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ABSTRACT

There i1s provided a surgical coil fastener applier for use in applying
helical fasteners in surgical procedures to affix surgical mesh to tissue. The coll
fastener applier includes a housing having a handle extending therefrom and a
trigger pivotally mounted on the housing. An elongated tubular portion extends
from the housing and includes a drive rod. An actuation assembly is provided
within the housing to convert the motion of the trigger into rotary motion for supply
to the drive assembly. The drive assembly includes structure to limit the amount
of rotary motion supplied to the drive assembly, and further includes a ratchet and
pawl mechanism to prevent a partial cycling of the coil fastener applier. The
surgical coil fastener applier can be configured and dimensioned to remove a coil
fastener from tissue or drive a fastener previously applied to tissue further into the

tissue.
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COIL FASTENER APPLIER AND REMOVER

BACKGROUND

1. Technical Field
This disclosure relates generally to surgical apparatus for fastening

objects to body tissue and, more particularly, to a coil fastener applier configured
to apply helical coil fasteners to surgical mesh and tissue during surgical repair of
the body tissue in procedures such as hernia repair and to a surgical apparatus

and method of removing the helical coil fasteners from tissue.
2. Background of Related Art

Various surgical procedures require instrument capable of applying
fasteners to tissue to form tissue connections or to secure objects to tissue. For
example, during hernia repair 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 relatively
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.

Less invasive surgical procedures are currently available to repair a
hernia. In laparoscopic procedures surgery 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 endoscopic procedures generally required long and narrow
instruments capable of reaching deep within the body and configured to seal with
the incision or tube they are inserted through. Additionally, the instruments must
be capable of being actuated remotely, that is, from outside the body.

Currently endoscopic techniques for hernia repair utilize fasteners,
such as, surgical staples or clips, to secure the mesh to the tissue to provide

reinforcement to the repair and structure for encouraging tissue ingrowth. The

staples or clips need to be compressed against the tissue and mesh to secure the

two together.
One other type of fastener suited for use in affixing mesh to tissue,
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during procedures such as hernia repair, Is a coil fastener having a helically coiled
body portion terminating in a tissue penetrating tip. An example of this type of
fastener is disclosed in U.S. Patent No. 5,258,000.

Thus, there exists a need for an improved applier device for applying
coil type fasteners to tissue. Since it is often desirable to remove previously
positioned or partially inserted coil fasteners from tissue, it would be
advantageous if such device enabled removal of the colil type fasteners from
tissue if desired. There also exists a need for an applier device which can

reengage a coll fastener previously applied to tissue and drive the coil fastener

further into the tissue.

SUMMARY
There is provided a surgical coll fastener applier for use in applying

coil fasteners to tissue and, in particular, for use in surgical procedures such as

hernia repair to affix surgical mesh to tissue.
In accordance with on embodiment of the present invention there is

provided a coll fastener applier comprising: a housing having a stationary handle
affixed to the housing; an elongated tubular portion extending distally from the
housing; a drive rod rotatablv mounted within the elongated tubular portion and
having at least one coil fastener releasably mounted on the drive rod; a drive
assembly including a plurality of gears, at least one of the gears engageable with
the drive rod for rotating the drive rod, the drive assembly including an anti-
reverse mechanism;

an actuation assembly engageable with the drive assembly; and a trigger movably
mounted on the housing and engageable with the actuator assembly, wherein
movement of the trigger in a first direction rotates the drive rod to drive the at least

one coil fastener into tissue, and movement of the trigger in a second direction

causes the anti-reverse mechanism to disable the actuation assembly from

rotating the drive rod.
In accordance with another embodiment of the present invention

there is provided a coil fastener applier comprising: a housing having a stationary

handle; a trigger pivotably mounted to the housing; an elongated tubular portion

extending from the housing; a drive rod rotatably mounted within the elongated

tubular portion, the drive rod having a longitudinal axis and slidably supporting a
-7-
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plurality of coil fasteners such that rotation of the drive rod within the elongated
tubular portion moves the plurality of coil fasteners toward a distal end of the
elongated tubular portion; a drive assembly rotatably mounted within the housing
and engageable with the drive rod to rotate the drive rod: and an actuation

assembly having an idler gear engageable with the drive assembly and a ratchet-

‘plate gear engageable with the trigger, the idler gear being operatively associated

with the ratchet-plate gear.
According to preferred embodiments, the drive assembly is provided

within the housing to rotate the drive rod in a first direction. The drive assembly
iIncludes intermeshed first and second bevelled gears oriented perpendicular to

each other. The first bevelled gear engages
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and rotates the drive rod while the second bevelled gear recetves rotary motion from
an actuation assembly. Preferably, the drive assembly includes an anti-reverse
mechanism to allow rotation of the drive rod in only one direction, 1.e. the first
direction. The anti-reverse mechanism is formed by providing a gap between the
second beveled gear and a hub provided to rotate the second beveled gear. A
plurality of roller pins are provided within the gap and move between reduced cross-
sectional areas of the gap to engage the hub with the second beveled gear and areas of
increased cross-sectional areas to release the second beveled gear from the hub. This
arrangement forms a roller clutch to prevent rotation of the second beveled gear in an
opposite direction thereby preventing reversal of the rotation of the drive rod and
withdrawal of a coil fastener partially driven into tissue.

The actuation assembly is provided within the housing to convert the
pivotal motion of the trigger into rotary motion for supply to the drive assembly. The
actuation assembly generally includes a ratchet-plate gear and an idler gear. The
ratchet-plate gear engages the trigger and is rotated thereby. The ratchet-plate gear
rotates the idler gear which in turn rotates a gear attached to the hub. The idler gear
includes stops which cooperate with a blocking member formed on the housing to
limit the degree of rotation imparted to the gear on the hub. This ensures that only
one coil fastener at a time is driven from elongated tubular portion during a single

cycling or depression of the trigger.

The drive assembly further includes a ratchet and pawl mechanism to
prevent a partial cycling of the coil fastener applier. Ratchet teeth on the ratchet-plate
gear engage a pawl on the housing preventing return of the trigger to an initial start
position before a complete cycle or depression of the trigger has occurred. This
prevents a coil fastener from being only partially rotated out of the elongated tubular
portion and thus only partially rotated into tissue.

Also provided are coil fasteners for use with the coil fastener applier.

In one embodiment the coil fastener is formed with a helical coil body portion having
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a single tissue penetrating point at an end thereof. A straight tang is formed at the
opposite end of the body portion and extends inwardly across the center of a circle
formed by the coils. The tang is provided to engage a slot in the drive rod and allow
the coil fastener to be rotated by the drive rod.

In an alternate embodiment, the coil fastener is formed with a straight
backspan and helical coil body portions extending from each end of the back span. A
tissue penetrating point is provided at a free end of each body portion. The backspan
engages a slot extending completely through a drive rod and is slidably supported
therein. Rotation of the drive rod rotates the coil fastener within the sleeve and into
tissue.

In a further alternative embodiment, the coil fastener is formed with a
straight backspan having a straight leg extending from each end of the backspan and
which are parallel to each other. A semi-circular tissue penetrating portion
terminating in a tissue penetrating point extends from a free end of each leg. The
semi-circular tissue penetrating portions are in a common plane which is generally
parallel to the backspan. The backspan of the coil fastener also engages a completely
slotted drive rod and is rotated thereby.

