housing 710 from frictionally interfering with rotational
movement of small bevel gear 660. It is envisioned that at
least one of first bushing 680 and second bushing 682
includes a lubricant thereon (external surface and/or internal
surface) to minimize any undesired forces or frictional
effects.

[0170] Now referring to FIG. 65, prior to disengaging lock-
out 620 (see FIG. 55), distal portion 644 of outer tube 640
extends past distal portion 434 of inner tube 430. In this
embodiment, a plurality of crenellations 650 is disposed
around the periphery of distal portion 644 of outer tube 640.
In the embodiment illustrated in FIG. 65, crenellations 650
form a sine-like wave, but other regular and irregular patterns
are envisioned and within the scope of the present disclosure.
Crenellations 650 facilitate the insertion of a trocar (not
shown) and manipulation of mesh “M” (FIG. 66).

[0171] With continued reference to FIG. 65, outer tube 640
includes a flared section 652 disposed around its outer periph-
ery and adjacent distal portion 644. Prior to disengaging
locket 620, at least a portion of flared section 652 is located
distally of bands 450a, 4505.

[0172] FIG. 66 illustrates outer tube 640 pushing against
mesh “M,” which translates outer tube 640 proximally, thus
disengaging lockout 620 and enabling distal-most fastener
264 to be ejected from multi-fire surgical instrument 300. In
this embodiment, flared section 652 of outer tube 640 forces
bands 4504, 4505 radially inward, such that distal faces 454a,
454b are abutting distal-most fastener 264. Upon activation of
multi-fire surgical instrument 300, as discussed in detail
below, distal movement of bands 450a, 4505 forces distal-
most fastener 264 distally, thus ejecting distal-most fastener
264 from multi-fire surgical instrument 300.

[0173] Referring back to FIG. 55, fifth sub-assembly 600
also includes a small bevel gear 660. Small bevel gear 660
mechanically cooperates with proximal portion 472 of socket
470, such that rotation of small bevel gear 660 (discussed in
detail below) corresponds to rotation of socket 470, rotation
of inner tuber 430 and thus rotation of distal-most fastener
264.

[0174] Handle assembly 700 is discussed with reference to
FIGS. 46, 56-64, 69-70 and 73. Body portions 710a, 7105
(FIG. 46) mechanically attach (via a snap-fit relationship,
welding, or the like) to form a generally hollow housing 710,
which houses a least a portion of; inter alia, gear train that
includes planetary gear 760 (FIG. 60), planets 770a, 7705,
770c¢ (FIG. 60), planetary sun 780 (FIG. 61), spur gear 800
(FIG. 64) and large bevel gear 730 (FIG. 64). Gear train and
small bevel gear 660 are collectively referred to as gear
assembly. Referring to FI1G. 56, movable handle 720 includes
aportion which is disposed within housing 710 and a gripping
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portion 721 which is extends out from housing 710. A trigger
pin 723 is disposed through a hole in movable handle 720,
thus providing an axis for movable handle 720 to rotate about.
Movable handle 720 moves from a non-actuated position
(e.g., FIG. 56) to an actuated position (e.g., FIG. 73) closer to
fixed handle 722.

[0175] AsshowninFIG. 56, atrigger spring 724 attaches to
a portion of movable handle 720 at one end and to a housing
pin 702 at its other end. As can be appreciated, trigger spring
724 biases movable handle 720 in a non-actuated position.
Movable handle 720 also includes spur teeth 726, which
mechanically engage planetary gear 760 (FIG. 59).