There 1s also provided a surgical coil fastener applier which is
configured to remove coil fasteners from tissue. The coil fastener applier has an
elongated tubular portion with a coiled spring affixed therein which forms a helical
inner surface and which terminates in a distalmost tip. The coil fastener applier is
configured to engage a tang of the coil fastener when positioned over a coil fastener.
The distal end of the coil fastener applier is dimensioned such that the distance
between the distalmost tip of the elongated tubular portion and a distalmost end of a
drive rod is at least half the predetermined wire diameter of a coil fastener. In this
manner, upon positioning the distal end of the coil fastener applier over a coil fastener
positioned in tissue, the tang of the coil fastener will be engaged by a slot in the drive

rod. Specifically, the slot in the drive rod engages at least half the diameter of the

SUBSTITUTE SHEET (RULE 26)
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tang. Further, the angle between the distalmost tip of the helical surface and the slot
when the trigger is in an unfired position is approximately 110°.

The coil fastener applier for use in removing coil fasteners further
includes a lockout mechanism which is engagable to immobilize the drive rod relative
to the tubular portion allowing the entire instrument to be rotated to remove the coil
fastener. Preferably, the lockout mechanism includes a lockout button movably
mounted on the housing and a blocking member which 1s movable into engagement of
the drive assembly to immobilize the drive rod. The blocking member preferably is a
leaf spring affixed within the housing and having a hook engagable with a gear
assembly of the drive assembly. The lockout button is provided with a cam to force
the hook into engagement with teeth on the gear of the drive assembly.

Alternatively, a portion of the trigger may be configured to engage the
leaf spring and pivot the leaf spring about a pivot point to engage the hook with the
teeth on the drive assembly as the trigger is fully depressed during a firing cycle.

There is also disclosed a method of removing a coil fastener from
tissue which includes providing a coil fastener applier having an elongated tubular
portion with a helical inner surface and a drive rod rotatably mounted within the
tubular portion. The drive rod has a slot for engaging the tang and the coil fastener.
The method further includes the steps of immobilizing the drive relative to the tubular
portion, engaging the coil fastener with the drive rod, and rotating the coil fastener
applier to remove the coil fastener from tissue.

In another embodiment of a coil fastener applier, a threaded surface is
roll formed in an interior surface of the elongated tubular portion. The roll formed
threaded surface replaces the coil spring of previous embodiments and serves to
thread coil fasteners out of the elongated tubular portion. Additionally, a ratchet plate
clutch mechanism is substituted for the roller clutch of previous embodiments.
Further, additional structure is provided on the ratchet plate gear to engage and block

the second bevelled gear from rotating when the applier 1s in the unfired position.
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BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of a helical coil fastener applier is described
below with reference to the drawings wherein:

FIG. 1 is a perspective view of a preferred embodiment of a coil
fastener applier;

FIG. 2 is a perspective view of a helical coil fastener utilized with the
coil fastener applier of FIG. 1;

FIG. 3 1s a perspective view of a distal portion of a drive rod and a
helical coil fastener:

FIG. 4 1s a perspective view of the distal portion of the drive rod with
a plurality of helicr;ll co1l fasteners loaded thereon;

FIG. 5 1s a perspective view, with parts separated, of an elongated
tubular portion, a spring and the drive rod with a plurality of helical coil fasteners
loaded on the distal portion thereof;

FIG. 6 1s a sectional view of a distal portion of the elongated tubular
portion with the spring installed therein;

FIG. 7 is a perspective view of the elongated tubular portion with the
drive rod inserted therein;

FIG. 8 is a perspective view, with parts separated, of a housing portion
of the coil fastener applier of FIG. 1;

FIG. 9 1s a perspective view of the housing portion of the coil fastener
applier of FIG. 1 with the housing half removed;

FIG. 10 is a perspective view of a housing half illustrating the
positioning of the idler gear and the ratchet-plate gear;

FIG. 11 1s a perspective view of the assembled idler gear and ratchet-
plate gear;

FIG. 12 1s a sectional view taken along line 12-12 of FIG. 8 and

1llustrating a roller clutch mechanism;

SUBSTITUTE SHEET (RULE 26)
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FIG. 13 is a side view, with a housing half removed, of the housing
portion of the coil fastener applier in an initial position;

FIG. 14 is a partial side view, showing the positioning of the 1dler gear
and ratchet-plate gear in an initial position corresponding to FIG. 13;

FIG. 15 is a perspective view, partially shown In cross-section, of a
distal end portion of the coil fastener applier corresponding to FIG. 13;

FIG. 16 is a view similar to FIG. 13 showing initial actuation of the
coil fastener applier;

FIG. 17 is a view similar to FIG. 14 and corresponding to the position
of FIG. 16;

FIG. 18 is a sectional view of the roller clutch corresponding to FIG.
16;

FIG. 19 is a perspective view, partially shown in cross-section,
illustrating a helical coil fastener being driven out of the distal end of the coil fastener
applier;

FIG. 20 is a side view of the housing portion, with a housing half
removed, illustrating initial release of a trigger and positioning of the idler gear and
the ratchet-plate gear;

FIG. 21 is a sectional view of the roller clutch corresponding to FIG.
20;

FIG. 22 is a partial side view showing the positioning of the 1dler gear
and ratchet-plate gear along with a pawl corresponding to the position of FIG. 20;

FIG. 23 is a view similar to FIG. 22 after complete release of the
trigger;

FIG. 24 is a perspective view showing the use of the coil fastener
applier in the patient;

FIG. 25 is a perspective view of a tissue section and a surgical mesh

secured to the tissue section by a plurality of helical coil fasteners;
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FIG. 26 1s a perspective view of an alternate coil fastener:

FIG. 27 1s a perspective view of another alternate coil fastener:

FIG. 28 1s an end view of the distal end of an alternate embodiment of
a coil fastener applier;

FIG. 29 1s a sectional view of the distal end of the coil fastener applier
of FIG. 28 taken along line 29-29 of FIG. 28;

FIG. 30 is an isolated view of FIG. 29 illustrating the distal end of the
elongated tubular portion relative to the distal end of a coiled spring affixed therein:

FIG. 31 is a view of the proximal portion of a coil fastener applier of
FIG. 28 including a lock mechanism;

FIG. 32 is a partial side view of the embodiment of FIG. 31 with the
lock mechanism in an engaged condition;

FIG. 33 is a sectional view of the distal end being advanced toward a
coil fastener applied to tissue;

FIG. 34 1s a view similar to FIG. 33 and illustrating the distal end of
the fastener applier engaged with the coil fastener;

FIG. 35 is a perspective view of a patient and rotation of the coil
fastener applier to withdraw the coil fastener;

FIG. 36 1s a sectional view of the distal end of the fastener applier with
the coil fastener partially removed from the tissue;

FIG. 37 is a side view of the coil fastener applier of FIG. 31
illustrating an alternate method of engaging the lock mechanism;

FIG. 38 1s a perspective view of an alternate embodiment of a coil
fastener applier;

FIG. 38A 1is an enlarged perspective view of the distal end of the
embodiment of FIG. 38;

FIG. 39 1s a perspective view of an elongated tubular portion and a

drive rod having a plurality of fasteners supported thereon;
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FIG. 40 is a sectional view of a distal end portion of the elongated
tubular portion of FIG. 39;

FIG. 41 is a perspective view, with parts separated, of a housing
portion of the coil fastener applier of FIG. 38;

FIG. 42 is a plan view of a first ratchet plate;

FIG. 43 is a sectional view taken along line 43-43 of FIG. 42;

FIG. 44 is a plan view of a second ratchet plate;

FIG. 45 is a sectional view taken along line 45-45 of FIG. 44;

FIG. 46 is a perspective view of a second bevelled gear with a ratchet
plate clutch positioned thereon;

FIG. 47 is a perspective view of the ratchet plate clutch including the
first and second ratchet plates;

FIG. 48 is a perspective view of an assembled idler gear, ratchet plate
gear and trigger gear;,

FIG. 49 is an end view of the distal end of the coil fastener applier of

FIG. 38;
FIG. 50 is a view partially shown in section of the distal end of the coil

fastener applier taken along line 50-50 of FIG. 49;

FIG. 51 is a view, partially shown in section of the housing portion of
the embodiment of FIG. 38 and illustrating an anti-reverse leaf spring engaged with
teeth on the second bevelled gear;

FIG. 52 is a view similar to FIG. 51 and showing 1nitial actuation of
the embodiment of FIG. 51;

FIG. 53 is a side elevational view showing the first and second ratchet
plates of the ratchet plate clutch in an engaged condition;

FIG. 54 is a perspective view, partially shown in cross-section,
illustrating a helical coil fastener being driven out of the distal end of the coil fastener

applier of FIG. 38;
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FIG. 55 is a view similar to FIG. 51 illustrating release of a trigger of
the housing portion;

FIG. 56 is a side elevational view of the ratchet plate clutch illustrating
the first and second ratchet plate in slipping engagement; and

FIG. 57 is a partial side view illustrating a stud on the ratchet plate

gear engaged 1n a notch on the second bevelled gear.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

With reference now to the drawings wherein like numerals represent

like elements throughout the several views and initially with respect to FIG. 1. there
1s disclosed a preferred embodiment of a coil fastener applier 10. Coil fastener
applier 10 is provided to apply helical-shaped coil fasteners to tissue or to secure
mesh to tissue during surgical procedures such as hernia repair. Coil fastener applier
10 generally includes a housing 12 which may be formed as two separate housing
halves 12a and 12b and a handle portion 14 extending from housing 12. A trigger
16 is movably mounted to housing 12. Preferably, trigger 16 is pivotally connected
to housing 12 with a free end of trigger 16 spaced from a free end of handle portion
14. This arrangement provides an ergonomic advantage and positive secure control of
trigger 16 and coil fastener applier 10. Coil fastener applier 10 also includes an
elongated tubular portion 18 extending distally from housing 12. The elongated
tubular portion 18 is provided to retain a plurality of coil fasteners for application to
body tissue. Elongated tubular portion 18 is preferably dimensioned to fit through
conventional cannula structure. As used herein the term "distal" refers to that portion
of the applier, or component thereof, further from the user while the term "proximal”
refers to that portion of the applier or component thereof, closer to the user.
Referring now to FIG. 2, there is illustrated a helical-shaped coil
fastener suitable for use with coil fastener applier 10. Coil fastener 20 is designed to

be applied to tissue by rotating the coil into and through the tissue. Coil fastener 20

-10-
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generally includes a coil body portion 22, preferably having approximately 2 1/2 coils
and terminating in a sharp tissue penetrating point 24. A tang 26 is provided at an
opposite end of coil body portion 22. Tang 26 extends generally inwardly toward the
center of coil body portion 22 as shown. Coil fastener 20 is preferably formed of a
suitable biocompatible material, such as, for example, titanium. However, coil
fastener 20 may alternatively be formed of various elastomeric or polymeric materials
and in addition may be formed of various bioabsorbable or biodegradable materials.

Referring now to FIG. 3, a distal portion 28 of a drive rod 30
associated with coil fastener applier 10 is provided to retain and drive coil fasteners
20. Distal portion 28 generally includes a longitudinally extending slot 32 extending
along the length of distal portion 28. Slot 32 is provided to receive tang 26 therein
such that upon rotation of drive rod 30 coil fastener 20 is similarly rotated. While
slot 32 is illustrated as extending partially across drive rod 30, slot 32 may be formed
completely through drive rod 30 to accommodate other types of coil or rotatable
fasteners. A flat 34 extends adjacent slot 32 in distal portion 28.

As best shown in FIG. 4, a plurality of coil fasteners 20 may be
arranged in a series longitudinally along the length of distal portion 28 of drive rod
30. Each coil fastener 20 has its associated tang 26 positioned within slot 32 of drive
rod 30.

Referring now to FIG. 5, and as noted above, elongated tubular portion
18 contains a plurality of coil fasteners 20 and structure to drive coil fasteners 20 into
tissue. A proximal portion 36 of drive rod 30 is of a generally solid circular cross-
section such that slot 32 stops distally of proximal portion 36. A bent or L-shaped
proximal end 38 of drive rod 30 is provided to assist 1n rotating drive rod 30 to
advance coil fasteners 20 through elongated tubular portion 18 and drive coil fasteners
20 into tissue. Elongated tubular portion 18 also includes a generally tubular sleeve
40 defining a bore 42 therethrough and having a proximal end 44 and a distal end 46.
Drive rod 30 is freely rotatable within bore 42 of tubular sleeve 40.

-11-
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As best shown 1n FIGS. 5 and 6, in order to move successive coil
fasteners 20 1n a distal direction upon rotation of drive rod 30 there is provided a coil
spring 48 which is preferably braised or welded to an inner surface 50 of tubular
sleeve 40. Colil spring 48 creates a helical longitudinally extending surface 52
configured for engagement with the coil body portions 22 of coil fasteners 20. Thus,
upon rotation of drive rod 30 coil fasteners 20 are moved along surface 52 and
through tubular sleeve 40.

As best seen 1n FIG. 7, when assembled, L-shaped proximal end 38 of
drive rod 30 extends out of proximal end 44 of tubular sleeve 40 for engagement with
a drive assembly described hereinbelow.

Referring now to FIGS. 8 and 9, coil fastener applier 10 is provided
with a hollow bearing 54 having a port 56 formed in one side thereof. Port 56 is
provided to receive proximal end 38 of drive rod 30 in order to rotate drive rod 30 as
bearing 54 is rotated. Hollow bearing 54 additionally includes a keyed opening 58
formed in a proximal face thereof. A first bevelled gear 62 is provided to rotate
bearing 54 and generally includes a plurality of teeth 64 and a shaft 66 extending
distally from teeth 64. First bevelled gear 62 includes a keyed distal end 68 which is
configured to securely engage the keyed opening 58 in hollow bearing 54. Thus,
upon rotation of first bevelled gear 62 drive rod 30 is rotated. As best seen in FIG.
8, first beveled gear 62 is oriented perpendicular to, and rotates about, a longitudinal
axis x of elongated tubular portion 18. A hollow sleeve 70 is provided having a
flange 72 which engages slots 74 in housing halves 12a and 12b. Sleeve 70 rotatably
supports first bevelled gear 62 within housing 12.

First bevelled gear 62 forms a part of a drive assembly 76 provided to
rotate drive rod 30 in a single direction. Drive assembly 76 additionally includes a
second bevelled gear 78 having a plurality of teeth 80 configured to engage teeth 64
of first bevelled gear 62. As shown, first bevelled gear 62 is oriented perpendicularly

to second bevelled gear 78. Thus, second bevelled gear 78 rotates in a plane parallel

-12-
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to longitudinal axis x. Second bevelled gear 78 is rotatably supported within housing

12 by means of a hub 82. A shaft 84 is secured within a bore 88 of hub 82. Shaft 84
includes a keyed end 86. A drive gear 90 is provided to rotate the drive assembly 76

and includes a keyed opening 92 for engagement with keyed end 86 of shaft 84. Drnive
gear 90 includes a plurality of teeth 94.