[0176] With reference to FIGS. 59-62, planetary gear 760
includes a planetary carrier 762, planets 770a, 7705, 770c,
planetary ring plate 774 and planetary sun 780. Planetary
carrier 762 generally includes a tooth gear 763, planet pins
764a, 764b, 764c, a ratchet 766 and a bore 768 extending
therethrough. Planetary carrier 762 is in rotatable engage-
ment with planetary ring plate 774 via planetary carrier pin
790, which extends through bore 768. Generally, planetary
gear 760 is used to allow for a desired gear-ratio, while
minimizing the amount of space taken up within housing 710.
[0177] Tooth gear 763 is disposed on a first side 761a of
planetary carrier 762 and is in mechanical cooperation with
spur teeth 726 of movable handle 720 and is also in mechani-
cal cooperation with teeth 568 of rack 560 (FIG. 54). With
reference to FIG. 73, the mechanical cooperation between
tooth gear 763, spur teeth 726 and rack 560 is illustrated. As
can be appreciated, squeezing movable handle 720 proxi-
mally (shown fully squeezed in FIG. 73) causes spur teeth 726
to rotate tooth gear 763 in a counter-clockwise direction (with
respect to the orientation as illustrated in FIG. 73). Tooth gear
763, in turn, interacts with teeth 568 of rack 560 to translate
rack 560 distally. Additionally, the interaction between spur
teeth 726 and tooth gear 763 rotates planetary gear carrier
762, as can be appreciated.

[0178] Planet pins 764a, 764b, 764c¢ are disposed on a
second side 7615 of planetary carrier 762, as illustrated in
FIGS. 60 and 60a. Planet pins 764a, 7645, 764¢ extend
through bores (not explicitly shown) of planets 770a, 7705,
770c¢, respectfully, such that planets 760 are rotatable with
respect to planetary gear carrier 762. Ratchet 766 is disposed
on an edge of planetary gear carrier 762 for interaction with a
pawl 740 (FIG. 70). As planetary gear carrier 762 begins to
rotate, pawl spring 742 biases pawl 740 such that pawl 740
rides over ratchet 766 of planetary gear carrier 762. Engage-
ment of pawl 740 with ratchet 766 prevents planetary gear
carrier 762 and other gears, as discussed below, from revers-
ing before movable handle 720 has been fully squeezed.
[0179] Asillustrated in FIGS. 69, 70 and 73, planetary ring
plate 774 mounts to a portion of housing 710, thus resulting in
little or no relative movement of planetary ring plate 774 with
respect to housing 710. Planetary ring plate 774 includes a
first opening 776 (FIG. 60A) therein which allows planetary
carrier pin 790 to pass therethrough and which allows planets
770a, 7705, 770c¢ to be housed therein. More specifically, the
thickness of planets 770, 7705, 770¢ may be substantially
equal to the thickness of planetary ring plate 774, such that
planets 770a, 77056, 770c¢ do not protrude from planetary ring
plate 774 when planetary ring plate 774 is abutted against
planetary gear carrier 762 (see FIG. 63). Indentations 778 are
disposed around the periphery of first opening 776 (FIG.
60a), which mechanically cooperate with teeth of planets
770a, 7705, 770c. Accordingly, rotation of planetary gear
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carrier 762 causes planets 770a, 7705, 770c¢ to engage inden-
tations 778 of planetary ring plate 774, and thus to rotate.
[0180] FIG. 61 illustrates planetary sun 780, which
includes first planetary sun gear 782, second planetary sun
gear 784 and a bore 786 disposed therethrough. With refer-
ence to FIG. 62, planetary carrier pin 790 extends through
planetary gear carrier 762 (discussed above), through first
opening 776 in planetary ring plate 774 (discussed above) and
through bore 786 of planetary sun 780. This interaction
between planetary sun 780 and planetary carrier pin 790
allows for rotation of planetary sun 780 with respect to plan-
etary ring plate 774.

[0181] First planetary sun gear 782 is dimensioned to fit
within first opening 776 of planetary ring plate 774 and to
mechanically engage planets 770a, 7705, 770¢. Thus, rota-
tion of planets 770a, 7705, 770c, as discussed above, causes
planetary sun 780 to rotate. As planetary sun 780 rotates,
second planetary sun gear 784 rotates and mechanically
engages spur gear 800 (FIG. 64).