Coil fastener applier 10 additionally includes an actuation assembly 96
which, in combination with drive assembly 76, convert longitudinal motion of trigger
16 into rotary motion of drive rod 30. Actuation assembly 96 generally includes a
ratchet-plate gear 98 and an idler gear 100, which are rotatably supported on a stud
102 formed in housing half 12a. A compression spring 104 1s provided between
ratchet-plate gear 98 and idler gear 100 in a manner described in more detail
hereinbelow. A pair of trigger gears 106 are affixed to ratchet-plate gear 98 on either
side thereof. It should be noted that trigger gears 106 as well as ratchet-plate gear
98, idler gear 100 and drive gear 90 all rotate in planes parailel to that of second
bevelled gear 62 and thus of longitudinal axis x of elongated tubular portion 18.

As noted hereinabove, trigger 16 is movably mounted on housing 12.
Trigger 16 is pivotably mounted about a stud 108 formed in housing halves 12a and
12b. Trigger 16 is provided with a pair of spaced apart gear portions 110 each
having a plurality of teeth 112 which cooperate to engage and rotate teeth 114 on
trigger gears 106. Thus, by pivoting trigger 16 about stud 108, gear portions 110
rotate trigger gears 106 and thus ratchet-plate gear 98 and idler gear 100. As shown,
idler gear 100 includes a plurality of teeth 116 on an edge thereof. Teeth 116 are

configured for engagement with drive gear 90 such that upon actuation of trigger 16

idler gear 100 is rotated to cause rotation of drive gear 90 and thus of drive rod 30. A

return spring 118 is provided to bias trigger 16 into an initial position spaced apart

from handle 14. Return spring 118 is affixed at one end to a stud 120 on housing
half 12a and is affixed at an opposite end to a stud 122 on trigger 16.
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Actuation assembly 96 additionally includes a ratchet and pawl
mechanism which prevents return of trigger 16 to an initial position until trigger 16
has been fully depressed. Ratchet teeth 124 are preferably formed along an edge of
ratchet-plate gear 98. A pawl 126 is pivotally mounted about a stud 128 on housing
half 12a and is engageable with ratchet teeth 124. Further, a biasing spring 130 is
provided to bias pawl 126 into engagement with ratchet teeth 124. Biasing spring 130
1s mounted about a stud 132 on housing half 12a and generally includes a first end
134 configured to engage pawl 126 and a second end 136 which is affixed within a
slot 138 formed in housing 12a.

Referring now to FIG. 10, structure is provided to prevent more than
one coll fastener 20 from being driven out of coil fastener applier 10 upon a single
pull of trigger 16. Housing half 12b includes a blocking member 140 fixedly
mounted to housing half 12b. Blocking member 140 is configured to engage first and
second stops 142 and 144, respectively, formed on idler gear 100. Second stop 144
limits the degree of rotation of idler gear 100 during actuation of coil fastener applier
10 to install a coil fastener 20 and first stop 142 limits the rotation of idler gear 100
upon release of trigger 16 enabling coil fastener applier 20 to return to an initial
position ready to install another coil fastener 20. By providing first and second stops
142 and 144 and blocking member 140, the operator can be assured that drive rod 30
will be rotated a predetermined number of times and that only a single coil fastener
20 will be driven from coil fastener applier 10 at a single time.

Turning now to FIGS. 10 and 11, ratchet-plate gear 98 is formed with
a slot 146 which 1s configured to receive a compression spring 104 in a first portion
150 of slot 146. Compression spring 104 allows a slight amount of rotational
movement to occur between ratchet-plate gear 98 and idler gear 100 during actuation
and release of trigger 16 in a manner described in more detail hereinbelow. Idler
gear 100 1s formed with an engagement tab 152 projecting from a side thereof.

Engagement tab 152 is positionable within a second portion 154 of slot 146. A first
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edge 156 of engagement tab 152 directly engages an edge 148 of ratchet-plate gear 98
while a second edge 158 of engagement tab 152 engages compression spring 104.

Referring now to FIG. 12, coil fastener applier 10 includes an anti-
reverse mechanism which provides for a free return of hub 82 independent of second
bevelled gear 78. This allows hub 82 to rotate second bevelled gear 78 in a driving
or first direction when hub 82 is rotated in the first direction to thereby drive coil
fastener 20 from coil fastener applier 10. The anti-reverse mechanism disengages
hub 82 from second bevelled gear 78 when hub 82 is rotated in a second direction.
This is desirable so as to prevent rotation of drive rod 30 1n a direction opposite that
of its driving direction which would rotate coil fastener 20 such that coil fastener 20
is withdrawn from tissue or mesh or is further withdrawn within tubular portion 18.
The anti-reverse mechanism is a roller clutch which is formed between hub 82 and
second bevelled gear 78. A plurality of roller pins 160 are provided in a
circumferential space or gap 162 defined between hub 82 and second bevelled gear
78. Gap 162 includes enlarged release areas 164 and reduced grasping areas 166.
Thus, as hub 82 is rotated in a first direction to move roller pins 160 1into the
grasping areas 166, roller pins 160 are cammed within grasping areas 166 to form a
solid connection between hub 82 and second bevelled gear 78. Alternatively, when
hub 82 is rotated in the opposite or second direction, it moves roller pins 160 into
enlarged release areas 164 allowing hub 82 to rotate freely and independently of
second bevelled gear 78.

The operation of coil fastener applier 10 will now be described.
Referring initially to FIG. 13, in an initial or starting position, trigger 16 is biased
away from handle 14 due to the force of return spring 118. As shown, teeth 112 of
trigger 16 are engaged with teeth 114 of trigger gears 106. Ratchet-plate gear 98 is
in a counterclockwise most position, as viewed in FIG. 13, and pawl 126 is
disengaged from teeth 124 of ratchet-plate gear 98. As best shown in FIG. 14, in the
initial or starting position, blocking member 140 is engaged with first stop 142. In
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this position, with ratchet-plate gear in its counterclockwise most position and
blocking member 140 engaged with first stop 142 of idler gear 100, engagement tab
152 is not engaged with edge 148 of ratchet-plate gear 98 but rather provides a slight
compression to compression spring 104 as shown.

Referring to FIG. 15, within distal end 46 of tubular sleeve 40, a
plurality of coil fasteners 20 are slidably mounted about drive rod 30 and positioned
within tubular sleeve 40. Each coil body portion 22 of each coil fastener 20 engages
surface 52 of coil spring 48 which, as noted above, is firmly secured to inner surface
50 of tubular sleeve 40.

Referring now to FIG. 16, to actuate coil fastener applier 10, trigger 16
is drawn toward handle 14 against the bias of return spring 118. As trigger 16 is
moved, teeth 112 on gear portions 110 of trigger 16 engage and rotate teeth 114 of
trigger gears 106 clockwise as seen in FIG. 16. As shown in FIGS. 16 and 17,
rotation of trigger gears 106, rotates ratchet-plate gear 98 such that first edge 156 of
engagement tab 152 engages ratchet-plate gear 98. Idler gear 100 thus rotates with
ratchet-plate gear 98 allowing a short expansion of compression spring 104. As idler
gear 100 is rotated in a clockwise direction, as viewed in FIG. 16, teeth 116 of idler
gear 100 engaged and rotate drive gear teeth 94 of drive gear 90 counterclockwise.

Referring now for the moment to FIG. 18, as drive gear 90 and thus
hub 82, are rotated in a counterclockwise direction, the rotation of hub 82 causes
roller pins 160 to be forced into the reduced grasping areas 166 of gap 162. Once
moved 1nto grasping areas 166, roller pins 160 form a solid and secure connection
between hub 82 and second bevelled gear 78. Thus, second bevelled gear 78 is
rotated in a counterclockwise direction as shown in FIGS. 16 and 18. Referring now
again to FIG. 16, upon rotation of second bevelled gear 78 in a counterclockwise
direction, teeth 80 of second bevelled gear 78 engage teeth 64 of first bevelled gear
62 to thereby rotate drive rod 30 within tubular sleeve 40.
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Referring now to FIG. 19, as drive rod 30 is rotated within tubular
sleeve 40, drive rod 30 rotates coil fasteners 20. Coil fasteners 20, being engaged
with surface 52 of coil spring 48, are moved distally within tubular sleeve 40 by
engagement of coil body portions 22 with surface 52. Thus, rotation of drive rod 30
rotates or screws a coil fastener out of the distal end of elongated tubular portion 18.
As shown, this rotation of drive rod 30 also moves a next successive coil fastener 20
into position to be applied to tissue during a next cycling of coil fastener applier 10.

Referring back to FIG. 16, it should be noted that upon a complete
depression of trigger 16, drive rod 30 is rotated precisely a predetermined amount
such that only one coil fastener 20 is driven out of the distal end of elongated tubular
portion 18. During compression of trigger 16, pawl 126 engages and rides over teeth
124 of ratchet-plate gear 98. Should handle 16 be stopped during depression at any
intermediate position, pawl 126 is engaged with teeth 124 to ensure that ratchet-plate
gear 98 and idler gear 100 are not rotated in an opposite direction thereby preventing
only partial insertion or withdrawal of coil fastener 20, 1.e. preventing a partial drive
cycle. As shown in FIG. 16, upon complete depression of trigger 16, pawl 126
passes over teeth 124 and is disengaged therefrom.

Referring to FIG. 17, upon a complete depression of trigger 16, idler
gear 100 rotates between a position wherein first stop 142 is rotated away from
blocking member 140 until a position where blocking member 140 engages second
stop 144 to thereby prevent further rotation of idler gear 100. This degree of rotation
of idler gear 100 corresponds exactly to the amount of rotation of drive rod 30

necessary to completely drive a single coil fastener 20 out of elongated tubular portion

18 and into tissue.

Referring now to FIG. 20, once trigger 16 had been completely
depressed and a coil fastener 20 has been driven from elongated tubular portion 18
into tissue mesh or other suitable structure, trigger 16 may be released. Trigger 16 1s

then biased to an open or initial position due to the force of return spring 118. As
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trigger 16 is moved to an open position, teeth 112 of gear portions 110 rotate teeth
114 of trigger gears 106 counterclockwise, as viewed in FIG. 20, and thus ratchet-
plate gear 98 1n a counterclockwise direction. As ratchet-plate gear 98 is rotated in a
counterclockwise direction, compression spring 104 forces idler gear 100 also in a
counterclockwise direction. With idler gear 100 rotating in a counterclockwise
direction, teeth 116 of idler gear 100 rotate drive gear 90 in a clockwise direction.

Referring now for the moment to FIG. 21, as noted hereinabove, coil
fastener applier 10 includes an anti-reverse mechanism or roller clutch which
disengages drive rod 30 from rotation upon release of trigger 16 and allows a free
return of drive gear 90 to a start position. Thus, upon clockwise rotation of hub 82,
hub 82 moves roller pins 160 into the enlarged release areas 164. Since clutch pins
160 no longer form a solid firm contact between hub 82 and second bevelled gear 78,
hub 82 1s free to rotate independently of second bevelled gear 78 thereby preventing
any rotation of drive rod 30.

Referring to FIGS. 20 and 22 and 23, during release of trigger 16,
pawl 126 moves along teeth 124 of ratchet-plate gear 98 until pawl 126 rests on a last
tooth 168. This corresponds with the engagement of blocking member 140 with first
stop 142 to thereby prevent any further rotation of idler gear 100. Once pawl 126 has
reached 1ts position on last tooth 168, the tension of return spring 118, being greater
than the force of compression spring 104, forces trigger 16 a little further allowing
trigger gears 106 to move ratchet-plate gear 98 slightly against the force of
compression spring 104. As best shown in FIG. 23, the force of return spring 118
overcomes the force of compression spring 104 forcing engagement tab 152 to
compress return spring 104. This compression of return spring 118 allows ratchet-
plate gear 98 to move slightly enabling pawl 126 to move off of last tooth 168 of

ratchet-plate gear 98. Thus, coil fastener apparatus 10 is returned to initial position

ready to be actuated again and install another coil fastener.
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Referring now to FIG. 24, coil fastener applier 10 is shown positioned
through a small incision A made in a patient B for use in a surgical procedure, such
as, for example, hernia repatr.

Referring now to FIG. 25, when used for hernia repair, surgical coil
fastener applier 10 may be utilized to affix a portion of a suture mesh 170 to a tissue
section 172. As shown in FIG. 25, several coil fasteners 20 may be utilized to
secure mesh 170 to tissue 172. Preferably, in applying coil fasteners 20, coil
fasteners 20 are rotated through mesh 170 and tissue 172 such that only approximately
180" of coil body portion 22 along with tang 26 extend externally of the mesh 170.
Tang 26 provides an anchoring or securing mechanism to prevent mesh 170 from
sliding off of coil body portion 22 of coil fastener 20.

Referring now to FIGS. 26 and 27, there are disclosed alternate
embodiments of coil fasteners suitable for use with coil fastener applier 10. Referring
first to FIG. 26, an alternate embodiment coil fastener 174 is formed with a straight
backspan 176 and helical coil body portions 178, 180 extending from each end of
back span 176. Tissue penetrating points 182, 184 is provided at a free end of
respective body portions 178, 180. Backspan 176 engages a slot extending completely
through a drive rod (not shown) and is slidably supported thereon. Rotation of the
drive rod rotates coil fastener 174 within sleeve 40 of coil fastener applier 10 and into
tissue.

Referring now to FIG. 27, in a further alternative embodiment, a coil
fastener 186 is formed with a straight backspan 188 having straight legs 190, 192
extending from each end of backspan 188 and which are parallel to each other. Semi-
circular tissue penetrating portions 194, 196 terminating in tissue penetrating points
198, 199 extend from a free end of respective leg 190, 192. Semi-circular tissue
penetrating portions 194, 196 are located in a common plane which is generally
parallel to backspan 188. The backspan of the coil fastener also engages a completely

slotted drive rod (not shown) and is rotated thereby.
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Referring now to FIGS. 28-37, there is disclosed an alternate
embodiment of a coil fastener applier. Coil fastener applier 200, as described herein
1s substantially structurally and functionally identical to that described hereinabove
including all the components included therein and can be used in exactly the same
fashion to apply coil fasteners to tissue. Coil fastener applier 200 however includes
additional structure, in the form of a locking mechanism, such that a drive rod 202
may be immobilized with respect to a tubular sleeve 204 thereby allowing coil
fastener applier 200 to engage and remove a coil fastener, such as coil fastener 20,
from tissue. Moreover, the design and dimensions of coil fastener applier 200 are
such that elongated tubular portion 206 may be positioned over a coil fastener 20
which has been applied to tissue and engage a tang 26 of coil fastener 20 with a slot
208 1n drive rod 202. The entire coil fastener applier 200 may then be rotated to
remove coil fastener 20 from tissue.