[0182] As illustrated in FIGS. 63 and 64, spur gear 800 is
rotationally disposed on a spur gear pin 802 which is disposed
through a second opening 777 in planetary ring plate 774
(FIG. 60A). Spur gear 800 is in mechanical cooperation with
second planetary sun gear 784, thus allowing rotational
movement of spur gear 800 with respect to planetary ring
plate 774.

[0183] Also illustrated in FIG. 63 are clutch 750 and a
clutch spring 752. Clutch spring 752 is disposed between
planetary ring plate 774 and clutch 750. Additionally, clutch
spring 752 is configured to engage opening 804 of spur gear
800 (and may be connected thereto) at its first end and to
engage clutch 750 at its second end. Alternatively, clutch
spring 752 may be free at its first end and may be fastened to
clutch 750 at its second end. As seen in FIGS. 63 and 64,
clutch 750 is disposed on the opposite side of planetary ring
plate 774 as spur gear 800. Clutch 750 includes a plurality of
ramps 754 disposed thereon, which mechanically engage sec-
ond bevel gear ramps 734 disposed on large bevel gear 730,
discussed in more detail below.

[0184] Clutch spring 752 is designed to urge clutch 750
towards large bevel gear 730. The force exerted by clutch
spring 752 is strong enough to cause clutch 750 to rotate large
bevel gear 730 when movable handle 720 is depressed. Addi-
tionally, the force exerted by clutch spring 752 is weak
enough to allow clutch 750 to “ramp over” (i.e., not rotate)
second bevel gear ramps 734 when movable handle 720 is
released from its depressed orientation. Thus, as is described
below, inner tube 430 does not unscrew a fired fastener 10
after movable handle 720 is released or partially released and
prior to firing another fastener 10.

[0185] With continued reference to FIG. 64, large bevel
gear 730 is in mechanical engagement with small bevel gear
660. The axis of rotation A-A of small bevel gear 660 is
transverse to the axis of rotation B-B of large bevel gear 730.
More specifically, rotation of large bevel gear 730 about axis
B-Bresults in rotation of small bevel gear 660 about axis A-A.
This transverse rotation is facilitated by the orientation of the
teeth of the gears 660, 730, which combine to form an
approximate 90 degree angle. Rotation of small bevel gear
660 results in rotation of distal-most fastener 264.

[0186] A brief description of how multi-fire surgical instru-
ment 300 of an embodiment of the present disclosure works is
discussed below with reference to FIGS. 46-76. With specific
reference to FIGS. 65-68, distal portion 664 of outer tube 640
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of' multi-fire surgical instrument 300 is placed against mesh M
adjacent tissue T. Prior to disengaging lockout 620, movable
handle 720 is unable to be depressed. To disengage lockout
620, a surgeon pushes multi-fire surgical instrument 300
against mesh M, thus embedding distal portion 664 into mesh
M and disengaging lockout 620. It is contemplated that
approximately two pounds of force is necessary for lockout
620 to be disengaged. It is also contemplated that outer tube
640 may be translated proximally a distance of about 0.060
inches to disengage lockout 620.

[0187] Once lockout 620 is disengaged, movable handle
720 is fully squeezed to place a single fastener 10 through
mesh M and into underlying target tissue T. After movable
handle 720 is fully squeezed, the surgeon releases movable
handle 720 to allow movable handle 720 to move back to its
original position, thus resetting the multi-fire surgical instru-
ment 300. To re-engage lockout 620, the surgeon will relax
the pressure of multi-fire surgical instrument 300 against
mesh M (i.e., the multi-fire surgical instrument 300 is moved
proximally). The surgeon can repeat these steps until the
multi-fire surgical instrument 300 contains no more fasteners
10.