Referring to FIGS. 28-30, a distal end 210 of tubular sleeve 204
terminates in a distalmost edge 212. As with coil fastener applier 10 above, a coil
spring 214 is braised or welded to form a helical surface 216 within bore 218 of
tubular sleeve 204. Coil spring 214 includes a distal end 220 which terminates in a
distal tip 222. Distal end 220 has a flat ground surface 224 which sections or reduces
the diameter of tip 222. Drive rod 202 terminates in a distal face 226. As shown in
FIG. 28, slot 208 forms an angle of approximately 110" with distal tip 222 of coil
spring 214. This angle allows the coil fastener to rotate three full turns in order to be
released from coiled spring 214.

As 1llustrated 1in FIG. 29, in order to enable a tang 26 of a coil fastener
20 to enter slot 208, the distance "d" between distalmost edge 212 of tubular sleeve
204 and distal face 226 of drive rod 202 must be at least the wire diameter of a
surgical fastener 20.

Preferably, this distance "d" is approximately 0.030 inches and at least

approximately 0.025 inches depending on the particular coil fastener being used. The
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distance between distal face 226 of drive rod 202 and distalmost edge 212 of tubular
sleeve 204 in combination with the 110° angle between distal tip 222 and slot 208 of
drive rod 202 (FIG. 28) enables slot 208 and drive rod 202 to engage at least half of
the wire diameter of a tang 26 as elongated tubular portion 206 is positioned about a
coil fastener 20 (FIG. 33) previously applied in tissue. FIGS. 29 and 30 illustrate a
second coil fastener 20b positioned within elongated tubular portion 206 such that a
tang 26b engages slot 208. A point 24b of second coil fastener 206 1s In an initial
position prior to actuation of coil fastener applier 200 and remote from distal face 226

of drive rod 202.

As noted above, in order to utilize coil fastener applier 200 to remove a
coil fastener 20 from tissue, it is preferable to immobilize drive rod 202 relative to
tubular sleeve 204. This can be accomplished by blocking the drive assembly, and, 1n
particular, second bevelled gear 230, against movement thereby preventing rotation of
drive rod 202 (FIG. 31).

Referring now to FIGS. 31 and 32, coil fastener applier 200 may be
provided with a housing 232 containing a slot 234 in which a lockout button 236 1s
slidably mounted. Lockout button 236 is provided to immobilize drive rod 202 and,
additionally, may serve as a shipping interlock to prevent actuation of coil fastener
applier 200 prior to desired use. Lockout button 236 includes a finger surface 238
projecting outwardly away from housing 232. Lockout button 236 also includes cam
240 projecting into housing 232.

A blocking member or leaf spring 242 is provided and is affixed at its
proximal end 244 to housing 232. A hook 246 may be provided at a distal end 248
of leaf spring 242 and is configured to engage teeth 250 of second bevelled gear 230.
When hook 246 engages teeth 250, second bevelled gear 230, and thus drive rod 202,
is prevented from rotation. In order to move hook 246 into engagement with teeth
250, a pivot 252 is rotatably mounted about a pivot pin 254 provided on housing 232.

As shown in FIG. 31, in a proximalmost position, lockout button 236 and thus cam
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240 does not engage leaf spring 242. Referring to FIG. 32, as lockout button 236 is
moved in a distal direction, cam 240 drives hook 246 on distal end 248 into
engagement with teeth 250 on second bevelled gear 230 thereby immobilizing drive
rod 202. Additionally, hook 246 may be moved into engagement with teeth 250 by a

complete firing of trigger 256 as described hereinbelow.

Referring now to FIGS. 32-36, use of coil fastener applier 200 to
remove a coil fastener 20 which had previously been imbedded in tissue will now be
described. Initially, lockout button 236 1s moved distally to engage hook 246 with
teeth 250 thereby immobilizing drive rod 202 (FIG. 32). Elongated tubular portion
206 1s advanced toward a coil fastener 20a previously positioned in a tissue T and
tubular sleeve 204 1s positioned about coil fastener 20a such that a tang 26a of coil
fastener 20a is positioned within slot 208 1n drive rod 202. (See FIGS. 33 and 34).

Referring now to FIGS. 35 and 36, the entire coil fastener applier 200
may be rotated to drive coil fastener 20 further into tissue T or to withdraw coil
tfastener 20 from tissue T. Coil fastener applier 200 is rotated to rotate elongated
tubular portion 206 and thus drive rod 202, simultaneously with tubular sleeve 204, to
withdraw coil fastener 20a from tissue T. In this manner, coil fastener applier 200 is
uniquely configured and dimensioned to re-engage a tang 26a of coil fastener 20a
previously applied to tissue and rotate coil fastener 20a out of tissue.

FIG. 37 illustrates an alternative method of engaging hook 246 with
teeth 250 on second bevelled gear 230 1s shown. Specifically, lockout button 236 is
In a proximalmost or free to fire position. Once trigger 256 has been pulled to a full
firing stroke, idler gear 258 engages a proximal portion 260 of leaf spring 242
thereby pivoting leaf spring 242 about pivot 252. As leaf spring 242 is pivoted about
pivot 252, hook 246 is driven into engagement with teeth 250 on second bevelled gear
230. Thus, at the end of any individual firing stroke, drive rod 202 is immobilized
with respect to tubular sleeve 204 and the entire instrument 200 may be rotated to

either further advance or retract a coil fastener 20 with respect to tissue.
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Alternatively, trigger 256 may be released to an initial position to begin a second
firing stroke.

Referring now to FIGS. 38 to 57, there is disclosed an alternate
embodiment of a coil fastener applier. Coil fastener applier 300, as described herein,
is substantially structurally and functionally identical to the embodiments described
hereinabove. Any structural or functional variations therefrom are described in detail
hereinbelow.

Referring initially to FIG. 38, coil fastener applier 300 generally
includes a housing 302 which may be formed as separate halves and a handle portion
304 extending from housing 302. A trigger 306 is movably mounted to housing 302.
An elongated tubular portion 308 extends distally from housing 302.

Referring to FIG. 38A, elongated tubular portion 308 includes threads
314 therein to facilitate rotating coil fasteners out of elongated tubular portion 308.

Referring now to FIG. 39, elongated tubular portion 308 includes a
drive rod 316 rotatably mounted therein. Drive rod 316 supports a plurality of coil
fasteners, such as, for example, coil fasteners 20 described hereinabove. As shown in
FIG. 40, and in contrast to previous embodiments, threads 314 are integrally formed
in an inner surface 318 of elongated tubular portion 308. Threads 314 may be formed
within elongated tubular portion 308 by known machining or die stamping methods
and are preferably formed by roll-forming threads 314 into elongated tubular portion
308. Threads 314 do not extend completely to distal end 312 of elongated tubular
portion 308.

Referring now to FIG. 41, as noted hereinabove, coil fastener applier
300 is substantially structurally identical to previous embodiments. Thus, coil
fastener applier 300 is provided with trigger 306 pivotally mounted to housing 302.
A spring 320 is provided between trigger 306 and handle 304. Trgger 306 includes
gear portions 322 which are configured to engage and rotate a trigger gear 324
mounted to a ratchet plate gear 326. An idler gear 328 is also provided. A spring
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330 1s positioned between ratchet plate gear 326 and idler gear 328. Ratchet plate
gear 326 differs from ratchet plate gears above in a manner described in more detail
below. Idler gear 328 is engageable with a drive gear 332 to rotate a second bevelled
gear 334. Drive gear 332 is mounted on a shaft 336. In a variation from previous
embodiments, the roller-type clutch is replaced with a ratchet plate clutch 338.
Ratchet plate clutch 338, including a first ratchet plate 340, a second ratchet plate 342
and a spring 344, is provided to engage and disengage drive gear 332 from second
bevelled gear 334 as described hereinbelow.