[0188] A more detailed discussion of how multi-fire surgi-
cal instrument 300 works is discussed with reference to FIGS.
65-68. As discussed in detail above, multi-fire surgical instru-
ment 300 is prevented from being fired before lockout 620 is
disabled. This ensures that multi-fire surgical instrument 300
cannot be actuated until outer tube 640 is pressed against
tissue or mesh. This avoids any inadvertent ejection of fas-
teners 10 and ensures that the distal portion 644 of outer tube
640 is properly positioned against mesh and/or tissue.
[0189] FIG. 65 illustrates multi-fire surgical instrument
300 prior to lockout 620 being disengaged. In this stage,
flared portion 652 of outer tube 640 has not forced bands
450a, 4505 radially inward. Referring to FIG. 66, to disen-
gage lockout 620, outer tube 640 is pushed against mesh M,
thus causing outer tube 640 to move proximally with respect
to handle assembly 700. Upon proximal movement of outer
tube 640, flared portion 652 of outer tube 640 contacts bands
450a, 4505 and urges distal faces 452a, 4525 thereof radially
inward such that distal faces 452a, 4525 are abutting distal-
most fastener 264. Accordingly, bands 450a, 4505 are now in
position to drive distal-most fastener 264 distally. As can be
appreciated, prior to disengaging lockout 620, bands 450a,
4505 are not in position to drive distal-most fastener 264.
[0190] FIGS. 67 and 68 illustrate proximal portion 642 of
outer tube 640 before disengaging lockout 620 and after
disengaging lockout 620, respectfully. Referring to FIG. 67,
prior to disengaging lockout 620, a slot in a finger 626 of
lockout 620 covers torque pin 490, thus restricting rotational
movement of torque pin 490 (and thus socket 470 and inner
tube 430) with respect to lockout 620. Linear movement
socket 470 is also restricted when torque pin 490 is engaged
with lockout 620 because as socket 470 is rotated, it is also
urged distally (i.e., socket 470 rotates and travels distally at
the same time). Thus, prior to disengaging lockout 620, dis-
tal-most fastener 264 cannot travel distally and cannot be
rotated about axis A-A, as defined above. FIG. 68 illustrates
proximal portion 642 of outer tube 640 after lockout 620 has
been disengaged (i.e., after outer tube 640 has been pushed
against mesh M). In this configuration, lockout spring 630 is
at least partially compressed and the slot of lockout 620 has
been translated proximally past torque pin 490, thus allowing
socket 470 and inner tube 430 to rotate and distally translate.
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Itis envisioned that outer tube 640 and lockout 620 may need
to proximally travel about 0.06 inches for lockout 620 to pass
over torque pin 490. Additionally, in the illustrated embodi-
ment, second housing rib 674 is disposed on housing 670,
which limits proximal movement of lockout 620.

[0191] Once the lockout 620 has been disengaged, the
multi-fire surgical instrument 300 is ready to fire. The firing
process is discussed with reference to FIGS. 69-76. FIG. 69
illustrates multi-fire surgical instrument 300 before movable
handle 720 is squeezed. In this orientation, pawl 740 is not in
mechanical engagement with ratchet 766 of planetary gear
carrier 762.

[0192] FIGS. 70 and 71 illustrate multi-fire surgical instru-
ment 300 while movable handle 720 is being squeezed. At this
stage of actuation, pawl 740 is in mechanical engagement
with ratchet 766 of planetary gear carrier 762. Actuating
movable handle 720 thus causes planetary gear carrier 762 to
rotate, which then causes rotation of planets 770a, 7705, 770c
(not explicitly shown in these figures), planetary sun 780,
spur gear 800 (not explicitly shown in these figures) and large
bevel gear 730, collectively referred to as “gear train,” here-
inafter, as described above. Gear train consequently rotates
small bevel gear 660. It is contemplated for the various gear
ratios to causes small bevel gear 660 to rotate 11 times each
time movable handle 720 is squeezed. Further, it is contem-
plated that squeezing movable handle 720 approximately 30°
causes small bevel gear 660 to rotate 11 times, thus causing
distal-most fastener 264 to rotate 11 times. Because small
bevel gear 660 is in mechanical cooperation with socket 470,
socket 470 is also rotated.