Second bevelled gear 334 drives a first beveled gear 346. Rotation of
first bevelled gear 346 rotates a hollow sleeve 348 and a hollow bearing 350 and thus
drive rod 316 in a manner substantially identical to that described hereinabove with
respect to previous embodiments. As with previous embodiments first and second
bevelled gears, 340 and 334, form part of a drive assembly 352 while idler gear 328
and ratchet plate gear 326 form part of an actuation assembly 354.

Housing 302 additionally includes a pawl 356 engagable with ratchet
plate gear 326. Pawl 356 is biased toward ratchet plate gear 326 by a spring 358. A
leaf spring 360 may optionally be provided to engage second bevelled gear 334.

Notably, coil fastener applier 300 includes an anti-reverse mechanism
for second bevelled gear 334 which differs from that provided on previous
embodiments. A blocking spring 362 is mounted to housing 302 and is configured to
engage teeth 364 on second bevelled gear 334. Blocking spring 362 allows rotation
of second bevelled gear 334 in a first direction to drive coil fasteners from elongated
tubular portion 308 while blocking second bevelled gear 334 from rotating in a second

and opposite direction.
Turning now to FIGS. 42-47, the details of ratchet plate clutch 338

including first and second ratchet plates 340 and 342, respectively, will now be
described. Referring to FIGS. 42 and 43 first ratchet plate 340 is formed as a
cylinder having an outer surface 366 which is dimensioned and configured to firmly
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seat within a bore 368 of second bevelled gear 334 (FIG. 41). First ratchet plate 340
defines a bore 370 within which shaft 336 is received. First ratchet plate 340 freely
rotates about shaft 336. In order to engage second ratchet plate 342 and thereby
alternately fixedly and releasably engage second bevelled gear 334 with shaft 336,
first ratchet plate 340 is provided with four equally spaced ratchet teeth 370 on an end
face 372 thereof. Ratchet teeth 370 are preferably spaced 90 apart and extend across
end face 372 from bore 386 radially outwardly toward outer surface 366. Each of
ratchet teeth 370 includes a block portion 374 having an engagement face 376 and an
angled surface 378 which slopes from block portion 374 to end face 372. Ratchet
teeth 370 cooperate with corresponding teeth on second ratchet plate 342 to alternately
fixedly and releasably engage first ratchet plate 340 with second ratchet plate 342.

Referring now to FIGS. 44 and 45, second ratchet plate 342 defines a
bore 380 which is configured to fixedly receive shaft 336. Specifically, bore 380
includes a keyed or flat surface 382 which engages a corresponding keyed or flat
surface 384 on shaft 336 (FIG. 46). Second ratchet plate 342 includes a cylinder 386
and a larger diameter portion 388. Larger diameter portion 388 provides an abutment
surface against which spring 344 can bias second ratchet plate 342 toward first ratchet
plate 340. Ratchet teeth 390 are provided on an end face 392 of larger diameter
portion 388. Ratchet teeth 390 are similar and complimentary to ratchet teeth 370 on
first end plate 340. Specifically, each of ratchet teeth 390 includes a block portion
392 having an engagement face 394 and an angled surface 396.

FIG. 46 illustrates first ratchet plate 340 positioned within second
bevelled gear 334 and shaft 336 positioned within second ratchet plate 342. Second
bevelled gear 334 includes two notches 398 for receipt of blocking structure formed
on ratchet plate gear 326 as described heremnbelow.

Referring to FIG. 47, ratchet teeth 370 on first ratchet plate 340 are
configured to fixedly engage ratchet teeth 390 on second bevelled gear 342 when

second bevelled gear 342 is rotated in a first direction corresponding to actuation of
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coil fastener applier 300. Ratchet teeth 370 sidlingly or releasably engage ratchet
teeth 390 when second ratchet plate 342 is rotated in a second and opposite direction
corresponding to release and return of trigger 306 after firing coil fastener applier
300. Specifically, engagement faces 376 fixedly engage engagement faces 394 when
second ratchet plate 342 is rotated in the first direction and angled surface 378 slide
over or releasably engage angled surfaces 396 when second ratchet plate 342 is
rotated 1n the second direction. While constrained to rotate with shaft 336, second
ratchet plate 342 is free to slide along the length of shaft 336 against the bias of
spring 344 when rotated in the second direction.

As noted above, blocking structure is provided on ratchet plate gear
326 to engage notches 396 on second bevelled gear 334. Referring now to FIG. 48,
ratchet plate gear 326 includes a stud 400 which engages one of notches 396 when
coil fastener applier 300 is in an unfired condition.

As with the previous embodiment, coil fastener applier 300 is designed
such that elongated tubular portion 308 may be positioned over a coil fastener 20
which has been applied to tissue and engage a tang 26 of coil fastener 20 with a slot
402 in drive rod 316 (FIG. 49). The entire coil fastener applier 300 may then be
rotated to remove coil fastener applier 20 from tissue. Additionally, coil fastener
applier 300 is designed to engage tang 26 of coil fastener 20 previously applied to
tissue and drive coil fastener 20 further into the tissue.

Referring now to FIG. 49, distal end 312 of elongated tubular portion
308 terminates in a distalmost edge 404. Threads surface or threads 314 are roll
formed into elongated tubular portion 308 and terminate in a distal tip 406. Drive rod
316 terminates in a distal face 408. As shown, slot 402 forms an angle 8 with distal
tip 406 of thread 314. In order to ensure a sufficient grip on tang 26 of coil fastener
20 previously applied to tissue 8 is approximately 110°.

Referring to FIG. 50, in order to enable tang 26 of coil fastener 20 to
enter sot 402 of drive rod 316, the distance d2 between distalmost edge 404 of

226-
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elongated tubular portion 308 and distal face 408 ot drive rod 316 is approximately
0 030 inches and at least 0.025 inches depending upon the wire diameter of coil
fastener 20. As shown, threads 314 end proximally of distal face 408 of drive rod
316. As noted above, the specific combination of 8 and d2 enables slot 402 in dive
rod 316 to engage tang 26 of a coil fastener 20 previously applied to tissue and
withdraw or drive in further coil fastener 20 as coil fastener applier 300 is rotated.

The operation of the coil fastener applier 300 to eject a coil fastener 20
therefrom will now be described. Referring to FIG. 51, 1n an imitial and unfired
position, stud 400 is positioned within notch 398 of second bevelled gear 334 thereby
preventing inadvertent rotation of drive rod 316. Additionally, blocking spring 362
engages teeth 364 of second bevelled gear 334 thereby preventing rotation of second
bevelled gear 334 in a second direction. Turning now to FIG. 52, as trigger 306 1s
depressed towards handle 304, trigger gear portion 322 drives trigger gear 324 and
thus ratchet plate gear 326 in a manner similar to that described hereinabove. Stud
400 is rotated out of engagement of notch 398 in second bevelled gear 334. As
second bevelled gear 334 rotates in the first direction, blocking spring 362 rides over
teeth 364. Rotation of idler gear 328 rotates drive gear 332 similar to that described
hereinabove and thus rotates shaft 336.