[0193] Further, the rotation of planetary gear carrier 762
caused by squeezing of movable handle 720 (as discussed
above), causes rack 560 and thus socket 470 to be translated
distally. Thus, socket 470 is simultaneously rotated by small
bevel gear 660 and driven distally by rack 560. As socket 470
is rotated and driven distally, inner tube 430, which is pinned
to socket 470 and coupling 410 via torque pin 490, is also
rotated and driven distally (a limited distance as defined by
length of slot 420 of coupling 410) towards mesh M. Further,
coupling 410 (which is pinned to socket 470 via needle pin
494) and needle 330 (which is coupled to socket 470, see FIG.
47) are also rotated and driven distally (a limited distance as
defined by the distance between needle pin 494 and needle
plate 610, e.g., approximately 3.5 mm) towards mesh M. That
is, when movable handle 720 is squeezed, socket 470, inner
tube 430, coupling 410, needle 330 and fasteners 10 (includ-
ing distal-most fastener 264) are rotated and translated dis-
tally until needle pin 494 contacts needle plate 610. Upon
such contact between needle pin 494 and needle plate 610,
coupling 410, needle 330 and non-lead fasteners 10 cease
rotation and distal movement, while socket 470, inner tube
430 and distal-most fastener 264 continue rotating and trans-
lating distally. More specifically, this amount of pressure
forces distal-most fastener 264 over needle retention feature
338, as discussed above, and into mesh M.

[0194] Distal translation of rack 560 and fasteners 10 is
described in further detail with reference to FIG. 71. During
the actuation of movable handle 720, once rack 560 has
traveled a predetermined distance, e.g., about 3.5 mm, needle
pin 494 contacts needle plate 610 (as shown). At this point,
distal travel of coupling 410 and needle 330 ceases. Upon
continued actuation of movable handle 720, slot 480 allows
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socket 470 to continue distal movement. Therefore, distal-
most fastener 264 is able to be forced distally over needle
retention feature 338 of stationary needle 330 (FIG. 74). The
remaining fasteners 10 remain within inner tube 430 proxi-
mally of needle retention feature 338. At this point, as shown
in FIG. 73, movable handle 720 is fully squeezed, rack 560 is
fully extended and pawl 740 is released from ratchet 766.
Additionally, multi-fire surgical instrument 300 is designed
and configured so inner tube 430 and head 11 of fasteners 10
do not travel past mesh M when multi-fire surgical instrument
300 is fired. With reference to FIG. 75, after the final fastener
10 is fired, needle retention feature 338 prevents pusher 340
from traveling farther distally.

[0195] After the firing stroke is complete, the surgeon
releases movable handle 720, thus returning multi-fire surgi-
cal instrument 300 to its pre-fired position. Trigger spring 724
returns movable handle 720 to its pre-fired position, thus
causing pawl 740 to ride back over ratchet 766 and return to
its pre-fired position. Additionally, the return of movable
handle 720 to its pre-fired position causes spur teeth 726 to
reverse gear train (with the exception of large bevel gear 730)
and rack 560 to retract, such that the components are in their
pre-fired position. Specifically, as socket 470 is forced proxi-
mally by rack 560, inner tube 430 is also forced proximally.
As a result, socket 470 moves needle pin 494 proximally,
which causes needle 330 to also move proximally. As dis-
cussed above, the compression force of clutch spring 752 is
weak enough to allow clutch 750 to “ramp over” (i.e., not
rotate) ramps 734 of second bevel gear 730 when movable
handle 720 is released from its squeezed orientation. There-
fore, inner tube 430 does not unscrew fastener 10. Further, to
return lockout 620 of multi-fire surgical instrument 300 to its
unengaged position, the pressure exerted on outer tube 640 is
released (e.g., multi-fire surgical instrument 300 is moved
proximally). This release of pressure also returns bands 450
to their starting position and in place to drive the next fastener
10.