Referring now to FIG. 53, the operation of ratchet plate clutch 338 will
now be described. Second ratchet plate 342, which is constrained to rotate with shaft
336, is biased against first ratchet plate 340 by spring 344. Thus, engagement face
394 of second ratchet plate 342 engages engagement face 376 of first ratchet plate 340
causing first ratchet plate 340 to rotate with second ratchet plate 342. First ratchet
plate 340 rotates second bevelled gear 334 therewith. Rotation of second bevelled gear
334 in a first direction rotates drive rod 316 in a manner similar to that described
hereinabove with respect to previous embodiments to eject a coil fastener 20.

Referring now to FIG. 54, as drive rod 316 is rotated, a coil fastener

20 is threaded out of distal end of elongated tubular portion 308 by engagement with

27-
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threads 314. In this manner, coil fastener applier may be actuated to drive a coil
fastener 20 into tissue and/or through hernia mesh and into tissue.

Referring now to FIG. 55, upon release of trigger 306, trigger 306 is
biased away from handle 304 by means of spring 320. Release of trigger 306 causes
ratchet plate gear 326 to rotate such that stud 400 advances towards notch 398 in
second bevelled gear 334. Notably, second bevelled gear 334 is prevented from
rotation by engagement of blocking spring 362 with teeth 364 on second bevelled gear
334. Rotation of idler gear 328 rotates drive gear 332 and thus, drive shaft 336.

Referring now to FIG. 56, as drive shaft 336 is rotated in a second
direction, it causes rotation of second ratchet plate 342 in a section direction. Rotation
of ratchet piate 342 in a second direction causes engagement of angled surface 396 of
second ratchet plate 342 with angled surface 378 of first ratchet plate 340. As second
bevelled gear 334 is constrained from rotation by means of blocking spring 362 (FIG.
J5), second ratchet plate 342 moves longitudinally with respect to shaft 336 and
against the bias of spring 344.

Upon complete release of trigger 306, stud 400 re-engages notch 398 in
second bevelled gear 334 to there again secure second bevelled gear 334 against
rotation (FIG. 57).

As noted hereinabove, at this point, the entire coil fastener applier 300
may be rotated to further drive a coil fastener 20 deeper into tissue or may be utilized
to re-engage a tang 26 of coil fastener 20 previously applied and remove coil fastener
20 from tissue. When coil fastener 20 are removed from tissue, an accessory
instrument such as, for example, grasping instrumentation may be utilized to remove
the unthreaded coil fastener from the surgical site.

It will be understood that various modifications may be made to the
embodiments disclosed herein. For example, a shorter elongated tubular portion
containing more or less coil fasteners may be provided for greater ease of handling

during open surgery. Various articulations may be provided along the length of the

_28-
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elongated tubular portion to facilitate positioning of the coil fastener applier within the
body. Additionally various configurations of the drive rod and slots or fastener
retaining structure may be provided to accommodate various types of rotary fasteners.
Further, alternate mechanisms may be provided to immobilize the drive rod relative to
the elongated tubular portion or housing. Therefore, the above description should not
be construed as limiting, but merely as exemplifications of preferred embodiments.
Those skilled in the art will envision other modifications within the scope and spirit of

the claims appended hereto.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A coil fastener applier comprising:

a housing having a stationary handle affixed to the housing;

an elongated tubular portion extending distally from the housing;

a drive rod rotatably mounted within the elongated tubular portion
and having at least one coil fastener releasably mounted on the drive rod;

a drive assembly including a plurality of gears, at least one of the
gears engageable with the drive rod for rotating the drive rod, the drive assembly
including an anti-reverse mechanism;

an actuation assembly engageable with the drive assembly; and

a trigger movably mounted on the housing and engageable with the
actuator assembly, wherein movement of the trigger in a first direction rotates the
drive rod to drive said at least one coil fastener into tissue, and movement of the

trigger in a second direction causes the anti-reverse mechanism to disable the

actuation assembly from rotating the drive rod.

2. The coil fastener applier of claim 1, wherein the interior of the
elongated tubular portion contains a surface which engages a body portion of the
at least one coil fastener, the surface forcing the at least one coil fastener distally

as the drive rod is rotated in the first direction.

3. The coll fastener applier of claim 1, wherein the drive rod

extends through a center of the at least one coll fastener.

4. The coil fastener applier of claim 3, wherein the drive rod
includes a slot for receipt of a tang portion of said at least one coil fastener.

5. The coll fastener applier of claim 1, wherein the drive
assembly includes a first bevelled gear attached to the drive rod and a second
bevelled gear engageable with the first bevelled gear and oriented perpendicularly

to the first bevelled gear.
-30-
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6. The coll fastener applier of claim 5, wherein the anti-reverse
mechanism includes a plurality of roller pins positioned within a gap defined
between the second bevelled gear and a hub, the roller pins engaging the second
bevelled gear with the hub when the roller pins are in a reduced area of the gap
and releasing the second bevelled gear from engagement with the hub when the

roller pins are moved into enlarged areas of the gap.

7. The coll fastener applier of claim 1, wherein a plurality of said

coil fasteners are releasably mounted on the drive rod.

8. The coil fastener applier as recited in claim 6, wherein the
drive assembly includes a drive gear affixed to the hub and engageable with the

actuation assembly.

9. The coll fastener applier of claim 1, further comprising a
return spring affixed at one end to the housing and at an opposed end to the
trigger.

10. A coll fastener applier comprising:

a housing having a stationary handle;

a trigger pivotably mounted to the housing:

an elongated tubular portion extending from the housing;

a drive rod rotatably mounted within the elongated tubular portion,
the drive rod having a Iongitudinal axis and slidably supporting a plurality of coit
fasteners such that rotation of the drive rod within the elongated tubular portion
moves the plurality of coil fasteners toward a distal end of the elongated tubular
portion;

a drive assembly rotatably mounted within the housing and
engageable with the drive rod to rotate the drive rod; and

an actuation assembly having an idler gear engageable with the
drive assembly and a ratchet-plate gear engageable with the trigger, the idler gear
being operatively associated with the ratchet-plate gear.

-31-
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11.  The coil fastener applier of claim 10, wherein the idler gear Is

rotatably mounted with respect to the housing, the idler gear inciuding first and
second stops engageable with a blocking member formed on the housing such
that the degree of rotation of the idler gear is limited to that amount necessary to

- drive one coil fastener out of the plurality of coil fasteners of the elongated tubular

portion.

12.  The coil fastener applier of claim 10, wherein the ratchet-piate
gear defines a slot and the idler gear includes a tab projecting therefrom and

engageable with an edge of the slot.

13.  The coil fastener applier of claim 12, further comprising a
compression spring positioned within the slot, the compression spring urging the

tab into engagement with the edge of the slot.

14.  The coil fastener applier of claim 12, further comprising a

pawl mounted on the housing and engageable with ratchet teeth formed on the

ratchet-plate gear.

15.  The coil fastener applier of claim 10, wherein the ratchet-plate
gear includes a trigger gear having teeth engageable with teeth formed on the
trigger, such that pivoting the trigger with respect to the housing rotates the
ratchet-plate gear within a plane parallel to the longitudinal axis of the drive rod.

16.  The coil fastener applier of claim 15, wherein the drive

assembly includes a first gear rotatable in the plane of the ratchet-plate gear and
engageable therewith and a second gear rotatable about the longitudinal axis of

the drive rod and affixed thereto, the first gear and second gear being engaged

with each other.

17.  The coil fastener applier of claim 10, wherein each coil

fastener of the plurality of coil fastener includes a coil body portion slidably
-39.
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mounted about the drive rod and terminating in a tissue penetrating tip at one end,
the coil body portion including a tang at an opposite end, the tang engageable
with a slot formed in the drive rod.

_33-
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