[0196] In an embodiment of the present disclosure illus-
trated in FIG. 76, multi-fire surgical instrument 300 includes
an elongated pusher 342. Elongated pusher 342 is dimen-
sioned and configured to extend distally beyond outer tube
640 (e.g., about 0.2 inches beyond outer tube 640) after the
final fastener 10 has been ejected and after the pressure
exerted on outer tube 640 has been released. This extension of
elongated pusher 342 beyond outer tube 640 is a visual indi-
cator, showing that the last fastener 10 has been ejected and
that the elongate tubular member or cartridge subassembly
210 includes no fasteners 10 therein.

[0197] TItwill be understood that various modifications may
be made to the embodiments disclosed herein. For example,
as noted hereinabove, the disclosed surgical fasteners may
include other means for rotation into tissue such as, for
example, noncircular holes extending therethrough, alterna-
tive structure on the head of the surgical fastener, etc. Further,
as indicated above, alternative methods of limiting the linear
motion of the outer tubular member, including affixing the
outer tubular member to the link and pins sliding in slots in the
housing are contemplated. Therefore, the above description
should not be construed as limiting, but merely as exemplifi-
cations of particular embodiments. Those skilled in the art
will envision other modifications within the scope and spirit
of'the claims appended hereto.
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1. A surgical instrument for delivering a fastener, compris-
ing:

a housing including an actuation assembly;

an elongate tubular member extending distally from the

housing, the elongate tubular member being arranged to
receive a plurality of fasteners therein and to carry at
least one band having a first position for allowing the
passage of at least one fastener and at least a second
position for engaging a distal-most fastener; and
wherein actuation of the actuation assembly forces a distal
face of the at least one band towards the lead fastener
which forces the distal-most fastener to move distally.

2. The surgical instrument of claim 1, wherein the housing
includes a fixed handle and a movable handle pivotably
attached thereto and wherein moving the movable handle
towards the fixed handle actuates the actuation assembly to
move the distal-most fastener distally.

3. The surgical instrument of claim 2, further including a
rack in mechanical cooperation with the movable handle and
at least a portion of the actuation assembly for providing a
mechanical connection therebetween.

4. The surgical instrument of claim 1, further including a
gear assembly disposed at least partially within the housing
and being actuable to rotate the elongate tubular member and
the distal-most fastener.

5. The surgical instrument of claim 4, wherein the housing
includes a fixed handle and a movable handle pivotably
attached thereto and wherein moving the movable handle
towards the fixed handle actuates the actuation assembly and
the gear assembly to move the distal-most fastener distally
and to rotate the distal-most fastener and whereby a complete
actuation stroke is defined by moving the movable handle a
sufficient distance to eject the distal-most fastener from the
elongate tubular member.

6. The surgical instrument of claim 5, wherein the gear
assembly includes a planetary gear and a plurality of planets
disposed in mechanical engagement therewith, the planetary
gear and the plurality of planets enable the distal-most fas-
tener to be rotated a plurality of times in response to a com-
plete actuation stroke.

7. The surgical instrument of claim 6, wherein the plan-
etary gear and the plurality of planets enable the distal-most
fastener to be rotated approximately 11 times in response to a
complete actuation stroke.

8. The surgical instrument of claim 5, wherein the actuation
assembly returns to its pre-actuated position when the mov-
able handle returns to its pre-fired position.

9. The surgical instrument of claim 5, further including a
pawl disposed in mechanical cooperation with a portion of the
gear assembly and which prevents the movable handle from
moving to its pre-fired position until a complete actuation
stroke has been performed.

10. The surgical instrument of claim 5, further including a
clutch in mechanical engagement with a portion of the gear
assembly and which prevents at least a portion of the elongate
tubular member from rotating in an opposite direction when
the movable handle returns to its pre-fired position.

11. The surgical instrument of claim 1, further including a
lockout disposed in mechanical cooperation with the elongate
tubular member, the lockout being movable from a first posi-
tion where it prevents proximal movement of the movable
handle to a second position where it allows proximal move-
ment of the movable handle, and whereby applying an appro-
priate amount of distal pressure to the surgical instrument
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against a surface causes the lockout to move from its first
position to its second position.

12. The surgical instrument of claim 1, further including an
introducer disposed at least partially within the elongate tubu-
lar member.

13. The surgical instrument of claim 1, further including a
visual indicator showing that the elongate tubular member
includes no fasteners therein.

14. A surgical instrument for delivering a fastener, com-
prising:

a housing including an actuation assembly and a gear

assembly;

an elongate tubular member extending distally from the
housing and including an outer tube and an inner tube,
the elongate tubular member being configured to receive
at least one fastener therein;

a handle assembly in mechanical cooperation with the
housing and including a fixed handle and a movable
handle, the movable handle being movable between a
pre-fired position and an actuated position;

a lockout disposed in mechanical cooperation with the
elongate tubular member, the lockout being movable
from a first position where it prevents relative movement
between the movable handle and the fixed handle to a
second position where it allows relative movement of the
movable handle with respect to the fixed handle, and
whereby moving the outer tube proximally a distance x
causes the lockout to move from its first position to its
second position; and

wherein moving the movable handle from its pre-fired
position towards its actuated position actuates the actua-
tion assembly which forces a distal-most fastener to
move distally and actuates the gear assembly which
causes the distal-most fastener to rotate and wherein a
complete actuation stroke is defined by moving the mov-
able handle a sufficient distance to eject the distal-most
fastener from the elongate tubular member.

15. The surgical instrument of claim 14, further comprising
an introducer disposed at least partially within the elongate
tubular member.

16. The surgical instrument of claim 14, wherein the elon-
gate tubular member being arranged to carry at least one band
having a first position for allowing the passage of at least one
fastener and at least a second position for engaging a distal-
most fastener and wherein actuation of the actuation assem-
bly forces a distal face of the at least one band towards the lead
fastener thus forcing the distal-most fastener to move distally.

17. The surgical instrument of claim 14, wherein the gear
assembly includes a planetary gear and a plurality of planets
disposed in mechanical engagement therewith, the planetary
gear and the plurality of planets enable the distal-most fas-
tener to be rotated a plurality of times in response to a com-
plete actuation stroke.

18. The surgical instrument of claim 14, further including
a pawl disposed in mechanical cooperation with a portion of
the gear assembly and which prevents the movable handle
from moving to its pre-fired position until a complete actua-
tion stroke has been performed.

19. The surgical instrument of claim 14, further including
a clutch in mechanical engagement with a portion of the gear
assembly and which prevents the elongate tubular member
from rotating in an opposite direction when the movable
handle returns to its pre-fired position.
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20. The surgical instrument of claim 14, wherein the mov-
able handle is biased in its pre-fired position.

21. The surgical instrument of claim 14, wherein the gear
assembly includes a first bevel gear disposed on a first axis
and a second bevel gear disposed on a second axis, the first
axis being transverse to the second axis.

22. A method for delivering a surgical fastener, compris-
ing:

providing a surgical instrument, including:

a housing having an actuation assembly and a gear
assembly and the housing having a fixed handle and a
movable handle pivotably attached thereto;

an elongate tubular member extending distally from the
housing and being configured to receive at least one
fastener therein; and

an introducer disposed at least partially within the elon-
gate tubular member;
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advancing the introducer from the elongate tubular mem-

ber; and

advancing a distal-most fastener over the introducer.

23. The method of claim 22, wherein the surgical instru-
ment includes a lockout disposed in mechanical cooperation
with the elongate tubular member, the lockout being movable
from a first position where it prevents proximal movement of
the movable handle to a second position where it allows
proximal movement of the movable handle.

24. The method of claim 23, further including the step of
moving the lockout from its first position to its second posi-
tion before the advancing the introducer step.

25. The method of claim 24, wherein the lockout is moved
from its first position to its second position by translating at
least a portion of the elongate tubular member proximally.
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